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Annotation. The purpose of this study was to examine and compare parameters of the neuromus-
cular system’s functional state of female athletes with different direction of the training process.
The study involved 41 female athletes specialized in weightlifting, track-and-field, triathlon,
biathlon, rhythmic gymnastics. We have discovered higher values of the motor response (area,
amplitude) in athletes, who train speed, power and endurance (track-and-field, weightlifting,
biathlon, triathlon); higher values of nerve conduction velocity along the motor fibers of the
peroneal nerve in athletes specialized in the speed-power direction (track-and-field, weightlift-
ing); lower values of residual latency in athletes of complex coordination sports. Therefore, as a
result of the conducted research, we revealed features of the neuromuscular system in female
athletes engaged in different sports.

Keywords: neuromuscular system, stimulation electroneuromyography, female athletes, sexual

dimorphism.

Introduction. Typical features of the
neuromuscular system’s (NMS) functioning
form within the process of the long-term sports
training [1-3]. It is known, that physiological
processes related to the adaptation of an
athlete’s NS to regular physical loads contrib-
utes to high results in sports [4-6]. Moreover,
direction of the training process and the speci-
ficity of loads influence the functional state of
an athlete’s NMS. Currently, the biggest part of
conducted studies dedicated to an evaluation of
the NMS work was carried out in male athletes
[7-8]. This study’s relevance is due to not only
research of the NMS work parameters in female
athletes, but also to the identification of corre-
lations between the training process’s direction
and motor response indicator when conducting
stimulation electroneuromyography.

The purpose of the study was to examine
and compare parameters of the neuromuscular
system’s functional state of female athletes
with different direction of the training process.

Methods and organization. The study
involved 41 female athletes specialized in
weightlifting (7 people), track-and-field (mid-
dle-distance sprinters, 13 people), triathlon (6
people), biathlon (6 people), rhythmic gymnas-
tics (9 people). Average age of the athletes is

21.4+4.1 years. It was carried out with the stim-
ulation electroneuromyography method on the
4-channel hardware and software complex
Neuro-MVP (Neurosoft, Ivanovo). We regis-
tered motor response from the extensor digi-
torum brevis muscle, innervated by the n.
Peroneus. Following parameters of the motor
response were analyzed: latency, residual
latency, amplitude, surface, motor response du-
ration, nerve conduction velocity (NCV).
The data statistical processing was carried out
with the Mann-Whitney U-test in the Statistica
13.0 software.

Results and discussion. The latency
examination in the “Tarsus” stimulation point
on the right revealed a significant difference
(p<0.04) in parameters between track-and-field
(3.7£0.5 ms) and triathlon (4.3+0.7 ms)
athletes. In other stimulation points, latency
values of track-and-field female athletes
(“Head of fibula” — 10.8+1.0 ms, p<0.03;
“Popliteal fossa” — 12.4+0.9 ms, p<0.03) and
gymnasts (“Head of fibula” — 11.2+1.0 ms,
p<0.008; “Popliteal fossa” — 13.6+1.5 ms,
p<0.01) (fig. 1).

Latency parameters in the “Tarsus” stimu-
lation point on the left is lower in weightlifters
(3.3+0.8 ms) than in track-and-field (3.9+0.3
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ms, p<0.04), triathlon (4.6£1.1 ms, p<0.02),
and biathlon athletes (4.8+1.4 ms, p<0.01).
Moreover, latency values of biathlon athletes
(4.8£1.4 ms) were significantly different from
parameters in gymnasts (3.6+0.5 ms, p<0.01)
and track-and-field athletes (3.9+0.3 ms,
p<0.04). In the “Head of fibula” stimulation
point, latency parameters in track-and-field
athletes (9.4+1.1 ms) were also lower compared
with those in track-and-field (10.7+£0.9 ms,

p<0.03), rhythmic gymnastics (11.2+0.8 ms,
p<0.02) and biathlon (11.4+2.0 ms, p<0.05)
athletes. In the “Popliteal fossa” stimulation
point, latency values in weightlifters (10.8£1.0
ms) were significantly different from those in
track-and-field (12.1+0.7 ms, p<0.02), triath-
lon (12.9+0.8 ms, p<0.005), biathlon athletes
(13.4+2.2 ms, p<0.01) and gymnasts (13.2+1.3
ms, p<0.01) (fig. 2).
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Fig. 1. Motor response latency parameters on the right in female athletes specialized in
track-and-field, weightlifting, triathlon, rhythmic gymnastics
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Fig. 2. Motor response latency parameters on the left in female athletes specialized in
track-and-field, weightlifting, triathlon, biathlon, rhythmic gymnastics
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Parameters of residual latency on the right
is significantly different between athletes of
track-and-field (2.3£0.4 ms) and triathlon
(3.0+£0.7 ms, p<0.03). We also revealed differ-
ences on the left side when comparing the group
of triathlon athletes (3.0+0.6 ms) with groups of
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weightlifters  (2.0+0.7 ms, p<0.02) and
gymnasts (20£0.5 ms, p<0.01). Residual
latency parameters were also different in track-
and-field athletes (2.6+0.4 ms) and gymnasts
(2.0+0.5 ms, p<0.02) (fig. 3).
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Fig. 3. Residual latency parameters in female athletes specialized in track-and-field,
weightlifting, triathlon, rhythmic gymnastics

Analysis of electromyography (EMG) data
has demonstrated that values of the motor
response amplitude in female athletes special-
ized in rhythmic gymnastics are lower than in
female athletes of other sports. For example, in
the “Tarsus” stimulation point on the right the
motor response amplitude in gymnasts
amounted to 3.8+1.0 mV, in track-and-field
athletes — to 6.5£2.6 mV (p<0.002), in weight-
lifters — to 6.2+1.8 mV (p<0.02), in biathlon
athletes — to 6.4+1.6 mV (p<0.003). In the
“Head of fibula” stimulation point on the right,
amplitude parameters in gymnasts (3.1+1.1
mV) were also lower than those in track-and
field athletes (6.7+2.8 mV, p<0.003), weight-
lifters (6.2+2.1 mV, p<0.02), triathlon (5.3%1.5
mV, p<0.01) and biathlon (5.3£2.6 mV,
p<0.03) athletes. The same data were received
when stimulating the peroneal nerve in the
“Poplietal fossa” point on the right. The motor
response amplitude in gymnasts (2.7+0.9 mV)

were significantly different from the parameters
in track-and-field athletes (6.7£2.8 mV,
p<0.0002), triathlon athletes (5.4+1.9 mV,
p<0.008), weightlifters (7.3+2.2 mV, p<0.003)
and biathlon athletes (5.8+1.1 mV, p<0.002)
(fig. 4).

When stimulating the peroneal nerve in the
“Tarsus” point on the left, the motor response
amplitude in athletes specialized in track-and-
field (6.9+£2.0 mV) was higher than in triathlon
athletes (4.1+1.4 mV, p<0.01) and gymnasts
(4.6£1.7mV, p<0.008). In the “Head of fibula”
point, amplitude parameters of track-and-field
athletes (6.5£2.4 mV) are also higher than in
gymnasts (4.1+1.3 mV, p<0.03). When stimu-
lating the peroneal nerve in the “Popliteal
fossa” point, we discovered that amplitude
parameters in gymnasts (3.7+1.4 mV) are
significantly different from those in track-and-
field (6.742.1 mV, p<0.001) and triathlon ath-
letes (5.0+£0.5 mV, p<0.03) (fig. 5).
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Fig. 4. Motor response amplitude parameters

on the right in female athletes specialized in

track-and-field, triathlon, weightlifting, biathlon, rhythmic gymnastics
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Fig. 5. Motor response amplitude parameters on the left in female athletes specialized in
track-and-field, triathlon, rhythmic gymnastics

Motor response duration in gymnasts is
higher than in weightlifters in the “Tarsus”
point on the right (weightlifters — 5.6=1.0 ms,
gymnasts — 6.7+0.8 ms, p<0.03), the “Head of
fibula” point on the right (weightlifters —
6.2+1.0 ms, gymnasts — 7.3£1.1 ms, p<0.02),
and the “Head of fibula point on the left
(weightlifters — 6.3+0.8 ms, gymnasts — 7.1+0.7
ms, p<0.007) (fig. 6).

In the “Tarsus” stimulation point on the
right, the motor response area in track-and-field
athletes (20.7£7.7 mVxms) is higher than in
gymnasts (14.0+4.1 mVxms, p<0.03). We also
found significant  differences  between

indicators of triathlon (14.3+£6.5 mVxms) and
biathlon athletes (21.3+6.5 mVxms, p<0.04).
In the “Head of fibula” point on the right, these
parameters in track-and-field athletes (22.3£9.1
mVxms) are higher than in gymnasts (11.8+4.9
mVxms, p<0.01). Values of the motor
response area in gymnasts (7.1£3.9 mVxms)
are significantly different from the same param-
eters in track-and-field athletes (22.6£8.7
mVxms, p<0.0002), triathlon athletes
(17.3£5.1 mVxms, p<0.005), weightlifters
(21.1£6.7 mVxms, p<0.003) and biathlon
athletes (19.8+4.8 mVxms, p<0.003) (fig. 7).
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Fig. 6. Motor response duration parameters in female athletes specialized in weightlifting and
rhythmic gymnastics
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Fig. 7. Parameters of motor response area on the right in female athletes specialized in
track-and-field, triathlon, weightlifting, biathlon, rhythmic gymnastics

In the “Tarsus” stimulating point on the
left, parameters of motor response area in track-
and-field athletes (21.6+£6.5 mV xms) are higher
than in triathlon athletes (12.9£5.4 mVxms,
p<0.02), weightlifters (16.5£5.6 mVxms,
p<0.03) and gymnasts (15.944.1 mVxms,
p<0.04). In the “Popliteal fossa” point on the
left, values of motor response area were also
different in female athletes specialized in track-
and-field (22.3£7.9 mVxms) and rhythmic
gymnastics (11.7£6.5 mVxms, p<0.006)
(fig. 8).

When stimulating the peroneal nerve in the
“Head of fibula” point on the right, the nerve
conduction velocity is higher in weightlifters

(55.844.5 m/s) compared to track-and-field
athletes (50.1+3.4 m/s, p<0.008) and gymnasts
(47.6£2.0 m/s, p<0.003). We also identified
lower values of the nerve conduction velocity
in gymnasts (41.6+12.9 m/s) compared to
track-and-field  athletes  (59.4+7.4 m/s,
p<0.001), weightlifters (62.1£9.0 m/s,
p<0.001) and biathlon athletes (61,.5+4.2 m/s,
p<0.002) when stimulating the peroneal nerve
on the “Popliteal fossa” point on the right
(fig. 9).

The nerve conduction velocity when
stimulating the peroneal nerve in the “Head of
fibula” point on the left is lower in gymnasts
(45.7£2.7 m/s) compared to track-and-field
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athletes (50.8+3.1 m/s, p<0.003), triathlon
athletes (53.6+5.8 m/s, p<0.01) and weightlift-
ers (53.7£5.2 m/s, p<0.01). We identified
significantly higher values in the “Popliteal
fossa” point in female athletes specialized in
weightlifting (66+6.6 m/s) compared to the data
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from biathlon (47.8£7.6 m/s, p<0.003) and
triathlon athletes (46.7£6.9 m/s, p<0.01).
Velocity parameters are also higher in track-
and-field athletes than in biathlon (47.8+7.6
m/s, p<0.01) and triathlon athletes (46.7+6.9
m/s, p<0.008) (fig. 10).
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Fig. 8. Motor response area parameters in female athletes specialized in track-and-field,
triathlon, weightlifting, rhythmic gymnastics
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Fig. 9. Nerve conduction velocity parameters on the right in female athletes specialized in
track-and-field, weightlifting, biathlon, rhythmic gymnastics



RUSSIAN JOURNAL OF
SPORTS SCIENCE
2022, Vol. 1 (1)

30
10
60

; 1
I
4
30
20
1
0

"Head of fibula"

[

L=

m Track-and-field
m Weightlifting
Ehythmic gymnastics

il

"Popliteal fossa"

Trathlon
m Biathlon

Fig 10. Nerve conduction velocity parameters on the left in female athletes specialized in
track-and-field, triathlon, weightlifting, biathlon, rhythmic gymnastics

The data obtained as a result revealed that
parameters of the neuromuscular transmission
are different in female athletes of different spe-
cialization. Moreover, motor response parame-
ters are higher in athletes training speed, power
and endurance (track-and-field, weightlifting,
biathlon, triathlon) than in athletes of complex
coordination sports (rhythmic gymnastics. We
have found higher values of the nerve conduc-
tion velocity in track-and-field athletes and
weightlifters compared to triathlon and biathlon
athletes. Meanwhile, gymnasts have lower
values than triathlon and biathlon athletes.
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