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Abstract
In this study, histologic and electromyographic (EMG) evaluation of neuroregenerative effect of stromal vascular fraction (SVF) following periferal nerve 
anastomosis was aimed. Totally, 31 Wistar Albino, male rats (weighing about 300 g) were studied, and these rats were grouped according to surgical 
techniques performed on the right sciatic nerve: group I (GRI) micro suture (n=7), group II (GRII) micro suture + SVF (n=7), group III (GRIII) fibrin glue (n=7) and 
group IV (GRIV) fibrin glue + SVF (n=7). Fat tissue was taken from 3 rats to prepare SVF, and SVF was produced by non-enzymatic method. The left sciatic nerve 
of all rats was evaluated for EMG as control. Under general anesthesia, after transversal incision of the sciatic nerve, microsurgical epineural repair technique 
was performed with 10/0 nonabsorbable suture. EMG examinations were performed in terms of conduction rate, amplitude, distal latency and spontaneous 
muscle activity at 0th day and postoperative (PO) 1st and 8th weeks. EMG results between and within the groups were statistically evaluated by one-way 
analysis of variance. Rats in all groups were sacrificed by decapitation at PO 8th week and histological examinations of the sciatic nerves were performed 
following preparation of the neural tissues. EMG examination results showed the highest nerve conduction in GRI, the highest amplitude in GRIII, normal 
latency in GRII and longer distal latency in GRIV at PO 8th week. Amplitude and conduction velocity increased gradually in all groups. In needle EMG, the best 
muscle membrane stabilization was achieved in GRII and GRIV at PO 8th week. Statistically, the values of amplitude, distal latency, conduction velocity, and 
spontaneous muscle activity were found to be at normal levels at PO 8th week in all groups (P>0.05). In the histological results, although fibroconnective 
tissue reactions in the anastomosis area had similar scores in GRII and GRIV, maximum fibroconnective tissue reaction and the best axonal regeneration was 
seen in GRI and GRIII, respectively. In addition, GRI and GRII had the most inflammatory cells accumulation in the suture region, and less inflammatory cells 
were seen in the anastomosis area of GRIII and GRIV. As a conclusion, fibrin glue presents good electrophysiological and histological results; however, it is 
clear that local SVF usage on the nerve anastomosis area can be a good choice to decrease fibroconnective tissue reaction and inflammation.
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Nöroanastomoz Sonrası Stromal Vasküler Fraksiyonun Nörorejeneratif 
Etkisinin Histolojik ve Elektromiyografik Değerlendirilmesi

Öz
Bu çalışmada, periferal sinir anastomozunu takiben stromal vasküler fraksiyonun (SVF) nörorejeneratif etkisinin histolojik ve elektromiyografik (EMG) 
değerlendirilmesi amaçlandı. Toplamda, 31 Wistar Albino, erkek sıçanda (yaklaşık 300 gr ağırlığında) çalışıldı ve bu sıçanlar sağ siyatik sinirde uygulanan 
cerrahi tekniklere göre gruplandı: grup I (GRI) mikro dikiş (n=7), grup II (grup GRII) mikro dikiş + SVF (n=7), grup III (GRIII) fibrin yapıştırıcı (n=7) ve grup IV 
(GRIV) fibrin yapıştırıcı + SVF (n=7). SVF’yi hazırlamak için 3 sıçandan yağ dokusu alındı ve SVF, enzimatik olmayan bir yöntemle üretildi. Bütün sıçanların 
sol siyatik siniri EMG için kontrol olarak değerlendirildi. Genel anestezi altında, siyatik sinirin transversal ensizyonundan sonra 10/0 emilemeyen dikiş ile 
mikrocerrahi epinöral onarım tekniği uygulandı. EMG muayeneleri, 0. günde ve postoperatif (PO) 1. ve 8. haftalarda iletim hızı, amplitüt, distal latans ve 
spontan kas aktivitesi açısından yapıldı. EMG bulguları istatistiksel olarak gruplar arası ve grup içi tek yönlü varyans analizi ile değerlendirildi. Tüm gruplardaki 
sıçanlar PO 8. haftada dekapitasyon ile sakrifiye edildi ve sinir dokularının hazırlanmasından sonra siyatik sinirlerin histolojik incelemeleri yapıldı. EMG 
muayene sonuçları, GRI’de en yüksek sinir iletimini, GRIII’te en yüksek amplitütü, GRII’de normal latansı ve GRIV’te ameliyat sonrası 8. haftada daha uzun distal 
latansı gösterdi. Amplitüt ve iletim hızı, tüm gruplarda kademeli olarak arttı. İğne EMG’de, en iyi kas zarı stabilizasyonu PO 8. haftada GRII ve GRIV’te sağlandı. 
İstatistiksel olarak amplitüd, distal latans, ileti hızı ve spontan kas aktivitesi değerlerinin tüm gruplarda anlamlı olarak PO 8. haftada normal değerlerde 
olduğu görüldü (P>0.05). Histolojik sonuçlarda, anastomoz alanındaki fibrokonnektif doku reaksiyonları GRII ve GRIV’te benzer skorlara sahip olsa da, 
maksimum fibrokonnektif doku reaksiyonu ve en iyi aksonal rejenerasyon sırasıyla GRI ve GRIII’te görülmüştür. Ek olarak, GRI ve GRII dikiş bölgesinde en 
fazla enflamatuar hücre birikimine sahipti ve GRIII ve GRIV’ün anastomoz alanında daha az enflamatuar hücreler görüldü. Sonuç olarak, fibrin yapıştırıcısı iyi 
elektrofizyolojik ve histolojik sonuç sunar; ayrıca sinir anastomoz bölgesinde lokal SVF kullanımı fibrokonnektif doku reaksiyonu ve enflamasyonu azaltmak 
için iyi bir seçim olabileceği açıktır.

Anahtar sözcükler: Elektromiyografi, Histoloji, Nöroanastomoz, Sıçan, Stromal vasküler fraksiyon

 Correspondence
 +90 224 2940841
 hsalci@uludag.edu.tr

Kafkas Universitesi Veteriner Fakultesi Dergisi
ISSN: 1300-6045 e-ISSN: 1309-2251

Journal Home-Page: http://vetdergikafkas.org
Online Submission: http://submit.vetdergikafkas.org

Research Article
Kafkas Univ Vet Fak Derg
26 (4): 483-490, 2020
DOI: 10.9775/kvfd.2019.23576



484
Histologic and Electromyografic Evaluation of ...

INTRODUCTION

Peripheral nerve regeneration after surgical repair of nerve 
tissue is a complex process that continues as molecular 
healing. Neurorrhaphy, tissue adhesives, and grafting 
are the routine techniques of nerve anastomosis [1,2]. 
Neurorrhaphy is the most common choice, especially in 
situations where tension-free nerve endings are attached [1-7]. 
Fibrosis, adhesion neuroma and glioma formation after 
neurorrhaphy has a negative effect on nerve healing [1,4,5]. 
Because of the negative effects of neurorrhaphy on healing, 
tissue adhesives have been developed as an alternative [1,2,8] 

and fibrin glue, which is used for neural anastomosis, reduces 
local inflammation and fibrosis and provides neurotropic 
factors [2,6,9-11]. However, fibrin glue has been shown to 
inhibit local axonal regeneration by increasing local scar 
tissue formation and thus its usage has been limited [6,9].

In recent years, cell-based therapy techniques have been 
applied in the field of regenerative medicine. Stromal 
vascular fraction (SVF) obtained from adipose tissue is also 
among these treatment techniques [12-15]. SVF is a rich cellular 
source containing preadipocytes, mesenchymal stem cells, 
endothelial progenitor cells and adipose tissue-derived 
macropages [5,12,14,16-18]. SVF, composed of heterogeneous 
cell groups, contributes to nerve regeneration with its 
angiogenic and immunosuppressive effects [17,19]. Therefore, 
SVF has many indications such as lipotransfer, cardiac 
diseases, diabetes-related complications, nerve regeneration 
and burn wounds [12,14,16,17]. In addition, SVF is used as 
uncultured adipose-derived stromal cells and has advantages 
such as rapid derivation and reduction in transplantation, 
economize and reducing the risk of cell culture [5,13,20-23]. 

On the basis of the literature information given above, using 
histological and electromyographic (EMG) examinations, 
this presented study aimed to investigate the neuro- 
regenerative effect of locally applied SVF in neuro-
anastomosis following suture and fibrin glue after sciatic 
nerve transection.

MATERIAL and METHODS

Animals and Grouping

This study was approved by Bursa Uludag University 
Animal Experiments Local Ethics Committee (Decision no: 
2019-03/07).

The materials of the study consisted of 31 adult (n=31) 
Wistar Albino male rats weighing approximately 300 
grams. All rats were allowed to illuminate for 12 h daytime 
and 12 h nighttime with an average temperature of 22°C, 
and the rats were fed ad libitum. Rats were randomly 
selected for the study groups. The study was performed 
on the right sciatic nerve: group I (GRI) micro suture (n=7), 
group II (GRII) micro suture + SVF (n=7), group III (GRIII) 
fibrin glue (n=7) and group IV (GRIV) fibrin glue + SVF 

(n=7). Fat tissue was taken from 3 rats to prepare SVF. The 
sciatic nerve of the left extremity of all rats was evaluated 
for EMG examination as control. 

Experimental Procedure

The microsurgical procedure was performed under general 
anesthesia in accordance with the rules of asepsis and 
antisepsis. Xylazine HCl (9 mg/kg, IM) (Alfazine®, Egevet, 
Turkey) was used as preanesthetic and ketamine HCl (50 
mg/kg, IM) (Alfamine®, Egevet, Turkey) was administered 
for induction. The sciatic nerve on the right extremity of 
the rats was reached by lateral approach. Transversal incision 
was made with scalpel one cm proximal to the bifurcation 
of the nerve. The surgical loop was used during the operation 
for magnification, so that the micro-imaging and nerve 
endings were confronted. In GRI and GRII, four micro sutures 
were applied by epineural repair technique using 10/0 non- 
absorbable suture material (Ethicon®, USA) (Fig. 1-A). After 
the suturing procedure in GRII, the SVF prepared before 
the surgical procedure was absorbed into the surgicel 
(Ethicon®, USA) and delivered to anastomosis area locally 
(Fig. 1-B). After transection in GRIII and GRIV, nerve endings 
were adhered with 4 mL fibrin glue (Tisseel®, Baxter, Austria) 
(Fig. 1-C). After adhesion of nerve endings in GRIV, SVF 
impregnated with surgicel (Ethicon®, USA) was applied 
locally (Fig. 1-D). After the procedures applied to the nerves 
in all groups, the surgical site was routinely closed.

In the postoperative (PO) period, meloxicam (1 mg/kg, IM) 
was used once daily for three days and enroflaxacin (10 
mg/kg, IM, qd) was used for a week to all rats. All groups 
were sacrificed by decapitation at PO 8th weeks.

EMG Procedure

To assess functional nerve healing, EMG examination was 
performed at 0th day and PO 1st and 8th weeks using Medtronic 
Dantec Keypoint 4 EMG (Bourgogne, France). For the motor 
conduction velocity examination of the sciatic nerve, supra- 
maximal stimulation was given by monopolar needle 
electrodes from the back of genu and acetabulum. The 
ground electrode was placed between stimulator and 
recording electrode. The compound muscle action potential 
(CMAP) was recorded from gastrocnemius muscle. Distal 
latency, amplitude and nerve conduction velocity were 
evaluated. In needle EMG, tibialis cranialis muscle and 
gastrocnemius muscle, at 0.2 mV and 10 ms/D, spontaneous 
muscle activity was examined with concentric needle 
electrodes. Spontaneous activity of the muscles examined 
as reported previously [24]; +1: sparse fibrillation potentials 
or positive sharp waves, +2: fibrillation potentials or 
positive sharp waves in multiple sites in a muscle, +3: 
abundant spontaneous activity, +4: significant fibrillation 
potentials or positive sharp waves to fill the screen. 

Collection of Adipose Tissue and SVF Preparation Protocol

For SVF preparation, the fat tissue was taken of the inguinal 



485

ACAR, ÇERÇİ, KHEZRI, ÇETİN, CANATAN, ŞEN, ASLAN
ALTINCI SARIL, MEKİK TEMİZ, TAŞKAPILIOĞLU, ERDOST, SALCI

region under general anesthesia from three rats. In total, 
2.898 g of clean adipose tissue was harvested from the 
animals. Non-enzymatic SVF method (mechanic) was 
performed as described previously [25]. The adipose tissue 
was cut into small pieces then sterilized with alcohol for 
2 sec in 50 mL falcon tube. Subsequent adipose tissues 
were washed with Dulbecco’s phosphate buff ered saline 
(D-PBS) separately performed in sterile petri dish. Adipose 
tissue samples was removed from D-PBS, placed into the 
100 mm2 petri dish and cut into the more small pieces 
(1-2 mm2) for mincing process [26]. After this mincing 
process, 1.5 g of fat tissue + 1.5 mL of 0.08% isotonic 
content were added to 2 centrifuge tubes (15 mL volume). 
The centrifugation was carried out at 3500 rpm, 4°C for 4 
min. After the supernatant was discarded, the pellet was 
filtered with 70-micron filter to use SVF. The 100 µL volume 
of fresh SVF was injected by insulin syringes into nerve 
anastomosis area of the rats. 

Histological Procedure

After decapitation, nerve was quickly collected; soft tissues 
were removed from the nerve surfaces, and cut into small 
pieces. Specimens were fixed in 10% neutral buffered 
formalin for 3 days. When the fixation was completed, 
specimens were rinsed in water briefl y. After dehydration 

in 70% ethanol, 80% ethanol, 96% ethanol, and absolute 
ethanol, specimens were embedded in paraffin wax and 
than 6-7 µm thickness tissue sections were cut and stained 
with Crossman’s triple staining method [27]. Histology 
sections were examined microscopically (Nikon® Eclipse 
80i Microscope, Netherlands). Photographs were taken with 
a camera (Nikon® Ds Camera Control Unit DS-L1, Japan).

The nerve regeneration was evaluated by nerve fiber 
alignment and fibrous tissue reaction in each section. To 
evaluate the axonal regeneration, fiber alignment of nerve 
was scored semiquantitatively: (+) weak, (++) moderate, 
(+++) strong, (++++) very strong. The fibrous tissue 
reaction in the lesion area, all slides were scored as no 
collagen and/or connective tissue (−), weak (+), moderate 
(++) and strong (+++) by two researchers in a blind manner. 
The analysis was performed as reported previously [28].

Statistical Evaluation

Statistical analyzes were done in SigmaStat verison 
12.5 program (GmBH®, Germany). One-way analysis of 
variance (ANOVA) repeated measures test was used to 
compare electromyographic findings within and between 
groups. The results were evaluated at P<0.05 significance 
level. 

Fig 1. Intraoperative view of the procedures 
applied in GRI (A), GRII (B), GRIII (C) and 
GRIV (D)
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RESULTS

The operation wound of all rats recovered without any 
complications and all rats survived until the end of the 
study. Nerve transection revealed right posterior limb 
paralysis in all rats which was evident in PO 1st week.

EMG Results

In GRI; conduction velocity was 31.6±1.6 m/s at PO 1st week 
and 71±5.8 m/s at PO 8th weeks. Amplitude was 0.6±0.5 mV 
at PO 1st week and 5.7±1.4 mV at PO 8th weeks; the distal 
latency was 4.95±0.05 ms at PO 1st week and 1.4±0.2 ms at 
PO 8th week. The amplitude, distal latency and conduction 
velocity were found to be increased when the values of 
PO 1st and 8th week were compared. Compared with the 
left extremity for control, conduction velocity was close to 
normal values at PO 8th weeks, but amplitude was lower 
than normal value and distal latency was longer. In needle 
EMG, severe fibrillation and positive sharp waves were 
observed in PO 1st week, denervation potentials became 
stable in PO 8th week. 

In GRII, conduction velocity was 37.1±7.4 m/s in PO 1st

week and 53±7.9 m/s in PO 8th week. The amplitude was 
3±1.5 mV at PO 1st week and 4.1±0.7 mV at PO 8th week; 

distal latency was 1.7±0.6 ms at PO 1st week and 1.1±0.1 ms 
at PO 8th week. When compared with control, conduction 
rate and amplitude were significantly lower than normal 
value and distal latency was longer than normal. In needle 
EMG, severe fibrillation and positive sharp waves were 
observed in the PO 1st week, denervation potential was 
stable in many rats individually at PO 8th weeks.

In GRIII; conduction velocity was 59.2±7.5 m/s in PO 1st

week and 68.3±3.1 m/s in PO 8th week. Amplitude was 
1±0.5 mV at PO 1st week and 6.6±1.5 mV at PO 8th weeks; 
the distal latency was 1.3±0 ms at PO 1st week and 1.4±0.4 
ms at PO 8th week. When compared to left extremity as 
control, conduction velocity was found to be close to 
normal value. Severe spontaneous activity was observed 
in needle EMG at PO 1st week. Fibrillation and positive 
sharp wave potentials decreased to the minimum and 
muscle membrane was stable at PO 8th weeks.

In GRIV; the rate of conduction was 39.1±8.2 m/s at PO 1st

week and 52.7±9.3 m/s at PO 8th weeks. The amplitude was 
1.4±0.3 mV at PO 1st week and 3.4±0.8 mV at PO 8th weeks; 
the distal latency was 1.6±0.4 ms in PO 1st week and 2.5±1.6 
ms in PO 8th week. When compared to left extremity as 
control, conduction velocity and amplitude were lower 
than normal value and distal latency was longer than 

normal. Severe spontaneous activity was
observed in needle EMG at PO 1st week. It 
was observed that fibrillation and positive 
sharp wave potentials minimized and 
membrane stability was not achieved in 
many rats at PO 8th week.

Graphical changes in amplitude and 
conduction velocities of all groups at 0th

day and PO 1st and 8th weeks were shown 
in Fig. 2.

Histological Results

Macroscopically, color change and thinning
of the anastomosis area was observed in 
all groups. In GRI and GRII, suture materials 
were observed in the anastomosis area. 
Longitudinal continuity in the sciatic 
nerve was seen in all rats of all groups. 
Separation of the distal and proximal 
nerve segments and adherence of the 
segments to muscle tissues were not 
observed. During the study, ototomy was 
observed in one rat in GRII and four rats 
in GRIII.

Histological assessments are given in 
Table 1.

Regeneration of Ischiadic Nerve: Axonal 
regeneration and fiber alignment were 
found to be better in GRIII compared 

Histologic and Electromyografi c Evaluation of ...

Table 1. Score results of axonal regeneration of sciatic nerve

Parameter of Histologic 
Evaluation

GRI GRII GRIII GRIV

Fiber alignment ++ + +++ ++

Fibrous tissue reaction 
(anastomosis area) +++ ++ + ++

Fiber alignment: (+) weak, (++) moderate, (+++) strong, (++++) very strong; Fibrous connective 
tissue reaction: (-) no collagen; (+) collagen and/or connective tissue between fibers; (++) 
connective tissue that partially interrupts fiber passage; (+++) connective tissue that totally 
interrupts fiber passage

Fig 2. EMG examination results of all groups
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to the other groups (Table 1, Fig. 3-C). In GRIII, less 
fibroconnective tissue reactions were determined (Fig. 
3-C), and maximum fibroconnective tissue reactions 
were observed in GRI (Fig. 3-A). Fibroconnective tissue 
reactions in the anastomosis area had similar scores (++) 
in GRII (Table 1, Fig. 3-B) and GRIV (Table 1, Fig. 3-D). A 
significant decrease in fiber alignment was observed due 
to increased density of fibrous connective tissue reaction 
(Fig. 3-A). Furthermore, it was found that the fiber alignment 
was partially and completely interrupted in GRI (Fig. 3-A). 
There was a considerable connective tissue reaction in 

the perineural area of all groups compared with the 
controls. When the infl ammation of the nerve fibers was 
examined, it was seen that GRI and GRII had the most 
infl ammatory cells in the sutured area (Fig. 4), and less 
inflammatory cells were observed in GRIII and GRIV 
(Fig. 3-C,D).

Statistical Results

The statistical comparisons of amplitude, distal latency, 
conduction velocity, and needle EMG results are detailed 
in Table 2 and Table 3.
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Fig 3. Longitudinal histologic section of 
GRI (A), GRII (B), GRIII (C) and GRVI (D): 
experimental groups. Fibroconnective tissue 
reactions (*); decrease of fiber alignment 
and interruption-suture area (arrows); Triple 
stain, Bar 100 µm

Fig 4. Longitudinal histologic section. * High density of 
infl ammatory cells observed in GRI; Triple stain, Bar 25 µm
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In the Evaluation of Nerve Conduction Velocity

Amplitude Values: The decrease in the amplitude values 
of GRI and GRIV at PO 1st week was significant within 
the group comparison (P<0.05), it was close to normal 
values in GRI, GRII, GRIII at PO 8th week but there was no 
statistical significance (P>0.05). In the GRIV, the PO 8th 
week, amplitude value was not close to values of day 0 
(P<0.05). There was no significant difference in the 8th 
week amplitude values between the groups (P>0.05).

Distal Latency: In the groups comparison, a significant 
difference was found between values of day 0 and PO 1st 
week of GRI, GRII and GRIII (P<0.01). In the PO week 1, GRI 
had a significant difference between the other groups 
(P<0.01), and there was no significant difference between 
the groups at PO week 8 (P>0.05).

Conduction Velocity: There was a significant difference 
in the comparison of GRI, GRII and GRIV within the group 
(P<0.01). In the comparison between the groups, no 
significant difference was determined between the PO 8th 
week values (P>0.05).

In the Evaluation of the Needle EMG

The increase in spontaneous activity of tibialis cranialis 
and gastrocinemius muscles at PO 1st week was found 
to be significant within grup evaluations of all groups 
(P<0.001). At PO 8th week, decrease in spontaneous activity 
of tibialis cranialis muscle was significant in GRI, GRII and 
GRV (P<0.001). While spontaneous muscle activity of 

gastrocnemius was significant only in the GRI at PO week 1 
(P<0.001), it was statistically significant among all groups 
at PO 8 week (P>0.05).

DISCUSSION

In peripheral nerves, morphological and cellular changes 
occur in the nerve fragments as a result of partial or 
total damage [7,11]. The success of peripheral nerve repair 
depends on the density of regenerated axons and 
prominent regenerating myelin at the junction along 
with regenerating axons [11,29]. From past to present, many 
methods have been used to achieve optimal functional 
recovery in nerve regeneration [10,30]. Among these methods, 
micro suture technique is frequently preferred [3,5,8,31]. 
Epineural and perineural techniques provide better contact 
between nerve segments in nerve repair and cause nerve 
fibers to deteriorate and become more traumatized [8,9,11,31,32]. 
However, fibrin glue is an atraumatic technique that does 
not have foreign body effects on the nerve [31,32] and also 
reduces inflammation and fibrosis [8,10,32]. Fibers in fibrin 
glue-repaired nerves generally extend parallel to the axis, 
whereas suture-repaired nerves are known to interfere 
with axonal growth during regeneration [9,10,32]. In addition, 
suturing can prevent blood circulation by compressing the 
fascicles [11,32]. 

Thus, there is still a controversial statement, which surgical 
technique is ideal for peripheral nerve repair [10,31]. In this 
presented study, neuroanastomosis was performed in the 

Histologic and Electromyografic Evaluation of ...

Table 3. The mean and standart errors (SE) and also statistical analysis results of the needle EMG values in groups

Group

Tibialis cranialis muscle
Mean±SE

Gastrocnemius muscle
Mean±SE

0. day 1. week 8. week 0. day 1. week 8. week

GRI 0±0aA 4±0b***A 2±0c***A 0±0aA 4±0b***A 1±0b***A

GRII 0±0aA 3±0.3b***A 0.6±0.3abA 0±0aA 3±0.2b***B* 0.8±0.3c***A

GRIII 0±0aA 3±1b*A 0.5±0.5abA 0±0aA 3±0b**B* 0±0aA

GRIV 0±0aA 2.4±0.3b***A 1±0.2c***A 0±0aA 3±0b***B* 0.8±0.1c**A

* P<0.05, ** P<0.01 and *** P<0.001; Within groups: Same letters (a, b and c) in the same line are not statistically significant (P>0.05); Between 
groups: Same letters (A and B) in the same column are not statistically significant (P>0.05)

Table 2. This table points out the nerve conduction study values of the groups

Group

Amplitude (mV)
Mean±SE

Distal Latency (ms)
Mean±SE

Conduction Velocity (m/s)
Mean±SE

0. day 1. week 8. week 0. day 1. week 8. week 0. day 1. week 8. week

GRI 11.3±1.6aA 0.6±0.5b**A 5.7±1.4abA 1.0±0.3aA 4.9±0.0b**A 1.4±0.2aA 71.8±5.1aA 31.6±1.6b**A 71±5.8aA

GRII 8.5±2.1aA 3±1.5b*A 4.1±0.7abA 0.8±0.1aA 1.7±0.6b**B** 1.1±0.1b*A 70.5±2.6aA 37.1±7.4b**A 53±7.9abA

GRIII 9.3±2.6aA 1±0.5aA 6.6±1.5aA 0.5±0aA 1.3±0.0b*B** 1.4±0.4abA 70.3±9.7aA 59.2±7.5aA 68.3±3.1aA

GIV 7.7±1.6aA 1.4±0.3b**A 3.4±0.8b**A 0.8±0.1aA 1.6±0.4B** 2.5±1.6aA 69±3.6aA 39.1±8.2b**A 52.7±9.3aA

* P<0.05, ** P<0.01 and *** P<0.001; Within groups: Same letters (a, b and c) in the same line are not statistically significant (P>0.05); Between 
groups: Same letters (A and B) in the same column are not statistically significant (P>0.05)
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sciatic nerve using epineural micro suture and fibrin 
glue repair techniques. And the local effect of SVF on 
nerve regeneration, following to nerve repairement, was 
investigated by PO EMG examinations and nerve histology 
study, which was determined as 8 weeks based on axonal 
re-growth and functional regeneration time, as reported 
previously [33,34]. 

In comparative studies with fibrin glue and epineural repair, 
there is no detail in which the superiority was reported with 
histological findings [11,32]. It has been reported that fibrin 
glue may cause compression of the nerve by causing 
connective tissue reaction [11]. However, Breshah et al.[2] 
and Rafijah et al.[6], have been reported that fibrin glue 
has no negative effect on nerve regeneration and may 
even be functionally alternative to epineural suture repair. 
In addition, fibrin glue applied for neural anastomosis 
has better functional return and has superiority electro-
physiologically [35,36]. In this study, there was a reduction 
in the continuity of the axons in group applied only micro 
suture. Moreover, comparing to the suturing groups 
(GRI and II), fibrin glue (GRIII) presented better electro-
physiological results, and minimal inflammatory reaction 
and fibrosis on the anastomosis site of the nerve in 
histological evaluation. 

The effect of SVF on nerve regeneration is not fully under-
stood, but stromal, multipotent and hematopoietic cell 
populations are known to contribute to regeneration. 
It is also reported that regenerated axons heal faster 
and myelinated fibers have larger diameters [17]. Local 
neuroprotective effect of SVF was reported in diabetic 
rats [9]. In a nerve graft study, regeneration is better in SVF 
filled vein grafts and these grafts can be used in peripheral 
nerve regeneration instead of autologous nerve graft [15]. 
Mohammadi et al.[22] has been reported that SVF has 
favorable effects on nerve regeneration histologically. In 
SVF groups (GRII and GRIV) of this study, the inflammation 
was significantly minimal. Furthermore, SVF showed less 
fibroconnective tissue reaction compared to the group 
where only micro sutur was applied, and it was considered 
as an important result of reducing the fibrous tissue 
reaction of SVF.

Electromyografic examination provides important infor-
mation for the determination of axonal regeneration and 
functional recovery after surgical repair of peripheral 
nerves [37]. In addition, Sta et al.[38], has been stated that 
the electrophysiologic evaluation is very sensitive in early 
stage nerve regeneration. Amplitudes, an indicator of 
regenerated axon count [7,9,19,32], increased gradually in all 
groups at PO 8th weeks. As informed by Martins et al.[39], the 
highest amplitude was determined in fibrin glue group 
(GRIII) at PO 8th week. The absence of statistical significance 
in amplitude values of GRIII during the study was 
interpreted that fibrin glue had a positive effect on nerve 
regeneration. CMAP latencies are also indicative of nerve 
conduction velocity and correlate with the level of axonal 

myelination and nerve regeneration. Low distal latency is 
revealing of higher conduction velocity and recovery [9]. 
Comparing to the and 8th week distal latency values of 
the groups, there was the longest distal latency in micro 
suture group at PO 1st week, which could be indicative for 
demyelinisation; however, the closest distal latency value 
was determined in micro suture plus SVF group (GRII) at 
PO 8th week. In the comparison between the groups, the 
message speed reached normal values in the 8th week EMG 
examination of all groups and there was no statistically 
significant difference between them (P>0.05). 

Needle EMG is performed in the target organ muscles in 
order to evaluate reinnervation [7]. Electrophysiological 
methods have been reported to be the best indicator of 
nerve healing in the period from nerve repair to muscle 
re-innervation [28]. In addition, the fibrillation potentials 
used in clinical routine and the numerical evaluation scale 
of positive sharp waves ranging from +1 to +4 provide 
semi-measurable results about denervation in muscles [24]. 
In needle EMG, there was serious denervation potential 
in all groups at PO 1st week, but this activity decreased 
until the end of the study period, but the muscles were 
not completely stable. In the evaluation of spontaneous 
muscle activity, it was determined that gastrocnemius 
muscle activity was higher in the GRI at PO 1st week 
compared to the other groups (P<0.001), but there was 
no significant difference between the groups at the PO 
8th week (P>0.001). The best recovery was the fibrin glue 
group as a result of semi-quantitative evaluation in parallel 
with histological findings. Muscle membrane stabilization 
was faster in SVF groups in the evaluation of re-innervation. 
Also, the fact that the potential for denervation in the 
groups using SVF started to decrease earlier may mean 
that SVF can contribute to renervation.

In conclusion, considering the presented study data, fibrin 
glue offers the best electrophysiological and histological 
results; SVF has been shown to reduce fibroconnective 
tissue reaction and inflammation, and may contribute 
to renervation by creating electrophysiological early 
denervation potential. Therefore, it is clear that SVF can be 
a potential alternative to the use of stem cells and growth 
factors.
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