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The present study aims to compare the evaluation of biomechanical indices 
in elite and non-elite fencing athletes in the criteria of ankle injury when 
landing after performing the fleche technique. In this study, 25 fencing 
athletes with the age range of 17.25 ±3.1 years, the weight range of 60.54 ± 
11.3 kg, and the height range of 175.4 ± 9.5 cm were randomly selected. 
Muscular strength measurement is done using bodybuilding devices through 
isotonic method and one-repetition maximum formula. A standard 
questionnaire is used to identify and record potential injury rate, and 
independent t test and Spearman correlation test are used to analyze the 
data. Also, Excel 2012 and SPSS 19 software are used. Flexibility, static 
balance, agility, anteromedial, medial, posteromedial, posterior, and 
posterolateral directions of star excursion balance test were used as the main 
indices of elite fencing athletes and muscular endurance, dynamic balance, 
medial, posterolateral, and posterior directions of star excursion balance test 
were the main biomechanical indices of non-elite fencing athletes. In the 
comparison of the main indices, there was a significant difference between 
muscular endurance, agility, static balance, and dynamic balance. The results 
of data analysis showed that there is a significant relationship between the 
imbalance of agonist muscle strength in ankle, knee and thigh joints and 
prevalence of ankle muscle injuries (P < .05). There is also a significant 
relationship between the harmony of the antagonist muscles’ strength (per 
joint) and prevalence of ankle muscle injury (P < .05). In total, according to 
the results, it can be concluded that imbalance of muscular strength in 
agonist and antagonist muscles in ankle, knee and hip joints is one of the 
important predictive risk factors in the incidence of muscle injury in young 
athletes. Experts should pay due attention to balancing muscular power 
before the tournaments so as to prevent muscle injury in the above-
mentioned muscles. 
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1. Introduction 

*Depending on the type of weapons used, fencing 
is divided to three types of Foil, Epee, and Sabre. In 
each weapon, the hitting rules and scoring are 
different (Rangarajan, 1999). In epee and foil, hits 
are with the point (tip of the sword), while in the 
Sabre, in addition to the point, hits are on the blade 
side. Valid foil targets are chest and back of the 
fencers, sabre target is the entire body above waist, 
and the epee target is the entire body (Russell, 
1996).  
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Researches have shown that success in many 
sports largely depends on athlete's foot power and 
muscle strength (Aquilino et al., 2012). Abdollah et 
al. (2014) concluded that there isn’t any significant 
difference between physiological variables (aerobic 
and anaerobic power, speed) and physical features 
(muscular endurance, muscular strength) in two 
groups of successful and semi-successful Sabre 
fencers. 

 According to past studies, it seems that this field 
demands different anthropometric and physiological 
characteristics depending on the type of weapon and 
valid targets. Aquili et al. (2013) conducted a study 
entitled as “performance analysis on 27 foil, epee, 
and sabre male and female fencers” and concluded 
that there is a significant difference between 
reaction time and agility in sabre fencers with other 
two weapons in both male and female groups and 
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males have better reaction time and agility levels. 
The reasons for these changes can be found in the 
differences in gender and the way of measuring 
fencers’ factors. The results showed that fencers are 
significantly different in terms of speed (40 yards), 
muscular power (long jump) and flexibility (thigh). 

Since foil fencers should only target torso, neck, 
and groin, this has caused them have higher speed 
and force to get more scores. The reason for thigh 
flexibility in sabre fencers is that sabre fencers must 
have more flexible body to hit the torso of the other 
fencer so that get more scores by hitting the target 
areas as a result of underacting of the opponent. The 
results showed that foil fencers have higher 
muscular strength (long jump) and speed (40 yards) 
than other two weapon fencers. This study is not in 
line with the study of Gustavo et al. in terms of 
muscular strength (long jump). Gustavo et al 
conducted a study to compare fencers’ foot 
performance of 18 elite male fenders in Argentina's 
national team. The results showed no significant 
difference between the foot powers of three weapon 
fencers (Aquilino et al., 2012).  

The reason for differences in results is that 
Gustavo have just performed tests measuring foot 
power, while other tests have been taken in this 
study and it may be due to difference in the 
measurement methods. The results of this study also 
showed that sabre fencers’ flexibility (thigh) is 
higher than other two weapon fencers, which is not 
in line with the results of Da Cunha et al. (2008).  

Da Cunha et al. (2008) evaluated the flexibility 
(thigh, torso) of Brazilian fencers. The results 
showed that there is no significant difference 
between the three weapon fencers in terms of thigh 
and torso flexibility. The reason for the difference of 
results is that Da Cunha et al. (2008) have studied 
male and female fencers, while the present study just 
evaluates male fencers. 

Exact evaluation of human muscle performance 
has always been the aim of sport and rehabilitation 
experts. Strength, power, and maximum range of 
joint motion are parameters that are often used most 
to evaluate the performance of human muscle. Sport 
specialists have been always interested in comparing 
the effects of various forces and providing programs 
to search for the exact amount of muscle power. 
Those who study rehabilitation want to prove the 
effect of exercise therapy on the recovery of patients 
with musculoskeletal injuries. Athletic trainers and 
sports medicine practitioners emphasize the 
avoidance of the injuries caused by the detection of 
shortages of power and power relations of mutual 
and reciprocal muscle groups (Rattray, 2006; Elliott, 
1992). 

Muscles strength and their weaknesses have a 
significant effect on the alignment and function of 
the body. Muscle strength imbalance disrupts the 
body's alignment and leads to imposition of unusual 
pressure on the joints and other tissues. Strength 
exercises’ experts consider the importance of 
exercises for muscles producing symmetric exercises 

around a joint (e.g. flexors, extensors, adductors, 
abductors). 

Despite these exercises, it seems that a group of 
muscles tends to be stronger than the other group. 
These amounts are of importance for sports 
medicine specialists when there is a significant 
difference between symmetrical muscles (dominant 
member – non-dominant member), and between the 
agonist and antagonist muscles of joints (Rattray, 
2006). 

Accordingly, it is assumed that high imbalance 
ratios in symmetrical muscle groups affect the joints 
and cause injuries in the muscle groups. For this 
reason, much attention should be paid to these ratios 
near the hip, knees, and ankle joints in the 
observations on the screen and rehabilitation of 
athletes. Most researchers of muscular imbalance 
and its relationship with sport injuries believe that if 
a significant difference is observed between 
dominant and non-dominant organs and also agonist 
and antagonist muscles of sportsmen, not only these 
sportsmen experience significant reduction in their 
sport performance, but also most of these people 
suffer from sports injuries, especially muscle injuries 
(Vilas-Boas et al., 2003). Findings of several studies 
suggest that from among fitness and health indices, 
strength has been discussed and considered more 
than other factors in the debate on sport pathology 
and rehabilitation (Benvenuti et al., 2010; Davlin, 
2004). There is a relative consensus view in foreign 
studies (Knudson, 1993; Elliott, 1992; Vila et al., 
2011; Özkol et al., 2013) which suggested that if 
there is a significant difference of about 5-10% in the 
strength of symmetrical muscles (dominant and non-
dominant organs) and if the relative coordination 
power of agonist and antagonist muscles on both 
sides of a joint is less than .60-75 (in knee and 
sagittal plane), .80-85 (in hip and frontal plane), and 
.45-65 (in ankle and sagittal plane), the person will 
eventually experience injuries in the same muscle 
and joint. 

Elliott (1992) evaluated the isokinetic muscle 
imbalance and incidence of knee injuries on a sample 
of 170 randomly selected high school fencers and 
kept track of injured samples and concluded that the 
rate of various knee injuries reaches the highest level 
when the difference in the strength of left and right 
feet is more than 10%. 

In other study, Oudejans et al. (2002) reported 
122.4 lb-ft as the strength of extensor muscles in 
non-injured athletes and 104 lb-ft as the strength of 
extensor muscles in injured athletes. Also, the lack of 
extensors’ strength is a key factor in the incidence of 
injuries in the muscles. Clearly (2001) reported that 
the strength of plantar flexor and dorsi flexor in 
speed runners’ feet is 76 and 25.1 lb-ft, respectively. 

Based on healthy and injured athletes’ strength, 
flexors strength coordination and correlation ratio of 
flexors strength to knee extensors are 65% in 
healthy people and 51% in injured people. In similar 
studies, the main problem in the prevention and 
treatment of muscle injuries is exact evaluation of 
muscle strength and given that strength changes 
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independently, knowing normal mean values of 
strength of muscles around the knee joint is placed 
after injuries and time of returning to be active in 
terms of sport planning and physical therapy. 
Studying university female athletes has shown that 
injured subjects are faced with the following issues 
in their lower limbs: 

 
 Their right knee flexor isokinetic strength is 15% 

stronger than their left knee flexor (at a speed rate 
of 180 degrees per second). 

 Coordination rate of knee extensor strength to 
knee flexors of subjects is less than 75% (at a 
speed rate of 180 degrees per second). 

 
Vilas-Boas et al. (2003) investigated factors 

creating central stability in 433 professional 
firefighters and said that strength is one of the most 
important factors in creating central stability. They 
also stated that muscle weakness is a predictor of 
sports injuries. 

Based on what was said, the aim of this study is 
comparing the biomechanical indices’ evaluation in 
elite and non-elite fencers in the criteria of injury 
when landing after performing fleche technique. 

2. Methodology 

According to the topic of the present research, it 
is a descriptive longitudinal prospective study. Study 
population includes all young male club athletes 
from 15 to 19 years old in Tehran city, who were 

fencers of Tehran Fencing Committee club at 
national tournament levels and were healthy at the 
time of strength measurement. The sample includes 
25 people, who were randomly selected from among 
the population. Muscle strength in the muscles 
involved in the ankle, knee, and hip was measured at 
the beginning of the season before the start of the 
2015 tournament using isotonic bodybuilding 
devices. Data were recorded on specified forms and 
tables. Then, their injuries were identified and 
recorded during 25 weeks of the tournament. 
Anthropometric characteristics of the subjects are 
listed in Table 1. To measure muscle strength, two 
subjects were used each time. Before starting 
measurements, subjects freely did their preheating 
exercises. Then, they were allowed to perform the 
related movements of the desired devices for 20-30 
minutes before hitting their records (the highest 
approximate displacement weight) so that they 
could effort to break their records at the time of the 
main measurement stage.  

To analyze the data, descriptive statistics such as 
mean and standard deviation, maximum and 
minimum values were used and to compare the 
mean difference of the survey subjects and 
investigate the relationship between muscle strength 
imbalance and muscle injuries, inferential statistics 
and independent t-test and Spearman correlation 
coefficient with a confidence level (P <.05) were 
used. In all the calculations steps, Excel 2012 and 
SPSS 19 software were used. 

 
Table 1: Demographic characteristic of subjects 

 
Age (year) Weight (kg) Height (cm) Dominant organ (person) 

Min Max Mean SD Min Max Mean SD Min Max Mean SD Right left 

Athletes 
(n = 25) 

13 19 17.25 2.02 33 89 60.54 11.5 124 189 175.4 11.6 14 11 

 
3. Findings 

According to Table 2 and Fig. 1, the highest mean 
value (94.60) and a dispersion of central index 
(20.11) is related to posteromedial muscle strength, 
while the lowest mean value (.17) and dispersion of 
central index (.05) is related to contrariwise time. 

To investigate main indices related to 
psychological characteristics of elite and non-elite 
athletes using PCA method, the following steps were 
taken to obtain main parameters. Fig. 2 and Table 3 
show the eigenvalues of variance corresponding to 
factors after varimax rotation. In the column of sum 
of the coefficients, factors of initial eigenvalues are 
presented in the form of sum of the explained 
variance for each of the factors. Explained variance is 
a percentage of total variance and cumulative 
percentage. Eigenvalue of each factor is a ratio of 
total variance of variables that is explained by that 
factor. Eigenvalue is significant as the sum of 
factorial squares of all variables in that factor. 
Eigenvalues, therefore, show the explanatory 
importance of factors associated with variable. Low 

levels of eigenvalue of a factor indicate that the 
factor has had a small role in explaining the variance. 

 
Table 2: Mean of biomechanical characteristics of elite and 

non-elite athletes 

 
Elite Non-elite 
Mean Mean 

Forward body 
bending 

18.74 18.74 

Sit-up 28.87 28.87 

Leg press 87.33 87.33 

Sargent jump 28.33 28.33 

Illinois 22.89 22.89 

36 m 8.59 8.59 

Ruler 0.17 0.17 

Stork test (s) 8.30 8.30 

Anterior star 87.80 86.33 

Anteromedial star 92.53 88.00 

Medial star 91.07 90.47 

Posteromedial star 94.60 94.47 

Posterior star 91.47 93.13 

Posterolateral star 88.07 87.80 

Posterior star 78.53 82.67 

Posterolateral star 81.47 84.20 

BASS (score) 87.33 87.33 

 

Fig. 3 and Fig. 4 show angle to angle diagrams in 
two successful and unsuccessful landing in 75 and 
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105 cm jumping. These diagrams are an example of a 
subject. 

Although diagrams followed the same pattern for 
other subjects, it was observed that the mean ankle 
to knee angle in successful landing was greater than 
unsuccessful landing and angle of successful landing, 
compared with an unsuccessful landing, remain at a 
higher level up to the end of the movement (Fig. 2). 
In both heights, the pattern of angle change of two 
joints is relatively similar to each other in both 
successful and unsuccessful landings (Fig. 3). It is 
just the mean joint angle that has caused 
unsuccessful landing to be done with an angle wider 
than successful landing (i.e. more extension). 

Fig. 4 shows that in the beginning of the 
movement before the jumping time (0.9 seconds), 
changes in the location of pressure center in both 
successful and unsuccessful landings after high and 
short jumps is almost identical, but then (i.e. from 
the jump to landing stage) fluctuations of pressure 
center in unsuccessful landing are more than a 
successful landing, which indicates a lack of 
coordination and balance of subjects in unsuccessful 
landing. As can be seen in Fig. 5 and Fig. 6, the 

location of pressure center in two successful and 
unsuccessful landings on y axis is the same as x axis 
before the jumping stage, but then the fluctuations of 
pressure center in unsuccessful landing (especially 
short landing) are more than successful landing. 

 
Table 3: Main indices related to the biomechanical 

characteristics of elite and non-elite athletes 

 
Elite Non-elite 
Mean Mean 

Forward body bending 0.86 0.777 
Sit-up 0.84 0.838 

Leg press 0.92 0.89 
Sargent jump 0.89 0.805 

Illinois 0.93 0.833 
36 m. 0.93 0.842 
Ruler 0.84 0.754 

Stork test (s) 0.84 0.836 
Anterior star 0.84 0.803 

Anteromedial star 0.91 0.853 
Medial star 0.87 0.8 

Posteromedial star 0.92 0.828 
Posterior star 0.86 0.782 

Posterolateral star 0.84 0.784 
Posterior star 0.92 0.916 

Posterolateral star 0.89 0.849 
BASS (score) 0.93 0.852 

 

Fig. 1: Different of biomechanical characteristics of elite and non-elite athletes 
 

 
Fig. 2: Different of indices related to the biomechanical characteristics of elite and non-elite athletes 

 

Based on inferential findings of the study in Table 
4, the following relationships were observed: 

 
• There is a significant relationship between dorsi 

flexor muscle strength imbalance in two 
dominant/non-dominant ankles and the prevalence 
of muscle injuries. 
• There is a significant relationship between plantar 

flexor muscle strength imbalance in two 
dominant/non-dominant ankles and the prevalence 
of muscle injuries. 
• There is a significant relationship between knee 

flexor muscle strength imbalance in two 
dominant/non-dominant feet and the prevalence of 
muscle injuries. 

• There is a significant relationship between knee 
extensors muscle strength imbalance in two 
dominant/non-dominant feet and the prevalence of 
muscle injuries. 
• There is a significant relationship between knee 

adductor muscle strength imbalance in two 
dominant/non-dominant feet and the prevalence of 
muscle injuries. 
• There is a significant relationship between knee 

abductor muscle strength imbalance in two 
dominant/non-dominant feet and the prevalence of 
muscle injuries. 
• The findings also showed that there is a significant 

relationship between dorsi flexor / plantar flexor 
muscle strength coordination ratio and the 
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prevalence of muscle injuries in dominant / non- dominant feet. 
 

  

  

Fig. 3: Ankle and knee angle in landing after successful and unsuccessful fleche for two high and short jumps 
 

  

  
Fig. 4: Ankle and hip angle in landing after successful and unsuccessful fleche for two high and short jumps 

 

  

 
 

Fig. 5: Position of pressure center with respect to the origin of the successful and unsuccessful high and short landings 
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• There is a significant relationship between dorsi 
flexor / plantar flexor muscle strength coordination 
ratio and the prevalence of muscle injuries in non-
dominant foot. 
• There is a significant relationship between dorsi 

flexor / plantar flexor muscle strength coordination 
ratio and the prevalence of muscle injuries in 
dominant foot. 
• There is a significant relationship between knee 

flexor / extensor muscle strength coordination ratio 
and the prevalence of muscle injuries in the knee of 
the non-dominant foot. 
• There is a significant relationship between 

adductor / abductor muscle strength coordination 
ratio and the prevalence of muscle injuries in the 
thigh of the dominant foot. 
• There is a significant relationship between thigh 

adductor / abductor muscle strength coordination 
ratio and the prevalence of muscle injuries in the 
thigh of the non-dominant foot. 
• There is a significant relationship between 

flexibility coordination ratio and the prevalence of 

muscle injuries in ankle injuries at the time of 
landing.  
• There is a significant relationship between 

muscular endurance coordination ratio and the 
prevalence of muscle injuries in ankle injuries at the 
time of landing.  
• There is a significant relationship between muscle 

power coordination ratio and the prevalence of 
muscle injuries in ankle injuries at the time of 
landing.  
• There is a significant relationship between agility 

coordination ratio and the prevalence of muscle 
injuries in ankle injuries at the time of landing.  
• There is a significant relationship between stork 

test coordination ratio and the prevalence of muscle 
injuries in ankle injuries at the time of landing.  
• There is a significant relationship between dynamic 

balance coordination ratio and the prevalence of 
muscle injuries in ankle injuries at the time of 
landing.  

 
Fig. 6: Muscle strength 

 

4. Discussion and conclusion 

The present study aimed to evaluate 
biomechanical indices in elite and non-elite fencing 
athletes in the criteria of ankle injury when landing 
after performing the fleche technique. Flexibility, 
static balance, agility, anteromedial, medial, 
posteromedial, posterior, and posterolateral 
directions of star excursion balance test were used 
as the main biomechanical indices of elite fencing 
athletes and muscular endurance, muscle power, 
dynamic balance, medial, posterolateral, and 
posterior directions of star excursion balance test 
were the main biomechanical indices of non-elite 
fencing athletes. 

The results showed that there was a significant 
difference between the main indices of 
biomechanical characteristics of muscular 
endurance (sit-up), muscular power (Sargent jump), 
agility (Illinois), static balance (stork) and dynamic 
balance and there was no difference between other 
main indices. The results are in line with the study of 

Gürkan et al. (2012) in terms of balance and body fat 
percentage. Thorpe and Ebersole (2008) and 
McCurdy and Langford (2006) investigated the 
relationship between strength and balance among 
male athletes and reported that there isn’t a 
relationship between strength and balance, which is 
consistent with the results of the present study. 
Gribble et al. (2004) studied the role of foot sole, 
height, leg length and ROM in performing star 
excursion balance test that was designed to evaluate 
the dynamic balance. The results showed that there 
is a significant positive relationship between leg 
lengths and performing star balance test and the 
longer the leg length, the distance achieved in each 
star test direction will be more. 

Paillard et al. (2006) reported that gymnasts and 
fencers have better balance than non-elite athletes, 
which may be due to some of their exercises that 
increase the ability to use somatosensory and 
otolithic information and lead to enhancement of the 
ability of postural control. 
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This result is consistent with the results of 
Barone et al. (2011) and Davlin (2004). Barone et al. 
(2011) compared the balance of fencers, basketball 

players, surfers and non-elite athletes and said that 
fencers have more balance when standing on the 
non-dominant foot as compared to non-elite athletes. 

 
Table 4: Independent t-test to compare muscle strength imbalance in two injured and non-injured groups (in percentage) 

Statistics Mean difference DF P-value Results 
Q1: Coordination ratio of the two ankles’ dorsi flexor muscle strength 11.202 43 0.001 Significant 
Q2: Coordination ratio of the two ankles’ plantar flexor muscle strength 10.507 43 0.0001 Significant 
Q3: Coordination ratio of the two knees’ flexor muscle strength 6.555 43 0.002 Significant 
Q4: Coordination ratio of the two knees’ extensor muscle strength 7.751 43 0.001 Significant 
Q5: Coordination ratio of the two thighs’ adductor muscle strength 12.760 43 0.0001 Significant 
Q6: Coordination ratio of the two thighs’ abductor muscle strength 8.444 43 0.0001 Significant 
Q7: Coordination ratio of muscle strength in agonist and antagonist muscles of 
dominant ankle 

14.765 43 0.0002 Significant 

Q8: Coordination ratio of muscle strength in agonist and antagonist muscles of 
dominant knee 

20.376 43 0.0001 Significant 

Q9: Coordination ratio of muscle strength in agonist and antagonist muscles of 
dominant thigh 

16.700 43 0.0001 Significant 

Q10: Coordination ratio of muscle strength in agonist and antagonist muscles of 
non-dominant ankle 

21.260 43 0.0001 Significant 

Q11: Coordination ratio of muscle strength in agonist and antagonist muscles of 
non-dominant knee 

20.523 43 0.0001 Significant 

Q12: Coordination ratio of muscle strength in agonist and antagonist muscles of 
non-dominant thigh 

16.860 43 0.0001 Significant 

Q13: Coordination ratio of flexibility and injuries at the time of landing 11.58 43 0.0001 Significant 
Q14: Coordination ratio of muscular endurance and injuries at the time of landing 12.58 43 0.0001 Significant 
Q15: Coordination ratio of muscle power and injuries at the time of landing 16.57 43 0.0001 Significant 
Q16: Coordination ratio of agility and injuries at the time of landing 24.65 43 0.0001 Significant 
Q17: Coordination ratio of stork test and injuries at the time of landing 11.98 43 0.0001 Significant 
Q18: Coordination ratio of dynamic balance and injuries at the time of landing 12.58 43 0.0001 Significant 

     

Davlin (2004) compared the dynamic balance of 
professional athletes in fencing, gymnastics, 
swimming and non-elite athletes and reported that 
gymnasts and fencers have more balance than non-
elite athletes, which is in line with the results of the 
previously mentioned studies. Therefore, it seems 
that the difference between the main biomechanical 
parameters is due to the two groups’ level of activity. 

In general, the data obtained from this study are 
good criteria to evaluate and investigate the status of 
players and selection of young athletes in talent 
finding programs. Biomechanical indices of the 
population of fencers can be a measurement index to 
score and evaluate coaches of talent finding and 
other base centers across the country. National team 
coaches also can use the findings of this research to 
compare the status of the statistical population with 
other countries, determine the advantages and 
disadvantages, design special exercises, and choose 
the right team tactics. Youths are the back and future 
capital of the country's fencing and considering 
various aspects affecting guiding, nurturing and 
enjoying their efficiency at international level and 
global competitiveness is very important. 
Researchers are also recommended to conducted 
more studies on the main indicators related to skills 
in fencing and the relationship between these 
indicators and other main biomechanical indicators. 
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