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The purpose of this study was to investigate and to compare the healing effects of microsuturing to that of tissue adhesives (Tiseef®) 
in anastomosing peripheral nerve incisions. Assessments of the healing processes were demonstrated by using 1) electromyography 
(EMG), 2) measuring the electrical responses of the anastomosed nerves after electrical stimuli, 3) histopathologically. In the control 
group of rats, bilateral sciatic nerves were explored but no incision was made. In the first experimental group, bilateral sciatic nerves 
were incised and end-to-end anastomosing was performed by microsuturing the epineurium. In the second experimental group, tissue 
adhesive (Tiseef®) was used in anastomosing the sciatic nerve cuts. After one month, EMG assessments were performed in all rats. 
After EMG measurements, bilateral sciatic nerves were explored at the site of anastomoses and 2 cm lengths were biopsied at both 
sites. Immediately after, the electrical responses of the dissected nerves were measured. Finally, histopathological assessment were 
performed using a light microscope. According to the EMG findings, statistical analysis showed that the Tiseel group was the closest 
in the healing process to the control group. After applying the electrical stimuli to the dissected nerves, the nearest resistance value to 
the control group was found to be in the Tiseel group. The histopathological examinations showed higly degenerative nerve bundles 
and prominent foreign body granuloma at the anastomosed sites of the microsutured group. The granulomatous inflammation was 
much less observed in the Tiseel group. The healing effect of Tiseel was found to be superior to that of microsuturing as demonstrat­
ed by the findings of EMG, electrical responses of the anastomosed nerves and histopathological examination. 
[Turk J Med Res 1996; 14(2):42-47] 
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P e r i p h e r a l ne rve repai r h a s b e c o m e a spec i f i c b ranch o f 
neurosurgery , with the suppor t of deta i led in format ion 
abou t the ne rve u l t rastructure, the a d v a n c e m e n t in surg i ­
ca l m e t h o d s us ing a t raumat ic t e c h n i q u e s , and with surg i ­
ca l ins t ruments w h i c h have b e e n spec i f i ca l l y d e s i g n e d 
for ne rve repa i r (1). A great a m o u n t of p rog ress has o c ­
cu r red by us ing m ic rosu rg i ca l t e c h n i q u e s in the repair o f 
per iphera l ne rve injur ies. In o rder to obta in a better re­
gene ra t i on in the per iphera l ne rve cuts , seve ra l au toge ­
n o u s mater ia ls s u c h a s v e s s e l , f a s c i a , du ramete r and 
syn the t i c mater ia ls s u c h as c o l l a g e n o u s tubes have b e e n 
u s e d to a n a s t o m o s e the ne rve e n d s (2,3). T h e c o m m o n 
a im of t h e s e w rapp ing t e c h n i q u e s w a s to prevent the for­
mat ion o f connec t i ve t i ssue a round the nerve e n d s (3). 
H o w e v e r , n o n e o f t h e s e p r o c e d u r e s cou ld prevent the f i­
b ros i s o f nerve e n d s . 

Important factors s u c h as a g e , sever i t y o f the les ion , 
degene ra t i on in neura l t i s s u e s a n d the posi t ion of the le ­
s i o n , al l p lay a role in the hea l i ng of per iphera l ne rve cuts 
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(4). In g ross neura l t i s sue d a m a g e s , graft ing has b e e n 
prefer red to a n a s t o m o s i n g b e c a u s e o f the comp l i ca t i ons 
of i n c r e a s e d tens ion in the hea l ing s i te . I t h a s b e e n s u g ­
g e s t e d that graft ing is more benef ic ia l w h e n the de fec t is 
larger than 2 .5 cm (1,2,5). Immedia te a n a s t o m o s i n g is 
helpfu l on ly in s m o o t h ne rve cu ts . I f the injury invo lves 
ad jacent t i s s u e s , pr imary sutur ing wou ld not be the 
c h o i c e o f t reatment . H o w e v e r , on ly initial sutur ing c a n be 
per fo rmed in t hese kind of injur ies with a s e c o n d o p e r a ­
tion be ing pe r fo rmed as ear ly as the 21s t d a y w h e n the 
infect ion risk is comp le te l y e l im ina ted . T h e d e g r e e o f 
hea l ing i n per iphera l ne r ves c a n be a s s e s s e d h is topa tho­
log ica l ly a n d b y E M G (1,2,6). 

T h e a im o f this s tudy w a s to invest iga te a n d to c o m ­
pare the hea l ing ef fects o f mic rosutur ing a n d t i ssue a d ­
h e s i v e s w h e n app l ied t o per iphera l ne rve cu ts . T h e a s ­
s e s s m e n t s o f the hea l i ng p r o c e s s w e r e pe r fo rmed by us ­
ing 1 ) E M G , 2 ) m e a s u r i n g the e lec t r ica l r e s p o n s e s o f the 
a n a s t o m o s e d ne rves , 3 ) h is topa tho log ica l exam ina t i on . 

By us ing a n e w a s s e s s m e n t m e t h o d , we p lan to 
m e a s u r e the currents wh ich f low in the a n a s t o m o s e d 
ne rves after e lec t r ica l st imul i . 

MATERIALS AND METHODS 
T h i s co l labora t i ve s tudy w a s per fo rmed in the Labo ra to ry 
o f the H i s t o l o g y & E m b r y o l o g y Depar tmen t , the M i c r o -
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su rge ry Labo ra to ry o f the N e u r o s u r g e r y Depar tmen t , the 
H e a l t h & R e s e a r c h C e n t r e o f D ic le Univers i ty , i n the E M G 
Labora to ry o f the N e u r o l o g y Depar tmen t and the B i o ­
m e d i c a l Labora to ry o f the S c i e n c e a n d Ar ts Facul ty . 
For ty- f ive W is ta r -A lb i no rats (200-250 gr) we re p l a c e d in 
s p e c i a l c a g e s a n d s e p a r a t e d into three g roups (n=15). 
T h e y w e r e a n e s t h e t i z e d with the comb ina t ion o f ke tamin 
hyd roch lo r ide (40-50 mg/kg) a n d x y l a z i n e (10 mg/kg) in -
t raper i toneal ly . T h e a n i m a l s we re f ixed to the su r face in 
the p rone pos i t ion , sk in layers and m u s c l e s we re d is ­
s e c t e d and bi lateral sc ia t i c ne rves exp lo red us ing a sur ­
g ica l m i c r o s c o p e . In the contro l g roup , bi lateral sc ia t i c 
ne rves w e r e only e x p l o r e d . In the first exper imen ta l 
g roup , b i la tera l s c i a t i c n e r v e s w e r e cut c o m p l e t e l y a n d 
s m o o t h l y n e a r the b i fu rca t ion s i t es a n d w e r e s t i t ched 
with s i lk (10/0) . I t is v e r y diff icult to st i tch the f resh ne rve 
cu ts in rats , t he re fo re , m ic rosu tu r i ng w a s pe r f o rmed o n ­
ly af ter t reat ing the t i s s u e s with 6 0 % a l coho l for 5 m in ­
u tes . 

In the s e c o n d expe r imen ta l g roup , al l p rocedu res 
w e r e d o n e i n the s a m e way . T h e ne rve e n d s we re a n a s ­
t o m o s e d wi th T i s e e l R ( f i b r inogen+fac to r X l l l + f i b ro -
nec t in+apro t in in+p lasminogen and th rombin solut ion) u n ­
der a su rg i ca l m i c r o s c o p e . 

O n e month later, all rats we re re -anes the t i zed us ing 
the s a m e d o s a g e . T h e e lec t romyog raph i ca l a s s e s s m e n t s 
w e r e m a d e with a n E s a o t e B i o m e d i c a P h a s i s E M G 
Instrument. A concen t r i c e lec t rode w a s u s e d for reco rd ­
ing a n d super f i c ia l e l e c t r o d e s w e r e u s e d for nerve s t imu­
lat ion a n d a f ixed s t imu lus w a s per fo rmed at 40 uA for 
100 m i l l i second (ms). T h e g a s t r o c n e m i u s m u s c l e a n d 
sc ia t i c n e r v e t race we re l oca ted . T h e g round cab le w a s 
a t t ached to the tail a n d the concen t r i c e lec t rode w a s in­
se r ted into the g a s t r o c n e m i u s m u s c l e . Pa tho log i ca l act iv­
it ies s u c h as f ibr i l lat ions a n d pos i t ive s p i k e s we re ob ­
s e r v e d dur ing s p o n t a n e o u s activity. Af ter fo l lowing its 
t race , the sc ia t i c nerve w a s s t imu la ted f rom a p rox ima l 
d i s t ance of 3 cm to the inc is ion . Af ter record ing the M-re-
s p o n s e o f the g a s t r o c n e m i u s m u s c l e , its app l ica t ion t ime 
a n d amp l i tude we re r e c o r d e d in ms and V . Th i s p roce ­
dure w a s pe r fo rmed bi lateral ly to e a c h an ima l in all 
g roups . 

A f te r E M G m e a s u r e m e n t s , bi lateral sc ia t i c ne rves 
we re e x p l o r e d at the si te of the a n a s t o m o s e s a n d 2 cm 
lengths we re b i ops ied at both s i tes . Imediately after, the 
e lec t r ica l r e s p o n s e s o f the d i s s e c t e d ne rves we re m e a ­
su red in the B i o m e d i c a l Laboratory . T h e e lect r ica l st imul i 
(0-8V) w e r e g radua l l y app l i ed to the d i ssec ted ne rves 
with a p o w e r supply . Af ter e a c h s t imu lus , the potent ia ls of 
the n e r v e s w e r e m e a s u r e d a t the d is ta l e n d s by a 
Vo l tme te r a n d in add i t ion , an A m p e r m e t e r w a s u s e d to 
m e a s u r e the cur rents w h i c h f lowed in the a n a s t o m o s e d 
ne rves . 

F o r h i s topa tho log i ca l e x a m i n a t i o n , al l d i s s e c t e d 
n e r v e s w e r e p l a c e d in a so lu t ion o f 1 0 % fo rma ldehyde . 
T h e t i s s u e s w e r e then e m b e d d e d i n paraffin wax , s e c ­
t i oned , a n d f ina l ly s t a i n e d with H e m a t o x y l e n E o s i n 

(H&E) . H is to log ica l a s s e s s m e n t s w e r e per fo rmed us ing a 
light m i c r o s c o p e . 

RESULTS 

In the first few d a y s , bi lateral sc ia t ic ne rve pa ra l ys i s w a s 
o b s e r v e d in both expe r imen ta l g roups . S u b s e q u e n t l y , 
sk in u lce rs we re not iced on the feet o f s o m e rats. 
H o w e v e r , all w o u n d s a n d neuro log ica l def ic i ts r e c o v e r e d . 
No neuro log ica l def ic i ts w e r e o b s e r v e d in the contro l 
g roup of rats. 

A c c o r d i n g t o the E M G f ind ings, a v e r a g e a n d s t a n ­
dard dev ia t ion v a l u e s w e r e found to be 1.45±0.14 ms in 
the contro l g roup . T h e E M G conduc t ion v a l u e s c o m p a r e d 
to t hose o f the cont ro l g roup . T h e v a l u e s o f the m i c r o s u -
tu red g r o u p w e r e f o u n d t o b e 2 . 1 4 ± 0 . 6 7 m s a n d 
1.95±0.64 ms in the T i see l g roup (Table 1). S ta t is t ica l 
a n a l y s i s us ing the unpai red- t test w a s app l i ed , a n d "p " 
v a l u e s we re c o m p a r e d in all g roups . No s ign i f icant differ­
e n c e s w e r e found b e t w e e n the control a n d T isee l g r o u p s 
(p>0.05) a n d b e t w e e n the T i s e e l a n d m ic rosu tu red 
g roups (p>0.05). H o w e v e r , there w a s a s ign i f icant differ­
e n c e b e t w e e n the cont ro l a n d m ic rosu tu red g r o u p s 
(p<0.02). A s e x p e c t e d , n o pa tho log ica l s p o n t a n e o u s a c ­
tivity w a s o b s e r v e d with E M G f ind ings i n the cont ro l 
g roup , w h e r e a s ; the pa tho log ica l s p o n t a n e o u s act iv i t ies 
(f ibri l lat ions, pos i t ive s p i k e s a n d denerva t i on potent ia ls) 
w e r e notewor thy in the m ic rosu tu red a n d the T i see l 
g roups (F igure 1,2,3). T h e r e w e r e no s ign i f icant differ­
e n c e s b e t w e e n right a n d left legs . 

In both expe r imen ta l g roups , e lec t r ica l s t imul i ( O -
8 V ) we re g radua l l y app l i ed to the d i s s e c t e d n e r v e s in the 
B i o m e d i c a l Laboratory . T h e cur rents w h i c h f l owed in the 
a n a s t o m o s e d ne rves m e a s u r e d very low w h e n the s t im­
uli we re b e t w e e n 0-0.6 V . An i n c r e a s e w a s o b s e r v e d 
w h e n the st imul i w e r e more than 0.6 V . T h e potent ia ls 
and the cur rents wh ich f low in the a n a s t o m o s e d ne rves 
we re reco rded after e a c h s t imu lus . T h e cur rents w e r e 
found to be direct ly propor t ional to the potent ia ls after 
0 . 6 V st imul i . T h e curve b e t w e e n 0 . 6 - 8 V w a s a lmos t l in­
ea r in all g roups (F igure 4 ,5) . In e a c h g roup , the res i s ­
t a n c e s o f the a n a s t o m o s e d n e r v e s w e r e found after the 
ca lcu la t ions d e s c r i b e d . T h e res i s t ance v a l u e s o f e a c h 
g roup a re p resen ted in Tab le 2 . T h e r e s i s t a n c e v a l u e o f 
the contro l g roup w a s found to be the h ighes t w h e r e a s i t 
w a s the lowes t in the m ic rosu tu red g roup . In c o n c l u s i o n , 
the neares t res i s tance va lue to the no rma l ne rve w a s 
found to be in the T i see l g roup . 

T h e h is topa tho log ica l examina t i on s h o w e d highly 
degene ra t i ve nerve bund les a n d p rominen t fo re ign body 
g r a n u l o m a we re a l so not iced a t the a n a s t o m o s e d s i tes o f 

Table 1. C o n d u c t i o n t imes on E M G of al l g r o u p s 

Control 1 s t group 2 n d group 
group (Suture) (Tiseel) 

Conduction time (ms) 1.45±0.14 2.14±0.67 1.95±0.64 
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Figure 1. Sample of the E M G findings of the normal sciatic 
nerve in the control group. 

F igure 2. Sample of the E M G findings of the sciatic nerve in the 
first experimental group 

m ic rosu tu red g roup . F o r e i g n b o d y giant ce l l s a round the 
st i tch mater ia l we re s e e n in mos t o f the f ie lds. P r o n o ­
u n c e d c o n g e s t i v e v e s s e l s a n d c o n s p i c i o u s ch ron i c in­
f l ammato ry ce l l infiltrate we re s e e n in this g roup . I t w a s 
o b v i o u s that the sti tch mater ia l led to p rominent fore ign 
b o d y g r a n u l o m a in the a n a s t o m o s e d s i tes (F igure 6,7). 

In t he T i s e e l g roup, very few foreign body g iand 
ce l l s we re no t i ced in the c h r o n i c in f lammatory ce l l infi l­
t rate. H o w e v e r , the g r a n u l o m a t o u s in f lammat ion w a s not 
c o n s p i c i o u s , as s e e n in the m ic rosu tu red group (F igure 
8,9). H is to log ica l ly , the hea l i ng effect o f T i see l w a s found 
to be supe r i o r to the mic rosu tu r ing in per iphera l nerve 
cu ts . 

DISCUSSION 
In ter fasc icu lar sutur ing u n d e r a su rg i ca l m i c r o s c o p e has 
b e e n the s u g g e s t e d t echn ique for per iphera l nerve repai r 
in s e v e r a l s tud ies (2,3,7-9) . H o w e v e r , ob jectors to the in­
te r fasc icu la r sutur ing a re b e c o m i n g more n u m e r o u s d u e 
to its t raumat ic a n d s a r c o g e n i c ef fects. T h e r e is a pos i t ive 
cor re la t ion b e t w e e n the d iame te r o f the sti tch mater ia l 
a n d the format ion of f ib ros is (2). T h e risk of t rauma cou ld 
not be p reven ted in the ne rve repara t ions e v e n with the 
u s e of m i c rosu rg i ca l t e c h n i q u e s a n d f ine silk (10/0). In re­
cent y e a r s , non-a l l e rg i c t i s sue a d h e s i v e s have b e e n 
c o m m o n l y u s e d aga ins t the t raumat ic proper t ies o f m i ­
c rosu tu r ing , par t icu lar ly in c ran ia l a n d per iphera l nerve 
su rge ry (10-12) . H o w e v e r , s o m e poo r resul ts regard ing 
with the UL>e of t i s sue a d h e s i v e s h a v e been repor ted 
(10,13) . In a g roup study, no s ign i f icant d i f ference w a s 
o b s e r v e d b e t w e e n m ic rosu rge ry a n d t i ssue a d h e s i v e s i n 
the repara t ion of sc ia t i c ne rve cuts (9). In this expe r i -

F igure 3. Sample of the E M G findings of the sciatic nerve in the 
second experimental group. 

menta l study, h is topatho log ica l c o m p a r i s o n w a s d o n e o n 
the hea l ing ef fects o f ep ineura l sutur ing to t h e t i s s u e a d ­
h e s i v e s i n s m o o t h sc ia t i c ne rve cuts . T h e h e a l i n g c r i te r ia 
for a n a s t o m o s e d per iphera l ne r ves i n c l u d e a n a t o m i c a l 
integrity o f cut e n d s a n d a l s o the r e c o v e r y o f m o t o r a n d 
senso r ia l func t ions of the ne rve (7). In the c u r r e n t s tudy , 
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the T i s e e l w a s found to be super io r to the microsutur ing 
in al l hea l i ng cr i ter ia. 

In a c o m p l e t e ne rve cut, a n e u r o m a usua l l y o c c u r s 
a t the p rox ima l e n d w h i c h l e a d s to imper fect hea l ing . As 
in ou r study, a c o m p l e t e hea l i ng h a s b e e n o b s e r v e d i f an 
immed ia te reparat ion h a s b e e n d o n e to a s m o o t h nerve 
cut. H o w e v e r , the su rg ica l m e t h o d s h o u l d be a l te red i f 
there is an e x c e s s i v e l oss in neura l t i s s u e s (2,6,8). 

In c o m p l e t e nerve cu ts , repa i r shou ld be a i m e d to 
e x c l u d e f roe ign mater ia l b e t w e e n the p rox ima l and d is ta l 
e n d d is ta l e n d s o f the a n a s t o m o s e d si te. Th is cou ld be 
pe r fo rmed by us ing t i ssue a d h e s i v e s . In our study, r e m ­
nan ts of the fore ign mater ia l w e r e not iced h is to log ica l ly in 
on ly o n e rat o f the T i see l g roup , w h e r e a s i t w a s s e e n a l ­
mos t in al l rats of the m ic rosu tu red g roup . In the p r o c e s s 
o f m ic rosu tu r i ng , nerve f ibres c a n be d a m a g e d desp i te 
the u s e o f in te r fasc icu lar o r ep ineu ra l m ic rosurg ica l t e c h ­
n iques . T h i s is not a d r a w - b a c k for the t i ssue a d h e s i v e s 
a s their u s e s h a v e s o m e supe r i o r qual i t ies s u c h a s short 

Figure 6. The microsutured group, degenerative nerve bundies, 
foreign body giant cells and granuloma against the stitch mater­
ial (arrow) (H&E, original magnificationx82) 

Table 2. N e r v e r e s i s t a n c e v a l u e s in O h m unit 

Sc iat ic 1 s t group 2 n d group 

Nerve Control (Suture) (Tiseel) 

Right 28x10 4 15x10 4 21x10 4 

Left 22x10 4 11x10 4 14x10 4 

opera t ion t ime, a n a s t o m o s i n g wi thout a t r auma a n d a 
qu ick a n d re l iab le hea l i ng . T h e on ly d r a w b a c k to th is 
t echn ique cou ld be the cos t e f fec t i veness . 

In c o n c l u s i o n , we o b s e r v e d that the hea l ing effect of 
T i see l w a s super io r to m ic rosu tu r ing , as s e e n in the f ind­
ings o f E M G , e lec t r ica l r e s p o n s e o f the sc ia t i c ne rve , a n d 
h is topatho logy. We s u g g e s t that the use o f t i s sue a d h e ­
s i v e s is more re l iab le in a n a s t o m o s i n g s m o o t h ne rve cu ts 
as d e m o n s t r a t e d by the pos i t ive ef fects o f m in ima l f ibro­
s i s , qu ick hea l ing a n d pract ica l u s e . 

Figure 7. The microsutured group, highly degenerative nerve 
bundle, foreign body giant cells (arrows), congestive vessels 
and conspicuous inflammatory cell infiltrate (H&E, original mag-
nificationx82) 
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Figure 8. The Tiseel group, granulomatous inflammation with Figure 9. The Tiseel group granulomatous inflammation against 
scattered foreign body giant cells (Side A). Uniform pattern of foreign body in a small region (arrow). Healed nerve bundles 
the healed nerve bundles (Side B) (H&E, original magnifica- (H&E, original magnificationx41) 
tionx41) 

Periferik sinir keşi tedavisinde mikrosütür ve 
doku yapıştırıcıların karşılaştırılması 
Bu çalışmanın amacı, periferik sinir kesi anastomozunda 
mikrosütürün ve doku yapıştırıcısının (tiseel) tedavi edici 
etkilerini araştırmak ve mukayese etmek. Tedavi olgusunun 
değerlendirilmesi 1) EMG ölçümü, 2) Anastomoz yapılmış 
sinirlerin elektriksel uyarıdan sonraki cevabın ölçümü, 3) 
Histopatolojik olarak yapıldı. Kontrol grubu ratlarda bilateral 
siyatik sinirler explore edildi fakat kesi yapılmadı. Birinci 
deneysel grupta, bilateral siyatik sinirler kesildi ve uç uca 
anastomoz perineriumun mikrosütüre edilmesi ile gerçek­
leştirildi. İkinci deneysel grupta ise, doku yapıştırıcı (tiseel) 
siyatik sinir kesi anastomozunda kullanıldı. Bir ay sonra 
anastomozun olduğu bilateral siyatik sinirler explore edildi 
ve 2 cm uzunluğunda sinir biyopsisinin alınmasından hemen 
sonra kesilen sinirlerin elektriksel cevabı ölçüldü. Son 
olarak, histopatolojik değerlendirme ışık mikroskobu ile 
yapıldı. EMG bulgularına göre; yapılan istatistiksel analiz 
sonucunda tiseel grubu, kontrol grubuna en yakın olarak 
saptandı. Kesilen sinirlere uygulanan elektriksel uyarılardan 
sonra yapılan ölçümlerde ise; kontrol grubuna en yakın 
direnç değeri, tiseel grubundaydı. Histopatolojik incelemede 
ise; oldukça dejeneratif sinir demetleri ve yabancı cisim 
granulom oluşumu, mikrosütür grubunda gözlendi. 
Granulomatöz inflamasyon tiseel grubunda çok daha azdı. 
Sonuç olarak; tiseelin iyileştirici etkisi, 1) EMG bulguları, 2) 
anastomoz sinirlerin elektriksel cevapları ve 3) histopatolojik 
değerlendirme ışığında, mikrosütüre göre daha üstündü. 
[Turk J Med Res 1996; 14(2):42-47] 
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