
Vol.:(0123456789)

Neurochemical Research 
https://doi.org/10.1007/s11064-023-04068-7

ORIGINAL PAPER

The Pulsed Nd:YAG Laser Therapy Enhanced Nerve Regeneration 
via Apoptosis Inhibition in a Rat Crushed Sciatic Nerve Model

Po‑Yen Ko1 · Che‑Chia Hsu1 · Shih‑Yao Chen2 · Chia‑Lung Li3 · I‑Ming Jou4,5,6 · Po‑Ting Wu1,7,8,9,10

Received: 1 July 2023 / Revised: 28 August 2023 / Accepted: 14 November 2023 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2023

Abstract
The study was aimed to validate the efficacy of the pulsed Nd:YAG laser on nerve regeneration in a rat sciatic nerve crushed 
model. 54 Wistar rats were randomly assigned into three groups: shame control, crush control, and laser treated group. For 
the laser treated group, the pulsed Nd:YAG laser (10 Hz) with 350 mJ per pulse in energy density and 50 J/cm2 in fluence was 
applied extracorporeally at the lesion site for 12 min to daily deliver 500 J immediately and consecutive 9 days following the 
crush injury. At week 1, the apoptosis-related activities in the injured nerve were examined (n = 8/each group). The sciatic 
functional index (SFI) was measured preoperatively and weekly until 4 weeks after the index procedure. The injured nerve 
and the innervated gastrocnemius muscle histology were assessed at week 4 (n = 10/each group). At week 1, the laser group 
showed the significant less TUNEL-positive ratio (P < 0.05), and the lower expression of cleaved caspase3/procaspase-3 
and beclin-2/beclin-2-associated protein X ratios compared with the crush control. Furthermore, the laser group revealed 
significantly better SFI since week 1 and throughout the study (P < 0.05, all) compared with the crush control. At week 
4, the laser group showed significantly higher axon density, lower myelin g-ratio, and the corresponding higher glycogen 
expression (P < 0.05, all) in the gastrocnemius muscle compared with those in the crush control. The pulsed Nd:YAG might 
enhance the injured nerve regeneration via apoptosis inhibition.
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Abbreviations
c-Cas3  Cleaved caspase3
p-Cas3  Procaspase3
BCL-2  Beclin-2
BAX  Beclin-2-associated protein X
SFI  Sciatic functional index
PL  Print length
TS  Toe spread
IT  Intermediary toe spread

Introduction

Peripheral nerve injuries often leave patients with substantial 
sensory or motor deficits, and sometimes with chronic pain 
[1]. Although the advanced of microsurgical techniques, the 
functional recovery was not predictable [2–6]. After PNS 
injury, Wallerian degeneration with injured site apoptosis 
occurs which the axon degenerates distal to the injury site 
and leaded to myelin breakdown, or demyelination, and 
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disruption of axonal connections at the lesion site [7, 8]. 
Several studies showed inhibition of apoptosis is beneficial 
in nerve regeneration process and nerve function preserva-
tion in sciatic nerve injury animal models [9–12].

Due to the technology improvement, high-intensity laser 
therapy was developed [13]. The pulsed Nd:YAG laser, 
one kind of high-intensity laser therapy, was used widely 
in clinical practice and showed well response in the treat-
ment of neck myofascial pain [14], lumbar spine disorder 
[15], and knee osteoarthritis [13]. But, there was still lack 
of the treatment potency of pulsed Nd:YAG in peripheral 
nerve injury in clinical practice. Alayat et al. had showed 
the pulsed Nd:YAG laser in improved the sciatic nerve func-
tional recovery after the crush injury in a rat model [16], but, 
the related mechanism is still unclear and there was a paucity 
of histology assessment.

Therefore, the aim of this study was to validate the effi-
cacy of pulsed Nd:YAG laser therapy on nerve regeneration 
in a rat sciatic nerve crushed model and the effect on apop-
tosis. We hypothesized that pulsed Nd:YAG laser therapy 
enhanced nerve regeneration via apoptosis inhibition.

Method

Animal Model

54 Male Wistar rats weighing from 400 to 450 g were 
obtained from Bio-LASCO and housed in the Laboratory 
Animal Center of National Cheng Kung University in Tai-
wan. Rats were housed individually in a room with a 12-h 
light/dark cycle with lights on at 7:00 am and central air con-
ditioning (25 ℃, 70% humidity) with free access to food and 
water. All procedures used in this study were approved and 
in compliance with the Institutional Animal Care and Use 
Committee (IACUC) guidelines of National Cheng Kung 
University (IACUC Approval No. 109263). Anesthesia of 
the rats was carried out under 3% (flow rate: 5 l/min) of iso-
flurane anesthesia by using an anesthetic machine (Panion 
& BF biotech Inc., Taipei, Taiwan). An incision from the 
right sciatic notch to the distal thigh was made. After bluntly 
dissecting the biceps femoris muscle, the sciatic nerve was 
exposed. The sciatic nerve was crushed using a hemostat for 
5 min above the bifurcation of tibia nerve and peroneal nerve 
according to the previous study [17], and then the incision 
was closed with 4–0 non-absorbable nylon (Ethicon). 54 rats 
were randomly assigned into three groups: shame control 
group, which received only nerve exposing without crush-
ing; crush control group, which received crushing without 
any treatment; pulsed Nd:YAG laser treated group, which 
received daily pulsed Nd:YAG laser (10 Hz) immediately 
and consecutive 9 days after crushing. The sciatic functional 
index (SFI) was examined before injury and weekly until 

4 weeks after the index procedure. At week 1, eight rats per 
group were randomly sacrificed to examine the apoptosis 
activity via immunofluorescence and western blot analyses. 
At week 4, ten rats per group were sacrificed for the histo-
logical examination of the injured nerve and the innervated 
gastrocnemius muscle (Fig. 1). The flowchart of the study 
is presented as Supplementary Fig. 1.

Laser Treatment Protocol

The pulsed Nd:YAG laser (HERO-3 laser, ASA, Arcugnano, 
Vicenza, Italy) was used in the high intensity laser therapy 
treated group. This Nd:YAG laser is the near infrared laser 
with 1064 nm in wave length, and 100 μs in pulse duration. 
The laser probe was perpendicular and close to the skin sur-
face 1 cm in distance without touching. Scanned area was 
located at and around the injury site about 10  cm2 in area. 
The treatment parameters were 10 Hz pulsed, 350 mJ per 
pulse in energy density, 12 min in delivery time, lead to 
50 J/cm2 in fluency density and 500 J total energy at lesion 
site [16].

Immunofluorescence and TUNEL Analyses

The immunofluorescence staining analysis was performed 
7  days after injury. For immunofluorescence staining, 
paraffin-embedded sections receiving similar pretreatment 
were incubated with the antibody against myelin protein zero 
(MPZ, Cell Signaling Technology), followed by the Alexa 
Flour 594-conjugated secondary antibody (ThermoFisher 
Scientific) and observed by a fluorescence microscope. The 
DeadEnd™ fluorometric TUNEL system (Promega) was 
used to detect apoptotic cells in each section according to 
the standard protocol. DAPI was used for nuclear staining. 
The TUNEL and DAPI-double positive cells were counted 
by using Image J software (National Institutes of Health, 
USA) which presented as the apoptotic cells. The apoptotic 
cell ratio was shown as the number of apoptotic cells nor-
malized to that of total DAPI-positive cells. In each group, 
six rats were assigned for this analysis.

Western Blot Analysis

The western blot analyses were performed 7 days after 
injury. Sciatic nerve tissues were collected and homogenized 
in tissue-lysis buffer. After centrifugation at 12,000 g for 
15 min at 4 °C, the proteins in the supernatant were sepa-
rated by electrophoresis in sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE), and then trans-
ferred to polyvinylidene difluoride (PVDF) membranes for 
electroblotting. Membranes were blocked with 5% non-fat 
skim milk and incubated at 4 °C overnight with the primary 
antibodies against cleaved caspase3 (C-Cas3, Cell Signaling 
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Technology), procaspase-3 (p-Cas3, Cell Signaling Tech-
nology), Beclin-2 (BCL-2, Santa Cruz Biotechnology), and 
Beclin-2-associated protein X (BAX, Santa Cruz Biotech-
nology). After washing, membranes were incubated with 
secondary antibodies (Biolegend, California, USA) and 
quantitative control anti-actin antibodies (Sigma-Aldrich) 
at room temperature. Immunoblots were developed using 
enhanced chemiluminescent solution and analyzed with 
iBright FL1500 (Invitrogen, MA, USA) and quantified using 
Image J software.

Sciatic Functional Index

SFI was performed before injury and then weekly until 
4 weeks after the index procedure. The hind-limb footprints 
of each rat were obtained using a walking track with a video-
based system (Supplementary Fig. 2) as the current studies 
[18–21]. A Plexiglas chamber was made as walkway which 
80 cm in length, 6 cm in width, and 12 cm in height, with 
a 45° tilting mirror placed under the chamber. The LED 

light was illuminated from the inferioranterior directions 
of the walkway. The soles on the tract was reflected at the 
tilted mirror. The reflected footprints can be simultaneously 
recorded by the digital camera (EX-F1; Casio, Japan) which 
1 m in front of and at the same level as the walkway. The 
horizontal and vertical frames were made of the marked red 
dots (5 mm in diameter) at the lateral and plantar views of 
walking track corners respectively. The data were processed 
by a MATLAB program designed by our laboratory (Math-
Works, Natick, MA). The resolution was 0.18 mm in the 
50-cm walking track after an initial pixels/mm calibration. 
Using red circle markers, the system could be calibrated to 
calculate the pixel-to-distance ratio at any plane. The overall 
pixel to distance ratios were 0.21 mm/pixel for the bottom 
views. The SFI was calculated using paired measurements 
of the print length (PL), toe spread (TS) (first to fifth toe), 
and intermediary toe spread (IT) (second to fourth toe) [22]. 
The measurements of the control left foot (CPL, CTS, CIT) 
and of the corresponding right experimental foot (EPL, ETS, 
EIT) were recorded at each time point. The measurements 

Fig. 1  The schematic diagram of the animal experiment design. This 
schematic diagram shows the design of the animal experiments. 54 
Wistar rats were randomly assigned into three groups: shame con-
trol, crush control, and pulsed Nd:YAG laser treated group. In week 
1, western blot and immunofluorescence stain were performed for 
analysis of the apoptosis activity and cell apoptosis rate separately. In 
week 4, the histology of sciatic nerve and gastrocnemius muscle were 

performed. The sciatic functional index was measured preoperatively 
and weekly until week 4. Shame control group, rats were received 
wound incision only; crush control group, rats were received sciatic 
nerve crush only; and Nd:YAG laser group, rats received daily pulsed 
Nd:YAG laser (500 J) immediately and consecutive 9 days after sci-
atic nerve crush
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were then incorporated into the SFI [22]. The formula is as 
follows [22]:

From the index calculated from the SFI formula, the 0 is 
normal sciatic nerve function and the − 100 is totally impair-
ment sciatic nerve function.

Histological Assessments

The rats were sacrificed 4 weeks after injury for the histo-
logical examinations. The injured sciatic nerve at previously 
crushed area was harvested. The ipsilateral gastrocnemius 
muscle samples were also harvest at the muscle tendon junc-
tion. Nerve samples were fixed in 4% paraformaldehyde for 
2 to 4 h and stored in 0.2 g glycine in 100 ml PBS prior 
to tissue embedding. On the day of tissue embedding, the 
nerves which were used in hematoxylin and eosin stain were 
immersed in 2% of osmium tetroxide for 2 h. After paraffin 
embedding, 5-μm of tissue sections were de-waxed in xylene 
and rehydrated in ethanol gradient and distilled water. The 
tissue sections were stained with hematoxylin for 4 min, and 
then stained with eosin for 20 s. The stained samples were 
rinsed with tap water, dehydrated in an ethanol gradient, and 
then mounted using xylene. The density of axon density, 
g-ratio were got from the average in 4 sections of each nerve 
sample. The myelin g-ratio is the ratio of the inner to the 
outer radius of the myelin sheath which better myelination 
showed lower g-ratio [23]. The density of axon density and 
g-ratio were examined by using Nikon H600L light micro-
scope (Nikon Instruments Inc., NY, USA) at 1000 × mag-
nification and quantified by using Image J 1.46 (National 
Institutes of Health, USA).

The paraffin sections of gastrocnemius were de-waxed 
in xylene, rehydrated in an ethanol gradient and distilled 
water, and then covered with periodic acid for 5 min. After 
rinsing in distilled water for 5 min, the sections were cov-
ered with Schiff reagent for 10 min. Tissue sections were 
counterstained with hematoxylin and then mounted using a 
mounting medium. In the periodic acid-Schiff (PAS) stain, 
the purple stain indicated a rich content of muscle glycogen 
and a normal function of muscle movement. A lower degree 
of muscle glycogen content and the decline of muscle move-
ment showed shallow purple cross section, and the most 
severe impaired movement muscle showed gray appearance. 
The muscle purple positive area were examined by using 
Nikon H600L light microscope (Nikon Instruments Inc., 
NY, USA) at 200 × magnification. The hue value used for 
purple was measured in all slides, and the average hue “from 
195 to 220” was used to evaluate the slides. The default hue 
width was used to set an adequate threshold for measuring 

SFI = −38.3
[

(EPL − CPL)∕CPL
]

+ 109.5
[

(ETS − CTS)∕CTS
]

+ 13.3
[

(EIT − CIT)∕CIT
]

− 8.8

positive PAS stained area which was calculated in a 144′412-
pixel photograph and then presented as positive PAS stained 
area (μm2) as our previous studies quantified the positive tri-
chrome staining area [19]. Furthermore, the positive stained 
area was analyzed using Image J 1.46 (National Institutes of 
Health, USA).

Statistical Analysis

Descriptive statistics, including means and standard 
deviations, were obtained in the three groups. Data were 
expressed as the mean ± standard deviation (SD). Differ-
ences in immunofluorescence and histology analysis among 
groups were analyzed using one-way ANOVA, followed by 
Dunnett’s multiple comparison test. Statistical significance 
was set at P < 0.05. The SFI difference among groups over 
time was analyzed using a mixed-way ANOVA, followed 
by Bonferroni post hoc comparisons. Data were analyzed 
with SPSS for Windows, version 22.0 (SPSS Inc, Chicago, 
IL, USA).

Results

Effects of Pulsed Nd:YAG Laser Treated 
on the Apoptosis in Crushed Sciatic Nerve

To clarify the role of pulsed Nd:YAG laser on the apoptosis 
in the early phase of the nerve repair process, the TUNEL-
positive cell ratio and apoptosis-related proteins, including 
c-Cas3, p-Cas3, BAX, and BCL2, were examined. Enhanced 
c-Cas3/p-Cas3 and BAX/BCL2 ratiosand significantly 
higher TUNEL-positive cell ratio (5.54 ± 2.40% versus 
0 ± 0%, P < 0.01) were observed in the crush control com-
pared with the sham control. Following the pulsed Nd:YAG 
laser treatment, there were the decreased c-Cas3/p-Cas3 and 
BAX/BCL2 ratios, and the significantly lower TUNEL-pos-
itive cell ratio (0.81 ± 0.99%, P < 0.01) in the laser treated 
group in comparison with the crush control (Fig. 2).

Effects of Pulsed Nd:YAG Laser on the Recovery 
of Nerve Function After Sciatic Nerve Crush

To examine the effects of pulsed Nd:YAG laser on the recov-
ery of impaired sciatic nerve function, the sciatic functional 
index was assessed. The laser treated group revealed the 
significantly higher SFI since week 1 and throughout the 
study as compared with the crush control (− 79.04 ± 4.88 
vs −  90.78 ± 5.92, −  72.02 ± 7.13 vs −  87.24 ± 6.28, 
−  59.05 ± 9.43 vs −  80.63 ± 6.18, −  43.74 ± 6.96 vs 
− 77.11 ± 6.27; week 1, week 2, week 3, week 4, respec-
tively; all P < 0.005) (Fig. 3).
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Effects of Pulsed Nd:YAG Laser on Nerve 
Regeneration After Sciatic Nerve Crush 
and Associated Recovery of Muscle Atrophy

At week 4, significantly decreased axon density 
(80.17 ± 42.34 versus 131.56 ± 39.82/104μm2, P < 0.05) 
and significantly increased g-ratio (0.58 ± 0.04, 
0.42 ± 0.05, P < 0.05) were observed in the crush con-
trol compared with the sham control. In the laser treated 
group, there were significantly increased axon density 
(122.01 ± 15.25/104μm2), and the decreased g-ratio 
(0.42 ± 0.02) in comparison with the crush control 
(P < 0.05, both; Fig. 4). PAS stain (glycogen expression) 

in rat gastrocnemius muscle were determined to examine 
the effects of pulsed Nd:YAG laser on the recovery of 
muscle atrophy. A significantly lower expression level of 
glycogen which showed less purple (19.85 ×  103 ± 5.44 × 
 103, 98.02 ×  103 ± 27.55 ×  103 μm2, P < 0.005) was found 
in crush control group compared with shame control. The 
expression level of glycogen in the laser treated group sig-
nificantly increased (66.77 ×  103 ± 10.56 ×  103, P < 0.05) 
compared with the crush control. (Fig. 5).

Fig. 2  The expression of apoptosis-related proteins and status 
Expression of apoptosis molecules and TUNEL staining in the sci-
atic nerve crushing model after pulse Nd:YAG laser treatment. Scale 
bar, 20  μm. A The apoptotic protein: Cleaved caspase3 (c-Cas3), 
procaspase3 (p-Cas3), BAX, and BCL2 were determined by immu-
noblotting from rats with shame control group, crush control group, 
Nd:YAG laser group. Shame control group, rats were received 
wound incision only; crush control group, rats were received sciatic 

nerve crush only; and Nd:YAG laser group, rats treated with pulsed 
Nd:YAG laser (500  J) daily for 10 days after sciatic nerve crush. B 
The apoptotic cell ratio: the above groups were subjected to TUNEL 
(green), and DAPI (blue) staining. The TUNEL and DAPI-positive 
cells were quantitated. Data are means ± SD. *P < 0.05. c-Cas3: 
cleaved caspase3, p-Cas3: procaspase3, BCL-2: beclin-2, BAX: bec-
lin-2-associated protein X
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Discussion

The current study evaluated the therapeutic effects of the 
pulsed Nd:YAG laser on peripheral nerve injury based on 

the functional and histological results, and the possible 
therapeutic mechanism in a rat model. We found that the 
pulsed Nd:YAG laser significantly improved the SFI since 
one week after the crush injury and throughout the study. 
At week 4, Nd:YAG laser improved the axon density and 

Fig. 3  Sciatic functional index. The sciatic functional index was 
assessed pre-injury, 1 week, 2 weeks, 3 weeks and 4 weeks after 
sciatic nerve crush. Shame control group, rats were received wound 
incision only; crush control group, rats were received sciatic nerve 

crush only; and Nd:YAG laser group, rats rats received daily pulsed 
Nd:YAG laser (500  J) immediately and consecutive 9  days after 
sciatic nerve crush. Data are means ± SD. *P < 0.05, **P < 0.01, 
***P < 0.005

Fig. 4  Histological study of the sciatic nerve A Morphology of 
the sciatic nerve. Scale bar, 10  μm. B The number of axons per 
10,000  μm2. C The g-ratio of sciatic nerve. Shame control group, 
rats were received wound incision only; crush control group, rats 

were received sciatic nerve crush only; and Nd:YAG laser group, rats 
received daily pulsed Nd:YAG laser (500 J) immediately and consec-
utive 9 days after sciatic nerve crush. Data are means ± SD. *P < 0.05



Neurochemical Research 

the myelin g-ratio in the injured nerve and the glycogen 
expression in the innervated gastrocnemius muscle. At 
week 1, the western blot and immunofluorescence stain 
showed the reduced apoptosis activity in the laser group 
compared with the crush control. Therefore, the pulsed 
Nd:YAG laser might enhance nerve regeneration via 
anti-apoptosis.

Some research showed there was no significant improve-
ment in SFI after laser therapy in the rat sciatic nerve injury 
models [24, 25]. But, some showed SFI improvement after 
laser therapy [16, 26–29]. The conflict result might be due to 
due to different laser settings including power, wavelength, 
laser material, energy density, dose and type of laser [16, 
30]. The Nd:YAG laser in the present study, differed from 
the traditional photobiomodulation which previously known 
as low level laser therapy, is one kind of high intensity laser 
with 1064 nm in wave length [31]. High intensity laser is 

more powerful and allow for deeper tissue penetration com-
pared with photobiomodulation [32]. Alayat et al. reported 
that in a rat sciatic nerve crush injury model, the use of 
Nd:YAG laser at a fluence of 50 J/cm2 resulted in a better 
SFI compared to those at 4 and 10 J/cm2. [16]. In our work, 
we followed his protocol and found the laser group present-
ing the significantly better SFI since week 1 and throughout 
the study (week 4). At week 4, the crushed sciatic nerve 
histology in laser group showed significantly increased 
axon density and decreased g-ratio which hint better axon 
regeneration and myelination. The higher expression of PAS 
stain in gastrocnemius muscle in laser group represents bet-
ter physiological function of muscle. Therefore, the pulsed 
Nd:YAG laser therapy reveals its therapeutic effects on the 
peripheral nerve injury according to our results. However, 
the laser setting in clinical practice still need further clinical 
studies to validate.

Fig. 5  Histological study for muscle atrophy of gastrocnemius muscle 
A The periodic acid-schiff stain of gastrocnemius muscle. Scale bar, 
50 μm. B The integrated optical purple positive area of periodic acid-
schiff stain. Shame control group, rats were received wound incision 

only; crush control group, rats were received sciatic nerve crush only; 
and Nd:YAG laser group, rats received daily pulsed Nd:YAG laser 
(500 J) immediately and consecutive 9 days after sciatic nerve crush. 
Data are means ± SD. *P < 0.05
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Thus, in our literature review, there were still no studies 
evaluate the effect of laser therapy in the injured site apop-
tosis. After peripheral nerve injury, Schwann and neuron 
cells die due to apoptosis which lead to myelin breakdown, 
or demyelination, and disruption of axonal connections [33].
Therefore, the positive effect on nerve function recovery 
via apoptosis inhibition has been reported in several stud-
ies [9–12]. To date, the possible therapeutic mechanism of 
high intensity laser on peripheral nerve injury is still unclear. 
Our results suggested that pulsed Nd:YAG laser treatment 
can promote the nerve function recovery by inhibiting axon 
apoptosis by affecting the expression of apoptosis-related 
proteins. Following the sciatic nerve crushed injury, We 
found a remarked increase in the ratio of BAX/BCL-2 and 
c-Cas3/p-Cas3 in the crush control group, which is consist-
ent to those reported by Wang et al. [10]. BCL-2 and BAX, 
key regulators of apoptosis, are members of the BCL-2 
family. BCL-2 is an anti-apoptotic factor, while BAX is a 
pro-apoptotic factor [34]. Programmed cell death will be 
inhibited after BCL-2 binding to BAX whereas the c-Cas3 
was the factors involved in the mitochondrial controlled 
cell apoptosis [35]. Thus, increased of BAX/BCL-2 and 
c-Cas3/p-Cas-3 represent the high expression of apoptosis 
[34, 35]. In present study, the ratio of BAX/BCL-2, c-Cas3/
p-Cas3, and TUNEL-positive cell ratio decreased follow-
ing laser treatment. Our results hint the therapeutic effect 
of the pulsed Nd:YAG laser might result from the apoptosis 
inhibition. Furthermore, we analyzed the apoptosis related 
proteins and the apoptotic cell ratio in week 1 of nerve crush 
injury based on previous researches finding which showed 
the apoptosis inhibition would present significantly after 
5–7 days of nerve injury [9, 11, 12].

To the best of our knowledge, this is the first study to 
evaluate the antiapoptotic effects of high-intensity laser 
therapy in a peripheral nerve crush injury model. In previ-
ous research, the therapeutic effects of laser therapy were 
based on the premise that cytochrome C oxidase acts as a 
photoacceptor and transducer of photosignals within the 
light spectrum, subsequently inducing photobiological pro-
cesses within cells after laser therapy [36, 37]. Furthermore, 
these photobiological processes increase the availability of 
electrons and activate the respiratory chain, thereby enhanc-
ing the production of adenosine triphosphate (ATP). This 
increase in ATP levels leads to improved neuron metabo-
lism, subsequently promoting axon myelination and pro-
liferation following the injury [36, 37]. Therefore, further 
research is necessary to analyze the relationship between the 
antiapoptotic effects and cytochrome C oxidase.

There were some limitations in this research. Firstly, we 
examined apoptosis activity during the early stage (week 
1) of the nerve recovery process rather than throughout 
the entire study duration. Previous studies have reported 
that apoptosis following peripheral nerve injury occurs at 

different times and typically peaks within 2 weeks after the 
injury [36, 37]. Therefore, it is common practice to assess 
apoptosis-related expressions during the early stage, which 
is typically defined as within the first 2 weeks after injury, 
following various treatments [9, 10]. Second, there was 
lack of the apoptosis agonist following the laser treatment 
to confirm the therapeutic mechanism of Nd:YAG laser. 
However, in our model, there was the remarkably increased 
expression of apoptosis including c-Cas3/p-Cas3 and bel-2/
BAX2 ratios, and TUNEL-positvie cell ratio in the crush 
control compared with the sham control, and the increased 
apoptosis-related expression was suppressed following the 
laser treatment. Therefore, the apoptosis should play a role 
in the pulsed Nd:YAG laser treatment. Further studies using 
overexpression of the molecules involved in the intrinsic or 
extrinsic apoptosis pathway are necessary to confirm the 
therapeutic mechanism of Nd:YAG laser.

Conclusion

The present study demonstrated that the pulsed Nd:YAG 
laser treatment promoted the nerve functional and histologi-
cal recovery after peripheral nerve injury in a rat crushed 
sciatic nerve model. Furthermore, the beneficial effects were 
associated with apoptosis inhibition. These results indicate 
that the pulsed Nd:YAG laser might enhance nerve regenera-
tion via apoptosis inhibition. Further studies are needed to 
verify the therapeutic effects of the pulsed Nd:YAG laser in 
the human peripheral nerve injury.
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