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The Curative Effect of Swimming Exercise on
Electrophysiological Parameters after Sciatic Nerve

Injury

Abstract

The sciatic nerve damage can cause symptoms such as loss of muscle strength and pain as a result of trauma
to the nerve due to pressure, stretching or cutting, as well as lifelong disability. Despite the increasing
knowledge about sciatic nerve regeneration mechanisms, full functional recovery is still insufficient. It is
well known that exercise improves overall health. The current study aimed to reveal the therapeutic effects
of swimming exercises using electrophysiological methods in rats with expetimental sciatic nerve injury.
Eighteen male Wistar Albino rats were used in this study. The subjects were randomly divided into three
groups (n=6): 1-Control (C), 2-Intact Exercise (IntE), 3-Operated Exercise (OpE) groups. Sciatic nerve
injury was performed by inducing experimental damage to the left hind extremity sciatic nerve of rats.
Swimming exercise was applied for 45 minutes a day, five days a week (25°C) for four weeks. The level of
regeneration was evaluated by taking motor function test-sciatic function index and EMG recording
performed at the beginning of the experiment (day 0), after nerve damage (day 3), and at the end of the
expetiment (day 35). It was determined that sciatic function index, amplitude of motor and sensory nerves,
peak-peak amplitude, percentage of compound muscle action potential, motor and sensory nerve
conduction velocities, which decreased after sciatic nerve injury, increased with swimming exercise
(p<0.05). Positive and significant effects were observed in terms of nerve regeneration, motor functional
recovery, and electrophysiological parameters in the swimming exercise groups. This study showed that
swimming exercise has effective results in the level of recovery after sciatic nerve injury.

Keywords: Exercise, electromyography (EMG), recovery, sciatic function index (SFI), sciatic nerve injury

Yiizme Egzersizinin Siyatik Sinir Hasar1 Sonrasinda
Elektrofizyolojik Parametreler Uzerindeki lyilestirici
Etkisi

Ozet

Siyatik sinir hasari, sinirin basing, gerilme veya kesilme gibi nedenlerle travmaya ugramast sonucu kas glicii
kaybt ve agr1 gibi semptomlara neden oldugu gibi hatta yasam boyu sakathiga da neden olabilmektedir.
Rejenerasyon mekanizmalart hakkindaki bilgilerin artmasina ragmen tam fonksiyonel iyilesme hala
yetersizdir. Egzersizin genel saghigt iyilestirerek fiziksel ve psikolojik refahi arttirdigy iyi bilinmektedir. Bu
calismada yiizme egzersizlerinin, deneysel siyatik sinir yaralanmasi olan sicanlarda elektrofizyolojik
yontemler kullanilarak terapétik etkilerinin ortaya cikarilmast amaglandi. Bu ¢alismada 18 adet erkek Wistar
Albino rat kullanildi. Denekler rastgele ii¢ gruba (n=6) ayrildi: 1-Kontrol (K) grubu, 2-Intak Egzersiz (IntE)
grubu, 3-Opere Egzersiz (OpE) grubu. Siyatik sinir hasari, sicanlarin sol arka ekstremite siyatik sinirinde
deneysel hasar olugturularak gerceklestirildi. Dort hafta siiresince, haftada bes gtn, giinde 45 dakika yiizme
egzetsizi uygulandt (25°C). Rejenerasyon diizeyi, deney basinda (0. giin), sinir hasart sonrast (3. glin) ve
deney sonunda (35. glin) yapilan motor fonksiyon testi-siyatik fonksiyon indeksi ve EMG kayd: alnarak
degerlendirildi. Siyatik sinir hasart sonrast azalan siyatik fonksiyon indeksi, motor ve duyu sinitlerinin
amplitiidii, peak-peak amplitidi, bilesik kas aksiyon potansiyeli yiizdesi, motor ve duyusal sinir iletim
hizlarinin - yizme egzersizi ile arttigr belitlendi (p<<0,05). Yiuzme Egzersizi yapilan gruplarda sinir
rejenerasyonu, motor fonksiyonel iyilesme ve elektrofizyolojik parametreler agisindan olumlu ve anlamlt
etkiler gozlendi. Bu calisma ylizme egzersizinin siyatik sinir hasart sonrasinda toparlanma diizeyinde etkili
sonuglar oldugunu gésterdi.

Anahtar Kelimeler: Egzersiz, elektromiyografi (EMG), topatrlanma, siyatik fonksiyon indeksi (SFI), siyatik
sinir hasart
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INTRODUCTION

Peripheral nerve injuries, which are an important factor in morbidity, require a long recovery period
before and after the operation with the development of neuronal damage. Although the losses caused by
peripheral nerve damage are irreversible, it is possible to repair them if the nerve trunk is not damaged
(Hu et al., 2007). Peripheral nerve damage causes progressive muscle atrophy and functional loss, with
motor, sensory, and autonomic changes in the affected nerve area and there is no easily available
successful treatment. The rate of regeneration and functional recovery varies depending on the degree,
prolongation, and nature of the damage (Lee and Wolfe, 2000; Mendonca, Barbieri and Mazzer, 2003).

Sciatic nerve injuries include diseases of the peripheral nervous system. Most of these diseases are chronic
and the disability rate is high. Exercise acts as a physiological stimulus in humans because it has the
capacity to regulate and remodel tissue function (Chatzi et al.,, 2019). Exercises applied after peripheral
nerve injury provide nerve regeneration, axonal regeneration with axonal sprouting and growth by
increasing the number and diameter of axons and muscle reinnervation, increase nerve impulse
transmission rate and sensorimotor healing, reduce muscle atrophy after denervation, increase
neurotrophin levels and help tropism (Asensio-Pinilla, Udina, Jaramillo and Navarro, 2009; Sabatier,
Redmon, Schwartz and English, 2008; Udina, Cobianchi, Allodi and Navarro, 2011; Oliveira et al., 2008 ).
Swimming exercises, which allow for early active mobilization and dynamic strength after peripheral nerve
damage, are one of the most commonly used rehabilitation methods (Silva et al., 2008).

The type, density, intensity, and duration of exercise, exercise practices contribute to functional recovery
by accelerating synaptic elimination, and cause an increase in muscle performance by helping to maintain
intramuscular connective tissue density (Udina et al., 2011; Lépez, Modol, Navarro, and Cobianchi, 2015;
Teodoti et al., 2011).

Purpose of the Research

The purpose of this study was to determine the effect of swimming exercise on motor function test
(Sciatic Function Index) and EMG data (motor and sensory nerve conduction), which are indicators of
nerve regeneration and reinnervation levels after complete damage and repair of the sciatic nerve in the
left hind limb in experimental rats.

METHODS
Experimental Animals

Healthy 3-6-month-old (30060 g) Male Wistar Albino rats (18 pieces) obtained from the ERU-
Experimental Research Application and Research Center (DEKAM) were used. Rats were housed in
plastic cages at 23+ 2 °C room temperature, 50 = 10% humidity environment, 12/12 day/night light
period, and standard rat feed (20-22% crude protein, 2600-2650 kcal/kg energy, 4-5% crude oil, 5-7%
crude cellulose) by feeding ad libitum (Ozocak, 2022). The subjects were randomly divided into three
groups (n=0):

Group 1: Control Group (C=0): The group which no application (exercise) was performed.

Group 2: The Intact Exercise group (IntE=06): The group in which only swimming exercises was
performed.

Group 3: The Operated Exercise Group (OpE=6): The group in which Sciatic nerve incision and
swimming exercises was performed.

Experimental Sciatic Nerve Injury

The sciatic nerves of the left hind limbs of rats were damaged with a complete incision. The nerve injury
was performed under an operating microscope. Rats were anesthetized with a combination of
intraperitoneal (i.p.) 50 mg/kg Ketamine and 10 mg/kg Xylazine. After cleaning the area to be operated
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on with povidone-iodine, the incision was made obliquely on the left hind limb from 2-3 mm distal of the
hip joint fold. After reaching the biceps femoris muscle and opening it by blunt dissection along the
posterior border of the femur, the sciatic nerve was revealed. The sciatic nerve was cut with a full layer of
fine-tipped dissection scissors. The proximal and distal nerve endings of the sciatic nerve were brought
end-to-end and repaired with four primary epineural sutures using a 10/0 Ethylon suture. The biceps
muscle and the skin were repaired with a suture. The rats were left to recover in a warm environment by
dressing with povidone-iodine after the nerve damage (Ozocak, 2022; Celebi, 2013). Penicillin
streptomycin group antibiotic was given to prevent infection for 4 days after nerve damage, and

meloxicam type analgesic was given to reduce pain.
Swimming Exercises

Exercise application consists of adaptation and swimming exercise protocols; swimming adaptation (10
minutes/day) was applied for 1 week before swimming exercise. Adaptation to swimming exetcise and
swimming exercise protocols were applied in a pool (Mottis water tank) with a water temperature of 25 °C
and a length of 80 cm and a water depth of 60 cm.

Adaptation swimming exercises were performed for 1 week in the OpE group before sciatic nerve damage
and in the intact group the first week to ensure the rat’s adaptation to training. In group OpE, the sciatic

nerve damage was created after the adaptation period.

In order to prevent infections after sciatic nerve damage in the OpE group, swimming exercise protocol
was applied starting from the 7th day following the healing of scar tissue and wound (second week after
the adaptation protocol), and in the intact exercise group, swimming exercise protocol was applied from
the first week after the adaptation protocol. The swimming exercise protocol was applied 5 days for a
week, 45 minutes a day, during 4 weeks. The rats were rested for 2 days each week at the end of the 5-day
swimming exercise protocol. Subjects were allowed to keep their heads under water for less than 5
seconds. To prevent the risk of drowning, if the animals remained under water for more than 5 seconds,
intervention was made and they were allowed to surface (Kuzay et al., 2022; Ozocak, 2022).

Methods Used in Data Acquisition

To determine the effectiveness of exercise, motor function tests, and electrophysiological (EMG) data
recordings were performed before the experiment (Day 0), on the 3rd day after nerve damage, and at the
end on the 35th day (Figure 1).

Days post injury

Adaptation
Swimming ., 4 14 21 28 © 35"
Exercise 0 3
L ] 1 L L L 1 b
i | 1 1 I | 1
l l weelkl 2nd week  3rd week 4th week

INjury start of exercise program
(OpE- 7th day)

Weeks post-exercise (swimming exercise)
4 weeks (5 days/45 minute/25 0 Q)

o

SFI
Electrophysiological (EMG) recording

Figure 1. Timeline of the experimental procedures

SFI-38.3{ EPL-NPL/NPL}+109.5{ ETS-NTS/NTS}+133{ EIT-NIT/NIT}-8.8.

EPL.: The distance from the heel to the third toe on the foot, where the experimental application was performed

NPL: The distance from the heel to the third toe in a normal foot, withont experimental application
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ETS: The distance from the first and the fifth toe on the experimental applicated foot.

INTS: The distance between the first and fifth toe in the normal foot, without experimental practice

EIT: The distance between the second and the fourth toe in the experimental applicated foot

INIT: The distance between the second and the fourth toe in the normal foot without experimental — application

In the values obtained between zero and -100, zero: indicates a normal function, while -100: indicates a complete loss of function. In the

obtained SFI values, it was statistically evaluated whether there was a difference between the groups.

Motor Function Tests (Walking Path Analysis)

A walking path assembly with 8.2 x 42 x12 cm dimensions was prepared to evaluate motor function. Both
hind legs of the rats were pressed against a blue ink-impregnated stamp, footprints were taken and walking
path analyses were performed by running on a strip of prepared paper strips. Using the most appropriate
footprints on the hind limbs of each exercised and control (C) rats, the distance-pressure length between
the heel and the tip of the finger (print length, PL), the distance-step with between the first and fifth
fingers (toe spread, TS), the distance-mid step with between the second and fourth fingers (intermediate
toe spread, IT) was measured with the help of a millimetric ruler (digital caliper). Measurements were
made by gait analysis and the values obtained were placed in the formula with the help of the multiple
linear regression formula modified by Bain et al. and the Sciatic Function Indices (SFI) were calculated.
For all three measurements, a factor was created to separate the difference between the ercised and
control (C) feet by the normal values (Bain, Mackinnon and Hunter, 1989; Mohammadi, Vahabzadeh and
Amini, 2014).

Electrophysiological (EMG) Evaluation

Non-invasive spontaneous and stimulated EMG recordings were taken from the left (damaged) hind
limbs of rats using a 4-channel Biopack MP36 System Device and a BSL Stimulus System in the
Department of Physiology Laboratory of the ERU Faculty of Medicine.

The records were obtained with the help of BSL 3.7. Pro software programs recorded on the computer
and used for analysis. Motor and sensory nerve transmission rates, Action Potential (Compound Muscle
Action Potential (CAP) and Sensory Nerve Action Potential (SNAP)) data were obtained by applying the
spontaneous activity and stimulation characters through stimulation and recording electrodes placed on
the left hind limbs of rats.

Motor nerve conduction speed and CMAP data were obtained by bipolar stimulation electrodes placed
proximally to the sciatic nerve incision in the left hind legs of rats ; an active recording electrode placed on
the gastrocnemius muscle based on the muscle-tendon principle, a reference recording electrode placed on
the gastrocnemius tendon, a ground electrode placed on the tail (Ozocak, 2022; Ashoura et al.,, 2015;
Farzamfari et al., 2019; Sakar, 2010).

Sensory nerve conduction velocity and SNAP data were obtained via bipolar stimulation electrodes placed
distally of the hind leg in the direction of orthodromic conduction and recording electrodes placed
proximally of the sciatic nerve, ground electrode placed on the tail. For EMG recordings, a monophasic,
squatre wave current (electric current with a current frequency of 1 Hz and a current duration of 1 ms) was
applied as a single (single) warning with a BSL Stimulator System (0-100 Volts) for stimulation purposes.
Each warning was given at 5-sec intervals (Ozocak, 2022; Dai et al., 2014; Yang et al., 2015; Pollari, et al.,
2018). The current intensity was gradually increased until the supramaximal response amplitude was
achieved after the threshold values of rats (Widick, Tanabe, Fortune and Zealear, 1994).

Action Potentials (CMAP and SNAP) data from EMG recordings were analyzed using BioPac Pro 3.7
(BioPac Systems, Inc., USA) software. Parameters related to the stimulus-response relationship, such as
delay time (latency), response time, total time, amplitude, peak-peak amplitude (p-p), percentage CMAP
values, and motor-sensory nerve conduction rates (Figure 2), which are measurement data of the action
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potential, were calculated (lijima, Ajiki, Murayama and Takeshita, 2016; Rodinskii, Serdyuchenko and
Demchenko, 2013).

In this study, %0 CMAP values, which are also indicators of the regeneration of the operated sciatic nerve
and the regeneration index, were obtained by calculating the percentage of the difference between the
CMAP amplitude value in the damaged left hind limb and the CMAP amplitude value in the intact right

hind limb, were calculated.

% CMAP = 100 X CMAP (left) / CMAP (right)

Motor and sensory nerve conduction velocities (MNCV and SNCV) were calculated as m/second (m/s)
by dividing the distance between the excitation and recording electrodes by the latent period.
Experimental applications and data acquisition, intracardiac blood collection, and euthanasia with cervical
dislocation were performed on the 35th day after completion in each group (Ozocak, 2022; Sakar, 2010).

Warning
Severity
EMG e Peak to peak amplitiide (mV)
Wav mplitude (m
Total Time )
Latency (ms) (Duration Response Time (ms)
(ms))
Figure 2. Parameters measured in EMG recordings
Statistical Analysis

The IBM SPSS 22’ package program was used for statistical analysis. The data obtained by applying a
one-way ANOVA test for multiple comparisons between groups, posthoc Tukey and Scheffe tests for all
bilateral comparisons between groups, two independent samples t-test, and paired sample t-test for intra-
group comparison were compared. These tests were performed according to the homogeneity of variance

and the significance level was considered as p<0,05.

RESULTS

The Effect of Exercise on Sciatic Function Index (SFI): There was a significant difference between
groups (p=0.000) in SFI values after nerve damage (day 3), and at the end (day 35) of the experiment
(Figure 3). SFI values were significantly higher (less negative) on day 35 in group IntE (p=0.000)
compared to the control (C) group in bilateral comparisons between groups.

Statistically significantly higher (less negative) SFI values were found in group OpE (p=0.001) compared
to groups C and IntE before the experiment. SFI values of day 3 (p=0.000) and day 35 (p=0.000) was
found significantly lower (more negative) in group OpE, according to groups C and IntE (Figure 3).
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Figure 3. Sciatic Function Index (SFI) data of the experimental groups:

Data are given as X * Standard Error (SE). day O: Before Experiment, 3. Day: After Injury, Day 35: After Experiment. C: Control, IntE: Intact
Exercise, OpE: Operated Exercise. One-way ANOV A: (post-injury 0, 3 and 35th days; p=0.000) Symbols (C: *, IntE: #), according to other
groups (Independent Samples t-test: in OpE group; day0; p=0,001, and days3 and 35: p=0.000), lower case letters (days 0-3: a, days 0-35: ¢, days 3-
35: b, Paired Samples t-test: in OpE gronp; p=0.000) indicate the degree of significance compared to another day (p<<0.05).

The Effects of Exercise on Action Potential (CMAP and SNAP): The amplitude, peak-peak
amplitude, latency, response time, and total duration values of the Action Potential (CMAP and SNAP) at
the beginning of the experiment did not differ significantly (p>0.05), while they show a significant
difference in the multiple comparisons between groups in day 3 (p=0.000) and day 35(p=0.000).

CMAP and SNAP amplitude levels showed a significant increase on day 35 (respectively, p=0.005;
p=0.027) in group IntE according to group C. CMAP and SNAP amplitude and peak-peak amplitude
levels revealed a significant decrease on the day 3 (p=0.000; p=0.000, respectively) and the day 35
(p=0.000; p=0.000, respectively) in group OpE according to the groups C and IntE.

S 16 _ * s 8 < -~
£ 1; _mm ¢ E ; c ; " IntE
g | i 3 - OpE
E 10 *ith 3 5 P
s ® : 3 4 *#b
E 6 E 3 o
o 4 *#a - 2
‘E: 2 ; < *#a
g o 81 ;

0 3 35 ] o 3 35

days post Injury days post injury

S 20 c
£ 35 . g ;8 |
3 30 . = . =l .g 16
£ E
< 15 -t#b < g .
g e
é. 10 *#a Q. 4 *#a
g s » 5 :
= 0 zZ
o w

0 3 35 0 3 35

days post injury days post injury

Figure 4. CMAP and SNAP amplitude and p-p amplitude change levels of experimental groups
One-way ANOV A: (post-injury 3 and 35th days; p=0.000) Symbols (C: *, IntE: #), according to other groups (Independent Samples t-test: in
OpE group; CMAP and SNAP amplitude and p-p amplitude; 3 and 35t days: p=0.000 and p=0.000), lower case letters (days 0-3: a, days 0-35:
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¢ days 3-35: b, Paired Samples t-test: in OpE group; CMAP and SNAP amplitude and p-p amplitude; 3 and 35th days: p=0.000 and p=0.000)
indijcate the degree of significance compared to another day.

In the intra-group comparison, CMAP and SNAP amplitude and peak-peak amplitude values showed a
significant increase on day 35 with exercise application (p=0.000; p=0.000, respectively) while it decreased
significantly (p=0.000; p=0.000, respectively) on day 3 in group OpE (Figure 4).

The CMAP and SNAP latency duration, response time, and total duration levels showed a significant
elongation in groups C and IntE on day 3 (p=0.000; p=0.000, respectively) and day 35 (p=0.000; p=0.000,
respectively) according to group OpE (Figure 5).

The term of CMARP latency of group IntE showed a significant shortening on day 35 (p=0.000) in intra-
group comparisons. CMAP and SNAP latency times, response time, and total time levels are significantly
longer on day 3 (respectively, p=0.000; p=0.000), while they showed a significant shortening (respectively,
p=0.000; p=0.000) on day 35 in group OpE (Figure 5).
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Figure 5. CMAP and SNAP Change Levels of Experimental Groups:

One-way ANOVA: (post-injury 3 and 35th days; p=0.000) Symbols (C: *, IntE: #), according to other groups (Independent Samples t-test: in
OpE group; CMAP and SINAP latency, response time and total time: 3 and 35th days: p=0.000, p=0.000, p:0.000), lower case letters (days 0-3:
a, days 0-35: ¢, days 3-35: b, Paired Samples t-test: in OpE group; CMAP and SNAP latency, response time and total time: 3 and 35th days:
p=0.000, p=0.000, p:0.000) indicate the degree of significance compared to other days.

The percentage CMAP values showed significant differences on day 3 (p=0.000), and on day 35 in the
multi-comparison between groups (p=0.000). Percentage CMAP levels were significantly lower in group
IntE (p=0.014) according to group C at the beginning of the experiment. The percentage CMAP values
showed a significant decrease in group OpE on day 3 (p=0.000) and day 35 (p=0.000) according to
groups C and IntE. Percentage CMAP values showed a significant decrease on day 3 (p=0.000) while an
increase is shown on day 35 (p=0.000) with exercise practices in intra-group comparison in group OpE

(Figure 0).
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Figure 6. Percent CMAP values of experimental groups:
One-way ANOVA: (post-injury 0. day: p=0.054, 3 and 35th days; p=0.000) Symbols (C: *, IntE: #), according to other groups (Independent
Samples t-test: in OpE group; Percent CNMAP-3 and 351th days: p=0.000), lower case letters (days 0-3: a, days 0-35: ¢, days 3-35: b, Paired Samples
t-test: in OpE group; Percent CMAP: 3 and 35th days: p=0.000) indicate the degree of significance compared to other days.

The Effect of Exercise on Motor and Sensory Nerve Conduction Rates (MNCV- SNCV): There
was a significant difference in motor and sensory nerve conduction rates on day 3 (p=0.000) and day 35
(p=0.000) while there was no statistically significant difference at the beginning of the experiment
(p>0.05), between the groups. MNCV and SNCV levels of group OpE decreased significantly on day 3
(p=0.000; p=0.000, respectively) and day 35 (p=0.000; p=0.000, respectively) according to groups C and
IntE.

MNCYV, and SNCV values of group OpE decrease significantly on day 3 (p=0.000; p=0.000, respectively)
while they increase significantly (p=0.000; p=0.000, respectively) on day 35 in the intra-group comparison.
Although it was not significant in group IntE, there was an increase in MNCV value (p>0.05) after

exercise (Figure 7).
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g 20 *#b T 25 :
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0 3 35 0 3 35
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Figure 7. Motor Nerve ConductionVelocity (MNCV) and Sensory Nerve Conduction Velocity (SNCV)
values of experimental groups
One-way ANOVA: (post-injury 3 and 35th days; p=0.000) Symbols (C: *, IntE: #), according to other groups (Independent
Samples t-test: in OpE group; MNCV and SNCV; 3 and 35th days: p=0.000 and p=0.000), lower case letters (days 0-3: a,
days 0-35: c, days 3-35: b, Paired Samples t-test: in OpE group; MNCV and SNCV; 3 and 35th days: p=0.000 and
p=0.000) indicate the degree of significance compared to other days.

DISCUSSION and RESULT
Because sciatic nerve injuries affect our lives in many ways, more research is needed to ensure rapid nerve
regeneration. Considering ineffective treatment methods, many protocols have been designed to improve

motor function and repair nerve and muscle damage after peripheral nerve injury (Arabzadeh et al., 2022).
However, the results and evidence on this subject differ due to the different modeling of nerve damage
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and the type, intensity and duration of the designed exercise programs. For this purpose, this study aimed
to investigate the effect of 45-minute swimming exercise during four weeks on the recovery level of sciatic

nerve damage in Wistar Albino rats.

Although there are sufficient studies on sciatic nerve damage in the literature, studies with swimming
exercises in terms of rehabilitation processes are limited. In this study, we aimed to present the
contributions of swimming exercises performed on rehabilitation processes in rats with sciatic nerve

damage.

This study shows that swimming exercises cause significant and positive improvements in terms of motor
functional recovery, walking stability, and nerve regeneration after nerve damage. The types of sciatic
nerve damage (Goulart et al., 2014; Andrade et al., 2020), type of exercise and duration of application
affect SFI values in different ways (Pollari et al., 2018; Debastiani, Santana, Ribeiro, Brancalhio and
Bertolini, 2019; Rosa Junior et al., 2016; Arabzadeh at al., 2022). Different exercise practices ; swimming
exercises (Ozocak, 2022, Pollari et al., 2018; Debastiani et al., 2019; Rosa Junior et al.,2016; Arabzadeh at
al., 2022), resistance exercises (Bobinski et al., 2011), treadmill exercises (Udina et al., 2011; Goulart et al.,
2014; Bobinski et al., Cai, Na and Hwangbo, 2015; Minegishi et al., 2022; Tsai et al., 2012), endurance
exercises (Ilha et al., 2008), balance and coordination exercises (Bonetti et al., 2011), eccentric exercises
(Martins et al., 2018), active and passive cycling exercises (Oliveira et al., 2008), the intensity of exercise
(low intensity-30min/ 5 days a week/2 and 4 weeks-10m/min)and high intensity improve netrve
regeneration and functional recovery by increasing the SFI values (Bobinski et al., 2011; Cai et al., 2015).
Low-intensity treadmill exercises (8 m/min/30 min/5 days) in the acute period after nerve damage and
high-intensity treadmill exercises (20 m/min/30 min/5 days) in the late period provide motor functional
improvement by increasing SFI values (Cai et al., 2015). Treadmill exercises performed after single and
multiple sciatic nerve crush injuries (60 min/week 5 days/10 m/min) statistically improved SFI values on
the 14th to 21st days for single nerve crush injury and on the 21st to 35th days for multiple nerve crush
injury (Minegishi et al., 2022; Tsai et al., 2012). Treadmill exercises (10 min/5m/min for the first 2 weeks,
15 min/10 m/min for the 3rd and 4th weeks, 20 min/m/min for the 5th and 6th weeks) started at the 3rd
week after sciatic nerve damage and repair, improved SFI values, similar results were obtained to the
control group, nerve graft, and nerve repair after damage and repair of the sciatic nerve by nerve graft they
stated that the graft+exercise groups did not improve the SFI values and did not modify nerve
regeneration (Figueiredo et al., 2022). Van Meeteren et al. (van Meeteren, Brakkee, Hamers, Helders and
Gispen, 1997) reported that long-term swimming exercises (24 days) performed after sciatic nerve injury
provide restoration of muscle reinnervation. Accordingly, the current study showed that 20 days of

swimming exercise improved nerve regeneration after sciatic nerve injury.

EMG provides important information in the detection of neurodegenerative disorders in the clinic along

with the degeneration and regeneration processes after peripheral nerve injuries.

In this study, CMAP and SNAP latency, response, and total time in the left hind limbs of rats were
prolonged with myelin sheath damage immediately after sciatic nerve injury, while these times were
shortened on the 35th day with exercise application. The amplitude, peak-peak amplitude values, and
percentage CMAP values from the MNCV, SNCV, CMAP, and SNAP parameters decreased immediately
after sciatic nerve injury, while they increased with exercise practices at the end of the experiment.

Prolonged latency duration (English, Chen, Carp, Wolpaw and Chen, 2007; Selagzi, Buyukakilli, Cimen,
Yilmaz and Erdogan, 2008), decreased CMAP amplitude levels after peripheral nerve injuries and diabetic
peripheral neuropathy (English et al.,2007; Han, Lu, Xu L and Xu J, 2015) , swimming exercises (Pollari
et al.,, 2018; Selagzi et al., 2008), low-intensity aerobic treadmill exercises (60 min/5 days per week/6
weeks) exercises (Park and Hoke, 2014), intermittent ot continuous treadmill exercises (5 days pet week/4
weeks) in male and female rats (Wariyar, Brown, Tian, Pottorf and Ward, 2022), upward sloping at 11
weeks it has been shown that latency times are shortened and CMAP amplitude levels are increased with
treadmill exercises (20% slope/16m/min) and flat slope (0% slope/16m/min) (Cannoy et al.,2016),
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treadmill exercises (Sabatier et al., 2008; Tsai et al., 2012; Boeltz et al., 2013; Brandt et al., 2015; Cobianchi,
Casals-Diaz, Jaramillo and Navarro, 2013). After sciatic nerve incision and repair, the latency period at the
start time of reinervation is extended, active treadmill exercises (EA-1 hour / 5 days per week/1 month)
and passive cycling exercises (EP-two sets of 5 days per week/45rpm/30 minutes/1 month) shorten this
period. The permanent prolongation of the initial latency and decrease in peak amplitude levels after a
sciatic nerve crushing injury was probably caused by dempyelination, which caused abnormal CMAP
activity, the latency period and CMAP amplitude levels were shorter, and higher in the swimming exercise
group than in the untreated group (Yang et al., 2015) like this study. It has been stated that long-term
swimming exercises (30 min/7 days/ water temperature 30°C) performed alone after complete sciatic
nerve incision don’t change the parameters of SFI, CMAP, amplitude, latency, but only mesenchymal stem
cell applications improve these parameters (Wang, Yang, Chen and Hsieh, 2010). Intermittent or
continuous treadmill exercises (5 days a week, 4 weeks) after sciatic nerve incision and repair shorten the
response time (latency), increase CMAP amplitude levels, increase functional development and axon
elongation by increasing functional vascularization, axon elongation, and functional improvement if the
nerve is repaired with fibrin glue together with at least 10 days of exercise therapy (Wariyar et al.,2022).
Swimming exercises (3 times a week-10 minutes/3 times a week- 20 minutes/3 times a week for 30
minutes/ 4 weeks) started from the 7th day after sciatic nerve incision did not significantly change the
CMAP amplitude, latency, and nerve conduction rate (NCV) levels in rats (Liao et al., 2017). Myelin
sheath destruction after peripheral nerve damage begins on the 2nd day after sciatic nerve damage, while
macrophages that phagocyte myelin reach a peak level on the 7th day after nerve damage. Myelin
formation starts from the 5th day after nerve damage, while the myelin sheath repair and the healing
process take about two weeks (Hirata and Kawabuchi, 2002; Kavlak et al., 2014).

The latency period increases in the damaged group while the latency periods decrease with exercise
practice. In studies, even with different types of exercise, the duration of latency varies according to the
created nerve damage model (English et al., 2007). Although 4-hour daily challenging maximal exercises
(van Meeteren et al., 1997) after sciatic nerve injury improved MNCV values towards near normal values
(80-120%) in the eatly petiod (on the 100th day). It was determined that swimming exercises (45 min/5
days/4 weeks) applied after sciatic nerve injury improved MNCV values (52%) and SNCV values more
(65%) in this study.

It was observed that MNCV values, which decreased after sciatic nerve crush injury, returned to normal
levels after swimming exercise application (Kavlak et al., 2014). In rats with peroneal nerve injury, it has
been stated that treadmill exercises performed twice a day for 1.5 hours for 10 weeks (5 days/week),
improve fast nerve fibers and increase nerve conduction speed (Marqueste, Alliez, Alluin, Jammes and
Decherchi, 2004).

In recent years, there has been an increasing interest in evaluating the effects of exercise on the peripheral
nervous system. The absence of guidelines on the type, duration, and intensity of exercises makes it
difficult to evaluate results. Also, the involved processes of nerve repair are not the main focus of most
studies. Therefore, advances from animal studies can be used to further develop the field of exercise
rehabilitation.

The paucity of literature on the relationship between sciatic neuropathy biomarkers and swimming
exercise in humans makes it necessary to extend the research on animal studies to better understand the
mechanisms of exercise-related nerve regeneration. The purpose of this study was to determine swimming
exercise play a role in sciatic-peripheral nerve repair and regeneration, motor functional recovery, and
electrophysiological parameters and affect recovery. Further, the aim was to indicate the impact, timing,
type, and dosage of these specific strategies in humans and animals with peripheral neuropathy or nerve
damage, particularly regarding when to start this therapy.
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