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"If we are to reach real peace in this world and if 
we are to carry on a real war against war, we shall 
have to begin with children; and if they will grow up 
in their natural innocence, we won't have to 
struggle; we won't have to pass fruitless idle 
resolutions, but we shall go from love to love and 
peace to peace, until at last all that peace and love 
for which consciously or unconsciously the whole 
world is hungering". 

(M. K Gandhi) 
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CHAPTER I 

1.1. Introduction 

Lesions of peripheral nerves, especially those serving 

important motor effectors and sensitive areas, such as 

those in the upper extremities, can be extremely crippling. 

Not surprisingly, surgical repair of such lesions has been 

attempted for many decades, but it was not possible to 

claim consistent succes until many lessons had been 

learned by trial and error. One of the more important 

facts emerging was that end-to-end sutures could only be 

expected to yield functional recovery if the anastomosis 

was not subjected to axial tension. 

Extreme measures, including extensive nerve mobilisation, 

re-routing, limb flexion, nerve stretching and even bone 

shortening were applied to facilitate nerve suturing. 

Using these measures, Seddon (1947, 1954) achieved success 

in 71% of his cases and Woodhall and Beebe (1956) in 74.8% 

of their cases drawn from their Second World War Experience, 

although the anastomosis was not always free from tension. 

The cases described included a number in which the post

traumatic defect between the two ends of the nerves 

exceeded 20 centimeters. In such cases, end-to-end 

anastomosis without tension is out of the question and 

recovery is not always possible. Seddon (1954) pointed 

out, therefore, that the number of cases in which nerve 

suturing was indicated - not merely technically possible -

was appreciably less than 70%. 

Analysis of nerve suture results of Second World War 

series showed that in cases where the gap between the 

nerve ends was of the order of 10 centimeter or more, the 

postoperative stretching, however carefully carried out, 

generally damaged the nerve to such an extent as to 
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exclude recovery (Highet and Holmes, 1943; Highet and 

Sanders, 1943). 

Consequently, the suture was doomed to failure in almost 

all cases in which segments of nerves were destroyed and 

the ends could not be approximated without exerting 

traction on them. The idea, therefore, to substitute the 

destroyed part of the nerve with a graft may be regarded 

as entirely logical. 

Comparative experimental studies have shown better results 

with end-to-end ne=ve suture, without tension, in 

comparison to those where nerve suture was put on tension. 

Results of nerve grafting even were found to be much 

superior to those of nerve suture under tension (Miyamoto, 

1979; Rodkey et al., 1981). Interfascicular autogenous 

nerve grafting results were found to be as good as 

epineural repair without appreciable tension in adult 

Rhesus monkeys by Bratton et al. (1979). 

Trials to this effect were already undertaken more than a 

century ago. Philipeaux and Vulpian (1870), pioneers in 

this field, reported their first success using a segment 

of the lingual nerve as an autotransplant to bridge a 

defect in the hypoglossal nerve in the dog. Thereafter, a 

great deal of energy was invested into further investiga

tions to establish suitable bridging grafts which would 

restore the continuity between the two nerve ends. With 

the basic objective of providing a scaffolding for re

generating axons in order to guide them to the distal 

stump, Assaky (1886) and Huber (1895) used catgut and 

silk threads to bridge the nerve ends in experimental 

studies, but without success. The same method was used 

clinically in 10 cases by Stopford (1920) - again without 

success. Using fresh and formalinized artery and vein 

(Bungner, 1891; Foramitti, 1904} also failed. Only Swan 

(1941) reported some motor and sensory recovery by closing 
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a gap in the ulnar nerve using a vein graft. In addition 

to non-biological and non-neurogenic material, as 

mentioned above, various types of neurogenic material have 

also been used to bridge nerve gaps. Huber (1895) reported 

some success in grafting the sciatic nerve of a cat into a 

dog; but later, after carrying out 17 autotransplants of 

sciatic nerve in dogs, he suggested that the allografts 

and the xenografts were much less successful than the 

autografts. Attempts to improve the results of allografts 

and xenografts by storage in ice (Bethe, 1916), in saline 

(Tello, 1914), in a 3% aqueous solution of borax and 

formalin (Huber, 1920) were unsatisfactory. The classical 

work of Sanders and Young (1942) and Gutmann and Sanders 

(1942), showed that all types of allografts provoked a 

considerable lymphocytic reaction leading to necrosis, 

subsequent fibrosis and thus failure. This reaction was 

found to be more pronounced in longer rather than shorter 

grafts. This explains the occasional success with allo

grafts not exceeding 3-4 centimeters in length (Seddon and 

Holmes, 1944). Longer grafts thus failed invariably. 

According to the above mentioned investigators, these 

failures were thought to be caused by the inunune response 

to foreign tissue. The host's reaction to the grafted 

foreign tissue seemed sugg~stive of an active acquired 

immune reaction and consequently seemed to depend 

quantitatively upon the amount of foreign tissue 

transplanted. 

Many techniques have since been used to reduce the 

imrnunogenicity of allografts. Marmor (1964a, b), Ikeda 

(1966), Hirasawa et al. (1974), Hiles (1972), and Pollard 

et al. (1973) used irradiation to reduce the irnrnunogenicity 

of allografts in dogs, apparently with favourable results. 

The results in clinical practice, however~ remained 

disappointing. Poor results were obtained in 18 patients 
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in whom such grafts were used (Marmor, 1972). Ducker and 

Hayes (1970) and Gye et al. (1972) shared the views of 

Marmor (1972), commenting that the success of irradiated 

nerve allografts in man and animals is nowhere near that 

obtained with autografts. 

Pre-operative irradiation of nerve allografts has been 

found to have adverse effects on the nerve regeneration 

in experimental studies of Stearns (1982). McGuirt (1976) 

and McGuirt and McCabe (1977) have reported no harmful 

effects of irradiation with facial nerve autografts in 

human beings. Irradiation of peripheral nerve grafts is, 

however, no more used in clinical practice. 

Lyophilization of the nerve allografts has been attempted 

by Jacoby et al. (1971) and Singh and De Lange (1975), 

Pollard and McLeod (1981), Kalopissis et al. (1971) and 

Hirasawa and Inoue (1981). Jacoby et al. (1971) reported 

very encouraging experimental as well as clinical results, 

but re-examination of his reported success in seven 

patients proved that his results were largely based on 

overenthusiasm. None of these seven cases showed definite 

signs of functional recovery (Kuhlendahl et al., 1972). 

Reinnervation was, however, recorded in few short nerve 

allografts reported by Singh and De Lange (1975), although 

the results were very unsatisfactory. Immuno-suppression 

by, for example, modification of the host with 

azathioprine (IrnrnuranR), is an alternative method for 

preventing the immune reaction. This has recently been 

carried out in animal experiments, either in combination 

with irradiation of the graft (Marmor, 1967) or alone, 

the latter giving better results (Pollard et al., 1971). 

Use of systemic steroids along with irradiation or 

systemic chloroamphenicol and irradiation or a combination 

of the two has been found to reduce the rejection response 

of the host in variable degrees in the experimental 
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studies of Parekh {1982). So the solution of the problem 

has to be searched in the immunological behaviour of the 

host and donor. 

Immunosuppression of the host has, however, many harmful 

side-effects. As the adverse effects of this therapy may 

outweigh the advantages, its use in man is not advisable. 

Experimental studies by Dasgupta (1967) and Verhoog and 

Van Bekkum {1971) have shown that the immunological 

reaction towards nerve transplants is similar to that 

found in organ transplants, and follows laws similar to 

those laid down for the other organ transplants, e.g. 

kidneys. 

Marmor (1964) and Dasgupta (1967) suggested myelin to have 

major antigens responsible for immunological reaction 1 

while Aguayo (1979) and Pollard and McLeod (1981) believed 

that major antigens carried on Schwann cells are more 

important than those in myelin. Lennon et al. (1978) have 

also suggested that within the central nervous system 

HLA-antigens are not expressed by myelin. Contrary to the 

above reports Levinthal et al. (1978) have suggested that 

major transplantation antigens may reside mainly in the 

epineurium and the surrounding connective tissues. 

During the last decade no definite solution has been found 

for the immunological rejection of nerve allografts, and 

so attention has been focussed on improving the feasibility 

and results of autogenous nerve transplantation. 

Improvements in the instrumentation and techniques of 

microsurgery have opened up the possibilities of using 

thin 1 peripheral sacrificable sensory nerves to bridge 

nerve defects, in the form of cable grafts (Millesi et al., 

1972). 

Good functional recovery of ulnar and median nerves with 

interfascicular nerve grafting in human beings, have also 

been reported by Moneim (1982), Millesi (1981), Young et 
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al. {1981) and Simesen et al. {1981). Burger and Millesi 

(1979) reported good clinical functional results of 82% 

median nerve, 80% ulnar nerve and 92% of radial nerve by 

using interfascicular autologous nerve grafting technique. 

Similar is the experience of Haase et al. (1980, 1981) 

with 43 peripheral nerve lesions of 37 children of 5-16 

years using the interfascicular autologous nerve grafting 

technique. These results were found to be superior to 

those obtained by conventional methods. Recently Narakas 

{1981) has reported good results even in the surgical 

repair of brachial plexus in 100 cases, mainly involving 

three upper roots, by using autologous nerve grafts. 

Similar good results of brachial plexus nerve grafting 

are also reported by Jamieson and Hughes {1980). 

Autologous nerve grafts have also been tried with good 

results in digital nerves by Wilgis and Maxwell {1980) 

and McFarlane and Mayer {1977). 

Although more than 84% success has been reported in 

patients using this microsurgical interfascicular 

autogenous nerve transplantation technique, the procedure 

is still far from ideal. It has the following major 

disadvantages: 

1.: Cable grafts of peripheral sensory nerves do notre

place the normal anatomical neurolernrnomal pattern of the 

parent nerve, which might be very important in achieving 

the desired result. 

2.: One might not have sufficient donor autologous sensory 

nerves to be able to bridge large gaps in thick nerves or 

larger gaps in multiple nerves. 

~: Sensory loss produced by the removal of such sensory 

nerves does produce some discomfort in most of the 

patients. This is fairly readily accepted, with the hope 

of regaining some function of the damaged nerve which is 

functionally more important. There are, however, some 
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patients who do suffer the disabling sequelae of such 

surgery. Fourty two percent of the patients complained 

constant irritating tenderness at the donor site of sural 

nerve in series of nerve grafting reported by Staniforth 

and Fischer (1979). 

4.: Finally the patient is exposed to the risk of tedious 

and time consuming surgery. 

Thus the search for a better transplant still continues 

and has led to the objectives of the present study. 

1. 2. ObJ"ectives of the present study 

The basic aim of this study was to find a better 

transplant which could fulfil the following conditions: 

1.: Grafts of the most frequently required nerves should 

be readily available in all lengths and thicknesses. 

2.: Grafts should be easily accepted by the host tissue 

without inducing any untoward rejection in the case of 

allografts and thus lead to good functional recovery. 

3.: There should be no disabling untoward effects"on the 

donors of the grafts. 

4.: The anatomical neurolemmal structure of the graft 

should be more or less the same as the parent nerve so 

that functional recovery of the nerve is as complete as 

possible. 

Thus, under ideal circumstances a segment in a particular 

nerve should be replaced by a segment of the same nerve, 

removed at approximately the same site from the donor. As 

man is not equipped with spare nerves, these conditions 

can only be fulfilled by using cadaveric specimens and by 

banking of preserved nerve allografts. 
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With the ultimate goal of achieving a "better nerve 

allograft", we tested the possible role of: 

~: Prolonged cryopreservation of cadaveric nerve allo

grafts with a view to nerve banking. 

~: Matching for the Major Histocompatibility Complex 

antigens, an accepted successful procedure in other organ 

transplantation situations in order to minimize 

immunological rejection of preserved nerve allografts. 

~: Irradiation of cryopreserved nerve allografts in 

addition to matching for Major Histocompatibility Complex 

antigens in order to reduce immunogenicity. 
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CHAPTER 2 

REVIEW OF LITERATURE 

2.1. Nerve anatomy 

The complex anatomical and functional structure of the 

peripheral nerve can best be explained by describing its 

individual components separately, as follows. 

Myelinated Peripheral 
Nerve Fibre. 

Schwann cell 
nucleus & 
cytoplasm 

Ran vier 

inner outer 

Endoneurium 

Diagrammatic reconstruction of the essential histological 
features of a myelinated nerve fibre. 

Figure I. By the courtesy of S. Sunderland (Nerve and Nerve Injuries. 

Churchill Livingstone, Edinburgh/London, 1978, 2nd edition). 
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2.1.1. Nerve fibre 

The neive fibre is composed of a central core of axoplasm 

surrounded by a multilayered sheath. The axoplasm is a 

viscous fluid containing molecules organized to form 

neurofibrils; these extend out from the cell body into 

the flow of axoplasm, and maintenance of their connection 

with the cell body is a prerequisite on which the life of 

the axon depends. This vital relationship appears to be 

associated with an intracellar pressure which promotes a 

proximo-distal flow of the axoplasm and plays an 

appreciable role in nerve regeneration and trauma (Young, 

1945; Causey, 1948; Weiss, 1943). 

The nucleus and perinuclear area of the neuron are known 

to contain important energy producing mechanisms which 

involve the breakdown and synthesis of nucleoproteins. 

The materials essential to survival and efficient 

functioning of the axon are provided by the cell body and 

transported by centrifugal flow. Droz and Leblond (1963) 

demonstrated that proteins are synthesized in the nucleus 

and perikaryon of nerve cells and then move along the axon 

at the rate of + 1.5 millimeter a day to replace proteins 

broken down in the axoplasm. Later studies of this very 

complex process indicate the presence of a bi-directional 

pattern of streaming in the axons (Lubinska, 1964). The 

axon is surrounded by a multilayered sheath known as the 

myelin sheath. The complex features of this sheath vary 

in myelinated and non-myelinated nerve fibres. The 

longitudinal segmental arrangement of the myelin sheath 

in myelinated nerve fibres outlines the nodes and inter

nodes of the nerve fibre. 

There is a very wide variation in the axon-myelin 

relationship in myelinated and non-myelinated nerve fibres 

(Sunderland and Roche, 1958). 
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Motor, sensory and sympathetic nerve fibres contribute to 

the formation of the peripheral nerve trunk. Motor nerve 

fibres originate in the anterior horn neurons of the 

spinal cord and terminate in the neuromuscular endings of 

the skeletal muscles. Sensory nerve fibres carry the 

peripheral dendrites of the posterior root ganglion 

neurons. They are represented by both non-myelinated and 

myelinated types. Sympathetic fibres of the peripheral 

nerves are the postganglionic processes of the neurons of 

the ganglionated sympathetic trunk. In general, these 

fibres are non-myelinated. 

2.1.2. ~Aniculi 

The funiculus is a bundle of nerve fibres invested by a 

thin but strong sheath of connective tissue, the perineurium. 

Each funiculus usually contains motor, sensory and 

sympathetic fibres in varying numbers and combinations. 

These funiculi repeatedly unite and divide along the full 

length of the nerve, thus forming a funicular plexus 

(Sunderland, 1945; Sunderland and Ray, 1948; Sunderland 

et al., 1959). The function of the interneural plexuses 

is to assemble the requisite afferent and efferent fibres 

for each branch from the appropriate segmental sources 

(Goldberg, 1924; Sunderland, 1945b). 

Sunderland and his associates (1945b, 1948, 1959) in their 

detailed histological study on the peripheral nerves and 

their branches, showed that despite the changing plexiform 

character of the funicular pattern, fibres from peripheral 

branches pursue a localized course in the nerve for 

variable though often considerable distances above the 

site of branching. 
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2.1.3. Connective tissue 

A peripheral nerve trunk consists of nerve fibres, each 

enclosed in an endoneurial sheath and bound together into 

bundles or funiculi by perineurium. These bundles are, in 

turn, embedded in a loose areolar connective tissue 

framework - the epineurium. Thus the endoneurium, 

perineurium and epineurium constitute the connective 

tissue of peripheral nerves and each possesses individual 

structural and functional peculiarities. 

The epineurium contains collagen and elastin fibres which 

run longitudinally between the funiculi and hold them 

together. The epineurium is relatively thicker at junction 

points in the nerve, probably acting as a protective 

covering to nerve fibres. The elasticity of the epineurium 

also allows slight lengthening of the nerve without the 

funiculi being strained. 

2.1.3.1. Perineurium 

This is a relatively thin but dense and distinctive 

sheath of fibrous tissue, covering each funiculus, in 

which elastin and collagen fibrils are disposed about the 

bundle circularly, obliquely and longitudinally. Its 

function is to protect the nerve fibres which it encircles. 

Circular and obli~le fibres of the perineurium resists and 

maintain intrafunicular pressure, thus promoting a 

proximo-distal flow of the axoplasm, an essential process 

during nerve regeneration. The tensile properties 

maintain the integrity of nerve fibres under stress. 
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2.1.3.2. Endoneurium 

This is the supporting connective tissue inside the 

funiculus containing mostly collageous tissue. It forms 

intrafunicular septa that separate it from the perineurium 

and partly subdivide the fibres inside the funiculus into 

smaller groups. These septa carry the intrafascicular 

blood capillaries. In this way the endoneurium forms the 

supporting wall of what is commonly called an endoneurial 

tube; this contains a cylinder of tissue composed of the 

axon, the Schwann cells and the myelin. The endoneurium, 

just as the perineurium, has a protective role although 

to a lesser extent. 

2.1.4. Blood vessels 

Peripheral nerves are abundantly vascularized throughout 

their length by a succession of vessels which, by repeated 

division and anastomosis within the nerve, form an 

unbroken intra-neural vascular net (Sunderland, 1945a) 

The maintenance of the normal structure and function of 

peripheral nerve fibres depends on an adequate blood 

supply to nerve trunks. The importance of the blood supply 

is illustrated by the observation that, for the first six 

to eight hours after sectioning the nerve, the metabolic 

activities associated with recovery from fatigue induced 

by stimulation, are more dependent on the blood supply to 

the fibre than on its connection with the cell body 

(Causey and Schoepfle, 1951; Causey and Stratmann, 1953) 

2.1.5. Lymphatics and tissue spaces 

There is a lymphatic capillary network in the epineurium 
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Funicular plexus formations 
in a 3 em segment of a 
specimen of the musculocutaneous 
nerve of the arm. 

Figure 2. Diagramatic reconstruction of funicular plexus formation. 

24 
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which is not connected to the perineurium or endoneurium 

spaces. It is drained by lymphatic channels which 

accompany the arteries of the nerve and drain to regional 

lymph nodes. It is generally believed that there are no 

true lymphatic capillaries inside the funiculi. Knowledge 

concerning the anatomical features and central 

relationships between these pathways and the movement of 

material along them is still incomplete. 

2.1.6. Nervi nervorum 

These constitute sympathetic and sensory fibres, originate 

from the fibres in the nerve and form the perivascular 

plexuses (Hromada, 1963). These are distributed to the 

epineurium where they form plexuses and to the perineurium 

and endoneurium. 

2.2. Nerve regeneration 

The process of nerve regeneration and functional recovery 

after nerve suture or implantation of a nerve graft 

primarily involves the outgrowth of an axon to replace the 

damaged portion. This process is lengthy, and can be 

divided roughly into the following periods: 

2.2.1. Initial delay 

This is the time required for the neuron to recover, for 

the axon to commence growth, to grow and to reach the 

injured zone. Recovery of the neuron from the retrograde 

effects which depress or arrest its activity is marked by 
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the correction of disorganized physiochemical processes, 

reversal of the transient depression of protein synthesis 

and the associated chromatolysis, and the accumulation of 

nucleoproteins which are reformed into the characteristic 

pattern of the Nissl material. The protein manufacturing 

apparatus of the nucleus becomes extremely active to meet 

the growing demand of the regenerating axons (Hyden, 1943; 

Thomas, 1966, 1970). Associated chromatolysis and hyper

activity of R N A (Ribo Nucleic Acid) help to reorganize 

the disturbed physiochemical process. Further growth of 

the axon and production of axoplasm depend on the nerve 

cell itself (Bodian and Dziewiatkowski, 1950; Weiss et al., 

1945). The rate of progress of the axon tip along the 

endoneurial tube depends on the joint effort of the 

propelling force of the axon tip in the distal direction 

(called the histodynarnic impulse of Heidenhain, 1911), 

the turgor force of Young (1945) and the activity of an 

especially organized growth cone which forms the axon tip 

itself. The axon tip as it descends leads to elongation 

of the axoplasm. This activity depends on the dynamic 

imp~lse from the cell body. The peripheral resistance 

against which the central force of the growth acts, plays 

an important role in facilitating or obstructing the 

pathways of growing axons. The time of this init'ial delay 

varies enormously. In general the delay ranges from 2 to 

15 days in the cases of injuries where the endoneuria! 

wall is unchanged, and even longer in cases where the 

continuity of the endoneuria! tube is broken. 

In severe injuries involving severance or tearing of the 

nerve at proximal levels, superimposed by other associated 

injuries and infection, the recovery of normal structure 

of the neuron may be delayed for periods exceeding 136 days 

(Barr and Hamilton, 1948; Sunderland, 1946, 1947a, b, c; 

Bowden and Sholl, 1959). The axon tip retains the capacity 
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for growth even one year after injury, as observed by 

Holmes and Young, 1942); Duncan and Jarvis (1943) even 

postulated that this capacity was inexhaustible. In man 

this capacity is retained for several years (Sunderland, 

1950 I o 

2.2.2. The scar delay 

The time required for the growing axon to traverse the 

injured zone depends on all the factors responsible for 

initial delay together with the formation of scar tissue 

joining the ends of the severed nerve fibre, which must be 

traversed if the axon is to reach the distal section of 

the endoneurial tube according to one of the hypotheses. 

This movement of the axon sprouts through the scar tissue 

is determined by resistance gradients. The sprout that 

meets with the least resistance advances more easily and 

rapidly than the others. The specific power of axonal 

attraction of the distal stump helps to guide the growing 

axons to their proper pathways and to overcome the 

resistance of the scar tissue (Sunderland, 1953}. 

Regenerating axons are known to bridge small nerve gaps 

without any guidance (Gutmann and Sanders, 1942; Pollock 

et al., 1947; Erhart and Reeze, 1965). Generally, 

regeneration axons under favourable conditions may cross 

the suture line and enter the distal stump within 3 to 20 

days. Their entry may be delayed by as much as 40 to 50 

days depending on the nature and extent of scar tissue. 

This resistance also results in the formation of multiple 

sprouts at a single axon tip. A single axon tip may give 

rise to as much as 50 sprouts (Ranson, 1912; Weddell, 

19 42 I o 
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2.2.3. The distal segmental delay and maturation process 

The time required for the axon to grow from the site of 

injury to its peripheral termination is dependent on 

several factors: patency of the distal endoneurial tube, 

the distance to be travelled and the rate of advancement 

of the axon tip. The velocity of the growing axon is 14 to 

16 times greater in the peripheral stump than in the scar 

tissue. The rate of regeneration is usually greater when 

the distal tube escapes injury. Once the regenerating 

axons have entered endoneurial tubes in the distal stump, 

regeneration follows the same course regardless of the 

period of denervation (Sunderland, 1949; Holmes and Young, 

1942). Myelination proceeds centrifugally along the fibre~ 

During regeneration, the axon may enter not its old tube, 

but one that conducts to a functionally unrelated end 

organ. In such cases, the fibre 1 though remyelinated, does 

not regain its original diameter or degree of myelination 

(Weiss et al. 1 1945; Aitken, 1949; Rajkovits, 1953). Even 

when the axon reoccupies the original tube 1 its develop

ment into a mature fibre will be incomplete if it is 

prevented from reinnervating the end organ, because of 

changes that have developed in the peripheral tissue as a 

result of prolonged denervation. Functional recovery 

requires more than a re-establishment of anatomical 

continuity and the restoration of those morphological 

features of the nerve fibre which collectively represent 

the maturation process itself, on which a normal conduction 

in individual nerve fibres depends. Further changes at the 

periphery directed towards restoration of nerve terminal

-end-organ connection and transmission mechanism, the 

density and pattern of reinnervation, are also necessary. 

Functional readjustments required to correct residual 

deficiencies in axonal growth and the reversal and 
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correction of atrophic changes in the skin and muscle 

fibres must be carried out at the same time. The time 

required to effect these improvements in peripheral tissues 

is called the terminal delay period; this increases with 

the duration of denervation. 

Histological studies of sutured and grafted primate 

peripheral nerves have been carried out with the help of 

light and electron microscope by Hudson et al. (1979}, 

fascicular architecture through the course of graft was 

found to be variable, fascicular structure was frequently 

absent in the central part of the graft segments and in 

segments close to the second suture site. Bratton et al. 

(1979} with similar studies in primates compared the 

histological findings of nerve grafts with nerve suture. 

Non-graft repairs were found to be superior at 4 and 6 

months of regeneration. However, by 9 and 12 months the 

graft repairs had caught up and were equal to the non

-graft repairs. Histologically, it was observed that many 

axons missed the graft segments and were present in 

extrafascicular connective tissues, nonetheless, enough 

axons regenerated to the distal nerve to explain the 

success of these relatively short graft. Stromberg et al. 

(1979} studied the effect of change in the nerve graft 

polarity on nerve regeneration and function with sciatic 

nerve of rats. They found no difference in nerve 

conduction velocity and amplitude of reversed and non

-reversed nerve grafts. They were identical after 4 months. 

Histological sections showed the grafted nerve to be 

indistinguishable from the control, whether or not the 

segments were reversed. 
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2.2.4. Conduction velocity of regenerating nerve fibres 

Berry et al. (1944) and Berry and Hinsey (1946) in a study 

of electrical activity of regenerating nerves in rats, 

concluded that the conduction velocity of regenerating 

nerve fibres is directly proportional to the rate of 

axonal growth, as it gradually increases in diameter and 

myelination. 

From this study it was expected that during regeneration, 

the growing fibres would conduct the impulse slowly at 

first and then with increasing velocity, as regeneration 

continued. Normal nerve conduction velocity was achieved 

at the time that the regeneration was complete. 

From a combined electrical and histological study, it was 

concluded that during regeneration the change in both the 

threshold of excitability and the maximum conduction 

velocity did follow the change in diameter, including 

myelin thickness {Cragg and Thomas, 1961). 

The complexity of this regenerating process and its 

relationship to conduction velocity was demonstrated by 

the observation of Weiss and Davis (1943) and Denny-Brown 

and Benner (1944a, 1944b). They revealed that interruption 

of conduction may occur without Wallerian degeneration or 

any significant morphological change in the nerve fibres. 

They also remarked that the nerve fibre might continue to 

conduct and produce a normal response at the periphery 

when the axon is preserved, even although the remaining 

architectural features of the nerve fibres are grossly 

disorganized. 

After an analysis of the available controversial data, it 

could be concluded that the growth of the axon and the 

maturation of the restored axonal pathways, on which the 

functional efficiency of the new fibres depends, occur 

as two separate b~t related events during recovery. Both 
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proceed centrifugally down the fibres but the complex 

morphological changes that constitute maturation advance 

at a slower rate than does the axon tip, and continue long 

after the axons has been reconstructed. Cragg and Thomas 

(1964) in an extensive experimental study, found that most 

fibres recovered normal conduction velocity by 200 days 

when regeneration was permitted to proceed normally along 

the distal stump. Both axonal and total fibre diameter 

were also found to be near normal at the same time. 

Sanders and Whitteridge (1946), however, commented that 

the conduction velocity is more closely related to myelin 

sheath thickness than to axonal diameter. 

However, according to the experience of Erlanger and 

Schoepfle (1946), Cragg and Thomas (1964) and Berry et al. 

(1944) 1 normal conduction velocity is never fully regained 

after regeneration. They reported residual defects varying 

from 20 to 30%. Cragg and Thomas (1964) could not correlate 

the residual conduction velocity defects either to inter

nodal length or to the axonal diameter: myelin 

thickness ratio. This discrepancy remains unexplained. 

Recently Dolenc et al. (1979) measured motor and sensory 

conduction velocities to evaluate function of grafts 

bridging defects in median, ulnar and radial nerves in 73 

patients and reported values only moderately lower than 

the normal limits. Tallis et al. (1978) after performing 

similar studies with autogenous sural nerve grafts, had 

reported that by 2 years motor conduction velocity across 

the graft itself reached in most cases 40 to 80% of the 

conduction velocity in the contralateral normal limb. 

Sensory nerve action potentials were obtained in 44% of 

nerves after 18 months, although in all cases the 

amplitude of the potentials and in most cases their 

velocity 1 was greatly reduced. As there seems to be a 

reasonable correlation between conduction velocity and 
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nerve regeneration, measurement of nerve conduction is 

a good reliable criterion for the degree of nerve 

regeneration and functional recovery. In normal dogs the 

maximum conduction velocity of the peroneal major nerve 

ranges between 30 m/s and 50 m/s. 

2.3. Nerve grafting 

There is already an extensive literature on nerve grafting 

which demonstrates the intricacy of the problem and 

further illustrates the continuing efforts to find a 

better solution. Biological as well as non-biological 

tissues have been used to bridge nerve defects. The 

existing literature is summarized under the following 

headings: 

2.3.1. Use of non-biological materials 

~: "Suture a distance": the continuity of the nerve was 

restored by bridging the gap with a series of catgut or 

silk threads, which were thought to provide a scaffolding 

for the down growth of regenerating axons. Experimental 

studies carried out by Assaky (1886), Huber (1895) and 

Alexander et al. (1948) suggested that the results were no 

better than those obtained on spontaneous regeneration 

which can occur when nothing is interposed between the 

nerve ends. Complete failures were reported by Stopford 

(1920) who used this method in 10 clinical cases. 

£.:_: "Tubulation": nerve gaps have been closed by using a 

bridging tube which fitted onto the two nerve ends and 

thus ~estored anatomical continuity. For this purpose, 

both empty tubes made of magnesium (Payr, 1900), casein 
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treated with formalin (Auerbach, 1915, 1916), gelatine and 

agar (Lotheisen, 1901; Edinger, 1916; and Spitzy, 1917) 

and one made of rubber (Steinthal, 1917) proved complete 

failures. Millipore and silastic tubulation of nerve gaps 

have been used by Noback et al. (1958), Campbell and 

Bassett (1957) and Campbell et al. (1961), but these too 

have given disappointing results, because of the excessive 

scarring caused by these materials. 

Recent experimental studies of Millesi et al. (1972) 

revealed that collagen, millipore and silastic membranes 

all increased connective tissue proliferation and thus led 

to poor functional results. Thus, non-biological materials 

are of no use in the bridging of gaps in nerves and may 

even introduce new complications in the form of infection, 

foreign body reaction and extensive fibrosis, so that 

they are now only of historical interest. 

2.3.2. Use of non-neural tissue 

The use of non-neural tissue grafts was limited to the 

tubulation method only (described in Chapter 2.3.1.) with 

the objective of protecting the regenerating axons from 

the obstructive interference of extraneural scar tissue. 

The following autologous tissues have been used: 

decalcified bone (Gluck, 1880~ Vanlair, 1882; and Huber, 

1895), fresh and formalinized artery or vein (Bungner, 

1891; Huber, 1919, 1920; Stopford, 1920; and Swan, 1941), 

and fascia lata (Denk, 1914; Platt, 1919; and Stopford, 

1920). Swan (1941) closed a gap in the ulnar nerve using 

a segment of vein and found there was some motor and 

sensory recovery. Most other authors have found that this 

method fails. The graft invariably becomes involved in a 
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connective tissue reaction, thus leading to extensive 

fibrosis and failure of the regenerating process. Weiss 

and Taylor (1946) and Matson et al. (1948), however, used 

fresh as well as frozen arterial sleeves for grafting 

purposes. They obtained some favourable results in their 

experiments with monkeys, but in the clinical situation 

this method failed entirely. Hence, this method is also 

of purely historical interest. 

2.3.3. Use of neural tissue 

2.3.3.1. Xenografting 

Nerve grafts belonging to various species have been used 

in the past. These were mostly tried on experimental 

animals, and only a very few reports are availabel of 

their use in man. In 1880, Gluck was the first to implant 

a fresh xenograft using a 3.5 centimeter section of the 

sciatic nerve of a rabbit to bridge a defect of 3 centi

meter in the sciatic nerve of a hen. He reported return 

of function within eleven days, a finding which is now 

much debated. In 1886 Assaky reported four transplants 

including one successful 3 centimeter sciatic graft from 

a turkey to a rabbit with return of function in 35 days. 

In 1895 Huber reported five satisfactory transplants of 

the sciatic nerve of a cat to the ulnar nerve of a dog 

with return of function within 120 days. Later, Huber 

(1919, 1920) reported that xenografts are much less 

successful than allografts or autografts. 

Attempts have also been made to treat xenografts in order 

to improve their success rate. In 1911 Duroux placed a 

eat's nerve, which had been kept on ice for 24 hours, into 
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a defect in a dog's sciatic nerve. The result was even 

worse than that with a fresh xenograft. In 1915, 

Ingebrigtsen reported that xenografts were unsuitable for 

bridging nerve defects. He reviewed the cases pub
1
lished 

to date and concluded that only one xenograft could be 

considered successful. In 1917 (c), Nageotte conceived the 

idea of using a xenograft that was fixed in alcohol and 

kept in 50% alcohol until 24 hours before use, when it was 

transferred to Ringer's solution. Although he claimed 

functional recovery, no details were given in his reports. 

In 1971 (a, b) Nageotte, using alcohol-fixed calf xeno

grafts in sciatic nerve of the dog, observed return of 

electrical excitability in 138 days. In 1922, Policard 

and Leriche published the results of a two-year follow-up 

of a transplant of the sciatic nerve from a calf to a 

human. The nerve elements had grown into the implant from 

below, but the upper end was blocked with fibrous tissue. 

In 1929, Sweet used alcohol-fixed fetal calf nerve to 

bridge 1.5 centimeter to 3 centimeter gaps in the sciatic 

nerve of the dog. A significant amount of scar tissue 

developed at both suture lines hampering the growth of the 

axons, and the success rate was very small. In 1942, 

Sanders and Young reported their work on xenografts using 

both fresh and alcohol-fixed dog and rat nerves, trans

planted to rabbits. The grafts were attacked by mono

nuclear white blood cells, which at 25 days had almost 

destroyed the graft. Weiss and Taylor stated in 1942 that 

most devitalized xenografts behave like foreign bodies and 

are completely useless. With the idea of reducing the 

inflammatory response as well as sterilizing the nerve 

grafts, Marmor et al. (1966) used irradiation in their 

experiments. They used 3 centimeter long peroneal nerve 

of a mongrel dog to bridge a similar defect in the calf. 

In another experiment he also used irradiated human 
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peroneal nerve to bridge a similar defect in a dog. He 

reported good results with irradiated nerve xenografts. 

Similarly, Hirasawa et al. (1974) found better results 

using irradiated rather than non-irradiated grafts of 

human cadaver nerve in rabbits. Although irradiation 

helped to reduce the inflammatory response and thus 

achieved better revascularization of these grafts compared 

to non-irradiated ones, the final results remained so 

unsatisfactory that a clinical trial was felt not to be 

justified. 

2.3.3.2. Nerve tissue aZZografting 

Nerve grafts belonging to the same species as the 

recipient have been investigated regularly since 

Forssmann•s first report (1900). Such grafts have been 

used fresh and after storage, both experimentally and 

clinically. The results of clinical trials are very 

puzzling. Most of the investigators, after comparing the 

results of such allografts with autografts, have 

demonstrated clear superiority of the latter (Bentley and 

Hill, 1936; Samii and Kaje, 1972; Kuhlendahl et al., 1972; 

Millesi et al., 1972; Singh and De Lange, 1975; and 

Hausamen, 1976). On the other hand, Pinner-Poole et al. 

(1966) reported that such allografts provide a scaffold 

that is just as satisfactory as autogenous nerve. Lewis 

and McLauring (1966, 1969) also concluded that slowly 

frozen, predegenerated and irradiated allografts compared 

favourably with autografts. Nerve allografts have been 

used in the following forms: 

~: Fresh allografts. Experimental studies carried out in 

cats by Bentley and Hill (1936), in rabbits by Sanders 
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and Young (1942), demonstrated a massive invasion of such 

grafts by macrophages leading to necrosis within a few 

days. Sanders (1954) concluded from experiments in rabbits 

that the severity and rapidity of onset of the rejection 

depended 11 both upon the amount of tissue transplanted and 

on the genetic relationship between the donor and host". 

In general the intensity of the immunological reaction 

tended to be proportional to the size of the transplant; 

short thin allografts faring better than long thick grafts. 

Bentley and Hill (1936) reported that gaps up to 3 centi

meter could be bridged satisfactory by allografts but 

longer ones invariably failed. Dickson et al. (1978) have 

reported good results with delayed (degenerated) inter

fascicular nerve grafting. Fascicular nerve grafts were 

allowed to undergo endoneuria! tube emptying in situ 

before transfer. Ultrastructure and electrophysiological 

studies of these grafts were superior to those of fresh 

grafts in rats. Recently Levinthal et al. (1978) have 

compared the results of fascicular nerve allografts with 

whole nerve allografts in rats with known histocompati

bility antigens. After completing histological studies 

with electron microscope, he concluded that whole sciatic 

nerve allografts demonstrated a gradual rejection response 

dependent upon the degree of tissue histocompatibility 

differences. The fascicular grafts, one fascicle of sciatic 

nerve of the rat, however, had evidence of greatly 

decreased rejection and no stigma of graded response 

dependent on degree of variability of tissue typing. 

The clinical use of fresh allografts has been a failure. 

In a pooled series of cases from several sources analyzed 

by Sanders and Young (1942), only 8 of 42 showed some 

recovery. Amongst the improved group, three were facial 

nerve repairs; the remainder was described as regaining 

useful recovery. The other reports also showed 
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disappointing J~esults (Seddon and Holmes, 1944; Woodhall, 

1955; and Whitcomb, 1959). Similar was the experience of 

Kassakowski (1981) with his comparative study of cell

-mediated immunity response in rats, using fresh and 

preserved nerve allografts. 

~: Stored allografts. If allografts could be stored 

without sacrificing any of their potential biological 

usefulness, this could improve the chances of the selection 

of grafts on the basis of their specific anatomical 

features, so that they can be matched more closely to the 

missing segment. A comparative study of cell-mediated 

immunity following with allogenic nerve allografts 

preserved by freezing, lyophilization and irradiation did 

not show any appreciable difference in their cell reaction. 

The reaction was delayed and weak in the latter two groups. 

The sensitivity of the recipients could be demonstrated 

both by using allogenic and synergic antigens, thus 

seemingly indicating the presence of the organ specific 

antigens of peripheral nerve tissue (Kossakowski, 1979). 

The fate of allografts stored in a variety of ways has 

been examined experimentally in dogs by Huber (1919,1927), 

in cats and rabbits by Sanders and Young (1942), in 

rabbits by Gutmann and Sanders (1942), and the results 

were not found to be far better than those using fresh 

allografts. Their use in the clinical situation has 

resulted in repeated failure (Seddon and Holmes, 1944; 

Lyons and Woodhall, 1949; and Whitcomb, 1959). 

~: Freeze-dried allografts. Lyons and Woodhall (1949) 

reported 18 cases in whom freeze-dried nerve allografts 

were used; they found reinnervation of only the proximal 

one or two centimeters of the graft. Davis and Ruge 

(1950b) reported similarly discouraging results in 10 
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patients. 

~: Freeze-dried irradiated allografts. The essential 

problem to be overcome in order to ensure survival of the 

allografts is its antigenicity, as this causes an immune 

response in the host, leading to destruction of the graft 

and its replacement by fibrous tissue. 

In animal experiments, irradiation has been found to 

reduce the antigenicity of nerve allografts, so that 

irradiated allografts allowed the regeneration of axons 

(Bohler, 1962, 1967; Campbell et al., 1963a, 1970; Marmor, 

1964a, 1964b, 1967; Ducker and Hayes, 1968b, 1970; Pollard 

et al., 1971; and Verhoog and Van Bekkum, 1971). Bucko 

and Steinrnuller (1973), however, found reinnervation in 

only 2 of 125 such allografts over a period of eleven 

months. Pre-operative radiation of the nerve grafts in 

nerve grafting experiments using sciatic nerve grafts has 

been reported by Stearns (1982) with adverse effects on 

nerve regeneration. Success clearly depends on the length 

of the graft; greater lengths having higher failure rates. 

Irradiation after facial nerve autografting in cats had 

no statistical difference with those who did not have it 

in the experimental studies of McGuirt and McCabe (1977) 

and McGuirt (1976). Roberts (1967) found regeneration 

axons penetrated only 2 centimeter into 8 centimeter 

grafts. Ducker and Hayes (1968b, 1970) concluded that the 

maximum length for allografts to allow any regeneration 

was 4 centimeter. Also, the clinical success rate of 

irradiation grafts has remained far below expectation. 

Only Campbell and his associates (1963a, 1963b, 1970) have 

reported reasonable success with such grafts in man. 

Marmor's (1964a, 1964b) early enthusiasm for such grafts 

was later tempered by his failure in clinical practice 

(Marmor, 1967, 1972). Hiles (1972) also reported complete 
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failure in two patients with such grafts, as did Comtet 

et al. (1972) in his cases. Jacoby and his associates 

(1970, 1971) used de-antigenized, lyophilized grafts in 

57 patients and initially reported good recovery in 84% 

of their cases. Some time later, these results were proved 

to have been misinterpreted because of the surgeon's 

overenthusiasm (Kuhlendahl et al., 1972). Penzholz (1973) 

reported similarly negative results from a review of an

other 66 cases and concluded that the use of such grafts 

to bridge peripheral nerve defects was no longer justified. 

~: Pre-degeneration of the graft. Myelin is supposed to 

be responsible for the host's reaction to a transplanted 

allograft. Attempts were made to remove this strong 

antigenic component prior to insertion of the graft. 

Experimental results with such pre-degenerated allografts 

were encouraging according to Lewis and McLaurin (1966, 

1969) and Dasgupta (1967). However, Ducker and Hayes 

(1970) and Pollard and McLeod (1981) concluded that pre

-degeneration in combination with irradiation dit not 

reduce the antigenic properties of the allografts to a 

greater extent than irradiation alone (Hirasawa and Inoue, 

1981). Pollard and McLeod (1982) with their experiments 

with Trembler mouse concluded that the Schwann cells and 

not the myelin constitutes the principal antigen within 

nerve allografts and it is Schwann cell rejection that 

limits the succesful use of nerve allografts. contrary to 

the above statement 1 Levinthal (1980) reported that the 

principal antignes are located in the epineurium and the 

surrounding connective tissue of the nerve allografts, 

with his study using one fascicle of sciatic nerve of rats 

as a graft. Kalopissis et al. (1978) studied the histo

morpholgy of preserved peripheral nerve allografts in 

human beings. Posterior tibial nerve was lyophilized and 
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irradiated with X-rays doses varying 1-4 Mrd. The main 

alterations were found in the re-arrangement of the 

epineurial connective tissue of the interperineurial 

spaces in a reticulum of varying regularity. Condensed 

endoneural connective was destroyed and converted into 

irregular tubular spaces. They, however, concluded that 

the hope for suitability of histological samples as a 

means of quality control of lyophilized and irradiated 

grafts does not yet seem justified. 

~: Immuno-suppressive therapy. The mechanism of rejection 

in peripheral nerve allografts has been studied with the 

help of the light and electron microscope and compared 

with the rejection reaction with other organ transplants 

in experimental animals (Dasgupta, 1967). It was concluded 

that the rejection process, in cases of peripheral nerve 

transplants, followed rules similar to those for rejection 

of other organ allotransplants. With other organ, e.g. 

kidney transplants, immuno-suppressive drugs have been 

used to depress the immunological reaction to transplant 

antigens which cannot be adequately modified by freeze 

drying and irradiation. Immuno-suppressive drugs have also 

been tried out in nerve transplantation. Marmor et al. 

(1967) demonstrated that azathioprine (ImmuranR) provided 

sufficient protection against rejection. Pollard and 

Fitzpatrick {1972, 1973) demonstrated that azathioprine 

was more effective than irradiation in reducing the 

immunological reaction. On the basis of neurological, 

electrophysiological and histological studies, regenera

tion was judged to be more superior in animals given 

immuno-suppressive therapy. In contrast, Gye et al. (1972) 

and McLeod et al. (1975) reported no appreciable 

beneficial effect of immuno-suppressive therapy carried 

out on the frozen irradiated allografts in man, compared 
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with patients who had received no additional therapy. Pre

-implantation irradiation of nerve allografts in rabbits, 

along with systemic administration of chloramphenicol have 

been found to suppress the tissue rejection completely, 

and the method has been found to be considerably more 

effective than the combination with steroids in the 

experience of Parekh (1982). Ikeda (1966) thought that the 

use of immuno-suppressive drugs was not only unnecessary, 

but might even interfere with the regeneration of axons. 

Ducker and Hayes (1970) were of similar opinion: immuno

-suppression might endanger the host by its general toxic 

effects. Nerve grafting is not a life-saving procedure. 

Thus the use of immuno-suppressive agents, which have 

adverse effects if administered over the long-term and 

whose advantages are even dubious, is not justifiable in 

human beings undergoing nerve allografting (Sunderland, 

197 8) . 

2.4. Transplantation immunology 

2.4.1. Major Histocompatibility Complex 

Over the last decade, studies in transplantation 

immunology have provided insight into the genetic control 

of immune reactivity against allogenic tissue in a number 

of mammalian species. Graft rejection is dependent on the 

recognition of foreign histocompatibility antigens on the 

graft. The most important histocompatibility antigens, 

the so-called "major" histocompatibility antigens, have 

their code on a highly polymorphic chromosomal area. This 

area has been labelled the Major Histocompatibility 

Complex (MHC). Matching for structures controlled by the 
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MHC is beneficial for the survival of allogenic tissues 

of diverse histological types. This has been demonstrated 

in many experimental animals, e.g. dogs (Vriesendorp, 

1973). A variety of different histocompatibility antigens 

is, however, present on the cells of each individual, and 

some of these are coded for by other chromosomal areas. 

These so-called "minor" histocompatibility antigens are 

likely to elicit a weeker immune response, and are 

probably only relevant in the absence of major histo

compatibility differences, at least in rats and in immuno

-suppressed dogs (Graff et al., 1973; Bijnen et al.,l979). 

The genetic code for all these antigens resides in many 

genes on different chromosomes. 

Zalewsky and Silvers (1980), however, concluded that 

minor antigens alone are as potent as major and minor 

antigens together in evoking an immune response, with 

their experiments with nerve allografts in normal and 

tolerant rats. 

Extensive knowledge of the genetics of the MHC has been 

gathered in many species including man (Gotze, 1977). 

The MHC contains many, perhaps hundreds, of loci. At 

present, the gene products of only some of these loci can 

be determined. In families, the genes of the MHC are 

inherited as genetic entities which segregate en bloc. 

The genes of the MHC of one chromosome which segregate 

together within a family is called a haplotype (Ceppelini 

et al., 1967). Thus, within a family, matching for one or 

just a few MHC antigens generally results in matching for 

all MHC antigens of a haplotype. Within a family, three 

MHC matches are possible: two individuals can differ by 

two haplotypes, by one haplotype, or they can be MHC

-identical if they share the determinants of both haplo

types. In frequently, this simple pattern of inheritance 

is disturbed by the occurrence of a so-called crossing-

43 



-over between the two autologous chromosomes carrying the 

MHC, and consequently a new haplotype arises. 

2.4.2. Histocompatibility testing 

Traditionally,the oldest way of testing histocompatibility 

was by means of allo-antisera which contain specific anti

bodies, directed against histocompatibility antigens. These 

can be obtained either by deliberate immunization of 

volunteers or from pregnant females, i.e. post-partum sera, 

(Payne and Rolfs, 1958; Van Rood, 1958). A complement

-dependent lymphocytotoxicity assay is generally used to 

determine whether a lymphocyte preparation will contain 

antigens that are defined by those sera. Individuals who 

show an identical pattern of reactions with an established 

panel of all antisera are said to be histocompatible. 

Antigens defined by this lympho-cytotoxicity assay are 

called Class-I antigens. Serological histocompatibility 

testing was developed for dogs by, amongst others, 

Vriesendorp et al. (1971, 1972, 1973). Later, a new, more 

direct test was developed to assess histOcompatibility, 

the so-called Mixed Lymphocyte Reaction (MLR) . 

In this test, lymphocytes of two individuals are incubated. 

together in culture and the degree of the reactivity as 

measured by radioactive thymidine incorporation, is 

indicative of the degree of histocompatibility. Genetic 

analysis of serological testing and the mixed lymphocyte 

reactions in all species investigated so far, showed that 

both tests define different series of allo-antigens. 

The genes that determine the outcome of these tests are, 

however, closely linked on the chromosome. The chromosomal 

area which carries the genetic information for these and 

other histocompatibility antigens, also belongs to the 
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Major Histocompatibility Complex (MHC), and the antigenic 

system for which it codes, the Major Histocompatibility 

System (MHS). The recombination frequency between the two 

sets of allo-antigens is low (0.007 in dogs; Bijnen et al., 

1977); hence, for experimental purposes, from a practical 

viewpoint, serological testing alone is adequate, when 

organ donor and recipient are sibs. 

Extensive studies in the dog showed that the canine MHC 

closely resembles the MHC in man; this makes the dog an 

excellent model for transplantation research. 

Transplantation experiments with various organs, such as 

skin, kidney, small intestine, pancreas, lung, heart, liver 

and bone marrow, clearly demonstrated the relevance of 

matching for the serologically defined antigens of the 

canine MHC for graft prognosis (Vriesendorp et al., 1977a). 

2.5. Nerve tissue preservation 

The routine use of nerve allografts necessitates the 

availability of a larger number of allografts of different 

size. The development of a nerve bank would be a great 

asset in the reconstructive surgery of nerve transplantation. 

Availability of such a bank would facilitate more acceptable 

selection of the nerve allografts. 

Preservation of nerve grafts below the temperature of dry 

ice following irradiation has been tried by Marmor (1972) 

but with unsatisfactory results. Lyophilization and dry 

storage of nerve grafts have also been tried unsuccess

fully (Jacoby, 1970). Immunological rejection was 

supposedly the reason for failure. Recently, using 

cryogenic temperatures, it has been possible to extend the 

storage period of viable cells and fine tissue from days 

or weeks to months and years. 
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Owing to the use of glycerol and other cryoprotectants 

(dimethyl sulfoxide) , considerable advances have been made 

in the long term preservation of mammalian cells in 

suspension (blood and serum) and thin organs (such as skin, 

cornea and intestine). Skin grafts, have, however, been 

stored at temperatures below that of ice without the 

addition of cryo-protectants {Santoni and Rugio, 1962). 

Survival of mammalian skin autografts stored in culture 

medium at deep freeze temperatures have been reported for 

as long as 2 years (Pepper, 1954). 

No successful method of nerve preservation has yet been 

standardized. Kossakowski (1981) reported that freezing of 

peripheral nerves at -20°C for 14 days had practically no 

effect on the time of occurrence and the intensity of 

cellular response of the recipient, in comparision to 

lyophilization, which greatly decreased the response. In 

the experience of Zalewski and Gulati (1982), however, 

freezing destroys the Schwann cell of the nerve grafts and 

therefore is not suitable for nerve preservation, in their 

experiments with rats. 

Ve-rhoog (1978) preserved some nerve grafts of rats and 

monkeys for a short period only. As yet, long-term 

preservation of nerves has not been achieved. 

2.6. Histological examination 

Regeneration of a cut nerve, following either nerve suture 

or nerve transplant, is a very complex process. The primary 

feature of nerve regeneration is outgrowth of the axon to 

replace the perished portion. The entire process can be 

summarized as follows: 

1.: recovery of the neuron from retrograde effects and the 
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onset of regeneration at the cut end of the axon, 

2.: growth of the axon to the site of the injury, 

3.: passage of the axon through the site of the injury, 

4.: growth of the axon down the endoneural tube below the 

injury, 

5.: restoration of appropriate end organ relatonships. 

A further increase is the number of these axon fibres and 

maturation of the newly innervated endoneural tube will 

produce gradual functional recovery. The time required for 

completion of these regenerative processes can be divided 

into the following periods: 

~: the time required for the neuron to recover, for axon 

growth to commence and for the axon to reach the injured 

zone; this period usually varies from 2 to 4 weeks. 

b.: the scar delay, time taken for the growing axons to 

traverse the injured zone - in case of grafting this is 

transplantation of the graft. 

c.: the period of axon growth distal to the site of injury. 

This is the time required for the axon tip to reach the 

periphery. 

~: the period of functional recovery. This is the time 

required to complete those changes in the restored axonal 

pathways which determine normal conduction properties of 

the individual fibres, e.g. normal conduction velocity 

response. 

Thus, during the regenerating process, histological 

evidence including cellular reaction, macrophage response, 

connective tissue proliferation, distal myelinization and 

axonal regeneration can easily be determined. Hence, 

histological criteria including the above responses can be 

used to establish the degree of nerve regeneration. 
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Distinctive histological features of nerve degeneration and 

immunological rejection in peripheral nerve allografts have 

been studied by Comtet and Revillard (1979). Sequential 

sections were prepared from isografted and allografted 

sciatic nerves in adult female DBA/2 mice and were compared 

with the Wallerian degeneration in the same inbred strains. 

However, few striking features permitted the distinction 

between allografts and isografts. The cellular infiltrate 

was always scattered in an irregular manner in allografts, 

contrasting with the homogenously dispersed cellular infil

tration of isografts. Furthermore, a few pyroninohilic 

cells were found around but never inside isografts, whereas 

numerous pyroninophilic cells could be observed both inside 

and outside the allografted nerves. 

In addition numerous vessels appeared inside the isografts 

and to a lesser extent in allografts. Thus the distinctive 

features of allograft rejection are therefore, both 

quantitative (cell infiltrating the epineurium) and 

qualitative (proportion of large pyroninohilic cell in the 

infiltrate). 

Levinthal et al. (1978) studied cellular response, macro

phage reaction, connective tissue reaction, myelinization 

and distal/proximal axon ratio, in a comparative study 

with nerve autografts and fascicular nerve allografts of 

inbred antigenically identified rate. They could not find 

any difference between allografted and autografted fascicles 

after two months. In their experiments no graded rejection 

phenomenon was found, depending on the difference of tissue 

typing, when only fascicular grafts were used. They 

explained this phenomenon by the hypothesis that major 

transplantation antigens reside predominantly in the 

epi.neurial and surrounding tissues. 
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CHAPTER 3 

MATERIAL AND METHODS 

3.1. Experimental animal 

The dog was chosen as the experimental animal. Seventy 

beagles, divided into 12 groups as shown in table I, were 

used for this study. They were obtained from the "Central 

Proefdieren Bedrijf TNO". 

3.2. Tissue typing 

The dogs were typed for serologically defined leucocyte 

antigens belonging to the canine MHC, - called DLA - by a 

battery of approximately 80 antisera. Typing for MLR

-antigens was not carried out. Litterrnate dogs were 

grouped in pairs with no, one or two differences in DLA 

haplotype on the basis of the segregation patterns of the 

serological reactions. When unrelated dogs were used, they 

were selected in such a way that all known serologically 

defined antigens were mismatched. 

3. 3. Nerve grafting 

Peroneal nerves of the dogs were selected for this experi

ment. This nerve is of suitable size for transplantation 

studies. Its removal leads to minimal discomfort, which is 

tolerated easily during the long period of follow-up. 

Segments Of the peroneal nerves 1 4 centimeter or 7 centi

meter in length, were removed from all 70 dogs, under 

general anaesthesia. In six dogs the nerves were removed 
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"' Table L Experimental Groups 
0 

Group No. of Cadaveric Preservation Length of 
no. recipients Kinship DLA match or alive Irradiation time in weeks nerve graft (em) 

5 related identical alive irradiated 6 4 

one 
haplotype 

2 5 related difference alive irradiated 6 4 

two 
haplotypes 

3 6 related difference alive irradiated 6 4 

un-
4 6 related mismatched alive irradiated 6 4 

non-
5 6 related identical alive irradiated 6 4 

un- non-
6 6 related mismatched alive irradiated 6 4 

non-
7 6 related identical alive irradiated 6 7 

un- non-
8 6 related mismatched alive irradiated 6 7 

non-
9 6 related identical cadaveric irradiated 6 7 

un- non-
10 6 related mismatched cadaveric irradiated 6 7 

one 
haplotype non-

II 6 related difference alive irradiated 6 7 

non-
12 6 related identical alive irradiated 56 7 



3 hours after death and in another six dogs, 6 hours after 

death. All these grafts were then preserved, as mentioned 

in chapter 3.4. These nerve grafts then were sutured 

between the transected segments of the peroneal nerve on 

both sides. Nerve anastomosis was carried out orthotopi

cally, using standard microsurgical techniques with 16 

times magnification and using 10-0 atraumatic monofilament 

nylon for suturing, under standard operating theatre 

discipline. Removal of these transplanted nerve grafts was 

carried out about 9 months later after completion of the 

electro-physiological studies (see chapter 3.7.), under 

the same conditions but without the operating microscope. 

3.4. Nerve preservation 

_iferves were preserved in tissue Medium 96 in sterile, 

sealed bags at minimum constant temperature of -7ooc for 

a period of about 6 weeks in all the experimental groups. 

Nerves in group 12 (table I) were preserved for about 56 

weeks. An intermediated cooling rate (Griffiths and Beldon, 

1978) was used in the freeze-thaw cycle. Sealed bags con

taining nerve grafts were removed from a deep freeze 

chamber temperature about an hour prior to surgery and 

kept at normal operating room temperature for about 45 

minutes. These grafts were then removed from the sealed 

bags and kept in a standard normal saline solution for 

about 15 minutes at a temperature of approximately 30°C 

prior to implantation. Roughly an hour after removal from 

the deep freeze chamber temperature, the nerve grafts felt 

and looked like normal fresh nerve allografts, ready for 

transplantation. 
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Figure 3. This figure shows electrodes at fixed points. 
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3.5. Nerve graft irradiation 

In one set of experiments (groups 1, 2, 3, and 4 of table 

I) 23 of the frozen nerve grafts were irradiated with 

1.66 Mrad for 10 seconds at the temperature of dry ice in 

a Van de Graaff generator at the Reactor Centrum Nederland, 

Petten. Irradiation was carried out within a few hours 

following removal of these grafts. 

3.6. Follow-up 

The neurological examination of a dog is not an objective 

procedure and can lead to biased results. Therefore, 

electromyographic (EMG) and histological techniques were 

used to evaluate the results obtained about 9 months after 

transplantation. This is the period required for the 

growing axons to reach the denervated muscle through the 

transplanted and autogenous nerve sheath. 

3.7. EZeatromyographic examination 

After about 9 months the grafts were re-exposed surgically 

under general anaesthesia without the use of muscular 

relaxants. The nerve was stimulated directly with bipolar 

platinum electrodes. Four electrodes were placed at fixed 

distances of 2 centimeter along the nerve (fig. 3). The 

first electrode was placed proximal to the graft and the 

last electrode dista.l to the graft. The compound action 

potential of the anterior tibial muscle was recorded 

through a concentric needle electrode. The nerve was 

stimulated supramaximally with a square wave of duration 

0.3 m/sec. The temperature of the nerve as measured ranged 
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Figure 4. Temperature controlled multiple electrode chamber. 
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between 27 and 30oc. The maximum conduction velocity of the 

graft was estimated from the latency of the proximal and 

distal stimulating points to the anterior tibial muscle and 

the conduction distance. The nerve graft was removed to

gether with one centimeter of normal nerve proximal and 

distal to the graft and placed on a mesh of multiple 

electrodes in a closed temperature controlled chamber, 

connected by a computer system (fig. 4). The same 

stimulation studies were repeated in this test system and 

final maximum conduction velocity determined. The results 

were grouped, on the basis of maximum conduction velocity 1 

into four EHG grades: 

Grade I 

Grade II 

normal conduction velocity greater than 30 m/sec. 

reduced conduction velocity between 20 and 30 

m/sec. 

Grade III: markedly reduced conduction velocity between 15 

and 19 m/sec. 

Grade IV no response. 

This grading of electromyographic findings was confirmed by 

an independent expert in the field of electromyography, not 

involved in the research scheme. In normal dogs 1 the 

maximum conduction velocity of the peroneal nerve ranges 

between 30 m/sec and 50 m/sec. 

3.8. Histological studies 

The transplanted nerve, together with 1 centimeter of the 

host nerve, both proximally and distally 1 was removed for 

EMG studies, then used for histological studies after the 

nerve conduction velocity had been determined. Longitudinal 

sections at proximal and distal transplant suture sites and 

transverse sections of the proximal and distal segments of 
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Figure 5, Diagrammatic representation of the sites of various 

sections made, in relation to the graft. 
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the host nerve and of the middle of the transplanted nerve 

were taken (fig. 5). Longitudinal sections at the proximal 

and distal nerve suture sites were later prepared with 

specific stains. To evaluate the degree of axonal regenera

tion the Bodian method was employed (Romeis, 1968); 

Kluever's method was used to visualize the late stage of 

myelin regeneration (Romeis, 1968). Special attention was 

paid to qualitative pictures of the nerve sheaths. Van 

Gieson and Haemotoxylin-Eosin methods were used to 

visualize the connective tissue (Romeis, 1968). 

To facilitate differential evaluation, care was taken to 

obtain transverse as well as longitudinal nerve sections 

at the same level in relation to the proximal and distal 

nerve suture sites. Transverse sections were taken at the 

proximal and distal segments of the normal host nerve and 

in the middle of the graft to obtain an impression of the 

number of axons which succeeded in traversing through the 

nerve graft. The qualitative and quantitative histological 

findings, received after a thorough study of the 

histological preparation, prepared according to the above 

mentioned methods, were graded as follows: 

Grade I (figure 6a, b, c, d) 

Good regeneration with commencement of myelinization, 

parallel bundles of nerve fibres, no fibrosis, no 

inflammatory reaction. 

Grade II (figure 7a, b, c, d) 

Good regeneration, little irregularity in parallelism of 

nerve fibre bundles, slight fibrosis, no inflammatory 

reaction. 

Grade III (figure 8a, b, c, d) 

Incomplete regeneration, slight interlacing of the nerve 
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fibres, evident fibrosis, slight inflammatory reaction. 

Grade IV (figure 9a, b, c, d) 

Poor regeneration, marked interlacing of nerve fibres, 

extensive fibrosis, evident inflammatory reaction. 

Figure 6a. Site of nerve suture. Slight lymphocytic reaction 

close to the suture (H&E, X 235). 
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Figure 6b. Distal nerve segment, Regular course of 
Bunger-Hankers strands (proliferation of 
Schwann cells) (H&E, X 380), 

Figure 6c. Distal nerve segment. (Bielschowsky stain). Dense 
texture of regenerated fibres (X 380). 
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Figure 6d. Distal nerve segment (transverse section). Compact 
and dense pattern of the axons. Slight proliferation 
of the epineurium. No aberrant fibres (Bodian, X 235). 

Figure 7a. Site of nerve suture. Remnants of suture and 
polymorhic inflammatory reaction with foreign 
body giant cells (H&E, X 380). 
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Figure 7b. Distal nerve segment. Slight irregularity of 
nerve fibre bundles (Bielschowsky, X 235). 

Figure 7c. Distal nerve segment. Longitudinal course of 
nerve fibres with uneven texture of bundles 
(Bielschmvsky, X 235), 
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Figure 7d. Distal nerve segment (transverse section). Less 

dense axonal pattern in the nerve trunk. Mild 
proliferation of the connective tissue of 
epineurium with aberrant fibres (Bodian, X 235). 

Figure Sa. 
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Site of nerve suture. Slight interlacing of 
the nerve fibres (Van Giesen, X 235). 



Figure 8b. Distal nerve segment. Inflammatory reaction 
in epineurium (H&E, X 235), 

Figure Sc. Distal nerve segment. Uneven thickness of 
fibres and low density (Bielschowsky, X 280). 
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Figure 8d. Distal nerve segment (transverse section). 
Irregular distribution of axons. Slightly 
irregular condensation of axons. Many aberrant 
fibres in the connective tissue of epineurium 
(Bodian, X 235). 

Figure 9a. Site of nerve suture. Marked interlacing of 
nerve fibres. Considerable proliferation of 
connective tissue and aberrant fibres (Van 
Gieson, X 235). 



Figure 9b. Distal nerve segment. Diffuse inflammatory 
reaction in epi- and perineurium (H&E, X 235). 

ji'f§f;:~-,,---... '!"~~ ::::::·~'";:~;: 
~--- ~ 

Figure 9c. Distal nerve segment. Poor regeneration 
(Bielschowsky, X 380). 
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Figure 9d. Distal nerve segment (transverse section). 
Markedly irregular distribution of axons 
with many aberrant fibres in the fibrotic 
epineurium (Bodian, X 235). 

Prior to this study, histological preparations were studied 

following autogenous nerve grafting, carried out under 

exactly the same conditions. Grade I of this classification 

resembles the results after autografting and is considered 

to be the best grade~ Grade IV is the worst; Grade II and 

III are intermediate. 

The grading of these histological findings was confirmed 

by an independent expert in the field of histology, not 

involved in the research scheme. 
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CHAPTER 4 

RESULTS 

4.1. Experiments with 4-cm long cryopreserved allografts 

4.1.1. Influence of histocompatibility matching on 4-cm 

non-irradiated nerve allografts 

Introduction 

In the early days of such experiments most investigators 

achieved occasional success with short nerve allografts 

(2-4 centimeter) (Bentley and Hill, 1936; Sanders and 

Young, 1942). Sanders (1954) reported that the severity 

and rapidity of onset of the immune reaction depended upon 

the amount of tissue transplanted and on the genetic 

relationship between the donor and the host. Bentley and 

Hill (1936) concluded that gaps upto 3 centimeter could be 

bridged satisfactory by nerve allografts in some cases but 

longer grafts invariably failed, while Ducker and Hayes 

(1968a, 1968b, 1970) maintained this safe limit was 4 

centimeter. 

In this experiment cryopreserved nerve allografts of 4 

centimeter in length, were tested in DLA-identical litter

mates and DLA-mismatched unrelated combinations, in order 

to assess the influence of histocompatibility matching (at 

two extremes) on the survival and regeneration of these 

allografts. 

Nerve allografts in DLA-identical combinations showed 

better signs of regeneration on electromyographic studies. 

In most of these grafts maximum nerve conduction velocity 

returned to normal or very near normal. On histological 

examination, there were no obvious signs of tissue 
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rejection. The pattern of regeneration through the nerve 

graft was normal in appearance. The DLA-mismatched group 

was examined electromyographically. The maximum conduction 

velocity did not reach normal levels in any of these nerve 

grafts; a delayed conduction velocity was recorded in four 

of the grafts; one gave no electrical stimulation response, 

and one a markedly delayed response. On histological 

examination four of these grafts showed marked inflamma

tory response activity, thus leading to fibrosis. In two 

of these grafts, however, a reasonably normal pattern of 

regeneration was apparent. 

Conclusion 

Thes results support the views of many other authors (e.g. 

Ducker and Hayes, 1970), i.e. that some of the grafts not 

exceeding 4 centimeter in length could show some signs of 

regeneration even under all adverse circumstances. The 

difference in the results of these two groups are of 

statistical significane on histological examination, 

P = {0.001, but not very significant on electromyographic 

examination, P = 0.13 (Wilcoxon's two sample test). 

Table II. Results 

Group 
no. 

5 

6 
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Donor recipient 
relationship 

DLA-identical 
littermates 

DLA-mismatched 
unrelated 

No. of dogs in 
electromyographic 
grade 

I II III IV 

2 4 

4 

No. of dogs in 
histological 
grade 

I II III IV 

4 2 

2 3 



4.1.2. Influence of graft irradiation on the survival of DLA-identical 

and DLA-mismatched cryopreserved grafts 4 em in length 

Introduction 

Immunological reactions against the transplanted nerve 

tissue are responsible for the failures of mismatched nerve 

allografts. Irradiation has been used to reduce this 

immunological response in other organ transplants. Marmor 

(1967) used irradiation in his experimental animals in 

order to reduce this immunological reaction, and obtained 

encouraging results. Clinical application, however, 

remained far beyond expectations (Marmor, 1967). At the 

same time, Campbell (1971), Ducker and Hayes (1968a, 1968b, 

1970) and Pollard et al. (1971) also reported favourable 

results of irradiation of nerve allografts in their experi

mental studies. Also in our own clinical experience, some 

favourable results of irradiated nerve allografts were 

recorded (Singh and De Lange, 1975). 

Material 

In this experiment, irradiation of the nerve allografts, 

with the technique described (Chapter 3), was used in 

addition to histocompatibility matching. Groups of DLA

-identical and DLA-mismatched grafts were used for this 

study. Results are compared with those of experiment 4.1.1. 

where no irradiation was applied. 

The results of the DLA-identical grafts with or without 

irradiation are more or less the same. On electromyographic 

examination, a normal or near normal maximum nerve 

conduction velocity was recorded in all the grafts. 

Similary, on histological examination, no marked inflamma

tory response was noticed in any of these grafts. Results 

of the DLA-rnismatched groups with or without irradiation 
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did not show any beneficial effect of the irradiation in 

reducing the immunological response to the foreign tissue. 

In the irradiated group, the results of both electro

myographic and histological examination were poor. Most of 

the grafts showed massive invasion together with a lympho

cytic reaction leading to intense fibrosis. In the non

-irradiated group, even better results were recorded on 

EMG as well as on histological examination. 

Table III. Results 

Group Donor-reciepient Irradiated or No. of dogs in No. of dogs 
no. relationship unirradiated electromyographic in histo-

grade logical grade 

I II III IV I II III 

DLA-identical 
littermates irradiated 3 2 4 

DLA-identical non-
5 littermates irradiated 2 4 4 2 

DLA-mismatched 
4 unrelated irradiated 3 3 3 

DLA mismatched non-
6 unrelated irradiated 4 2 3 

One dog of group 1 was lost shortly after the implantation 'of the 

graft. 

Conclusion 

Results thus show no significant difference between the 

irradiated and the non-irradiated nerve allografts. 

Matching for the MHC-antigens remained the predominating 

factor. On statistical analysis (Wilcoxon•s two sample 

test) the difference in irradiated and non-irradiated 
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groups in DLA-identical littermates is not significant on 

electromyographic examination (P = 0.06) as well as on 

histological examination (P = 0.18). Similar insignificant 

are the results in DLA-mismatched, irradiated and non

-irradiated groups on electromyographic examination (P 

0.06) and on histological examination (P = 0.18). 

4.1.3. InfLuence of DLA-matching on the survivaL of 4-cm tong 

irradiated cryopreserved nerve attografts 

In traduction 

Donors of different match grades were available for this 

study, so that the effect of different grades of histo

compatibility could be investigated. 

Table IV. Results 

Group Donor-recipient 
no. relationship 

2 

3 

4 

DLA-identical 
littermates 

one DLA-haplo
type different 
littermates 

two DLA-haplo
type different 
littermates 

DLA-mismatched 
unrelated 

Irradiation No. of dogs 
in electro
myographic 
grade 

I II III IV 

irradiated 3 2 

irradiated 3 

irradiated 2 3 

irradiated 3 3 

No. of dogs in 
histological 
grade 

I II III IV 

4 

5 

3 3 

3 3 
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One dog of group 1 was lost shortly after the implantation 

of the graft. In the remaining dogs of this group, an 

almost normal EMG and histological response was observed. 

Gradual decrease in matching in groups 1, 2, 3, and 4 was 

negatively correlated with the EMG performance and the 

histology of the grafts. The partially DLA-mismatched group 

{group 2) shows better results than the completely mis

matched groups 3 and 4. One nerve graft in group 3, in 

spite of mismatching, showed a good EMG response. This can 

probably be explained by Sanders' (1954) experience that 

grafts upto 4 centimeter in length sometimes survive and 

regenerate against all odds. The marked inflammatory 

reaction observed on histological examination of this graft 

suggests a strong immunological response. 

Conclusion 

These experiments demonstrate the beneficial effect of 

partial and complete histocompatibility matching on the 

survival of irradiated nerve allografts. The results in 

irradiated grafts support the view obtained following the 

experiment with non-irradiated grafts, that the immunolo

gical reaction, responsible for the failure of nerve 

allografts, is dependent on the genetic relationship 

between the donor and the host. The occasional results of 

improvement with irradiation, reported in the past, could 

be coincidental due to a better match for the major histo

compatibility antigens between the host and the donor. On 

statistical examination, Spearman Rank Correlation Test, 

the electromyographic results correspond with grades of 

DLA-rnatching P = < 0.001. The same agreement is also found 

with histological results P = <0.001. 
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4.2. Experiments ·with 7-cm long cryopreserved nerve allografts 

4.2.1. Influence of histocompatibility matching on ?-em nerve 

allografts 

Introduction 

Smaller nerve grafts are known to survive occasionally in 

spite of adverse circumstances, but longer ones have failed 

invariably (Bentley and Hill, 1936; Gye et al., 1972; 

Roberts, 1967). In this experiment, 7 centimeter cryo

preserved nerve allografts have been used in DLA-identical 

and DLA-mismatched combinations. Six dogs in each group 

were used for this sLudy. 

Table V. Results 

Group 
no. 

7 

8 

Donor recipient 
relationship 

DLA-identical 
littermate 

DLA--mismatched 
unrelated 

No. of dogs in 
electromyographic 
grade 

I II III IV 

5 

3 3 

No. of dogs in 
histological 
grade 

I II III IV 

4 

6 

In DLA-identical combinations, five of the grafts 

registered a normal electromyographic response, with 

maximum nerve conduction velocity within the normal range. 

One graft suffered suture interruption at the distal nerve 

end and thus showed no electromyographic response. On 

histological examination, marked fibrosis was seen but no 

marked inflammatory response, yet it was provisionally 

placed in histological grade IV. In the remaining DLA

-identical nerve grafts, a normal pattern of regeneration 
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was noted without any inflammatory response. In the DLA

-mismatched group none of the grafts showed any significant 

signs of nerve regeneration on electromyographic 

examination. On histological examination, a marked in

flammatory response was found leading to extensive fibrosis 

in all cases. This difference between the two groups is of 

statistical significance (P < 0. OS) (Wilcoxon 1 s two sample 

test) on histological as well as on electromyograhic 

examination. 

Conclusion 

The influence of histocompatibility matching is more 

evident with longer than with shorter allografts. In DLA

-mismatched combinations, no significant functional 

recovery was found in any of the grafts and a marked 

inflammatory response was predominant. In the technically 

successful DLA-identical grafts, all showed a normal 

pattern of nerve regeneration without any evident signs of 

inflammation. Thus, with optimal matching for Major Histo

compatibility System antigens, even longer grafts 

regenerate like autografts. This difference between the two 

groups is of statistical significance on electromyographic 

examination (P2 = <. 0. OS) as well as on histological 

examination (P2 = < 0. 02) (Wilcoxon 1 s two sample test). 

4.2.2. Result of partial histocompatibility matching on the 

regeneration and survival of 7-cm long cryopreserved nerve 

anografts 

Introduction 

Optimal matching for MHC antigens leads to a good result, 

but such MHC identical grafts will be difficult to obtain 
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when cadaver donors are used. Therefore, it is of interest 

to study the effect of partial histocompatibility matching. 

For practical purposes, one haplotype different sibling 

donors were chosen. In our previous experiment some 

recovery was recorded of 4 centimeter nerve grafts matched 

for the antigens of only one MHC-haplotype. This experiment 

is carried out to find out whether a similar effect can be 

observed in grafts 7 centimeter in length. 

Table VI. Results 

Group 
no. 

7 

11 

8 

Donor recipient 
relationship 

DLA-identical 
littermate 

One haplotype 
different 

DLA-mismatched 
unrelated 

No, of dogs in 
electromyographic 
grade 

I II III IV 

5 

2 3 

3 3 

No. of dogs in 
histological 
grade 

I II III IV 

4 

2 3 

6 

In this experiment there is also a positive correlation 

between DLA-matching and the performance of the graft on 

electromyographic as well as on histological examination. 

About 50% of the grafts differing by one DLA-haplotype 

showed good functional recovery without any inflammatory 

response. Failure of one nerve graft in the DLA-identical 

group, due to a break in the suture line, has been ex

plained in the previous chapter (4.2.1.). 

Conclusion 

The results are thus directly proportional to the degree of 

histocompatibility matching. If donor and recipient differ 
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with respect to one haplotype in MHC-matching, the graft 

has a better chance of recovery than a mismatched 

combination; thus, the importance of matching for MHC is 

underlined. Similar was the experience of Levinthal et al. 

(1980) with whole nerve allografts in rats. 

In this experiment, there is also a positive correlation 

between DLA-matching and the performance of the graft on 

electromyographic as well as on histological examination. 

On statistical analysis P ( 0. 001 on histological examina

tion and P < 0. 01 on electromyographic examination 

(Spearman Rank Correlation test). 

4.2.3. Comparison of results of ?-em long and 4-cm long cryo

preserved nerve allografts of DLA-identical related and 

DLA-mismatched unrelated combinations 

Introduction 

In chapter 4.1.1. and chapter 4.2.1. it was shown that 

histocompatibility matching was important for the outcome 

of both 4 and 7 centimeter long nerve allografts. In this 

chapter the results of matching for smaller or longer 

nerve allografts are put together for comparison. 

Even with grafts of 7 centimeter, a good degree of 

regeneration and functional survival was found if the 

donor and recipient relationship was DLA-identical. On the 

other hand, none of the 7 centimeter DLA-misrnatched grafts 

showed regeneration or functional recovery. In some 4 

centimeter DLA-mismatched nerve grafts, however, incomplete 

recovery was observed. 
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Table VII. Results 

Group Donor-recipient Length No. of dogs in No. of dogs in 
no. relationship graft electromyographic histological 

in em, grade grade 

I II III IV I II III IV 

DLA-identical 
7 littermate 7 5 4 

DLA-identical 
5 littermate 4 2 4 4 2 

DLA-mismatched 
8 unrelated 7 3 3 6 

Conclusion 

On statistical analysis the results in DLA-identical 

littermates groups are not significant on electromyographic 

examination (P = 0.10) as well as on histological examina

tion (P = 0.10). In DLA-mismatched groups, however, the 

results are significant on histological examination 

(P = 0.02) and not significant on electrornyographic 

examination (P = 0.06). However, this difference is 

minimal (Wilcoxon's two sample test). One could conclude, 

therefore, that matching for the major histocompatibility 

complex appears to be of even greater importance for the 

survival of longer nerve allografts. 

4.3. Influence of time of harvesting after death on the functional 

result of DLA-identical nerve allografts 

Introduction 

The major histocompatibility complex is extremely poly-
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morphic. It is, therefore, difficult to find compatible un

related donor-recipient pairs. In order to have an effective 

selection for nerve allografting, it would be desirable to 

have a cryobank of many stored nerve grafts from tissue

-typed donors of different tissue type. Furthermore, for 

the various clinical problems that can be solved by nerve 

transplantation, nerves of different length and neurolernmal 

pattern are required. Obviously, removal of such nerves 

from living donors is seldom acceptable and usually 

impossible. For these reasons, the feasibility of using 

nerves obtained from cadavers for transplantation has been 

studied. Nerves (7 centimeter in length) were removed 3 and 

6 hours after the death of the donor dogs and were sub

jected to exactly the same process of preservation and 

transplantation as other nerve grafts. In order to be able 

to measure the effect of the circulatory arrest on graft 

function, only DLA-identical dogs were used for this study. 

The results are compared with those of DLA-identical nerve 

grafts removed under living conditions. 

Table VIII. Results 

Group 
no. 

7 

9 

I 0 

78 

Donor-recipient 
relationship 

DLA-identical 
littermates 

DLA-identical 
littermates 

DLA-identical 
littermates 

Time of 
graft 
removal 

alive 

3 hours 
after 
death 

6 hours 
after 
death 

No. of dogs in 
electromyographic 
grade 

I II III IV 

5 

5 

5 

No. of dogs in 
histological 
grade 

I II III IV 

4 

5 

6 



The influence of the time interval between the death of the 

dog and removal of the graft from DLA-identical donors on 

nerve regeneration is shown in table VIII. 

On electromyographic examination, one graft from each group 

failed to register any response. This can probably be 

explained by a technical error at the site of the nerve 

suture, as on histological examination these grafts did not 

show any marked inflammatory reaction nor fibrosis, making 

a plausible explanation of these failures difficult. Hence, 

in all DLA-identical donor-recipient combinations, cryo

preserved nerve grafts 7 centimeter in length show a good 

degree of regeneration and functional recovery even if 

removed 6 hours after the death of the dog. A comparison 

between the cadaveric and fresh grafts show no difference 

of statistical significance (P> 0.10) on histological as 

well as on electromyographic examination (Wilcoxon's two 

sample test). 

Conclusion 

In DLA-identical major histocompatibility complex combina

tions, even the cadaveric nerve allografts, harvested 3 to 

6 hours after circulatory arrest, regenerate as good as 

non-cadaveric grafts. This is evidently a great practical 

advantage that enormously enhances the number of potential 

donors. 

4.4. Influence of tong term preservation (56 weeks) on ?-em 

DLA-identicat matched nerve allografts 

Introduction 

Preservation of certain tissues, such as cornea, bone 

marrow and to certain extent skin is a well recognized and 
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and accepted procedure. Kaufman et al. (1966) and Mueller 

et al. (1964) have established a preservation technique for 

cornea, involving freezing at low temperatures, with good 

results. Precursors of the haematopoietic system and of the 

cellular immune system can be stored at cryogenic tempera

tures for extended periods of time (Lewis, 1974). Long term 

storage of skin can also be achieved using cryoprotectant, 

although there are some doubts about its biological 

behavior following transplantation (Berggren et al., 1966) 

In order to fulfil the requirements for an ideal nerve 

graft, the possibilities of using prolonged preserved (56 

weeks) nerve allografts were explored. Nerve preservation 

was carried out as described in Chapter 3. Six DLA-identical 

littermate donor-recipient combinations were used for this 

procedure and the other variants kept constant. The results 

of graft preserved under similar conditions for 6 weeks 

will- be compared. 

Table IX. Results 

Group 
no, 

12 

7 

Donor-recipient 
relationship 

DLA-identical 
littermate 

DLA-identical 
littermate 

Duration of No. of dogs in 
preservation electromyographic 

grade 

I II III IV 

56 weeks 5 

6 weeks 5 

No. of dogs in 
histological 
grade 

I II III IV 

6 

4 

Histologically these grafts follow a very normal pattern of 

regenera~ion. No obvious signs of tissue rejection were 

seen. All these grafts could be graded histologically as 

Grade I. on electromyographic examination a normal 

conduction velocity was recorded in five cases, and reduced 

conduction velocity in one graft. Thus, even on EMG 
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examination normal patterns were observed. 

Conclusion 

Prolonged preservation does not seem to have any detrimen

tal effect on nerve allografts of 7 centimeter. Comparison 

of these results with those following short preservation 

(6 weeks) shows no statistically significant difference. 

P> 0.10 on electromyographic as well as on histological 

examination (Wilcoxon's two sample test). 

4.5. Agreement between Histology and EMG 

In traduction 

The entire study is based on the results obtained by 

histological and electromyographic studies of the grafts. 

In order to emphasize the integrity of these two parameters, 

an attempt has been made to establish a correlation between 

them. 

Table X. Results 

EMG-grading 

Grading Histology I II III IV 

grade I 32 26 5 

grade II 12 2 8 2 

grade III 9 3 6 

grade IV 17 3 14 

The total number of grafts is 70. Complete grading agree

ment exists in 54 cases (77%). In 16 cases a discrepancy 

exists (23%). In 13 of these cases the differences between 
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histological and EMG-grading was only one grade, and so the 

correlation can be still considered to be reasonably good. 

A far worse EMG than histological grading was observed in 

three dogs, i.e. the graft was not rejected or only 

moderated rejected histologically, but it did not transport 

nerve impulses. 

Technically failures possible prevented the growth of nerve 

sprouts into the distal nerve in these cases, no other 

explanation can be given. The overall correlation between 

the two evaluation methods is good. However, the overall 

agreement between both evaluation methods is thus good, 

KAPPA= 0.67 with SE = 0.07 (KAPPA-test for measurement of 

agreement) . 
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CHAPTER 5 

GENERAL DISCUSSION 

5.1. General problems of nerve grafting 

5.1.1. Choice of graft size 

In clinical practice nerve grafts are used in cases where 

end-to-end suturing is not possible without producing 

tension at the suture site. This is usually the case when 

the gap exceeds 2-3 centimeter. Small nerve allografts have 

been reported to survive and function occasionally, in 

experimental as well as in clinical studies. 

Klar (1943), Sanders (1942) and Ducker and Hayes (1970) 

found that the success rate of the grafts declined when the 

length of the grafts exceeded 4 centimeter. The experience 

of Singh et al. (1977) has been similar. Verhoog (1978) 

also used small nerve grafts of 3-4 centimeter in his study 

on the immunological aspects of nerve transplantation. 

Different constituents of the nerve grafts have been found 

to constitute principal antigens responsible for the 

immunological reaction. Marmor (1964) and Dasgupta (1967) 

suggested myelin, while Pollard and McLeod (1982) the 

Schwann cells and Levinthal et al. (1978) epineurium and 

the surrounding connective tissue to constitute the 

principal antigens. By these experiments one could conclude 

that the entire nerve structure as a whole is responsible for 

the immunological reaction and not one conStituent from it. 

The only correct way to handle this problem seems to treat 

the nerve graft as an individual organ, whose immunological 

problems are the same as other vital organ transplants. 

In this study 4 centimeter and 7 centimeter nerve allo

grafts have been used in order to study the influence of 
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matching for MHC on the smaller and longer nerve grafts, 

most frequently used in clinical practice. 

As the dog was the experimental model in this study, 7 

centimeter was the maximum permissible length of graft 

which could be removed from the peroneal nerve, without 

jeopardizing the function of the sciatic nerve. In our 

experience, complete lesion of the sciatic nerve in the dog 

gives rise to traumatic ulcers of the leg which lead to 

gangrene with severe infection, and this sometimes 

necessitates amputation. 

Thin long nerve grafts survive better compared to thick, 

lengthy grafts according to many investigators (Levinthal 

et al., 1978). Revascularization of the graft sterns 

initially from the proximal and distal stumps and somewhat 

more slowly from the tissues of the nerve bed. In longer 

grafts the central part of the graft may suffer ischaernic 

necrosis (Miyamoto, 1979). 

This reaction seems to be more evident when the trans

planted graft tissue is not accepted by the host. This 

effect is also shown in our study (Chapter 4.2.1. and 

4.2.2.). In histo-identical combinations, 7 centimeter 

grafts showed excellent recovery while in mismatched 

combinations, none of the grafts of the same length showed 

any signs of reasonable recovery. Certain smaller nerve 

grafts, 4 centimeter in length, showed signs of reasonable 

recovery even in mismatched histocompatibility combinations 

{Chapter 4.1.2.). The peroneal nerve in the dog is a 

relatively thin nerve; it might, therefore, be worthwhile 

conducting more experiments with thicker nerves. This is, 

however, hampered by the difficulty of selecting a proper 

experimental animal. 
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5.1.2. Choice of preservation method 

For prolonged preservation of tissue, many techniques are 

available but these are often complicated, require highly 

specialized equipment and procedures, and are available 

only at well equipped centres. 

In order to simplify the procedure and allow it to be 

carried out at most centres, a simple intermediate cooling 

procedure was used until the temperature reached a constant 

level of -70°C, employing widely available tissue culture 

Medium 96 as a protectant. 

Verhoog (1978) studied the effect of different methods of 

nerve preservation on the host's immunological reaction to 

the graft in rats. Temperatures varying from 20°C to -192°c 

with TCM 199, DMSO (15%) as cryoprotectant and Cialit as 

preservative, were used in his study. The preservation 

period lasted from 60 minutes to 14 days. 

He conclused that preservation in TCM 199 supplemented with 

DMSO (15%) at -192°C does not reduce the immunogenicity of 

the graft. He also found that the endoneural tubes were 

still filled with normal neural tissue, and were thus 

responsible for the immunological reaction. Preservation 

in Cialit together with lyophilization produces empty 

endoneural tubes and according to Verhoog reduces the 

immunological reaction. 

In our study, reduction of the immunological reaction 

against the nerve allografts was attempted by irradiation 

and matching for the Major Histocompatibility Complex 

system antigens, but the effect of preservation on reducing 

this response has not been the subject of a separate study. 

Zalewsky and Gulati (1982), however, have reported that 

freezing even for two weeks destroys the Schwann cell of 

nerve grafts in rats and, therefore, is not suitable for 

nerve preservation. 
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5.1.3. Viability of the graft 

Nerve grafts are supposed to act as a type of scaffolding 

for the growing nerve axons, to help them reach their 

final destination, the end plate. Viability of this trans

planted nervous tissue has never been properly studied. 

Indirect evidence for the viability of nerve grafts has 

been collected by Verhoog (1978) during his study of 

different methods for preservation of the nerve grafts. 

The endoneural tubes of nerve grafts preserved in TCM 199 

and DMSO (15%) at -192°C were found to be filled with 

normal neural tissue which retained its immunological 

properties. Nerve grafts preserved with other methods for 

the same period of 2 weeks gave different results: the 

endoneural tubes were empty. These findings support the 

hypothesis that viable nerve tissue is transplanted and 

also acts as a viable tissue when the nerve grafts are 

preserved for a short time in TCM 199 and DMSO (15%) at 

-l92°c. 

In the present work, only the final results of nerve 

grafting have been studied. Histological studies of the 

DLA-identical related group reveals a neural structure so 

near that of normal tissue, that one tends to believe that 

these al~ografts are acting as viable tissue. It appears 

that even during longer periods of preservation under 

deep-freeze conditions the viability of the nerve is 

preserved. Further st'udy is necessary to confirm this 

hypothesis. 

5.2. InrrT/!.)_nologicaZ. problems of nerve grafting 

5.2.1. Frozen nerve grafts are liable to be rejected 
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Nerve allografts have been used for a long time with dis

appointing results (Davis and Ruge, 1950a, 1950b; and 

Barnes et al., 1945). The classical work of Sanders and 

Young (1942) and Gutmann and Sanders (1942) showed that the 

failure of nerve allografts was caused by the immunological 

response of the host, provoked by the foreign tissue 

implanted. Based on their own experiments, Dasgupta (1967) 

and Verhoog and Van Bekkum (1971) also formed the conclusion 

that nerve allografts generally follow the same rules as 

other organ transplants. They also concluded that this 

rejection response was proportional to the amount of nerve 

tissue transplanted, hereby explaining the occasional 

successes with small nerve allografts. Nerve allografts 

upto 2-4 centimeter in length were reported to have 

occasional success even under adverse circumstances. 

Marmor (1964) and Dasgupta (1967) suggested myelin to have 

major antigens responsible for immunological reaction, 

while Aguayo (1979) and Pollard and McLeod (1981) believed 

that major antigens carried on Schwann cells are more 

important than those in myelin. Lennon et al. (1978) have 

also suggested that within the central nervous system HLA 

antigens are not expressed by myelin. Contrary to the above 

reports Levinthal et al. (1978) have suggested that major 

transplantation antigens may reside mainly in the epi

neurium and the surrounding connective tissues. 

Patients, however, often require longer nerve grafts, and 

consequently a solution for the problem of graft rejection 

had to be sought. We, therefore, initiated a study in dogs 

to investigate the problem of nerve allograft rejection. 

It appeared that random nerve allografts 4 centimeter in 

length, obtained from unrelated DLA-mismatched donors were 

reasonably successful in four out of six qases; a severe 

reaction destroyed the other two grafts (table I). The 
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longer grafts of 7 centimeter, however, from random un

related DLA-mismatched donors always failed (6 out of 6). 

The histological findings were in accordance with immuno

logical rejection of the grafts. 

Apparently, the rejection response in our dog model is 

dependent on the amount of nerve tissue transplanted. This 

is in accordance with the findings in other experimental 

models (Sanders, 1954; Gutmann and Sanders, 1943; Roberts, 

1967; Ducker and Hayes, 1970). 

The observation that 4 centimeter grafts are sometimes 

still functional after 210 days after transplantation is 

of interest. The other mismatched organs, transplanted to 

immuno-suppressed recipients, are almost always rejected. 

Several explanations can be forwarded for the high 

incidence of good functional recovery of short mismatched 

nerve grafts. In the first place, the small amount of 

nerve tissue transplanted, might contain only a sub

-threshold dose of transplantation antigens, insufficient 

to activate the immune apparatus. 

Alternatively, such a small graft might contain the 

approximate quantity of antigens just necessary to induce 

enhancement of the graft, i.e. antibodies are produced 

that protect rather than harm the graft. 

Another possibility is that in some instances, in spite of 

rejection, the graft still provides a skeleton for the 

growing nerve sprouts to find their way to the distal 

segment of the nerve. This hypothesis is supported by the 

observation that the histological grades of groups 3 and 6 

are inferior to the EMG grades. The finding that 7 centi

meter DLA-mismatched nerve allografts were all rejected 

confirmed the need for further study, directed at 

preventing this rejection. 
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5.2.2. Attempts to prevent allogenic rejection 

Theoretically there are the following possibilities: 

a.: reduction of the irnrnunogenicity of the graft, 

b.: histocompatibility matching, 

c.: modification of the immune response of the recipient by 

immunosuppressive drugs, 

~: modification of the immune response of the recipient by 

immunological manipulation. 

5.2.2.1. Reduction of the immunogenicity of the graft 

Irradiation has been said to reduce the antigenicity of the 

allografts and thus promote the capacity of cryopreserved 

nerve allografts to transmit regenerating axons. In animal 

experiments, Bohler (1962, 1967), Campbell et al. (1963a, 

1963b, 1970) and Marmor (1964) reported better results 

following irradiation of the frozen dried nerve allografts. 

McGuirt and McCabe (1977), however, did not find any 

adverse effect of autogenous facial nerve cable grafts in 

cats. Their clinical experience, however, as ours (Singh 

and De Lange, 1975) is still disappointing. Our attempts 

to reduce the immunogenicity of the grafts by irradiation 

were not successful; none of the random mismatched 

irradiated grafts (6 out of 6) of length 4 centimeter still 

functioned after 210 days, while in the non-irradiated 

group 4 out of 6 were moderately successful. 

Irradiation was not, however, harmful to well-matched 

grafts, as a good degree of regeneration was found in both 

groups of DLA-identical, irradiated and non-irradiated. 

It is difficult to explain why irradiation is harmful for 

mismatched and not for matched grafts. Earlier, the hypo

thesis was forwarded that short mismatched grafts provided 
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a scaffolding through which the nerve sprouts could grow, 

regardless of rejection (Ducker and Hayes, 1970). 

The additive damage caused by irradiation and rejection in 

these grafts, might make regeneration impossible (Stearns, 

1982). In matched nerve allografts, rejection does not 

play a part in destroying this skeleton, and so one may 

conclude that the damage caused by irradiation alone is 

insufficient to destroy the graft. 

Verhoog and Van Bekkum (1971) concluded from their rat 

studies that major histocompatibility structures on nerve 

grafts disappeared after storage at -70°C and irradiation~ 

However, the poor results in DLA-differing by two haplo

types and DLA-mismatched cryopreserved irradiated nerve 

allografts, compared to the good results in DLA-identical 

littermates, demonstrates the presence of major histo

compatibility antigens on these grafts. This discrepancy 

between their results and the results of this study might 

be explained by the following factors: 

a.: the 2-week observation period, used by Verhoog and Van 

Bekkum, may have been too short, and a rejection process 

occurring at a later stage may have been missed;' 

b.: the 0.5 centimeter nerve grafts used in rats were too 

small to show the effects of major histocompatibility 

structures; and 

c.: the histocompatibility difference between the rat 

strains used may be weaker than the histocompatibility 

difference in our mismatched dogs, and this in itself may 

be insufficient to elicit nerve graft rejection. This 

situation is probably comparable to that in the one haplo

type mismatched dogs. 

One may conclude that in our experiments, we could not 

90 



demonstrate a sufficiently beneficial effect of two 

techniques, namely irradiation and freezing at -70°C, in 

reducing the immunogenicity of the grafts. 

5.2.2.2. Histocompatibility Matching 

The awareness of dog irnmunogenicity, developed in our 

laboratory by Vriesendorp et al. (1977a, 1977b) and 

Westbroek et al. (1971), has made it possible to study 

whether histocompatibility matching could improve the 

survival rate of nerve allografts. For this purpose, the 

grafts from DLA-identical littermates were transplanted, 

these being the best match donor-recipient combinations 

obtainable in outbred dogs. It appears that matching 

greatly improves the results, especially in longer grafts, 

as these are more susceptible to rejection. In fact, in 

our experiments, DLA-identical nerve grafts, both 4 and 7 

centimeter in length, irradiated or non-irradiated, were 

never shown to be rejected. This is in contrast to the 

observation on other vascularized organ transplants in 

dogs, where a graft rarely survives for more than 200 days 

without postoperative immunosuppression (Vriesendorp, 1973). 

This discrepancy could be explained by: 

a.: lack of effect of minor histocompatibility structures 

on nerve allografts; 

~: the disappearance of minor histocompatibility 

structures on nerve allografts following storage at -70°C; 

or 

c.: the induction of immunological tolerance or enhancement 

by frozen nerve allografts. 

In the present study no argument can be found which favours 
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one of these possibilities, although Zalewski and Silvers 

(1980) concluded that minor antigens alone are as potent as 

major and minor antigens together in evoking an immune 

response with their experiments with nerve allografts in 

normal and tolerant rats. 

Further studies using fresh nerve grafts would be required 

to find a solution to the issue. As the use of fresh nerve 

allografts has been found to provoke more severe tissue 

rejection (Seddon and Holmes, 1944; Woodhall, 1955; 

Whitcomb, 1959; and Pollard and McLeod, 1981), their use 

is no longer recommended. 

Moreover, fresh nerve allografts cannot be used in clinical 

practice; therefore, we did not use fresh nerve allografts 

in our studies. 

Of course, clinically, it will be impossible to obtain 

nerve grafts from the human correlate of the DLA-identical 

littermate, namely an HLA-identical sibling. This 

experiment was in fact, only devised to demonstrate whether 

matching has any influence at all on improving graft 

results. This was clearly the case in our experiments. 

In addition, for 4 centimeter allografts, partial matching 

for one haplotype also produces reasonable good results, 

although Zalewski and Silvers (1980) found minor antigens 

alone as potent as major and minor antigens together in 

evoking the immune response, in rats. 

Now that the beneficial effect of histocompatibility 

matching for nerve allograft survival in the related donor

-recipient combinations has been shown, it remains a matter 

for further study to investigate whether matching in un

related donor-recipient pairs is equally successful. 

Pre,sently, histocompatibility matching for other organ 

transplantation, especially kidney transplantation, is 
carried out for two classes of antigen (Chapter 2.4.2.) 
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Matching for the class I antigens, the so-called HLA-A, -B 

and -C antigens, follows conventional serological methods, 

using a microlymphocytotoxicity test. The serological 

matching technique described for dogs (Chapter 3.2.) is 

similar to this test in humans. For kidney transplantation, 

matching for the HLA-A, -B and -C antigens (comparable to 

matching for the DLA-A, -B and -C antigens in dogs) seems 

to induce improvement of graft survival. The evidence is, 

however, contradictory to the efficacy on this matching as 

reports vary only slight {Opelz et al., 1947b} to 

considerable (Van Rood et al., 1975) improvement in graft 

survival. 

The weak point of matching for these class I antigens is 

that the polymorphism of the involved antigenic system is 

so enormous that using cadaveric donors, only a small 

proportion (10-20%) of the recipients will obtain a kidney 

that is identical in the whole set of HLA-A, -B and -C 

antigens. As evidence emerged that correspondence of MLR 

(or D) antigens might be associated with even better graft 

survival (man: Van Rood et al., 1977; Rhesus monkeys~ Van 

Es et al., 1977; dogs: Bijnen et al., 1977) an attempt was 

made to design a rapid, serological test to predict the 

identity in MLR. This resulted in typing for class II 

antigens, called "DR" typing, i.e. antigens were being 

recognized that were somehow related, but not identical to 

the earlier recognized MLR- or D-antigens. 

Currently, the generally held view is that matching for 

DR-antigens alone improves kidney graft acceptance to a 

greater extent than matching for class I antigens (Persijn 

et al., 1981). Furthermore, the OR-antigenic system is less 

polymorphic, and so one might expect to find a greater 

number OR-identical donors (in comparison to the rather 

small percentage of class I identical donors). It is, 

however, questionable whether this will also hold for nerve 
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tissue. A few distinct differences between nerve and kidney 

grafting must be noted. 

In the first place, different organs may carry a different 

antigenic composition - both qualitatively and quantita

tively - on the cell surface. Thus it follows, that if 

typing for HLA-A, -B, -C and OR-antigens improves kidney 

graft survival, it does not necessarily improve nerve graft 

survival. 

Our study showed, however, that the important antigens for 

nerve graft survival belong to the major histocompatibility 

system, as matching for some of the markers of the MHC, the 

DLA-A, -B antigens improves the results of nerve grafts 

from related donors. 

It is worthwhile to note here again that partial matching 

for DLA-antigens already proved beneficial for nerve 

grafting. This may imply that if, by whatever method, a 

partial matching for "nerve graft antigens" is obtained, a 

reasonable degree of success can be expected. Studies in 

various species (man: Van Rood et al., 1977; Rhesus 

monkeys: VanEs et al., 1977; dogs: Bijnen et al., 1977) 

has shOwn the linkage disequilibrium among the different 

antigenic system of the MHC. Linkage disequilibrium means 

that pairs of antigens of different genetic systems are 

found together more often than can be expected from their 

individual population frequencies. The practical consequence 

of this phenomenon is that by matching for some antigens 

which might in themselves be irrelevant for graft survival, 

one sometimes also matches for the important transplantation 

antigens. 

Thus matching for class I and/or class II antigens will 

probably result in matching for antigens that are relevant 

for nerve graft survival. As partial matching for the MHC 

(as in the one haplotype different related combinations) is 

already beneficial, matching for markers of the MHC such as 
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class I and/or class II antigens, may also be beneficial. 

Secondly, nerve grafts are not as highly vascularized as 

kidneys are. In other similarly unvascularized grafts, such 

as skin grafts, MLR-matching improves graft survival only 

slightly or not at all and DR-matching alone is even less 

effective. 

Lastly, in our model of nerve grafting where frozen nerve 

grafts are used, it is not certain whether vital tissue is 

transplanted. It is certainly possible that dead or dying 

cells are being transplanted which serve merely as the 

conductive skeleton for the ingrowing nerve sprouts. 

The immunizing antigens on the graft may, therefore, have 

undergone qualitative or quantitative alterations, so that 

the afferent and/or efferent limb of the rejection 

mechanism may be quite different from that in a fresh 

transplant. We have shown that matching can definitely 

improve the result of nerve grafting in our related dogs. 

It remains to be demonstrated whether the same will hold 

true for unrelated humans. 

In any case, we still suggest submitting the possibility of 

transplanting unrelated matched grafts (whether matched for 

class I or class II antigens or both) to clinical trial, 

on the following grounds. 

In the present study we have shown that nerve grafts 

preserved for a long time remain in good condition, and can 

give promising results. It would, therefore, be possible to 

install a nerve bank containing with a large spectrum of 

nerves of differing tissue type. Thus, for most recipients 

a class I and/or class II antigens-matched allograft can be 

selected. This will most probably result in a partial match 

for the relevant nerve transplant antigens in a number of 

cases. If immunosuppression is not desirable, and if the 

risk of surgery is acceptably low, it would be worthwhile 

to carry out a clinical trial in cases which are otherwise 
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desperate, e.g. due to severely debilitating neurological 

inadequacies. 

5.2.2.3. Modification of the immune response of the recipient by 

immunosuppressive drugs 

Marmor (1967), Pollard and Fitzpatrick (1972, 1973), 

Hirasawa and Inoue (1981) and Pollard and McLeod (1981) 

reported better regeneration on using the immunosuppressant 

Azathioprine rather than irradiation in their experimental 

studies. 

However, Ikeda (1966) and later Ducker and Hayes (1970) 

reported that immunosuppressive therapy is not only un

necessary but might also interfere with the regeneration of 

axons and endanger the host. 

As a nerve transplant, in clinical practice, is not a life 

saving procedure, and since the effect of prolonged therapy 

with drugs are unpredictable and could even prove dangerous 

to life, their clinical application would not seem 

advisable. This sort of drug-therapy was, therefore, not 

included in our experimental protocol. 

Azathioprine alone is not sufficient to maintain other 

grafts, but its combination with corticosteroids is at 

present the most generally used regimen for clinical 

vascularized organ transplantation. This continued regimen 

might be more successful in stimulating the survival of 

nerve transplants; this remains to be investigated. 

Various immunosuppressive regimens for nerve transplantation 

in rats have already been described by Verhoog (1978) and 

Parekh (1982). It is not impossible that a nerve transplant 

is antigenic only shortly after transplantation, depending 
on the viability of the graft. 
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· h et not been disproved. It In our experiments, thls as as Y 

h 'l t t'ng the effect of a would, therefore, be worthw 1 e es 1 

short course of immunosuppressives in an experimental model 

e.g. the dog. The relatively new agent, Cyclosporin A, 

which was found to be successful in renal transplant 

recipients (Calne et al., 1981; starzl et al., 1981) might 

also enjoy future use in nerve transplantation. 

5.2.2.4. Modification of the immune response of the recipient by 

immunological manipulation) specific or aspecific 

Theoretically, there are two methods of improving graft 

survival by immunological manipulation, namely the 

induction of specific unresponsiveness (tolerance or 

enhancement), or the induction of aspecific unresponsive

ness by third party blood transfusions. 

Enhancement is defined by Kaliss (1958) as an antibody 

dependent phenomenon, leading to prolonged allograft 

survival. However, even graft protection by cellular 

mechanisms can be included in the definition of enhancement. 

Tolerance is defined as the absence of an immune response 

to donor antigens, while other immune responses function 

normally (Medawar, 1973). At present, both enhancement and 

tolerance can only be induced in small animals such as 

rodents; so far they have not been repeatedly elicited in 

preclinical models nor in man. 

Attempts to induce enhancement in kidney transplantation in 

dogs has so far failed (Jeekel et al., 1975). It is, there

fore, unadvisable to attempt to induce specific unresponsive

ness to nerve allografts in the preclinical dog model. Third 

party blood transfusions, given to human recipients prior 

to transplantation, have a pronounced beneficial effect on 

subsequent kidney graft survival (Opelz and Terasaki, 1976). 
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such a beneficial effect could also be elicited in Rhesus 

monkeys (VanEs et al., 1977) and in dogs \Obertop et al., 
1978), but only when postoperative immunosuppression is 

applied (Bijnen and Obertop, 1980; and Niessen, 1982). 

It is of course possible that such blood transfusions are 

also beneficial to nerve graft survival. However, if post

operative immunosuppressive therapy was also required for 

nerve grafts, then such a policy would be less desirable 

for the transplantation of these nerve grafts. 

5.2.3. Histology of graft reJection 

The present concept concerning cellular rejection of foreign 

tissues is based on the histological studies carried out in 

different organs in animal experiments (Wiener et al., 1964; 

Comtet and Revillard, 1980; and Levinthal et al., 1978). 

This study is also supported by histological studies on 

rejected organs, mainly kidneys, in man. 

The different forms of rejection, can thus be summarized in 

four commonly observed pattern: 

~: hyperacute rejection which occurs within a few minutes 

or a few hours of the organ being revascularized. 

~: delayed hyperacute or accelerated rejection, which 

develops slowly during the first 3 days after transplanta

tion. 

3.: acute or intermediate rejection, which is regarded as 

the classic primary response of cellular immunity, mediated 

predominantly by the T-lyrnphocyte population. _The great 

majority of rejection episodes of this type occur after 

about 3-5 days and within 2-4 months. With cadaveric kidney 

transplants in man the danger period may extend up to 2 

years (Hume, 1968). 

4.: chronic or late rejection changes may be present from 
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2 months onwards and may progress very slowly and insidious

ly over a period of years. This reaction is characteristic 

by extensive interstitial fibrosis, which can be focal and 

irregular. Lymphoid cells are frequently distributed 

throughout fibrotic areas (Bohler, 1967). Most infiltrating 

cells are mature lymphocytes (Lindquist et al., 1968; Bieber 

et al., 1970) accompanied by a few plasma cells and a 

variable number of large macrophages. Sometimes these 

reactions cannot be distinguished from chronic interstitial 

infection (Thorsby and Lie, 1971; Lagrange, 1972). 

In our experiments only the residual effects of the late 

rejection changes have been studied, and these accord 

fairly well with the above mentioned rule. Acute and inter

mediate rejection changes may have passed unnoticed. 

Massive infiltration with lymphocytes and extensive inter

stitial fibrosis together with necrosis of the nerve 

structure were found to be the most predominant features in 

nerve allografts showing poor or no regeneration. The 

endoneural tube was replaced by fibrous tissue. Similar had 

been the experience of Kalopissis et al. (1981) and Comtet 

and Revillard (1980). 

In order to understand the sequence of this cellular 

rejection of neural tissue, further studies are necessary 

during the acute and intermediate periods following nerve 

allograft transplantation in well defined donor-recipient 

combinations. 

5.3. Prob~ems of nerve banking 

5.3.1. Harvesting 

MHC-identical preserved fresh nerve allografts will survive 

and regenerate as well as autografts (Singh et al., 1977). 
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Nerve allografts obtained from deceased identical litter

mates, in tissue-typed matched combinations, react more or 

less like fresh allografts, as shown in table VII. 

So far, cadaveric nerves of animals dead for more than 6 

hours, were not used in transplantation because of the 

anticipated problems of infection and tissue decomposition. 

In view of the good results obtained with a 6-hour interval 

between death and graft removal, longer intervals could be 

a subject for future study. In general, it will be possible 

to perform harvesting before this time, e.g. following 

removal of kidneys for transplantation. 

For clinical nerve allografting, the present protocol 

generally followed in most hospitals for removal of 

cadaveric kidneys could possibly be adjusted to accomodate 

the removal of nerves. 

The present study has contributed to the definition of an 

acceptable interval between death and nerve allograft 

removal. The extreme polymorphism of the Major Histo

compatibility Complex creates greater problems in finding 

suitable recipients for nerve allografts. Studies on the 

real importance of tissue typing in nerve allografting in 

the unrelated donor-recipient combinations are still 

necessary, although knowledge about the successful trans

plantation results of vascularized organs in partly mis

matched animal models and in man, does support an 

optimistic view on the feasibility of nerve allografting 

in man in selected cases. 

5.3.2. Preservation time 

Prolonged cryopreservation of nerve allografts has been 

tried before. Lyophilizing nerve allografts, with the 

intention of having easy access to all sorts of nerve 
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grafts has failed (Kuhlendahl et al., 1972), nor did deep

-frozen irradiated nerve grafts produce satisfactory 

results, especially with longer grafts (Marmor et al., 

1969; and Singh and De Lange, 1975). 

Our dog experiments (group 7, table V) have shown good 

regeneration of 7 centimeter nerve allografts in DNA

-identical donor-recipient combinations, preserved for 

about 6 weeks. In another experiment, cryopreserved 7 

centimeter nerve allografts (table IX) have shown the 

capacity to survive and retain functional recovery, even 

after 56 weeks of preservation. The absence of tissue 

rejection reaction on histological examination, is probably 

due to the disappearance of minor histocompatibility 

structures following this prolonged period of preservation 

or due to the additive effect of other factors discussed 

in experiment 4.4. 

The tolerance of 3 and 6 hours of complete ischaemia 

(table VIII) and survival and good functional recovery 

after 56 weeks of cryopreservation are factors which 

increase the feasibility of establishing a bank of nerve 

allografts. 

5.3.3. Practical problems 

Our experiments have proved that nerve grafts can tolerate 

vascular ischaemia for 6 hours and be stored for more than 

56 weeks without losing their capacity for regeneration in 

DLA-identical MHC combinations. Such results encourages us 

to explore these possibilities in man. 

The nerves most frequently used in clinical practice would 

be removed from cadavers. The sites of removal of such 

grafts should correspond approximately to the sections 

requiring replacement, e.g. median and ulnar nerve at the 
wrist and radial nerve at the level of the up·per arm in 
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the radial groove. The length of the graft removed should 

be quite liberal so that it could be shortened, if 

necessary. For some nerves, segments could be removed at 

different places, e.g. median nerve at wrist, elbow and 

arm. These grafts can be separately labelled and stored. 

In this way nerve grafts would replace the original 

neurolernrnal system more accurately. 

Tissue typing of the donor could be carried out before 

removal of the graft, and later matched with the recipient 

whenever necessary. Such administration should be performed 

at an international level, e.g. by the Eurotransplantation 

Society. 

As such an operation would rarely be an emergency, the 

recipient's blood typing could be logged into the computer 

system, so that it was matched immediately and automatically 

as soon as a suitable donor became available. Thus nerves 

from one donor could be used for several recipients, 

provided their blood typing matched sufficiently well. 

One might also consider removing nerves from all kidney 

donors, to allow wider flexibility in donor-recipient 

selection. 

Transportation of these cryopreserved nerve allografts 

from place to place in the same country or from one 

country to another, would be quite easy in sealed boxes in 

dry ice, thus maintaining a low constant temperature. If 

such a programme could be organized, one would have a vast 

number of different tissue typed nerves available and thus 

more appropriate selection could be made and better 

functional recovery expected. 

102 



CONCLUSIONS 

~ The rejection of nerve transplants more or less follows 

the rejection laws in other organs. The degree of rejection 

is probably proportional to the amount of tissue trans

planted. Smaller nerve grafts have been shown to survive 

under all circumstances, and rejection becomes more 

pronounced as soon as the length of the nerve graft exceeds 

4 centimeter. 

~ Irradiation does not exert any specific beneficial 

effect on the survival of cryopreserved nerve allografts 

and may even be harmful for mismatched grafts. 

~ Matching for Major Histocompatibility System antigens 

greatly improves the survival and functional recovery of 

nerve allografts. Grafts obtained from DLA-identical 

littermates behave like autografts. The beneficial influence 

of matching is even more evident with longer nerve allo

grafts (7 centimeter). 

~ The degree of rejection of nervous tissue is directly 

proportional to the grade of DLA-matching. A positive 

correlation between the DLA match and the EMG performance 

and histology of the nerve graft is observed in all groups. 

In small nerve grafts (4 centimeter) even partially mis

matched DLA might show some recovery. 

~In DLA-identical combinations, even 7 centimeter nerve 

allografts can tolerate complete ischaemia lasting 6 hours, 

without any adverse effects on the final results. 

~ In DLA-identical combinations, cryopreserved nerve 

allografts, 7 centimeter in length, can tolerate prolonged 
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preservation for 56 weeks, without their regenerating 

activities being affected and without showing any evident 

signs of tissue rejection. 

~ The fact that DLA-identical nerve allografts can tolerate 

ischaemia lasting 6 hours and prolonged cryopreservation 

for 56 weeks without losing their capacity for regeneration, 

makes it worthwhile to explore the feasibility of 

establishing a nerve bank, in order to achieve our ultimate 

goal of the ideal nerve graft. 
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RECOMMENDATIONS FOR FURTHER RESEARCH 

During the above study, many problems came to light which 

require further investigation and clarification. It would 

be desirable to carry out further research into the 

following problems: 

l. In our experiments the maximum pre.servation period is 

56 weeks at a constant temperature of -70°C. It might be 

worthwhile to try other methods of prolonged preservation, 

e.g. at a constant temperature of -192°C. 

2. The maximum safe limit for prolonged preservation should 

also be determined. This could aid in discarding the 

preserved nerve grafts following the expiry of the safe 

period and thus save space unnecessarily occupied by grafts 

not likely to be used. 

~ Attempts have to be made to assess the viability of the 

transplanted neural tissue. If deep-freeze conditions are 

employed for prolonged preservation, the viability of the 

tissue will probably be maintained and hence a living 

tissue will be transplanted. If one is sure about the 

viability of the nerve graft, further measures can then be 

taken to reduce the immunogenicity, if necessary. 

~ Preoperative blood transfusions to the recipient have a 

beneficial effect on the immunological rejection of kidney 

transplants. It may be worthwhile finding out whether this 

also works with nerve allograft recipients. As blood 

transfusion is a comparatively harmless procedure, its use 

will not have any adverse effect on the recipient nor on 

nerve regeneration. 

5. Immuno-suppressive drugs, such as Azathioprine, in 
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combination with corticosteroids have a beneficial effect 

on kidney transplants, as demonstrated by many studies. 

Whether a nerve allograft should also be submitted to such 

treatment, remains debatable. As nerve transplantation is 

not a life saving procedure, one is not justified in using 

such measures which could be injurious to the donor for a 

prolonged period. 

The nerve transplant, however, probably only acts as 

scaffolding for the ingrowing host nerve; hence, it is 

possible that rejection after some months may not have any 

deleterious effect on the functional outcome. Thus, if 

short-term, low-dose immuno-suppression, e.g. combined 

with preoperative blood transfusions, could be used to 

allow a good functional end-result of mismatched grafts, 

it would carry only a slight risk for the recipient, and it 

would greatly facilitate nerve banking, as histocompatibi

lity matching might become superfluous. 

In our opinion such a trial would cause many socio-medical 

problems. Experimental and clinical studies should be 

undertaken to determine the relative importance of matching 

unrelated donor-recipient parts for class I and class II 

antigens, respectively. 
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SUMMARY 

In chapter 1 the importance of nerve grafting in cases of 

unsuccessful nerve sutures, has been emphasized. The high 

percentage of nerve suture failures necessitates the search 

for an ideal nerve graft. 

An ideal nerve graft for the most frequently occurring 

nerve defects should be the one which is easily available 

and easily accepted by the host without producing any 

significant untoward effects. 

The gap in a particular nerve should probably be replaced 

by the same nerve segment, thus restoring the original 

neurolernrnal pattern of the nerve. Thus, the requirements 

for the ideal nerve graft can only be fulfilled by 

establishing a nerve bank, the ultimate goal for this study, 

although many questions still exist. 

Many studies have been performed concerning preservation of 

nerve grafts and different ways of circumventing the 

immunogenicity of nerve grafts have been studied. 

Conclusive results in~ proper subclinical experimental 

model, however, are not yet available. These uncertainties 

have motivated the study presented and influenced the 

objectives put forward. 

Chapter 2 summarizes the literature on nerve anatomy, the 

healing process of peripheral nerves after trauma and nerve 

transplantation data presented in the literature. 

Neural as well as non-neural tissues have been used to 

bridge the nerve gaps. Most investigators reached the same 

conclusion, i.e. non-neural tissue no longer has a place 

in nerve transplant surgery and should be regarded as being 

of historical interest only. Neural tissue in the form of 

xenografting should also be considered to be obsolete. 

The use of nerve allografts, together with the additional 
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beneficial effects of irradiation and use of immuno

suppressive therapy have been discussed. The importance of 

combating the rejection reaction of nerve allografts by 

matching for the Major Histocompatibility Complex (MHC) 

system is explained. 

In chapter 3 the experimental set-up is presented. The 

techniques and animals used are described. Matching for 

MHC has been used as the sole measure for suppressing the 

immunological reaction in transplanted nerve grafts. In a 

few experimental groups, irradiation has been used in 

addition to matching for the MHC system. As neurological 

clinical examination of the dog is not a reliable criterion 

for interpretation of outcome of nerve allograft function, 

histological and electrornyographical means were selected 

to evaluate the results. These results were interpreted by 

experts in their own fields who were not involved in this 

research programme. Finally the peroneal nerves of 70 

beagle dogs were used for this study. 

The results of the experiments performed are described in 

chapter 4. Irradiation of 4-crn nerve allografts has no 

beneficial effects in either DLA-identical or DLA-rnisrnatched 

combinations. Certain nerve allografts of 4 ern length did 

show some signs of regeneration even in DLA-rnismatched 

unrelated combinations, thus proving the finding of others 

that some grafts up to 4 ern in length could show a certain 

degree of recovery even against all odds. DLA-rnatching 

had a positive effect on regeneration of 4-crn grafts. One 

haplotype mismatched graft fared better than two haplotype 

mismatched grafts in related combination or mismatched 

grafts exchanged between non-related animals, thus 

emphasizing the importance of matching for MHC-systern. 

Sirni~ar influence of MHC-rnatching was noted with 7-crn nerve 
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grafts. A one haplotype different related nerve allograft 

was slightly more successful than a DLA-mismatched unrelated 

graft and worse than a DLA-identical related combination. 

Seven centimeter nerve allografts showed good regeneration 

in DLA-identical combinations comparable to the 4-cm grafts. 

None of the 7-cm grafts in DLA-mismatched unrelated 

combinations showed any reasonable recovery, in contrast to 

4-cm grafts in which some recovery was found under similar 

circumstances. This suggests that DLA-matching plays an 

even more important role in long nerve allograft survival. 

Furthermore, it was found that nerve grafts of 7-cm length 

in DLA-identical combinations could tolerate warm ischaemia 

for up to 6 hours before removal from the donors. 

Regeneration of these grafts was similar to that of nerve 

grafts removed without warm ischaemia. These grafts further 

could be preserved for about 56 weeks and showed the same 

degree of regeneration as that recorded with similar grafts 

stored for about 6 weeks. 

In chapter 5 the importance of matching for MHC for the 

survival and regeneration of nerve allografts has been 

discussed in detail and conclusions from the study 

presented are drawn. Possibilities to improving the results 

of partly MHC-misrnatched donor-recipient combinations 

either by using immunosuppressive therapy or pre-operative 

blood transfusion, have been suggested. Recommendations for 

further studies are put forward. The success of nerve 

allografts in MHC-matched combinations in dogs with 

cadaveric nerves, preserved for about one year, have 

provided the stimulus to look into the possibilities to 

install a clinical nerve bank as well as clinical trials. 
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SAMENVATTING 

Zenuwtransplantatie is aangewezen wanneer een primaire of 

secundaire zenuwnaad niet slaagt. Hoofdstuk 1 behandelt de 

noodzakelijkheid - in verband met het grate aantal rnis

lukkingen op dat gebied - tot onderzoek naar een ideaal 

zenuwtransplantaat. 

Een ideaal zenuwtransplantaat dient aan een aantal eisen 

te voldoen; het dient gemakkelijk beschikbaar te zijn en 

goed te worden geaccepteerd door de ontvanger,zonder dat 

deze behandeld hoeft te worden met rnedicarnenten met na

delige bijwerkingen. 

Het defekt in een zenuw rnoet bij voorkeur overbrugd worden 

door een zelfde zenuwsegrnent, teneinde de oorspronkelijke 

neurolernmale opbouw te kunnen herstellen. Derhalve kan 

slechts door het oprichten van een zenuwbank aan de ver

eisten voor een ideaal zenuwtransplantaat worden voldaan. 

De verwezenlijking van zo•n weefselbank vormt het uit

eindelijke doel van deze studie. Voor het begin van deze 

studie waren er nog veel vragen betreffende de optimale 

methode van langdurige preservatie en de verschillende 

wijzen waarop afstoting van zenuw-allografts kon worden 

voorkomen. Deze onzekerheden vormden de stimulans tot het 

huidige onderzoek. Daarom wordt in dit proefschrift nage

gaan in hoeverre weefseltypering een belangrijke rol 

speelt bij zenuwtransplantatie. Dit zou dan een extra 

argument kunnen zijn voor het oprichten van zo•n bank. 

Bovendien werd gekeken in hoeverre zenuwweefsel enige uren 

na overlijden van de donor nog bruikbaar was. Hierdoor zou 

het eventuele donorpotentieel belangrijk uitgebreid kunnen 

worden. Essentieel is uiteraard ook dat het transplantaat 

langere tijd kan worden bewaard; ook hier werd onderzoek 

naar verricht. 

In hoofdstuk 2 wordt de literatuur over zenuwtransplantatie 
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besproken. Voor het overbruggen van zenuwdefekten is zowel 

zenuwweefsel als ander weefsel gebruikt. De rneeste onder

zoekers zijn tot de conclusie gekornen dat niet-neuraal 

weefsel ongeschikt is als transplantaat en thans slechts 

van historisch belang is. Ook het gebruik van neurale xeno

transplantaten is verouderd. Het gebruik van allotransplan

taten, al of niet bestraald, en met of zonder postoperatieve 

irnmuno-suppressie, en de rol van histocornpatibiliteit, 

wordt beschreven. 

In hoofdstuk 3 wordt beschreven hoe in het eigen onderzoek 

gebruik gernaakt werd van getypeerde beagles, waarbij de 

nervus peroneus na 6 weken in diep gevroren toestand be

waard te zijn, werd getransplanteerd. Het belang van 

weefseltypering - verschil en overeenkornst tussen donor en 

ontvanger - voor de irnrnunologische reaktie op zenuwtrans

plantaten werd bestudeerd. In enkele groepen werden de 

transplantaten bestraald. Histologisch en elektrornyografisch 

onderzoek werd verricht, omdat neurologisch onderzoek bij 

een hond niet op betrouwbare wijze uitvoerbaar is. 

De resultaten werden bewerkt door desbetreffende specialis

ten, die verder niet bij het onderzoek betrokken waren. 

Hoofdstuk 4 beschrijft hoe bestraling van 4-cm lange zenuw

allotransplantaten, onafhankelijk van de mate van histo

compatibiliteit, geen gunstig effekt had. Wel was er een 

duidelijke relat.ie tussen de mate van histocompatibiliteit 

en regeneratie. Echter, enkele niet compatibele allotrans

plantaten van 4 em lengte toonden ook enige regeneratie; 

korte allotransplantaten tot 4 ern lengte kunnen dus toch 

enig herstel tonen, ondanks dergelijke ongunstige omstan

digheden. 

De situatie bij 7-cm lange transplantaten was enigszins 

anders. Cornpatibele allotransplantaten van die lengte 

lll 



BERRY, C.M. and HINSEY, J.C. {1946) The recovery of diameter 

and impulse conduction in regenerating nerve fibres. Ann. 

NY Acad. Sci. 47, 559. 

BETHE, A. (1916) Zwei neue Methoden der Ueberbrlickung 

grosserer Nervenlucken. Dt. Med. Wschr. 42, 1277. 

BIEBER, C.P., STINSON, E.B. SHUMWAY, N.E., PAYNE, R. and 

KOSEK, J. {1970) Cardiac transplantation in man. VII 

Cardiac Allograft Pathology. Circulation 41, 753. 

BIELSCHOWSKY, M. and UNGER, E. (1917) Die Uberbruckung 

grosser Nervenllicken. J. Psychol. Neural. Lpz. 22, 267. 

BODIAN, D. and DZIEWIATKOWSKI, D. (1950) The disposition 

of radioactive phosphorous in normal, as compared with 

regenerating and degenerating nervous tissue. J. Cell 

Camp. Physiol. 35, 155. 

BOHLER, J. (1962) Nervennaht und homioplastische Nerven

transplantation mit Millepore Umscheidung. Langenbecks 

Arch. Kli. Chir. 301, 900. 

BOHLER, J. (1967) Nerventransplantation und Tubulisation 

von Nervennahten und Nerventransp1antation. In: Dixieme 

Congres International de Chirurgie, Orthopaedique et de 

Traumatologie, Paris, p. 755. Ed. DELCHEF, J.J., 

Brussels: Acta Medica Belgica. 

BOWDEN, R.E.M. and SHOLL, D.A. {1959) The advance of 

functional recovery after radial nerve lesions in man. 

Brain 73, 251. 

BRATTON, B.R., KLINE, D.G., COLEMAN, W. and HUDSON, A.R. 

(1979) Experimental interfascicular nerve grafting. J. 

Neurosurg. 51, 323. 

BUCKO, C.D. and STEINMULLER, D. (1973) Nerve grafts require 

histocompatibility matching. J. Am. Med. Ass. 226, 1509. 

BUNGNER, 0. (1891) Ueber die Degenerations und Regenerations 

Vorgang am Nerven nach Verletzungen. Beitr. Path. Anat. 

10, 321. 

114 



BIJNEN, A.B., SCHREUDER, I., VOLKERS, W.S. PARLEVLIET, J. 

and ROOD, J.J. Van (1977) The lymphocyte activating 

influence of the HLA-A region. J. of Immunogenetics 4, 1. 

BIJNEN, A.B. (1978) Donor selection for renal transplanta

tion. Thesis, Erasmus University Rotterdam, Davids Decor 

Alblasserdam, The Netherlands. 

BIJNEN, A.B., DEKKERS-BIJMA, A.M., VRIESENDORP, H.M. and 

WESTBROEK, D.L. (1979) Value of the mixed lymphocyte 

reaction in dogs as a genetic assay. J. of Immuno

genetics 8, 287. 

BIJNEN, A.B., OBERTOP, H., JOLING, P. and WESTBROEK, D.L. 

(1980) Genetics of kidney allograft survival in dogs. 

Transplantation 30, 191. 

CALNE, R.Y., WHITE, D.J.G., EVANS, D.B., THIRD, S., 

HENDERSON, R.G., HAMILTON, D.V. et al (1981) Cyclosporin

A in cadaveric organ transplantation. Br. Med. J. 282, 

934. 

CAMPBELL, J.B. and BASSETT, C.A.L. (1957) The surgical 

application of monomolecular filters (Millipore) to 

bridge gaps in peripheral nerves and to prevent neuroma 

formation. Surg. Forum 7, 570. 

CAMPBELL, J.B., BASSETT, C.A.L., HUSBY, J., THULIN, C.A. and 

FERINGA, E.R. (1961) Microfilter sheaths in peripheral 

nerve surgery: a laboratory report and preliminary 

clinical study. J. Trauma 1, 139. 

CAMPBELL, J.B. and BASSET, C.A.L. (1963a) Irradiated peri

pheral nerve homografts: a means for repair of irredu

cible gaps in man. Presented at the meeting of the 

Harvey Cushing Society, Philadelphia, April 18. 

CAMPBELL, J.B., BASSETT, C.A.L. and BOHLER, J (1963b) 

Frozen irradiated homografts shielded with microfilter 

sheaths in peripheral nerve surgery. J. Trauma 3, 302. 

CAMPBELL, J.B. (1970) Peripheral nerve repair. Clin. 

Neurosurg. 17, 77. 

115 



CAMPBELL, J.B. (1971) The regenerating potentials of the 

mammalian spinal cord and peripheral nervous system. A 

research and development study. Project RD 2817 M. 

Social and Rehabilitation Service Department of Health, 

Education and Welfare, Washington D.C. 

CAUSEY, G. (1948) The effect of pressure on nerve fibres. 

J. Anat. 82, 262. 

CAUSEY, G. and SCHOEPFLE, G.M. (1951) Fatigue of mammalian 

nerve in relation to the cell body and vascular supply. 

J. Physiol. Land. 115, 143. 

CAUSEY, G. and STRATMANN, C.J. (1953) The relative impor

tance of the blood supply and the continuity of the axon 

in recovery after prolonged stimulation of mammalian 

nerve. J. Physiol. Land. 120, 373. 

CEPPELINI, R., CURTONI, E.S., MATTIUZ, P.L., MIGGIANO, V., 

SCUDELLER, G. and SERRA, A. (1967) Genetics of leukocyte 

antigens. A family study of segregation and linkage. In: 

Curtoni, E.S., Mattiuz, P.L. and Tosi, R.M. (eds) Histo

compatibility Testing. p. 149. Munksgaard, Copenhagen. 

COMTET, J.J., DELIRY, P., FAURE, A., TOMMASI, M., MALLET

GUY, Y. and TRANSY, M.J. (1972) Etude comparative de 

deux series de greffes de nerfs conserves chez le chien. 

Lyon Chir. 68, 352. 

COMTET, J.J. and REVILLARD, J.P. (1979) Peripheral nerve 

allografts. I. Distinctive histological features of nerve 

degeneration and immunological rejection. Transplantation 

28, 103. 

CRAGG, B.G. and THOMAS, P.K. (1961) Changes in conduction 

velocity and fibre size proximal to peripheral nerve 

lesions. J. Physiol. Land. 157, 315. 

CRAGG, B.G. and THOMAS, P.K. (1964) The conduction velocity 

of regenerated peripheral nerve fibres. J. Physiol. 

Land. 171 1 16 4. 

DASGUPTA, T.K. (1967) Mechanism of rejection of peripheral 

nerve allografts. Surg. Gynecol. Obstet. 125, 1058. 

116 



DAVIS, L. and RUGE, D. (1950a) Experimental studies of 

functional recovery following repair of nerve defects 

with fresh homogenous nerve grafts. Arch. Neural. 

Psychiat. Chicago 63, 675. 

DAVIS, L. and RUGE, D. (195Gb) Functional recovery following 

the use of homogenous nerve grafts. Surgery 27, 102. 

DENK, W. (1914) Ueber Schussverletzungen der Nerven. Betr. 

Klin. Chir. 91, 217. 

DENNY-BROWN, D. and BENNER, C. {1944a) Lesions in peri

pheral nerve resulting from compression by spring clip. 

Arch. Neural. Psychiat. Chicago 51, 1. 

DENNY-BROWN, D. and BENNER, C. (1944b) Paralysis of nerve 

induced by direct pressure and tourniquet. Arch. Neural. 

Psychiat. Chicago 52, 1. 

DICKSON, R.A., DINLEY, J., RUSHWORTH, G. and COLWIN, A. 

(1977) Delayed {degenerated) interfascicular nerve 

grafting: a new concept in peripheral nerve repair. Br. 

J. Surg. 64, 698. 

DOLENC, V., TRONTELJ, J.V. and JANKO, M. (1979) Neuro

physiological evaluation of microsurgically implanted 

grafts bridging peripheral nerve defects. Acta Neurochir. 

(suppl. Wien) 28, 608. 

DROZ, B. and LEBLOND, C,P. {1963) Axonal migration of 

proteins in the central nervous system and peripheral 

nerves as shown by radioautography. J. Comp. Neural. 

121, 325. 

DUCKER, T.B. and HAYES, G.J. (1968a) Experimental improve

ments in use of Silastic cuff for peripheral nerve repair. 

J. Neurosurg. 28, 582. 

DUCKER, T.B. and HAYES, G.J. (1968b) Irradiated-Wallerian 

degenerated homografts in dogs and chimpanzees. Surg. 

Forum 19, 444. 

DUCKER, T.B. and HAYES, G.J. (1970) Peripheral nerve grafts. 

Experimental studies in the dog and chimpanzee to define 

homograft limitations. J. Neurosurg. 32, 236. 

117 



DUNCAN, D. and JARVIS, W.H. (1943) Observations on repeated 

regeneration of the facial nerve in cats. J. Comp. 

Neural. 79, 315. 

DUROUX, E. (1911) Greffes nerveuses experomentales. Lyon 

Chir. 6, 537. 

EDINGER, L. (1916) Ueber die Vereinigung getrennter Nerven. 

Grundsaetzliches und Mitteilung eines neuen Verfahrens. 

Munch. Med. Wschr. 63, 225. 

ERHART, E.A. and REZZE, C.J. {1965) Nerve fibres in isolated 

segments of dog ulnar nerves after complete brachial 

plexotomy and periaxilar artery sympathectomy. Arq. 

Neuropsiq. 23, 82. 

ERLANGER, J. and SCHOEPFLE, G.M. {1946) A study of nerve 

degeneration and regeneration. Am. J. Physiol. 147, 550. 

ES, A.A. Van, MARQUET, R.L., VREESWIJK, W. Van, TANK, B. 

and BALNER, H. {1977) Influence of matching for RhLA 

{SD) antigens and of mixed lymphocyte reactivity on 

allograft survival in unrelated Rhesus monkeys. Transpl. 

Proc. 9, 257. 

FORAMITTI, C. {1904) Zur Technik der Nervennaht. Arch. 

Klin. Chir. 73, 643. 

FORSSMANN, J. (1900) Zur Kenntnis des Neurotropismus. 

Weitere Beitrage. Beitr. Path. Anat. 27, 407. 

GLUCK, T. (1880) Ueber Neuroplastic auf dem Wege dei 

Transplantation. Arch. Klin. Chir. 25, 606. 

GOLDBERG, I. (1924) The internal architecture of the tibial, 

peroneal an obturator nerves. Am. J. Anat. 32, 447. 

GOTZE, D. (1977) The major histocompatibility system in man 

and animals. Springer Verlag, New York. 

GRAFF, R.J. and BAILEY, D.W. (1973) The non-H2 histocompa

tibility loci and their antigens. Transpl. Rev. 26, 49. 

GRIFFITH, J.B. and BELDON, J. (1978) Assessment of cellular 

damage during cooling to -196°C using radiochemical 

markers. Cryobiology 15, 391. 

118 



GUTMANN, E. and SANDERS, F.K. (1942) Functional recovery 

following nerve grafts and other types of nerve bridging. 

Brain 65, 373. 

GUTMANN, E. and SANDERS, F.K. (1943} Recovery of fibre 

numbers and diameters in the regeneration of peripheral 

nerves. J. Physiol. 101, 489. 

GYE, R.S., HARGRAVE, J.C., LOEWENTHAL, J., MCLEOD, J.G., 

POLLARD, J.D. and BOOTH, G.C. (1972) Use of immuno

suppressive agents in human nerve grafting. Lancet 7752. 

HAASE, J., BJERRE, P. and SH1ESEN, K. (1980) Median and 

ulnar nerve transection treated with microsurgical 

interfascicular cable grafting with autogenous sural 

nerve. J. Neurosurg. 53, 73. 

HAASE, J. (1981) Interfascicular nerve grafting of peri

pheral nerve lesions in childhood. Child Brain 8, 9. 

HAUSAMEN, J.E. (1976) A comparative study of autologous 

and homologous nerve grafts in rabbits.Trans. Sixth 

Internat. Congres Plastic and Reconstructive Surgery. 

p. 117. Paris: Masson. 

HEIDENHAHN, M. (1911) Plasma und Zelle. Jena: Fischer. 

HIGHET, W.B. and HOLMES, W. (1943) Traction injuries to the 

lateral popliteal nerve and traction injuries to peri

pheral nerves after suture. Br. J. Surg. 30, 212. 

HIGHET, W.B. and SANDERS, F.K. (1943) The effects of 

stretching nerves after suture. Br. J. Surg, 30, 355. 

HILES, R.W. (1972) Freeze dried irradiated nerve hornografts: 

a preliminary report. Hand 4, 79. 

HIRASAWA, Y. and INOUE, A. (1981) Experimental and clinical 

study on peripheral nerve allografting. Neurol. Med. 

Chir. (tokyo) 21, 101. 

HIRASAWA, Y., MOROTOMI, T., FUJII, T., ODA, R., NAKATANI, K. 

and TOKIOKA, T. (1974) Regeneration of the vascular 

system in experimental peripheral nerve grafting. Arch 

Surg. Chicago 109, 420. 

119 



HOLMES, w. and YOUNG, J.Z. (1942) Nerve regeneration after 

immediate and delayed suture. J. Anat. 77, 63. 

HROMADA, J. (1963) On the nerve supply of the connective 

tissue of some peripheral nervous system components. 

Acta Anat. 55, 343. 

HUBER, G.C. (1895) A study of the operative treatment for 

loss of nerve substance in peripheral nerves. J. Morph. 

11, 629. 

HUBER, G.C. (1919) Transplantation of peripheral nerves. 

Arch. Neurol. Psychiat. Chicago 2, 466. 

HUBER, G.C. (1920) Repair of peripheral nerve injuries. 

Surg. Gynec. Obstet. 30, 464. 

HUBER, G.C. (1927) Experimental observations on peripheral 

nerve repair. Chapter 13 in:The Medical Department of 

the United States Army in the World War: Surgery, vol. 

11, part I, Section 3- Neurosurgery, Washington: 

Government Printing Office. 

HUDSON, A.R., HUNTER, D., KLINIE, D.G. and BRATTON, B.R. 

(1979) Histological studies of experimental inter

fascicular graft repairs. J. Neurosurg. 51, 333. 

HUME, D. (1968) Kidney transplantation. In: Rapport, F.D. 

and Dousset, J. (eds) Human Transplantation. p. 110. 

Grune and Stratton, New York. 

HYDEN, H. (1943) Protein metabolism in the nerve cell 

during growth and function. Acta Physiol. Scand. 6, 

suppl. 17. 

IKEDA, K. (1966) Successful peripheral nerve homotransplan

tation by use of high-voltage electron irradiation. 

Arch. Jap. Chir. 35, 679. 

IKEDA, K. (1980) Timing and technique of peripheral nerve 

repair. Neurol. Med. Chir. (Tokyo) 20, 759. 

INGEBRIGTSEN, R. (1915) A contribution to the biology of 

peripheral nerves in transplantation. J. Exp. Med. 22; 

418. 

120 



JACOBY, W., FAHLBUSCH, R. and MACKERT, B. (1970) Transplan

tation lyophilisierter homoioplastischer Nerven zur 

Ueberbruckung peripherer Nervendefekte beim Menschen. 

Fortschr. Med. 88, 183. 

JACOBY, W., FAHLBUSCH, R., MACKERT, B. and WIESER, H. 

(1971) Fortschritte in der Behandlung peripherer Nerven

verletzungen im Diagnostik Nervennaht. Fortschr. Med. 

89, 181. 

JAMIESON, A. and HUGHES, S. (1980) The role of surgery in 

the management of closed injuries to the brachial plexus. 

Clin. Orthop. 147, 210. 

JEEKEL, J., OBERTOP, H., BAUER, F.L.R., VRIESENDORP, H.M. 

and WESTBROEK, D.L. (1973) Attempts to induce enhance

ment of canine kidney allografts. Tissue Antigens 3, 171. 

JEEKEL, J., OBERTOP, H., VRIESENDORP, H.M., MCDICKEN, J. 

and WESTBROEK, D.L. (1975) Effect of antidorserurn (ADS) 

and donor cells on renal allograft survival in DLA 

tissue-typed littermate beagles. Transpl. Proc. 9, 969. 

KALISS, N. (1958) Immunological enhancement of tumour 

homografts in mice; a review. Cancer Res. 18, 992. 

KALOPISSIS, T., TRIANDAFYLLOU, N. and KARATZAS, P. (1978) 

Histomorphological observations on preserved peripheral 

nerve allografts. Acta Med. Pol. 19, 221. 

KALOPISSIS, T., TRIANDAFYLLOU, N. and KARATZAS, P. (1978) 

Histomorphological observations on preserved peripheral 

nerve allografts. Aca Med. Pol. 19, 229. 

KAUFMAN, H.E., ESCAPINI, H., CAPELLA, J.A., ROBBINS, H.E. 

and KAPLAN, M. (1966) Living preserved corneal tissue 

for penetrating keratoplaty. Arch. Ophthalrnol. 76, 471. 

KINCAID-SMITH, P. (1967) Histological diagnosis of rejection 

of renal homografts in man. Lancet 2, 849. 

KLAR, E. (1943) Ueber Erfahrungen und Erfolge bei AnwenduDg 

der plastische Ueberbrlickung von Defekten in peripheren 

Nerven. z. Ges. Neurol. Psychiat. 176, 533. 

121 



KLINE, D.G., HAYES, G.J. and MORSE, A.A. (1969) Evaluation 

of nerve injuries by evoked potentials and electromyo

graphy. J. Neurosurg. 31, 128. 

KOSSAKOWSKI, A., BLATON, D. and RYMASZEWSKA-KOSSAKOWSKA, T. 

(1979) A comparative study on cell-mediated immunity 

following immunization with fresh and preserved allogenic 

peripheral nerve. Mater Med. Pol. 11, 347. 

KOUNTZ, S.L., WILLIAMS, M.A., WILLIAM, P.L. et al. (1963) 

Mechanism of rejection of homotransplanted kidneys. 

Nature 4890, 257. 

KUHLENDAHL, H., NUMENTHALER, M., PENZHOLZ, H., ROTTGEN, P., 

SCHLIACK, H. and STRUPPLER 1 A. (1972) The treatment of 

peripheral nerve injuries with homologous nerve grafts. 

Acta Neurochir. 26, 359. 

LAGRANGE, P. ( 1972) Kidney transplantation. Infectious 

complications of acute immunosuppression. Concours Med. 

94,5637. 

LENNON, V.A., LESLEY, J.F. and THOMPSON, M. (1978) CNS 

myelin lacks histocompatibility antigens: relevance to 

potential modes of cell-mediated cytotoxicity. Neurology 

28, 394. 

LEVINTHAL, R., BROW~, W.J. and RAND, R.W. (1978a)Fascicular 

nerve allograft evaluation. Part I: comparison with 

autografts by light microscopy. J. Neurosurg. 48, 423. 

LEVINTHAL, R., BROWN, W.J. and RAND, R.W. (1978b) Fascicular 

nerve allograft evaluation. Part II: comparison with 

whole-nerve allograft by light microscopy. J. Neurosurg. 

48, 428. 

LEWIS, H.P. and MCLAURIN, R.L. (1966) Application of tissue 

transplant technique to experimental nerve grafting. J. 

Trauma 9, 227. 

LEWIS, H.P. and MCLAURIN 1 R.L. (1969) Application of tissue 

transplant technique to nerve grafting. Surg. Forum 17, 

432. 

122 



LEWIS, H.P. {1974) Long term preservation of haernopoietic 

tissue for marrow transplantation. Blut 28, 389. 

LINDQUIST, R.R., GUTMANN, R.D. and MERRIL, J.P. (1968) 

Renal transplantation in the inbred rat. V. Histo

chemical studies of acute renal allograft rejection. 

Am. J. Path. 52, 1145. 

LOTHEISEN, G. {1901) Zur Technik der Nerven und Schennaht. 

Arch. Klin. Chir. 64, 310. 

LUBINSKA, L. {1964) Axoplasm streaming in regenerating and 

in normal nerve fibres. In: Singer, M. and Schade, J.P. 

{eds) Progress in Brain Research, vol. 13, Mechanisms 

of Neural Regenerating, p.l, Amsterdam Elsevier 

Publishing Company. 

LYONS, W.R. and WOODHALL, B. {1949) Atlas of peripheral 

nerve injuries. Philadelphia: Saunders. 

MARMOR, L. {1964a) The repair of peripheral nerves by 

irradiated homografts. Clin. Orthopaedics and Related 

Research 34, 161. 

MARMOR, L. (1964b) Regeneration of peripheral nerves by 

irradiated homografts. J. Bone Jt. Surg. {am) 47A, 383. 

MARMOR, L., FOSTER, J.M., CARLSON, G.L. and ARPELS, J.C. 

(1966) Experimental irradiated nerve heterografts. J. 

Neurosurg. 24, 656. 

MARMOR, L. (1967) Peripheral nerve regenerating using nerve 

grafts. Charles C. Thomas Publ., Springfield USA. 

MARMOR, L. and HIRASAWA, Y. (1967) The protective effect 

of irradiation combined with sheating methods on 

experimental nerve heterografts. Silastic, autogenous 

veins and heterogenous arteries. J. Neurosurg. 5, 401. 

MARMOR, L. MINER, R. and FOSTER, J. (1967) Experimental 

prevention of nerve homografts rejection by use of 

immunosuppressive drugs. J. Neurosurg. 5, 230. 

MARMOR, L. {1972) Nerve grafting in peripheral nerve repair. 

Surg. Cl. of North America 52, 1177. 

123 



MARMOR, L. and HIRASAWA, Y. (1969) Peripheral nerve homo

and heterografts. The effect of various irradiation doses 

and the lapse of time before implantation. Japan J. Exp. 

Med. 39, 417. 

MATSON, D.E., EBEN, A. and WEISS, R. (1948) Experiments on 

bridging of gaps in severed peripheral nerves in monkeys. 

J. Neurosurg. 5, 230. 

MCFARLANE, R.M. and MAYER, J.R. (1976) Digital nerve grafts 

with the lateral antebrachial cutaneous nerve. J. Hand 

Surg. 1, 169. 

MCGUIRT, W.F. (1976) Effect of radiation therapy on facial 

nerve cable autografts. Transam. Ophth. and Otol. 82, 486. 

MCGUIRT, W.F. (1980) Cable grafting and irradiation. Arch. 

Otolaryngo1. 106, 445. 

MCGUIRT, W.F. and MCCABE, B.F. (1977) Effect of radiation 

therapy on facial nerve cable autografts. Laryngoscope 

87, 415. 

MCLEOD, J.G., HARGRAVE, J.C., GYE, R.S., POLLARD, J.D., 

WALSH, J.C., LITTLE, J.M. and BOOTH, G.C. (1975) Nerve 

grafting in leprosy. Brain, 98, 203. 

MEDAWAR, P.B. (1973) Tolerance reconsidered - a critical 

survey. Transplantation Proc. 5, 79. 

MILLESI, H. (1973) Nicrosurgery of peripheral nerves. 

Hand 5, 157. 

MILLESI, H. (1981) Reappraisal of nerve repair. Surg. Clin. 

North Am. 61, 321. 

MILLESI, H. (1981) Interfascicular nerve grafting. Orthop. 

Clin. North Am. 12, 287. 

MILLESI, H. (1982) Microsurgery of peripheral nerves. Ann. 

Chir. Gynaecol. 71, 56. 

MILLESI, H., MEISSI, G. and BERGER, A. (1972) The inter

fascicular nerve grafting of the median and ulnar nerves. 

J. Bone Jt. Surg. 54-A, 727. 

124 



MIYAMOTO, Y. (1979) Experimental study of results of nerve 

suture under tension vs nerve grafting. Plat. Reconstr. 

Surg. 64, 540. 

MONEIM, M.S. (1982) Interfascicular nerve grafting. Clin. 

Orthop. 163, 65. 

MUELLER, F.O., CASEY, T.A. and TREVOR-ROPER, P.D. (1964) 

Using deep frozen human cornea in full thickness grafts. 

Br. Med. J. 2, 473. 

NAGEOTTE, J. (1917a) Sur la greffe des tissus morts en 

particulier sur la reparationedes pertes de substance 

des nerfs a l'aide de greffons nerveux conserves dans 

l'alcool.C.r. Seanc. Soc. Biol. 80, 459. 

NAGEOTTE, J. (1917b) Reviscence des greffes conjonctives 

mortes.C.r. Seanc. Soc. Biol. 80, 880. 

NAGEOTTE, J. (1917c) Sur la possibilite d'utiliser dans le 

pratique chirurgicale les greffons de nerfs fixes par 

l'alcool et sur la technique a employer. C.r. Seanc. 

Soc. Biol. 82, 615. 

NARAJAN, J.S. and FOKER, J.E. (1969) Mechanism of kidney 

allograft rejection. Transplant. Proc. 1, 184. 

NARAKAS, A.D.(1980) The surgical treatment of trarnatic 

brachial plexus lesions. Int. Surg. 65, 521. 

NIESSEN, G.J.C.M. (1982) The effect of blood transfusion 

and immunosuppression on organ graft survival. Thesis, 

Erasmus University, Rotterdam, The Netherlands. 

NOBACK, C.R., HUSBY, J., GIRADO, J.M., BASSETT, C.A.L. and 

CAMPBELL, J.B. (1958) Neural regeneration across long 

gaps in mammalian peripheral nerves: early morphological 

findings. Anat. Rec. 131, 633. 

OBERTOP, H., BIJNEN, A.B., VRIESENDORP, H.M. and WESTBROEK, 

D.L. (1978) Prolongation of renal allograft survival in 

DLA tissue-typed beagles after third-party blood trans

fusions and immunosuppressive treatment. Transplantation 

26, 255. 

125 



OPELZ, G., MICKEY, M.R. and TERASAKI, P.I. (1974a) HLA and 

kidney transplants, reexamination. Transplantation 17, 

3 71. 

OPELZ, G. and TERASAKI, P.I. (1974b) Poor kidney transplant 

survival in recipients with frozen blood transfusions or 

no transfusions. Lancet II, 696. 

OPELZ, G. and TERASAKI, P.I. (1976) Recipient selection for 

renal retransplantation. Transplantation 21, 483. 

PAREKH, P.K. (1981) Homologous nerve transplantation and 

immunosuppression in rabbits. Res. Exp. Med. (Berl} 179, 

121. 

PAYNE, R. and ROLFS, M.R. (1958) Fetornaterial leukocyte 

incompatibility. J. Clin. INvest. 37, 1756. 

PAYR, E. (1900) Beitrage zur Technik der Blutgefass und 

Nervennaht nebst Mittheilungen uber die Verwendung eines 

resorbirbaren Metalles in der Chirurgie. Arch. Klin. 

Chir. 62, 67. 

PENZHOLZ, H. (1973) Zur Frage der Behandlung peripherer 

Nervenverletzungen mit homologen Nervenimplantaten. 

Langenbeck's Arch. Klin. Chir. 333, 1. 

PEPPER, F.B. (1954) Studies on variability of mammalian 

skin autografts after storage at different temperature. 

Br. J. Plast. Surg. 6, 250. 

PERSIJN, G.G., I,EEUWEN, A. Van, PARLEVLIET, J., COHEN, B., 

LANSBERGEN, Q., D'AMARO, J. and ROOD, J.J. Van (1981) 

Two major factors influencing kidney graft survival in 

Eurotransp1ant: HLS-DR matching and blood transfusion(s). 

Transplant. Proc. 13, 150. 

PHILIPEAUX, J.M. and VULPIAN, A. (1870) Note sur les essais 

de greffe d'un troncon de nerf lingual entre les deux 

bouts de l'hypoglosse. Arch. Physiol. Norm. Path. 3, 618. 

PINNER-POOLE, B., TOMASULLA, J.J. and CAMPBELL, J.B. (1966) 

Histochemical study to determine the factors contributing 

to successful regeneration of peripheral nerves repaired 

by end-to-end suturing or grafting. X Congres Societe 

126 



Internationale de Chirurgie Orthopedique et de Trauma

tologie, p 782, Paris. 

PLATT, H. (1919) On the results of bridging gaps in in

jured nerve trunks by autogenous fascial tubulization 

and autogenous nerve grafts. Br. J. Surg. 7, 384. 

POLICARD, A. and LERICHE, R. (1922) Histological document 

on the fate of transplanted nerve. Lyon Chir. 19, 544. 

POLLARD, J.D., GYE, R.S. and MCLEOD, J.G. {1971) An 

assessment of immunosuppressive agents in experimental 

peripheral nerve transplantation. Surg. Gynec. Obstet. 

132, 839. 

POLLARD, J.D. and FITZPATRICK, L. (1972) An ultrastructural 

comparison of peripheral nerve allografts and autografts. 

Acta Neuropath. (Berl) 23, 152. 

POLLARD, J.D. and FITZPATRICK, L. (1973) A comparison of 

the effects of irradiation and immunosuppressive agents 

on regeneration through peripheral nerve allografts; an 

ultrastructural study. Acta Neuropath. (Berl) 23, 166. 

POLLARD, J.D., MECLEOD, J.G. and GYE, R.S. {1973) Regenera

tion through peripheral nerve allografts. An electro

physiological and histological study following the use 

of immunosuppressive therapy. Arch. Neurol. 28, 31. 

POLLARD, J.D. and MCLEOD, J.G. (1980) Nerve grafts in the 

Trembler mouse, an electrophysiological and histological 

study. J. Neurol. Sci. 46, 373. 

POLLARD, J.D. and MCLEOD, J.G. (1981) Fresh and predegene

rate nerve allografts and isografts in Trembler mice. 

Muscle Nerve 4, 274. 

POLLOCK, L.J., GOLSETH, J.G., MAYFIELD, F., ARIEFF, A.J. 

and LIEBERT, E. (1947) Spontaneous regeneration of 

severed nerves. J. Am. Med. Ass. 134, 330. 

RAJKOVITS, K. (1953) Einfluss functionell gleichwertiger 

und ungleichwertiger Nervenregeneration auf die weitere 

Ausbildung des Regenerates. Acta Morph. Hung. 3, 43. 

127 



RANSON, s.w. (1912) Degeneration and regeneration of nerve 

fibres. J. Comp. Neural. 22, 487. 

REHFIELD, C.E. (1970) Definition of relationship in a 

closed beagle colony. Am. J. Vet. Res. 31, 723. 

ROBERTS, T.S. (1967) Fate of irradiated allogenic nerve 

grafts. Surg. Forum 18, 445. 

RODKEY, W.G., CABAUD, H.E. and MCCARROL, H.R. jr. (1980) 

Neuroraphy after loss of a nerve segment: comparison of 

epineurial suture under tension versus multiple nerve 

grafts. J. Hand Surg. 5, 366. 

ROMEIS, B. (1968) Mikroskopische Technik. Mlinchen Olden

bourg Verlag. 

ROOD, J.J. Van, EERNISSE, J.G. and LEEUWEN, A. Van (1958) 

Leukocyte antibodies in sera from pregnant women. 

Nature 181, 1735. 

ROOD, J.J. Van, BLUSSE VAN OUD ALBLAS, A. Van, KEUNINGS, 

IJ., FREDERIKS, E., TERMIJTELEN, A., HOFF, J.P. Van, 

PENA, A.S. and LEEUWEN, A. Van (1975) Histocompatibility 

genes and transplantation antigens. Transpl. Proc. 7, 25. 

ROOD, J.J. Van, LEEUWEN, A. Van, PERSIJN, G.G., LANSBERGEN, 

G., GOULMY, E., TERMIJTELEN, A. and BRADLEY, B.A. (1977) 

HLA compatibility in clinical transplantation. Transpl. 

Proc. 9, 459. 

SAMII, M. and KAJL, R.L. (1972; Klinische Resultate der 

autologen Nerventransplantation. Med. Mitt. Melsungen 

46, 197. 

SANDERS, F.K. (1942) The repair of large gaps in the 

peripheral nerves. Brain, 65, 281. 

SANDERS, F.K. and YOUNG, J.Z. (1942) The degeneration and 

reinnervation of grafted nerves. J. Anat. 76, 143. 

SANDERS, F.K. and WHITTERIDGE, D. (1946) Conduction 

velocity and myelin thickness in regenerating nerve 

fibres. J. Physiol. Land. 105, 152. 

128 



SANDERS, F.K. (1954} Histopathology of nerve grafts. 

Chapter 3, part II, in: Seddon, H.J. (ed) Peripheral 

Nerve Injuries. Medical Research Council,Special Report 

Series no. 282, p. 134. London: HM Stationary Office. 

SANTONI-RUGIO, P. {1962) Compared studies on the variability 

of skin stored by different methods. Plast. Reconstr. 

Surg. 30, 586. 

SEDDON, H.J. and HOLMES, W. (1944) The late condition of 

nerve homografts in man. Surg. Gynec. Obstet. 79, 342. 

SEDDON, H.J. (1947) The use of autogenous grafts for the 

repair of large gaps in peripheral nerves. Br. J. Surg. 

35' 151. 

SEDDON, H.J. (1954) Nerve grafting and other unusual forms 

of nerve repair. Chapter 9 in: Seddon, H.J. (ed) Peri

pheral Nerve Injuries. Medical Research Council, 

Special Report Series, no. 282, p. 389. London: HM 

Stationary Office. 

SIMESEN, K., HAASE, J. and BJERRE, P. (1980) Interfascicular 

transplantation in median nerve injuries. Acta Orthop. 

Scan. 51, 243. 

SINGH, R. (1974) F:eappraisal of homologous nerve grafts. 

Clin. Neural. 2, 136. 

SINGH 1 R. and LANGE, S.A. De (1975) Experience with homo

logous lyophilised nerve grafts in the treatment of 

peripheral nerve injuries. Acta Neurochir. 32, 125. 

SINGH, R. (1976) Experience with allografts in the surgery 

of peripheral nerves (experimental study). Acta Neuro

chir. 34, 195. 

SINGH, R. (1977) Behandeling van perifere zenuwletsels. 

Ned. T. Geneesk. 121, 412. 

SINGH, R., MECHELSE, K. and STEFANKO, S. (1977) Role of 

tissue typing on preserved nerve allografts in dogs. J. 

Neural. Psychiat. 40, 865. 

129 



SINGH, R., VRIESENDORP, H.M., MECHELSE, K., and STEFANKO, 

S. (1977) Nerve allografts and histocompatibility in 

dogs. J. Neurosurg. 47, 373. 

SINGH, R., VRIESENDORP, H.M., MECHELSE, K. and STENFANKO, 

S. (1981) Cadaver nerve allografts in dogs. Biomedicine, 

35, 67. 

SPITZY, H. (1917) Bemerkung zur Ueberbruckung von Nerven

defekten. Munch. Med. Wschr. 64, 372. 

STANIFORT, P. and FISHER, T.R. (1978) The effects of sural 

nerve excision in autogenous nerve grafting. Hand, 10 1 

187. 

STARZL, T.E., KLINMALM 1 G.B.G., WEIL, R., PORTER, K.A., 

IWATSUKI, S. and SCHROTER, G.P.J. (1981) Cyclosporin A 

and steroid therapy in sixty-six recipients. Surg. 

Gynec. Obstet. 153, 486. 

STEARNS, M.P. (1982) The effect of irradiation on nerve 

grafts. Clin. Otolaryngol. 7, 161. 

STEINTHAL, C. (1917) Die Ueberdeckung von grosserer Nerven

defekten mittels Tubularnaht. Zentbl. Chir. 44, 646. 

STOPFORD, J.S.B. (1920) The treatment of large defects in 

peripheral nerve injuries. Lancet, 2, 1296. 

STROMBERG, B.V., VLASTOU, C. and EARLE, A.C. (1979) Effect 

of nerve graft polarity on nerve regeneration and 

function. J. Hand Surg. 4, 444. 

SUNDERLAND, S. (1945a) Blood supply of the nerves of the 

upper limb in man. Arch. Neural. Psychiat. Chicago 53, 

91. 

SUNDERLAND, S. (1945b) The intraneural topography of the 

radial, median and ulnar nerves. Brain 68, 243. 

SUNDERLAND 1 S. (1946) Course and rate of regeneration of 

motor fibres following lesions of the radial nerve. 

Arch. Neural. Psychiat. Chicago 56, 133. 

SUNDERLAND, S. (1947a) Rate of regeneration of sensory 

nerve fibres. Arch. Neural. Psychiat. Chicago, 58, 1. 

130 



SUNDERLAND, S. (1947b} Rate of regeneration of motor fibres 

in the ulnar and sciatic nerves. Arch. Neural. Psychiat. 

Chicago 58, 7. 

SUNDERLAND, S. (1947c) Rate of regeneration in human peri

pheral nerves. Arch. Neural. Psychiat. Chicago 58, 251. 

SUNDERLAND, S. and RAY, L.J. (1948} The intraneural topo

graphy of the sciatic nerve and its popliteal divisions 

in man. Brain 71, 242. 

SUNDERLAND, S. (1949) Observations on the course of 

recovery and late end results in a series of cases of 

peripheral nerve suture. Aust. NZJ Surg. 18, 264. 

SUNDERLAND, S. (1950) Capacity of reinnervated muscles to 

junction efficiently after prolonged denervation. Arch. 

Neural. Psychiat. Chicago 64, 755. 

SUNDERLAND, S. (19539) The capacity of regenerating axons 

to bridge long gaps in nerves. J. Camp. Neural. 99, 481. 

SUNDERLAND, S. and ROCHE, A.F. (1958) Axon-myelin relation

ships in peripheral nerve fibres. Acta Anat. 33, 1. 

SUNDERLAND, S., MARSHALL, R.D. and SWANEY, W.E. (1959) The 

intraneural topography of the circumflex musculocutaneous 

and obturator nerves. Brain 82, 116. 

SUNDERLAND, S. (1978) Nerves and nerve injuries. Churchill 

Livingstonde, Edinburgh, London (2nd edition). 

SWAN, J. (1941) Discussion on injuries to the peripheral 

nerves. Proc. R. Soc. Med. 34, 521. 

SWEET, P.W. (1929) The alcoholized nerve graft. Ann. Surg. 

89, 191. 

TALLIS, R., STANIFORTH, P. and FISHER, T.R. (1978) Neuro

physiological studies of autogenous sural nerve grafts. 

J. Neural. Neurosurg. Psychiat. 41, 677. 

TELLO, F. (1914) Algunas experiencias de ingertos nerviosos 

con nervios conservados in vitro. Trab. Lab. Invest. 

Biol. Univ. Mad. 12, 173. 

131 



THOMAS, P.K. (1966) The cellular response to nerve injury. 

I. The cellular outgrowth from the distal stump of 

transected nerve. J. Anat. 100, 287. 

THOMAS, P.K. (1970) The cellular response to nerve injury. 

III. The effect of repeated crush injuries. J. Anat. 

106, 463. 

THORSBY, E. and LIE, S.O. (1971) Relationship between HL-A 

system and suspectibility to diseases. Transplant. Proc. 

2, 1305. 

TURK, J. L. (1970) Action of lymphocytes in transplantation. 

Suppl. J. Clin. Path. 20, 423. 

VANLAIR, C. {1882) De la regeneration des nerves peripheri

ques par le procede de la suture tubulaire. Arch. Biol. 

Paris 3, 379. 

VERHOOG, B.D. and BEKKUM, D.W. Van (1971) Peripheral nerve 

allografts: modification of allograft reaction using 

experimental model in rats. Transpl. Proc. 3, 591. 

VERHOOG, B.D. (1978) Transplantatie van perifere zenuwen; 

een onderzoek naar de irnrnunogeniciteit van perifeer 

zenuwweefsel. Thesis, Erasmus Universiteit Rotterdam, 

The Netherlands. 

VRIESENDORP, H.M., ROTHENGATTER, C., BOS, E., WESTBROEK, 

D.L. and ROOD, J.J. Van (1971) The production and 

evaluation of dog allolymphocytotoxins for donor 

selection in transplantation experiments. Transplanta

tion 11, 440. 

VRIESENDORP, H.M., EPSTEIN, R.B., D'AMARO, J., WESTBROEK, 

D.L. and ROOD, J.J. Van (1972) Polymorphism of the DLA

system. Transplantation 14, 299. 

VRIESENDORP 1 H.M. (1973) Major Histocompatibility in dog. 

Thesis, Erasmus Universiteit, Rotterdam, Bronder Offset, 

Rotterdam, The Netherlands. 

VRIESENDORP, H.M., BIJNEN, A.B., ZUERCHER, C. and BEKKUM, 

D.~. van (1975) Donor selection and bone marrow trans

plantation in dogs. In: Kissmeyer-Nielsen, F. (ed), 

132 



Histocompatibility testing, p. 963, Copenhagen: 

Munksgaard. 

VRIESENDORP, J.M, GROSSE-WILDE, H. and DORFF, M.E. (l977a) 

The major histocompatibility complex of the dogs. In: 

GOtze, D. (ed) The major histocompatibility system in 

man and animals, p. 129. Springer Verlag, New York. 

VRIESENDORP, H.M, BIJNEN, A.B., WESTBROEK, D.L. and BEKKUM, 

D.W. Van (1977b) Genetics and transplantation immunology 

of the DLA complex. Transpl. Proc. 9, 293. 

VUZEVSKI, V.D. (1976) Ultrastructural basis of acute renal 

allograft rejection. Thesis 1 Erasmus University 

Rotterdam, The Netherlands. 

WEDDEL, G. (1942) Axonal regeneration in cutaneous nerve 

plexuses. J. Anat. 77, 49. 

WEISS, P. (1943) Endoneurial edema in constricted nerve. 

Anat. Rec. 86, 491. 

WEISS, P. and DAVIS, H. (1943) Pressure blocks in nerves 

provided with arterial sleeves. J. Neurophysiol. 6, 269. 

WEISS, P. and TAYLOR, A.C. (1943) Repair of peripheral nerves 

by grafts of frozen-dried nerves. Proc. Soc. Exp. Biol. 

Med. 52, 326. 

WEISS, P., WANG, W., TAYLOR, A.C. and EDDS, MacV, Jr. 

Proximo-distal fluid convection in the endoneurial 

spaces of peripheral nerves, demonstrated by colored and 

radioactive (isotope) tracers. Am. J. Physiol. 143, 521. 

WEISS, P. and TAYLOR, A.C. (1946) Guides for nerve regenera

tion across gaps. J. Neurosurg. 3 1 375. 

WESTBROEK, D.L., ROTHENGATTER, C., VRIESENDORP, H.M., ROOD, 

J.J. Van, WILLIGHAGEN, R.J.G. and VRIES, M.J. De (1971) 

Histocompatibility and allograft rejection in canine 

smallbowel transplants. Evidence for the existence of a 

major histocompatibility locus in the dog. Transpl. 

Proc. 3, 157. 

133 



WESTBROEK, D.L., VRIESENDORP, H.M., TWEEL, J.G. Van den, 

GRUYL, J. De and URK, H. Van (1975) Influence of SD and 

LD matching on kidney allograft survival in unrelated 

monfrel dogs. Transpl. Proc. 7, 427. 

WHITCOMB, B.B. {1959) Techniques of peripheral nerve repair. 

Chapter 15 in: Spurling, R.G. and Woodhall, B. (eds) 

Medical Department, United States Army, Surgery in World 

War II, Neurosurgery, vol. 2, part II -Peripheral Nerves 

Injury. Government Printing Office. 

WIENER, J., SPIRO, D. and RUSSELL, P.S. (1964) An electron 

microscopic study of homograft reaction. Am. J. Path. 

44, 319. 

WILCOXON, P. (1973) In: Armitage, P. (ed) Statistical 

methods in medical research. Blackwell: Oxford. 

WILGIS, E.F. and MAXWELL, G.P. (1979) Distal digital nerve 

grafts. Clinical and anatomical studies. J. Hand Surg. 

4, 439. 

WOODHALL, B. (1955) Discussion: The place of nerve grafting 

in orthopaedic surgery by Brooks, D. J. Bone Jt. Surg. 

37A, 304. 

WOODHALL, B. and BEEBE, G.W. (1956) The injury and its 

management. Chapter 2 in: Woodhall, B. and Beebe, G.W. 

(eds) Peripheral nerve regeneration. A follow-up study 

of 3656 World War II injuries. V.A. Monograph, Washington 

DC, Government Printing Office. 

YOUNG, J.Z. (1945) The history of the shape of a nerve 

fibre. In: Le Gros Clark, W.E. and Medawar, P.B. (eds) 

Essays on Growth and Form. Oxford: Clarendon Press. 

YOUNG, V.L. WRAY, R.C. and WEEKS, P.M. The results of nerve 

grafting in the wrist and hand. Ann. Plast. Surg. 5, 212. 

ZALEWSKI, A.A. and SILVERS, W.K. (1980) An evaluation of 

nerve repair with nerve allografts in normal and immuno

logically tolerant rats. J. Neurosurg. 52, 557. 

ZALEWSKI; A.A. and GULATTI, A.K. (1982) Evaluation of histo

compatibility as a factor in the repair of nerve with a 

frozen allograft. J. Neurosurg. 4, 550. 

134 



ACKNOWLEDGEMENTS 

This thesis could only be completed with the help and 

contributions of many. 

The search for better nerve allografts to bridge gaps in 

the peripheral nerves was stimulated by Prof.Dr. S.A. de 

Lange, head of the department of neurosurgery, Erasmus 

University Rotterdam. In his, along with many others, 

experience, the results of nerve grafting using old 

conventional methods, were not encouraging. His continuous 

encouragement and timely help was of utmost importance. 

The experiments were performed in the laboratory of 

experimental surgery, Erasmus University Rotterdam (head of 

the department: Prof.Dr. D.L. Westbroek). 

I am very much indebted to Prof. Westbroek for his 

non-tiring v&luable guidance in all aspects of these 

experiments. His suggestions and help in putting up all 

the results on paper were very valuable, without which this 

work would not have been completed. 

I am grateful to Prof.Dr. D.W. van Bekkum for his very 

healthy criticism of this thesis. 

Special thanks mus be reserved to Dr. K. Mechelse and 

Prof.Dr. S. Stefanko, for their help in evaluating the 

electromyographic and histological results respectively, 

in all these experiments during a long period of several 

years. 

All these experiments were performed in close collaboration 

with Dr. H.M. Vriesendorp, whose experience and knowledge 

of transplantation immunology is beyond any questionable 

mark. 

The support of Prof.Dr. R. Braakman for valuable suggestions 

is gratefully acknowledged. 

The friendly help and suggestions of Dr. A.B. Bijnen in 

remodelling different chapters of this dissertation, is 

very highly appreciated. His knowledge in canine immunology 

135 



is remarkable. 

The transplantation experiments were carried out with the 

skilful and amicable assistance of Mrs. M.J. Lagerman and 

Mrs. J. Dortland-de Kamp. 

Anaesthesia for the dogs was given by Mr. E.C.G. Collij, 

Mr. J. Poortman, Mr. A. Kok and Mr. E. Ridderhof. 

Mr. J. Kasbergen and his co-workers made these studies 

possible by taking care of the experimental animals. 

The electromyographic studies were carried out with the 

help of Mr. B.J. de Vos, and Mr. W.C.J. Moolenaar and 

Mr. A. Rijpstra, who helped with computer data. 

Histological preparations were made by hard laborious work 

of Miss D.T. Kiers and Miss M. van Batenburg. 

Statistic~l work was done by Mr. H.J.A. Schouten. 

The manuscript was consciously typed and rechecked by 

Miss B.A.A. Koehorst; her long hours of extra work are 

greatly appreciated. 

Additional valuable help of Mrs. M. Blaauw-van Dishoeckr 

in rechecking the entire literature list and text, was of 

great importance. 

Timely assistance of Mrs. H. van Rigteren-Slop and Miss 

M.C. Hordijk is appreciated. 

I am thankful to Mrs. B.S. Vollers-King for the language 

corrections. 

My thanks are to all the others who were of assistance 

during the long years of this project. 

The help of the staff of the Audiovisuele Dienst, Erasmus 

University Rotterdam, is highly appreciated. 

136 



CURRICULUM VITAE 

R. Singh was born on the 2nd of July, 1930, at Meerut, in 

India. He passed his M.B.B.S. (arts-diploma) examination 

in 1955, from the King George's Medical College, Lucknow, 

India. From 1955 till 1959 he received training in the 

Department of General Surgery and passed examination for 

Masters of Surgery degree in 1959, from the same 

institution. During the training for general surgeon, he 

also wrote a thesis on ''Evaluation of splenic artery-ligation 

and splenectomy in cirrhosis of liver (clinical study) 11
, 

which was accepted by the University of Lucknow, India. 

From 1959 till early 1963 he worked as a general surgeon 

at the Irwin Hospital, "attached to the Maulana Azad 

Medical College", New Delhi, India. 

He started neurosurgical training in 1963 at the Acadernisch 

Ziekenhuis Leiden. After finishing the training he is 

working as a neurosurgeon since 1968 in the Acadernisch 

Ziekenhuis Rotterdarn-Dijkzigt and since 1978 also in the 

St. Franciscus Gasthuis, Rotterdam. 

137 




	Histocompatibility matching and preserved nerve allografts in dogs
	CONTENTS
	CHAPTER I
	1.1. Introduction
	1. 2. Objectives of the present study

	CHAPTER 2 - REVIEW OF LITERATURE
	CHAPTER 3 - MATERIAL AND METHODS
	CHAPTER 4 - RESULTS
	CHAPTER 5 - GENERAL DISCUSSION
	RECOMMENDATIONS FOR FURTHER RESEARCH
	SUMMARY
	SAMENVATTING
	ACKNOWLEDGEMENTS
	CURRICULUM VITAE

