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ABSTRACT
Introduction: Fencing is a sport involving explosive movements that carry a high risk of injury to the lower
limbs, particularly when performing /unges. Injuries can affect the activation patterns of muscles involved
in stabilisation and movement control. This study aimed to investigate differences in tibialis anterior muscle
activity in the lower leg during the /unge phase in female fencers with and without a history of injury.
Methods: This study employed a quantitative observational approach with a cross-sectional design. The
study subjects comprised 12 female fencers divided into two groups: those with a history of injury and those
without. Muscle activity was measured using surface electromyography (SEMG) of the tibialis anterior
muscle during the lunge phase. Data were analysed using the Shapiro-Wilk test for normality and the Mann-
Whitney test to determine differences between groups. Results: The results showed that tibialis anterior
muscle activity in the group with a history of injury was lower (141.91 + 30.21) compared to the group
without a history of injury (251.29 + 88.50). Statistical analysis revealed a significant difference between
the two groups (p = 0.028). These findings suggest that a history of injury influences the activation of the
tibialis anterior muscle in female fencers. Conclusion: In conclusion, there is a difference in tibialis
anterior muscle activity between female fencers with and without a history of injury during the /unge phase.
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INTRODUCTION particularly the [unge, which serves as a
According to Ismail’s 2017 study, fencing fundamental technique for executing effective
is a combat sport in which two competitors fight attacks. Ugbolue et al. (2021) explain that the
by making contact with their opponent (et al., lunge involves the coordination of various body
2017) . Fencers use a specialised sword to segments and the synergistic activation of the
compete in order to win a match( Ciaccioni et al., lower limb muscles to produce stability and
2024) . Fencing is one of the most popular combat efficiency of movement.
sports in the world; it is a duelling sport that As performance demands increase, the risk
demands speed, precision and a high level of of injury among fencers has also become a major
coordination in every offensive and defensive concern, particularly in the lower extremities.
manoeuvre. In recent years, the development of Globally, injuries to the lower limbs are reported
this sport has shown an upward trend in various to account for a higher proportion than injuries to
countries, both in terms of the number of athletes other parts of the body, with injuries to muscle
and the intensity of competition. Harmer (2020) and ligament tissue predominating (Harmer,
reports that the increase in fencer participation 2020) . According to the International Olympic
has been accompanied by greater physical Committee, fencing is one of the sports with a
demands and greater complexity in the high risk of injury. In line with research
movements that must be mastered. One of the key conducted by Harmer in 2020, it was revealed that
components of fencing performance is footwork, 72.4 per cent of injuries among fencers tend to
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occur in the lower limbs. On average, injuries
occur to ligaments (40.8 per cent) and muscles
(20.1 per cent). The most common specific injury
is to the lower leg, accounting for 25.3 per cent of
all lower limb injuries (Harmer, 2020) The
mechanisms of injury are often associated with
explosive and repetitive movements, particularly
during the landing phase of a /unge, which places
significant mechanical stress on the joints and
muscles (Ugbolue et al., 2021) . These conditions
have the potential to cause muscle fatigue,
balance disturbances, and an increased risk of
recurrent injury if not counterbalanced by good
neuromuscular control (Kurniawan et al., 2023)
At both national and local levels, lower
limb injuries amongst fencers remain a common
issue, particularly amongst athletes who train at a
high frequency. One of the muscles that plays a
key role in maintaining ankle stability during a
lunge is the tibialis anterior muscle. This muscle
is involved in dorsiflexion and helps control foot
position during the contact phase with the ground,
thereby contributing to the stability and accuracy
of movement (Gholipour et al, 2008) .
However, in athletes with a history of injury, the
function of this muscle may be altered due to
neuromuscular disorders or previous
microtrauma (Franco et al., 2021) . These
changes have the potential to lead to reduced
motor control, muscle imbalance and an increased
risk of further injury (Alkjer et al., 2020) .
Muscle activity can be assessed objectively
using surface electromyography (sEMG), which
is capable of depicting patterns of muscle
activation during movement. Gohel and
Mehendale (2020) state that SEMG can be used to
assess neuromuscular activity and function
during movement. Nevertheless, research on
muscle activity in fencing still tends to focus
predominantly on large muscles such as the
quadriceps and  gastrocnemius,  whilst
information regarding distal muscle activity—
particularly that of the tibialis anterior muscle—
in female fencers with a history of injury remains
limited (Borysiuk et al., 2022) . This lack of
information constitutes a research gap, as the
tibialis anterior muscle plays a role in movement
control and ankle stability during dynamic
activities, including when performing /unges.
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Furthermore, the biomechanical and
neuromuscular characteristics of female athletes
may differ from those of male athletes;
consequently, findings from male populations
cannot be directly generalised to female athletes.
Consequently, the novelty of this study lies in the
analysis of differences in tibialis anterior muscle
activity during the /unge phase in female fencers
with and without a history of injury, using the
Noraxon MR3 3.8.30 sEMG system. It is hoped
that this approach will provide more specific
information regarding the characteristics of distal
muscle activation in female fencers based on their
injury history and serve as a basis for
consideration in the evaluation and development
of sports physiotherapy programmes.

The aim of this study was to investigate
differences in tibialis anterior muscle activity in
the lower leg during the /unge phase in female
fencers with and without a history of injury, using
surface electromyography (sEMG) with the
Noraxon MR3 3.8.30.

METHODS

This study employed an analytical
observational design with a cross-sectional
approach, aiming to compare tibialis anterior
muscle activity in female fencers with and
without a history of injury. The study was
conducted at the Tunas Pembangunan University
Sports Hall in Surakarta, which is equipped with
a Noraxon MR3 3.8.30 surface electromyography
(sEMQG) system as the instrument for measuring
muscle activity. Data collection took place from
March to April 2025 wusing standardised
procedures. Each study subject was asked to
perform a /unge movement as instructed by the
researcher, after which the activity of the tibialis
anterior muscle was recorded using sEMG for
further analysis.

The population in this study consisted of
female fencers who are members of the Central
Java Regional Training Centre (Pelatda). There
were 12 research subjects, divided into two
groups: 6 athletes with a history of lower limb
injury and 6 athletes without such a history.
Inclusion criteria included female fencers aged
13-24 years, with more than two years’ training
experience, a history of lower limb injury within
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the past year from which they had fully recovered,
and a willingness to participate by signing an
informed consent form. Exclusion criteria
included subjects who were experiencing pain or
injury at the time of the study and those who did
not complete the entire study protocol.

Subjects were selected using a quota
sampling technique, with the sample size
determined based on injury history categories.
Subjects who met the criteria were then grouped
according to their injury history status, as
determined through interviews. Subsequently, all
subjects underwent measurement of tibialis
anterior  muscle activity using  surface
electromyography (sEMG) whilst performing the
lunge phase in accordance with the established
procedure.

Data collection for this study was carried
out directly by measuring the activity of the
tibialis anterior muscle in female fencers using
surface electromyography (sEMG). The data
obtained consisted of muscle activity values
recorded during the /unge phase performed by
each study participant. The entire data collection
process was carried out systematically and in a
standardised manner to ensure the consistency of
the measurement results.

Muscle activity was measured using the
Noraxon MR3 3.8.30 surface electromyography
(sEMG) device, following the electrode
placement guidelines set out in the ‘Surface
Electromyography  for  the  Non-Invasive
Assessment of Muscles’ (SENIAM) standard.
Prior to recording, subjects were asked to warm
up to reduce the risk of injury and improve muscle
readiness. The subject then stood upright in a
relaxed position. Next, the researcher attached
electrodes to the tibialis anterior muscle in
accordance with the specified anatomical
locations.

Following the fitting of the electrodes, the
subjects were asked to assume a ready position
with their feet positioned in accordance with the
designated markers. The subjects then performed
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a forward /unge at maximum speed towards the
designated target. Prior to the main data
recording, the subjects were given the opportunity
to carry out several trial runs to familiarise
themselves with the procedure. Subsequently,
each subject performed three /unges, and the
recorded muscle activity was used as research
data.

The data obtained from measurements of
tibialis anterior muscle activity using surface
electromyography (sEMG) were first processed
through the stages of editing, coding and
tabulation. The data were then analysed using
statistical software to determine differences in
muscle activity between groups of female fencers
with and without a history of injury. Prior to
hypothesis testing, the data were tested for
normality using the Shapiro-Wilk test, as the
sample size was less than 30. If the p-value was
greater than 0.05, the data were deemed to be
normally distributed; if it was less than 0.05, the
data were deemed not to be normally distributed.

Next, a bivariate test was conducted to
compare the mean ftibialis anterior muscle
activity between the two groups. If the data were
normally distributed, a parametric test—
specifically an independent t-test—was used;
whereas if the data were not normally distributed,
the non-parametric Mann-Whitney U test was
used. Decision-making was based on the
significance value at a 95 per cent confidence
level (o = 0.05). If the p-value is < 0.05, the null
hypothesis is rejected; it can therefore be
concluded that there is a difference in tibialis
anterior muscle activity in the lower limb’ s
during the /unge phase between female fencers
with and without a history of injury.

This study has obtained ethical approval
from the Health Research Ethics Committee of
Muhammadiyah University of Surakarta, No.
1013/KEPK-FIK/III/2025.  All  participants
provided written informed consent prior to the
study.
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Figure 1. Respondent flowchart

Table 1. Characteristics of respondents in the Study
of Differences in Anterior Tibialis Muscle Activity in
the Lower Limb during the Lunge Phase in Female
Fencers with and without a History of Injury

Characteristics Injury Group Non-Injury
Sample LR

n % n %
Age (years)
>13
Gender
Female 6 100 6 100
BMI
Normal 3 50 3 50
Underweight 3 50 3 50
Overweight 0 0 0 0
Duration of
Training
>1 year 6 100 6 100
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Based on the table 1 of sample
characteristics, it was found that the total number
of subjects in this study was 12 female fencers,
divided into two groups: a group with a history of
injury and a group without a history of injury,
each comprising 6 subjects (100 per cent). The
age distribution showed that all subjects in both
groups were in the >13 years age category. Based
on body mass index (BMI), in the injury group
there were 3 subjects (50 per cent) in the normal
category and 3 subjects (50 per cent) in the
underweight category. The same pattern was also
found in the group without a history of injury,
with 3 subjects (50 per cent) in each of the normal
and underweight categories. The proportion of
athletes with an underweight status (50%) is
closely linked to the high intensity of training and
the demands for agility in the sport of fencing.
This condition may affect the load-absorption
capacity of the lower limbs, making the dynamic
stability of the tibialis anterior muscle during the
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lunge phase particularly crucial. Furthermore,
based on training duration, all subjects in both
groups had more than one year’s training
experience (100 per cent).

Table 2. Tests oi Normalii and Homoieneii

Muscle m. T ibi.alis m. Ti ibi.alis
anterior anterior

p-value 0.142 0.143

p-value 0,000 0,000

Based on the Shapiro-Wilk test, all data on
muscle activity of the tibialis anterior, in the
groups of female athletes with and without a
history of injury, showed significance values
above 0.05. Meanwhile, the homogeneity test for
the tibialis anterior muscle showed a significance
value of 0.000 (p < 0.05); consequently, the data
for this muscle did not meet the assumption of
homogeneity, so the Mann-Whitney U test was
used.

Table 3. Hiiothesis Te estini

Mean Peak Value 141.91 = 251.29 +
M. Tibialis anteorior 30.21 88.50
Difference -109.38 = -109.38+
M. Tibialis anteorior 38.18 38.18
p-value 0.028

Based on the results of the analysis using
the Mann—Whitney test, the mean value for
tibialis anterior muscle activity in the injury group
was 141.91 + 30.21, whilst in the non-injury
group it was 251.29 + 88.50. The results of the
statistical test showed a p-value of 0.028 (p <
0.05); it can therefore be concluded that there is a
significant difference in tibialis anterior muscle
activity between female fencers with a history of
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injury and those without a history of injury during
the lunge phase.

DISCUSSION
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Figure 1. Tibialis anterior muscle activity in
female fencers with and without a history of

injury
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Differences: According to the research
findings, muscle activity in the tibialis anterior
muscle among female fencers with a history of
injury was lower than that of athletes without such
a history during the lunge phase. This difference
indicates a change in muscle activation patterns
occurring in response to previous injury. This
reduction in tibialis anterior muscle activity may
affect the ability to stabilise the ankle, particularly
during the initial contact phase of the lunge
movement, thereby potentially disrupting balance
and movement control.

ANTERIOR TIBIALIS MUSCLE ACTIVITY

300mVv

250mVv
200mVv
150mV

mV II

100mV
50mV

Female
M Injured W Uninjured

Figure 2. Differences in Tibialis Anterior Muscle
Activity in Female Fencers with and without a
History of Injury

The reduction in tibialis anterior muscle
activation in the group with a history of injury can
be explained by the mechanism of arthrogenic
muscle inhibition (AMI), a condition in which the
neuromuscular system is inhibited as a result of
injury to joint tissue. Ferrandez-Laliena et al.,
(2025) state that disruption to joint structures can
cause a reduction in the activation of surrounding
muscles as a protective response to reduce
mechanical load. This condition prevents the
muscles from contracting optimally, thereby
leading to a reduction in functional performance
(Palermi et al., 2023) .

Furthermore, Liu et al., (2025) explain that
female athletes tend to reduce distal muscle
activation, including the tibialis anterior, as a
strategy to minimise stress on vulnerable joints.
This strategy is protective in the short term as it
helps to reduce the risk of pain and re-injury;
however, in the long term, it can lead to a decline
in muscle strength and impaired dynamic
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stability. Reduced activity of the tibialis anterior
muscle is also associated with impaired
neuromuscular control, which plays a role in
maintaining balance during dynamic movements
such as lunges (Steiner et al., 2023) .

Leung et al., (2024) add that the
sensorimotor system in women tends to be more
sensitive to changes in joint conditions, resulting
in a reduced muscle activation response as an
adaptation to instability. This is related to
proprioceptive ability, which influences postural
control, particularly during activities requiring
precise movement. Consequently, changes in the
activation pattern of the tibialis anterior muscle in
athletes with a history of injury are caused not
only by structural damage but also by the nervous
system’s adaptation to these conditions
(Drakoulaki et al., 2021) .

The implications of these findings suggest
that the reduction in tibialis anterior muscle
activity warrants attention in rehabilitation
programmes for female fencers. Zhao et al.,
(2024) suggest that exercises emphasising
increased activation of distal stabiliser muscles,
such as the tibialis anterior, as well as
proprioceptive exercises, may help to restore
optimal neuromuscular function. Furthermore, a
structured exercise programme incorporating a
neuromuscular control approach and balance
training is also required to improve ankle stability
and reduce the risk of recurrent injury during
explosive movements such as lunges (Ford et al.,
2025)

Physiotherapy Implications

The finding of a deficit in tibialis anterior
muscle activation following injury has important
implications for the three main pillars of
physiotherapy:

1. Clinical Practice: Sports physiotherapists are
advised not only to focus on strengthening
proximal  muscles  (quadriceps  and
hamstrings), but must also integrate distal
stabiliser exercises, such as those for the
tibialis anterior muscle, and utilise
electromyographic biofeedback training to
address neuromuscular barriers (arthrogenic
muscle inhibition) before athletes return to
sport.
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2. Physiotherapy Education: These findings
enrich the empirical evidence in the field of

sports physiotherapy and applied
biomechanics, particularly regarding the
understanding of gender-specific

sensorimotor adaptations in the lower limb
kinetic chain of combat and martial arts
athletes.

3. Development of Physiotherapy Services:
Portable sSEMG devices could be developed
as tools for routine, periodic screening (pre-
participation screening) at athlete training
centres (such as regional training centres) to
detect silent neuromuscular deficits before
they develop into recurrent injuries.

Limitations of The Study

This study has several limitations that need
to be taken into account. The sample size was
relatively small (n = 12 ) as the population of
female fencers at the Pelatda level who met the
inclusion criteria was very limited in the study
area. Therefore, the results of this study should be
interpreted with caution and cannot yet be widely
generalised to the entire population of athletes
across all sports. Furthermore, the cross-sectional
design does not allow for the drawing of
longitudinal causal conclusions. Further research
with a larger sample size, utilising a prospective
cohort design, and analysing the co-contraction of
the antagonist muscle (m. gastrocnemius) is
strongly recommended.

CONCLUSION

This study concluded that there was a
significant difference in tibialis anterior muscle
activity between female fencers with and without
a history of injury during the lunge phase, with
the group with a history of injury exhibiting lower
levels of muscle activation. This reduction in
activation reflects adaptive changes in
neuromuscular control that may compromise
ankle stability during dynamic manoeuvres.

Given the relatively small sample size,
these findings should be interpreted with caution
as preliminary evidence. In practical terms,
physiotherapists and fencing coaches are
recommended to implement rehabilitation and
injury prevention programmes that focus on the
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activation of distal stabiliser muscles and
structured neuromuscular control exercises in
order to optimise movement performance and
minimise the risk of recurrent injury in female
fencers.

REFERENCES

Alkjer, T., Smale, K. B., Flaxman, T. E., Marker,
I. F., Simonsen, E. B., Benoit, D. L., &
Krogsgaard, M. R. (2020). Forward lunge
before and after anterior cruciate ligament
reconstruction: Faster movement but
unchanged knee joint biomechanics. PLoS
ONE, 15(1), 1-14.
https://doi.org/10.1371/journal.pone.0228
071

Borysiuk, Z. et al. (2022) “(Borysiuk et al.,
2023),” *Archives of Budo*, 18, pp. 13—
22.

Ciaccioni, S., Castro, O., Bahrami, F,,
Tomporowski, P. D., Capranica, L., Biddle,
S. J. H., Vergeer, 1., & Pesce, C. (2024).
Martial arts, combat sports, and mental
health in adults: A systematic review.
Psychology of Sport and Exercise, 70

(November 2023), 102556.
https://doi.org/10.1016/j.psychsport.2023.
102556

Drakoulaki, V.,  Kontochristopoulos, N.,
Methenitis, S., Simeonidis, T.,

Cherouveim, E., Koulouvaris, P.,
Savvidou, O., & Tsolakis, C. (2021).
Bilateral asymmetries in male and female
young elite fencers in relation to fencing
performance. Isokinetics and Exercise
Science, 29(2), 113-121.
https://doi.org/10.3233/IES-202200
Ferrandez-Laliena, L. et al. (2025) “Differences
in Kinematic and Muscle Activity Between
Players at Risk of ACL Injury and Healthy
Players in Women’s Football: Influence of
Change of Direction Amplitude in a Cross-
Sectional Case—Control Study,” Medicina
(Lithuania),  61(7).  Available at:
https://doi.org/10.3390/medicina61071259
Franco, M.F. et al. (2021) “Prevalence of overuse
injuries in athletes from individual and
team sports: A systematic review with
meta-analysis and GRADE

Oy

This work is licensed under a Creative Commons

Attribution-NonCommercial 4.0 International License.



https://10.0.93.109/fisiomu.v7i3.17900
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

9

recommendations,” Brazilian Journal of
Physical Therapy, 25(5), pp. 500-513.
Available at:
https://doi.org/10.1016/j.bjpt.2021.04.013.
K. R., Taylor, J. B., Westbrook, A. E.,
Paterno, M. V., Huang, B., & Nguyen, A.
D. (2025). Outcomes of a randomised
controlled trial of neuromuscular training
with real-time biofeedback in young
female athletes. BMC Musculoskeletal
Disorders, 26(1).
https://doi.org/10.1186/s12891-025-
08647-3
Gholipour, M., Tabrizi, A. and Farahmand, F.
(2008) “Kinematics Analysis of Lunge
Fencing Using Stereophotogrammetry,”
World Journal of Sport Sciences, 1(1),
pp. 32-37.
Gohel, V. and Mehendale, N. (2020) “Review on
electromyography signal acquisition and
processing,” Biophysical Reviews, 12(6),

Ford,

pp- 1361-1367. Available at:
https://doi.org/10.1007/s12551-020-
00770-w.

Harmer, P.A. (2020) “Epidemiology of time-loss

injuries in international fencing: a
prospective, 5-year analysis of Fédération
Internationale d’Escrime competitions,”
2018 (November 2017), pp. 1-7. Available
at:__ https://doi.org/10.1136/bjsports-2018-
100002.

Ismail, M. F., Mohd Hashim, A. H., & Morazuki,
S. R. (2017). Muscle activity during lunges
in fencers. Man in India, 97(13), 153-158.

Kurniawan, A. et al. (2023) “Analysis of surface
electromyography of the quadriceps
muscle during /unge movements in the
sport of fencing with a history of knee and
quadriceps corner pain  (Q-angle),”
JISEAPE Journal of Indonesian Sport
Education and  Adapted  Physical
Education, 4(1), pp. 1-13. Available at:
https://ejournal.utp.ac.id/index.php/JISEA
PE.

FISIO MU: Physiotherapy Evidences

ISSN 2722 — 9610
E —ISSN 2722 - 9629

125

Muryanto, S & Nur’aini, H.L
Fisiomu. 2026, Vol 7(3):118-125
DOI : https://10.23917/fisiomu.v7i3.17900

Leung, A. et al. (2024) “Sex differences in
corticospinal excitability and quadriceps
performance after anterior cruciate
ligament reconstruction,” Journal of
Orthopaedic Research, 42(4), pp. 769-776.
Available at:
https://doi.org/10.1002/jor.25725.

Liu, C. et al. (2025) “Gender differences in the
impact of fatigue on lower limb landing
biomechanics and their association with
anterior cruciate ligament (ACL) injuries:
A systematic review and meta-analysis,”

pp- 1-19. Available at:
https://doi.org/10.1371/journal.pone.0321
925.

Palermi, S., Vittadini, F., Vecchiato, M., Corsini,
A., Demeco, A., Massa, B., Pedret, C.,
Dorigo, A., Gallo, M., Pasta, G., Nanni, G.,
Vascellari, A., Marchini, A., Lempainen,
L., & Sirico, F. (2023). Managing Lower
Limb Muscle Reinjuries in Athletes: From
Risk Factors to Return-to-Play Strategies.
Journal of Functional Morphology and
Kinesiology, 8(4).
https://doi.org/10.3390/jfmk8040155

Steiner, M., Baur, H., & Blasimann, A. (2023).
Sex-specific differences in neuromuscular
activation of the knee stabilising muscles in
adults — a systematic review. Archives of
Physiotherapy, 13(1).
https://doi.org/10.1186/s40945-022-
00158-x

Ugbolue, U.C. et al. (2021) “Electromyographic
Assessment of the Lower Leg Muscles
during Concentric and Eccentric Phases of
Standing Heel Raise,” pp. 1-15.

Zhao, J. et al. (2024) “The effect of immediate

neuromuscular  training on  ankle
biomechanics in  individuals  with
functional ankle instability,” MCB
Molecular and Cellular Biomechanics, 21,
Pp. 1-19. Available at:

https://doi.org/10.62617/mcb.v21.162.

Oy

This work is licensed under a Creative Commons

Attribution-NonCommercial 4.0 International License.



https://10.0.93.109/fisiomu.v7i3.17900
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1007/s12551-020-00770-w
https://doi.org/10.1007/s12551-020-00770-w
https://doi.org/10.1007/s12551-020-00770-w
https://doi.org/10.1136/bjsports-2018-100002
https://doi.org/10.1136/bjsports-2018-100002
https://ejournal.utp.ac.id/index.php/JISEAPE
https://ejournal.utp.ac.id/index.php/JISEAPE
https://ejournal.utp.ac.id/index.php/JISEAPE
https://doi.org/10.1002/jor.25725
https://doi.org/10.1002/jor.25725
https://doi.org/10.1371/journal.pone.0321925
https://doi.org/10.1371/journal.pone.0321925
https://doi.org/10.1371/journal.pone.0321925
https://doi.org/10.62617/mcb.v21.162
https://doi.org/10.62617/mcb.v21.162


  n = 12

