
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Laser-assisted nerve repair. An experimental study

Menovsky, T.

Publication date
1999

Link to publication

Citation for published version (APA):
Menovsky, T. (1999). Laser-assisted nerve repair. An experimental study. [Thesis, fully
internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/laserassisted-nerve-repair-an-experimental-study(7cedacce-3095-487f-a2b1-fc73704dc2e5).html


Chapter VIII 

LASER, FIBRIN GLUE, OR SUTURE REPAIR OF RAT SCIATIC 

NERVE: A COMPARATIVE FUNCTIONAL, HISTOLOGICAL, AND 

M O R P H O M E T R I C A L STUDY 

T. Menovsky, J.F. Beek, M. van den Bergh Weerman, 
MJ.C. van Gemert, & J.J. van Overbeeke 

Peripheral nerve repair with microsutures is currently the gold standard 
against which any alternative technique must be compared before being 
accepted as a worthwhile alternative. In the previous chapters we have opti
mised LANR technique by using a protein solder and absorbable sutures lea
ding to improved histological results at one and six weeks after surgery. Long 
term nerve regeneration or morphometrical analysis of the nerves was not 
addressed. 

As an alternative to LANR or CMSR, FGNR can be used to reconnect 
nerves, although the disadvantage is similar to LANR, i.e. low acute tensile 
strength. Fibrin glue has mainly been used in Europe, because it was only 
very recently that the Food and Drug Administration approved the use of this 
glue in the United States. Although there are numerous reports on the use of 
fibrin glue in peripheral nerve surgery, most of them controversial, a compa
rative study between LANR, FGNR, and CMSR has not been performed. 

Therefore, this study was designed to investigate peripheral nerve rege
neration after C 0 2 LANR in comparison with FGNR and CMSR. Evaluation 
of the results was performed at 16 weeks after surgery and included func
tional toe-spreading test, light microscopy, and morphometric analysis. 

Materials and methods 

The study was approved by the local Animal Welfare Committee. In total 24 
male rats of an inbred Wistar strain, weighing 270-350 g, were used in the 
experiments. The rats were housed maximal six in a cage and were kept 
under conventional laboratory conditions. Before surgery, general anaes the
sia and exposure of the right sciatic nerve was accomplished as described in 
chapter VI. 

In each rat, the right sciatic nerve was transected using microscissors and 
the nerve ends were trimmed using a razor blade and a wooden spatula as 
underground. In the LANR group (n=8), the nerves ends were approximated 
with two monofilament 10-0 PGA (Vicryl, Ethicon, Norderstedt, Germany) 
stay sutures placed epi/perineurially and the external epineurium was coated 
with small amount of protein solder (bovine albumin solved in saline) using 
a small spatula. Subsequently, the nerve was fused together with repeated 
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pulses of C 0 2 laser energy using the same laser parameters and laser system 
as described in chapter VII. Meticulous care was under taken not to irradia
te the suture thread (Chapter IX). After the repair, the wound bed was care
fully flushed with saline. In the FGNR group (n=8), the nerves were also 
approximated with two 10-0 PGA stay sutures placed epi/perineurially and 
the repair area was covered using a biological two component fibrin glue 
(Tissucol, Immuno AG, Vienna, Austria). This biological two-component 
glue consists of fibrinogen solution and thrombin. One ml of the fibrinogen 
solution contains 70-110 mg fibrinogen, 10-50 U factor XIII, 40-120 ug 
plasminogen, and 3000 kall idinogenase inactivator units . One ml of throm
bin solution contains 500 IU thrombin and 40 umol calcium chloride. These 
components come deep-frozen, in two preloaded syringes and after thawing 
are mixed during application. The glue is delivered to the repair site using a 
double lumen syringe. After mixing of the two components at the repair site 
the glue becomes a white elastic mass which mimics a natural blood cloth. 
In the CMSR group (n=8), the nerves were repaired with four to six epi/peri-
neurial 10-0 PGA sutures placed equidistantly around the nerve using stan
dard microsurgical technique. After repair, the fascia of the hamstring mus
cles was closed with two 6-0 PGA sutures and the skin was closed with 4-0 
PGA sutures. The rats were not immobilised and were permitted unlimited 
activity in their cages. 

The functional recovery of the rats was examined at eight and 16 weeks 
after surgery using a toe-spreading test as described in chapter VI. 

Sixteen weeks after surgery, the rats were sacrificed by an overdose feno-
barbital intraperitonally and the nerves were processed for light microscopy 
using toluidine blue stain (Chapters VI and VII). Transverse sections were 
obtained from the proximal and distal segments of the nerve while longitu
dinal sections were cut from the repair zones. The light microscopic sections 
were examined and semi-quantitatively scored as described in chapter VII. 

Morphometrical analysis of the nerves was performed using light micro
graphs at a 4 0 0 fold magnification. Nervous tissue area, axon count, myeli
nated nerve fibre diameter, and nerve fibre density were determined for the 
proximal and distal nerve segments. The results are presented as mean ± SD. 
The data were statistically analysed using the Mann-Whitney U test. 

Results 

There was no postoperative mortality and no clinical evidence of wound 
infections. Of the eight rats in the laser group, three rats had some heel ulce
rations of their right foot. This was statistically comparable to one rat and 
three rats from the FGNR and CMSR groups respectively. The ulcerated 
heels did not affect the measurements of the toe-spreading test. 

Toe-spreading test 
Recovery of motor function showed no significant differences between the 
three groups of repair. All nerves had significantly diminished motor func-
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tion directly postoperative with a subsequent progressive increase to 
approximately 6 0 % of the normal function (Fig. 8.1). 

Macroscopy 
On reexploration, dehiscence of the nerves was found in neither repair group. 
The gross appearance of the repaired nerves showed in general good coapta
tion and healing at the repair site. Slight adhesions were found in four rats of 
the LANR and FGNR groups, while moderate adhesions were found in six 
nerves of the CMSR group. Some thickening of the repair site was observed 
in three, three, and five rats from the LANR, FGNR, and CMSR groups 
respectively. The thickening of the repair site was more pronounced in the 
CMSR group. No suture material , carbonaceous deposits, fibrin glue, or sol
der material could be observed at the repair sites. 

Light microscopy 
All nerves demonstrated the anatomical continuity of the nerves and reve
aled various degrees of axonal regeneration across the repair site. The three 
repair techniques had a number of morphological features in common and 
the differences were mainly quantitative of origin. The intraneural organisa
tion was altered when compared to normal nerves. The epineurium was thic
kened and revealed various degrees of fasciculation and proliferation. A nor
mal epi- and perineurium was only present beyond the repair site. In all 
groups, both the epi- and perineurium contained regenerating axons. True 
neuroma formation was only present in one nerve of the LANR and one of the 
CMSR group. Intraneural scar t issue was present in all nerves, but this fibro
sis was more abundant in the sutured nerves. In the laser group, the solder 
was completely absorbed at the repair site without residual reaction. Again, 
no carbonised particles were seen. In the FGNR group, no signs of the fibrin 
glue could be found. 

Remnants of the sutures, which could be observed only in some nerves, 
were displaced more towards the centre of the nerve, and were usually loca
ted intraneurally covered by the epi- and perineurium. In these nerves, most 
of the suture material had been absorbed, and only some remaining cellular 
aggregate, consisting of concentrically arranged mononuclear and giant cells, 
was detected. Little fibrosis was observed around the remnants of the sutu
res. Adjacent to the sutures a disorganised pattern of nerve fibres was obser
ved. 

In the direct area of the repair site, a defined fascicular pattern was lost, 
and the axons formed numerous small fascicles, especially at the periphery 
of the nerve. In the longitudinal sections, many axons were cut transversely, 
suggesting some disorientation of the nerve fibres. Neural alignment was 
good to moderate in laser and fibrin glue repaired nerves, and good to poor 
in the sutured nerves (Table 8.1). 

More distally to the repair site, the neural architecture became more nor
mal. The proximal section of all repaired nerves had generally a normal 
appearance comparable to intact sciatic nerves from the contralateral side. 
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Time (weeks) 

Fig. 8.1. Toe-spreading test for the three different repair techniques. 
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Fig. 8.2. Nerve regeneration of LANR with soldering at sixteen weeks follow up (original 

magnification x 400). 
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The nerves had usually one large fascicle. In the distal nerve segment, two 
or three large fascicles were present with numerous myelinated nerve fibres 
(Fig. 8.2). No fibrosis was found in the distal nerve segments. Extraneural 
fibres, indicating escape of nerve fibres at the repair site, were present irre
spective of the repair technique. The location and site of these extraneural 
fibres corresponded well with the location at the repair site where the nerve 
fibres were intermingled within the epineurium where the perineurial layer 
was not that clearly defined. Few degenerating axons were occasionally 
noted in the distal nerve segment. 

Morphometry 
The proximal portions of the nerves showed a bimodal distribution of the 
axonal diameter and there was no significant difference in fibre counts or 
diameter between the groups (p>0.05). The regenerated nerve fibres in the 
distal nerve segment of the repair groups were significantly thinner 
(p<0.001) than in the proximal segments of all groups. The normal bimodal 
distribution of the myelinated nerve fibres was lost due to loss of larger nerve 
fibres and the total spectrum shifted to the left to smaller nerve fibres (Fig. 
8.3). The mean myelinated axonal diameter, axon count, and density was not 
significantly different between the three repair groups (p>0.05) although 
there was a trend to more and thicker nerve fibres in the LANR group. The 
total number of nerve fibres in the distal nerve segments was significantly 
increased compared to the proximal segments for all repair groups (p<0.001). 
Table 8.2 summarises the morphometrical data of all repair groups. 

Discussion 

A major focus of research on nerve repair has been the development of tech
niques that avoid or minimise the number of sutures and prevent fibrous ing
rowth at the repair site. Several sutureless techniques have been developed, 
although none of them has demonstrated to be consistently superior to 
CMSR. Repair of peripheral nerves with sutures, whether epineurial or peri
neurial , is the gold standard against which any alternative technique must be 
compared. The experimental repair techniques must demonstrate at least 
equal histological and functional results before being accepted as a worth
while alternative. 

In the beginning, 'sutureless ' techniques must fulfil several criteria to be 
of possible advantage compared to suture repair. First, the technique must 
result in an acute sufficient tensile strength. Second, it must not compress 
the nerve and not involve an increased severity 
of trauma as compared to sutures. Third, the early and late tissue reaction of 
the nerve must be kept to a minimum and axonal regeneration must not be 
impaired. 

Before performing a comparative study, we have refined the operative 
technique of LANR which is based on more than four hundred previous 
manipulations of peripheral nerves using the CO2 laser. By using a protein 
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Fig. 8.3. Distal nerve fibre diameter density for the LANR (upper), FGNR (middle), and 
CMSR (lower) groups. 
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Table 8,1. Summary of histological results for the different groups of repair* 

Histological features Type of re :pair 
LANR (n: =8) FGNR(n: =8) CMSR (n=8) 

Epi-perineurial fasciculation 
mild 
moderate 

5 
2 

4 
1 I 

severe 
Neuroma formation 

none/slight 
moderate 

1 

7 
1 

3 

8 

3 

7 
1 

severe 
Extraneural fibres at 

few 
several 

repair site 
3 
2 

3 
1 

1 
4 

numerous 
Intraneural scar 

mild 
moderate 

3 

8 

4 

6 
2 

3 

5 
3 

severe 
Axonal alignment 

good 
moderate 

4 
4 

1 
7 

3 
4 

poor 
Extraneural fibres in 
distal nerve segment 

none/few 
several 

the 

3 
1 

3 
1 

1 

2 
3 

numerous 4 4 3 

*entries are the number of nerves 

solder in combination with two absorbable sutures, the risk of mechanical 
damage and scar formation are reduced. In this study, an observation period 
of 16 weeks was chosen as nerve regeneration is then thought to be comple
ted. This is supported by the study of HUANG (1992) showing that at four 
months after LANR and CMSR of the rat sciatic nerve, no further improve
ment of motor function (assessed by the toe-spreading test) was observed. In 
our study, two sutures were placed at 0° and 180° in order to obtain adequate 
tensile strength and to facilitate manipulation of the nerve during LANR and 
FGN R. We feel that two sutures are essential because the nerve ends retract 
after transection and trimming and some acute force is needed to approxi
mate the nerve ends. Once covered by solder or glue, the sutures are not 
removed as it would cause damage to the repair site. 

Our results demonstrate that both LANR, FGNR, and CMSR result in 
good axonal regeneration although normal nerve architecture is not restored 
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Table 8.2. Number, density, and diameter of myelinated axons per nerve of the diffe-
rent repair groups*  

Parameter LANR FGNR CMSR  

proximal distal proximal distal proximal distal 

nervous tissue area 0.57±0.03 0.39±0.08 0.56+0.09 0.33±0.02 0.55±0.09 0.3 ±0.02 

(mm2) 
no. of myelinated 9,780±880 L0,880±l,680 7,520±620 9,17 ±1,450 7,850+1,490 8,090±1,920 
axons* 
myelinated axon 17,100±1,610 27.680±1.660 13,500±1,470 28,020±2,920 M,270±3,870 26.600± 
density (mm"2) 4.310 
diameter of 6.02 ±0.23 3.51 ±0.21 6.30 ±0.74 3.06 ±0.32 6.85 ±1.43 3.41 ± 0.39 
myelinated axons 
(f'm)  
*values are means ± SD 

even at 16 weeks postoperatively. C 0 2 LANR resulted in an improved histo
logical architecture at the repair site (less epi- and perineurial proliferation, 
less intraneural scar t issue, and better neural alignment) compared to CMSR, 
both for the early (Chapter VII) and late period of wound healing (this 
Chapter). These findings are related to each other and can be explained as 
follows. LANR using solder produces a more complete epineurial seal than 
is achieved with sutures, which prevents scar t issue ingrowth from outside 
the nerve. The epineurium heals more favourably (due to minimising the 
foreign body reaction) and thus the axons are less blocked or misdirected at 
the repair site. As a consequence, the neural alignment is improved. Better 
alignment may also be achieved as the compressive forces and trauma to the 
epineurium resulting from sutures are reduced by simply using less sutures. 
Intraneural scar, which is mainly caused due to collagen production by fibro
blasts and Schwann cells inside the nerve, is less likely prevented by LANR. 
Nevertheless, intraneural scar was mild in die LANR group, possibly due to 
minimal manipulation and less distortion of the nerve ends during repair. 
The epineurial seal is also postulated to provide a more favourable microen-
vironment for axonal growth by holding neurotrophic factors (PARKER, 1984), 
although this aspect was not investigated in this study. Our histological 
results of LANR compare favourably with the l i terature. AL-HUSSAINI (1992) 
showed that in C 0 2 and KTP laser repaired rat sciatic nerves, there was a 
normal appearance of fibroblasts, Schwann cells, and myelin sheaths, whe
reas in sutured nerves the fibroblasts w^ere altered and the myelin sheath was 
disorganised. In facial nerve grafting in rabbits , no neuromas, no connective 
tissue invasion, no axonal extension or proliferation outside the epineurium 
and less entrapment of axons at the repair side marked the C 0 2 laser group 
at three months postoperatively (EPPLEY, 1989). C 0 2 LANR in nerve grafting 
in primates showed less escape of axons outside the intrafascicular space 
and less neuroma formation than in a sutured group (BAILES, 1989). KlM 
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(1990) showed that CO2 laser repaired nerves with additional of epi/peri-
neurial t issue to the repair site had less proliferation of epineurial t issue. 

All three groups of nerve repair in our study had extraneural nerve fibres 
located in the distal nerve segment, indicating that some axons must have 
escaped at the repair site. This study show that the glue does not prevent the 
axons from escaping at the repair site. Based on our findings, one can con
clude that neither the solder nor fibrin glue provided a good seal at the repair 
site, which has been confirmed for fibrin glue by PALAZZI (1995). However, 
axons may escape the nerve between the fascicles and follow their course 
distally, still being located extraneurally. 

Despite the more favourable histological results for the laser group, there 
were no significant differences in functional or morphometric outcome of the 
three techniques. However, assuming that an increased number and diame
ter of axons in the distal nerve segments correlate with better regeneration 
(SUNDERLAND, 1968), then there is a trend to better results in the LANR 
group, followed by the CMSR and then the FGNR group. This trend has been 
obtained, albeit without statistical significance as well, by others in different 
animal models (FISCHER, 1985; BAILES, 1986; BENKE, 1986; KlM, 1990; A L -
HUSSAINI, 1992; HUANG, 1992; KORFF, 1992; DUBUISSON, 1993; DORT, 1994; 

OCHi, 1995). 

In conclusion, the functional result of LANR with soldering in rat sciatic 
nerve is at least equal to CMSR or FGNR. Therefore, based on this study, 
LANR with soldering is a worthwhile alternative and may be effectively used 
for clinical peripheral nerve repair. 
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