JOURNAL OF

CONTEMPORARY MEDICINE

DOI:10.16899/jcm.1039032
J Contemp Med 2022;12(3):437-443

Journal of
Contemporary

Treatment of Peripheral Nerve Injury with Tension Stitch Method:
an Experimental Study

Gergi Dikisi Yontemi ile Periferik Sinir Yaralanmalarinin Tedavisi:
Deneysel Bir Calisma

Ali Sakinsel', ®Mert Sizmaz?, ©Lutfu Bas3

Department of Plastic Surgery, Private LeonArt Polyclinic, Istanbul, Turkey
2Department of Plastic, Reconstructive and Aesthetic Surgery, Kars Harakani State Hospital, Kars, Turkey
3Department of Plastic Surgery, Private Clinic, Istanbul, Turkey

Abstract

Objective: The aim of our study is to examine the tension stitch
method we use to prevent unwanted tissue deficiency between
the cut nerve endings in rats that will be kept waiting for secondary
neurorrhaphy.

Material and Method: 30 male Wistar Albino rats were randomly
divided into three groups. The right sciatic nerve was released
proximally from the sciatic nerve 1/3 bifurcation area in the first
and second groups and anastomosed with the tibial nerve in the
third group. After 4 weeks, the region was reopened, unhealthy
nerve endings were cut under the microscope, and secondary
neurorrhaphy was performed end-to-end.

Results: In the third experimental group, it was observed that there
was no change in the position of the tension stitches placed on the
distal and proximal ends of the sciatic nerve, and the nerve endings
adhered to the area where they were positioned by suture. At the
eighth week, it was observed that the rats that could not use their
right lower extremities in the preoperative and early postoperative
periods used their extremities more actively. At the twelfth week, it
was observed that the rats in all groups had complete recovery of
trophic disturbances and the animals started to walk better visually.

Conclusion: In our study, the electrophysiological and
histopathological data obtained at the eighth week and obtained
at the twelfth week were significantly better in the tension-stitched
group compared to the other groups, indicating that the best early
and late nerve healing was in this group.
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0z
Amag: Calismamizin amaci sekonder nororafiicin bekletilecek ratlarda
kesilen sinir uglari arasindaki istenmeyen doku eksikligini dnlemek icin

kullandigimiz gergi dikis ydontemini incelemektir.

Gereg ve Yontem: 30 adet erkek Wistar Albino rat randomize olarak ¢
gruba ayrildi. Sag siyatik sinir, birinci ve ikinci grupta siyatik sinirin 1/3
bifurkasyon alanindan proksimalde serbest birakilirken, G¢linct grupta
tibial sinir ile anastomoz yapildi. Dort hafta sonra bolge yeniden acildi,
mikroskop altinda sagliksiz sinir uglar kesildi ve ugtan uca sekonder

nororafi yapildi.

Bulgular: Uciincti deney grubunda siyatik sinirin distal ve proksimal
uglarina  konulan gergi dikislerinin  pozisyonunda herhangi bir
degisiklik olmadigi, sinir uclarinin sttur ile yerlestirildigi bolgeye
yapistigi gozlendi. Sekizinci haftada ameliyat oncesi ve ameliyat
sonrasi erken dénemde sag alt ekstremitesini kullanamayan ratlarin
ekstremitelerini daha aktif kullandiklar gérdldt. On ikinci haftada
tm gruplardaki ratlarda trofik bozukluklarin tamamen duzeldigi ve
hayvanlarin gorsel olarak daha iyi yiriimeye basladiklarr gorulda.

Sonu¢: Calismamizda sekizinci ve on ikinci haftada elde edilen
elektrofizyolojik ve histopatolojik veriler gergi dikisli grupta diger
gruplara gore anlamli olarak daha iyiydi, bu da en iyi erken ve geg sinir

iyilesmesinin bu grupta oldugunu géstermektedir.

Anahtar Kelimeler: Nororafi, gergi dikisi, sinir iyilesmesi, uctan uca
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INTRODUCTION

Traumatic injury, congenital anomalies and tumor destruction
are among the situations that can cause peripheral nerve
injury with serious consequences on quality of life. Since
1964, it has been clearly demonstrated that the outcome of
epineural anastomosis under magnification is better than
operative corrections,# which made microsurgical end-to-
end (ETE) neurorrhaphy the gold standard for nerve repair;?
however, in cases of extensive or long-standing injuries, ETE
nerve repair is nigh impossible. Other repair methods, such as
nerve grafting, nerve transfer and direct neurotization, have
been used as alternative procedures.*!

The mainstay of end-to-end nerve coaptation is to repair an
injured nerve by borrowing axons from an intact donor nerve
without damaging its function. Although it has been reported
for a long time that end-to-end neurorrhaphy attracts axonal
sprouts without damaging the donor nerve function,®'
its functional results remain unclear. Despite an increasing
number of studies, quantitative research assessing this topic
is limited and evidence is scarce concerning the early and late
impacts on donor nerves.'? As the potential role of end-to-
end nerve coaptation remains controversial, various authors
have discussed the theoretical foundations for applying the
method in the clinical setting.!'>"!

The gold standard treatment for peripheral nerve repair
is autologous nerve grafting with the aid of a surgical
microscope. Although this technique procures positive
outcomes, there are some disadvantageous factors associated
with the procedure, including limitation of the caliber, length
and area of the donor nerves, and the likelihood of secondary
morbidity."®'® In this sense, the tubularization technique has
been shown to be an appropriate and alternative method in
clinical practice, which is a method performed by fixing and
directing a tubular segment (of biological or synthetic origin)
between the stumps of the injured nerve.l**

The aim of our study was to examine the tension stitch method
which we use to prevent unwanted tissue deficiency between
the cut nerve endings, by utilizing a rat model with delayed
application of secondary neurorrhaphy.

MATERIAL AND METHOD

Thirty male young adult Wistar Albino rats weighing 223-300
g were randomly divided into three experimental groups. The
animals were allowed ad libitum access to standard rodent
chow and tap water. The living conditions were: temperature
was kept at 22+2 °C, humidity was 50+10 %, and the day-night
cycle was automated with lights on from 06:00 to 18:00. There
were no cases of wound infection during the experiment. In this
research, the data before 2020 was used and the research was
concluded before 2020. This study was prepared in accordance
with the 2013 Brazil revision of the Helsinki Declaration and
guidelines for Good Clinical Practice. Ethics committee approval
was not obtained because there was no ethical committee
approval obligation at the time of the study (1998).

The rats were randomized into three groups (1, 2 and
3). Anesthesia was applied with 5 pg/kg medetomidine
hydrochloride (Domitor, Orion Oyj, Espoo, Finland) and 750
pg/kg ketamine hydrochloride (Ketalar, Pfizer Oy, Helsinki,
Finland) before operations. In groups 1 and 2, the right sciatic
nerve was cut at the 1/3 bifurcation site and released (Figure
1). In group 3, the right sciatic nerve was cut in the same
fashion and each end was turned and fixed with consecutive
10-0 sutures (Nylon, S&T AG, Neuhausen, Switzerland) onto
surrounding muscles to prevent re-innervation (Figure 2).

Figure 2. In the third group, the sciatic nerve is cut and sutured to the
surrounding muscle fascia.

In all animals, the muscle layer and skin were closed with
respect to anatomical layers with 5-0 absorbable sutures
(Bondek Plus, Deknatel, TFX Medical Ltd., High Wycombe,
UK). In all animals, the muscle layer and skin were closed
with respect to anatomical layers with 5-0 absorbable sutures
(Bondek Plus, Deknatel, TFX Medical Ltd., High Wycombe, UK)
after each procedure. After 4 weeks, the region was reopened,
unhealthy nerve endings were cut under the microscope,
and secondary neurorrhaphy was performed end-to-end.
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In group 1, secondary neurorrhaphy was applied under the
present tension without grafting. In group 2, a Wild M3Z
microscope (Wild Leitz Ltd., Heerbrugg, Switzerland) was
used for secondary neurorrhaphy without grafting which was
performed with grafting. In group 3, primary neurorrhaphy
was applied although both nerve edges appeared to be
healthy, they were renewed minimally. At the eighth and
twelfth weeks after initial intervention, the right sciatic
nerves of the rats were evaluated electrophysiologically and
histopathologically in groups of five.

Perioperatively, animals were injected subcutaneously with
5 ml sodium chloride 9 mg/ml (Fresenius Kabi AB, Uppsala,
Sverige) to maintain fluid balance. The animals were given
a subcutaneous injection of 5 mg / kg carprofen (Rimadyl,
Vericode Ltd., Dundee, UK) as an analgesic drug for three
postoperative days.

Finally, animals were sacrificed by an overdose of ketamine
hydrochloride (Dopalen®) and Xylazine Hydrochloride
(Antisedan®) at postoperative week 12, and tissues were
obtained, including the soleus (SO) and extensor digitorum
longus (EDL) muscles.

Histological and Electrophysiological Examination

The SO and EDL muscle samples were reduced to cylindrical
pieces after resection and the Optimal Critical Temperature
Tissue-Tek® gel (OCT, Sakura Finetek, Torrance, USA) was
used for the subsequent snap-freezing via immersion in
liquid nitrogen. All frozen samples were stored at -80 °C until
analysis. Histological sections were obtained at -20 °C in a
Leica cryostat - Model CM 1850 and stained with Hematoxylin
and Eosin (HE) and Masson's trichrome for morphometric
analysis. Bioscience 10550 Kymograph, stimulator, Polygraph,
Pentium 75 computer, and electrodes were used for
electrophysiological examination.

Morphometric Analysis

Cross sectional area and minimum diameter: Images were
taken with an Olympus BX 50, a photomicroscope connected
to a computer, and three different areas of each sample
were photographed with a 20X objective. For morphometric
analysis, 220 muscle fibers of each animal were manually
measured via the Image Pro-Plus® 6.2 program (Media
Cybernetics, Bethesda, MD, USA); in addition, area and
minimum diameter were measured.

Connective tissue density: Using Masson's trichrome
staining, a photograph of the transverse cross-sectional area
of the entire muscle was taken using a 2X lens to measure
total area, and then a 20X lens was used to obtain an image for
the ProPlus® 6.2 software, in order for it to recognize Aniline
Blue. After the measurements, the percentage of connective
tissue in the muscle was calculated.

This study was produced from Dr. Ali Sakinsel's Specialization
Thesis in Plastic and Reconstructive Surgery numbered 70646,
which was presented and approved at Istanbul Sisli Hamidiye
Etfal Training and Research Hospital / Department of Plastic

and Reconstructive Surgery in 1998 (thesis title: Evaluation
of neurorrhaphy results with and without tension suture in
secondary nerve repairs)

Statistical Analysis

For statistical analysis of muscle weight, muscle fiber
morphometry, connective tissue morphometry and
functional index, groups were compared with analysis of
variance (ANOVA), and if this analysis detected a significant
difference, the Tukey test was used for pairwise comparisons.
A P-value of <0.05 was considered to demonstrate statistical
significance.

RESULTS

During the four-week period from the dissection of the right
sciatic nerves of the rats to the nerve repairs, the right leg and
feet of the rats were examined. Four rats in the first group, five
in the second group and five in the third group had ulcers
on their right feet. There were various degrees of trophic
disturbances in the lower extremities of all rats, and it was
observed that they could not use their right lower extremities
adequately while walking (Figure 3). Surgical wounds in
the incision sites healed without complications within 10 to
15 days in all animals. Fibrosis, lymphocytic infiltration, and
regeneration are graded up to 3 points. Besides myelination is
percent according to the first-order state.

Figure 3. Trophic disturbance in the right extremities of rats.

In the first and second groups, where the free nerve endings
were retracted in the distal and proximal directions, it was
found that these released nerve endings had adhered to
the surrounding muscles and fascia. The distal part of the
nerve was thinner and more fibrotic than the proximal part.
The nerve endings were further separated from each other
compared to the initial state, with around 5-6 mm of distance.
In the examination of both groups, while neuroma was found
in one rat in the first group, the surrounding muscle tissues
were healthy.

In the third experimental group, it was observed that there was
no change in the position of the tension stitches placed on the
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distal and proximal ends of the sciatic nerve, and the nerve
endings adhered to the area where they were positioned
by suture. In this group, the distal nerve section was thinner
and more fibrotic than proximal. In this group, the distance
between nerve endings remained within acceptable levels,
with around 1-2 mm of gap. Neuroma was observed in one
rat in this group.

Findings in Eighth and Twelfth Weeks After Repair

In the eighth week, in the first group, it was found that the
ulcers which had developed in four animals had healed
in three of them. In the second group, all of the ulcers (five
animals) had healed. In the third group, leg ulcers present in
five animals had healed in four, while the remaining rat suffered
from a loss of about 1/3 of the distal tip of the right foot. It
was observed that the rats, which could not use their right
lower extremities in the preoperative and early postoperative
periods, were able to use their extremities more actively in
the eighth week. By the twelfth week, it was observed that all
rats had complete recovery of trophic disturbances and their
gait had considerably improved. Average histopathological
evaluation results of the groups at the eighth and twelfth
weeks are shown in Table 1.

Table 1. Average histopathological evaluation results of the groups at the

eighth and twelfth weeks.

Groups Fibrosis  Myelination er:zﬂ?:;zt:c Regeneration
Group 1 3+\3+ 50%\56% 3+\3+ T+ \1+
Group 2 2+\3+ 67%\74% 2+\2+ 2+\2+
Group 3 1 \1+ 85%\95% 1+\1+ 3+\3+

Electrophysiological Results

Electrophysiological analyses were performed at the eighth
and twelfth postoperative weeks. The first group has a higher
score than the third groups and the second group has a higher
score than the third groups for OELD and OGLD(p<.001 and
p<.001) also the third group has higher than the second and
the second group higher than the first group amplitude(P
<0.001). In the first group, lymphocytic response prominence,
edema and the presence of sparse Schwann cells were noted,
andtherewasintensefibrosisin the sections. Distal myelination
and regeneration were limited, and the myelinated fibers
were found to be irregular (Figure 4a). In the second group,
it was observed that fibrosis and lymphocytic infiltration
were moderate, but edema was prominent especially in the
graft. Myelination and regeneration were moderate, and the
irregularity of myelinated fibers was noted (Figure 4b). In
the third group, fibrosis and lymphocytic infiltration were
relatively less prominent compared to the other groups,
and myelination and regeneration were better. Schwann
cells increased compared to other groups, and plasma
cells had appeared. Additionally, there was a good level of
vascularization (Figure 4c). Average -electrophysiological
evaluation results of the groups are shown in Table 2.

Wyt e g i

Figure 4a. The appearance of weak myelination and excessive fibrosis in the
sample taken from the distal of the sciatic nerve at the eighth week of the first
group. (H.E X 125).

Figure 4b. Moderate myelination and fibrosis appearance in the sample
taken from the distal of the sciatic nerve at the eighth week of the second
group. (H.E X 125)

Figure 4c. Good degree of myelination and less fibrosis in the sample taken
from the distal of the sciatic nerve at the eighth week of the third group. (H.E
X 125)

Table 2. Average electrophysiological evaluation results of the groups.

Groups Early La(:'e‘:)t Period II;::ieolaa(t;r;t) An}.r)‘:i‘t,t)xde
Group 1 4.4\3.6 8.2\8 33.7\41.7
Group 2 4\3.4 8\74 36.5\42.5
Group 3 2.6\2.2 2.6\5.2 44.8\54.1
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DISCUSSION

The aim of our study was to determine whether tissue
deficiency occurring between the injury (nerve cut) and
application of secondary neurorrhaphy can be prevented
by the tension stitch method in rats, and to assess the
histological and electrophysiological results of this approach
in order to determine whether it can provide better results in
terms of nerve healing and functions compared to alternative
applications in nerve tissue deficiency.

As a result of experimental and clinical studies, the superiority
of primary nerve repair over secondary repair is considered
indisputable.?'?? However, in cases where primary repair
cannot be applied, secondary nerve repair is required. The
problem encountered in secondary repairs is the fact that it
is exceedingly difficult to prevent deterioration in the nerve
tissue. According to Dellon et al. the reason for this problem
is associated with the excision of the damaged nerve section
and the shortening caused by elastic and fibrotic retraction.*

The main purpose in secondary repair is to obtain acceptable
axonal regeneration extending to the target organ by
eliminating the deficiency in the nerve tissue.?>2*>Especially
in high energy nerve traumas, nerve damage might continue
for several weeks at cellular level. Consequently, before final
nerve repair, waiting until the demarcation line becomes
apparentis crucial. For this purpose, some treatment methods
have been developed. Various methods, such as bone
shortening, transferring the nerve into a new bed, tense repair
or adding new tissue into the gap, have been proposed.’?2%
The use of surgical microscopy and the appropriate selection
of sutures and tools in has increased success in grafting
techniques.”>?! However, bone shortening is not used in
neurosurgery except for amputations. Additionally, releasing
the nerve from large areas and transferring it into a new bed
is still a controversial method because of its limited use and
the possibility of encountering supply problems in the nerve
tissue 28

It is therefore important to apply measures that can favor the
injured nerve during the time that will surpass until secondary
nerve repair. Finding ways to prevent the shortening of tissue
(due to elastic retraction) and the loss of nerve shifting ability
(due to fibrosis) are crucial steps in treatment.”>?”! In our
study, we used the tension stitch technique to prevent the cut
nerve endings from retracting back from their position and to
prevent the nerve tissue deterioration. We found that there
was no tension during the repair in rats whose nerve length
shortening was prevented by elastic retraction using the
tension stitch technique (group 3). In the repair of free nerve
endings of rats in the first and second groups, the length of
the nerve endings that retreated with elastic retraction was
shortened. The shear and stretching properties of the nerve
endings were also reduced due to fibrosis developing in the
surrounding and nerve tissue. Trehan et al. reported in their
article that elastic retraction and fibrosis led to deficiency in
nerve tissue and caused tension in secondary repairs.2¥

In our study, we divided the rats to be repaired four weeks
after their sciatic nerves were cut into three groups according
to the repair methods and the current tension. In the first and
second groups, we saw that the presence of around 5-6 mm
deficiency caused serious tension. We repaired the first group
under present tension, and the second group with graft in
order to remove the tension. In the third group, where tension
stitch was applied, we observed around 1-2 mm deficiency -
which did not create tension.

In the first group of rats in our study, the histopathological
studies performed at the eighth week showed that distal
myelination was low (50%), regeneration was poor, and fibrosis
was intense. In the twelfth week, it was found that the present
findings did not change much and the distal myelination
reached 56%. Additionally, suture granulomas, which we
attributed to foreign body reaction and tension, were added
to the picture. In the comparative analysis of histopathological
data with the other groups, it was seen that all data showing
nerve healing (except for fibrosis) were significantly worse
compared to other groups at the twelfth week.

In their systematic examination, Trehan et al. stated that, in
injuries with nerve repair under severe tension, excessive
fibrosis will occur in the suture line and axonal passage to
the distal part will be prevented.?® Our histopathological
findings in the first group were consistent with Trehan et al’s
findings. In electrophysiological studies performed in the
eighth and twelfth weeks, we found that the first group had
lower amplitude and longer latent periods compared to the
third group. As stated by Buena et al. and other researchers,
the increase in amplitude and shortening of the latent
period is a parameter that reflects nerve fiber thickness and
the state of excitable myelinated neural elements.?52%30
Electrophysiological findings in the first group were worse
compared to the third group in terms of both myelination
and nerve regeneration. The histopathological data of the
second group, which was repaired without tension (using
a graft), also indicated worse results compared to the third
group-in which the tension stitch method had been applied.
We attributed this to the excessive amount of fibrosis and the
inability of regenerated axons to pass completely from the
two neurorrhaphy lines to the distal nerve section.

Murphy et al. reported that the most common problem in
nerve grafting is the application of repair in two regions of
the nerve tissue and the necessity of crossing the regenerated
axons from two lines (instead of one) which will facilitate
fibrosis and might block axonal regeneration.*" The second
group in our study had worse results compared to the third
group, and, in the light of the available histopathological
data, we attributed this result to the excessive amount of
fibrosis and the presence of two neurorrhaphy lines. When
the electrophysiological data of this group in the eighth and
twelfth weeks were compared with the third group, it was
found that amplitude was significantly lower and the latent
periods were significantly longer, indicating worse function
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in the second group. Increase in amplitude and shortening of
the latent period are parameters that are accepted to reflect
nerve fiber thickness and the state of excitable myelinated
neural elements.”3% These findings show that the recovery of
nervous tissue in the third group of rats, which were repaired
without tension and had a single suture line, was better
than the other groups. It is important to reiterate that, at the
end of the fourth week, there was a nerve tissue deficiency
of approximately 5-6 mm in the first and second groups of
rats; whereas this deficiency was around 1-2 mm in the
third group. It was observed that the trophic disturbances
in rats until the fourth week improved over time after the
repair in all subjects. At the eighth and twelfth weeks, the
electrophysiological and histopathological data of the rats
were compared. Histopathological data revealed that the
third group had better myelination, better regeneration,
less lymphocytic infiltration and less fibrosis than the other
groups. Electrophysiological data of the group showed that it
had higher amplitude and shorter latent periods.

As the reason for these findings, we determined that the
tense repair in the first group increased connective tissue
proliferation and caused excessive fibrosis; therefore,
resulting in blockage of axonal passage to the distal nerve
section. In the second group, the presence of fibrosis and
double neurorrhaphy lines, although this group was repaired
without tension, lead to worse nerve healing than the third
group. Of note, late occurrence of fibrosis in the second
group (compared to the first group) did not prevent axonal
transition from the proximal to the distal nerve section in the
eighth week, and the second group provided a greater degree
of improvement compared to the first group. In the literature,
there are many studies that show stem cell based therapies
may enhance nerve healing by decreasing fibrosis and by
secreting nerve stimulating growth factors.®?33 These new
modalities have some ethical considerations in humans and
are highly expensive.

Histopathological and electrophysiological data of the third
group of rats were significantly better than other groups,
indicating that the best nerve healing was achieved in group
3. The deficiency between the ends after the nerve cuts is the
most common and difficult problem to solve in secondary
neurorrhaphy. However, we have seen that the tension stitch
method is able to reduce this deficiency and can positively
affect nerve healing by preventing tension during repair.

CONCLUSION

The electrophysiological and histopathological data
obtained in the eighth and twelfth weeks of our study were
significantly better in the tension-stitched group compared
to the other groups, indicating that nerve healing can be
increased with this approach when performing secondary
neurorrhaphy.
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