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This study aimed to investigate the effect of whole body vibration (WBV)
on the sensory and mator nerve components with sciatic nerve injury
model rats. Surgery was performed on 21 female Wister rats (6-8 weeks)
under intraperitoneal anesthesia. The nerve-crush injuries for the left
sciatic nerve were inflicted using a Sugita aneurysm clip. The sciatic
nerve model rats were randomly divided into two groups (n=9; control
group, n=12; WBV group). The rats in the WBV group walked in the
cage with a vibratory stimulus (frequency 50 Hz, 20 min/day, 5 times/wk),
while those in the control group walked in the cage without any vibrato-
ry stimulus. We used heat stimulation-induced sensory threshold and
lumbar magnetic stimulation-induced motor-evoked potentials (MEPS)
to measure the sensory and motor nerve components, respectively.
Further, morphological measurements, bilateral hind-limb dimension,

INTRODUCTION

The peripheral nerve has two primary physiological functions.
The first is transmitting sensory information from the sensory or-
gan to the central nervous system, and the second is transmitting
the motor information from the spinal cord a-motoneuron to the
neuromuscular junction and muscle (Maugeri et al., 2021). The
former is called ascending tract or sensory nerve; the latter is called
descending tract or motor nerve (Maugeri et al., 2021). In these
functions, the motor nerve is vital, and dysfunction of the motor

bilateral gastrocnemius dimension, and weight were evaluated. Conse-
quently, there were no significant differences in the sensory threshold
at the injury side between the control and WBV groups. However, at 4
and 6 weeks postoperatively, MEPs latencies in the WBV group were
significantly shorter than those in the control group. Furthermore, both
sides of the hind-limb dimension at 6 weeks postoperatively, the left
side of the gastrocnemius dimension, and both sides of the gastrocne-
mius weight significantly increased. In conclusion, WBV especially ac-
celerates the functional recovery of motor nerve components in sciatic
nerve-crush injury model rats.

Keywords: Whole body vibration, Motor nerve evaluation, Lumbar mag-
netic stimulation, Motor-evoked potentials, Nerve-crush injury model

nerve, such as injury, causes decreased muscle power and muscle
atrophy, directly affecting activity of daily living and quality of
life (Kim et al., 2011; Noble et al., 1998).

The treatments for peripheral nerve injury depend on the sever-
ity (Noble et al., 1998; Pabari et al., 2014). For mild injury, con-
servative ways, including therapeutic exercise, physical therapy,
bracing, and electrostimulation, are selected (Gordon and English,
2016; Schiemanck et al., 2015). For severe cases with nerve defects,
primary nerve repairs, autologous nerve graft, artificial nerve graft,
and nerve transfer surgery are performed (Noble et al., 1998; Pabari

*Corresponding author: Atsushi Doi () https://orcid.org/0000-0001-8913-0124
Graduate School of Health Science, Kumamoto Health Science University,
325 Izumi-machi, Kita-ku, Kumamoto City, Kumamoto 861-5598, Japan
Email: atsushidoi01@gmail.com

“These authors contributed equally to this study as co-first authors.
Received: April 13,2023 / Accepted: April 30, 2023

Copyright © 2023 Korean Society of Exercise Rehabilitation

This is an Open Access article distributed under the terms of the Creative Commons At-
tribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

pISSN 2288-176X

https://www.e-jer.org
elSSN 2288-1778



Doi A, etal. ® Whole body vibration accelerates motor recovery

etal., 2014).

Recently, a vibratory stimulus has also been conducted as a ther-
apeutic exercise (Costantino et al., 2014; Fattorini et al., 2021;
Tahir et al., 2022; Yang et al., 2022). The vibration stimulus is
divided into two types of stimuli: focal vibration (Fattorini et al.,
2021; Tahir et al., 2022) and whole body vibration (WBYV) (Cos-
tantino et al., 2014; Yang et al., 2022). Both vibration types affect
blood flow (Betik et al., 2021; Tahir et al., 2022), stretching (Kurt,
2015), and pain relief (Hansson and Ekblom, 1986; Rittweger et
al., 2002; Wu et al., 2022), and additionally, the WBV induces
muscle contraction (Berner et al., 2020; Jo et al., 2021). In addi-
tion, the beneficial nerve effects on both types of vibration are al-
ready published in animal or human research. For example, local
vibration affects sensory thresholds (Doi et al., 2018), H-reflex
(Souron et al., 2019), motor-unit (Thompson et al., 2022), and re-
covery of nerve function (Yin et al., 2022). WBV modulates spi-
nal reflex (Kipp et al., 2011; Sayenko et al., 2010), a-motor neu-
ron excitability (Hortobdgyi et al., 2014), and growth hormone
concentration (Paineiras-Domingos et al., 2017). Moreover, local
vibration for extensor carpi radialis (ECR) muscle reportedly mod-
ulates the transcranial magnetic stimulation-induced mo-
tor-evoked potentials (MEPs) of the ECR (Rosenkranz et al.,
2003).

The peripheral nerve injury model animals have been utilized
with sciatic nerve, and the injury is made with compression of a
surgical clip (Iwatsuki et al., 2013), forceps (Hamad et al., 2022),
surgical hemostats (Wang et al., 2018), and a Dead-weight ma-
chine (Mazzer et al., 2008). The model animal research are evalu-
ated with compound action potentials (Hamad et al., 2022; Lin et
al., 2018), behavior (Alvites et al., 2021), gait analysis (Alvites et
al., 2021; Wang et al., 2018), histological evaluation (Alvites et al.,
2021; Wang et al., 2018). Further, we also investigated the im-
pact of the nerve wrapping with both sensory thresholds and lum-
bar magnetic stimulation (LMS)-induced MEPs (Sonohata et al.,
2023).

More recently, the noneffect of WBV therapy for sciatic nerve
injury was published (de Oliveira Marques et al., 2021). They eval-
uated the effects of the WBV with both behavior tests and mor-
phometric analysis of the sciatic nerve (de Oliveira Marques et al.,
2021). However, they do not still explore the influence of WBV
therapy using functional evaluation of motor and sensory compo-
nents in the sciatic nerve.

Therefore, this study aimed to investigate the effect of WBV
with functional evaluation, such as LMS-induced MEPs and sen-
sory threshold, for sciatic nerve injury model rats.

150 https://mww.e-jerorg

MATERIALS AND METHODS

Animals and surgery

Twenty-one female Wister rats (67 weeks old, weighing ap-
proximately 200 g) were were housed in a controlled laboratory
environment at a range of temperature (22°C+2°C) in 50% + 10%
humidity and under a 12-hr light/dark cycle. Standard lab chow
and water were provided ad libitum throughout the experiment.
All experimental protocol and animal maintenance procedures
were approved by the Animal Research Committee of Kumamoto
Health Science University (Permit number: animal 19-12). The
protocols were per the guidelines of the Animal Protection and
Management Law of Japan and the Ethical Issues of the Interna-
tional Association for the Study of Pain (Zimmermann, 1983).

Animal surgery was performed under intraperitoneal anesthesia
using a mixture of anesthetic agents (0.15 mg/kg medetomidine,
2 mg/kg midazolam, and 2.5 mg/kg butorphanol) after inhalation
anesthesia with isoflurane (Kawai et al., 2011). The left lateral
femoral region was cleaned with an antiseptic solution, and sur-
gery was performed using a scalpel. A unilateral muscular incision
was made from the greater trochanter to the mid-femur, exposing
the sciatic nerve. All left sciatic nerves were dissected from the
surrounding tissue, and nerve-crush injuries were inflicted using a
Sugita aneurysm clip (17-001-02, Mizuho Medical Innovation,
Tokyo, Japan) (Iwatsuki et al., 2013). The clip was applied for
5 min with approximately 1.5 N of holding force (Fig. 1A) (Iwat-
suki et al., 2013). The skin was then closed with a 4-0 nylon suture.
After the surgery was finished for each rat, atipamezole (1.5 mg/kg)
was injected intraperitoneally. Subsequently, the rats recovered,
each rat was returned to cages for bleeding in the animal room.
Although five rats were bred in a rat’s cage preoperatively, each rat
was separately bred in a mouse’s cage postoperatively. In the cage,
two hand warmers were put under the two-layer pet-sheet to keep
the rat body temperature warm.

Measurement of the sensory threshold with heat stimulus

The sensory threshold was measured using heat stimulation be-
fore and 2-8 weeks postoperatively (Doi et al., 2018; Nakata et al.,
2020). Briefly, an awake rat was immobilized in a plastic tube. A
probe with a 25 mmx 25 mm surface was placed on the plantar
surface of the left hind foot to measure the sensory threshold, and
heat stimuli (Intercross-210, Intercross Inc., Tokyo, Japan) were
applied to the plantar surface, with the rat in a prone position. The
Intercross-210 was connected to a personal computer. We mea-
sured the time from the onset of heat stimulation to the observa-
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Fig. 1. Sciatic nerve surgery, sensory threshold, and lumbar magnetic stimulation (LMS)-induced motor-evoked potentials (MEPs) from bilateral gastrocnemius mus-
cle. (A) Surgery for left sciatic nerve. Arrows in (Ai) and (Aii) show the compression sites with the clip. (Ai) A photo of sciatic nerve compression with a Sugita aneu-
rysm clip. (Aii) A photo of sciatic nerve decompression. (B) An example of a single bilateral MEPs raw data before sciatic nerve surgery. (Bi) Measurements of MEPs
latency. (Upper panel of Bi) LMS-induced MEPs from the right gastrocnemius muscle. (Lower panel of Bi) LMS-induced MEPs from the left gastrocnemius muscle. (Bii)
Y-axis expanded LMS-induced MEPs from the left gastrocnemius muscle and measurements of MEPs amplitude. (C) A flow chart of the experimental protocol. RL1,
right side’s latency 1; RL2, right side’s latency 2; RL3, right side’s latency 3; LL1, left side’s latency 1; RL2, left side’s latency 2; RL3, left side’s latency 3; LA1, the ampli-
tude value of (LL1 top—LL1 base); LA2, the amplitude value of (LL1 top—LL2 base); LA3, the amplitude value of (LL2 top—LL2 base); LA4, the amplitude value of (LL2

top—LL3 base); gastro. M, gastrocnemius muscle.

tion of the withdrawal reflex (Sonohata et al., 2023).

Measurement of LMS-induced MEPs

Each rat was initially anesthetized with a mixture of agents
(0.15-mg/kg medetomidine, 2-mg/kg midazolam, and 2.5-mg/kg
butorphanol). Subsequently, hair in the lower body of rats was re-
moved with hair clippers, and each rat was fixed with stereotaxic
apparatus (Narishige, Tokyo, Japan); their trunks were elevated
with mini-jack (10 cmx 10 ¢cm, MonotaRO, Amagasaki, Japan)
until both the head and trunk become in a horizontal position.
Under these conditions, a double-corn coil (4610, Magstim Co.
Ltd., Spring Garden, UK), connected with a magnetic stimulator
(M200, Magstim Co. Ltd.), was put on the rat’s lumbar region. A
single magnetic stimulation was imposed on the rats, and MEPs
were recorded into lab chart 8 software via power lab system (AD
Instruments, Dunedin, New Zealand). We used magnetic stimu-

https://doi.org/10.12965/jer.2346178.089

lation on the lumbar region (LMS)-induced MEPs to measure mo-
tor nerve responses (Sonohata et al., 2023). To simultaneously re-
cord bilateral responses from both gastrocnemius muscles, two-
needle electrodes for non-references (MLA1203, needle electrode,
AD Instruments) were inserted into the middle portion of the lat-
eral head at the bilateral gastrocnemius. Both sides of the reference
electrodes (EM-275S, Noraxon, Arizona, AZ, USA) were attached
to the planter surface of their bilateral feet. Two ground electrodes
(EM-275S, Noraxon) were put on the bilateral pelvic area. The
low-cut filter for the recording was 300 Hz, and the high-cut was
500 Hz (Sonohata et al., 2023). After measuring the MEPs, atipa-
mezole (1.5 mg/kg) was injected intraperitoneally. We returned
each rat to its cage in the animal room. To maintain each rat’s body
temperature after MEPs experiments, we used the hand warmers
and the two-layer pet-sheet in each cage.
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Analysis of LMS-induced MEPs

Recorded bilateral MEP responses from gastrocnemius muscle
had three characteristics (Fig. 1Bi). The first was stable and sym-
metrical (Sonohata et al., 2023), the second was intensity depen-
dency for the LMS, and the third was composed of 1st negative
wave, 2nd positive wave, and 3rd small negative (Fig. 1Bi) (Sono-
hata et al., 2023). Here, the latencies and amplitudes of these three
waves were analyzed using lab chart reader software (AD Instru-
ments). The latencies were measured at the points of first wave
basements (right latency 1 base, RL1 base; left latency base, LL1
base), first wave tops (right latency 1 top, RL1 top; left latency 1
top, LL1 top), second-wave base (RL2 base and LL2 base), second-
wave top (RL2 top and LL2 top), third wave base (RL3 base and
LL3 base), and third wave top (RL3 top and LL3 top) (Fig. 1Bi).
The amplitudes were measured at RA1 (=RL1 top—RLI base),
RA2 (=RL1 top—RL2 base), RA3 (=RL2 top—RL2 base), RA4
(RL2 top—RL3 base), LA1 (=LL1 top-LL1 base), LA2 (=LL1
top—LL2 base), LA3 (=LL2 top-LL2 base), and LA4 (LL2 top—
LL3 base) (Fig. 1Bii). We showed only LA1, LA2, LA3, and LA4
(Fig. 1Bii). Here, although we analyzed bilateral MEP latencies
and amplitudes recorded before sciatic nerve surgery, bilateral gas-
trocnemius muscle MEPs were not statistically different at laten-
cies and amplitudes before surgery (Supplementary Table 1).

Measurement of hind-limb dimension, weight of the
gastrocnemius muscle, and gastrocnemius dimension

Under the condition of removing the hair on the rat’s lower
body with hair clippers, both left and right hind-limb pictures
were taken from the above side on the prone position with a digi-
tal camera (EX-XR3000, Casio, Tokyo, Japan) at every 2 weeks.
As a analytical way, under the opening of pictures (JPEG format)
with Image] software, we selected the freehand line tool in the
Image], and the “pixel” on the screen was exchanged to “cm” with
the set scale tool in the Image]. Then, region of each hind limb
was surrounded with the freehand line tool, and the hind-limb’s
dimentions were calculated automatically with measure function
in the Image] (Supplementary Fig. 1A). Eight weeks postopera-
tively, all rats were sacrificed, and gastrocnemius muscles on both
sides were isolated. Subsequently, the muscle weight was deter-
mined using a mass scale, and the dimensions of the gastrocne-
mius were calculated using the Image] as we mentioned above
(Supplementary Fig. 1B).

WBV and experimental protocol
After the sciatic nerve operation, the rats were randomly classi-
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fied into two groups as follows: the control (n=9) and WBV groups
(n=12) (Fig. 1C). Different interventions were conducted on the
mice in these two groups over the 8-week duration. The rats of
both groups were put in the rat cage (CL-0143, 355 mmx499
mmx 198 mm, CLEA Japan, Inc., Tokyo, Japan) on the WBV
apparatus (Power Plate, Northbrook, IL, USA) separately. Then,
another rat cage (CL-0143, 355 mmx499 mmx 198 mm) was
stacked on the base cage (Supplementary Fig. 2). This way can
avoid the standing position of rats. Subsequently, the WBV group’s
rats which were put in the stacked cage gave a vibratory stimulus
(50 Hz, 5 minx4 sets =20 min/day, 5 times/wk). On the contrary,
the control group’s rats only put in the stacked cage without any
vibratory stimulus (5 minx 4 sets =20 min/day, 5 times/wk) (Sup-
plementary Fig. 2).

Every 2 weeks (2, 4, 6, and 8 weeks) after the surgery, the sen-
sory thresholds, MEPs, and hind-limb dimension were measured
(Fig. 1C). Eight weeks after the operation, both the dimension
and weight of the gastrocnemius muscle were measured (Fig. 1C).

Statistical analysis

Experimental data are expressed as mean =+ standard deviation.
Single comparisons were conducted using Wilcoxon signed-rank
test for paired groups and the Mann—Whitney U-test for unpaired
groups. P <0.05 was considered statistically significant (In each
figure, “*” was shown as “significant”, and “ns” or “no mark” was
present as “not significant”). Subsequently, Kaplan—Meier survival
curves were calculated. All statistical analyses were performed with
EZR (Saitama Medical Center, Jichi Medical University, Saitama,
Japan), a graphical user interface for R (The R Foundation for Sta-
tistical Computing, Vienna, Austria). Moreover, it is a modified
version of R commander designed to add statistical functions fre-
quently used in biostatistics (Kanda, 2013).

RESULTS

The effects of WBV on heat-stimulation-induced sensory
threshold

There were no significant differences in the sensory threshold at
the injury side between the control and WBYV groups (before sur-
gery; 53.2°C+1.13°C vs. 53.3°C+0.93°C, 2 weeks postoperative-
ly; 53.5°C+2.09°C vs. 54.18°C+2.10°C, 4 weeks postoperatively;
53.0°C+1.62°C vs. 53.71°C£1.64°C, 6 weeks postoperatively;
52.53°C£1.09°C vs. 53.17°C+£1.30°C, 8 weeks postoperatively;
53.82°C+£1.59°C vs. 52.90°C£0.86°C) (Fig. 2).
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The effects of WBV for both LMS-induced MEPs amplitude
and latency at 2 weeks postoperatively

We compared LMS-induced MEP amplitudes and latencies be-
tween the control and WBV groups 2 weeks postoperatively. There

were no significant differences in the amplitude parameters be-
tween the two groups (Supplementary Fig. 3, n=9 and 12). Fur-
thermore, there were no significant differences in the MEPs laten-
cies (Supplementary Fig. 4, n=9 and 12).

Injury side (Lt The effects of WBV for both MEPs amplitudes and

5 |- latencies at 4 weeks postoperatively
We compared LMS-induced MEPs amplitudes and latencies 4
e m weeks postoperatively between the control and WBV groups
g (Figs. 3, 4). There were no significant differences in the amplitude
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Fig. 3. Amplitudes of lumbar magnetic stimulation (LMS}-induced motor-evoked potentials (MEPs) amplitudes at 4 weeks postoperatively. (A) An example of a single
bilateral MEPs raw data 4 weeks after sciatic nerve surgery. (Ai) Control group. (Upper panel of Ai) LMS-induced MEPs from right gastrocnemius muscle. (Lower pan-
el of Ai) LMS-induced MEPs from left gastrocnemius muscle. (Aii) WBV group. (Upper panel of Aii) LMS-induced MEPs from right. right gastrocnemius muscle. (Lower
panel of Aii) LMS-induced MEPs from left right gastrocnemius muscle. (B) Bar graphs of amplitude related eight parameters and comparison between the control
group (left bar, n=9) and WBV group (right bar, n=11). (Bi) Comparison of LA1. (Bii) Comparison of LAZ. (Biii) Comparison of LA3. (Biv) Comparison of LA4. RA1, the
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LA4, the amplitude value of (LL2 top—LL3 base); WBV, whole body vibration; gastro. M, gastrocnemius muscle; ns, not significant.
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The effects of WBV for both MEPs amplitudes and
latencies at 6 weeks postoperatively

Six weeks postoperatively, we compared LMS-induced MEP
amplitudes and latencies between the control and WBV groups
(Figs. 5, 6). There were no significant differences in amplitude pa-
rameters between the two groups (Fig. 5B, n=7 and 10). Further-
more, regarding latencies, LL1 top—RL1 top, LL3 top, and LL3
base—RL3 base in the WBV group were significantly shorter than
that in the control group (LL1 top—RL1 top; 1.17+0.26 ms vs.
0.52+0.37 ms, *P=0.0033, LL3 top; 12.06+ 1.53 ms vs. 10.32+
0.95 ms, *P=0.0031, LL3 base—RL3 base; 1.57+1.38 ms vs.
1.02+1.54 ms, *P = 0.027) (Fig. 6Biv, Bx, and Bxi).

154 https://www.e-jerorg

The effects of WBV for both MEPs amplitudes and
latencies at 8 weeks postoperatively

We compared LMS-induced MEP amplitudes and latencies be-
tween the control and WBV groups (Figs. 7, 8) 8 weeks postoper-
atively. LA1, LA2 and LA3 amplitudes were significantly different
between the two groups (LAL; 0.53+0.19 vs. 0.82£0.11, *P=
0.004, LA2; 0.81£0.35 vs. 1.41£0.33, *P =0.004, LA3; 1.32+
0.60 vs. 2.19+0.61, *P =0.02, LA4; 0.26+0.29 vs. 0.33£0.12,
ns: not significant, P =0.142) (Fig. 7Bi-Biii). However, in the la-
tencies, LL1-, LL2-, and LL3-related parameters did not affect the
two groups (Fig. 8B).
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Fig. 5. Amplitudes of lumbar magnetic stimulation (LMS}-induced motor-evoked potentials (MEPs) amplitudes at 6 weeks postoperatively. (A) An example of a single
bilateral MEPs raw data 6 weeks after sciatic nerve surgery. (Ai) Control group. (Upper panel of Ai) LMS-induced MEPs from Rt. gastro. M. (Lower panel of Ai)
LMS-induced MEPs from Lt. gastro. M. (Aii) WBV group. (Upper panel of Aii) LMS-induced MEPs from Rt. gastro. M. (Lower panel of Aii) LMS-induced MEPs from Lt.
gastro. M. (B) Bar graphs of amplitude related eight parameters and comparison between the control group (left bar, n=7) and WBV group (right panels, n=10). (Bi)
Comparison of LA1. (Bii) Comparison of LAZ. (Biii) Comparison of LA3. (Biv) Comparison of LA4. RA1, the amplitude value of (RLT top—RL1 base); RA2, the amplitude
value of (RL1 top—RL2 base); RA3, the amplitude value of (RL2 top—RL2 base); LA4, the amplitude value of (RL2 top—RL3 base); LA1, the amplitude value of (LL1 top—
LL1 base); LAZ, the amplitude value of (LL1 top—LL2 base); LA3, the amplitude value of (LL2 top—LL2 base); LA4, the amplitude value of (LL2 top—LL3 base); WBV,
whole body vibration; gastro. M, gastrocnemius muscle; ns, not significant.

H
B

The effects of WBV for bilateral hind-limb dimension trol and WBV groups (left side; 1.10+£0.04 g vs. 1.22+0.09 g,
Hind-limb dimension at the injured left side was significantly *P =0.0028, right side; 1.28+0.03 g vs. 1.40+0.10 g, *P =0.0035)

increased only 6 weeks postoperatively in the control and WBV (Fig. 10Biii, Biv).

groups (6.56+0.57 cm’ vs. 7.49+0.71 cm’, *P = 0.019) (Fig. 9Bi).

Furthermore, the hind-limb dimension on the noninjured right DISCUSSION

side was significantly increased only 6 weeks postoperatively in

the control and WBV groups (7.14+0.60 cm” vs. 8.00+0.60 cm’, We investigated the effect of the WBV on the sensory threshold,
*P =0.014) (Fig. 9Bii). LMS-induced MEPs, and morphological evaluation. We found that
WBYV is more effective for motor nerve components than sensory

The effects of WBV for both dimension and weight of components, and the effects were observed at 4-8 weeks, particu-
gastrocnemius muscle larly between 4 and 6 weeks. Moreover, the axon diameter of sen-
Gastrocnemius dimension was significantly increased only at sory fibers, such as touch-related AP fibers, fast pain-related Ad

the left side of the injury in the control and WBV groups (2.57 + fibers, and slow pain-related C fibers, are reportedly smaller than
0.17 cm’ vs. 2.92+0.14 cm’, *P =0.0087) (Fig. 10Bi) but not at motor netves as Aa fibers (Perl, 2007). Therefore, physical clip

the noninjured right side (2.85+0.24 cm’ vs. 3.08+0.07 cm’, ns: comptession for the sciatic nerve is believed to cause more damage
not significant, P =0.106) (Fig. 10Bii). Furthermore, gastrocne- to the motor than the sensory component. This study showed that
mius weight was significantly increased at both sides in the con- the WBV improved more damaged motor nerve components.
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Fig. 6. Latencies of lumbar magnetic stimulation (LMS)-induced motor-evoked potentials (MEPs) latencies at 6 weeks postoperatively. (A) An example of a single left
MEPs raw data 6 weeks after sciatic nerve surgery. (Ai) Control group. (Aii) WBV group. (B) Bar graphs of latencies related to twelve parameters and comparison be-
tween the control group (left bar, n=7) and WBV group (right bar, n=10). (Bi) Comparison of LL1 base. (Bii) Comparison of LL1 top. (Biii) Comparison of LL1 base — RL1
base. (Biv) Comparison of LL1 top —RL1 top. (Bv) Comparison of LL2 base. (Bvi) Comparison of LL2 top. (Bvii) Comparison of LL2 base — RL2 base. (Bviii) Comparison of
LL1 top — RL1 top. (Bix) Comparison of LL3 base. (Bx) Comparison of LL3 top. (Bxi) Comparison of LL3 base — RL3 base. (Bxii) Comparison of LL3 top — RL3 top. RL1,
right side’s latency 1; RL2, right side’s latency 2; RL3, right side’s latency 3; LL1, left side’s latency 1; LL2, left side’s latency 2; LL3, left side’s latency 3; WBV, whole
body vibration; gastro. M, gastrocnemius muscle; ns, not significant. *P<0.05.

Whole body vibration and sensory effects Thertefore, since the RA-II may not so much generate the action
We suggested reasons for the noneffect of WBV on the sensory potentials in the sensory components of the sciatic nerve, RA-II-
component. Our previous study showed that nerve wrapping for related Vater-Pacini corpuscle and A fibers activation might not
compressing injured sciatic nerve only affected the sensory compo- drastically impact on the pain threshold associated Ad or C fibers.
nents at 2 weeks postoperatively (Sonohata et al., 2023), suggest-
ing that the sensory-related narrow fibers, such as A§ or C fibers, Whole body vibration and motor nerve effects
might have spontaneous recovery after 2 weeks. In this study, how- The origin of the second (1.2) and third (L3) wave components
ever, even at 2 weeks, there were no significant differences between is still unclear (Fig. 6Bx, Bxi) (Sonohata et al., 2023). However,
the control and WBV groups (Fig. 2). Since the vibration seems we speculate that these components might not be “artificial noise”
to activate the Vater-Pacini corpuscle and AP fibers (O’'Mara et al., because the “artificial noise” of MEPs was suppressed after sciatic
1988) through rapid-adapting type II (RA-II) (Pestell and Lepora, nerve injury (Figs. 3-8; Supplementary Figs. 3, 4). Furthermore,
2022). The RA-II activation is only likely to generate action po- since the L2 wave component is very stable, it might not be “a
tentials firing at the initial and terminal phase of the vibration, kind of antidromic response, such as F-wave” (Fisher, 2007). How-
but not all the phases (Widdicombe, 2003). ever, the neurophysiological meanings of these wave components
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Fig. 7. Amplitudes of lumbar magnetic stimulation (LMS}-induced motor-evoked potentials (MEPs) amplitudes at 8 weeks postoperatively. (A) An example of a single
bilateral MEPs raw data 8 weeks after sciatic nerve surgery. (Ai) Control group. (Upper panel of Ai) LMS-induced MEPs from Rt. gastro. M. (Lower panel of Ai)
LMS-induced MEPs from Lt. gastro. M. (Ab) WBV group. (Upper panel of Aii) LMS-induced MEPs from Rt. gastro. M. (Lower panel of Aii) LMS-induced MEPs from Lt.
gastro. M. (B) Bar graphs of amplitude related eight parameters and comparison between the control group (left bar, n=6) and WBV group (right bar, n=38). (Bi) Com-
parison of LA1. (Bii) Comparison of LAZ. (Biii) Comparison of LA3. (Biv) Comparison of LA4. RA1, the amplitude value of (RL1 top—RL1 base); RA2, the amplitude value
of (RL1 top—RL2 base); RA3, the amplitude value of (RL2 top—RL2 base); LA4, the amplitude value of (RL2 top—RL3 base); LA1, the amplitude value of (LLT top—LL1
base); LAZ, the amplitude value of (LL1 top—LL2 base); LA3, the amplitude value of (LL2 top—LL2 base); LA4, the amplitude value of (LL2 top—LL3 base]; WBV, whole

body vibration; gastro. M, gastrocnemius muscle; ns, not significant. *P<0.05.

are still unknown. In this study, therefore, we only discuss the ef-
fect of the first (L1) component.

The LMS s believed to stimulate the sacral nerves (Maccabee et
al., 1996). Therefore, we suspect that RL1 and LL1 may be Aa fi-
ber-originated components, suggesting that WBV might act on
the Aa fiber’s recovery. In addition to the vibration-induced acti-
vation of the RA-II mentioned above, LTMR, Pacini corpuscle,
and AP fiber, WBV may stimulate the palm and sole and the whole
body’s skin and skeletal muscles (Rosenkranz et al., 2003). It WBV
acts on the skeletal muscle and stretches the muscle, WBV might
activate the muscle spindle (Giszter and Kargo, 2002; Pope and
DeFreitas, 2015). Consequently, activating Ia afferent fiber in the
muscle spindle mono-synaptically transmits spinal a-motoneuron
(Pope and DeFreitas, 2015). The excitability of the a-motoneuron
is believed to contract the muscle via Aa. fiber. This vibration-in-
duced reflex is called the tonic vibration reflex (TVR) (Bonanni et
al., 2022). Therefore, the vibration-induced activation of TVR may

https://doi.org/10.12965/jer.2346178.089

facilitate the recovery of Ao fiber-associated motor component of
the sciatic nerve (Figs. 3-8).

In this study, MEPs differences between the control and WBV
groups were observed at 4-8 weeks. Moreover, the MEPs latencies
and amplitudes were changed at 4-6 weeks (Figs. 4B, 6B) and
8 weeks (Fig. 7B), respectively. In clinical studies with transcrani-
al magnetic stimulation-induced MEPs responses, MEPs latencies
are more useful as the evaluation parameter for nerves than ampli-
tude because the central nervous system, including MEPs ampli-
tude, often fluctuates (Giambattistelli et al., 2014). However, since
the simultaneous bilateral MEPs are very stable (Sonohata et al.,
2023), latencies and amplitudes may adopt as the parameter for
the evaluation.

We hypothesized as follows regarding the recovery of MEPs la-
tencies and amplitudes. First, if some single motor nerves in the
injured sciatic nerve were partially recovered in the wrapping
group, LL1 base and LL1 top latencies may appear (Figs. 4, 6).
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Fig. 8. Latencies of lumbar magnetic stimulation (LMS)-induced motor-evoked potentials (MEPs) latencies at 8 weeks postoperatively. (A) An example of a single left
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Second, the more the single motor nerves are recovered, the more
the amplitude of the LL1 component might increase (Fig. 7).

Whole body vibration and morphological effects

The significant increase in hind-limb dimension (Fig. 9Bi, Bii)
and gastrocnemius weight (Fig. 10Biii, Biv) may result from two
effects. One is TVR-induced Aa fiber facilitation and indirect
skeletal muscle contraction; the other may be the direct facilita-
tion of muscle contraction caused by WBV. Further, that WBV
significantly increased not only the injury side (left) but also the
right hind-limb’s dimension and right gastrocnemius’s weight
was unexpected (Figs. 9Bii, 10Biv). However, there were no sta-
tistical differences in the dimension of the right gastrocnemius
(Fig. 10Bii). This may have resulted from a limitation of two-di-

158 https://www.e-jer.org

mensional analysis with Image], which only measures the x- and
y-axis but not the z-axis; that is, the measurement cannot reflect
the gastrocnemius’s thickness.

In this study, the differences in morphology between the con-
trol and WBV groups corresponded to the results of MEPs at 6
and 8 weeks postoperatively, suggesting that the recovery of the
motor component in the sciatic nerve (MEPs) may have increased
the hind-limb volume and muscle weight.

Research limitation

Recently, the noneffect of WBV therapy for sciatic netve injury
was published (de Oliveira Marques et al., 2021). They used WBV
training (15 min/day, 5 times/wk, and 5 weeks) and evaluated
with behavior tests (the Sciciatic-Functional Index, the Horizontal

https://doi.org/10.12965/jer.2346178.089
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Ladder Rung Walking Test, and the Narrow Beam Test) and mor-
phometric analysis of the sciatic nerve at 2-5 weeks postoperatively
(de Oliveira Marques et al., 2021). Although there are many meth-
odological differences between our study and theirs, the most crit-
ical discrepancy may be the follow-up period. In addition, in our
study, there were no statistical differences between the control and
WBYV groups until 2 weeks after the injury (Supplementary Figs.
3, 4). However, the discrepancy among morphometric analysis,
electrophysiological measurement, and behavior tests should be
better discussed.

A limitation of the study might be the effect of the anesthesia
used for the LMS-induced MEPs expetiments. In the study, we
used a mixture of agents (medetomidine, midazolam, and butor-
phanol) and a recovery agent (atipamezole) for each rat (Kawai et
al., 2011). Furthermore, to maintain the body temperature of each
rat during and after surgery, we utilized the hand warmers and the
two-layer pet-sheet (see method). However, rats suddenly died in
a cage (Supplementary Fig. SA). Almost all rats died the day they
injected agents after LMS-induced MEPs experiments were con-
cluded (inserted pie graph in Supplementary Fig. 5B). Moreover,
the increased frequency of injected agents may be related to the
death of rats (Supplementary Fig. 5SB). This is the reason for the
dispersion of numbers in each figure. Therefore, we are trying to
perform the MEPs measurements under awake but not anesthe-
tized conditions.

Clinical application

Therapeutic exercises generally point to dynamic exercises, such
as walking, jogging, muscle strength, and bike ergometer (Barker
and Eickmeyer, 2020). However, these exercises are not always
applied to patients with orthopedic or peripheral nerve problems.
Furthermore, these patients cannot always do such dynamic exer-
cises in the acute stage postoperatively. In such cases, if WBV can
be applied to patients in the sitting or supine positions, injury re-
covery at both motor nerve and skeletal muscle might be facilitat-
ed even though classical dynamic exercises are not performed (Ber-
ner et al., 2020; Jo et al., 2021; Yin et al., 2022).

In conclusion, we investigated the effect of WBV on nerve in-
jury model rats by measuring motor and sensory components. Al-
though the sensory nerve component did not have any effects on
WBY, the addition of WBV statistically accelerated the function-
al recovery of MEPs as the motor nerve component. Furthermore,
WBYV increased the bilateral side of the hind-limb dimension and
gastrocnemius’s weight.
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SUPPLEMENTARY MATERIALS

Supplementary Figs. 1-5 can be found via https://doi.org/10.
12965/jer.2346178.089.
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