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Correlation of nerve conduction velocity and the number of newly created
axons in the regeneration of the facial nerve in rabbits after application of
platelet-rich plasma

Kopenamuja Op3uHe HepBHE MPOBOABHUBOCTH U Op0Oja HOBOCTBOPEHHUX aKCOHA Y
perenepanyju (pamujaHOT HepBa KoJl KyHHha Mocie IpUMeHe
miazMe 6orare TpoMOOLMTHMA

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 repairment.

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 repairment type, rabbits
were assigned into four groups: group.l (suture),
group 11 (suture and fibrin sealant); group 111 (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 Il and IV in which, inaddition 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), (o =
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 implications for surgical treatment of patients
after facial nerve injury.

Keywords: surgical repair; facial nerve; injuries;
experimental animals; platelet-rich plasma

INTRODUCTION

CAXKETAK

YBoa /Inm [ToBpene nepudepHrx Hepapa Cy decTa
TojaBa M KO JbYJIH U KOJI )KUBOTHUbA, & KOje MopeN
E€MOIIMOHATHOT TepeTa nopeMeleHe eKCnpecuje Jiuia
YCIIOBJhaBajy U (YHKIIHOHATHE MTPOOIeMe KOji yTH-
4y Ha OpOjHE aKTHBHOCTH CBAKOIHEBHOI JKMBOTA.
s oBe cTynuje je Ono a ucmuta Op3NHY HEpBHE
MPOBOJJBUBOCTH y HOBOHACTAIUM aKCOHMMA U ehH-
KaCHOCT JIOKaTHe TIpHIMEHe IuiazMe dorarte TpomM6o-
LUTHMA Ha oropaBak (yHKIHja (auujaTHoT HepBa,
OCJIe XMPYPINKE TPAHCEKIIHje U perapaniyje KuBIia.
Metone HUcTpakuBame je CIpOBEICHO Y TpH (ase, y
NIepHOJLy O IIECT Hefeba, Ha 24. YMHYMIIe, MYIIKOT
ToJ1a, TeXKKHE o1 2,5 10 3 Kr u ctapocTu u3mely tpu
n yetupu mecena. [Ipema tumy penapanyje HepBa,
3eueBH cy pacrnopelhenn y yetupu rpyne: I rpyna
(cytypa), Il rpyma (cyTtypa u ¢pubpuHcku nemnak), 111
rpyma (cyTypa u 1mia3ma oorara TpOMOOLIUTHMA) H
IV rpyna (cytypa, GuOpHHCKH JIemak ¥ Iia3mMa
Oorara TpOMOOIITAMA).

Pesynrarn Hajycnemnuja pererepanuja damuja-
HOT' HepBa MOCIIe ECT Hefiesba O]1 penaparmje, moc-
turHyTa je y Il u IV rpynu, y kojumMa je nopex He-
ypOCyType *KuBaIl OMo TpeTHpaH Mia3MoM OoraTomMm
TpombormTHMa, ca Win 6e3 ynorpedbe GpubpHHCKOT
Jienka (KOju HUje MMao yJIOTY y MPOIECy 3apacTama),
(o = 0,05). IToxpeTr aypuKyJie IPaTUIIN Cy MPOLEC
HEpBHE pereHepanmje, a 6poj HOBOCTBOPEHUX aKCOHA
JTUPEKTHO je OMO IpOoTOopIIHoHaANIaH Op3UHH HEPBHE
npososbuBocty (P < 0.05).

3akspyuak JlokamHa npuMeHa ria3me Gorare
TPOMOOIIUTHMA MO>KEe YOp3aTH (pyHKIMOHAIHA
omopaBak (aiyjarHor KuBla. JJocTymHu Gakropu
pacra u OMOaKTHBHU NPOTEUHHU CaAPXKaHU Y TIa3MU
6oraToj TPOMOOIIMTUMA MOTY UMAaTH KIMHUYIKE
HMMIUTHKAI]€ 32 XUPYPIIKNM JICUCHEM IaIlHjeHaTa
rocJie oBpeze (arujarHor HepBa.

KibyuyHe peun: xupypIka pernapanyja; GpamnnjarHa
JKMBall; TOBPEJIE; J1a00PaTOPHjCKE KHUBOTUIHE;
1a3ma oorarta TpoMOOIMTHMA

The facial nerve innervates the facial muscles and conditions facial expression as an
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important part of non-verbal communication and a means of emotions recognizing [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 iatrogenic injures [1]. Beside of emotional burden of disturbed facial expression, facial
nerve paralysis can cause functional problems that have an impact on numerous activities of
daily living [1-4].

For surgeons, iatrogenic injuries of facial nerve are of particular importance, which most
often occur in different types of surgery - parotid gland tumor resection, middle
ear/temporomandibular surgery, mastoidectomy, resection of neural tumars, etc. [2, 3, 4].
latrogenic 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 - |
neuropraxia, as the lightest form; Il mild axonotmesis (interruption of the axon with myelin
sheaths 'while preserving the connective tissue sheath); 111 moderate axonotmesis (interruption
of-both the axon and the endoneurium); IV severe axonotmesis (interruption of the endo and
perineurium while preserving the epineurium) and V neurotmesis (partial or complete cutting
of the nerve), [5]. Due to compression and nerve stretching during surgical procedures
neuropraxia and axonotmesis are most often, but reversible in nature. If there is a partial and/or
complete nerve transection, then we are talking about 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 degeneration, which creates terms for nerve heling [5]. Process begins

proximal to the site of injury (node of Ranvier) and continues distally to the neuromuscular
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junction, with the injured axon regenerating approximately 1 mm in 24h [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 purpose question of use of biological growth factors 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 repairment.

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, lasting 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
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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

First phase: Electroneurography (ENoG) and behavioral analysis

In the first phase of the study, ENoG was performed on both auricles (left and right) in
order to determine the NCV of the facial nerve. Rabbits were anesthetized with a combination
of ketamine (Ketamidor® 10% injection; 35mg/kg i.m.), acepromazine (Promace®;0.1mg/kg
i.m.) and atropine (Atropine®; 0.04mg/kg i.m.). 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 behavioral method and then compared with the mobility of the right (control)
ear using a 5-point scale, ranging from 0 = no movement, 1 = barely detectable movements, 2
= less significant movements, 3 = larger asymmetric movements to 4 = symmetric movements
[10].

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 1-A).
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].

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

- Surgical transection and nerve repairment

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 1-B) and nerve repair. Depending on repairment type,
rabbits were assigned into four groups: I group (suture), 1l group (suture and FS), Il 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. Mapping of the repaired part of the nerve
was performed with a thread of suture, cut to‘a length of 1.¢cm (Figure 1-C, 1-D). 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
1-E), and nerve sampling from the right side for comparation.

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 proportionality 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 were stained with

hematoxylin and eosin, according to the manufacturer's instructions. Positive immunoreactivity
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for S100 was recorded as nuclear staining. The preparations were examined with a light
microscope at a magnification of 400 x. The average number of axons was calculated by the
average number of four randomized fields of each preparation and expressed numerically
(Figure 2-A, 2-B). After six weeks of repairment, the NCV of 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, with significance
p<0.05. Obtained values are presented as mean + standard deviation.

After testing the normality of the distribution of variables 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 intergroup differences (to
determine with certainty which methods of nerve repairment had a statistically significant
difference 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 are 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
repairment was achieved in groups Il and IV in which, in addition to the neurosuture, the nerve
was treated with PRP, with or without the use 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.
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In the first phase of the experiment, the NCV of the experimental (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 3-A).

In the third phase, the NCV on the left side was determined ENoG and the obtained
values were compared with the results from the first phase. The analysis indicates that in groups
I and 11 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
process of nerve regeneration. In groups Ill 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 111 and 1V compared to groups.l-and Il (Figure 3-B).

Comparison of group differences (six weeks after the nerve repairment) indicates that
there are no significant differences in NCV between groups | and 1l (calculated test value;
Whb=39). Intercomparison of group | with groups Ill and IV (Wb=57), showed higher NVC
values at the upper critical threshold (at significant level 0=0.05 and equal sample size;
nl=n2=6), so-we can conclude that significantly better results are achieved with the applied
reparation methods in the groups Il and 1V. Also, based on the test value (Wb=57), methods
applied in groups Il and IV are superior prior to the method in group 11, while when comparing
methods 111 and 1V, the test value (Wb=44.5) was within the significance threshold interval,
which means that there is no statistically significant difference in effects 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 Il and IV the scale values
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from left side were almost identical to values of control side at the end of six-week period,
which speaks in favor of applied PRP method (Figure 3-C).

Six weeks after nerve repairment and animal sacrifice, previously 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 Il1 and IV are almost
equal to the number in control group (Figure 4-A). The FS used in groups Il and IV showed
inefficiency in reparation process in group 11, 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 histological analysis also revealed a
greater proliferation of Schwann cells in groups I1'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 Ill and IV,

which favors the application of PRP as the method of choice in nerve repairment (Figure 4-B).

DISCUSSION

Facial -nerve injuries are complicated lesions and the treatment of consequential
functional impairment and facial paralysis due to nerve injury continues to evolve, and an
understanding of the various methods of injury assessment 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
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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 [9, 17] and matches with the results of our study. 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 combination with
other biological materials [19] or stem cells [20].

Growth factors obtained from PRP affect neuroregeneration 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 proliferation 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 111
and IV, (Table 2) given that the concentration of platelets in PRP (2.567.523 £ 1.126.519 x 103
/ul) was 4 times higher-than in whole blood (593.780 £116.349 x 103 /ul) of rabbits.

Regarding the effectiveness of using FS in peripheral nerve regeneration [10, 12, 23], it
was found that FS alone, has no [10] or very little role in healing [23]. Such data from the
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 the functional outcomes, in our research, it was noted 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

DOI: https://doi.org/10.2298/SARH230711006G Copyright © Serbian Medical Society



Srp Arh Celok Lek 2024 | Online First January 12, 2024 | DOI: https://doi.org/10.2298/SARH230711006G 11

[l and IV, which blends with the research of Li et al., who confirmed the success of PRP
application in the nerve regeneration after three weeks [18]. Cho et al. also support these facts
with their research in which the best functional outcomes were achieved 4 to 6 weeks after
surgery [24], while in the work of Sentiirk et al., the best results were achieved after 5 weeks
[25]. Also, in our previous research, where we compared the effects of PRP application on
facial nerve recovery, in two time periods (6 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 and 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 continuation (next phase) of our study.

CONCLUSION

Electroneurographic tests performed before and six weeks after nerve repairment showed
a significant improvement in NCV in groups Il and IV, with the results indicating almost
identical values of experimental and control groups 11l and 1V. Histological analyses revealed
that the number of axons in experimental groups Il and 1V is significantly higher when
comparing with groups | and 11, and that the number of new axons in experimental groups 11
and 1V is close to the number of the same control groups.

The FS used in group 1V had no effect on nerve healing process, because, when used
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alone with suture it showed no benefit in group 11, and as such has no significance in group IV.
By objectifying the ear movements of experimental side, a higher score was confirmed in
groups 111 and 1V, which is another parameter that speaks in favor of the of PRP application.
Available growth factors and bioactive proteins present in platelet-rich plasma may have
clinical implications for surgical treatment of patients after facial nerve injury. Clinical studies
are currently based on a very small sample and further randomized studies with larger samples

are necessary to better define the role of PRP in the facial nerve regeneration process.
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Table 1. Simultaneous comparison of groups (methods) I, 11, I11, and 1V in third phase of the
experiment
Kruskal-Wallis Nerve conduction velocity

M1 =M2=M3=M4

Wilcoxon Wa; significant level (o = 0.05); nl = n2 = 6, significant interval (28, 50)

M1 # M2 # M3 # M4 -1l =111 -1V -1 H-1v Hi-1v
significant level HO: M2=M1 | HO: M3=M1 | HO: M4=M1 | HO: M3=M2 | HO: M4=M2 | HO: M4 = M3
(0 =0.05) H1:M2>M1 | HI: M3>M1 | HI: M4>M1 | H1: M3>M2 | H1: M4 > M2 | H1: M4 > M3
H=17.878 Wb =39 Wh =57 Wb =57 Wb =57 Wb =57 Wb =445
28 <Wh <50 Wh > 50 Wb > 50 Wh > 50 Wb > 50 28 < Wb <50

Hy = 3.0< 7.815
*

*

*

*

*

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

score,

* — statistically significant difference
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Table 2. Comparative overview of histological characteristics of the damaged nerve
reparation six weeks after intervention
Histological Groups
characteristics [ I 1l v

Number of newly created axons 22% 26.5 86.5 87

Number of Schwann cells 10P 12P 83.5 82
Statistical significance: < 0.05 vs. Groups II, IlI, and IV (Kruskal-Wallis and Mann—

Whitney-Wilcoxon test); ®p < 0.05 vs. Groups Il and IV (Kruskal-Wallis and ‘Mann—

Whitney—-Wilcoxon test)
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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 | (sutur — Grou ture
+ fibrin sealant + platelet-rich plasma); note a greater proliferatio n s in group

.V 3
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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
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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-(1-1V)
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