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Is Standardization of Nerve Graft Groups
Necessary for Experimental Studies?

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee:: Experimental studies regarding nerve regeneration use a number of methods
to compose a nerve graft group for making comparisons among various peripheral nerve repair tech-
niques. It is unclear that whether these methods used interchangeably yield similar functional, phys-
iological and morphological results or not. The aim of this study is to demonstrate functional and
morphological results of these diverse nerve grafting techniques, thereby a possible necessity of stan-
dardization. MMaatteerriiaall  aanndd  MMeetthhooddss:: Thirty-two adult male Sprague-Dawley rats were divided into
four groups and used. A nerve defect measuring 1.5 cm was created in the sciatic nerve of the rat,
and in group one, split ends of the defect were buried into neighbouring muscles (nerve defect group).
In groups two and three, resected nerve segment was sutured to its own place in its original direc-
tion (orthotopic graft group) or after reversing it 180° (inverted graft group). In group four, a sural
nerve graft taken from the same leg was used to bridge the defect (distant graft group). Functional,
electrophysiological and histometric results obtained at 21st week were compared among the groups
in order to see whether they were similar or not. RReessuullttss..  There were significant differences among
the groups. Regarding functional results, orthotopic and inverted graft groups gave superior results
compared to nerve defect and distant graft groups. Most importantly, it is clear that different nerve
grafting techniques can not be used interchangeably. CCoonncclluussiioonn::  The results of the present study sug-
gest that the use of a constant method in order to compose a nerve graft group in experimental stud-
ies may be convenient to avoid contradictory results among the researches. In other words,
standardization of nerve grafting methods in experimental studies is mandatory.

KKeeyy  WWoorrddss::  Peripheral nerves; injuries; rats; anatomy and histology 

ÖÖZZEETT  AAmmaaçç::  Sinir rejenerasyonu ile ilgili deneysel çalışmalarda farklı sinir onarımı teknikleri
arasında karşılaştırma yapmak amacıyla sinir grefti grubu oluşturmak için çeşitli yöntemler
kullanılmıştır. Bu yöntemlerin biribirinin yerine kullanılmasının benzer işlevsel, fizyolojik ve
morfolojik sonuçlar yaratıp yaratmadığı açık değildir. Bu çalışmanın amacı, bu farklı sinir grefti
yöntemlerinin morfolojik ve fizyolojik sonuçlarını ve böylece bir standardizasyonun gerekliliğini
ortaya koymaktır. GGeerreeçç  vvee  YYöönntteemmlleerr::  Dört gruba ayrılan otuziki Sprague-Dawley sıçanı kullanıldı.
Sıçanların siyatik sinirlerinde 1.5 cm’lik bir sinir defekti yaratıldı ve birinci gurupta, defektin ayrılmış
uçları yakınındaki kasın içine gömüldü (sinir defekti grubu). İkinci ve üçüncü grupta, kesilen sinir
segmenti orijinal yönünde (ortotopik greft grubu) veya 180 derece çevrildikten sonra (tersine
çevrilmiş greft grubu) kendi yerine dikildi. Dördüncü grupta, defekti doldurmak için aynı bacaktan
alınan bir sural sinir grefti kullanıldı (uzak greft grubu). Yirmi birinci haftada elde edilen işlevsel,
elektrofizyolojik ve histometrik sonuçlar, benzer olup olmadıklarını görmek amacıyla, birbirleriyle
karşılaştırıldı. BBuullgguullaarr:: Gruplar arasında önemli farklar vardı. Fonksiyonel sonuç açısından, ortotopik
ve tersine çevrilmiş greft gurupları, sinir defekti ve uzak greft guruplarına göre daha iyi sonuçlar
verdiler. En önemlisi de, farklı sinir greftleme yöntemlerinin birbirinin yerine kullanılamayacağının
açık olduğu görüldü. SSoonnuuçç::  Bu çalışmanın sonuçları deneysel çalışmalarda bir sinir grefti grubu
oluşturmak için sabit bir yöntemin kullanılmasının araştırmacılar arasındaki çelişkili bulguları
önlemek açısından uygun olabileceğini düşündürmektedir. Diğer bir deyişle, deneysel çalışmalarda
kullanılan sinir greftleme metodu için bir standardizasyon getirilmesi zorunludur.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Periferik sinirler; yaralanmalar; sıçanlar; anatomi ve histoloji

TTuurrkkiiyyee  KKlliinniikklleerrii  JJ  MMeedd  SSccii  22001111;;3311((66))::11553322--4433

Serhat ÖZBEK, MD,a

Mustafa ÖZYURTLU, MD,a

M. Ayberk KURT, MD,b

Behzat NOYAN, MDc

Departments of 
aPlastic and Reconstructive Surgery,
bAnatomy,
cPhysiology,
Uludağ University Faculty of Medicine,
Bursa

Ge liş Ta ri hi/Re ce i ved: 01.06.2011 
Ka bul Ta ri hi/Ac cep ted: 06.09.2011

Ya zış ma Ad re si/Cor res pon den ce:
Behzat NOYAN, MD
Uludağ University Faculty of Medicine,
Department of Physiology, Bursa, 
TÜRKİYE/TURKEY
noyan@uludag.edu.tr 

doi:10.5336/medsci.2011-25064 

Cop yright © 2011 by Tür ki ye Kli nik le ri

ORİJİNAL ARAŞTIRMA   



Turkiye Klinikleri J Med Sci 2011;31(6) 1533

Plastic, Reconstructive and Aesthetic Surgery Özbek et al

in ce ner ve re pa ir is a chal len ging prob lem in
re cons truc ti ve sur gery, hun dreds of ex pe ri -
men tal stu di es ha ve be en do ne in the me di -

cal his tory. Even tu ally, re cons truc ti ve sur ge ons
have ca me to the conc lu si on that pri mary re pa ir is
the best met hod when ava i lab le.1 If the cut ner ve is
not su i tab le for pri mary re pa ir, ner ve graf ting has
be en pro po sed as the gold stan dard.1 Any kind of
al ter na ti ve ner ve re cons truc ti on met hod sho uld
pro ve its ef fi ci ency aga inst ner ve graf ting in or der
to be co me an op ti on. 

Pos sibly du e to the fact that ner ve grafts are
un der ta ken just as tu bes consisting of Schwann
cells, di ver se met hods ha ve be en used to com po se a
ner ve graft gro up for ma king com pa ri sons bet we en
va ri o us pe rip he ral ner ve re pa ir tech ni qu es. So me
aut hors su tu red the cut ner ve seg ment to its ori gi -
nal lo ca ti on to cons ti tu te a ner ve graft gro up,2-5

whi le ot hers in ver ted the ner ve seg ment be fo re be -
ing co ap ted.6-9 The re are al so ot her gro ups who pre-
fer red to use a dis tant ner ve graft to brid ge the
gap.10,11 The re fo re it is temp ting to sug gest that,
the se different met ho do lo gi cal ap pro ac hes may le -
ad to diverse and per haps mis le a ding out co mes de-
pen ding on si ze di ver gen ce, ori en ta ti on
dis cre pancy, etc. For examp le, re sults of a new
tech ni qu e may de mons tra te bet ter re sults than tho -
se of a dis tant ner ve graft gro up whi le the sa me re-
sults may be conc lu ded to be wor se when
com pa red to a ner ve graft gro up in which the cut
ner ve seg ment is su tu red to its own pla ce in the sa -
me di rec ti on. The re fo re, in an ex pe ri men tal study,
a new tech ni qu e can be re gar ded as a bet ter sur gi -
cal ap pro ach com pa red to ner ve graf ting whi le in
an al ter na ti ve set ting it wo uld not.

To the best of our know led ge, in the me di cal
li te ra tu re, the re is no ex pe ri men tal studies up to
date have compared the re sults of dif fe rent ner ve
graf ting tech ni qu es with each ot her. The re fo re,
the re is no pro of showing that the se dif fe rent tech-
ni qu es gi ve equ al or si mi lar re sults.

This ex pe ri men tal study is de sig ned to in ves ti -
ga te the ef fects of di fferent ner ve graf ting ap pro ac -
hes on func ti o nal, physi o lo gi cal and morp ho lo gi cal
re co very, in or der to shed light in to the im por tan -

ce of a stan dar di zed met ho do logy in the ex pe ri -
men tal pe rip he ral ner ve re cons truc ti on stu di es.

The met hod of cho i ce for ner ve graf ting in ex-
pe ri men tal stu di es sho uld rep re sent cli ni cal si tu a -
ti ons in or der to pro vi de re le vant and be ne fi ci al
da ta. Cli ni cally, the use of a dis tant ner ve graft du -
ring the re cons truc ti on of a ner ve de fect is the most
com monly used tech ni qu e, and thus, ex pe ri men tal
stu di es in which a dis tant ner ve graft has not be en
pre fer red as the ner ve graft gro up may yi eld inap -
prop ri a te and cli ni cally ir re le vant re sults. Re gar -
ding this, any met hod, pre fe rably the use of a
dis tant ner ve graft, may be ac cep ted as a stan dard
in ex pe ri men tal stu di es, in or der to pro vi de com pa-
rab le re sults.   

MATERIAL AND METHODS
Thirty-two adult ma le Spra gu e-Daw ley rats we ig -
hing 300 to 335 g each we re used in this ex pe ri -
men tal study. The study was ap pro ved by the
et hi cal com mit te e of Ulu dağ Uni ver sity and car ri -
ed out in ac cor dan ce with the Eu ro pe an Com mu -
ni ti es Co un cil Di rec ti ve. The procedures were
performed un der anest he si a induced by in tra pe ri -
to ne al in jec ti on of 50 mg/kg thi o pen tal so di um in
or der to mi ni mi ze any pa in or dis com fort, whi le
et her in ha la ti on anest he si a was per for med du ring
elec troph ysi o lo gi cal stu di es. The ani mals we re ma -
in ta i ned un der stan dard la bo ra tory con di ti ons and
al lo wed fre e ac cess to rat chow and wa ter. 

SUR GI CAL PRO CE DU RES

The rats un der went sur gery we re ran domly and
equ ally di vi ded in to fo ur gro ups. Sur gery was per-
for med using mic ro sur gi cal tech ni qu es with the
help of a bi no cu lar ope ra ti ve mic ros co pe (MTX-
1H+SVI; Oly mpus Op ti cal Co. Ltd., Tok yo, Ja pan)
un der ste ri le con di ti ons. The left sci a tic ner ve was
ex po sed thro ugh a musc le split ting in ci si on and
dis sec ted from the sur ro un ding tis su es. A 1.5 cm
long seg ment of the ner ve was cut with a scal pel
bla de. Then, dif fe rent sur gical procedures we re
per for med in fo ur dif fe rent gro ups: In GGrroo  uupp  11
(ner ve de fect gro up, n= 8) pro xi mal and dis tal ends
of the de fect we re bu ri ed in to the ne ighbouring
musc les using 10/0 nylon stitc hes (Figure 1A). In
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GGrroo  uupp  22 (ort ho to pic ner ve graft gro up, n= 8) the
cut ner ve seg ment was su tu red to its own pla ce, in
the sa me di rec ti on using fo ur to fi ve 10/0 nylon
stitc hes (Figure 1B), whi le in GGrroo  uupp  33 (in ver ted
ner ve graft gro up, n= 8) cut ner ve seg ment was ro-
ta ted 180° be fo re it was su tu red to its own pla ce
(Figure 1C). Fi nally, in GGrroo  uupp  44 (dis tant ner ve graft
gro up, n= 8), the ner ve de fect was re pa i red by using
a su ral ner ve graft that was ta ken from the sa me leg
(Figure 1D). Two seg ments of the su ral ner ve graft
we re sutured bet we en the ends of the ner ve de fect,
in or der to pro vi de a bet ter si ze match. Co ap ta ti -
ons of the ner ves we re performed thro ugh epi ne u -
ral stitc hes. Af ter comp le ti on of the co ap ta ti ons,
glu te al musc les we re clo sed using 6/0 ab sor bab le
su tu res. The skin was clo sed with 4/0 nylon su tu -
res.

FUNC TI O NAL TES TING

At the end of 21st we ek, hind paws of the ani mals
we re so a ked in meth yle ne blu e so lu ti on and they
we re al lo wed to walk on a pa per pla ced in the bot-
tom of a wal king tract to ob ta in fo ot prints as des -
cri bed by Öz men and col le gu es.12 The pro ce du re
was re pe a ted when an un sa tis fac tory re sult was ob-
ta i ned. Using the for mu la re por ted by Ba in and col-
le a gu es,13 sci a tic func ti o nal in dex (SFI) was
cal cu la ted for each ani mal (Tab le 1). An in dex of
ze ro ref lects nor mal func ti on and an in dex of -100
ref lects comp le te loss of func ti on.

ELEC TROPH YSI O LO GI CAL TES TING

Fol lo wing func ti o nal tests, a anest he si a induction
was performed by tem po rary in ha la ti on of et her.
Left hind limbs of the ani mals we re re-incised sci-
a tic ner ves we re ex po sed and dis sec ted ca re fully.
In or der to se cu re the in teg rity of the sci a tic ner ve,
so me musc le and scar tis su es we re excised with the
ner ve, when ne ces sary. Af ter ex po su re of the sci a -
tic ner ve, ner ve con duc ti on ve lo ci ti es (NCV) we re
me a su red using the MP100 da ta ac qu i si ti on and
analy sis system (BI O PAC Systems Inc., Go le ta,
CA). Du ring the se me a su re ments, one elec tro de
was pla ced un der the pro xi mal part of the sci a tic
ner ve (pro xi mal to the ner ve graft), and the ot her
un der the dis tal part of the sci a tic ner ve (dis tal to
the ner ve graft). Sup ra ma xi mal sti mu lus (7 V, 0.5
m/se cond du ra ti on) ge ne ra ted by a MP100 sti mu -
la tor was used to sti mu la te the ner ve, and the dis-
tan ce bet we en the elec tro des was me a su red.

HIS TO LO GI CAL AND MORP HO MET RIC STU DI ES

At the end of the elec troph ysi o lo gi cal tes ting, the
rats we re gi ven a let hal do se of anest he tic and ner -
ve tis su e samp les we re har ves ted. Ner ve tis su e sam-
p les we re ta ken from the sci a tic ner ve at the si tes
0.5 cm dis tal to the dis tal su tu re li ne in all thre e ex-

FIGURE 1: Schematic drawing of the methods used in groups. (A) A 1.5 cm
of the sciatic nerve was resected 1 cm distal to sciatic foramen, and both
ends of the sciatic nerve were buried into neighbouring muscles (nerve defect
group). (B) Resected segment of the sciatic nerve immediately sutured to its
own place in its original direction (orthotopic nerve graft group). (C) Resected
segment was reversed, in other words, rotated 180° before being sutured (in-
verted nerve graft group). (D) Resected sciatic nerve segment was discarded
and the defect was repaired by two segments of sural nerve graft taken from
the same leg (distant nerve graft group). 

Sciatic Functional Index (SFI) = -38.3 ([EPL – NPL] / NPL) + 109.5 ([ETS - NTS] / NTS) + 13.3 ([EIT - NIT] / NIT) – 8.8

TABLE 1: Formula used to calculate sciatic functional index.

EPL: Experimental print length (distance from the heel to the third toe), NPL: Normal print length, ETS: Experimental toe spread (distance from the first to the fifth toe), 
NTS: Normal toe spread, EIT: Experimental intermediary toe spread (distance from the second to the fourth toe), NIT: Normal intermediary toe spread.
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pe ri ment gro ups (gro ups 2, 3 and 4), ex cept for ner -
ve de fect gro up, sin ce it was not pos sib le to ob ta in
any ner ve tis su e bet we en the ends of the de fect in
that gro up. Ad di ti o nally, cor res pon ding samp les
we re ob ta i ned from the nor mal sci a tic ner ve of the
un-ope ra ted si de and used as the con trol gro up to
obtain nor ma ti ve da ta.

Tis su es har ves ted we re fi xed in 4% glu ta ral -
dehy de in 0.1-M phosp ha te buf fer at pH 7.4. Each
samp le was then post fi xed with 1% OsO4 in 0.1 M
phosp ha te buf fer for two ho urs, dehy dra ted thro -
ugh a gra ded se ri es of et ha nols, and em bed ded in
Spurr’s re sin (Agar Sci en ti fic, Stans ted, UK). Se mi-
thin sec ti ons (0.5 µm) of the en ti re ner ve per pen -
di cu lar to the long axis of the ner ve fi bers we re
then obtained, sta i ned with a mix tu re of 1% to lu i -
di ne blu e and 1% bo rax in dis til led wa ter.

A Sony Cybers hot DSC-F717 di gi tal ca me ra at-
tac hed to the Ni kon 4S-2 Alp hap hot light mic ros -
co pe and Sci on Ima ge soft wa re (pub lic do ma in)
we re used to cap tu re and analy ze ima ges. The ima -
ge analy sis system was ca lib ra ted using a he mocy -
to me ter pri or to all me a su re ments and all axo nal
co unts and me a su re ments we re per for med by a sin-
g le in ves ti ga tor (M.A.K.), who was blin ded to the
iden tity of the spe ci mens. The first step of morp -
ho met ric analy sis con sis ted of iden tif ying and cap-
tu ring the en ti re fas cic le ima ge (mag ni fi ca ti on:
ob jec ti ve 4X, op to var 1.6X, ca me ra 0.5X), fol lo wed
by me a su re ments of the fas cic le pe ri me ter, fas cic -
le are a, mi ni mum and ma xi mum fas cic le di a me ters
by con to u ring its in ter nal epi ne u ral ed ge with the
mo u se. The next step con sis ted of cap tu ring eight
se qu en ti al in ner are as of the fas cic le (mag ni fi ca ti -
on: ob jec ti ve 100X, op to var 1.6X, ca me ra 0.5X), se-
lec ted ran domly for each ner ve samp le for ac cu ra te
re cog ni ti on, co un ting and analy sis of the mye li na -
ted ner ve fi bers. A co un ting fra me of known are a
(0.00175 mm2) was then cre a ted using Sci on Ima ge
soft wa re and su pe rim po sed on the di gi tal ima ge to
be co un ted; mye li na ted axons we re qu an ti fi ed ac-
cor ding to the un bi a sed co un ting ru le and are a
den si ti es of mye li na ted axons (num ber of axons per
mil li me ter squ a re) we re cal cu la ted. To tal num ber
of the mye li na ted axons was then es ti ma ted by
mul tipl ying the axo nal den sity by to tal cross-sec ti -

o nal fas cic le are a es ti ma ted for each ani mal. As the
fi nal step, mi ni mal axon and fi ber (axon+mye lin)
di a me ter, axon and mye lin she ath are a of each
axon with a cle arly iden ti fi ab le mye lin she ath ob-
ser ved in each mic rog raph, we re me a su red using
Sci on Ima ge’s tra cing and analy zing fe a tu re (Fig-
ure 2A). Fi nally, G ra ti os and the ra ti o of axo nal di-
a me ter to the fi ber di a me ter we re es ti ma ted for
each mye li na ted axon. 

STA TIS TI CAL ANALY SIS

One way analy sis of va ri an ce (ANO VA) was emp -
lo yed to com pa re sci a tic func ti o nal in di ces and ner -
ve con duc ti on ve lo ci ti es. Post hoc pa ir-wi se
com pa ri sons bet we en in di vi du al gro ups we re ma -
de using Tu key Test.

Nor ma lity of all morp ho met ric da ta dis tri bu ti -
on was ve ri fi ed with Kol mo go ro v–S mir nov’s test.
Da ta pre sen ting a nor mal dis tri bu ti on (fas cic le pe -
ri me ter, fas cic le are a, mi ni mum and ma xi mum fas-
cic le di a me ters) we re com pa red bet we en gro ups by
one-way analy sis of va ri an ce, fol lo wed by the Tu -
key post test. Da ta wit ho ut a nor mal dis tri bu ti on
(axon den sity, to tal num ber of axons, axon and
mye lin she ath are a, axon and fi ber di a me ter, G ra -
ti o) we re com pa red bet we en gro ups using one-way
analy sis of va ri an ce by Ranks, fol lo wed by the
Mann Whit ney-U post test. Dif fe ren ces we re con-
si de red to be sig ni fi cant for p < 0.05.

RESULTS

FUNC TIO NAL EVA LU A TI ON

In ner ve de fect gro up, SFI re sults we re clo se to 
-100, ref lec ting a con si de rab le dec re a se in func ti on.
The me an va lu e for SFI was -92.46 ± 2.82 in this
gro up. Ort ho to pic ner ve graft gro up de mons tra ted
best func ti o nal re sults with a me an va lu e of -56.93
± 3.58. In in ver ted ner ve graft gro up, the me an va -
lu e was -67.50 ± 4.79 which rep re sented a go od
func ti o nal re co very. Lastly, in dis tant ner ve graft
gro up, the me an va lu e was -91.58 ± 3.31 (Tab le 2).
The dif fe ren ces bet we en the ner ve de fect and dis-
tant ner ve graft gro ups as well as the ort ho to pic
and dis tant ner ve graft gro ups we re not sta tis ti cally
sig ni fi cant. Ho we ver, SFI va lu es we re fo und to be
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sig ni fi cantly im pro ved in both  ort ho to pic and in-
ver ted ner ve gro ups com pa red to both ner ve de fect
and dis tant ner ve graft gro ups (p< 0.001, for all
com pa ri sons).

ELEC TROPH YSI O LO GI CAL EVA LU A TI ON

Sin ce any no tab le ner ve tis su e co uld not be de ter -
mi ned bet we en the ends of the ner ve de fect, NCV
ve lo city me a su re ment was not held in ner ve de-
fect gro up. In ort ho to pic ner ve graft gro up, the
me an NCV was 47.68 ± 1.71 m/sec, whi le in in ver -
ted and dis tant ner ve gro ups these va lu es we re
34.48 ± 1.88 m/sec and 33.74 ± 0.87 m/sec, res pec -
ti vely (Tab le 2). Best re sults we re ac hi e ved in ort -
ho to pic graft gro up and NCV we re fo und to be
sig ni fi cantly hig her com pa red to both in ver ted
and dis tant graft gro ups (p< 0.001 for both com pa -
ri son). Ho we ver, the re was no sig ni fi cant dif fe -
ren ce in NCV va lu es of in ver ted and dis tant ner ve
graft gro ups. 

HIS TO LO GI CAL EVA LU A TI ON 

His to lo gi cal ap pe a ran ces of all sci a tic ner ves ob ta -
i ned from the un-ope ra ted si de were normal, with
a si mi lar dis tri bu ti on of small and lar ge di a me ter
mye li na ted ner ve fi bers, Schwann cells, fib rob last
nuc le i, blo od ves sels and mast cells in to one, two
or mo re fas cic les, each sur ro un ded by a well-de fi -
ned pe ri ne u ri um (Figure 2B). His to lo gi cal ap pe a -
ran ces of ort ho to pic (Figure 2C) and in ver ted
(Figure 2D) ner ve graft gro ups ap pe a red si mi lar and
qu a li ta ti ve as sess ment of the se two gro ups re ve a -
led pre ser ved epi ne u ri um and pe ri ne u ri um, and
nu me ro us small si zed mye li na ted axons dis per sed

bet we en scarce lar ge mye li na ted axons. So me mye -
li na ted fi bers with a smal ler di a me ter sho wed a dis-
tinc ti ve com part men ta ti on sug ges ting an ac ti ve
axo nal re ge ne ra ti on and gro ups of ex tra-fas ci cu lar
mye li na ted axons we re al so ob ser ved (Figure 2E)
in the se two gro ups, whi le blo od ves sels ap pe a red
nor mal. In the dis tant ner ve graft gro up (Figure 2F)
a mo de ra te qu an tity of fi bers with smal ler di a me -
ter and less dis tinc ti ve mye lin she ath we re ob ser -
ved. Mye li na ted axons in this gro up usu ally for med
in tra and ex tra-fas ci cu lar com part men ta ti on and
de mons tra ted few fo cal are as of con ti nu ed Wal le -
ri an de ge ne ra ti on. Axo nal at rophy and in cre a sed
cel lu lar ac ti vity we re al so ob ser ved in the dis tant
ner ve graft gro up, whi le al most no dis cer nab le
mye li na ted axons with lar ge di a me ters we re en co -
un te red wit hin the fas ci c les.  

MORP HO MET RIC EVA LU A TI ON

Axo nal Den sity and To tal Axon Num bers

His to morp ho met ri cal eva lu a ti ons re ve a led that the
axo nal den sity was sig ni fi cantly hig her in the ort -
ho to pic and in ver ted ner ve graft gro ups com pa red
to nor mal sci a tic ner ve gro up (p< 0.001 for both
com pa ri sons) and the dis tant ner ve graft gro up (p<
0.001 for both com pa ri sons), whi le no sig ni fi cant
dif fe ren ce was fo und bet we en the ort ho to pic and
in ver ted ner ve graft gro ups (Figure 3). Axo nal den-
sity in the dis tal part of the dis tant ner ve graft gro -
up was al so sig ni fi cantly hig her com pa red to
nor mal sci a tic ner ve gro up. 

When to tal num bers of the mye li na ted axons
we re es ti ma ted by mul tipl ying the who le cross-sec -
ti o nal are a of the in di vi du al ner ves with the axo nal
den si ti es, ort ho to pic and in ver ted ner ve graft gro -
ups had a sig ni fi cantly hig her num ber of mye li na -
ted axons (Figure 4) com pa red to both nor mal
sci a tic ner ve gro up and dis tant ner ve graft gro up
(p< 0.001 for all com pa ri sons), whi le the re we re no
sig ni fi cant dif fe ren ces in to tal num ber of mye li na -
ted axons bet we en the ort ho to pic and in ver ted ner -
ve graft gro ups. The to tal num ber of mye li na ted
ner ve fi bers was sig ni fi cantly (p< 0.001) smaller in
dis tant ner ve graft gro up compared to the nor mal
sci a tic ner ve gro up.

Sciatic  Functional Nerve Conduction 

Groups Index Velocity (m/sec)

Nerve defect group -92.46 ± 2.82 (7.97) Not measurable

Orthotopic graft group -56.93 ± 3.58 (10.13) 47.68 ± 1.71 (4.19)

Inverted graft group -67.50 ± 4.79 (13.56) 34.48 ± 1.88 (4.98)

Distant graft group -91.58 ± 3.31 (9.37) 33.74 ± 0.87 (2.32)

TABLE 2: Mean sciatic functional indices and nerve
conduction velocities in all groups.

Values represented as means ± the standard error of the means (SEM).
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Fas cic le Are a, Pe ri me ter, Mi ni mum and Ma xi mum Di a me ters

Re sults of the com pa ri sons for en ti re fas cic le are a,
pe ri me ter, mi ni mum and ma xi mum di a me ters of
the seg ments dis tal to nerve grafts in thre e ner ve
graft gro ups and the un-ope ra ted sci a tic ner ve gro -
up are shown in Tab le 3. En ti re fas cic le are as of
ner ve seg ments dis tal to grafts we re sig ni fi cantly
smaller in ort ho to pic (p< 0.01), in ver ted (p< 0.001)
and dis tant (p< 0.001) ner ve graft gro ups com pa red
to nor mal sci a tic ner ve gro up. Me an fas cic le are a
of dis tant ner ve graft gro up was al so sig ni fi cantly

smal ler com pa red to ort ho to pic ner ve graft gro up
(p<0.05), whi le the re was no sig ni fi cant dif fe ren ce
bet we en the ort ho to pic and in ver ted, and bet we en
the in ver ted and dis tant ner ve graft gro ups. Re gar -
ding all of the fo ur pa ra me ters abo ve, the re we re
no dif fe ren ces bet we en the ort ho to pic and in ver ted
ner ve gro ups. Fas cic le pe ri me ters of the ort ho to pic
(p< 0.05), in ver ted (p< 0.01) and dis tant (p< 0.001)
ner ve gro ups we re sig ni fi cantly smaller than the
nor mal ner ve gro up. Mi ni mal fas cic le di a me ters of
the in ver ted (p< 0.01) and dis tant (p< 0.01) ner ve

FIGURE 2: (A) Shows examples of myelinated axons which were traced and analyzed for axon and fiber diameters and axon and myelin sheath areas using
computer automated morphometry software. Photomicrographs of the sciatic nerve of normal nerve group (B), orthotopic (C), inverted (D) and distant (F) nerve
graft groups. Small and large sized myelinated fibers are distributed regularly in the normal nerve group (B), while numerous smaller myelinated axons were dis-
persed among scance large axons in orthotopic (C) and inverted (D) nerve graft groups. Moderate quantity of fibers with even more smaller diameters and less
prominent myelin sheath are observed, together with few focal areas of continuing Wallerian degeneration (arrows) in distant nerve graft group (F). In Figure 2E,
examples of extra-fascicular myelinated axons (arrows) are shown. 
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graft gro ups we re al so sig ni fi cantly smaller than the
nor mal ner ve gro up. Re gar ding ma xi mum fas cic le
are a, in ver ted (p< 0.05) and dis tant (p< 0.001) ner -
ve graft gro ups yi el ded sig ni fi cantly smaller areas
com pa red to the nor mal ner ve graft gro up. The dif-
fe ren ces bet we en the ort ho to pic and dis tant ner ve
graft gro ups, and in ver ted and dis tant ner ve graft
gro ups we re al so sig ni fi cant (p< 0.001 and p< 0.05,
res pec ti vely). Me an va lu es and sta tis ti cal com pa ri -
sons for the se da ta are sum ma ri zed in Tab le 3.

Fi ber and Axon Di a me ters, G Ra ti os

The mean mi ni mum di a me ter of mye li na ted fi bers
was 7.08 μm (ran ge: 1.22-20.15 μm) in the nor mal
sci a tic ner ve gro up whi le for ort ho to pic, in ver ted
and dis tant ner ve graft gro ups it was fo und as
3.62 μm (ran ge: 1.41-10.56 μm), 3.09 μm (ran ge:
1.05-10.6 μm) and 2.88 μm (ran ge: 1.07-7.68 μm),
res pec ti vely. The ave ra ge mi ni mal di a me ter of
mye li na ted fi bers was sig ni fi cantly hig her in the

nor mal sci a tic ner ve gro up com pa red to ort ho to -
pic, in ver ted and dis tant ner ve graft gro ups (p<
0.001, for all com pa ri sons). Sig ni fi cant dif fe ren ces
we re ob ser ved among the experiment groups. The
ave ra ge mi ni mum di a me ter of mye li na ted fi bers
was sig ni fi cantly hig her in the ort ho to pic ner ve
graft gro up com pa red to both in ver ted and dis tant
ner ve graft gro ups (p< 0.001 for both com pa ri sons),
whi le it was al so fo und to be sig ni fi cantly greater in
the in ver ted ner ve graft gro up com pa red to dis tant
ner ve graft gro up (p< 0.01). The his tog rams of the
fre qu ency dis tri bu ti on of fi bers ac cor ding to di a -
me ter (Figure 5) sho wed that in nor mal sci a tic ner -
ve gro up, fi bers pre sen ted a nor mal dis tri bu ti on,
with their di a me ters ran ging bet we en 1.5 and
20 μm and a pe ak bet we en 5 and 7 μm, which is
the usu al pat tern for the sci a tic ner ve of rats. In or-
t ho to pic ner ve graft gro up, the re was a trend for a
left de vi a ti on and uni mo dal dis tri bu ti on, with fi -
ber di a me ter ran ging from 1 to 11 μm and pe a king
at 2-4 μm. A si mi lar con fi gu ra ti on was re pe a ted in
in ver ted ner ve graft gro up, in which the pe ak was
at 2-4 μm for a si mi lar di a me ter ran ge. In dis tant
ner ve graft gro up, ran ge and pe ak we re si mi lar, but
dis tri bu ti on was cle arly uni mo dal and fre qu ency
was much hig her (43.4%) for small di a me ter fi bers
(bet we en 2 and 3 μm).

The mean mi ni mum axon di a me ter was
4.39 μm (ran ge: 0.57-14.13 μm) in the nor mal sci-
a tic ner ve gro up whi le in ort ho to pic, in ver ted and
dis tant ner ve graft gro ups it was 2.25 μm (ran ge:
0.36-9.95 μm), sig ni fi cantly hig her in the nor mal
sci a tic ner ve gro up com pa red to ort ho to pic, in ver -
ted and dis tant ner ve graft gro ups (p< 0.001, for all

Groups Fascicle area (mm2) Fascicle perimeter (mm) Maximum fascicle diameter (mm) Minimal Fascicle Diameter (mm)

Normal nerve 1.0675 ± 0.044 3.7275 ± 0.071 1.2713 ± 0.196 1.0113 ± 0.2943

Orthotopic graft 0.6688 ± 0.564 ##,‡ 3.3825 ± 0.159‡ 1.2350 ± 0.055‡‡‡ 0.8063 ± 0.089

Inverted graft 0.5913 ± 0.695### 2.9300 ± 0.154## 1.0900 ± 0.052#,‡ 0.6725 ± 0.062##

Distant graft 0.4038 ± 0.091### 2.6363 ± 0.148### 0.8769 ± 0.445### 0.6250 ± 0.72##

TABLE 3: Comparison of area, perimeter, minimum and maximum diameters of entire fascicle of sciatic nerve in
normal sciatic nerve, orthotopic, inverted and distant nerve graft groups

Values represented as means ± the standard error of the means [SEM] #; p< 0.05, ##; p< 0.01 and ###; p< 0.001 represent significance compared to normal nerve group, 
while ‡; p<0.05, ‡‡; p<0.01 and ‡‡‡; p< 0.001 represents significance compared to distant graft group. There were no significant differences between the orthotopic and 
inverted nerve groups for any of the four parameters.

FIGURE 3: A bar diagram showing the mean density (±SEM) of myelinated
axons in normal nerve, orthotopic, inverted and distant nerve graft groups (n
= 8, for all groups). # and ‡, represent differences compared to normal nerve
(#, p<0.001) and distant nerve graft (‡, p<0.001) groups, respectively.

Mean density of myelinated axons (#/mm2)

Normal nerve       Orthotopic graft      Inverted graft          Distant graft
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com pa ri sons). The mean mi ni mum di a me ter of
mye li na ted fi bers was sig ni fi cantly greater in the
ort ho to pic ner ve graft gro up com pa red to both in-
ver ted (p< 0.05) and dis tant (p< 0.001) ner ve graft
gro ups, whi le no sig ni fi cant dif fe ren ce was pre sent
bet we en the in ver ted and dis tant ner ve graft gro -
ups. The his tog rams of the fre qu ency dis tri bu ti on
of axons with respect to di a me ter (Figure 6) sho -
wed a nor mal dis tri bu ti on for the nor mal sci a tic
ner ve gro up, with di a me ters ran ging bet we en 0.5
and 15 μm and pe a king at 3-4 μm. In ort ho to pic
ner ve graft gro up, the dis tri bu ti on pre sen ted a left

de vi a ti on, with the axon di a me ters ran ging bet we -
en 0.5 and 9.5 μm and pe a king at 1-2 μm. The sa -
me con fi gu ra ti on was re pe a ted in in ver ted and
dis tant ner ve graft gro ups, both with a pe ak at 1-
2 μm, thus in di ca ting a cle ar pre do mi nan ce of small
di a me ter axons.

The ave ra ge G ra ti o was 0.68 (ran ge: 0.36-1) for
the ner ves of the nor mal sci a tic ner ve gro up, whi le
in ort ho to pic, in ver ted and dis tant ner ve graft gro -
ups it was 0.68 (ran ge: 0.31-0.97), 0.80 (ran ge: 0.36-
1.15) and 0.74 (ran ge: 0.42–1.34) res pec ti vely, with
a sig ni fi cant dif fe ren ce bet we en the nor mal sci a tic
ner ve gro up and ort ho to pic (p< 0.05), in ver ted (p<
0.001) and dis tant (p< 0.001) ner ve graft gro ups. The
his tog rams of the fre qu en ci es of the G ra ti o (Figure
7) sho wed a nor mal dis tri bu ti on for the nor mal sci-
a tic ner ve gro up, ran ging from 0.3 to 1 with a pe ak
at 0.6-0.7. In ort ho to pic ner ve graft gro up, dis tri -
bu ti on ten ded to be si mi lar to the nor mal sci a tic
ner ve, but with a very small va ri a ti on bet we en ra -
ti o fre qu en ci es, with va lu es ran ging from 0.1 and
0.9 and a pe ak bet we en 0.6 and 0.8. In in ver ted and
dis tant ner ve graft gro ups, G ra ti o dis tri bu ti on pre-
sen ted a strong right de vi a ti on, with a pe ak at 0.7-
0.8, and con ta i ned hig her num ber of axons with a G
ra ti o of 0.8-0.9.

FIGURE 4: A bar diagram showing the total number (±SEM) of myelinated
axons in normal nerve, orthotopic, inverted and distant nerve graft groups (n
= 8, for all groups). # and ‡, represent differences compared to normal nerve
(#, p<0.001) and distant nerve graft (‡, p<0.001) groups, respectively.

FIGURE 5: The histograms of the frequency distribution of fibers according to diameter.

Fiber diameter (µµm)

Fiber diameter (µµm) Fiber diameter (µµm)

Fiber diameter (µµm)

Total number of myelinated axons
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Inverted nerve graft group
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Distant nerve graft group

Normal nerve       Orthotopic graft      Inverted graft          Distant graft
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Axon and Mye lin She ath Are a

The ave ra ge axon are a was 32.92 μm2 (ran ge: 0.62–
340.41 μm2) for the ner ves of the nor mal sci a tic
ner ve gro up, whi le for ort ho to pic, in ver ted and
dis tant ner ve graft gro ups it was 8.77 μm2 (ran ge:

0.61-65.26 μm2), 7.37 μm2 (ran ge: 0.45-61.90 μm2)
and 6.12 μm2 (ran ge: 0.44-38.39 μm2), res pec ti vely.
The ave ra ge axon are a was sig ni fi cantly hig her in
the nor mal sci a tic ner ve gro up com pa red to ort ho -
to pic, in ver ted and dis tant ner ve graft gro ups (p<

FIGURE 6: The histograms of the frequency distribution of axons according to diameter.

FIGURE 7: The histograms of the frequency distribution of G ratio.
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0.001 for all com pa ri sons). The mean axon are a was
al so sig ni fi cantly greater in the ort ho to pic ner ve
graft gro up com pa red to both in ver ted (p< 0.01)
and dis tant (p< 0.001) ner ve graft gro ups, and it was
al so fo und to be sig ni fi cantly greater in the in ver -
ted ner ve graft gro up com pa red to dis tant ner ve
graft gro up (p< 0.001).

The mean mye lin she ath are a was 39.88 μm2

(ran ge: 0.65–329.41 μm2) in the nor mal sci a tic ner -
ve gro up, whi le for ort ho to pic, in ver ted and dis-
tant ner ve graft gro ups it was 10.29 μm2 (ran ge:
1.44-92.46 μm2), 6.17 μm2 (ran ge: 0.26-32.20 μm2)
and 5.00 μm2 (ran ge: 0.20-60.90 μm2), res pec ti -
vely. The mean mye lin she ath are a was sig ni fi -
cantly greater in the nor mal sci a tic ner ve gro up
com pa red to ort ho to pic, in ver ted and dis tant ner -
ve graft gro ups (p< 0.001, for all com pa ri sons). The
mean mye lin she ath are a was sig ni fi cantly greater
in the ort ho to pic ner ve graft gro up com pa red to
both in ver ted  and dis tant ner ve graft gro ups (p<
0.001, for both com pa ri sons). It was al so fo und to
be sig ni fi cantly greater in the in ver ted ner ve graft
gro up com pa red to dis tant ner ve graft gro up (p<
0.001).

DISCUSSION
Know led ge abo ut ner ve re ge ne ra ti on is the key po -
int for suc cess in pe rip he ral ner ve sur gery. The re -
fo re, con si de rab le amo unt of ex pe ri men tal and
cli ni cal stu di es that in ves ti ga te pe rip he ral ner ve re-
ge ne ra ti on ha ve be en de sig ned and per for med. Sin -
ce cli ni cal stu di es ha ve the ir li mi ta ti ons,
ex pe ri men tal stu di es are very im por tant in or der to
ac cu mu la te da ta on the sub ject. In re vi ew of the
me di cal li te ra tu re, it is se en that rat mo del is the
most com monly used one to stu dy pe rip he ral ner -
ve re ge ne ra ti on. In ge ne ral, the re sults of every
newly developed pe rip he ral nerve re pa ir tech ni -
qu e has be en usu ally com pa red to tho se ob ta i ned
from a va ri ety of al ter na ti ve tech ni qu es, one of
which al most al ways be ing the ner ve graft gro up.
Un for tu na tely, ner ve graft gro ups used in the se stu -
di es are not ho mo ge no us and thre e ma in al ter na ti -
ve met hods ha ve be en pre fer red to com po se a
ner ve graft gro up; (i) cut ting a seg ment of ner ve
and im me di a tely su tu ring it to its own pla ce in its
ori gi nal di rec ti on, (ii) re ver sing the ner ve seg ment

be fo re su tu ring, and (ii i) using a dis tant ner ve graft
to re cons truct the ner ve de fect. All of the se thre e
met hods ha ve be en re gar ded as ner ve graft gro up,
and the aut hor decided one of them. This dis cre -
pancy bet we en the stu di es ra i ses im por tant qu es ti -
ons such as “Do es choosing different met hods af fect
the re sults of the study and inf lu en ce or even bi as
the suc cess of the tes ted met hod?” This ex pe ri -
men tal study was de sig ned to pro vi de in sight and
se ek ans wers for this qu es ti on.

Thre e com mon met hods of ner ve graf ting we -
re eva lu a ted by me ans of elec troph ysi o logy, func-
ti o nal as sess ment and his to morp ho metry. Among
them, func ti o nal as sess ment performed using wal -
king tract analy sis is ac cep ted to be the most im-
por tant one,13-15 sin ce func ti o nal in dex is
con si de red as an as sess ment of ove rall ner ve func-
ti on since wal king re qu i res comp lex mo tor-unit re -
in ner va ti on co or di na ted by cor ti cally in teg ra ted
sen sory fe ed back.14,15 In ort ho to pic and in ver ted
graft gro ups, func ti o nal re sults we re sig ni fi cantly
bet ter than tho se of ner ve de fect and dis tant ner ve
graft gro ups. The re a son for this re sult may be ex-
p la i ned by go od si ze match bet we en the co ap ted
ner ve ends in  ort ho to pic and in ver ted graft gro -
ups, alt ho ugh in dis tant ner ve graft gro up two seg-
ments of ner ve graft we re used to pro vi de bet ter
si ze match bet we en the graft and the sci a tic ner ve.
It is well known that, si ze match bet we en the graft
and the cut ner ve, as well as the con sis tency in to -
pog rap hic ori en ta ti on of the fi bers, is an im por tant
fac tor in ner ve re ge ne ra ti on.1 Two seg ments of ner -
ve graft may pro vi de si ze match, but physi cally
may not co ver all the fi bers tho se will spro ut du r-
ing the re ge ne ra ti on pro cess. Even tu ally, so me of
the fi bers will be lost or mis di rec ted. It is al so dif-
fi cult to pro vi de con sis tency in to pog rap hic ori en -
ta ti on bet we en a dis tant ner ve graft and the
re cons truc ted ner ve.

Our re sults re ve a led sig ni fi cantly bet ter NCV
re sults in the ort ho to pic ner ve graft gro up com-
pared to in ver ted and dis tant ner ve graft gro ups; al-
t ho ugh no sig ni fi cant dif fe ren ce was ob ser ved
bet we en the lat ter two graft gro ups. This re sult
may ref lect the ef fect of bet ter to pog rap hic ori en -
ta ti on bet we en ort ho to pic ner ve graft and the cut
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ner ve, which is dif fi cult to ac hi e ve in an in ver ted
or dis tant ner ve graft. NCV me a su res the fas test
con duc ting ner ve fi bers, and it is de pen dent on
axon di a me ters, mye li na ti on and in ter no dal dis tan -
ce.14 Ho we ver, it sho uld be no ted that NCV do es
not eva lu a te to tal ner ve func ti on, be ca u se a ner ve
may ha ve only a few fi bers that con duct very well
even tho ugh the majority of re ma i ning fi bers are
da ma ged.14

In ad di ti on to func ti o nal as sess ment and NCV
me a su re ments, a de ta i led his to lo gic and his to -
morp ho met ric study was per for med, in or der to
eva lu a te the ef fects of di ver se graf ting met hods on
morp ho logy of the re pa i red pe rip he ral ner ve, and
to shed light in to the cel lu lar ba sis of func ti o nal re-
co very. In the pre sent study, end po int (21 we ek)
his to morp ho metry de mons tra ted that the to tal
num ber and den sity of mye li na ted fi bers that re ge -
ne ra ted we re sig ni fi cantly hig her in the ort ho to pic
and in ver ted graft gro ups com pa red to dis tant ner -
ve graft gro up, and this may exp la in bet ter func ti -
o nal re co very ob ser ved in the se two gro ups
com pa red to dis tant ner ve graft gro up.  

Apart from thre e al ter na ti ve graft gro ups, nor-
mal sci a tic ner ves from the un-ope ra ted si de of the
ani mals we re har ves ted in or der to be used as con-
trols in the morp ho met ric stu di es. When com pa -
red with the se con trol sci a tic ner ves, axo nal
den sity in the dis tal part of the sci a tic ner ve was
fo und sig ni fi cantly hig her in all thre e graft gro ups
. Ho we ver, the dis tal mye li na ted axon and fi ber di-
a me ters as well as axon and mye lin she ath are as
we re sig ni fi cantly smal ler in all graft gro ups com-
pa red to the se nor mal sci a tic ner ves. Owing to its
cri ti cal func ti o nal ro le in the pe rip he ral ner vo us
system, measurement of axon and fi ber di a me ter
dis tri bu ti on is an im por tant, and the me an fi ber di-
a me ter, mye lin thick ness and mye lin are a not only
pro vi de me a su res of the ma tu rity for the re ge ne ra -
ting ner ve fi bers but al so di rectly ef fect ner ve func-
ti on, and they are di rectly correlated with NCV.16-18

The re fo re, apart from es ti ma ting axo nal den sity
and to tal axon num bers, ot her morp ho met ric pa-
ra me ters inc lu ding mi ni mum axon and fi ber
(axon+mye lin) di a me ter, axon and mye lin she ath
are a and G ra ti os (the ra ti o of axo nal di a me ter to

the fi ber di a me ter) we re es ti ma ted in order to pro-
vi de in for ma ti on on the ma tu ra ti on of re ge ne ra ting
axons and the ir re le van ce with the func ti o nal re co -
very. The morp ho met ric re sults of this study re ve -
a led sig ni fi cant re sults that may cor res pond to the
SFI and NCV re cor ded in thre e ex pe ri men tal ner -
ve graft gro ups. For examp le, the mean di a me ter of
mye li na ted fi bers and mye lin she ath are a were fo -
und to be sig ni fi cantly greater in the ort ho to pic
ner ve graft gro up com pa red to both in ver ted and
dis tant ner ve graft gro ups. Similarly, sig ni fi cantly
greater va lu es we re ob ser ved in the in ver ted ner ve
graft gro up com pa red to dis tant ner ve graft gro up.
The re fo re, it is temp ting to sug gest that the se mor-
p ho lo gi cal fin dings cor res pond to the SFI and NCV
re sults ob ta i ned from the se thre e gro ups, sin ce both
morp ho lo gi cal pa ra me ters ha ve be en re gar ded as
me a su res of axo nal ma tu rity and de ter mi nants of
ner ve func ti on and NCV.

Fol lo wing im me di a te ne u rorr haphy or ner ve
graf ting, axons re en ter the dis tal stump and re ge -
ne ra te down the pe ri ne u ri al and en do ne u ri al tu -
bes,19 but the in comp le te re turn in fi ber di a me ter
se en may com pro mi se sub se qu ent con duc ti ve20 and
func ti o nal21 pro per ti es. We do cu men ted he re that
in dis tant ner ve graft gro up, the dis tri bu ti on of fi -
ber di a me ter was cle arly uni mo dal and fre qu ency
was much hig her (43.4%) for small di a me ter fi bers
(bet we en 2 and 3 μm) com pa red to tho se ob ser ved
in ort ho to pic and in ver ted nerve graft gro ups. The -
re fo re, apart from dec re a sed num ber of mye li na ted
axons, re du ced fi ber di a me ter may al so be res pon -
sib le for the po o rer func ti o nal re sults ob ta i ned in
the dis tant ner ve graft gro up.   

Con se qu ently, con sis tency in met ho do logy is
im por tant in ex pe ri men tal ani mal stu di es. The re -
fo re, ho mo ge ne ity is ine vi tab le. In or der to get ho-
mo ge ne ity, si mi lar or sa me met hods sho uld be used
to com po se a de fi ni te gro up. Re sults of this ex pe ri -
men tal study show that, the re are no ti ce ab le dif fe -
ren ces among the met hods used to com po se a ner ve
graft gro up du ring ex pe ri men tal stu di es, alt ho ugh
they are used in terc han ge ably. The aut hors be li e -
ve that, this he te ro ge ne ity af fect the re sults of the
study. The re fo re, a stan dard met hod sho uld be de-
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s cri bed to com po se a ner ve graft gro up in ex pe ri -
men tal stu di es. This method should pre fe rably be
dis tant ner ve graft met hod, sin ce it may bet ter re-
f lect cli ni cal si tu a ti ons.

CONCLUSION
Different met hods have been used to com po se a
ner ve graft gro up in ex pe ri men tal stu di es in the

me di cal li te ra tu re. In this ex pe ri men tal study, fre-
quently used met hods have been com pa red and the
re sults show that dif fe rent met hods yield dif fe rent
re sults. The re fo re, a stan dar di za ti on is ne ces sary. 
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