EGYPTIAN VOL. 68, 3171:3185, OCTOBER, 2022

PRINT ISSN 0070-9484 ONLINE ISSN 2090-2360

eda-egypt.org

ORAL SURGERY

19-08-2022 14-09-2022 1-10-2022 10.21608/edj.2022.156798.2224

EFFECT OF LOW LEVEL LASER THERAPY (LLLT) AS AN
ADJUNCT TO PLATELET RICH FIBRIN (PRF) ON SCIATIC
NERVE REGENERATION IN RAT MODEL

Usama Abd El Raouf Dakrory™=' and Nermine Raouf Amin™"

ABSTRACT

Peripheral nerve injury (PNI) is a challenging injury in which healing relies on many factors.
End-to-end neurorrhaphy (EEN) is the gold standard technique used in management of these
injuries. Platelet rich fibrin (PRF) and low level laser therapy (LLLT) have the ability to enhance
nerve regeneration after neurorrhaphy. The aim of this study is to evaluate the effect of LLLT as an

adjunct to PRF use after end-to-end neurorrhaphy on sciatic nerve regeneration in rat model.

Material and methods: This double-blind randomized study was performed on 20 Albino
Wistar rats in the animal house of Misr University for Science and Technology. Animals were
divided into two groups; group I in which nerve repair was performed using EEN with PRF
membrane, in group II the same treatment was performed in addition to intraoperative application
of LLLT diode laser. Within each group, animals were divided into two subgroups where rats
were sacrificed after one and three weeks follow-up period. Assessment was performed using
electromyography measurements and area percent evaluation of S100 protein immunostain at one

and three weeks follow-up periods.

Results: Comparison showed that electromyography measurements improved in group II
more than group I with significant difference in the first week follow-up period. At three weeks
follow-up period group II showed enhanced values than group I but with no significance. Histologic
examination showed more enhanced regeneration with group II at both follow-up periods with
significant difference.

Conclusion: Application of LLLT enhances peripheral nerve regeneration of sciatic nerve in
rat model
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INTRODUCTION

Peripheral nerve injury (PNI) is a common
traumatic lesion, according to Seddon!!!, PNI
was categorized into three types, neuropraxis,
axonotmesis and neurotmesis. The process of
nerve healing is a multifactorial one that depends
basically on skills and technique of the surgeon, the
type of injury and the physiological condition of the
patient!?!,

End-to-end neurorrhaphy is the most used and
is considered the gold standard technique used in
management of PNI that was associated with short
operative time and the best results when proper

technique is performed by skilled surgeon®*.

Wistar rats sciatic nerve model is a common
model for nerve regeneration studies because
of close similarity to humans regarding nerve
morphology and peripheral nerve regeneration,

moreover they are simple to handle at low cost®!.

About twenty years ago, platelet rich fibrin
(PRF) gained the attention of researchers with
its ability to enhance nerve regeneration after
neurorrhaphy. This is due to its ability to act as a
biophysical/biochemical milieu that can deliver
growth factors!®, as platelet-derived growth factor
(PDGF), platelet derived endothelial cell growth
factor, transforming growth factor- bl (TGF-bl),
epidermal growth factor, and vascular endothelial
growth factor. These growth factors promote
cellular proliferation and differentiation which is
associated with improved nerve regeneration.
PRF is a natural autologous fibrin matrix that can
be prepared without the addition of heterogenous
materials. Moreover, PRF can be easily obtained as
a membrane with a prime advantage in nerve repair
and regeneration thanks to the conduit-like that
works as a growth guidance that prevents growth
of collagen fibers to the inside of the repaired nerve

with improved regeneration quality!-'*'2l,
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One of the newly recruited modalities that
has an enhanced effect of tissue regeneration
is the low-level laser therapy (LLLT)!¥. Since
more than three decades, LLLT was subjected
to intense investigations to evaluate its effect on
healing process especially its anti-oedema with
its anti-inflammatory properties, also the ability
of increasing nerve mitotic activity that leads to
enhancement of nerve regeneration and healing!'*15),
The ability of LLLT to perform its action is based
upon the ability of the soft tissue photoreceptors
to absorb the laser beam which in turn activates a
biological cascade through increase production of
adenosine triphosphate and increased mitochondrial
respiration leading to enhancement of growth,
healing and nerve regeneration with prevention of
nerve degeneration!!* 161,

Successful neurorrhaphy is not a matter of
simple surgical judgement regarding the apparent
clinical alignment of the proximal and distal ends of
the nerve, or what can be considered a tension free
suture, it must be based on sound measures. One
of the well-established reliable methods is the use
of electromyography measurements to detect nerve
conduction as, latency in conduction in milliseconds,
amplitude of voltage in millivoltages and reaction
of  degeneration!’"", Immunohistochemical
examination of the repaired segment is another
sound prove of nerve regeneration that has been
used in many studies®??. S100 protein is encoded
by a family of S100 genes and contains two calcium-
binding sites and has highly conserved amino
acid sequences in vertebrates®!. S100 protein has
been used to indicate a variety of intracellular and
extracellular functions as proliferation of Schwann
cells!>+261,

The aim of this study is to evaluate the effect
of low level laser therapy (LLLT) as an adjunct
to Platelet Rich Fibrin (PRF) use after end-to-end
neurorrhaphy on sciatic nerve regeneration in rat
model.
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MATERIALS AND METHODS

The
study performed on 20 Albino Wistar rats in the

study is a double-blind randomized
animal house of Misr University for Science and
Technology. The selected Albino Wistar rats were
10-12 weeks old and weigh about 250 grams (250-
300 g) of both genders. Animals were kept in
numbered boxes and were divided into two groups,
group I and group II (10 animals per each group).
Within each group, animals were divided in two
subgroups each contains five animals. Subgroups
were named as wl and w3, where w represents
“week”. In the first subgroup “w1” within group I
and II, rats were sacrificed after one week which is
the first follow-up period. In the other subgroup w3
within group I and II, rats were sacrificed after three
weeks, the second follow-up period. Animal identity
was only known to the veterinary staff members,
so surgeon, physiotherapy team or the pathologist
do not know to which group the animal belongs.
Housing, feeding and medication along the whole
period of the study were under the supervision and
responsibility of the veterinary staff members.

The study conducts two treatment lines; the
first line which was represented as “Group I” in
which nerve repair was performed using end-to-end
neurorrhaphy then PRF was applied as wrapping
membrane at the area of neurorrhaphy. Group II
represented the second line of treatment in which
nerve repair was managed in the same way as group |
in addition to using intraoperative LLLT diode laser
at the repair area. Two parameters were used to assess
sciatic nerve regeneration postoperatively. The first
parameter was electromyography measurements
that were performed preoperatively, at one week
and three weeks follow-up periods respectively. The
second parameter was examination of S100 protein
stained sections that was performed at one week and
three weeks follow-up periods.

Preoperative  preparation:  Anaesthetization

was performed via intraperitoneal injection using
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xylazine hydrochloride (20mg/kg) and ketamine
(50mg/kg) to prepare the animal for the preoperative
electromyography measuring before surgery.
Shaving of the lower back and left hind limb of the
rat preceded the insertion of a concentric needle in
the hamstring muscle. By using of Cadwell Sierra
I Wedge EMG system (Kennewick, Washington,
USA), stimulation of the sciatic nerve was performed
using a stimulator and the effect on hamstring
muscle was recorded. Application of electrical
stimulation to the sciatic nerve was performed at
nerve trunk at its proximal portion at its origin from
the spinal segments L4-L.6. Two parameters were
recorded preoperatively for both groups, the latency
in conduction in milliseconds and the amplitude of
voltage in millivoltages.

Surgical procedure

Aseptic technique was followed using betadine
application at the site of skin incision followed
by exposure of vastus lateralis and biceps femoris
muscle on the left leg. After retraction, sciatic nerve
was identified and then transected with lancet (fig.
la & b).

Group 1

The transected sciatic nerve was sutured under
microscope using microsurgical instruments. End-
to-end neurorrhaphy was performed using 8-0 pro-
line suture, two simple interrupted sutures at sides
of the nerve at 0 and 180 degrees. Simple approxi-
mation of proximal and distal ends of transected
nerve was obtained with no tension (fig. 2a).

After optimum neurorrhaphy was achieved,
preparation of PRF was initiated. Delaying of PRF
preparation aimed to avoid dryness of the PRF.
Veterinarian staff member used orbital plexus of
the rat to collect 1 ml in a plain clot activator tube.
Centrifuging of collected blood was performed
using electric centrifuge (Model: 80-1B Electric
Centrifuge 4000rpm/min, Jiangsu, China) at 4000
rpm for 5 minutes.
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Fig. (2): a: end-to-end neurorrhaphy, b: PRF membrane wrapped around the sutured area.

As a result of centrifuging, blood is separated
into three layers: the uppermost layer that contains
acellular plasma, the lowermost layer that contains
red blood cells (RBCs), and PRF clot in the middle
layer. Using forceps and scissors, PRF clot was sep-
arated from the RBCs to be pressed between two
glass slaps to form a membrane. Under the micro-
scope, the membrane was wrapped around the su-
tured area and tightened to provide intimate contact
between the nerve and the membrane (fig. 2b).

Skin closure was performed with interrupted
sutures with 3/0 silk. Postoperative medications
were prescribed by the veterinarian staff members.

Group I1

The exact procedures were followed as in group

I, then LLLT with diode laser was applied to the site
of PRF membrane (fig. 3)

An iLase soft tissue diode laser handpiece was
used (iLase™ , P/N 5400230 Rev. H, BIOLASE,
Inc. USA). We used 940 nm m diode laser with
output power of 0.5W (watt), continuous mode for
10 seconds in non-contact mode of application.
After LLLT application, the skin was closed in an
interrupted fashion using 3/0 silk and postoperative
medications was prescribed by the veterinarian staff
members as performed in group 1.

Follow-up was performed at the first week for the
subgroups “w1” in both groups I and II and at the
third weeks for the subgroups “w3” in group I and II
postoperatively. Cadwell Sierra Il Wedge EMG sys-
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Fig. (3): LLLT with diode laser at the site of PRF membrane.

tem was used to record the electromyograph mea-
surements and response from the left operated leg
of the rat. Intraperitoneal injection Ketamine/Xyla-
zine in the same doses and technique used for the
preoperative measurements and surgical procedures
was used to record measurements at the follow-up
periods. Three parameters were recorded at the fol-
low-up periods for both groups, the latency in con-
duction in milliseconds, the amplitude of voltage in
millivoltages and the reaction of degeneration of the
sciatic nerve which is the resultant of postoperative
amplitude divided by the preoperative amplitude
(amplitude posl/ amplitude pre).

At the first and third weeks postoperatively, eu-
thanasia was performed for the corresponding sub-
groups wl and w3 in each group respectively using
an anaesthetic overdose. Rat specimens were fixed
in 10% buffered formalin for 24 hours, dehydrated in
ascending grades of ethyl alcohol, cleared in xylene
and embedded in paraffin. Sections were cut into 3
microns thick and placed on positively charged (op-
ti-plus) slides to be stained with S100 protein im-
munostain. Immunostaining was performed accord-
ing to Ventana benchmark autostainer (USA). The
computer image analyser system, Leica Qwin 500
software (Leica Microsystems LTD, CH9435 Meer-
brugg Type: DFC295 (12730469), Input: 12v/170
MA, Serial number: 0557060916, Switzerland) was
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used to measure the area percent for S100 protein
immunoexpression. Three fields from each slide
were chosen in a standard measuring frame using a
magnification x40 by light microscopy transferred
to the monitor’s screen.

Statistical analysis

The data was analyzed and processed with
IBM SPSS Statistics Software. The normality test
indicate that the data were normally distributed.
The changes occurring in latency and amplitude
were calculated by subtracting the post treatment
readings from the baseline readings; this difference
was used for comparison of the changes between
the two intervention groups. The readings analyzed
as parametric variables since they were continuous
variables. The test for difference between two
independent groups, independent sample T test
was used. For the changes in the repeated measures
at two points, pair sample t Test was used. For
testing the difference between groups (more than
two groups), ANOVA test was used, furthermore,
Tukey Post Hoc Test was used to verify significancy
between each individual pair. P values < 0.05 were
considered significant, while P values < 0.001 were
considered highly significant.

RESULTS

Electromyography measurements

Preoperative measurements of the two groups
were recorded and analyzed. We found that there
was no significant difference between the mean
values of latency in conduction, in group I it was
(0.93 £ 0.15) while with group II, mean of values
were (1.03 £0.21) with P>0.05. Similarly, there was
no significant difference between the mean values
of amplitude of voltage in group I (11.07 + 1.6) and
group II (10.03 £ 1.55) with P>0.05, indicating that
the rats were evenly distributed on the two the group
with no difference between them at baseline, as seen
in table (1).
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TABLE (1): Mean and Standard deviation (SD) of
the preoperative latency in conduction
and amplitude of voltage in group I and
group II

Preoperative latency in

conduction (msec) P value
Mean (msec) SD
Group I 0.93 0.15
0.206
Group II 1.03 0.21
Preoperative amplitude of
P value
voltage (mV)
Mean (mV) SD
Group I 11.07 1.6
0.159
Group II 10.03 1.55

P<0.05%* is considered significant
P<0.001%* is considered highly significant

P>0.05 is non significant

On comparing results within each group at
the first week postoperative follow-up period
(subgroups w1), results within group I showed that,
there was an increase in the average mean of latency
in conduction from (0.85 = 0.09) to (3.82 = 1.4)
high significant. For amplitude of voltage, there was
marked reduction in the average mean from (11.7 +
1.01) to reach (1.62 + 0.15) with P < 0.01. Within
group II showed a highly significant increase in the
average mean of the latency in conduction from

Usama Abd El Raouf Dakrory and Nermine Raouf Amin

(094 £0.07) to be (1.9 £ 0.21) with high significant
decrease in the average mean of amplitude of
voltage from (10.75 + 1.17) to (2.66 +0.2) with P <
0.01 as summarized in table (2).

At the third week postoperative follow-up period
(subgroups w3), results within group I demonstrated
that, average mean of latency in conduction showed
increase from (1.0 = 0.16) up to (1.8 £ 0.45) and
reduction in the average mean of amplitude voltage
from (10.37 £ 1.88) to (2.65 + 0.56) both with high
significant value with P<0.01. Similarly, within
group II, increased average mean of the latency
from (1.12 +£0.26) up to (1.29 £ 0.19) was observed
highly significant. At the same time high significant
decrease in the average mean of amplitude from
(9.32 £ 1.66) to (3.61 + 0.58) was observed with
P<0.01, table (3) showed the results.

For comparison of results between the two groups
regarding latency in conduction and amplitude of
voltage, difference was calculated by subtracting
the postoperative value from the preoperative
value (Valuepost— Valuepre) then mean of these values
was calculated and analyzed at the two follow-up
periods one and three weeks respectively.

At one week follow-up period (Subgroups
wl), the average mean of difference in latency in
conduction within group I was (2.97 + 1.34) which
is higher than what was observed in group II was
(0.95 £ 0.126) meaning that improvement occurred

TABLE (2): Mean and SD of the latency in conduction and amplitude of voltage at preoperative and one

week follow-up period within group I and group II

One week follow-up period Preoperative One week postoperative P value
(Subgroups w1) Mean+SD Mean+SD

Latency in Group I 0.85+0.09 382+14 0.008"

conduction (msec) Group II 0.94 +0.07 19+021 0.000

Amplitude of Group I 11.7 £ 1.01 1.62+0.15 0.000™

voltage (mV) Group II 1075+ 1.17 266+02 0.000

P<0.05% is considered significant

P<0.001%* is considered highly significant

P>0.05 is non significant
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TABLE (3): Mean and SD of the latency in conduction and amplitude of voltage at preoperative and three

weeks follow-up period within group I and group II

Three weeks follow-up period Preoperative Three weeks postoperative P val
value
(Subgroups w3) Mean+SD Mean+SD
Group I 1.0+0.16 1.8+045 0.004"
Latency in conduction (msec)
Group II 1.12+0.26 129+0.19 0.009"
Group I 10.37 + 1.88 2.65+0.56 0.000™
Amplitude of voltage (mV)

Group II 9.32+1.66 3.61+£0.58 0.000™

P<0.05%* is considered significant P<0.001%* is considered highly significant

P>0.05 is non significant

with group II was higher than with group I (as
result is closer to the preoperative value), with
high significance P < 0.01 and mean difference
between groups equal 2.02 msec in favor of group
II. For amplitude of voltage, we found that there
was more improvement in group II more than
obtained in group I hand as mean of difference of
amplitude was ( -8.09 £ 1.0) in group II while it
was (-10.14 £ 0.96) in group I with is statistically
significant P < 0.05 with mean difference between
the two groups equals 2.05 mV in favor of group II.
The third electromyography parameter to compare
was the reaction of degeneration (RD) which was
significantly higher in group II with mean of (24.84
+ 1.54) in comparison to group I which recorded
only mean of (13.44 + 0.96) with a mean difference
between groups equals to 11.4 and P <0.01.

At three weeks (Subgroups w3) follow-up
period, it was observed that the average mean of
difference in latency in conduction within group I
was (0.79 + 0.29) which is higher than what was
observed in group II; (0.17 + 0.08) and the mean
difference between the two groups equals 0.62
msec denoting that improvement occurred with
group II was greater than that occurred with group
I, yet statistically significant difference was not
obtained. Again, we found that the average mean
of difference in amplitude of voltage an obvious
improvement with group II to be (-5.71 + 1.42)

which is of higher value and closer to preoperative
values than recorded with group I; (-7.72 = 1.33)
with high mean difference between the two groups
equals 2.01 mV, p value was close to 0.050, yet no
significance was obtained as P was 0.051.

Finally,oncomparing the reaction of degeneration
(RD) there was significantly higher value in group II
with mean of 38.92 + 2.72 in comparison to group I
which recorded 25.46 + 1.07 with a mean difference
between groups equals to 13.46 and P < 0.01.

Finally, based on the previous results values
and analytical analysis we observed that there
was improvement along the follow-up periods
staring from the first week to reach the third week
postoperatively with both groups regarding the
three electromyography measurements.

Histopathologic examination of S100 protein im-
munostained sections

Histopathologic examination of S100 protein
immunostained sections in group I showed a small
bundle of nerve tissue at one week postoperative
follow-up period (Subgroup wl) (fig4 a & b).
While at three weeks postoperative follow-up
period (Subgroup w3), more regeneration was
noticed showing many small bundles of nerve tissue
between the two ends of the surgically transected
nerve (fig.4 c).



(3178) E.DJ. Vol. 68, No. 4 Usama Abd El Raouf Dakrory and Nermine Raouf Amin

TABLE (4): Mean and SD of difference regarding latency in conduction, amplitude of voltage and reaction
of degeneration (RD) between the two groups at one- and three-weeks follow-up periods.

One week Group I Group II Mean of Difference P value
(Subgroups wl) Mean of difference + SD Mean of difference + SD between groups

Latency 297 +1.34 095+ .176 2.02 0.002%*

Amplitude -10.14 £0.96 -809+1.0 2.05 0.046*

RP$ 13.44 £ 0.96 2484 +1.54 114 0.000%*

Three weeks Group I Group II Mean of Difference P value
(Subgroups w3) Mean + SD Mean + SD between groups

Latency 0.79 £ 29 0.17£0.079 0.62 0.508

Amplitude -772+133 571+1.14 201 0.051

RD? 2546 £1.07 38.92£2.72 13.46 0.000%*

P<0.05% is considered significant ~ P<0.001%* is considered highly significant

P>0.05 is non significant RD?: reaction of degeneration

Fig. (4): Photomicrograph of group I (a, b) at one week
follow-up period (Subgroup wl) showing a small
bundle of nerve tissue. (c) at three weeks follow-up
period (Subgroup w3), showing many small bundles
of nerve tissue formed between the two ends of the
surgically transected nerve (S100x40).
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Regarding group II, histopathologic examination

showed many larger bundles of nerve tissue after
one week of follow-up (Subgroup wl) as seen in
(fig. 5a). One rat showed a small area of nerve tissue
growing from one end of the cut nerve at that period
as shown in (fig. 5b). At three weeks postoperative
follow-up period (Subgroup w3), we could detect
the best regeneration that appeared as almost a
continuous sheath of many bundles of nerve tissue
formed between the two ends of the surgically
transected nerve (fig. 5¢).

Statistical analysis of area percent values for
S100 protein immunoexpression

Comparing area percent values for S100 protein
immunoexpression revealed that within group II,
the percent values was higher than that within group
I. The highest values were seen in group II at three
weeks (Subgroup w3) then at one week (Subgroup
wl) follow-up periods respectively to be followed
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Fig. (5): Photomicrograph of group II (a) at one week follow-
up period (Subgroup wl), showing many bundles
of nerve tissue, (b) at one week follow-up period
showing growth of nerve tissue from one end of the
transected nerve towards the other end (c) at three
weeks follow-up period (Subgroup w3) showing
almost a continuous sheath of many bundles of nerve
tissue formed between the two ends of the surgically
transected nerve (S100x40).

J

by values obtained from group I at three weeks
(Subgroup w3) follow-up period, with the lowest
value was detected within group I at one week
(Subgroup w1) follow-up period. The difference
between the previous four groups was highly
significant (P<0.001%*) as shown in table (5).

Pairwise comparison between each two groups
revealed the effect of time on enhancing nerve
regeneration where a significant difference between
rats in group II at one- and three- weeks follow-
up periods respectively with (P<0.05%). Similarly,
there was a significant difference between rats
within group I at one- and three- weeks follow-up
periods respectively with (P<0.05%). The type of
treatment also affected regeneration as there was
a highly significant difference between values in
group I and II at the two follow-up periods with
(P<0.001**). Moreover, there was no significant
difference between rats in group II at one week
follow-up period and those in group I at three weeks
follow-up period (P>0.05) as seen in table (6).
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TABLE (5): Area percent values for S100 protein immunoexpression in the studied groups (ANOVA test)

Group I Group I Group 11 Group II
one week three weeks one week three weeks P value
(Subgroup w1) (Subgroup w3) (Subgroup wl) (Subgroup w3)
Mean
+SD 9.28+1.53 14.17£1.55 1701+ 1.95 23.01+3.01 P<0.001**

P<0.05% is considered significant P<0.001%% is considered highly significant

P>0.05 is non significant

TABLE (6): Pairwise comparison of area percent values for S100 protein immunoexpression in the studied
groups (Post Hoc Tukey test)

Group I Group I Group II Group II
one week three weeks one week three weeks
Group I )
- P<0.05%* P<0.001%* P<0.001%*
one week (Subgroup wl)
Group I
P<0.05% - P>0.05 P<0.001%*
three weeks (Subgroup w3)
Group II
P<0.001%* P>0.05 - P<0.05%
one week (Subgroup wl)
Group II
P<0.001%* P<0.001%* P<0.05%* -
three weeks (Subgroup w3)
P<0.05% is considered significant P<0.001** is considered highly significant P>0.05 is non significant
DISCUSSION

Peripheral nerve injuries are common injuries
that are associated with sensory or motor function
loss. Despite the advances in surgical repair
techniques and addition of modern adjuncts, yet
regeneration is suboptimal. This may be due
to slow axonal regeneration rate and associated
degenerative processes even after optimum surgical

21days repairt?”.

Group| mGroupl

Wistar rats used in this study is a common

Fig. (6): Bar chart showing area percent values for S100 protein  511imal model in nerve regeneration studies due to
immunoexpression in the studied groups. Lo

proximity of the structural morphology to humans

with a very fast healing and regeneration process

that starts within few!!>-281,
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PREF attracted the attention of researchers and is
defined as a next-generation platelet concentrates
that has a powerful regenerative efficiency. This is
due to the potentiality of the produced growth factors
which enhances the process of nerve regeneration.
Yet, few research concerning nerve regeneration
were performed on it!?-3,

The idea of using PRF as a conduit like
membrane is a promising method to enhance nerve
regeneration as mentioned by Kokkalas®'!. In this
study we aimed to achieve the advantages provided
by the presence of this conduit as a guidance to nerve
fibers during growth, benefit from the presence of
growth factors and prevent fibrosis and adhesion
which is coinciding with different studies!® 0-311.

Application of LLLT has shown positive effects
and enhancement of nerve regeneration!"!. In order
to study this effect, we relied on both electrophysi-
ological measurements and immunohistochemical
analysis of S100 protein immunostain of nerve tis-
sue which was also recommended by authors!'®-321,

In our study we used 940 nm m diode laser with
output power of 0.5W (watt), continuous mode for
10 seconds only in non-contact mode of application.
According to these parameters, the energy density
-which is an important parameter®'. equals 5
Joules/cm®™- 3. This was coinciding with many
studies concerned with biostimulation and nerve
regeneration that showed optimum results at the
power off 0.5W and should not exceed it"57.,

Few studies have compared the effect of PRF
and LLLT on nerve regeneration to each other. In
this study, this comparison was done and follow-
up was performed up to three weeks which is an
adequate period for nerve tissue to be nearly normal
in rats due to the quick spontaneous regeneration
process, as stated by Endo*®! and Raso®*!.

Based on ourelectrophysiological measurements,
we found that group II in which LLLT was
applied, there was a significant improvement in
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measurements at the first follow-up period. Despite
we could not achieve a significant difference (with
amplitude of voltage (P=0.051) at the three weeks
follow-up period, yet obtained results showed
noticeable improvement with group II over that seen
in group I. Recorded enhancement in regeneration
is correlated with what was found by Rochkind™.
Marcolino® and others!"* # #*) who observed the
improvement with LLLT application but with
different electrophysiologic measurements.

Again results of the first and three weeks follow-
up periods in this study coincide with that study
conducted by Shen™!, who showed a significant
improvement in the electrophysiological measure-
ments in the group with LLLT within his selected
follow-up periods.

Regarding the statistical analysis of the results
on comparing between the two groups, the observed
improved measurements at the three weeks follow-
up period for group II over group I did not reach
statistical significance. This was observed by
other authors!"> * who could not find a significant
difference regarding using of LLLT.

In this study, area percent values for S100 protein
immunoexpression revealed that nerve regeneration
in rats in group II with LLLT application was highly
significantly greater than that within group I at both
follow-up periods denoting that LLLT is more ef-
fective on enhancement of nerve regeneration than
PRF membrane at both time intervals. This result
was confirmed by histopathologic examination of
tissue sections, as group II showed many larger
bundles of nerve tissue after one and three weeks.

The best regeneration results were seen at the
three weeks follow-up period in group II showing
almost a continuous sheath of many bundles of nerve
tissue formed between the two ends of the surgically
transected nerve. This is in accordance with Sene
STand Rochkind™!' who proved in their studies that
LLLT was able to promote nerve regeneration and
intense axonal growth.
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In a matching study conducted by Serafim"®,
he found that application of diode laser led to
accelerated organized nerve regeneration. Moreover,
other related studies®: +-8! found that application
of LLLT is associated with improvement in nerve
regeneration with reduction in fibrosis and increased
number of nerve fibers at the site of injury. In the study
by Shen!®!, histological and immunohistochemical
analysis showed that application of LLLT leads to
formation of more compact and complete form of
regeneration with higher expression of S100 protein
in comparison to the group not managed with LLL
which is coinciding with our results.

On the other hand, in a study conducted by
Chen™!, results were surprising to the author
according to his words, where nerve regeneration
and the number of healed nerve fibers were
reduced compared to the non-laser irradiated
group. Not only the histological results but also
the electrophysiological measurements were better
in the control group rather than the LLLT treated
group. The same was reported with Bagis®™ and
Wub! who showed no positive effects after use
of LLLT on nerve injuries. This is in addition to
Bayram!"” who did not find any histomorphometric
or functional improvement in peripheral nerve
regeneration through using of local PRF membrane.

this we found that

regeneration in group II at one week follow-up

According to study,
period was greater than those in group I at three
weeks follow-up period, but the difference was not
statistically significant. This denotes that the effect
of PRF is enhanced by time as its effect after 21
days was very close to the effect of LLLT after 7
days. Histopathologic examination of tissue sections
revealed many bundles of nerve tissue in both groups,
that appeared larger in diameter in rats in group II.
Another observation we noticed that there is an
improvement in electromyography measurements
results with group II on comparison to those with
group I at three weeks follow-up period but with no
significant difference between the two groups. We
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may attribute this to the rapid effect of the LLLT that
appears at one week follow-up period with the need
of repeated application at intervals to achieve the
continuous effective enhancement in regeneration.
While in group I, improvement continued as noticed
by Mourad®?but at a lower level with weaker effect
on regeneration as the effect of PRF is time related.

Finally, on comparing the results based on
follow-up intervals, we found that improvement in
electromyography measurements and area percent
values for S100 protein immunoexpression are
more obvious and higher at three weeks follow-up
period than that at one week follow-up. This may be
attributed to the effect of time on enhancing nerve
regeneration in both groups. This is in accordance
with Gordon®* who observed enhanced normal
regeneration by time as well as after electric
stimulation after 14 days compared to 4 days.
Barbos!*!! found a promoted sciatic functional index
after LLLT application over the evaluated periods
(7, 14 and 21 days) in rat models.

LLLT improves the healing and regeneration of
the nerve tissue especially after improvement of
the quality of laser technology based on previously
mentioned studies as well as results of this study.
Nevertheless, there is no consensus about the
optimal protocol for LLLT in case of PNI with
no standardization regarding LLLT parameters
i.e., wavelength, period of application, energy
density, contact or non-contact, continuous or
pulsating and other crucial items!> ** % 3 This
lack of standardization makes comparison of
methodologies, results and explanations difficult'*!
leading to the need of further studies to obtain an
efficient safe standard protocol for LLLT™ 6!,

CONCLUSION

We can conclude that application of LLLT
enhances peripheral nerve regeneration of sciatic
nerve in rat model as seen in our study, where group
IT showed improved results than group I. LLLT
can be used as an adjunct to PRF after end-to-end
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neurorrhaphy as it improves electrophysiological

and histological results. Further studies are needed
to develop a standard protocol for LLLT application

in management of nerve injury.

REFERENCES

1.

Bhandari P. S., Management of peripheral nerve injury. J
Clin Orthop Trauma, 2019. 10(5): p. 862-866.

Stocco E., Barbon S., Macchi V., Tiengo C., Petrelli L.,
Rambaldo A., Borean A., Capelli S., Filippi A., Romanato
F., Parnigotto P.P., Grandi C., De Caro R., Porzionato A.,
New bioresorbable wraps based on oxidized polyvinyl al-
cohol and leukocyte-fibrin-platelet membrane to support
peripheral nerve neurorrhaphy: preclinical comparison
versus NeuraWrap. Sci Rep, 2019. 9(1): p. 17193.

Zhu X., Wei H., Zhu H., Nerve wrap after end-to-end and
tension-free neurorrhaphy attenuates neuropathic pain: A
prospective study based on cohorts of digit replantation.
Sci Rep, 2018. 8(1): p. 620.

LuC.C.,Huang H.K., Wang J. P., Direct End-to-End Neu-
rorrhaphy for Wrist-Level Long Nerve Defect with Fixa-
tion of the Wrist in Flexion: Technique Note. J Wrist Surg,
May, 2021.

Marcolino A. M., Barbosa R. I., das Neves L. M., Mazzer
N., de Jesus Guirro R. R., de Cdssia Registro Fonseca M.,
Assessment of functional recovery of sciatic nerve in rats
submitted to low-level laser therapy with different fluenc-
es. An experimental study: laser in functional recovery in
rats. J Hand Microsurg. 2013 Dec;5(2):49-53.

Barbon S., Stocco E., Macchi V., Contran M., Grandi F.,
Borean A., Parnigotto P.P., Porzionato A., De Caro R.,
Platelet-Rich Fibrin Scaffolds for Cartilage and Tendon
Regenerative Medicine: From Bench to Bedside. Int J] Mol
Sci. 2019 Apr 5;20(7):1701.

Senses F., Onder M. E., Kogyigit 1. D., Kul O., Aydin G.,
Inal E., Atil F., Tekin U., Effect of Platelet-Rich Fibrin on
Peripheral Nerve Regeneration. J Craniofac Surg. 2016
Oct;27(7):1759-1764.

Lichtenfels M., Colomé L., Sebben A. D., Braga-Silva J.,
Effect of Platelet Rich Plasma and Platelet Rich Fibrin on
sciatic nerve regeneration in a rat model. Microsurgery.
2013 Jul;33(5):383-90.

Mellado-Lopez M., Griffeth R. J., Meseguer-Ripolles J.,
Cugat R., Garcia M., Moreno-Manzano V., Plasma Rich in

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

(3183)

Growth Factors Induces Cell Proliferation, Migration, Dif-
ferentiation, and Cell Survival of Adipose-Derived Stem
Cells. Stem Cells Int. 2017:5946527.

Bayram B., Akdeniz S. S., Diker N., Helvacioglu F., Er-
dem S. R., Effects of Platelet-Rich Fibrin Membrane
on Sciatic Nerve Regeneration. J Craniofac Surg. 2018
May;29(3):e239-e243.

Vares P., Dehghan M. M., Bastami F., Biazar E., Shamloo
N., Heidari Keshel S., Khojasteh A., Effects of Platelet-Rich
Fibrin/Collagen Membrane on Sciatic Nerve Regeneration. J
Craniofac Surg. 2021 Mar-Apr 01;32(2):794-798.

Bielecki T., Dohan Ehrenfest D. M., Platelet-rich plasma
(PRP) and Platelet-Rich Fibrin (PRF): surgical adjuvants,
preparations for in situ regenerative medicine and tools
for tissue engineering. Curr Pharm Biotechnol. 2012 Jun;
13(7):1121-30.

Buchaim D. V., Andreo J. C., Ferreira Junior R. S., Bar-
raviera B., Rodrigues A. C., Macedo M. C., Rosa Junior
G. M., Shinohara A. L., Santos German I. J., Pomini K. T,
Buchaim R. L., Efficacy of Laser Photobiomodulation on
Morphological and Functional Repair of the Facial Nerve.
Photomed Laser Surg. 2017 Aug;35(8):442-449.

Lins R., Dantas E., Lucena K., Catao M., Granville-Garcia
A., Neto L., Biostimulation effects of low-power laser
in the repair process. Anais brasileiros de dermatologia.
2010, 85. 849-55.

Sene G.A., Sousa F. F.,Fazan V. S., Barbieri C. H., Effects
of laser therapy in peripheral nerve regeneration. Acta Or-
top Bras. 2013;21(5):266-70.

Farivar S., Malekshahabi T., Shiari R., Biological ef-
fects of low level laser therapy. J Lasers Med Sci. 2014
Spring;5(2):58-62.

Czapla N., Bargiel P., Petriczko J., Kotrych D., Krajewski
P., Prowans P., Electromyography as an intraoperative test
to assess the quality of nerve anastomosis - experimental
study on rats. Open Med (Wars). 2020 Jun 13;15(1):556-
562.

Kimura J., Long and short of nerve conduction measures:
reproducibility for sequential assessments. J Neurol Neu-
rosurg Psychiatry. 2001 Oct; 71(4):427-30.

Fidanci H., Oztiirk 1., The relationship between nerve con-
duction studies and neuropathic pain in sciatic nerve injury
due to intramuscular injection. Korean J Pain. 2021 Jan
1;34(1):124-131.


https://www.nature.com/articles/s41598-019-53812-z#auth-Silvia-Barbon
https://www.nature.com/articles/s41598-019-53812-z#auth-Veronica-Macchi
https://www.nature.com/articles/s41598-019-53812-z#auth-Cesare-Tiengo
https://www.nature.com/articles/s41598-019-53812-z#auth-Lucia-Petrelli
https://www.nature.com/articles/s41598-019-53812-z#auth-Anna-Rambaldo
https://www.nature.com/articles/s41598-019-53812-z#auth-Alessio-Borean
https://www.nature.com/articles/s41598-019-53812-z#auth-Stefano-Capelli
https://www.nature.com/articles/s41598-019-53812-z#auth-Andrea-Filippi
https://www.nature.com/articles/s41598-019-53812-z#auth-Filippo-Romanato
https://www.nature.com/articles/s41598-019-53812-z#auth-Pier_Paolo-Parnigotto
https://www.nature.com/articles/s41598-019-53812-z#auth-Claudio-Grandi
https://www.nature.com/articles/s41598-019-53812-z#auth-Raffaele-Caro
https://www.nature.com/articles/s41598-019-53812-z#auth-Andrea-Porzionato

(3184)

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

E.D.J. Vol. 68, No. 4

Amr S., Moharram A., Mansour A., Moamen, Khalaf S.,
Aboras M., Salah B., Shalaby O., Sheta R., An Analytic
Study of Nerve Regeneration between End-to-End and
End-to-Side Neurorrhaphy: An Experimental Study in
Rats. The Medical journal of Cairo University. Vol. 86. No.
8, December, 2018 4595-4599.

Sorci G., Riuzzi F., Arcuri C., Tubaro C., Bianchi R.,
Giambanco 1., Donato R., S1I00B protein in tissue devel-
opment, repair and regeneration. World J Biol Chem. 2013
Feb 26:4(1):1-12.

Spreca A., Rambotti M. G., Rende M., Saccardi C., Aisa
M. C., Giambanco I., Donato R., Immunocytochemical
localization of S-100b protein in degenerating and regen-
erating rat sciatic nerves. J Histochem Cytochem. 1989
Apr;37(4):441-6.

Marenholz I., Heizmann C. W., Fritz G., S100 proteins in
mouse and man: from evolution to function and pathology
(including an update of the nomenclature). Biochem Bio-
phys Res Commun. 2004 Oct 1;322(4):1111-22.

Donato R., Intracellular and extracellular roles of S100
proteins. Microsc Res Tech. 2003 Apr 15;60(6):540-51.

Wang L., Yuan D., Zhang D., Zhang W., Liu C., Cheng
H., Song Y., Tan Q., Ginsenoside Re Promotes Nerve Re-
generation by Facilitating the Proliferation, Differentiation
and Migration of Schwann Cells via the ERK- and JNK-
Dependent Pathway in Rat Model of Sciatic Nerve Crush
Injury. Cell Mol Neurobiol. 2015 Aug;35(6):827-40.

Jiang X., Ma J., Wei Q., Feng X., Qiao L., Liu L., Zhang
B., Yu W., Effect of Frankincense Extract on Nerve Recov-
ery in the Rat Sciatic Nerve Damage Model. Evid Based
Complement Alternat Med. 2016:3617216.

Hoke A., A (heat) shock to the system promotes periph-
eral nerve regeneration. J Clin Invest. 2011 Nov;121(11):
4231-4.

Mazzer P. Y. C. N., Barbieri C. H., Mazzer N., Fazan V. P.
S., Qualitative and quantitative evaluation of rats’ acute in-
juries caused by ischiatic nerve smashing. Acta Ortopédica
Brasileira, 2006. 14(4): p. 220-225.

Huang M. L., Zhai Z., Chen Z. X., Yang X. N, Qi Z.L.,
Platelet-rich fibrin membrane nerve guidance conduit: a
potentially promising method for peripheral nerve injuries.
Chin Med J (Engl). 2020 Apr 20;133(8):999-1001.

Roth F., Fernandes M., Valente S. G., Santos J. B. G., Fu-
rukawa R. B., Fernandes C. H., Leite V.M., Faloppa F.,

Usama Abd El Raouf Dakrory and Nermine Raouf Amin

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Platelet-Rich Fibrin Conduits as an Alternative to Nerve
Autografts for Peripheral Nerve Repair. J Reconstr Micro-
surg. 2017 Oct;33(8):549-556.

Kokkalas N., Kokotis P., Diamantopoulou K., Galanos A.,
Lelovas P., Papachristou D. J., Dontas I. A., Triantafyllo-
poulos I. K., Platelet-rich Plasma and Mesenchymal Stem
Cells Local Infiltration Promote Functional Recovery and
Histological Repair of Experimentally Transected Sciatic
Nerves in Rats. Cureus. 2020 May 24;12(5):e8262.

Vela F.J., Martinez-Chacén G., Ballestin A., Campos J. L.,
Sanchez-Margallo F. M., Abelldn E., Animal models used
to study direct peripheral nerve repair: a systematic review.
Neural Regen Res. 2020 Mar;15(3):491-502.

Matys J., Dominiak M., Flieger R., Energy and Power
Density: A Key Factor in Lasers Studies. J Clin Diagn Res.
2015 Dec;9(12):Z1.01-2.

Manni J. G., Basic Aspects of Medical and Dental Lasers,
Lulu Publishing Services; Illustrated edicién, 2013.

Illescas-Montes R., Melguizo-Rodriguez L., Manzano-More-
no F. J., Garcia-Martinez O., Ruiz C., Ramos-Torrecillas J.,
Cultured Human Fibroblast Biostimulation Using a 940 nm
Diode Laser. Materials (Basel). 2017 Jul 13;10(7):793.

Serafim K. G., Ramos Sde P., de Lima F. M., Carandina
M., Ferrari O., Dias I. F., Toginho Filho Dde O., Siqueira
C. P., Effects of 940 nm light-emitting diode (led) on sci-
atic nerve regeneration in rats. Lasers Med Sci. 2012 Jan;
27(1):113-9.

Sasso L. L., de Souza L. G., Girasol C. E., Marcolino A.
M., de Jesus Guirro R. R., Barbosa R.I., Photobiomodula-
tion in Sciatic Nerve Crush Injuries in Rodents: A System-
atic Review of the Literature and Perspectives for Clinical
Treatment.J Lasers Med Sci. 2020 Summer;11(3):332-344.

Endo C., Barbieri C. H, Mazzer N., Fasan V. S., Low-
power laser therapy accelerates peripheral nerves’ regen-
eration. Acta Ortopédica Brasileira, 2007. 16: p. 305-310.

Raso V. V., Barbieri C. H., Mazer N., Fasan V. S., (2005).
Can therapeutic ultrasound influence the regeneration of
peripheral nerves?. Journal of neuroscience methods. 142.
185-92.

Rochkind S., Leider-Trejo L., Nissan M., Shamir M. H.,
Kharenko O., Alon M., Efficacy of 780-nm laser photo-
therapy on peripheral nerve regeneration after neuro-
tube reconstruction procedure (double-blind randomized
study). Photomed Laser Surg. 2007 Jun; 25(3):137-43.



USAMA ABD EL RAOUF M. EL DAKRORY, LECTURER OF ORAL AND MAXILLOFACIAL

41.

42.

43.

44.

45.

46.

Barbosa R. I., Marcolino A. M., de Jesus Guirro R. R.,
Mazzer N., Barbieri C. H., de Céssia Registro Fonseca M.,
Comparative effects of wavelengths of low-power laser in
regeneration of sciatic nerve in rats following crushing le-
sion. Lasers Med Sci. 2010 May;25(3):423-30.

Takhtfooladi M. A., Jahanbakhsh F., Takhtfooladi H. A.,
Yousefi K., Allahverdi A., Effect of low-level laser therapy
(685 nm, 3 J/cm?) on functional recovery of the sciatic
nerve in rats following crushing lesion. Lasers Med Sci.
2015 Apr;30(3):1047-52.

Shen C. C., Yang Y. C., Huang T. B., Chan S. C., Liu B.
S.,Low-Level Laser-Accelerated Peripheral Nerve Regen-
eration within a Reinforced Nerve Conduit across a Large
Gap of the Transected Sciatic Nerve in Rats. Evid Based
Complement Alternat Med. 2013:175629.

Fekrazad R., Mortezai O., Pedram M., Kalhori K. A, Jo-
harchi K., Mansoori K., Ebrahimi R., Mashhadiabbas F.,
Transected sciatic nerve repair by diode laser protein sol-
dering. J Photochem Photobiol B. 2017 Aug;173:441-447.

Al-Shammari A. M., Syhood Y., Al-Khafaji A. S., Use of
low-power He-Ne laser therapy to accelerate regeneration
processes of injured sciatic nerve in rabbit. Egypt J Neurol
Psychiatr Neurosurg. 2019;55(1):1.

Gigo-Benato D., Geuna S., de Castro Rodrigues A., Tos P.,
Fornaro M., Boux E., Battiston B., Giacobini-Robecchi M.
G., Low-power laser biostimulation enhances nerve repair
after end-to-side neurorrhaphy: a double-blind random-
ized study in the rat median nerve model. Lasers Med Sci.
2004;19(1):57-65.

47.

48.

49.

50.

51.

52.

53.

54.

(3185)

Rosso M., Buchaim D., Rosa J. G., Andreo J., Buchaim
R.,Low-Level Laser Therapy (LLLT) Improves the Repair
Process of Peripheral Nerve Injuries: A Mini Review. In-
ternational Journal of Neurorehabilitation. 2017;(4).

Rosso M., Buchaim D., Kawano N., Furlanette G., Po-
mini K. T., Buchaim R.L., Photobiomodulation Therapy
(PBMT) in Peripheral Nerve Regeneration: A Systematic
Review. Bioengineering (Basel). 2018 Jun 9;5(2):44.

ChenY.,Hsu S.,Chiu C.,Lin J., Chen C., Yao C., Effect of
low-power pulsed laser on peripheral nerve regeneration in
rats. Microsurgery, (2005). 25, 83-89.

Bagis S., Comelekoglu U., Coskun B., Milcan A., Buyu-
kakilli B., Sahin G., Ozisik S., Erdogan C., No effect of
GA-AS (904 nm) laser irradiation on the intact skin of the
injured rat sciatic nerve. Lasers Med Sci. 2003;18(2):83-8.

Wu W. H., Ponnudurai R., Katz J., Pott C. B., Chilcoat R.,
Uncini A., Rapoport S., Wade P., Mauro A., Failure to con-
firm report of light-evoked response of peripheral nerve
to low power helium-neon laser light stimulus. Brain Res.
1987 Jan 20;401(2):407-8.

Mourad S. 1., Al-Dubai S. A., Elsayed S. A., El-Zehary R.
R., Efficacy of platelet-rich fibrin and tacrolimus on facial
nerve regeneration: an animal study. Int J Oral Maxillofac
Surg. 2022 Feb;51(2):279-287.

Gordon T, Electrical Stimulation to Enhance Axon Regen-
eration After Peripheral Nerve Injuries in Animal Models
and Humans. Neurotherapeutics. 2016 Apr;13(2):295-310.

Gigo-Benato D., Geuna S., Rochkind S., Phototherapy for
enhancing peripheral nerve repair: a review of the litera-
ture. Muscle Nerve. 2005 Jun;31(6):694-701.



