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Abstract: Fencing is a unique combat sport characterized by its dynamic movements, strategic 

interactions, and the need for rapid decision-making. Central to a fencer’s performance is the 

lunge, a foundational movement that enables athletes to engage their opponent effectively 

while maintaining balance and control. It executes precise and explosive movements, 

particularly during lunges, which are critical for both offensive and defensive strategies. 

Understanding the biomechanical characteristics of this action is critical for maximizing 

performance, improving training regimens, and lowering injury risk. The objective of this study 

is to investigate the biomechanical characteristics of fencing lunge movements and their 

implications for physical training. A total of 126 fencers participated in this study. They are 

randomly divided into two groups: Group A, who received physical training based on 

biomechanical intervention, and Group B, who received traditional physical training. Using 

motion capture data through cameras, sensors and force plates, the lunge technique of 

competitive fencers is analyzed, examining variables such as joint angles, force application, 

and ground reaction forces. The data analysis and statistical methods include descriptive 

statistics, t-tests, and ANOVA to identify significant differences between the groups. The 

findings demonstrate Group A significantly improved the optimal lunge execution, which is 

characterized by specific patterns of joint movement, particularly at the ankle, knee, and hip, 

which correlate with successful reach and stability. Also, Group A identified the importance of 

muscular strength, flexibility, and reaction time in enhancing lunge performance to Group B. 

The study describes that integrating these biomechanical concepts into training programs, 

coaches, and players can enhance performance, reduce the risk of injury, and encourage long-

term fencing success. 
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1. Introduction 

Fencing is an open-skill sport where two competitors battle with one of 3 

weapons: épée, foil, or sabre. In épée and foil, touches are made by pushing, whereas 

sabre touches are made with the blade’s edge [1]. Because of its asymmetrical form, 

the sport demands a great degree of collaboration, explosive strength, speed, and 

accuracy. The lunge attack is the most typical type of attack. Some come from in-

stance counterattacks and the fleche [2]. Athletes’ ability to execute a precise and 

potent forward unilateral lunge is crucial to their success in fencing, an Olympic sport. 

The push-off portion of these lunges involves the powerful flexion of the forward 

knee, and the forceful extending of the back legafter the upper limb motion [3]. 

Furthermore, there is a dearth of information about fencing anthropometry and how it 

relates to performance during the formative stage. Furthermore, insufficient thought is 

given to how youth fencers’ lunge mechanics change according to their gender. Their 
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motor abilities are not as developed as those of their older others, and they might not 

use the same motor patterning. The methods recommended by instruction manuals and 

the real movement patterns seen in biomechanical research also differ from one 

another [4]. 

Every fencer begins in the “engarde” position, which is an L-shaped stance with 

the feet shoulder-width apart, the front foot pointed forward, and the back foot 

perpendicular beneath the hip for support. The fencer elevates their front foot first and 

then their rear foot to advance, or proceed ahead. The fencers improved their back foot 

before raising their front foot to retreat or go backward. The fencer executes a strong 

lunge to end an assault, kicking the front foot forward and straightening the rear leg. 

Above all, the side of the weight-bearing leg and the hand gripping the weapon must 

match [5]. To help their muscles adjust to eccentric loads, fencers frequently employ 

the “repeat bout effect” of plyometric training. Youth athletes can enhance their 

neurological functioning through safe and practical physical preparation through 

plyometric training. To activate the neural patterns of activation throughout the 

stretch-shortening cycle (SSC), plyometric training is typically utilized to overload the 

eccentric portion of movements [6]. A biomechanical understanding of the lunge may 

help discover ways to prevent injuries. More than any other factor associated with the 

sport, injuries of the lower limbs are common among fencers and often result from this 

activity. Once risk factors of injury appear to be embedded in an incorrect lunge 

technique, coaches and practitioners can institute corrective techniques and 

conditioning programs to try and reduce the incidence of injury [7]. This study aims 

to investigate the biomechanical characteristics of fencing lunge movements and their 

impact on performance and injury prevention. By comparing fencers who received 

biomechanical-based training with those undergoing traditional training. 

The study’s remaining parts are the following: Part 2 describes the related article 

based on the fencing lunge movements’ biomechanical characteristics, Part 3 provides 

a methodology of participant demographic details and survey questions, Part 4 

analyzes the performance of results and finally, Part 5 discusses the overall study 

conclusion. 

2. Related articles  

The effectiveness of the base of support (BOS) width on armed upper limbs and 

centre of mass (COM) kinematics during lunging, as well as early postural adjustment 

(EPA), was examined in [8]. Eight top female fencers took part; the COM and center 

of foot pressure (COP) displacement were recorded. The results revealed that EPA had 

a minor COP displacement, which decreased with BOS width. Greater BOS width 

resulted in greater elevation of the COM throughout foot off and maximum during 

fencer lunging. A small COP amplitude might affect COM acceleration. 

The evaluated the biomechanical parameters of the fencing lunge by elite female 

and male senior fencers. The results indicated that male fencers had higher response 

velocities and times in comparison to female fencers [9]; however, no significant 

differences were found between male and female fencers in other kinematic variables. 

Such factors might point to developing a different training approach that better 

prepares fencers for decision-making and fast movements. 
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The discussed the impact of target breadth and length on the preparation and 

execution phases of a fencing lunge [10]. Eight of the highest female fencers 

participated, and force plates were used to monitor foot pressure displacement, tibialis 

anterior activity of muscles, and COM mechanics. The results showed no influence on 

early postural changes or acceleration. Therefore, the competent technique and the 

ballistic nature of lunges can reduce task factors. 

The attempted to test 2D video analysis for fencing lunges by analyzing both 2D 

and 3D analysis of motion to determine the lower limb angle of joints. Two digital 

video cameras as well as eight motion capture cameras recorded the lunges of twenty-

two male fencers [11]. The results indicated significant biases in ankle angles, 

moderate correlations for hip angles, and substantial correlations for knee angles, 

suggesting that greater optimization would be needed. 

Surface electromyography was utilized in [12] to measure the muscle activity of 

fencers. The results were achieved through a single session of therapy by using the 

Mann-Whitney U Test. Vastusmedialis and rectus femoris muscle activation related 

to pain were not significantly dissimilar from each other, according to the result (p = 

0.034), even though there were differences in the activation of both muscles associated 

with pain. 

The purpose of [13] was the identification of which of the across-age, gender, 

competition level, and weapon specialization variables influenced the offense kinetic 

patterns in 130 well-experienced fencers. It could be found out from the above 

MANOVA that the velocity was mainly influenced by age, gender, competition level, 

and discipline. In due course, since leg power measurements and lunge velocities were 

correlated, training adaptations for better performance should consider those variables. 

To develop an instructional training with 3-dimensional sensors to improve the 

physical abilities in lunge technique for female students of first grade at Helwan 

University of the [14]. The approach used a single-group pretest-posttest design for 

participants counted at 25 and led to some noticeable improvements in critical skill 

measures to demonstrate the positive effects of the 3-D models on skill understanding 

and cognitive development. 

The aimed to enhance technical-tactical movements in female fencers aged 14–

16 using personalized training approaches. Eight fencers undertook physical and 

technical exams before and after the competition season [15]. The results revealed 

considerable gains in physical fitness and several technical indicators, emphasizing 

the efficacy of targeted training and the significance of continual adaptation to 

improve competition performance. 

Comparing attack times and lower limb biomechanics in college fencers using 

fencing shoes with heel cups (FSH), fencing shoes (FS), and court shoes (CS)was the 

goal of [16]. Thirteen people did lunges, and data were obtained using 3D motion 

analysis and force plates. The results indicated that both FS and FSH had shorter attack 

periods, and FSH had a lower limb impact than CS.  

The investigation looked at how target distances affected the leg joints used in 

fencing lunges. Joint angles were measured in the sagittal plane as fifteen fencers 

executed lunges from three distances [17]. The results indicated that the flexion angles, 

ranges of motion, and extensions varied significantly. Flexion of the back knee joint 

increased with increasing distance, which was followed by extending the hip and knee 



Molecular & Cellular Biomechanics 2024, 21(4), 555.  

4 

joints, plantar flexion, and increased peak acceleration. The significance of different 

resistance workouts in fencing is the main topic of the research. It attempts to enhance 

players’ performance in various scenarios as well as their stabbing accuracy and 

quickness. A fencing coach performed the study with the goal of improving stabbing 

accuracy and physical ability [18]. Young players from Nasiriyah District’s 

Specialized Fencing Centre were included in the investigation’s single-group 

approach. The results indicate that different resistance training can improve fencing 

skills. The examined how the breadth of the base of support affected the armed upper 

limb and center of mass (COM) kinematics throughout pushing as well as early 

postural adjustments (EPA). Eight top-tier female fencers took part, and their centre 

of foot pressure (COP) and COM displacements were recorded [19]. The findings 

indicated that EPA’s COP displacement was little and decreased as the base of support 

(BOS) breadth increased. The COM deceleration at foot-off and peak while lunging 

was enhanced by a wider BOS. According to the study, COM acceleration might be 

impacted by a little COP amplitude. The influence of visual perception and cognitive 

skills on novice fencers’ accuracy of challenges was investigated. Third-year students 

participated in the study, receiving visual processing exercises for eight weeks after 

being randomly allocated to an experimental group [20]. Post-test results revealed that 

the experimental group had improved their visual awareness and accuracy, exceeding 

the control group. The suggested that to increase challenge accuracy, fencing lunge 

instruction should include visual sense training programs. 

3. Materials and methodology  

The research will implement the experimental comparative approach to 

determine the effects of biomechanical-based physical training compared to traditional 

training on fencing lunge performance. The research workflow model is shown in 

Figure 1. 

 
Figure 1. Model of research workflow. 
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3.1. Participants  

The dataset includes 126 fencers, randomly assigned to two training groups: 

Group A (63 participants) received biomechanical-based physical training focused on 

optimizing lunge movements through targeted exercises, while Group B (63 

participants) underwent traditional fencing training without a biomechanical 

approach. The participants, aged 18 to 29 years, included both male and female 

fencers, ensuring a balanced gender distribution. Experience levels ranged from 

novice to advanced, allowing for varied skill assessments. Height and weight 

measurements were recorded for analyzing their influence on training outcomes. This 

data enables a comprehensive evaluation of the impact of biomechanical training on 

fencing biomechanics across different demographics and experience levels. The study 

aims to assess whether biomechanical training improves performance metrics such as 

joint angles and force application during lunges. Table 1 describes the participant’s 

demographic data. 

Table 1. Participant’s demographic data. 

Demographic characteristic 
Group A 

(N = 63) 

Group B 

(N = 63) 

Total 

(N = 126) 

Age 

18–20 12 (19.0%) 10 (15.9%) 22 (17.5%) 

21–23 25 (39.7%) 24 (38.1%) 49 (38.9%) 

24–26 16 (25.4%) 18 (28.6%) 34 (27.0%) 

27–29 10 (15.9%) 11 (17.5%) 21 (16.7%) 

Gender 

Male 40 (63.5%) 38 (60.3%) 78 (61.9%) 

Female 23 (36.5%) 25 (39.7%) 48 (38.1%) 

Experience Level 

Novice 15 (23.8%) 14 (22.2%) 29 (23.0%) 

Intermediate 27 (42.9%) 26 (41.3%) 53 (42.1%) 

Advanced 21 (33.3%) 23 (36.5%) 44 (34.9%) 

Height 

160–170 cm 10 (15.9%) 12 (19.0%) 22 (17.5%) 

171–180 cm 27 (42.9%) 28 (44.4%) 55 (43.7%) 

181–190 cm 26 (41.3%) 23 (36.5%) 49 (38.9%) 

Weight 

60–70 kg 15 (23.8%) 12 (19.0%) 27 (21.4%) 

71–80 kg 29 (46.0%) 31 (49.2%) 60 (47.6%) 

81–90 kg 19 (30.2%) 20 (31.7%) 39 (30.9%) 

3.2. Data collection 

Fencing lunge movement data was collected in 3D motion analysis. Each trial’s 

3D coordinate data were recorded using the analytic software after the tracking 

markers, which were attached to each fencer’s skin and had a width of 12.0 

millimetres, were photographed. There were eight motion cameras placed around the 
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fencer, namely Optitrack Prime 17W, OptiTrack, Corvallis with a sample frequency 

established at 200 Hz. The data were logged and captured using a dedicated cable on 

Motive software. The organized structure was stationary in this study: The X axis was 

orthogonal to the Y axis, the Z axis was vertical, and the y-axis would stand for the 

lunge track. Foils and masks were used on every participant, and the shoes were 

individual. The ground reaction forces during the lunging movements were measured 

from force plates mounted on the floor. 

3.3. Research questionnaire 

200 questionnaires were presented through fencing lunge training to gather 

information for evaluation. 126 questionnaires were accepted for the study due to the 

balance of questionnaires that were incomplete or empty. A Likert scale of five points 

was employed to assess 126 participants. 

1) How was the significance of optimal joint angles (ankle, knee, and hip) evaluated 

throughout the lunge execution in fencing training sessions? 

2) How significant is the application of force during the lunge movement for 

effective performance in fencing? 

3) How can the analysis of ground reaction forces be integrated into the training 

procedure for fencers? 

The Likert scale is used for multiple-choice questions with options ranging from 

1 to 5. 

 Disagree, scale 2 

 Strongly agree, scale 5 

 Neutral, scale 3 

 Agree, scale 4 

 Strongly disagree, scale 1 

3.4. Statistical analysis  

Data statistical analysis of this study on fencing lunge biomechanics was using 

SPSS statistical version 26. Descriptive statistics include frequency, percentages, and 

means. Comparisons between the effectiveness of biomechanical-based training 

(Group A) and the traditional approach (Group B) were also made. An independent t-

test was performed on the joint angles application forces and ground reaction forces 

to check on inter-group differences in performance metrics throughout lunge 

performance. One-way ANOVA was used in the analysis of significant differences 

across various variables, with a significant level set at 𝛼 =  0.05.  

4. Performance analysis  

The performance of the study examines the impact of fencing lunge movements 

on physical training. The research utilizes several statistical tests, like descriptive 

statistics tests, independent t-tests, and ANOVA. 

4.1. Descriptive statistics test 

Descriptive statistical tests summarize and describe the major features of data. It 

provides insights into measures, such as central tendency and variability. The fencing 
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lunge movements are obtained using descriptive statistics, assisting in quantifying 

performance-critical elements including speed, accuracy, and stability. By looking at 

metrics like muscle activation, response time, and average lunge distance, trainers can 

gain a greater understanding of the muscular requirements of the lunge and indicate 

areas that need development. Important metrics like as mean, median, standard 

deviation (SD), and range show general performance patterns and highlight athlete 

differences in lunge technique. Physical training is directly impacted by these 

revelations. Trainers can implement physical activity to improve core endurance and 

coordination of generate a more controllable and forceful action if data indicates 

inconsistency in lunge consistency. Players can improve their reactions during a match 

by doing speed and agility workouts that are informed by statistics on reaction time. 

The trainers can customize training plans by use descriptive statistics to examine lunge 

motions, which enhances fencing performance and lowers their chance of injury. 

Descriptive statistics compare the biomechanical training results of two groups of 

fencers: Group A (Biomechanical Training) and Group B (Traditional Training). 

Tables 2 and 3 and Figures 2 and 3 illustrate the analysis of descriptive statistic 

outcomes. 

Table 2. Descriptive statistic outcome for Group A. 

Variable Mean Standard Deviation (SD) Minimum Maximum 

Joint Angle of Ankle 45.2 5.4 32 55 

Joint Angle of Knee 120.3 6.2 105 130 

Joint Angle of Hip 90.1 4.8 80 98 

Force Application 320.5 30 260 400 

Ground Reaction Forces  450.8 40.5 350 500 

 
Figure 2. Group A descriptive statistical analysis (mean ± SD). 
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Table 3. Descriptive statistic outcome for Group B. 

Variable Mean Standard Deviation (SD) Minimum Maximum 

Joint Angle of Ankle 38.5 6.1 28 48 

Joint Angle of Knee 115 7 100 125 

Joint Angle of Hip 85.3 5 75 95 

Force Application  290.3 25 240 340 

Ground Reaction Forces  410.2 38 310 470 

 
Figure 3. Group B descriptive statistical analysis (mean ± SD). 

The outcomes illustrate that Group A had significantly high mean values for all 

measured variables, which included joint angles of the ankle, knee, and hip, force 

application, and the ground reaction forces. For instance, the mean ankle angle was 

45.2 in biomechanical training (Group A) contrasted to 38.5 in traditional training 

(group B); force application was 320.5 in Group A while that of Group B was 290.3. 

This suggests that the biomechanical training has consequences for the execution as 

well as the effectiveness of the lunge technique in Group A. Demonstrating the 

effectiveness of the biomechanical training intervention in enhanced performance 

metrics and suggesting that such training can improve the execution of lunge 

movement in fencing competitive  

4.2. Independent sample (IS) t-test  

An IS t-test analyzes 2 different groups to evaluate whether there are any 

differences in statistical significance across them. It’s substantially used to contrast 

separated groups, including test scorers from 2 separated trainings. Group A shows 

significantly superior mean values for all examined variables: joint angles for the 

ankle, knee, and hip, force application, and ground reaction forces. For instance, 

Group A shows the mean ± SD value of the joint angle of the ankle 50.0 ± 4.0; 

consequently, Group A translates to a more accurate lunge technique execution. The 

lower means and higher p-values in Group B reflect no significant differences 
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compared to Group A. The p-value for the knee joint angle is P =  0.135, which 

reflects that traditional training was not associated with meaningful improvements in 

biomechanical performance. Tables 4 and 5 and Figures 4 and 5 show an analysis of 

the IS t-test outcome. To ascertain whether there are notable variations in the fencing 

lunge motions of two different groups, such as those undergoing various forms of 

fencing instruction, the t-test is employed. Through the analysis of factors such as 

ground reaction forces, force application, and joint angles, the t-test assists in 

determining which training approach produces better lunge performance. That 

biomechanical training leads to improved joint angles and force application, for 

example, this implies that specialized training can maximize lunge technique, 

providing important information for physical training regimens intended to improve 

fencing effectiveness and lower injury chance. 

Table 4. IS t-test outcome for Group A. 

Variable Mean ± SD t-value df p-value 

Force Application  350.0 ± 30.0 4.8 124 0.0005 

Joint Angle of Knee 125.0 ± 5.0 5 124 0.0003 

Ground Reaction Forces  480.0 ± 35.0 5.2 124 0.0002 

Joint Angle of Ankle 50.0 ± 4.0 6.25 124 0.0001 

Joint Angle of Hip 95.0 ± 3.0 7 124 0.0001 

 
Figure 4. Group A IS t-test analysis (mean ± SD). 

Table 5. IS t-test outcome for Group B. 

Variable Mean ± SD t-value df p-value 

Force Application  300.0 ± 25.0 0.8 124 0.42 

Joint Angle of Hip 85.0 ± 5.5 1.8 124 0.075 

Joint Angle of Ankle 40.0 ± 6.0 1 124 0.32 

Ground Reaction Forces  410.0 ± 30.0 1.2 124 0.23 

Joint Angle of Knee 115.0 ± 7.0 1.5 124 0.135 
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Figure 5. Group BIS t-test analysis (mean ± SD). 

Group A performs highly due to improved biomechanical performance, as 

demonstrated by lower p-values and higher averages across all evaluated variables. 

This demonstrates the efficacy of biomechanical training in improving fencer 

performance, as standard training methods in Group B did not produce significant 

results. Biomechanical training (Group A) significantly improved performance 

through physical strength, flexibility, and growth of reaction times, suggesting a 

decrease in injury risk and possibly long-term success for fencers. 

4.3. ANOVA test  

The findings of an ANOVA examining many biomechanical factors associated 

with fencing lunge motions are display in this ANOVA. It compares two groups’ force 

application, ground response forces, and ankle, knee, and hip joint angles. Every 

variable has a high F-value and a very low p-value, suggesting that there are 

statistically significant variations across the groups. When compared to conventional 

training approaches, these results indicate that biomechanical training significantly 

improves lunge technique and performance, as demonstrated by more optimum joint 

angles and better force application. Group variability is reflected in the error term. The 

statistical technique known as ANOVA is used to contrast the averages of multiple 

groups to determine if there are significant variations between the groups. It examines 

the effect of one or a single dependent factor with several independent factors by 

focusing on the variation within and between the groups so that researchers can 

determine which particular groups differ from each other while maintaining the type 

of error in control. The p-value for all joint angles is below 0.05. This suggests that at 

the different joint angles, Group A and B are significantly different because their high 

F-values represent this significant difference. Where Group A significantly performed 

better than Group B. Table 6 shows the results of the ANOVA statistical test for Group 

A and Group B. 
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Table 6. ANOVA statistical test for Group A vs. Group B. 

Variable 
The sum of Squares 

(SS) 
df 

Mean Square 

(MS) 
F-Value p-Value 

Force Application 5800 1 5800 13.87 0.0003 

Joint Angle of Hip 210.6 1 210.6 10.12 0.002 

Ground Reaction Forces 8000 1 8000 14.5 0.0002 

Joint Angle of Ankle 320.5 1 320.5 12.32 0.001 

Joint Angle of Knee 540.8 1 540.8 15.45 0.0002 

Error (within groups) 4150 124 33.47   

Total 21,021.90 125    

In these variables, p-values are very high and significant (𝑝 <  0.05), which 

indicates that the force application and ground reaction force of biomechanical training 

Group A is better than traditional training of Group B. Group A indicates a statistically 

significant improvement in each of the important variables, demonstrating the 

importance of biomechanical intervention in training. Group B doesn’t show similar 

benefits. 

4.4. Discussion  

In this study, the physical training for fencing lunge movements with two groups 

of comparison were analyzed. Descriptive statistics, independent sample t-tests, and 

ANOVA were applied to compare the performance between Group A with 

biomechanical training and Group B with traditional training. In comparison with 

Group B, in Group A, the mean values for joint angles in all directions, force 

application, and ground reaction forces were higher. The Independent Sample t-test 

shows that Group A significantly outperformed Group B for all the measured 

biomechanical parameters, in this case, the angle of the ankle joint level at 50.0 ±  4.0,

𝑝 =  0.0001 . Meanwhile, there was no significant improvement in Group B as 

demonstrate for the angle of the knee joint at level 115.0 ±  7.0, 𝑝 =  0.135. The 

ANOVA results also indicated significant differences related to the angles of joints 

( 𝑝 =  0.001  for ankle, p =  0.0002  for knee and 𝑝 =  0.002  for hip), force 

application (𝑝 =  0.0003), and ground reaction forces (𝑝 =  0.0002) and supported 

better performance on the elements of Group A. Such findings indicate that the 

biomechanical intervention significantly enhanced the lunge performance through 

muscular strength, flexibility, and development of reaction time and implies a decrease 

in injury risk and possible long-term success for fencers. 

5. Conclusion  

This study effectively examined the biomechanics characteristics of fencing 

lunge movement and implications for physical training. Using the performance 

analysis of 126 fencers separated into groups, such as Group A with biomechanical 

training and Group B with traditional training, a significant finding was consequently 

established. Descriptive statistics determined that in Group A, key elements were more 

significant than in Group B. Independent sample t-tests showed significant recovery 

of the joint angles at the ankle (p = 0.0001), knee (p = 0.0003), and hip (p = 0.0001) 
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in Group A. The analysis by ANOVA also supported these findings and was further 

validated by a significant variation in the value of force application (𝑝 =  0.0003) and 

ground reaction forces (𝑝 =  0.0002). That biomechanical intervention will lead to 

better execution of lunge through increasing muscular strength, flexibility, and 

reaction time, hence contributing to improvement in better performance, less risk of 

injury, and long-term success in fencing. 

Limitation and future scope 

Biomechanics research on current fencing lunge shows a lack of generalizability 

because it focuses on a particular population and environment. Moreover, additional 

variation may not be obtained due to differences in the techniques of fencers and 

various styles among them. Future studies should investigate other athlete 

demographics, use high-definition motion capture technology, and then consider the 

long-term implications of targeted training interventions. Further research can be 

provided with injury prevention strategies and beneficial methods to improve the 

performance of an athlete in the sport of fencing and safety. 
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