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Summary 

Nerve regeneration was studied in a model of centrocentral anas- 
tomosis (CCA) performed on the sciatic nerve of the rat. Experi- 
mental CCA was made by suturing the proximal end of the peroneal 
branch on the proximal end of the sural branch, placing between 
them a peroneal nerve graft (Group I, 20 rats) or a silicone chamber 
(Group II, 12 rats). Nerve grafts had a length of 5 mm and silicone 
chambers 7 mm. In six silicone chambers an 1 mm nerve graft was 
placed in the centre of the tube. In group I animals anterograde 
degeneration was studied by cutting the graft 60 days after surgery. 
In group II, nerve regeneration was studied 2, 4 and 8 weeks after 
surgery. Results indicate that in CCA: 1) regenerated axons coming 
from one nerve end grow into the graft but do not cross the con- 
tralateral suture line; 2) regeneration is poorer in silicone chambers 
than in nerve grafts; and, 3) in silicone chambers regeneration is 
related to time. The reduction in the regenerative capability in CCA 
seems to be related to the alteration of nerve sprouts aiming for the 
peripheral targets. 

Keywords. Peripheral nerve regeneration; centrocentral anasto- 
mosis; silicone chambres technique; nerve growth factors; sciatic 
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Introduction 

T h e  c e n t r o c e n t r a l  a n a s t o m o s i s  ( C C A )  m a y  be  de-  

f ined as the  t e r m i n o t e r m i n a l  su tu re  a m o n g  the  fascicles  

o f  the  p r o x i m a l  s t u m p  o f  a s ec t i oned  p e r i p h e r a l  nerve ,  

w i th  the  i n t e r p o s i t i o n  o f  a g ra f t  b e t w e e n  each  pa i r  o f  

fascicles.  

T h e  C C A  was  i n t r o d u c e d  by S l o o f f  l~ and  Sami i  8, 

a n d  s o m e  cl inical  a n d  e x p e r i m e n t a l  s tudies  h a v e  s h o w n  

this  to be  ef fec t ive  in r e d u c i n g  the  size o f  the  t e r m i n a l  

n e u r o m a  an  n e u r o m a  r e l a t ed  p a i n  1-3' 8,[0. T h e  first  p o i n t  

o f  o u r  e x p e r i m e n t a l  w o r k  was  d i rec ted  t o w a r d s  s tudy  

o f  ne rve  r e g e n e r a t i o n  in a C C A  m o d e l  to d e t e r m i n e  

h o w  the  C C A  c o u l d  m o d i f y  the  f ac to r s  i n v o l v e d  in the  

p a t h o g e n e s i s  o f  n e u r o m a - r e l a t e d  pain .  T o  ach ieve  this,  

an  e x p e r i m e n t a l  m o d e l  o f  a s ingle C C A  was  d e v e l o p e d  

in the  sciat ic  ne rve  o f  the  rat .  O n  the  o t h e r  hand ,  s o m e  

a u t h o r s  h a v e  p r o p o s e d  tha t  the  r e d u c t i o n  in the  re- 

g e n e r a t i v e  capab i l i t y  o f  the  a x o n  sp rou t s  o b s e r v e d  in 

the  C C A  is due  to the  i so l a t i on  o f  t hose  f r o m  the  ne rve  

g r o w t h  fac to r s  ( N G F ) .  T o  c lar i fy  this po in t ,  a s econd  

e x p e r i m e n t  was des igned  s t u d y i n g  ne rve  r e g e n e r a t i o n  

in a C C A  c rea t ed  in the  sciat ic  ne rve  o f  the  ra t  w i th  

the  i n t e r p o s i t i o n  o f  a s i l icone c h a m b e r  ins t ead  o f  the  

ne rve  graf t .  

Materials and Methods 

Adult Sprague-Dawley male rats were used for the study, weigh- 
ing 200-220 g at the beginning of the experiments. For surgical pro- 
cedures animals were intraperitoneally anaesthetized with ketamine, 
diazepam, and atropine sulphate. The sciatic nerve was approached 
in the mid-thigh and the tibial, peroneal, and sural branches were 
dissected using microsurgical techniques (Fig. 1 a). Both peroneal 
and sural branches were cleanly severed about three mm distal to 
their origin. In a first group of twenty animals (Group I), a nerve 
graft of 5 mm lenght was taken from the peroneal branch and end- 
to-end sutured to the terminal stumps of the peroneal and sural 
nerves (Fig. i b). In a second group of twelve rats (Group II) peroneal 
and sural nerves were severed and each stump was insersted into the 
opposite ends of a silicone tube 5' 6. The silicone tube had an internal 
diametre of 1 mm, an outer diametre of 1.2 mm and a length of 7 mm. 
The silicone tube was left empty in six rats and in the others a small 
piece of I mm of peroneal nerve was placed in the centre of the tube 
before the insertion of the nerve stumps (Fig. 1 c). A single 10/0 
Ethilon stich was used to suture the nerve grafts in group I animals 
and to secure the nerve stumps into the silicone tube in group II 
rats. In all animals the surgical wounds were closed in layers and 
no antibiotic agents or topical or parenteral drugs were administered. 
The animals were housed under standard colony conditions. At the 
end of the experiments the animals were sacrificed by means of a 
lethal dose of sodium thiopental. 

Sixty days after CCA was performed the animals belonging to 
group I were operated on for the second time. By approaching the 
CCA and using a gentle microsurgical technique the mid-point of 
the nerve grafts were identified and cleanly severed, fixing each stump 
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Fig. 1. Surgical technique of centrocentral anastomosis, a) Microsurgical exposure of the sciatic nerve in the rat, showing the tibial (7), 
peroneal (P), and sural (S) branches, b) Operative photograph of the completed centrocentral anastomosis between the sural and peroneal 
branches in group I. A nerve graft is interposed between both nerves, c) Operative photograph of the centrocentral anastomosis in group 
II. The central nerve stump of the peroneal branch is inserted in the end of a silicone tube and secured by means of a single stich. The central 
stump of the sural nerve was placed in the same way in the other end of the chamber. In this case no isolated nerve graft was left into the 
chamber. In photographs a and b measure is in millimeters. 

to the neighbouring muscles with a perineural 8/0 stich. Ten days 
later, the CCA was microsurgically approached again and the stumps 
of the previously severed nerve graft and the parent peroneal and 
sural nerves were removed, identified, orientated, and stored for 
histological study. Animals of group II with silicone tubes were 
sacrified 2, 4, and 8 weeks after surgery and the tubes with the 
adjacent peroneal and sural nerves were removed for macroscopic 
and histological examination. 

The specimens were prepared for pathological study in the fol- 
lowing manner: double fixation in glutaraldehyde and osmium te- 
troxide, subsequent dehydratation through graded alcohols, and fi- 
nal inclusion in araldyte. Transverse sections of 2 I~m thick were cut 
on a Ultracut Reichert-Jung Ultramicrotome, stained with the met- 
achromatic toluidine blue technique and examined on a Leitz Or- 
topan Optic Microscope. Sections were taken in sequence at different 
levels of the specimens for the purpose of covering the entire length 
of grafts or silicone tubes and parent nerves. 

Results 

The surgical  technique  used was uneventful  and  

there was no mor t a l i t y  nor  compl i ca t ion  dur ing  the 

pe r iod  o f  observa t ion .  
In  g roup  I an imals  three  areas  were special ly con-  

s idered in the pa tho log i ca l  s tudy:  the d is ta l  p o r t i o n  o f  

the cut  nerve graft ,  co r r e spond ing  to the centre  o f  the 

graft;  the p r o x i m a l  po r t i on  o f  the nerve graft ,  jus t  dis ta l  

to the su ture  line; a n d  the d is ta l  po r t i on  o f  the pa ren t  

pe ronea l  and  sural  nerves above  the suture  lines. The  

former  a rea  consis ted in a large number  o f  fascicles 

con ta in ing  fibres in a recent  wal le r ian  degenera t ion  

stage and  fibres in different  stages o f  regenera t ion  (Fig.  

2 a). Some occas iona l  fascicles were seen conta in ing  

s imul taneous ly  regenerat ive  and  degenera t ive  nerve fi- 

bres  (Fig.  2 b). This  mixed  regenera t ive-degenera t ive  

pa t t e rn  was also observed  a long  the nerve graft .  How-  

ever, near  the suture  line there was a p r edominance  o f  

regenerat ive  sprouts .  The  regenera ted  axons  growing  

into the nerve graf t  showed m e d i u m  to large diameters .  

The  pa ren t  nerves above  the suture  line en la rgement  

showed essential ly his to logical  pa t t e rn  o f  a n o r m a l  pe-  

r iphera l  nerve, wi thou t  evidence o f  wal ler ian  degen-  

e ra t ion  or  regenera t ion .  
Sil icone tubes o f  g roup  II  an imals  sacrif ied 2 weeks 

af ter  surgery  were seen filled wi th  a yel lowish o r  xan- 

t hochromic  fluid on mac roscop ic  examina t ion .  H o w -  

ever, sil icone tubes be longing  to 4 and  8 week an imals  

showed a vascular ized s t ructure  br idging  the gap  be- 

tween bo th  nerve s tumps  (Fig.  3 a). The  tubes showed  

a relat ively thick th read  regardless  o f  the regenera t ion  

t ime or  the presence o f  the nerve piece left free in the 
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Fig. 2. Photograph of transverse sections of centrocentral anastomosis (CCA) in group I. a) Section from the end of the cut nerve graft, 
corresponding to the central area of the CCA, showing a regenerative fascicular pattern. Fascicles contain regenerative and degenerative 
fibers ( x 40). b) Magnification of the same area showing into some singles fascicles both regenerated and degenerated fibers ( x 100) 

chamber. Microscopic examination demonstrated an 
amorphous material without vessels, nerve fibres or 
connective tissue in the 2 week specimens. Both nerve 
ends showed a regenerative pattern extending only 0.5 
to 1 mm into the tube (Fig. 3 b). In the 4 week chambers 
the regenerated axons extended almost through the 
entire length of the chamber, although their number, 
density and thickness decreased in the centre of the 
chamber (Fig. 3 c). When the regeneration time was 8 
weeks the axonal pattern was similar near the nerve 
stumps and in the centre of the tube (Fig. 3 d). There 
were no significant differences between tubes with or 
without isolated nerve pieces. 

Discussion 

The centrocentral anastomosis is an ingenious at- 
tempt in the prevention and treatment of terminal or 
postamputation neuromas. CCA reduces the size of  
experimental neuroma~-3's; reduces the autotomy be- 
haviour in the rat if the procedure is performed im- 
mediately after nerve section as well as following re- 
section of a terminal neuromal; and, clinical studies 
have shown a remarkable pain reduction when it is 
used for the treatment of painful neuromas 3'~'1~ In 
addition to that clinical interest, CCA is an interesting 
experiment itself to study peripheral nerve regeneration 
since the model involves the growing within a nerve 
graft by axons coming from both graft ends. 

In our experiments we have studied the regeneration 
pattern using an anterograde wallerian degeneration 
technique. Following CCA would have a nerve growth 
sprout across both suture lines and along the interposed 

nerve, reaching and crossing eventually the contralat- 
eral suture lines. Sixty days were left allowing this re- 
generation process. Cutting the nerve graft an anter- 
ograde wallerian degeneration in the axons regenerated 
in the contralateral portion of the nerve graft is pro- 
moted. These degenerative changes were histologically 
studied ten days later and let us know the point reached 
by the nerve sprouts. The results of  our experiments 
show that the axonal sprouts are growing within the 
interposed nerve graft. They pass in both directions 
from one side to the other of the graft developing clus- 
ters into the graft of crossing inside a single cluster. 
However, the sprouts are not able to cross over the 
contralateral suture lines. Most of  these regenerative 
fibres are fully myelinated and the resemblance of the 
graft is quite similar to a normal nerve. 

These findings lead to some neurophysiological and 
neuropathological considerations. However, the main 
issue is to explain why the regenerating fibres cannot 
cross the contralateral suture line. Gorkisch et al)  sug- 
gested an alteration in the axonal flow due to the in- 
crease of the intraperineurial pressure. Also it would 
be related to the mechanical barrier developed in the 
suture line by the scar. An additional factor would be 
the difficulty or impossibility of finding free Hanke- 
Bugner's bands on the other side of the suture line. 
Seckel 9 postulated the isolation from target derived 
neurotrophic factors and the confinement of the nerve 
sprouts into a non-target environment. The CCA 
model with silicone tube was designed to explore the 
last hypothesis. Recent basic research studies have dem- 
onstrated that macrophages coming from the neigh- 
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Fig. 3. Pathological study of centrocentral anastomosis (CCA) in group II. Macroscopic appearance of silicone chamber without nerve graft 
after 8 weeks of regeneration, b) Microscopic section from the end of a silicone chamber without nerve graft after 2 weeks, showing an 
irregular pattern of regeneration surrounded by some layers of connective tissue. These structures are surrounded by an amorphous fluid 
( x 10). c) Section from the center of a 4 weeks silicone chamber without nerve graft after 4 weeks, showing a regenerative pattern ( x 40). 
d) Section of the center of a 8 weeks silicone chamber without nerve graft, showing a typical regenerative pattern with axons grouped in 
fascicles ( • 40) 

bouring tissues during wallerian degeneration have an 

important role in the regulation of  the NGF-  
synthesis 4'7. After a nerve injury macrophages invade 

the nerve increasing N G F - m R N A  levels in Schwann 
cells and fibroblastic-like cells. This actions seems to 
be mediated by the interleukine-1 produced by mac- 

rophages. The levels of  N G F - m R N A  increase in the 
distal stump just distal to the axon sprouts guiding 

therefore the nerve regeneration peripherically. 
In the CCA model with silicone tubes the tube iso- 

lated the degenerative-regenerative process from the 
neighbouring tissues and, in some way from the rest 
of  the organism. Consequently macrophages are not 

allowed to arrive at the nerve stumps and interleukin- 

1 is not released. Moreover, into the chambers there 

are no (or in a less amount) target cells capable of  

producing NGF.  These factors could explain the re- 

markably reduced regeneration capability in CCA with 

silicone tubes. In regular CCA with nerve grafts mac- 
rophages can arrive and target cells produce NGF.  

However, the regeneration coming from both sides, the 
time sequence and spatial organization of  the process 

would be inadequate to ensure a satisfactory regen- 
eration. On the other hand, in parent nerve branches 
proximally to the suture lines, wallerian degeneration 
does not occur and the NGF-synthesis would not be 
activated. This lack of  guiding substratum could ex- 
plain how axonal regeneration is reduced in the CCA. 
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In conclusion, following centrocentral anastomosis 
the axonal sprouts crossing the first suture line pene- 
trate into the nerve graft where they grow freely, stop- 
ping in front of the second suture line. Axonal sprouts 
are well myelinated by Schwann cells and protected 
against the irritating perineural scar. The reduction in 
regenerative capability in CCA seems to be related to 
the lack of an adequate directional force to the pe- 
ripheral targets. 
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