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Summary 
Competitive fencing is a highly demanding athletic activity 
with asymmetrical loading of the whole body due to the 
unilateral handling of the weapon. This fact has been made 
responsible for the high rate of injuries and overload 
problems. The fencing movements are highly dynamic and 
may incorporate fairly extreme postures that cause an 
unknown joint loading. The present study investigated the 
3-D joint kinematics and kinetics of the most common 
attack, i.e. advance-lunge movement. The results should 
shed light on the potential overload mechanics. 
 
Introduction 
The lunge is the most common attack movement in 
competitive fencing and is used to close the distance to the 
opponent’s target area. The fencer quickly accelerates by 
pushing off from the rear leg and lands on the front foot in a 
stretched-out position. Due to the specific fencing position 
and asymmetric movements the fencer may be subjected to 
unusually high joint moments and the potential danger of 
overloading the joints. The present study was aimed to 
analyze joint kinematics and kinetics in fencing movements. 
 
Materials and methods 
A group of experienced fencers was recruited from local 
clubs. 11 fencers (6 male, 5 female; age 22±5 years, height 
174±7 cm, body mass 69±10 kg, BMI 23±2 kg/cm2) 
volunteered to participate. They were prepared with 15 
reflective markers attached to defined landmarks of the 
lower extremity. Fencing movements were recorded with a 
six-camera motion capturing system (Motion Analysis Inc.) 
and two ground reaction force platforms (AMTI) to record 
the push-off from the rear leg or the landing with the front 
leg. Three-dimensional joint movements and moments were 
analyzed with Orthotrak software. 
 
Results and discussion 
The advance-lunge caused extreme joint kinematics partly 
outside the range of values for normal locomotor activities. 
This is especially evident for hip abduction of in the lunge 
leg and the support leg (54°, 42°), hip and knee flexion in 
the lunge leg (120°, 116°) and hip overextension in the 
support leg (-19°).  
The vertical ground reaction force (GRF) is fairly high in 
both, the lunge and support leg (187%, 136% bodyweight). 
The antero-posterior GRF indicate the distinctly different 

tasks of both legs in fencing with a large breaking force in 
the lunge leg (-95%BW) and an almost equally large 
propulsion force in the support leg (86%BW).  
In the lunge leg the hip joint moments were increased 
(adduction -1.6 Nm/kg BW; extension 6.4 Nm/kg BW). The 
support leg revealed a high knee extension moment and 
ankle plantarflexion moment (both 1.8 Nm/kg BW).  
 
Table 1: Means, standard deviations of kinematic and 
kinetic parameters during the advance lunge with respect to 
the lunge leg and support leg (n=11). 

 Lunge Leg Support Leg 

Joint Kinematics [°] Mean SD Mean SD 

Hip abduction angle 54.4 7.5 41.9 10.4 
Hip flexion angle 120.5 11.0 -18.7 5.8 
Knee flexion angle 116.2 15.0 44.4 6.8 
Ankle flexion angle 16.0 8.0 19.7 7.9 
Ground Reaction Forces 
[%BW] 

    

Antero-posterior GRF -95 15 86 14 
Medio-lateral GRF 14 9 12 7 
Vertical GRF 187 53 136 21 
Joint Moments [Nm/kg BW]     
Hip adduction moment -1.6 1.0 0.8 0.4 
Hip extension moment 6.4 2.8 0.5 0.2 
Knee adduction moment 1.6 0.3 0.7 0.3 
Knee extension moment -2.3 1.9 1.8 0.4 
Ankle plantarflexion moment 2.0 0.6 1.8 0.7 

 
Conclusion 
These findings help to better understand the asymmetrical 
lower extremity loading in competitive fencing that may be 
related to previously reported injury distributions [1]. 
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Fig. 1: Stick-figure diagram of the lower extremity during the lunge movement (red=lunge leg; green=support leg). 
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