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Abstract t 

Positivee results of tubulization in peripheral nerve reconstruction have been esta-

blishedd in animals by many investigators. Clinically, tubulization by means of a 

venouss tubulus is accepted as a reliable technique, but histological results are not 

knownn and functional analysis is limited. The aim of this investigation was to 

studyy the histological effect of venous tubuli in peripheral nerve reconstruction. 

Inn 20 rabbits the saphenous nerves were transected and reconstructed. In ten rab-

bitss (series i ) a venous tubulus was placed around the nerve suture. In another 

tenn rabbits (series 2) a venous tubulus was sutured over a 3-mm nerve gap. 

Conventionall  suturing was done in ten contralateral saphenous nerves (series 3, 

controls).. Epineurial stitching was performed. The healing was studied after 3 

monthss and after that histological analysis was performed by means of monoclo-

nall  antibody staining. 

Thee results of our experiments show that covering nerve suturing with a venous 

tubuluss did not enhance healing in comparison to the conventional end-to-end 

suturing,, but in contrast evoked extensive fibrous tissue, thereby hampering re-

generationn of axons. 

Microsurgeryy 14: 584-588 1993 
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Introduction n 

Manyy investigators have reported on reconstruction of peripheral nerve, the tubu-

Iuss method being more successful than conventional suturing or even a nonrecon-

structedd lesion. One of the underlying principles for using a tubulus in re-

constructionn is not only to keep the neurotrophic substances from emerging from 

thee site of the suture5,6 but also "to barricade the junction of the graft and host 

againstt fibroblastic invasion and to prevent constriction of the graft by extradu-

rall  adhesions," and to minimize connective tissue proliferation and scar formation. 

Anotherr positive effect of the application of a tubulus is opposing edema at the 

nervee suture, retaining longitudinal orientation,3,7 and hampering the regener-

atingg axons in growing outside the nerve tissue. On the other hand, the effect of a 

tooo strong circumferential pressure on the diameter of a nerve could be correlated 

withh its negative effect on conduction and regeneration, as caused by anoxia.7,8 

Inn 1941, Weis emphasized the beneficial effect of some traction between the nerve 

endings,, because longitudinal stress enforced longitudinal orientation among the 

regeneratingg nerve fibres. However, other investigators found that a decrease of 

tensionn at the suture site could reduce connective tissue proliferation and scar for-
10 0 mation. . 

Sincee the end of the last century, when Glück11 experimented on decalcified bones 

ass a bridge, many biological materials have been used for tubulization or bridging 

inn nerve reconstruction, like nervous tissue,12,13 autologous venous segments,14'15 

andd skeletal muscle autografts. ' 6 

Venouss tubulization as nerve reconstruction is used clinically. However, littl e is 

knownn about histological results, either in the clinical procedure,15 or in animal 

models. . 

Inn this study we present immunohistochemical data on nerve regeneration after 
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nervee reconstruction with and without a venous tubulus. The saphenous nerve 

wass used, being an almost totally sensory nerve the transecting of which causes 

limitedd harm to the animal. 

Materialss and methods 

Al ll  animal experiments were carried out following the conditions of the Animal 

Experimentall  Law in the Netherlands. 

Twentyy adult female rabbits (New Zealand) of 3.5 kg body weight were used. 

Anesthesiaa was initiated with xylazine and ketamine hydrochloride (Rompun and 

Ketalar;; 10 mg/kg and 50 mg/kg, respectively) administered intramuscularly. 

Anesthesiaa was continued by nitrous oxide, oxygen, and Fluothane mixture in-

halation.. Continuous electrocardiographic (ECG) registration was performed. All 

surgicall  procedures were carried out under normal sterile conditions. 

Afterr incision of the skin at the medial site of the proximal hindleg and cleavage of 

thee fascia lata over a length of 2 cm, the saphenous magna vein and the saphenous 

nervee could be explored. The nerve was mobilized over 15 mm. 

Inn all animals the skin at the neck was incised medially, the superficial fascia was 

cleft,, and the external jugular vein was explored and doubly ligated. A segment of 

100 mm was taken out and kept in saline at room temperature. Diameter and elastic-

ityy of this vein appeared to be sufficient to embrace the saphenous nerve. 

Thenn the saphenous nerve was cut by microsurgical methods. In the first series 

(nn = 10) a venous tubulus was slid over the proximal nerve ending and elevated so 

thatt both nerve endings could be sutured by four epineurial stitches (direct 

method)) and the venous tube was placed over the suture. Epineurial vessels always 

servedd as a guide for approximation of the nerve endings. In another ten rabbits 
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(seriess 2) the venous tube was slid over the proximal nerve ending and fixed by 

fourr epineurial sutures at 0.5 cm proximal to the ending; then the distal nerve 

endingg was inserted into the venous tube and fixed at 0.5 cm distally by four epi-

neuriall  sutures (indirect method). In this procedure a gap of 3 mm existed due to 

thee retraction of the nerve endings and the elasticity of the venous tissue. 

Thee contralateral saphenous nerve in ten of these animals served as controls; the 

nervee endings were just sutured by four epineurial stitches (direct method). After 

nervee reconstruction the fascia and skin of the hind leg and neck were closed. 

Postoperativelyy the animals were housed alone and carefully observed. Special 

eventss were recorded. In case of a tendency to automutilation, the animal was 

placedd in group quarters and the mutilation mostly stopped. Inflammation was 

treatedd by administration of antibiotics. 

Afterr 12 weeks the reconstructed nerve was taken out and fixed in Kryofix [50% 

ethanol,, 3% poly-ethylene-glycol (PEG 300)]. Longitudinal sections were taken 

throughh the whole nerve sutures. Transverse sections were made 10 mm proximal 

too the proximal nerve stump and ro mm distal to the distal nerve ending. 

Histochemicall  examination was carried out by indirect NF 90 peroxidase-conjuga-

tedd monoclonal antibody staining or by indirect NF 90 fluoresceine isothiocya-

natee (FITC) labeled monoclonal antibody staining and by anti-vimentin Texas Red 

(TXRD)) labeled staining. Visualization was done by light microscopy (LM) or con-

focall  laser scanning microscopy (CLSM, Bio-Rad MRC-600). Data were analyzed by 

meanss of an image analysis software program (Fig. 1) and counting was done in 
11 7 

standardizedd areas in the transverse sections, according to the method of Carlson. 
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Results s 

Noo motor disturbances were noticed in any animal at the first postoperative day. In 

twoo animals with a tubulus (one with the direct and one with the indirect suturing 

method)) a tendency to automutilation appeared, but after change from the solita-

ryy cage to a group cage, the behavior became normal. In one rabbit of the direct 

methodd an abscess was relieved. 

Al ll  specimens with a venous conduit showed more connective tissue around the 

nervee suture, irrespective of direct or indirect procedure, compared to specimens 

withoutt venous conduits. This finding was confirmed histologically. The connect-

ivee tissue was situated epi-, peri-, and endoneurially but mostly central in the nerve 

(Figs.. 2, 3; Table i) . After 3 months axons were hardly seen distal to the lesion. 

Theirr axonal arrangement was better in the directly sutured tubulus procedure 

thann in the indirectly sutured procedure, but in both tubulus procedures the out-

growingg axons seemed to be hampered by the presence of connective tissue. 

Inn the sutured control series (Fig. 4; Table 1) an almost normal number of axons 

wass found at the site of the nerve anastomosis and in the distal part of the nerve in 

aa much more organized pattern, almost without connective tissue excrescence. 

Interactivee counting of the axons per area in the three procedures showed a larger 

numberr of outgrowing axons distal to the lesions in series 3 than in series 1 and 2 

(Tablee r). 
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Discussion n 

Thee tendency to automutilation in one animal in series i and one animal in series 

22 probably appeared because of the irritating effect of the venous tubulus on the 

nerve.. This irritation effect was not present when the animals were placed into a 

groupp cage. 

Inn rabbits the regeneration rate of sensory nerves is about 3.5 mm/day. 

Theree was some tension in the directly sutured nerve lesions, caused by the nor-

mall  retraction in the nerve endings after being cut. 

Comparisonn of directly and indirectly sutured nerve reconstructions with a 

venouss tubulus showed a more orderly axon pattern in the direct procedure. This 

findingg could be due to the small amount of traction present between the directly 

suturedd nerve endings, and to the absence of traction between the indirectly sutu-

redd nerve endings. 

Thee 3-mm nerve gap present in the indirect procedure resulted in less outgrowth 

off  regenerating axons after 3 months. 

Althoughh the advantages of the tubulus method in peripheral nerve reconstruc-

tionn are acknowledged by many investigators, " in our experiments the use of an 

autologouss venous tube gives rise to the formation of obstructive connective tis-

suee and to the decrease of axon regeneration, independent of using either the direct 

orr the indirect suturing technique. After reconstruction without a venous tubulus, 

however,, connective tissue was just present in small quantities. It is possible that 

thee contact between the endothelial cells of the transplanted venous segment and 

thee nervous tissue initiates the development of connective tissue and constriction 

off  the nerve outside, which starts before axons can regenerate. 

Inn conclusion, these results demonstrate that in rabbits the use of autologous 

venouss material as a tube around directly or indirectly sutured peripheral nerves 
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restrictss outgrowth of axons and therefore is a less suitable method of peripheral 

nervee reconstruction. Because histological results after clinical procedures are 

rarelyy known, we advise caution in clinical use of venous tubes in peripheral nerve 

reconstruction. . 
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Tablee 1 Results of Automatic Counting of the Amount of NF 90 Stained Axons in 

FasciclesFascicles and in a Transverse Section Proximal and Distal to the Lesion. 

Seriess 1 Series 2 Series 3 

Proximall Distal Proximal Distal Proximal Distal 

Areaa of transverse 2r622 1,152 1,659 1,596 2,269 2,143 

sectionn (t) (urn2) 

Axons(a)) as% of area 5.05 1.67 5.61 1.68 5.1 1.8 

a x t / 1 000 132.4 19.2 93.1 26.8 116.0 39.0 

Numberr of axons/area 31 7 23 12 33 18 

Totall size of axons (urn2) 4.3 2.7 4.0 2.2 3.5 2.2 

Numberr of 59 30 69 36 67 42 

axons/5,0000 urn2 

Percentagee of outgrowing axons corrected for fascicles per area 

Seriess 1 (direct reconstruction with venous tubulus): 50.84 

Seriess 2 (indirect reconstruction with venous tubulus): 52.17 

Seriess 3 (direct reconstruction without tubulus): 62.98 
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Figuree 1 Cross-section in reconstructed nerve, 10 mm distal to the distal nerve 

stump.stump. (NF 90 staining, label anti-vimentin Texas Red (TXRD), confocal laser 

scanningscanning microscopy (CLSAA), x 600.) Data registration and analysis of the stained 

axonsaxons by an Image Analyzer software program.77 
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Figuree 2 Nerve reconstruction by direct suturing and venous tubulus. Three months 

postoperatively.postoperatively. Longitudinal section: To the right is distally. Note the diffuse scar tis-

suesue and the constriction in the middle of the lesion. (NF 90 staining, x 10.) 

Figuree 3 Nerve reconstruction by indirect suturing by means of a venous tubulus. 

ThreeThree months postoperatively. Longitudinal section: To the right is distally. Note the 

largelarge amount of scar tissue and the constriction of the axons in the middle of the 

lesion.lesion. (NF 90 staining, x 10.) 
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Figuree 4 Nerve reconstruction by conventional direct suturing. Three months post 

operatively.operatively. Longitudinal section: To the right is distally. Note the many outgrowing 

axonsaxons in an organized pattern with hardly any scar tissue, without constriction. (NF 

9090 staining, x 10.) 
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