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Abstract. 7 

The teaching of the lunge technique in fencing is critical in the developmental age. The 8 

relations of anthropometrics with kinematics of lunge was studied only in adult fencers, 9 

and no study exist in young considering the different level of experience. Our aims were 10 

to assess, in young fencers, which factors, between the anthropometric and the 11 

kinematics, were mostly connected with lunge performance (speed and excursion)  in 12 

different genders and expertise levels. Fifteen young fencers participated in this study. 13 

Lunge kinematics, anthropometric characteristics and force expressed in vertical jump 14 

tests were collected. Maximal lunge velocity resulted mainly correlated with the posterior 15 

knee’s extension ((r=0.56, p=0.031). The lunge distance and mean hip velocity were 16 

mostly correlated with fencers’ height (r=0.85, p=0.000 and r=0.76, p=0.001) and FFM 17 

(r=0.8, p=0.000 and r=0.73, p=0.002). Experts and non-experts show significant 18 

differences in fat free mass, area of upper arm, and of thighs (Effect Size = 1,27 – 1,33, 19 

p= 0,021-0,035). From our results it emerges that, in this age range, the analysed aspects 20 

of lunge performance are mainly correlated with participant’s anthropometry. Moreover, 21 

it is already possible in this age span, to find technical differences linked to the 22 

experience. 23 

Keywords: fencing kinematics, lunge velocity, technique development. 24 
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In literature only a few studies investigated the biomechanics of fencing, that remains  26 

poorly investigated in sport biomechanics (see Chen et. al 2017 for a review). There is 27 

also paucity of data about fencer’s anthropometry and its correlation with the performance 28 

in the developmental age. Further, genders differences in the mechanics of the lunge in 29 

young fencers are poorly addressed. They have less developed motor skills and may not 30 

employ the same motor patterning as their older counterparts. In addition, there is 31 

discrepancy in the technique suggested by teaching manuals and actual pattern of 32 

movements observed in biomechanical studies. Hassan e Klauck (1998) studied 4 fencers 33 

(16-17 years old, having 5-9 years of fencing experience) using a 16 markers model of 34 

the body to describe the velocity patterns of upper and lower limbs. They measured peak 35 

and mean horizontal and vertical velocity of the weapon (foil) and of the hip during the 36 

lunge and at the touche and movement’s timing. They identified two different temporal 37 

patterns of movement: upper limb drive, which started the movement, as suggested in the 38 

fencing manuals (Arpino & Gulinelli 2012; Gaugler 1997), and lower limb drive, with 39 

the lower limb moving first. These different behaviors were observed later also by other 40 

authors (Gholipour et al. 2008), who differentiated between experienced fencers (EF), 41 

who are lower limb drivers of the armed side, and non-expert fencers (NE), who use a 42 

upper limb drive of armed limb. Gholipour et al. (Gholipour et al. 2008) considered two 43 

groups, one of 4 novices (age 21.5±1.3 years; high 179.3±1.1 cm; weight 70.3±6.8 kg)  44 

and the other of 4 expert fencers (age 24.0±2.5 years, height 181.5±4.8 cm; weight 45 

74.0±4.5 kg). They showed that experienced fencers performed a longer lunge and tilted 46 

the trunk more forward at the end of this movement. This behavior allowed an anterior 47 

shift of the CG, that permitted a better push coming from the rear leg. They also observed 48 

a lower horizontal velocity in the EF (0.68 m/s vs. 0,76 m/s). The tendency of EF to start 49 

the attack with the lower limb was observed also in another study (Frère J. et al., 2011) 50 
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on the flèche, a different offensive technique. This strategy was ascribed to the skills of 51 

EF to mask their attack, finishing the lunge with the upper limb later than NE.  52 

In the first third of the movement NE showed a greater angular excursion of the anterior 53 

leg’s knee (Gholipour et al. 2008). After this first flexion, the EF extended more the 54 

forward knee. In the last third of the lunge, EF showed a more flexed hip and knee of the 55 

armed side, having a lower body position. They hypothesized this was caused by greater 56 

strength and flexibility. 57 

Another aspect investigated in literature is the proximal-to-distal activation of legs 58 

muscles. 59 

A case study (Morris N. et al., 2011) showed that the power necessary to perform the 60 

lunge was produced mainly by the rear leg with the activation of the joints happening 61 

simultaneously for the ankle and knee joints, excluding a pattern of proximal to distal 62 

activation. In this study, most of the power produced by the rear leg derived by the ankle 63 

joint’s plantar flexion, followed by the knee extension of the same leg. Mulloy (Mulloy 64 

F. et al., 2015) studied 6 sword NE male fencers (age 22 ± 10 years; height 178 ± 8 cm, 65 

weight 74.6 ± 16.2 kg) were compared with 4 EF (age 24 ± 14, height 181 ± 5 cm, weight  66 

72.0 ± 15.3 kg). They found that the EF employed a sequential kinetic chain from the 67 

armed elbow joint’s extension to the plantar flexion of the rear leg’s ankle joint. Mulloy 68 

et al. (2015) found a greater lunge distance covered by the experts, but in contrast with 69 

Gholipour et al. study (2008), they found a higher mean speed of movement. Velocities 70 

of the armed elbow and rear hip were not different between EF and NE even if EF showed 71 

a higher peak angular velocity of the rear ankle’s extension. These findings agree with 72 

another study (Bottoms et al. 2013) which showed that the peak velocity of the sword is 73 

largely determined by the rear lower limb in a group of 14 sword right handed fencers (9 74 

males, 5 females; age 26,2 ± 1,3 years; height 175,7 ± 6,2 cm; weight 75,6 ± 8,2 kg). 75 
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From multiple regression it emerged that the main predictors of the sword speed were the 76 

lower rear knee ROM and the hips’ peak flexion. In this study the upper limb was not 77 

considered. Guan et al. (2018) showed that the EF achieved a significant higher horizontal 78 

peak velocity of the CG in the lunge. The EF in comparison to the NE showed a greater 79 

rear knee and hip ROM and a significant lower peak horizontal velocity of the anterior 80 

knee. Both groups flexed the anterior knee before the extension, thus loading the joint. 81 

The time to extend the anterior knee was higher in the EF. The same authors found that 82 

the peak horizontal velocity in the lunge was significantly correlated with the rear knee’s 83 

extension ROM.  84 

Gender differences were addressed in a study (Sinclair J. et al., 2013), which observed 85 

that females presented a greater knee adduction/abduction angle, a greater hip adduction 86 

and a greater ankle eversion angle in the anterior leg at the end of the lunge, according to 87 

female anthropometry. 88 

Anthropometric differences in fencers have been observed between male and female only 89 

during and after puberty (Tsolakis et al. 2006), observing that the major predictors of the 90 

lunge velocity were the drop jump and the cross-sectional area of the dominant leg. The 91 

normalized data for body weight showed that the CMJ was the only predictor of lunge 92 

velocity.  93 

Our aims were to identify which factor, between the anthropometric and the technical 94 

ones, was mostly connected with performance parameters; to identify if there were 95 

differences linked to gender or experience level in this technical gesture and to compare 96 

our sample and the adult fencers examined in scientific literature, in order to identify 97 

critical technical parameters. Another hypothesis we investigated, is that technical 98 

differences linked to experience and differences in body composition associated to 99 

growth could be already found at this age. In addition, we hypothesized that athletes in 100 
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this age range still do not have acquired a proper technique, so the analysed performance 101 

factors could be mainly linked to the anthropometric ones. 102 

 103 

Methods 104 

 105 

Fifteen right-handed foil fencers (8 females and 7 males; age 12.9 ±2.7 years, height 157.4 106 

±15.1 cm, weight 49.7 ±11.7 kg) with different level of experience were tested. Cutoff 107 

between the Experts (ES) and Non-Experts (NE) was 5 years of practice. We received 108 

from each participant parents a written informed consent form. This research was 109 

approved by the Ethics Committee of the University of Bologna. 110 

The subjects were instructed to perform the lunge at the maximal speed possible. 111 

Anthropometry was collected following the ISAK manual recommendations (Marfell-112 

Jones et al. 2012). Height was measured with a Seca wall mounted stadiometer and weight 113 

with an electronic scale (Tanita BC-418 MA, Tanita Corporation, Tokyo, Japan). The 114 

followings lengths were measured with a Harpenden anthropometer: hand, forearm and 115 

upper arm of the dominant upper limb; thigh, tibia and lateral tibial height of both legs 116 

and bi-epicondylar width. These measures were combined to obtain the following 117 

lengths: upper limb, lower limb and trunk. Circumferences of upper arm and upper third 118 

of the thigh were taken with an anthropometric tape. The biceps, triceps and thighs 119 

skinfolds were assessed with an Harpenden caliber. Absolute and % fat mass (FM) and 120 

fat free mass (FFM) were assessed by bioelectrical impedance (Maltron BF906, Rayleigh, 121 

GB) as well as the body mass index. Cross sectional area (CSA) of dominant upper arm 122 

and of thighs were calculated respectively with Martine et al. (1997) and Knapik et al. 123 

(1996) formulas. For kinematics measurements, a ten-camera system was employed (BTS 124 

SMART DX 7000, BTS Bioengineering, Milan, Italy) with a sampling frequency of 250 125 
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Hz. We employed a modified Plug-in Gait (McGinley et al. 2009; Vicon, Oxford Metrics, 126 

UK, 2016) model composed of 35 markers (Fig.  1).  127 

 128 

 129 

Fig. 1. Biomechanical model. The model is a modified Plug-In-Gait models. 130 

 131 

Virtual markers (midpoint between the ASIS, midpoint of ankle, knee, elbow and wrist, 132 

midpoint between the 1st and the 5th metatarsophalangeal joints) were computed post 133 

acquisition. A customized model was built because currently no validated model for 134 

fencing exist.  Markers labeling, linking and tracking were performed with SMART 135 

Tracker software (BTS Bioengineering, Milan, Italy). Volume reference points were set 136 

accordingly to ISB norms (Wu et al. 2002). 3D points were filtered with a Butterworth 137 

low pass filter of 4th order set at 20Hz. The followings angles and ROM were measured 138 

(Fig. 2) using the software SMART Analyzer (BTS Bioengineering, Milan, Italy): “on 139 

guard” position: elbow, anterior and posterior knees and ankles. Final lunge position:  140 

elbow, knees and ankles. For the elbow, the maximum extension angle was obtained.  141 

 142 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 September 2020                   doi:10.20944/preprints202009.0665.v1

https://doi.org/10.20944/preprints202009.0665.v1


 143 

 144 

Fig. 2. Angles and ranges of motions. 145 

During the lunge, the anterior knee performs three different movements: a first flexion, 146 

followed by an extension, and a second flexion that brings the lunge to a conclusion (Fig. 147 

3).  148 

 149 

 150 

 151 

 152 

 153 
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154 

Fig. 3. Phases of the anterior knee during lunge and time chart of the lunge (mean values 155 

on 15 subjects). (FL = flexion; EX = extension). The arrows indicate the movement 156 

performed by the anterior knee between frames. 157 

 158 

We calculated the extension ROM of the armed elbow, the rear ankle and knee, and the 159 

ROM of the three phases of the anterior knee. For each ROM it was also calculated the 160 

respective mean angular velocity. 161 

Start, end and duration of each event were computed. The lunge distance was defined as 162 

the horizontal difference between the posterior heel in the guard position and the anterior 163 

heel in the final lunge position. Mean and peak horizontal velocities of ASISm (the 164 

middle point between the two ASIS) and of the 3rd metacarpal head marker (3mtc) were 165 

also computed.  166 
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Data normality was assessed with Kolomogorov-Smirnov test. All data appeared to be 167 

normally distributed. Then descriptive statistics, bivariate correlation, t-test and simple 168 

regression were performed (IBM SPSS v.25.0. Armonk, New York). Significance level 169 

was set at P ≤ 0.05. Cutoff to discriminate between expert and non-expert fencers was set 170 

at 5 years of practice. Effect size was calculated using Cohen’s d, which resulted >0.8 for 171 

each variable that presented a difference between groups (Cohen, 1988). 172 

 173 

Results 174 

Anthropometric measures are reported in Tab. 1. Height, body weight and BMI were very 175 

near to the 50th percentiles of Italian population (Cacciari et al. 2006).  176 

 177 

Tab 1. BMI, Fat Mass and Fat Free Mass, Circumference, Cross-Sectional Area (R= right; L= left). 178 

 179 

    M ±SD   

BMI  19.9 2.4  
FM (Kg)  9.8 3.6  
FM %  20 7.2  

FFM (kg)  39.9 10.9  
FFM %   80 7.2   

Lenghts (cm)     

Upper limb  67.5 7.4  

Lower limb  79.2 8.1  

Trunk  78.2 7.5  
R thigh  38.4 4  
L thigh  38.4 3.9  
R biep   8.3 0.6  
L biep   8.3 0.6   

Circumferences (cm)      

Cr upper arm  23.2 2.8  
Cr R thigh   51 5.3  
Cr L thigh   50 5.2  
Sk bicep  0.9 0.4  
Sk tricep  1.4 0.5  
Sk R thigh  2.1 0.8  
Sk L thigh  2.1 0.8  
CSA upper arm  27 7.3  
CSA R thigh (cm2)  126.4 28.2  
CSA L thigh (cm2)   120.7 25.1   

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 September 2020                   doi:10.20944/preprints202009.0665.v1

https://doi.org/10.20944/preprints202009.0665.v1


 180 

All subjects were right-handed, so they stayed in guard position taking forward their right 181 

side. Any significant differences were found between left and right side in body segments 182 

length and CSA contrary to adults were a greater CSA of the dominant leg was found 183 

(Tsolakis et al. 2006). Fig. 3 reports the timing of the different actions composing the 184 

lunge.  Kinematics data are shown in Tab. 2.  185 

 186 
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 187 

 188 

Velocities (m/sec)   M ±SD  

Vm ASISm  0.86 0.13   

Vm 3mtc  1.28 0.18  

Vmax ASISm  1.66 0.25  

Vmax 3mtc   2.45 0.34   

Lunge distance (m)  1.12 0.2  

Lunge duration (sec)  0.77 0.11  

Angles (deg) 

Rom (deg)      

Elbow ext  55 17  

R knee 1st flex  17 7  

R knee ext  47 11  

R knee 2nd flex  59 8  

L knee ext  48 11  

L ankle plantar flex   32 6   

 Angular Velocities 

(deg/sec) 
     

Elbow ext  180.4 56.3   

R knee 1st flex  87.8 20.4  

R knee ext  242.1 61.3  

R knee 2nd flex  179.5 26.8  
L knee ext  160.9 46.9  

L ankle plantar flex   108.6 26.6   

 

On Guard      

Elbow  96 16   

R knee  120 10   

L knee  121 10   

R ankle  98 6   

L ankle  83 5   
 

 
    

During lunge  
    

Elbow maximal ext  151 5   

End of R knee 1st flex  103 11   

Endo of R knee ext  151 5   
 

 
    

Final lunge position      

Elbow   150 5   

R knee (end of 2nd flex)  90 9   

L knee  170 4   

R ankle  103 6   

L ankle   116 5    
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Tab 2. Velocities, distance, duration.  Vm= mean; Vmax= peak velocity; ASISm= anterior 189 

superior iliac spine midpoint; 3 mtct= 3rd metacarpal head.  Angles, ROM and angular 190 
velocities (R= right; L= left; ext= extension; flex= flexion). 191 

 192 

 Linear regression results are reported in Tab. 3 with FFM (kg) as independent variable.  193 

 194 

Tab. 3. Linear Regression for FFM (kg) as independent variable. 195 

 196 

Anthropometric differences found between males and females are reported in Tab. 4,  197 

 198 

Tab 4. Anthropometric differences between male and female. R= right; L= left. 199 

while differences between expert fencers (EF) and non-expert ones (NE) are in Tab. 5.  200 

 NE (N=8) EF (N=7)  
 

  M ±DS M ±DS Effect size p 

Age (years) 11.5 2.4 14.4 2.2 1.27 0.029 

FFM (kg)  34.05 8.5 46.6 9.7 1.38 0.021 

CSA upper arm (cm2)  23.1 5.5 31.3 6.8 1.33 0.026 

CSA R thigh 112.3 23.2 142.5 25.7 1.23 0.035 

CSA L thight 107.6 19.9 135.8 22.6 1.33 0.025 

Angles and Rom (deg)       

R knee guard ANG 126 9 111 5 1.98 0.002 

L knee guard ANG 126 10 115 6 1.37 0.02 

R knee 1st flex ANG 109 12 96 5 1.49 0.015 

R knee ext ROM 41 12 55 3 1.69 0.01 

R knee 2nd flex ROM 55 8 64 5 1.23 0.032 

L knee ext ROM 42 12 54 6 1.26 0.031 

  B SE β p 

Vm ASISm 
0.516 0.091   0.000 

0.009 0.002 0.733 0.002 

Lunge 

distance 

0.531 0.129   0.001 

0.015 0.003 0.797 0.000 

 

 M (N=7) F (N=8)   

  M ±DS M ±DS Effect size p 

FM %  15.14 6.28 24.24 5.18 1.58 0.011 

FFM % 84.86 6.28 75.76 5.18 1.58 0.011 

R thigh skinfold (cm) 1.54 0.64 2.66 0.4 2.1 0.003 

L thigh skinfold (cm) 1.53 0.64 2.66 0.38 2.17 0.002 
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 201 

Tab. 5.  Differences between experts (EF) and non-expert (NE) fencers. Cut of was set at 5 years of practice. 202 

R= right; L= left; flex= flexion; ext= extension. 203 

 204 

Peak hand velocity (Vmax 3mtc) was observed during the elbow extension and showed 205 

an increase of 1,17 m/sec above the mean hand velocity (Vm 3mtc) in the whole lunge. 206 

The anterior superior iliac spine midpoint (ASISm), which can be assumed as the body 207 

center of gravity (CG), showed a peak of 0,80 m/sec above the mean velocity of the whole 208 

lunge. 209 

In the “on guard” position knees were semi-flexed, and lower leg were nearly 210 

perpendicular to the ground. The elbow reached its maximal extension before the final 211 

lunge position: between these two events, its angle stayed almost unchanged. In the final 212 

lunge position the left (rear) knee was almost totally extended, while the anterior knee 213 

was flexed. The higher angular velocity was observed during the right knee extension, 214 

which is the movement that brings the anterior foot forward after its take-off. 215 

 216 

Discussion and Implications. 217 

 218 

We hypothesized that young fencers would have showed a different technique compared 219 

to the one reported in manuals, namely that they would have started the lunge with the 220 

lower limbs’ movement. Our findings disagree with the action’s sequence recommended 221 

in technical manuals currently used, which recommend starting the lunge with the elbow 222 

extension (Arpino e Gulinelli, 2012, Gaugler 1997). Our results are in accord with what 223 

observed in other studies where the athletes started the movement with the lower limbs 224 

instead than with the elbow (Hassan e Klauck, 1998; Gholipour et al., 2008). This way of 225 

performing the lunge is supported by the study of Witowski et al. (2018) in which it is 226 
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reported the tendency of fencers to focus the gaze on the opponent’s torso and armed 227 

upper limb. Given this tendency, we believe that a lunge starting with the lower limbs’ 228 

movement is more unpredictable. Frère et al. (2011) made a similar observation, even 229 

though they were considering the flèche, and confirmed that expert fencers started the 230 

lunge with the lower limbs to mask their intention to attack. 231 

Anterior knee’s first flexion and the following extension were like those reported by 232 

Gholipour et al. (2008) for élite athletes (respectively 20±12 and 51±9). Posterior knee 233 

extension was similar found by Guan et al. (2018) in intermediate-level athletes 234 

(50.4±9.6°) while angular velocities we found are lower in our sample. This suggests that 235 

fencers in developmental age still do not have a mature technique and that it would be 236 

appropriate to pay attention to the correct learning of the gesture so that they do not 237 

consolidate a wrong technique. To better understand this subject, a longitudinal study 238 

would be necessary about technique’s evolution during the different phases of 239 

development. 240 

We considered the significant correlations of the variables quantifying the lunge 241 

performance (velocity, distance, and time) with the anthropometric and kinematic ones. 242 

We found a significant correlation between Vmax ASISm and the ROM of the rear knee 243 

extension (r=0.56, p=0.031), as in a previous study (Guan et al. 2018) conducted on adult 244 

fencers. In agreement with these authors, we think that this correlation is in turn linked to 245 

the guard position. Fencers are taught that in the lunge execution the rear knee’s angle 246 

must reach its maximal extension. This angle is very similar in all subjects, as its little SD 247 

shows. So, we hypothesize that the ROM of the rear knee extension is influenced by 248 

knees’ angles in guard position, as underlined by its correlation with these variables (r = 249 

-0.94 and r = -0.85 respectively with Left and Right knee angle in guard position; p < 250 

0.001). Thus, the more the knees are flexed in guard position, the wider the extension of 251 
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the posterior knee will be. Previous studies (Bottoms et al. 2013, Guan et al. 2018) assert 252 

that the lower guard position seems to allow a pre-tensioning which facilitates the higher 253 

lunge velocity expression. Moreover, more flexed knees in guard position allow a greater 254 

extension of the rear knee during the lunge. So, our explanation for the influence of the 255 

guard position on the lunge velocity is supported by the mentioned studies. 256 

As we hypothesized, the variables representing the lunge performance were mostly 257 

correlated with the anthropometric variables rather than the kinematic ones. The lunge 258 

distance and Vm ASISm were mostly correlated with fencers’ height (r=0.85, p=0.000 and 259 

r=0.76, p=0.001) and FFM (r=0.8, p=0.000 and r=0.73, p=0.002). As previously said, we 260 

suppose that this happen because fencers in developmental age still did not have a mature 261 

technique, so anthropometric characteristics compensated for the lack of proper 262 

technique. 263 

FFM was selected as independent variable for the linear regression because it was the 264 

trainable factor mostly correlated with variables representing the lunge performance. It 265 

was the best predictor of hips mean horizontal velocity and lunge distance  266 

Similar relations of lunge’s speed and distance with anthropometric characteristics were 267 

observed in the work of Turner et al. (2016).  268 

Considering the whole sample, significant differences in anthropometry were found 269 

between males and females for FM %, FFM %, and thigh skinfolds. Females showed 270 

greater FM % and thigh skinfolds thickness. Any significant differences were found in 271 

kinematics between males and females.  272 

Differences between expert fencers (EF) and non-expert fencers (NE) were also studied.  273 

EF revealed significant higher values for all the variables considered, showing a more 274 

pronounced muscular development. Anthropometric differences were due to the older age 275 

of the EF.   276 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 September 2020                   doi:10.20944/preprints202009.0665.v1

https://doi.org/10.20944/preprints202009.0665.v1


Experts showed more flexed knees in the guard position and greater ROM in some of the 277 

movements composing the lunge. Our results are in line with those of other authors 278 

(Gholipour et al. 2008, Bottoms et al. 2013, Guan et al. 2018) in which EF kept a lower 279 

guard position and performed greater anterior and posterior knee extension and 2nd 280 

flexion. 281 

As already observed, the posterior knee’s extension is correlated with peak horizontal 282 

velocity of the hips. This relation explains the higher, but not significantly different, Vmax 283 

ASISm in the EF (1.75 ±0.27 m/s vs ME 1.58 ±0.21 m/s, p=0.2).  284 

Regarding all the observed differences, our findings confirm our hypothesis, that, 285 

between the selected groups, there already were technical differences linked to experience 286 

and anthropometric differences related to growth. From the differences between EF and 287 

NE it emerges that the more experienced ones adopted strategies closer to those of adult 288 

athletes to improve lunge performance. 289 

 290 

Conclusion 291 

Studies about fencing are still few in sport science’s literature. There is a paucity of 292 

studies which consider the technique and there is none about it exclusively in 293 

developmental age.  294 

Fencing environment is very traditional, and technique is often referred to classical 295 

manuals, which teach the technique in a way more oriented to the form rather than the 296 

competition requirements. For example, is taught to begin the lunge with the armed upper 297 

limb. In our study we observed that the lunge starts by the legs and the elbow extension 298 

is activated only later. The procedure reported in manuals is less effective because it is 299 

more predictable by the opponent. From the correlation’s analysis, in this age range, lunge 300 

performance resulted to be linked to anthropometrics.  301 
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Young fencers show few similarities with adult fencers’ lunge kinematics, but we noted 302 

that, compared to NE, EF adopted strategies which allow the improvement of the lunge 303 

physical performance, closer to those observed in adult fencers. As in previous studies, 304 

we observed that experienced fencers showed a different behavior compared to the non-305 

experienced ones. The EF performed wider and faster movements. In contrast with 306 

previous findings (Sinclair et. al 2013), we did not find any difference between males and 307 

females in all the technical variables. In agreement with Tsolakis et al. (2006), we think 308 

that the differences in technique we found were due to the normal growth process. 309 

A limitation of our study is that we tested one subject at a time and not in competition 310 

circumstances, e.g. with an opponent.  311 

Moreover, we are aware that a determinant variable for the outcome of the lunge is 312 

precision, but in our study, we did not use a target because we consider it could have 313 

influenced fencers in choosing the lunge distance. An improvement of our study could be 314 

to examine the subjects when they are fencing against an opponent, to have a more 315 

realistic environment, closer to the competition setting. Furthermore, it would be 316 

necessary to study the influence of a target on the lunge kinematic to understand if it is 317 

an essential element. 318 
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