
Proprioceptive Training on Dynamic Neuromuscular Control
in Fencers: A Clinical Trial

Gabriela Souza de Vasconcelos, Anelize Cini, and Cláudia Silveira Lima

Context: Fencing is a sport of agility, with a higher incidence of lower-limb injuries, of which the ankle sprain is the most
prevalent. Injury prevention is very important to improve performance and decrease the withdrawal time of athletes.
Proprioceptive training programs can be added to the training of athletes, since, in addition to easy application and low
cost, proprioception has the function of stabilizing the ankle joint to prevent injuries. Objective: To verify the influence of a
12-week proprioceptive training program on dynamic neuromuscular control in fencing athletes. Design: The study was a
clinical trial, and the athletes were allocated, for convenience, in the intervention group or in the control group. Setting: The study
was developed in 4 stages (preintervention, intervention, postintervention, and follow-up of 3). The neuromuscular control
during the star excursion balance test was evaluated. Participants: The participants were 19 fencing athletes (intervention group:
10, and control group: 9), aged 14–35 years, from a multisport club. Interventions: The athletes performed the proprioceptive
training during 12 weeks, 3 times a week, with a duration of 30 minutes. Main Outcome Measures: Dynamic neuromuscular
control. Results: The data and SE were considered for statistical analysis, submitted to the generalized estimates equations test
with Bonferroni post hoc. The level of significance was .05. The distance reached in the star excursion balance test increased
significantly in all 8 directions evaluated in the 2 legs of the intervention group. Conclusions: The proprioceptive training
program was able to improve dynamic neuromuscular control in fencing athletes.

Keywords: proprioception, sports injuries, ankle injuries, prevention

Fencing is a sport of agility, characterized by, among others
things, changes of direction and movements in acceleration and
braking.1 Its practice requires dynamic neuromuscular control,
which is the athlete’s ability to maintain stability while moving
quickly and reacting to changes in direction, attacks, and perform-
ing the defenses imposed by the activity.2

Due to its characteristics, approximately half of all injuries in
fencers occur in the lower extremities, especially in the ankle and
knee.3 This demonstrates that fencing injuries occur, as in other
sports and in physically active individuals as well, where the ankle
is among the sites most affected by acute and chronic injuries.4,5

More recently, Harmer6 accompanied fencing athletes for 5 years
and found that the most frequent injury was ankle sprain.

Ankle sprain can lead to changes in the ankle neuromuscular
and proprioceptive functions, as well as postural changes and
decreased dynamic neuromuscular control, which has a negative
effect on athletic performance,7 resulting in the removal of athletes
from training and competitions and the further decrease in their
performance.8–10

Considering that, preventive programs, such as proprioceptive
training, started to be implemented in clubs and sports organiza-
tions, due to its function of stabilizing the joint, avoiding the
occurrence of sprains or the recurrence of these injuries.11–14

The effects of proprioceptive training on dynamic neuromus-
cular control were investigated in volleyball athletes for a period of
4 weeks15 and in soccer athletes for 6 weeks,16 and both studies
identified that there was a significant increase in distance achieved
in the star excursion balance test (SEBT) by the intervention group

(IG) when compared with the control group (CG). Other studies
also show that proprioceptive training significantly improved the
distance achieved in SEBT in physically active individuals for
4 weeks.17,18 However, O’Driscoll et al19 found that a 6-week
proprioceptive training program in rugby athletes did not alter
dynamic neuromuscular control. This leads to the consideration
that the characteristic of the sports modality can interfere in the
possible gains of a proprioceptive training program.

However, no studies aiming at the proposed investigation on
proprioceptive training and its influence on dynamic neuromuscu-
lar control in fencers have been found. The few studies carried out
with fencers evaluate the performance improvement,20–23 the kine-
matics of specific gestures,24,25 and the influence of shoes and
surfaces during the practice of this sport.26

Therefore, the objective of the present study was to verify the
influence of a 12-week proprioceptive training program on dynamic
neuromuscular control in fencing athletes. The study hypothesis was
that participants who receive the proprioceptive training program
would show significant improvement in the SEBT range.

Methods

Study Design

The present study is a clinical trial. This study was submitted and
approved by the Ethics Committee of the Federal University of Rio
Grande do Sul under the opinion of number 1,455,237 registered in
the Clinical Trial under number NCT02739308.

Participants

The population was the fencing team, composed of 22 athletes
(precadets [from 14 to 15 y], cadets [up to 17 y], juveniles [up to
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20 y], and free adults) from a multisport club, of both sexes. The
inclusion criteria were practicing fencing for at least 1 year and
being 14–35 years old. The exclusion criteria were being under
physiotherapeutic treatment or preventive training for injuries,
having injuries to the lower limbs that compromised the perfor-
mance of the tests, andmissing 3 consecutive or 5 alternate sessions
of the training program. All athletes whomet the criteria and agreed
to participate were included in the study, totaling 19 fencers,
divided into 2 groups (IG and CG).

Before participating, the athletes were invited to read and to
sign the consent form. Athletes under the age of 18 had their
consent form signed by their guardians.

Procedures

The study was developed in 4 stages: (1) preintervention, (2) inter-
vention, (3) postintervention, and (4) 3-month follow-up.

The athletes were allocated, for convenience, in the IG or in the
CG. The established form of allocation was that the first 10 athletes
evaluated would go to the IG, and the others would go to the CG.
On the same day, they performed the evaluation of the dynamic
neuromuscular control, related to the preintervention stage. A week
after the test, the intervention stage started, which consisted of a
12-week proprioceptive training program.

The SEBT was used to evaluate the dynamic neuromuscular
control of the ankles. It is composed of 8 lines in different
directions (anterior, anteromedial, medial, posteromedial, poste-
rior, posterolateral, lateral, and anterolateral; with angles of 45°
between each direction and each line with 120 cm). The test
requires the participant to maintain balance in unipodal support,
while the contralateral leg attempts to reach as far as possible in a
predetermined direction. The test was performed bilaterally, bare-
foot, and with hands held at the waist. The distance was measured
in centimeters, and the average of 3 replicates in each direction was
used in the study.27

The intervention consisted of the application of a propriocep-
tive training program for fencing athletes selected for the IG. This
program was adapted from the proposed training program for
volleyball athletes by Hupperets et al,28 composed of 14 exercises
and divided into 4 categories (without material, with specific
material of the sport, with proprioceptive disc/proprioceptive
disc and specific material of the sport, and with a weekly intensity
progression).

The training program (Table 1) was developed for 12 weeks,
3 times a week and was applied during athletes’ warm-up, in a
30-minute session. Each week, 3 exercises of the 14 adapted to the
fencing athletes were chosen, being, preferably, one from each
category. The categories presented exercises with different levels
of difficulty, and the changes in the exercises could occur by the
different levels proposed or by the complexity of the exercise by
changing the category. The training program was applied by the
same researcher over the 12 weeks.

Statistical Analysis

Statistical analysis was performed using SPSS® (version 18.0; IBM
Corp, Armonk, NY). The data were presented in mean and SE
and submitted to the Shapiro–Wilk test to verify their normality.
The independent t test was used to compare the characterization
variables of the sample. For the analysis of the variables in the
different moments (pre, post, and 3 mo) and between the groups

(intervention and control), the generalized estimates equations test
with Bonferroni post hoc was applied. The level of significance
was set at .05.

Results

Among the fencing athletes invited to participate in the study,
10 were allocated in the IG and 9 in the CG. In both groups, losses
and exclusions occurred during the study, according to Figure 1.

The characterization of the sample, related to sex, age, height,
and mass, is presented in Table 2.

The data obtained through the SEBT showed that there was
a significant increase in the distance reached in all 8 directions
evaluated, both in the front leg and in the back leg of the IG
(Table 3).

Regarding the CG, the directions evaluated, in most moments,
did not present significant difference in the distances reached by the
front leg and the hind leg. However, some exceptions were
observed in the anterior, posterior, medial, and anteromedial
anterior leg and in the anterior, anterolateral, lateral, medial, and
anteromedial directions (Table 3).

Discussion

This study verified the influence of a 12-week proprioceptive
training program on dynamic neuromuscular control in fencing
athletes. The study hypothesis that there would be an improve-
ment in dynamic neuromuscular control was confirmed by the
results.

The SEBT scores for the evaluation of dynamic neuromuscu-
lar control in fencers increased significantly in all directions,
both in the front leg and in the hind leg in the IG at the 4 assessment
moments. In contrast, the CG presented inconsistencies in its
results, with no significant difference in the majority of the
evaluated moments.

The difference observed in the IG can be due to the stimulus
of the proprioceptive training added to the technical training of
the athletes, who, together, promoted a challenge to the multi-
directional stability and provided a significant increase in all
directions. The CG was influenced only by technical training,
which seemed to challenge only the directions in which the
demand of eversors was superior to the others, especially in the
front leg.

The improvement of dynamic neuromuscular control pro-
moted by proprioceptive training is a relevant result, since this
variable has a significant effect on athletic performance,7 especially
in athletes who are frequently exposed to injuries. The literature
also emphasizes that the improvement in distance achieved in
SEBT is a relevant factor in the prevention of ankle sprains.27,29

This is probably due to the fact that the SEBT evaluates the
different ankle muscle groups, since each direction presents a
different muscular demand. It is possible to identify a greater
demand for the plantar flexor muscles, in the anterior direction,
in the lateral direction for the inverters, in the posterior direction for
the dorsiflexors, in the medial direction for the eversors,30 and in
the other directions, a combination of these muscles to improve
dynamic neuromuscular control.

Other studies with proprioceptive training15–18 also obtained
satisfactory results at the distances reached in the SEBT.
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McKeon et al18 applied 4 weeks of proprioceptive training
with individuals with ankle instability and obtained a significant
increase in the reach of 2 (posteromedial and posterolateral) of
the 3 directions evaluated. Hale et al17 also evaluated 4 weeks of
proprioceptive training with healthy subjects and identified that
the IG reached significantly greater distances than the CG in the
anterior and posteromedial directions, but without significant
differences in the posterolateral direction.

The posteromedial direction was the only one that presented a
significant increase in the distance reached in all mentioned studies,

including in the present study. This information suggests that the
direction with the greatest difficulty of stabilization30 is the most
favored by the effects of the proprioceptive training, which may be
the factor that relates the good performance in the SEBT to the
prevention of ankle injuries.

Among the studies cited, Peres et al15 and Filipa et al16 used
SEBT as an evaluation method in soccer and volleyball athletes,
respectively. Both studies applied the proprioception training
and identified that the IG reached greater distances in the
posterolateral and posteromedial directions compared with the

Table 1 Exercises and Variations of the Different Categories of the Proprioceptive Training Program

Without material With foil With proprioceptive disc
With foil and proprioceptive
disc

Exercise 1
Stand on 1 leg, with the knee of
the opposite leg flexed, hold
for 5 s, and repeat 10× for each
leg (1, 2, 3, and 4).

Exercise 3
In pairs, stand on 1 leg and, with the
knee of the opposite leg bent, simu-
late fencing gestures 5× with each
hand, and repeat 10× for each
leg (1 and 2).

Exercise 5
Stand on the disc in unipedal support,
with the knee of the opposite leg
flexed, hold for 30 s, and repeat 2× for
each leg (1, 2, 3, and 4).

Exercise 7
In pairs, one athlete stands on the disc
in bipodal support and other stands
on the floor, both performing 10×
fencing gestures for each hand while
maintaining balance. Athletes must
repeat 2× in each position.

Exercise 2
Stand on 1 leg, with the knee
and hip of the opposite leg
flexed, hold for 5 s, and repeat
10× for each leg (1, 2, 3, and 4).

Exercise 4
In pairs, stand on 1-legged support
and with the opposite knee and hip
flexed, simulate fencing gestures 5×
with each hand, and repeat 10× for
each leg (1 and 2).

Exercise 6
Stand on the disc in unipedal support,
with knee and hip of the opposite leg
flexed, hold for 30 s, and repeat 2× for
each leg (1, 2, 3, and 4).

Exercise 8
In pairs, one athlete stands on the disc
in unipedal support, with the knee of
the opposite leg flexed, while the
other athlete is in the same position
on the floor. Both perform 10x
fencing gestures with each hand and
change the leg. They should repeat
2× in each leg and 2× in each position
(1 and 2).

Variations:
1. The extended support leg.
2. The flexed support leg.
3 The extended support leg and eyes closed.
4. The bent support leg and eyes closed.
5. Both flexed legs and fencing attack technique with high-foil position.
6. The flexed support leg and the extended back, and the technique of

fencing attack with high-foil position.
7. Both flexed legs and fencing attack technique with low-foil position.
8. The flexed support leg and the extended back, and the fencing attack
technique with low-foil position.

Exercise 9
Stand one foot on the disc and the
other on the ground. Perform the
upward movement on the disc, with
hip and knee flexion of the leg that
was on the ground. Repeat 10× for
each leg.

Exercise 10
In pairs, one athlete stands on the disc
in unipedal support, with the opposite
knee and hip flexed, while the other
athlete is in the same position on the
floor. Both perform 10x fencing
gestures with each hand and change
the leg. They should repeat 2× for
each leg and 2× in each position
(1 and 2).

Exercise 11
Stand on the disc in bipodal support
and perform 10 squats while main-
taining balance, and repeat 2×.

Exercise 12
In pairs, an athlete moves sideways
with the foot up, simulating the 10×
lunge; and the other athlete starts off
with both feet on the puck and re-
treats outward, simulating the 10×
offense defense. Athletes must repeat
2× in each position (5, 6, 7, and 8).

Exercise 13
In forward position, with the front leg
over the disc, perform 10 squats
while maintaining balance, and
repeat 2× for each leg.

Exercise 14
In pairs, an athlete advances from the
front with the foot upward and per-
forms an attack gesture, simulating
the 10x lunge; and the other athlete
starts with both feet on the puck and
retreats outward, simulating the 10×
offense defense. Athletes must repeat
2× in each position (5, 6, 7, and 8).

Source: Hupperets et al.28
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CG. This information corroborates with the results of the present
study and reinforces the fact that the proprioceptive training
stimulates the multidirectional stability of the joint.

Because the results of the studies mentioned above
demonstrate significant differences only in some directions, it
is suggested that the proprioceptive training be performed for a
time equal to or greater than 12 weeks, so that a significant
increase occurs in all 8 directions evaluated, as observed in
this study.

Among the limitations of the study, it was not possible to
randomize athletes or the number of athletes, and the data obtained
by the study cannot be extrapolated to other sports, because the
characteristics of fencing are very peculiar.

Conclusions

A 12-week proprioceptive training program is capable of improv-
ing dynamic neuromuscular control in fencing athletes.

Figure 1 — Flowchart of the participants during each moment of the study.

Table 2 Mean and SD of the Sample Characterization Variables

Intervention group (n = 10) Control group (n = 9) P

Sex

Male 6 7

Female 4 2

Age, y 16.80 (2.34) 24.00 (6.65) .01*

Stature, m 1.74 (0.10) 1.76 (0.04) .64

Mass, kg 69.04 (11.37) 70.22 (10.55) .81

Tempo de treino, y

4–5 30% 11.1%

6–7 20% 0%

>8 50% 88,8%

*P ≤ .05.
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