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Abstract 
Purpose: The aim of this experimental rat study is to investigate whether vancomycin powder directly and 
topically applied on the sciatic nerve causes perineural fibrosis and chronic inflammation development. 
Materials and Methods: Thirty young adult male Wistar-Albino rats were included in the study and divided 
into 3 groups of 10 rats based on the dose to be applied after intraperitoneal anesthesia. After the sciatic 
nerve exploration, 10 rats (group 1) were administered a single dose of vancomycin powder, 10 rats (group 2) 
were administered a double dose of vancomycin, and control group was created with 10 animals which were 
administered no medication (group 3). After 3 weeks, rats were sacrificed, tissue samples were taken around 
sciatic nerve and sent for histopathological examination.  
Results: Grade 1 perineural fibrosis was detected in 1 animal (10%) in group 1. Grade 2 perineural fibrosis was 
detected in 1 animal (10%) and grade 1 perineural fibrosis was detected in 1 of 10 animals (10%) in group 2. In 
Group 3, grade 1 perineural fibrosis was detected in 1 experimental animal (10%). Chronic inflammation was 
not detected in any experimental animal. No significant difference was found between the 3 groups in terms of 
perineural fibrosis (p=0.753).
Conclusion: In this experimental animal study, we found that fibrosis development did not differ significantly 
among the groups. We believe that more objective results can be obtained as a result of experimental studies 
with larger participation and more detailed histopathological examinations. 
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Öz
Amaç: Bu deneysel sıçan çalışmasının amacı direk olarak siyatik sinir üzerine topikal uygulanan vancomisin 
tozun perinöral fibrozis ve kronik inflamasyon  gelişimine neden olup olmadığını araştırmaktır. 
Material and methods: Otuz  adet  erkek Wistar-Albino cins sıçan çalışmaya dahil edilerek intraperitoneal  
anestezi sonrası uygulanacak doz miktarına göre 10’arlı 3 gruba ayrıldı. Siyatik sinir ekplorasyonu ardından 
tek doz vankomisin toz verilen 10 sıçan (grup 1), çift doz vankomisin uygulanan 10 sıçan (grup 2) , 10 hayvana 
ise  ilaç verilmeyerek kontrol grubu (grup 3) oluşturuldu.  3 hafta sonra ise sıçanlar sakrifiye edilerek siyatik sinir 
etrafındaki doku örnekleri alındı ve histopatolojik incelemeye gönderildi.  
Bulgular: Grup 1’de 1 (%10) hayvanda evre 1 perinöral fibrosis tespit edildi. Diğer 9 (%90) deney hayvanında 
epidural fibrozis görülmedi. Grup 2’deki  10 deney hayvanından 1 tanesinde (%10) evre 2,  1 tanesinde ise 

Research Article

Gönderilme tarihi:01.09.2020                                                                    Kabul tarihi:02.01.2021



355

Pamukkale Tıp Dergisi 2021;14(2):354-360 Olguner  ve ark.

(%10) evre 1 perinöral fibrozis saptandı. Sekiz hayvanda (%80) ise perinöral fibrozis bulgusu saptanmadı. Grup 
3 de ise 1 (%10) deney hayvanında evre 1 perinöral fibrozis saptandı. Kronik inflamasyon ise hiçbir deney 
hayvanında tespit edilmedi. İstatistiksel incelemeler sonucunda 3 grup arasında perinöral fibrozis açısından 
anlamlı farklılık saptanmadı (p=0,753).
Sonuç: Bu deneysel hayvan çalışmasında vankomisin toz  uygulanan hastalarda fibrozis gelişiminin gruplar 
arasında anlamlı farklılık göstermediğini saptadık. Daha büyük katılımlı ve histopatolojik incelemelerin daha 
detaylı yapılacağı  deneysel çalışmalar sonucunda daha objektif sonuçlara varılacağı kanaatindeyiz. 

Anahtar kelimeler: Perinöral fibrozis,  siyatik sinir, vankomisin toz.
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Introduction

One of the most feared complications of 
spine surgery is surgical site infection (SSI). 
It has been reported in the literature that the 
incidence in different series is between 0.7% and 
12.0% [1-3]. SSI has been reported to increase 
healthcare cost, readmissions rate, and length 
of hospital stay [4-6]. To avoid these unfavorable 
situations, preventive strategies are being 
developed. The most common cause of wound 
infections in spine surgery is Staphylococcus 
epidermidis and Staphylococcus aureus. 
As the incidence of these two infections 
increases, the incidence of methicillin-resistant 
staphylococci increases, and cephalosporin 
and broad-spectrum antibiotics used in the 
treatment becomes ineffective against these 
resistant strains [7]. Vancomycin has been 
used for many years to treat infections caused 
by gram (+) cocci. Vancomycin, which is a 
tricyclic glycopeptide, shows serious toxic side 
effects in intravenous use, and that concerns 
many clinicians. Hypotension, nephrotoxicity, 
ototoxicity, hypersensitivity reactions, and red 
man syndrome are the most common side effects 
[4]. However, the administration of locally applied 
vancomycin passes to the systemic circulation at 
minimal doses prevents the occurrence of side 
effects and has been reported to be effective in 
the prevention of SSI [8-10]. Although systemic 
complications of vancomycin are well known, 
there are few studies on the side effects of its 
local use. Moreover, it has been introduced as 
a safe agent especially in spine surgery, it has 
been investigated in many studies whether it 
has pseudarthrosis, ototoxic and nephrotoxic 
effects [11, 12]. There is only one study in the 
literature investigating the effect of vancomycin 
powder on epidural fibrosis. This study was 
performed on rats undergoing laminectomy [5]. 
To the best of our knowledge, the first study 

conducted on peripheric nerves in the literature 
is our study. Based on this idea, we planned an 
animal experimental study considering whether 
vancomycin powder has an irritative effect 
on the peripheral nerve in histopathological 
terms, and investigated the presence of chronic 
inflammation and perineural fibrosis on rat 
sciatic nerve. 

Materials and methods

Experimental animals

This study was approved by the local Animal 
Research Ethics Committee of Cukurova 
University and 30 young adult male Wistar-
Albino rats were (bodyweight 200±20 g) 
obtained from the breeding colony of the animal 
house of University.

The rats were divided into three groups 
randomly corresponding to the dose and 
application of Vancomycin powder. Single-dose 
vancomycin powder was applied to 10 rats 
(Group 1) and double dose vancomycin powder 
was applied to 10 rats (Group 2). Ten rats did 
not take any medication and were accepted as 
the control group (Group 3). All animals were 
followed in a temperature-controlled room 
(23±1°C), with a day/night cycle, and had free 
access to laboratory food and tap water.

Sciatic nerve dissection

Rats were anesthetized by intraperitoneal 
administration of a mixture of 10 mg/kg ketamine 
and 10 mg/kg xylazine. Following anesthesia 
left hindlimb was shaved, prepped with 10% 
povidone-iodine solution. Two cm incision was 
made on the skin and by soft dissection, under 
an operation microscope, the left sciatic nerve 
was exposed through the gluteal muscle (Figure 
1 and 2).  
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Figure 1. Following anesthesia, an incision 
was made on the left hindlimb and sciatic nerve 
exposed through gluteal muscle dissection 

Figure 2. White arrow indicates exposed sciatic 
nerve through the gluteal muscle

Vancomycin powder application

Calculated as 14.3 mg/kg for a single dose 
of vancomycin and 28.6 mg/kg for a double 
dose of vancomycin, the animals were locally 
administrated. In calculating the dose of the 
drug to be administered, mg/kg required to be 

equivalent to 1 gr drug dose administered to adult 
humans were calculated. For the preparation of 
vancomycin powder preparations, support was 
received from an experienced pharmacologist. 
Vancomycin powder was poured onto the sciatic 
nerve at predetermined doses in rats in group 
1 and group 2, and right after that, a marker 
suture prolene (4/0) (ETHICON, San Lorenzo, 
USA) was placed adjacent to the nerve to create 
a landmark for pathological sampling. In group 
3, only marker sutures were placed adjacent to 
the nerve. In all three groups, the layers were 
closed with vicryl (4/0) (ETHICON, USA) suture.

Histopathological examination 

Three weeks later, the animals were 
sacrificed, and the areas where the marker 
sutures were placed were reopened, and tissue 
samples were obtained from approximately 1 
cm2 area centering the nerve. Biopsy samples 
were fixated in 10% formaldehyde solution and 
then sampled for pathological examination. 
After routine fixation and follow-up procedures, 
4-micron sections were stained with 
hematoxylin-eosin. Besides, trichrome staining 
was performed by the histochemical method. 
The cases were evaluated by pathologists with 
the single-blind method. In samples evaluated 
by two different pathologists, perineural fibrosis 
around the sciatic nerve was performed 
according to the staging and histological 
parameters of Nahm et al. [8]. These two 
parameters were the character of fibrosis (loose 
vs dense) and the extent of fibrosis (focal vs 
diffuse). Perineural fibrosis was evaluated on a 
5-grade scale (grade 0 = absence of fibrosis, 
grade 1 = loose or focal fibrosis, grade 2 = loose 
or diffuse fibrosis (>50%), grade 3 = dense or 
focal fibrosis, and grade 4 = dense or diffuse 
fibrosis (>50%). Perineural inflammation was 
evaluated at the end of 21 days as indicated 
in Nahm et al.’s [8] study. Inflammation was 
evaluated based on the number of mononuclear 
cells and aggregation as defined by Salafia et 
al. [13].  The degree of chronic inflammation 
was graded as follows: grade 0 = absent, grade 
1 = one focus of at least five mononuclear 
inflammatory  cells, grade 2 = more than one 
focus of grade 1 or at least one focus of 5–20 
mononuclear inflammatory cells, grade 3 = 
multiple confluent foci of grade 2, and grade 4 = 
diffuse and dense inflammation.  
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In the microscopical examination, fibrosis and 
inflammation were tried to observe around 
peripheral nerve sections. 

Statistical methods

SPSS 24.0 (IBM Corporation, Armonk, New 
York, United States) software was used to 
analyze the variables. Comparison of the groups 
with each other based on perineural fibrosis 
and chronic inflammation was conducted with 
Kruskal-Wallis H Test, Monte Carlo Simulation, 
and Exact p values. Quantitative variables were 
shown as grouped median (Minimum-Maximum) 
in the tables. The statistical significance level 
was accepted as p<0.05.

Results

No infection was observed in the study group 
before the intervention or during the follow-up 
periods of the animals.

Grade 1 perineural fibrosis was detected in 
1 animal (10%) in Group 1 (Figure3). Perineural 
fibrosis was not observed in the other 9 
experimental animals (90%).

Figure 3. The histopathological evaluation 
revealed scattered fibroblastic activity with 
minimal inflammation. This finding was scored 
as minimal fibrosis around the nerve as graded. 
Following hematoxylin-eosin staining, the arrow 
indicates thin fibrotic band formation and small 
vessel proliferation detected in a rat in group 1 
atx100 magnification under microscope view 
are consistent with grade 1 fibrosis

Grade 2 perineural fibrosis was detected in 
1 animal (10%) and grade 1 perineural fibrosis 
was detected in 1 of 10 animals (10%) in group 

2 (Figure 4). Eight animals (80%) had no signs 
of perineural fibrosis (Table 1).

Figure 4. The histopathological examination 
revealed different fibrosis stages according to 
the grading scheme. The fibroblastic activity of 
more than 50% around the nerve sheath was 
detected in 1 rat in group 2 which was graded 
as 2 for perineural fibrosis. Hematoxylin-eosin 
sections under x40 magnification, the arrow 
indicates fibrosis areas that migrate into fat 
tissue consisting of fibroblasts and capillary 
vessels around nerve plexuses were consistent 
with grade 2 fibrosis

In Group 3, grade 1 perineural fibrosis was 
detected in 1 experimental animal (10%).

Chronic inflammation was not observed in 
any experimental animal.

No significant difference was found between 
the 3 groups in terms of perineural fibrosis 
statistically (p=0.753) (Table 2).

Discussion

In parallel with advances in modern medicine 
in recent years, access of patients to health 
services have become easier and surgical 
treatments have become more common. Spine 
and peripheral nerve surgery are also affected 
by this condition, and surgical treatments have 
begun to be applied especially in cases where 
there is no response to medical treatment. This 
has led to the incidence of more surgical site 
infections in clinical practice [1]. Vancomycin 
powder used to prevent postoperative 
surgical site infection in spine surgery has 
been the subject of many studies [7, 14-16]. 
Hypersensitivity reactions that may be caused 
by vancomycin used intravenously in clinical 
practice make many physicians reluctant to use 
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Table 1. The outcomes of the histopathologic evaluation of the study group

Group 1
(n=10)
n / (%)

Group 2
(n=10)
n / (%)

 Group 3
(n=10)
n / (%)

Total 
(n=30)
n / (%)

p value

Perineural Fibrosis

1Grade 0 9 (90.0) 8 (80.0) 9 (90.0) 26 (86.7)

Grade 1 1 (10.0) 1 (10.0) 1 (10.0) 3 (10.0)

Grade 2 0 (0.0) 1 (10.0) 0 (0.0) 1 (3.3)

Chronic 
Inflammation

-Grade 0 10 (100.0) 10 (100.0) 10 (100.0) 30 (100.0)

Grade 1 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Grade 2 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Fisher Freeman Halton Test (Monte Carlo)

*Group 1: Single dose vancomycin applied, Group 2: double dose vancomycin applied, 
Group 3: control group

Table 2. The statistical analysis results of the study group

Groups Perineural fibrosis Chronic Inflammation
Median (Min / Max) Median (Min / Max)

Group 1 (n=10) 0.10 (0 / 1) 0 (0 / 0)

Group 2 (n=10) 0.22 (0 / 2) 0 (0 / 0)

Group 3 (n=10) 0.10 (0 / 1) 0 (0 / 0)

Total (n=30) 0.14 (0 / 2) 0 (0 / 0)

P value 0.753 a 1 b

Kruskall Wallis H Test (Monte Carlo a / Exact b) / Min.: Minimum - Max.: Maximum. 
Group 1: single dose vancomycin applied, Group 2: double dose vancomycin applied, 
Group 3: control group

this drug. Besides, the widespread intravenous 
use of vancomycin can lead to the formation 
of vancomycin-resistant strains and thus 
threaten public health. However, vancomycin 
applied locally remains in a closed area for a 
long time and thus causes limited participation 
in the systemic circulation [9, 17]. It is thought 
that the drug reduces the side effect profile 
[11]. Therefore, local and prophylactical use of 
vancomycin has become widespread rapidly. 
The studies investigating the side effects of 
vancomycin powder have questioned new 

bone formation, hypersensitivity reactions and 
epidural fibrosis [5, 11]. Although peripheral 
nerve surgery and spine surgery are generally 
examined under the same heading, most of the 
local vancomycin powder studies in the literature 
have been conducted in the spine surgery area, 
and there are no studies on peripheral nerves 
[6, 10, 14, 15, 18]. Therefore, we investigated 
the effect of local vancomycin powder directly 
on the sciatic nerve in our study. 
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In this study, as a result of vancomycin 
powder administration and histopathological 
examination in 2 different groups in different 
doses, grade 2 fibrosis development was 
observed in 1 rat in group 2 and grade 1 fibrosis 
development was observed in 1 rat. The nerve 
dissection was conducted under an operating 
microscope to prevent the development of 
epidural fibrosis from surgical trauma. No 
grade 2 fibrosis was detected in groups 1 and 
3. Although there is no statistically significant 
difference in the degree of fibrosis observed 
between the 3 groups, we think that this result 
may be important. Detection of grade 1 fibrosis 
was detected in all 3 groups suggests that this 
may be due to surgical dissection.  However, the 
presence of grade 2 epidural fibrosis in group 2, 
even in only one experimental animal, suggests 
that a dose-dependent effect may be observed. 
Clippinger et al. [5] applied vancomycin 
powder locally to rats following laminectomy 
and investigated the development of epidural 
fibrosis in their experimental study. Although 
no statistically significant difference was found 
between the control group and animals with 
vancomycin powder administered, it was 
emphasized that the result might be different in 
a study group with more rats.

In our study, the presence of inflammation, 
as well as fibrosis, was investigated, and no 
findings of chronic inflammation were detected 
in histological examination in all 3 groups. In 
this context, we did not find any irritant effect of 
vancomycin powder in our study.

The strong aspect of our study is the first study 
on peripheral nerves. Secondly, vancomycin 
powder applied to the sciatic nerve spread over 
a very small anatomical area. Therefore, unlike 
the practice in spine surgery, speculations 
such as the wide distribution of the drug to the 
surgical field and loss of its effectiveness have 
been prevented. Besides, since there would 
be no exposure to the laminectomy process, 
the microtrauma to be created by the surgical 
procedure on the dura was limited.

The weak aspect of our study is that the 
number of animals included in the experiment 
population is few. Lastly, electron microscopy 
examination in the histopathological 
examination could have contributed in terms 
of examining tissue qualities in a more detailed 

way and evaluating especially the inflammation 
more accurately. 

In this experimental animal study, we 
found that fibrosis development did not differ 
significantly between the groups in rats 
administered with vancomycin powder. In this 
context, we think that it can be used especially 
in patients who undergo peripheral nerve repair 
to prevent adhesions and scar development in 
open and dirty injuries. We believe that more 
objective results can be obtained in further 
experimental studies with larger participation and 
more detailed histopathological examinations. 
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