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INTRODUCTION

The incidence of peripheral nerve iInjury always
looms high during war, so on December 7, 1941, the
need for better surgical technics in caring for these
injuries began to become very apparent. To devise
and to institute better surgical technics, the surgeon
needs to know the basic factors influencing successful
nerve regeneration.,

The purpose of this paper 1s to review the factors
which influence regeneration so that the reader can
better evaluate those technics and materials already
in use and those which will be introduced from time
to time.

The field of peripheral nerve surgery 1is so
broad that discussion of all phases 1is not attempted
here;, instead, this paper 1s confined to consideration
of repair of nerves which are known to have been
severed. The problem of differentlating between and
treating anatomical and physiologlcal breaks in nerves
is not considered

A very brief review of basic anatomy of nerves
and regeneration of nerves 1s included for the

convenience of the reader.,



Anatomy of Nerves

The unlt of structure in the nervous system 1s the
nerve cell or neuron which consists of a body or perl-
karyon and two types of processes, one or more deundrites
and a single axon. The cell body lies wilthin the gray
matter of the central nervous system or 1n outlying gang-
lia, and the axons make up the peripheral nerve network.

Within, the gray matter axons and dendrites are
simple protoplasmic extensions of the cell body but in
the white matter they are invested by a sheath of 1lipoid
materlal called myelin. In peripheral nerves the myelin
sheath 1s encased by a nucleated membrane , the neuri-
lemma or sheath of 8chwann. In the peripheral nerves
at regular intervals, the myelin sheath 1s interrupted
and the neurllemma dips into the gap; these evenly
spaced constrictions are the nodes of Ranvier. The myelin
sheath 1s lost near the termination of the nerve fiber
and distal to this point the neurllemma discontinues and

the fibers terminate as naked axls cylinders.



Degeneration and Regeneration

The processes of nerve degeneration and regeneration
have been subjects of dispute since before the time of
Waller and the modern thsories are still not accepted
without question by all investigators. It is not the
purpose of the paper to present a detailed description.
of degeneration and regeneration nor to review the
varios disputed ideas; ratheyr, its purpose is to re-
fresh the reader's mind so that he can better under-
stand the problems of surgical nerve repair.

Waller first recognized the nature of degenerative
and regenerative processes in nerves. His paper written
in 1852 described changes in the peripheral segment of
a severed nerve and thess changes are still known as
Wallerian degeneration in which the axon near the
injury begins to decompose within a few days and by
the third or fourth day the entire axon is involved
and is completely lost by the fourth week. At the
same time the myelin begins to degenerate into drop-
lets of kephalin and lecithin which disappear around
the tenth week. Subsequently the connective tissue
and 8chwann cells remove the degenerative products

and the empty neurilemma tube alone remains.



Although Waller failed to recognized any changes
in the proximal stump, changes similar to those he
described have since been noted and generally accepted.
(Cajal 1928). The extent of retrograde degeneration
has not been settled, and there are many belléfs con-
cerning the matter. Engelmann believed these changes
stopped at the first node of Ranvier and Ranvier,
himself, believed they could go back two node?- Other
investigators advanced varying opinions. Ranson(1912)
pointed out that changes in the proximal stump may
extend for varying distances, probably not over two
cm, but the intensity of the degeneration decreases
centrally and the exact point of cessation of changes
is not discernible. 1In a good review of the subject,
Young (1943) discusses death of some neuron cell bodies
in the central nervous system as a result of axon in-
jury.

Once degeneration i1s complete, evidence of regen-
eration can be seen in the advance of axon tips back
down the neurilemma tube of the proximal stump, bridging
the gap between the severed ends and extending down the
tubes of the distal stump. Ranson (1912) noted that
these growing axon tips divided to increase the number

of fibers in the terminal part of the proximal stump.



)

Whether the advancing tips are semisolid axoplam
(Young 1943) or fibrillar structures (Cajal 1928)

is relatively unimportant; however, the fact that the
neuron 1is capable of replacing distal parts of lost
neurons 1s the baslc feature of regeneration. If the
advancing axon crosses the gap between proximal and
distal fragments, it proceeds down the empty periph-
eral tubes to the end orgsns where it may or may not
become functional. More will said of the feature
further on in the paper.

Regeneration is not a single process nor a simple
one. Young (1942) emphasizes that regeneration.iin=
cludes more than the re-entrance of axons into the old
tubes and 1s not complete until function of the parts
supplied by the nerve is restored. He divides the pro-
cess Into eight stages which are as follows:

l. Closure of the gap between the severed stumps,
mainly by the outgrowth of Schwann cells from
the peripheral.

2. Retrograde degeneration of the cut eentral ends
of the nerve fibers, and the sending out of
many fine branches.

3. The progress of the tips of the axons from the
the central stump across the scar to the periph-
eral stump.

4. Break-up of the axon and myelin in the periph-
eral stump and removal of their remains by
macrophages.

5. Multiplication of the nuclel of the Schwann cells
and increase in the volume of their cytoplasm to
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