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SUMMARY

Introduction/Objective Peripheral nerve lesions are frequent occurrences in both human and animal,
leading to the emotional burden of disturbed facial expression and functional problems that have an
impact on numerous activities of daily living.

This study aimed to investigate the nerve conduction velocity in newly created axons and the efficacy
of locally applied platelet-rich plasma on the recovery of facial nerve functions after surgical transection
and repair.

Methods The study was conducted in three phases, over a period of six weeks, on 24 male chinchillas,
weighing 2.5-3 kg and aged between three and four months. Depending on nerve repair type, rabbits
were assigned into four groups: group | (suture), group Il (suture and fibrin sealant), group IIl (suture and
platelet-rich plasma) and group IV (suture, fibrin sealant and platelet-rich plasma).

Results Most successful regeneration of the facial nerve after six weeks of nerve repair was achieved in
groups lll and IV in which, in addition to neurosuture, the nerve was treated with platelet-rich plasma,
with or without the use of fibrin sealant (which had no role in the regeneration process), (a = 0.05). The
movements of the auricle followed the process of nerve recovery, and the number of newly created
axons was directly proportional to the nerve conduction velocity (p < 0.05).

Conclusion Local application of platelet-rich plasma can accelerate the functional recovery of the facial
nerve. Available growth factors and bioactive proteins present in platelet-rich plasma may have clinical
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implications for surgical treatment of patients after facial nerve injury.
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INTRODUCTION

The facial nerve innervates the facial muscles
and conditions facial expression as an important
part of non-verbal communication and a means
of emotions recognition [1].

Facial nerve injuries accounts for 6-27% of
all facial nerve palsies [2] and the most common
causes of paralysis are tumor resections, basilar
skull fractures, penetrating traumas and iatro-
genic injures [1]. Alongside with the emotional
burden of disturbed facial expression, facial
nerve paralysis can cause functional problems
that have an impact on numerous activities of
daily life [1-4].

For surgeons, iatrogenic facial nerve injuries
are of particular importance, which most often
occur in different types of surgery — parotid
gland tumor resection, middle ear/temporo-
mandibular surgery, mastoidectomy, resection
of neural tumors, etc. [2, 3, 4]. Iatrogenic injuries
can be the result of nerve traction, thermal

lesion by electrocautery and partial or complete
nerve transection [1]. Determining the extent of
trauma is often challenging, and the most used
method for describing the severity (degree) of
injury is the Sunderland scale [5].

The Sunderland scale describes the five stages
of damage peripheral nerve fibers:

I. neuropraxia, as the lightest form;

II. mild axonotmesis (interruption of the
axon with myelin sheaths while preserving the
connective tissue sheath);

II1. moderate axonotmesis (interruption of
both the axon and the endoneurium);

IV. severe axonotmesis (interruption of the
endo and perineurium while preserving the
epineurium);

V. neurotmesis (partial or complete cutting
of the nerve) [5].

Due to compression and nerve stretching
during surgical procedures neuropraxia and
axonotmesis are most common, but reversible
in nature. In case of a partial and/or complete
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nerve transection, we are referring to neurotmesis and
consequent flaccid muscle paralysis, which is irreversible
if the nerve is not repaired [1, 5].

In order to understand nerve damage classification scale,
it is important to know the concept of Wallerian degenera-
tion, which creates terms for nerve healing [5]. Process
begins proximal to the site of injury (node of Ranvier) and
continues distally to the neuromuscular junction, with the
injured axon regenerating approximately 1 mm in 24 hours
[6]. In cases of complete nerve transection, degeneration
lasts approximately 72 hours, and days or weeks after of
contusion or peripheral nerve damage [7]. By the end of
the third week, Schwann cells proliferate inside the basal
membrane of the distal part of the axon and if there is a
defect, they bridge it. After three weeks of injury, both
the neuron and the distal part of the axon are capable of
regeneration [1, 8]. Reduction of epineural degeneration
and perineural scar formation by application of platelet-
rich plasma (PRP) could lead to faster and more complete
recovery [8]. These data impose the question of biological
growth factors use obtained from PRP that would promote
the regeneration process of damaged nerve [8, 9].

Therefore, this study aimed to investigate the nerve
conduction velocity (NCV) in newly created axons and
the efficacy of locally applied PRP on the recovery of facial
nerve functions after surgical transection and repair.

METHODS
Experimental design

This study was conducted at the Institute for
Medical Research, Military Medical Academy in
Belgrade, Serbia, from 2013 to 2015. Histological
sections and analysis were done at the Institute
for Pathological Anatomy, Faculty of Veterinary
Medicine, University of Belgrade.

In our study a rabbit facial nerve model was used
(its injury leads to asymmetry in the position and
function of the auricle) for demonstrating of facial
paralysis “in vivo” conditions. Each individual was
in control of themselves.

The study was conducted in three phases, last-
ing six weeks, on 24 male chinchillas (Oryctolagus
cuniculus), weighing 2.5-3 kg and aged between
three and four months. Two weeks before and
during the entire study, the animals were kept in
the same environmental conditions (individual
cages, room temperature of 23 + 3°C, air humidity
from 10% to 55% and a natural day/night cycle)
with free access to food and water.

Phases of the study
The first phase — Electroneurography (ENoG) and
behavioral analysis

In the first phase of the study, ENoG was per-

formed on both auricles (left and right) in order
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to determine the NCV of the facial nerve. Rabbits were
anesthetized with a combination of ketamine [Ketamidor®
10% injection; 35 mg/kg intramuscular (i.m.)], acepromazine
(Promace®; 0.1 mg/kg i.m.) and atropine (Atropine®; 0.04
mg/kgim.). Two monopolar needle electrodes were placed
subcutaneously in symmetrical points of the innervation
field of facial nerve (m. orbicularis oris and m.orbicularis
oculi). A bipolar electrode was placed above the nerve trunk,
and exposed to stimulation [evoked potential determines
the speed of nerve conduction (m/s)].

During the study, once a week, the left (experimental)
auricula movements were observed and analyzed by behav-
ioral method and then compared with the mobility of the
right (control) ear using a five-point scale, ranging from
0 - no movement, 1 — barely detectable movements, 2 — less
significant movements, 3 — larger asymmetric movements
to 4 - symmetric movements [10].

The second phase

In the second phase, the following procedures were
carried out:

- Preparation of PRP and fibrin sealant (FS)

The preparation of PRP was made from 5 ml of blood
taken from the ear vein of each rabbit, in test tubes with
0.4 ml of citrate, by the method of double centrifugation
(Figure 1A). From the 5 ml of blood taken, 0.3 ml of PRP
was obtained, which with the addition of antifibrinolytics
(tranexamic acid 1-5 mg per 0.5 ml cryoprecipitate) and
calcium chloride (0.05 ml 10% CaCl2 per 1 ml PRP) as
an activator, was applied to the site of neurorrhaphy [11].

Figure 1. Preparation of platelet-rich plasma and surgical procedures: A - blood
collection process: venipuncture; B - identification of facial nerve trunk; C — suture
and nerve mapping; D — application of platelet-rich plasma; E - site of nerve
sampling (harvesting) for histological analysis
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Figure 2. Histological analysis or repaired nerve: A — Group | (suture); B - Group IV (suture + fibrin sealant + platelet-rich plasma); note

a greater proliferation of Schwann cells in group IV

In addition to PRP, in groups II and IV, FS was also ap-
plied, as commercial preparation Beriplast® P Combi-Set
0.5/1 ml [12].

- Surgical transection and nerve repair

Preoperatively, the same dose of anesthetic was prepared
as in the first phase, with the addition of general anesthesia
with the local application of mepivacaine (Mepivacaine
HCI 3%) with epinephrine in a dose of 1:100.000 at the
incision site. In all rabbits, an identical surgical procedure
was performed; identification of the trunk of the left facial
nerve, surgical transection (before bifurcation), (Figure
1B) and nerve repair. Depending on repair type, rabbits
were assigned into four groups: I group (suture), II group
(suture and FS), I1I group (suture and PRP) and IV group
(suture, FS and PRP). In all groups, the nerve ends were
reconstructed with an epineural suture, nylon 9-0. The
mapping of the repaired part of the nerve was performed
with a thread of suture, cut to a length of 1 cm (Figure 1C
and 1D). Skin was sutured with nylon 5-0.

After six weeks of repair, the following was done: ENoG
of the left nerve (in order to determine NCV), harvesting
of nerve specimen in mapped site for histological analysis
(Figure 1E), and nerve sampling from the right side for
comparison.

The third phase - Histological analysis of newly created
axons and ENoG

In the third phase, a histological analysis of the samples
of the repaired nerves was carried out, and the propor-
tionality between the number of newly created axons and
NCV was determined.

Histological analysis

Surgical nerve specimens (5 mm in length) were fixed
for 24 hours in 4% buffered formalin solution and then
washed with water, dehydrated in alcohol of increasing
concentration (70-100%) and lyophilized in xylene and
embedded in paraffin. Paraffin blocks were cut with a
microtome to a sample thickness of 3-5 um. The sections
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were stained with hematoxylin and eosin, according to the
manufacturer’s instructions. Positive immunoreactivity for
S100 was recorded as nuclear staining. The preparations
were examined with a light microscope at a magnification
of 400x. The average number of axons was calculated by
the average number of four randomized fields of each
preparation and expressed numerically (Figure 2A and
2B). After six weeks of repair, the NCV of the left auricle
was determined by ENoG and results were compared with
the data from the first phase.

Statistical analysis

Data were analyzed in GraphPad Prism 9.0.0 statistical
package (GraphPad Software, Boston, MA, USA), with
significance p < 0.05. Obtained values are presented as
mean =* standard deviation.

After testing the normality of the distribution of vari-
ables by groups, the t-test (for features with a normal
distribution) was used to determine statistical significance.
For non-parametric features, the Kruskal-Wallis test was
used to evaluate the significance of group differences and
Wilcoxon-Mann-Whitney test for the evaluation of in-
tergroup differences (to determine with certainty which
methods of nerve repair had a statistically significant dif-
ference in the effects) [13, 14].

This study was approved by the institutional Ethics
Committee (No. 5603/2, 11.03.2013., Faculty of Medicine,
University of Belgrade).

RESULTS

The results were summarized on the basis of conducted
ENoG examination of nerve velocity, observation scale of
gross recovery of auricle movements and histological analysis
of newly created axons. The most successful regeneration
of the facial nerve after six weeks of repair was achieved in
groups IIT and IV in which, in addition to the neurosuture,
the nerve was treated with PRP, with or without the use
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Table 1. Simultaneous comparison of groups (methods) |, Il Ill, and IV in third phase of the experiment
Kruskal-Wallis Nerve conduction velocity
Wilcoxon Wa; significant level (a = 0.05); n1 = n2 = 6, significant interval (28, 50)
m ;:\\/IAZZ :&As;m“ Il I -1V 111 IV -1V
significant level HO: M2 = M1 HO: M3 = M1 HO: M4 = M1 HO: M3 = M2 HO: M4 = M2 HO: M4 = M3
(cxg=005) H1: M2 > M1 H1: M3 > M1 H1: M4 > M1 H1: M3 > M2 H1: M4 > M2 H1: M4 > M3
H=17.878 Wb =39 Wb =57 Wb =57 Wb =57 Wb =57 Wb =445
Hy = 3¢<7815 28 <Wb <50 Wb > 50 Wb > 50 Wb > 50 Wb > 50 28 <Wb <50
* * * *

M - applied method (group); H, Hv - test value; HO — hypothesis 0; H1 — hypothesis 1; Wb - test score;

* — statistically significant difference

A 1 group B 1 group
m - Leftside v m
® - Rightside

m - Before

s ® - After

11 group

1V group

TII group T group

score value

@ I group

W 11 group 1

@ III group
0.5

@ 1V group

i

5th week

B control group ()

2nd week  3rd week 4th week

Ist week

6th week

that in groups I and II the NCV is significantly
reduced compared to the same groups before the
experiment, which concludes that the methods of
applying the suture itself and FS are ineffective in
the nerve regeneration process. In groups III and
IV, where PRP was applied, the results are similar
and matches the values of the same groups before
nerve transection. This showed the superiority
of groups III and IV compared to groups I and
II (Figure 3B).

Comparison of group differences (six weeks after
the nerve repair) indicates that there are no signifi-
cant differences in NCV between groups I and II
(calculated test value; Wb = 39). Intercomparison of
group I with groups Il and IV (Wb = 57), showed
higher NVC values at the upper critical threshold
(at significant level a = 0.05 and equal sample size;
nl =n2 = 6), so we can conclude that significantly
better results are achieved with the applied repara-
tion methods in the groups IIT and IV. Also, based
- on the test value (Wb = 57), methods applied in
groups IIT and IV are superior prior to the method
in group II, while when comparing methods III
and IV, the test value (Wb = 44.5) was within the
significance threshold interval, which means that

11 group

Figure 3. Comparison of nerve conduction velocity (NCV) and gross recovery
of auricular movements between gropus; A — radar diagram of NCV effects of
the experimental (left) and control (right) side of auricle in first phase; B - radar
diagram of NCV effects before and six weeks after nerve repair (first and third
phase) of the left side; C — score dependency (0-4) of the control (right) and
experimental (left) side of auricula movements during six weeks period

of FS (which had no benefit in the healing process). The
movements of the auricle followed the process of nerve
regeneration and the number of newly created axons was
directly proportional to the NCV.

In the first phase of the experiment, the NCV of the ex-
perimental (left) and control (right) side was determined in
all rabbits. On the radar diagram of the NCV effects, in the
space of applied methods, it can be seen that the measured
values of the left and right sides are almost identical (the
differences are less than one m/s in all animals), which leads
to the conclusion that there is no statistically significant
difference in results (Figure 3A).

In the third phase, the NCV on the left side was de-
termined ENoG and the obtained values were compared
with the results from the first phase. The analysis indicates
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there is no statistically significant difference in ef-
fects when comparing these two groups (Table 1).

During the experiment, once a week in all
groups, the gross recovery of auricle movements
on left side was observed, and compared with
auricula movements on control side. Results were
summarized based on a five-point scale. In groups
III and IV the scale values from left side were almost identi-
cal to values of control side at the end of six-week period,
which speaks in favor of applied PRP method (Figure 3C).

Six weeks after nerve repair and animal sacrifice, previ-
ously mapped nerve specimens were taken from left and
also form right side. Samples were histologically processed.
Results showed that number of newly created axons in
groups Il and IV are almost equal to the number in control
group (Figure 4A). The FS used in groups II and IV showed
inefficiency in reparation process in group II, while in
the group IV (combined with PRP) effect was satisfactory
and almost the same as in control group. This observation
imposes that FS when used alone, has no effect in nerve
healing process and priority is given to PRP. In addition
to the increase in number of newly created axons, the
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Table 2. Comparative overview of histological characteristics of the
damaged nerve reparation six weeks after intervention

Histological Groups

characteristics | I m \Vi
Number of newly created axons 22a | 26.5b | 86.5 87
Number of Schwann cells 10b 12b | 83.5 82

Statistical significance: ?p < 0.05 vs. Groups II, lll, and IV (Kruskal-Wallis and
Mann-Whitney-Wilcoxon test); °p < 0.05 vs. Groups Ill and IV (Kruskal-Wallis
and Mann-Whitney-Wilcoxon test)

histological analysis also revealed a greater proliferation
of Schwann cells in groups III and IV (Table 2).

Summarizing the results of ENoG, it is shown that the
growth of the number of newly created axons is directly
proportional to the NCV, primarily observed in groups III
and IV, which favors the application of PRP as the method
of choice in nerve repair (Figure 4B).

DISCUSSION

Facial nerve injuries are complicated lesions and the treat-
ment of consequential functional impairment and facial
paralysis due to nerve injury continues to evolve, and an
understanding of the various methods of injury assess-
ment and therapy are critical to successful treatment [3].
In general, surgical procedures for the treatment of facial
paralysis consist of primary neurorrhaphy, interposition
nerve grafting, nerve transfers, etc. [3]. Common to all these
procedures is the primary neurosuture, which should be
performed whenever possible [15], with the exception of
long-term facial paralysis (approximately two years after
injury) in which degeneration of the end motor plates has
already followed and then reinnervation procedures are futile
[16]. Additional procedures such as the application of PRP,
botulinum toxin and FS can be of great help in the process
of nerve regeneration [3, 10, 12]. Such modalities have the
potential to change the current treatment algorithm [3].
Numerous studies showing the effectiveness of PRP in
tissue engineering are still at the experimental level and
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are consistent with the results of our study [9, 17]. Namely,
analyzing the collected results with an emphasis on facial
nerve regeneration, it was concluded that growth factors
obtained from autologous PRP influenced the proliferation
of axons in experimental animals and accelerated nerve
recovery, whether PRP was used alone [18], in combina-
tion with other biological materials [19] or stem cells [20].
Growth factors obtained from PRP affect neuroregenera-
tion processes by forming a microenvironment that leads
to the proliferation of Schwann cells as the basic units in
the axon synthesis process [8, 11, 14, 18-21]. It has been
shown that the highest growth factor activity in the pro-
liferation of Schwann cells is in the platelet concentrate,
which is approximately < 450% of the number of platelets
in whole blood [22]. Therefore, in our study, there is a
high percentage of Schwann cell proliferation and a high
number of newly created axons, groups III and IV, (Table 2)
given that the concentration of platelets in PRP (2.567.523
+1.126.519 x 103 /pl) was four times higher than in whole
blood (593.780 + 116.349 x 103 /pl) of rabbits.
Regarding the effectiveness of using FS in peripheral
nerve regeneration [10, 12, 23], it was found that FS alone,
has no or very little role in healing [10, 23]. Such data from
literature are in accordance with our research, in which
FS showed no benefit. As in the previously conducted
meta-analysis, it can be concluded that combining FS with
neurosuture only enables precise alignment of nerve fibers
and their positioning, thus preventing dehiscence [12].
When it comes to functional outcomes, it was noted in
our research that the movements of the auricle followed
the process of nerve regeneration, and the number of newly
created axons was directly proportional to the NCV. This
was primarily determined in groups III and IV, which
blends with the research of Li et al. [18], who confirmed
the success of PRP application in the nerve regeneration
after three weeks. Cho et al. [24] also support these facts
with their research in which the best functional outcomes
were achieved four to six weeks after surgery, while in the
work of Sentiirk et al. [25], the best results were achieved
after five weeks. Also, in our previous research where we

A T group

m - Control group
® - Experimental group

1T group

45 — — 100
— 90

— 80

60
50
40

30

I group 11 group IIT group 1V group

——

Number of axons 22 26.5 86.5 87

11 group

——> NCV

24,13 24.77 38.19 38.88

Figure 4. Number of newly created axons and their’s velocity potential after nerve repair; A — radar diagram comparison of the number of newly
created axons beetwen the control and experimental group; B - action potential velocity of axons between groups (I-1V)
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compared the effects of PRP application on facial nerve
recovery, in two time periods (six and 10 weeks), we did
not find significant differences in nerve recovery in the
tenth week compared to the sixth week [26].

Finally, when we “transfer” the experimental results in
the clinical environment, we can say that both patients
and doctors alike must be patient, because the recovery of
an injured nerve (whether it is a contusion or a complete
interruption of the nerve) is slow, and the optimal elapsed
time for improving functional outcomes is 4-6 weeks [14,
24-27], while complete nerve recovery is achieved within
6-8 months after the onset of symptoms [3, 28, 29]. Similar
to previously published research, there are limitations of our
study, i.e., the knowledge obtained in “in vivo” experiments
must be “moved” to clinical settings [30], in order to obtain
official confirmation of the success of the PRP technique
in the process of facial nerve regeneration on patients. It
should also be the next phase of our study.

CONCLUSION

Electroneurographic tests performed before and six weeks
after nerve repair showed a significant improvement in
NCV in groups III and IV, with the results indicating al-
most identical values of experimental and control groups
IIT and IV. Histological analyses revealed that the number
of axons in experimental groups III and IV is significantly
higher when comparing with groups I and II, and that the
number of new axons in experimental groups IIl and IV is
close to the number of the same control groups.
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Kopenauyuja 6p3uHe HepBHe NPOBOA/LUBOCTU M HpOja HOBOCTBOPEHUX AaKCOHA Y
pereHepauumju gpaumjanHor HepBa Kog KyHuha nocne npumeHe nnasme b6orate

TpombouutTUma

Mwunka lappawesuh', MunaH Tewnh?, Anekcanppa Netkosuh-hypumnH?, bobaH Jlabosuh*, 3npasko bpkosuh®

'BojHOMeAMLMHCKa akafemja, KnnHuka 3a Makcunodaumjanty xupyprujy, beorpag, Cpbuja;

’Onwta 6onHuua Moxapesay, Ogersere 3a 0TOPUHONAPUHIONOMjY U MakcunodavmjanHy xupyprujy, Moxapesad, Cpbuja;
*BojHoMeaMLMHCKa akagemMuja, VIHCTUTYT 3a MeAULIMHCKa UCTpaxuBatba, beorpag, Cpbuja;

“BojHoMepMLMHCKa akagemuja, KnuHyka 3a Heyponorujy, beorpag, Cpbuja;

YHnBep3nUTETCKM KNUHUYKY LieHTap Cpbuje, KnuHuka 3a nynmonorujy, JennHnua nHTeH3uBHe Here, beorpag, Cpbuja

CAXETAK

YBoa/Linm MNoBpepe nepndepHUx Hepasa Cy YecTa nojasa 1
KOZ JbyAU 1 KOA XKUBOTUHA, @ Mope eMOLMOHANIHOT TepeTa
nopemeheHe ekcnpecuje n1ua ycnoBsbasajy U GyHKLMOHaHe
npob6neme Koju yTuiy Ha 6pojHe akTUBHOCTY CBaKOJHEBHOT
XMBOTa.

Linrb oBe cTyamje je 610 fa ncnuta 6p3viHy HEPBHE NPOBO-
[/bUBOCTN y HOBOHACTANIMIM aKCOHMMA U epUKACHOCT NIOKasHe
npumeHe nnasme 6orate TPOM6OLMTMMA Ha oropaBaK GyHKLyja
baumjanHor Hepaa Noc/e XUpYpLLKe TPaHCeKLWje 1 penapaumje
XUBLA.

Metope VicTpaxvBarbe je cnpoBefeHo y Tpu dase, y neprogy
Of LUECT HEZierba, Ha 24 YMHYMNE MYLLKOT MONa, TEXKWHE Of ABa 1
Mo O TPY Kilorpama 1 CTapocTi uamehy Tpu v YeTrpy Mecella.
Mpema TUMy penapaLyje HepBa, 3e4eBy cy pacrnopeheHn y yetu-
pv rpyne: | rpyna — cyTypa, Il rpyna — cyTypa v GrbpuHcKm nenak,
Il rpyna — cyTypa 1 nnasma 6orata TpomboumTma 1 IV rpyna
— cyTypa, brbpuHCKY Nenak 1 nnasma 6orata Tpom6oOLMTHMA.

DOI: https://doi.org/10.2298/SARH230711006G

Pesyntatu HajycnelwHuja pereHepauuja daumjanHor HepBsa
LIecT Heflesba Nocsie penapaumje nocTurHyTa je y rpynama lll n
IV, y kojuma je nopep HeypocyType *uBaL, 61o TpeTnpaH nna-
3mMom 6oraTtom TpomboLMTUMA, ca ynoTpebom unm 6e3 yno-
Tpebe pMOpPMHCKOT nenKa (Koju Huje MMao ynory y npouecy
3apactama), (a = 0,05). [okpeTn aypuKyne npatuam cy npoLec
HepBHe pereHepaLiuje, a 6poj HOBOCTBOPEHYIX aKCOHA [UPEKT-
HO je 6110 NponopLyoHanaH 6P3nHN HePBHE MPOBOAILYBOCTY
(p < 0,05).

3aksbyyak JlokanHa npumMeHa nnasme 6orate TpomboLUTMMA
Mo>Ke yop3aTi GyHKLMOHAMHM onopaBak daLyjanHor XuBLa.
[JocTynHn dakTopu pacta 1 6MoaKTVBHU NPOTENHIN CagpKaHN Y
nnasmy 6oratoj TpoMboLMTMA MOTY MMATU KIMHUYKE UMIIN-
Kauuje 3a XMpypLIKUM Nleyerbem 6onecHUKa nocse nospeae
dauujanHor HepBga.

KrbyuHe peun: xvpyplika penapauuja; galmnjanHu nsadi;
noBpeae; TabopaTopujcKe XNBOTUHE; NNa3ma borata TPOM-
6ouunTMa
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