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A. REVIEW OF THE LITERAT,D&

-

; Peripheral nerve injury has been reporfed intmedical
texts';or many yearé;"Documented in Hippocratié Qritiﬁgs
"Division of bone, cart}lage, nerve, the delicate bart-of
the jaw . . . -is not.followed by groying and joiniqg

together again.”™ (14). During the Second World War, armed

- conflict tested neurosurgical skills,.pushing the

technology of peripheral nervé\Eepair‘fprwafd.- With the

advent of the operating microscbpe, and an improved

understanding of peripheral nerve anatomy, the resulfs of

surgical repair improved. Since that time, some
= ‘ .

+

functionalré&?ﬁé?}-is expected after peripheral nerve.
. .

injury and”"repair. The current focus of researda’in

peripheral nerve regeneration could be broadly divided-

into the cellular respénse of the nerve, surgical

technique afd tropic and trophic influences on

regeneration. Because the peripheral nervous system is

capable of regenératioq and accessible to many aspects of

'investigatiop, results from this work may improve the

7
b

understanding of the mammalian central nervous system and

its limited ability to regenerate.
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:,é..fhe‘Cellular Resﬁohse of a.Peripheral Nerve té'Ihjury.
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The immediate response of a mammalian peripheral - -

nerve to transection is the elastic retraction of both

nerve stumps from the lesion site, a cascade of chemical

i

4

reactions and an outspilling of blood,‘lymph, axoplasm and
L] . N N L

. L] . ‘
.its constituents into the .interstump gqap (26,132).

-A
During the development of the peripheral nervous

system, Schwann cells divide and migrate peripherally to

enwrap and myelinate the elongatiqg axons (69,119)., In the

“adult state, after axotomy, Schwann cells near to the

transectionpsite, undergo transformation entering a

mitotic phase suffigiently intense to produce a bulbous
swelling at the severed nerve tip (69,89,102,132). The

response of the S3Hwann cell to axotomy and its role in

regeneration is the subject of study. It has been N

suggested that myelin breakdown after nerve transection is

the trigget for Schwann cell proliferation (110-112).

" However, Schwann cell mitosis has been induced in vitro by

regenerating nerves, implying a stimulus from the axons
(94).
After peripheral nerve transection Wallerian

degeneration is observed. The axons in the distal segment

e
/
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‘ - of a- transected peripheral nerve degenerate and die from
e , N the po1nt of transection to the-target tlssue {103, 132).
Wlthln ten weeks of transection, all exlstlng myelin is
dlgested f156). In an ultrastructural study of
degeneratlng and regeneratlng rat ;c1at1c nerve, it was
re?prted that Schwann cells transformed into macrophages.
and digested the myelin (83). A trxi@er for myelin
' breakdown may'be thea degranulation of mast cells (49).
Mast cells are present in peripheral nerve in large
numbers, and further degranulation'may be triggered by the
presence of myelin protein, a poesible model for
demyellnatlng disease (49). After Wallerian degeneration,
< Schwann cell basal lamlna,;pr so-called bands of Bungner,
remaln and may have an-1mportant role in axonal
regeneration (132). Electron microscopy revealed growth
cones adhering to Schwann cell basal lamina, supporting
_ the view that the bands of Bungner help to guide axons
back to the}r target by providing a substrate for
elongation (102,113),
(::~' After peripheral nerve transection, retrograde
deqeneratlon also occurs, but it is not as extensive as

Wallerlan Qegeneratlon {103). Due to the initial

outpourlng of axoplasm after transection, axons close to



Jghe lesion site tend to collapse.” Axons are ‘found to
' )

shrink back from the‘proxi@ai cut ehd approximately 1-2
mm. (51). .Within one day of éxotsm;, swellings‘at_the cut
ends of §he,ax9né coﬁtaining axoplasmic ofggnelle; are
observeq;::Thesgjswollen ends will sprout growth cones,
.which,féfm-ihe leading edge of axonal elongation
151,98,102);S A'growth.cone has filopodia, which extend <
into the jmméqiate environment and move continuously. By
phagocytogiﬁg partiélif in their path, growth cones sample
the environment'and appear to follow particular stimuli
(65,93,99,105).

The regeneraﬁing axons which leaﬁe the proximal
‘stﬁmp, may encounter inhospitable substances including;
scar produced by excessive tissue éeaction, spilled blood,
ischemic regions, spaces left unoccupied by cells or
extracellular matrix (33). If .successful-in crogsing‘this
area inte the distal stump, some a#ons_will £find theit way
into the.bands of Bungner which may provide the framework
fbrtelongation, myelination and eventual reinnervation
(69); Many axons do not find a supportive substrate .and
instead retract and die or create a é%ngled neuroma.

The nerve cell body also undergoes change, two to

"
three days after the nerve has been transected. The nerve
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“(7,8,121).
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cell body and nucleus swell, the nucleus migrates .
eccentrically and about a week after-transection, the

NiSsl-substd‘ e undergoes chromatolysis (50). The nerve

to preduce larger amounts of cytoskelétal

material prioteins unique to the regenerative process
One \example of the nerve cell body's ré&sponse

is the observation that levels of mRNA encoding'actan“and,

tubulin increase, while those for neurofilament daﬁrease

*

(43). - .

Axonal transport has long been thought to have an
important role during regeneratioﬂ. Axonal transport
continues to fqnction after nerve transection, but it
carriés different prote%gs and substances which are
necessary for regeneration (8,12,29,?0,69,120,121). One
possible role for axonal transport after nerve injury is
that of signalling the nervelcellwbody.' The celi body
could be alerted to inj&;y and. triggered to respond to it
by: the Appearance of endocytoéed material from the
lesion site, the change in' the tufnaround time of
anterogradely transported substances, or the lack of
trophic factors retrogradel;)transported from the target
tissug (8).

Particular fast-transported proteins are synthesized
b3

P
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in dorsal rootlganglion neurons ;fter mammalian peripheral
nerve transection (43,85,121). The function og\these
proteins is not known, but some have been_termed "gr?yéhf
associated proteins" (GAPs), as ghef are also expressea in 7
the developing perfbheral nervous system (104). Results
from coﬁaitioned lesion experiments, where a nerve trunk
is crushed and then two weeks later transecte&, suggest
that GAPs are responéible for the reduced delay of the
regenerative response in conditioned nerves (104). After
injury to rabbit hypoglossal nerve, fhe induction of GAP
synthesis and the transport of those proteins, along with
the finding that central nervous sy;tem neurons do not
synthesize GAPs, led to the suggestion that the ability of
a nerve to regenerate is determined by its gen%?A—chpacity
to synthesize GAPs (121). Iﬁ one study; GAP synthesis

by a regenerating nerve (8). It has been speculated that a

43 kD GAP protein, “éAP-43",'inhibits proteasés presént in
the growth cone which break down the cytoskeletal elements
arriving via axonal transport, which are necessary‘for
elongation (8). .

Cells associated with peripheral nerye but are non-

neuronal, are Jelieved to be responsible for some of the
‘ A
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responses observed after.tran%ection. For example,
polyamine synthesis increased at a rapid rate after nerve
injury and was idcalizeé to non-neuronal cells-(iBS). The
enzyme Eransgluﬁaminasé Eatalyzes the binding of
polyamines to glutamine residues on polypeptide chains,
leading to cross-linking between adjacent chains. This
modification of proteiﬁ structure has been asséciated with
the cellular';esponéé to nerve injury (135).
Posttranslational protein modification was found to occur
\close to the site of crush injury of &sciatic but not optic
nerves (118). The authors suggested;lhat this protein
modification by non—neuronal'ﬁells may reflect the -
qapabilities of perisheral nerve to regenefate as cémpared
to central nerves (118).

Transection of a peripheral nerve triggers a series
of events which prepare the nerve cell bpdy for
regeneration. The nerve cell body is transformed from one
that produces proteins and materials.necessary for
transmiii}pn; to a regenerating one with a ﬁuch higher
metabolic demand (7,29,43,121). Larger amounts of actin

and tubulin are produced and GAPs are synthesized and

trabsported to the regenerating nerve tip. There also

appears to be synthesis and modification of proteins in
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the immediate vicinity of the nerve lesion., Wallerian

. . v
degeneration results in degeneration of all axons and

digestion of myelin all the way to the target tissue, but

-

Schwann cell basal lamina is gpared, perhaps providing a
trail for regenerating axons.] By the time twii;axons,
begin to élongaté, much of the groundwork for e success

or failure of regeneration has been laid.
[
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b,’. SuréicallRepair afier Periphéral Nerve I?jury.
Functional improvement of denervated target tissue is
the aim of surgical raepair of transected peripheral
nerves. However, successful reinnervation of target
tissue éepend§ on many pqrgicél factors.  Surgical nerve
repair'can create obstaéles for the regeneratingﬁnerve
including: the sutured reapposition site, intraoperative
trauma, tension at the sutured feapposition site and
grafEihg materiall $urgical repair often involves
suturing nerve stumps in apposition. When the continuity
of the perineurium is broken by suﬁure ﬁaterial, a tissue.
response is elicited_bf the introduction of the foreign
object and entry_of infective agents into the nerve
funiculus is facilitated (132). A sutured reapposition
site represents an interruptioq of continuity of nerve
tissue and a barrier to'bé crogéed by regenerating axons.
Thevtfauéa of iﬂjury and repair can cause an inflammatory
tissue reaction, including the feléase.of chemicals and

substances which may impede axonal elongation.

Intraoperative trauma can lead to excessive collagen

deposition in the form of a scar, preventing axonal

~outgrowth and diminishing perfusion. Nerve stump
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}eapposition under tension decreaseé blood flow and
stretqhes axéns (25,70,79). Sign; of reduced blood flow
ége evident when the nerve is stret’ched by 8% of its
1éngth. If a peripheral nerve ig stretéhed to 15% of its
length,fcomplete stasis occurs in all vessels in the nerve
(70). It has been suggested that a regenerating nerve
mighf have 9 better chance of success when crossing over
two sutured reapposition sites than one under tension
(10), To eliminate tension, a nerve graft can be inserted
'to bridge an interstump gap, but there are drawbacks ﬁo
this technique: graftiﬁg intréducés two sutured
reappbsition sites and the site of’failurékis often the
second coaptation site (10); there is'difficulty matching
nerve diameters, as degeneration causes nerve atrophy; a
nerve must be sacrificed when using an autograft.
Sgpending upon the type and extent of periphefal
nerve injury, a different surgical repair technigque is
followed:. After a clean nerve transection, epineurial

repair is often advocated since the nerve has not

undergone undue damage and the funiculi can be visualized

and re-aligned (132). The advantage of this approach is

that it results in less injufy to nerve tissué and blood
. /

vessels due to suturing agdfhandling (132), However,

\ ‘

\

>

th
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epineuriai reapposition hae been criticized because there
is no attempt to iesure that the regenefating axons will
extend towerd;the appropriate.target. |

If perigLeral nerve damage is‘sufficient to requige
removal of a small amount of nerve tissue, funiculaf‘
repair is the surgical.approach often chosen.(91,132).
Punicular repair 1nvo}ves dissecting out the proxlmal and
distal funlcull to allow each prox1mal funlculus to be
sutured to a co:respondlng distal funiculus by either
perineurial or intrafunicular sutures. The fueicular
arrangement of peripheral nerve is a censtantly changing
plexus. Wheg‘attemeting funicular repair in the presence
of a tissue defect, correct funicular alignment is
difficult ThlS fggalr is said to improve relnnervatlon
by properly allgnlng -funiculi. However, during regen-
eration after retrograde degengration in the proximal
stump, extensive axonal sproutiﬁg occurs and "regenerating
units" form in individual perineurial sheaths (83). This
reorganization, llkely changes the funicular pattern
'suff1c1ently to prevent a correct match ofq?ﬁqpcull.

Als»o, thls procedure involves a greater amount of handling

and suture material, which could cause further,nerve and
F i

¢
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blood ¥essel damage. There does not appeér to be clear
Hevidence that fﬁniculgr repair is more successful than
gpineurial. When fﬁnicﬁlar and epineurial repair were
compared in an ultrastructural study, no sta£isti¢al )
difference was found between the number of regenerated
fibres in.each group (91).. 9
--After nerve crush injury or infection with epineurial
damage, necrotic tissue must be gemoved ofﬁen 1eavihg a
significant interstump gap. in the past, moét nervey
gfaftfng efforts to bridge interstump gaps ended in «
failure;(l0,124,125)., To avoid nerve grafting, éurgeons
stretched nerves across distances and performed't
anastomosis under tension, often with a joint @n'a flexed
positiont This caused damage to the nerve, offered little
opportunity for regeneratiqn and caused'joint
contractures. The introduction of the.Surgical‘
microscope and a better knowledge of peripheral nerve‘
response to'injufy,;f;sulted in an improved success rate
oP’nerve grafting and it became the treatment of choicé
over anastomosis under tension (10).
Nerve grafts are sutured in a similar fashion to end-

to-end repair, that is, funicular or epineurial. A cable

graft is a group of nerves grafted together and a full

A
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thickness graft measures the same diameter as the nerve
; . . . ;

being repaired. Fuqicul&r graftidg will only achieve its
aim if £hekfﬁ;icular pab&ern_;; the graft at the
reapposition site is identically‘matched iﬁ'the proximal
and distal stumps (44). An autolqgous nerve graft‘is most
often used, because homografts and heterografts have lower
rates of success (132). ‘ Q\

In a comparative study of an "empty perihehrial tube"-
graft to an autologous nerve graft, all the fascicles from
a 25 mm piece of sciatic nerve were removed, leaviﬁg an
empty perineurial tube. This was grafted to the proximal
and distal stumps of a transected nerve Qith 10-0 nylon
sutures. Using EMG recordidg, angiograms, light and

electron microscopy endpoints, the authors reported the

perineurial tube.techhique was superior, yet Ehey showed

?

' no statistical difference between the two (106).

There are qther nerve—grafting techniques which are
used clinically and appear useful under particular’
circumstances, -Two ;xamples are: pedicle grafting, which
uses part of the divided nerve as the grafting materidl,.

maintaining some blood flow, and nerve crossing, which

uses an adjacent uninjured nerve to partially or

s

~ completely reinnervate the distal stump of the injured
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nerve (1322. l.f
. One of the prgbiems Qith né:ve grafting is héving to
lay thg graft on.a scarred géd. 5cér tissue restricts
blood flow, reducind the,vascula:izatién of the nervé
Ygraft and nervelstuhps (10). Nerve<grafts,f;equently
become necrotic if the centre because they are Avascuiar,
while the peripherai\:ells remain viable due to diffusion
from surrounding fluid (78). Free vascularized nerve
gr§$ting, ?y ﬁroviding a rapid revascularization of the
graft and iﬁjﬁred nerve stumps, offers advantage over some
of the problems with conventional grafting. Despite its
advantages, free vascularized nerve grafting is limited by
the availability of a donor ana £he fact that both a qerve'
aﬂd an artery must be sacrificed with each procedure
(10). ’

Other biological non-neuronal tissues have been
tes;éd as briﬁging maﬁerials including: formalinized
calves' arteries, fascial tubes, catgut and decalpified
bone tubules.. When used as nerve grafts, these materials
most often resulted in an inflammatory tissue response
with little‘or no axonal elongation (58). A bridging
matgfial which has been sucéﬁssfully used is collagen., &

Y

‘cell-free matrix of collagen derived from bovine skin was
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proauced in 1977 (56). Collagen matrix is a liguid at 4°.
C. and gelsﬂat‘body tempefature within an hour. It ha§
been uéed in several studies as ;—éubstrate-for perigﬁgral
and central axonal growth across a gap (22,24,35,47).

Nerve gqide tube repair is a technique used to bridge
interstump géps beindrtested in animai models |
(57,67,68,71-76,88,115,149-155). Nerve guide.tubes made
out 6f a variety of materials, are useful because they
minimize the‘amounf of suture material needed, support the
nervé and regenerate, allow for obsifvation, provide an
opportunity for sampling contents or administering
substances to modify the regenerative respcnse of the

nerve and will reduce tension at the reappcsition site.

Lundborg (71) entubulated the sciatic nerve with a

_mesotﬁeiial chamber which the rat z:jguced itself. The

subcutaneous implantation of a silastic réd surrounded by

a coiled wire, produced a tubular mesothelial structure

upon the removal of the rod a few weeks later. The tubé,

kept patent by the coil, was sutured to the proximal and
-

distal stumps of a transected sciatic nerve in the same

animal. Using this technique, axons regenerated across a

12 mm. gap in six weeks (72). 1In a silicone nerve

‘ i
regeneration chamber developed by the same group later, a
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gap greéter than 10 mm. could not be Bridged by axons
(73). | |

Nerve guide tube studies have addressed many
guestions regarding peripheral ﬁerve regeneration. Thé
subject of one study was the progress of reconnection and
axonal regeneration across a‘io mm gap in a silicone
chamber (150). The chamber initially filled'wifh fluid
which solidified to a non-cellular bridge consisting
mostly of fibrin and which connected the proximal and
diéfal stumps. This was followed by the migration of
epineurial ana Schwann cells and fibrobklasts (from both
proximal and distal stumps) making it a cellular bridge.
Finally, axons elongated across the cellular bridge to the
distal stump (150).

Fluids, gels and mixtures of putative growth-

promoting substances placea in the interstump gap of. nerve

\

. . .V
guide tubes have been tested in an attempt to increase the

—

rate and/or density of regenerating axons. If an empty
silicone chamber was sutured to the proximal and distal
stumps, axons could only»regenerate a distance of 10 mm.
When the gap was filled with phosphate buffered saline,
axons grew across a gap of 15 mm (155). A mixture of
xXlaminin, testosterone, ganglioside and catalase was

-
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injected into éiliconé regeneration chambers which were
sutured to a transected peripﬁeral nerve. After one .,
month, a greater density of axons, Schwann cells and blood
X vessels was observed in the chamber filled with the
mixture of growth promotiné factﬁrs than an empty one
(86). A laminin-enriched gel was inserted into
- polyethylene regeneration chambers and then implanted. &
greater rate of nerve fibre regenerétion was ;eported in
the chambers with laminin-enriééed gei, as.compared\to'.
empty chambers (74). On the other haﬁq, wh%n an 8 mm
interstump gap in a nerve guide tube was filléd with
oligddend}ocytes suspended in collagen, axoral growth was
impeded. At eight weeks, 1 out of 12 of the nerves
dgegenerated through the medium, while 6 out of 9 tubes.
implénted empty {esulted in nerve regeneration. After
testing regenera?ion through the collagen alone inside the -
tube, it was concluded that centrél nervous system c;lls
D were responsi913§{?r this %nterferencg of axonal growth
(47). | h
Porous nerve guide tubes allow substances from
ourside the tube .to enter, where they may affect axonal

regeneration. Depending upon the pore size and materials

the tube is made of, particular substances could be



selected to enter or excluded from entering the chamber,
When a perforatedhsilicone tube was used to bridge an
interstump gép, it was found to contain a éreater”number
of regenerated axons as compared to an impermeable
silicone tube (48). A nerve guide ‘Yube made of "expanded"
Gore-Tex, a porous carboﬁ and fluorine polymer (30 um
pores), was compared to autogenous nerve grafting of
transected rat sciatic nerve. After four monﬁhs, thé‘
resultd were assessed using gastrocnemius mhgcle‘weight,

' light microscopy and electrophysielogy, and no difference
Qas found‘between the two groups (36). A polyglactin tube
(with pores 0.4 X 0.4 mm) was compared to autologouns nerve
grafting using EMG and morphometry. -The results showed no
differences between the groupé'with fespect to nerve fibre
caliber or degree of axonal myelination gBO); Madison
(75) found that regeﬁeration was most dense in “large
pored" collagen-based tubes implanted in mouse sciatic
nerves as compared'fo; small-pored tubes, the additioﬁ of
a laminin enriched gel to large-pored tubes, or laminin
enriched gel in small-pored tubes. In contrast, wﬂen

“~
implanted semi-permeable acrylic Amicon tubes were

Sy

compared to impermeable PVC or silicone tubes, the

silicone tubes were found to contain the highest density
. \ :
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of myelinated axons (57). Although not conclusive; it
appears that porous nerve guide tﬁbes may improve the
density and rate of regenerating akons.by aliowing factoré
from outside the nerve guide tube to énter and bathe the
nerve tips. '

Biodegradable nerve guide tubes have been proposed
for use in human surgery (88). In one study;'rat sciatic
nerve regenerated across a 10 mm._gap in a biédegradable
tube (115). However, it was reporked that’ biodegradable
tﬁbes might, induce a compressive neuropathy secondary to
shrinking during the degradation process (76). Another
modificaticn of the nerve guide tube technique is the
introduction of dividérs. A nitrocellulose strip was used
to divide a silicone chamber into two parts. Two nerve
regenerates grew, one on each side of the divider;'It was
suggested that this approach may aid in the formation of
fascicular patterns and also allow the introduction of
growth-promoting substances, which could be bournd to‘the
nitrocellulose divider (20).

Depending upon the nature and extent of nervﬁ‘injury,
there are many surgical approaches which can be taken.'
Epineurial and funicu;ar repair reappose injured nerves,

-

Eﬁt there are drawbacks to each type of surgery. Nerve
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"grafts are currently ﬁsédﬁﬁb bridge ihterstump gaps,/ One
direction of research is towards ghe improvement of the
materials used and- tﬂb structure of nerve guide tubes as
well as the modification of the*xnternal environment.
With improved surgical'techniqﬁe and ﬁéterials,

entubulation may provide,an approach ZB}ch will affect the

success of peripheral nerve repair.

"""{:}
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'c.'iITropic and Trophic Influences on. Peripheral Nerve

Regeneration. .

|

"Tropism", as it relates to the peripheral nervous
system, is an effect generated. by some‘object ogjgubstance
which will influence the direction of axonal g:d;th {27).
A "trophic" i;fluence on a periéheral nerve, refers to a
substance which will nutritionally support axonal growtp
when present (27). But, these two terms may lose their
unigque definitions, when ueed to describe an event such as
the developmenﬁ of the peripheral nervous system or its
regeneration, If there are "trophic" factors supporting
" the outgrowth'of fibres, these same factors could be
considered "tropic" if they also guide the direction of
that outgrowth. The combined effect of the two may be
considered growth- or regeneration~promoting properties,

In 1944, Weiss ana.Taylér (149) used a Y-shaped
arterial cuff (made from the bifurcation of the abdominal
'aorta of a donor rat) to test t:dpic influences on
regenerating axons. The'proxi&a; stump of a transected
.sciatic nerée was sutured inﬁo the single tiPnk inlet of

the inverted "¥Y", and a nerve graft "target" was sutured

into ope of the two distal trunk outlets..In the other1y
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distél.frunk outlet} they tested the tropic influence on
regenérating axons of tendon, empty space or another nerve
graft target. They found that the same number of
regenffating axons reached every target and reported that
tropiém did not exist in peripheral nerve regeneration.

: Their conclusions held for séveral years, but were

challenged by Politis et gi (95) who repeated the

expe{iment in 1982 with_Y-éhaped pélyethylene tubes., They
found a géLater number of axons extend;d into nerve grafts
than inﬁo other distal implanfs. These results and others
sugges?i§ that axonal regé%eration after peripheral nerve
transection.could be guided by substgnces in the distal
stump (95,96)., Williams (154) also fepeated Weiss and
Taylbr's early study, using Y-shaped silicone.tubesﬁ The
targets pgésented to regenerating axoas were aorta, nerve
tissue, tendon or an empty space. As many axons extended,
to aortic tissue as the nerve implaht, but £he o;her
targets attfagted none. It was concluded that the distal
nerve implant and aorta gdssessed regeneration-promotinéhr
properties (154). ~ | f'
Lundborg et al (72) studied the effect of the dis%gl

nerve stump upon axonal regeneration using a rectangular

ﬁésothelial chamber. The proximal stump was sutured into
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one corner of the.chamﬁer and the distal stump was
inserted in the‘diagonally opposite corner, or left Quf.
Regenerating nerves” made a'diagonal path to the distal
stump, but when it was absent, only undirected axonal
growth occurred. In another expgriment (48}, the proximal
nerve stump was sutured into one end of an imperméablé
nerveyguide tule while the other end was closed with
either a solid plig, a 5 um Millipore filter or a 1.2 um
‘Millipore filter. With theosolid.plug preparation there
was abortive nerve éfowtg% A nerve cable reached the 5 um
filter, while the 1.2 um filter preparation had ﬁinimaL‘
growth (48). These results support the view that the
distal nerve stump exerté é‘tropic influence on
regeneratiny peripheral axons (72).

Trophism as applieﬁ to the study'of nervous system
development and connection first took f&rm in 1909 with an
experiment by M.L. Shorey, who showed that removal of

neural targets during development resulted in a decrease

in nerve cells in corresponding areas of ‘thg chick nervous-

system (10l1). Since that éime, similarities .have been
found between the trophic interactions during deveiopment
and regeneration. Nerve growth factor, for example, is

essential for the development of sympathetic nerves, but
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also may be involved in peripheral nerve regeneréti&q A

- (59,66,107). ‘Myelin{associated blycoprotéins are
éynthesized iﬁ.the developing cat périphefal nervous
'sYstém (156). Pro;eih analysis during remyeiinatién after
-*t?&hsection revealed higher “levels of myelin-associated
glfdoproteins and supported ﬁhe theory that thése proteins
) piay an essential role in the Schwann cell/regenerating
axon interaction (156). ]
Lubinska (69) proposed that a trophic factor was
.rdistributed throughoﬁt the axbh, where it inactivated
Schwaﬁﬁ:cells, preventing nerve fibre degeneration. This
theorj was supported by a multiplé‘tfanseétidn study
measuring.the time of onset of Wallerian degeneration in
various parts of the nerve. The conclusion was that the
‘isolation of nerve tissue from the trophic factor-by
transection was the critical trigger for degenerative
dﬁanges in the nerve’ (69).
| Some of the trobhic factors occurring. endogenously in
the‘peripheral nervous system which'have been studied Are:
nerve growth factor (NGF’, gangliosides, fibronectin and
laminin,

NGF has been purified, characterized and shown to be

essential for the in vivo survival of embryonic sensory
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and symbathetic-neurons (136). If animals are injecteﬁ

e

P o ‘
ﬁjﬁ”\is the disappearance of 99% of the sympathetic nerve cells

.

with NGF antiéefum for eight dayé_after birth, the result

(66). Results of other studies suggest that NGF might be
synthesized by target tissues and at that site, regulate
the survival and differentigtion of sympathetic and
sensory,ﬁeurons (117).

Schwann cells are probably responsible for the
synthesis of NGF after axoﬁomy (59;107). NGF»receptbrsl
have been found to be expressed by Schwann cells afte}
neurotomy (134). This receptor expression was correlated

. in time with tranéection, and disappeared at the same time
as regenerating axons &drrived and iade contact with the
Schwann cells (i34). It appears that NGF gna Schwann
cells have;an important relationship which may be
influenced by traumatized or regenerating axons, but the’
'implicatfons of this relationship are not clear.

A.smal; protein has been isolated from mammalian
brain which is similkar to NGF (4). This\bréin-derived
protein exhibits growth-promoting qualities. It is
reported to be necessary for im vitro survival of some

NGF-insensitive sénsory neurons and some neural crest-

derivea NGF-sensitive neurons (4). NGF is necessary for
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'.the survivai of explgnts of sensory ahd sympathétici |
neurons, stihulates neurité outgrowthQEnd triggers |
neurotransmitter expfeséion (62,65). .Barde and Thoeﬁen
(4) suégest that some negrons may require both NGF and the
brain;derived protein during‘development.

Ganéliosides are glycolipids found in neuronal
membranes. They have been implicéted in néuronal
diffegentiation, growth and synapse formation in thé
periﬁher&l and céntral nervous systems (33). |
Intrape;itoneallinjection of gangliosides, increases the
sprouting of nerves in rats after muscle denervation and”
aagments the number of regeneratiné axons after_crqsh \
injury of rat sciatiqrherve (32,128).

Monosialoganglioside (GMl) was added to the medium of
exﬁianted day 8 chick embryo dorsal -root ganglion cells
which had been induced to sprout by NGF and this resulted
in enhanced growth (63). .Without NGF, GM1 had no effect
(63). The mechanismrby which gangliosides can enhance
growth is thought to be via cell membranes. They may
induce receptor expression or alter membrane-associated
enzyme activity, increasing the cell's tolerance to ionic
imbalance often present in traumatized nerve (32,33).

‘

Letourneau (65) showed the ability of elongating
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neurites iélgitgé to recogeize surfaces containing the
' membrane gi&toproteins,fibronectin or laminin and
breferentially extend along their path. Davis et al (21);
described an intimate relationship of laminin and
_substrate-binding neurite-proﬁotipg factors in'

regenerating peripheral nerves. Other putative growth-

'L"brqﬁoting substanceS-SUCh as thyroxine, spermine and

’
¥

' melanocortlns have been used to treat anlmals in an
attempt to improve axonal regeneratlon. Per1phera1 nerve
regeneration is slowed in hypothyroidism, if the thyroid'
gland is removed, the normal rate returns ifs the animal is
treated w1th thyroxine and hyperthyrordlsm results in
30celerated nerve regeneratron (17,77). A comparlson was
made between treating a rat with subcutaneous injections
of alpha*melaﬁoé}te stimulating hormone, thyretropin—
relea51ng hormone, testosterone and an intraperitoneal
injection of spermlne after crush-injury of the sc1at1c
nerve.. The results revealed that only spermlne lnjected
animals had a faster axonal regeneration time, It was

'*suggested that polyamines may accelerate-axonal

| regeneration in the peripheral nervous system (52). In:

another study, melanocortins (ACTH and MSH-like peptides)

were administered subcutaneously to animals with a
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peripheral nerve transection. The Fesults implied these
béptides stimulated axonal regeneration (140). Finally,
subc;taneous injections of ACT3[4_10] were giveh‘every
other day to' rats with.a crush-injury to.the sciatic
nerve.' The authors reported an aéceleratién of muscle
reinnervation and an increased density of nerve fibres in

treated aftimals (31). It is interesting that many

endogenously occurring supstances exhibit growth-promoting
\ .

 properties, but perhaps their concentrations néed to be

. . ! .
- increased under conditions of trauma to be effective. In

Qrdér,to better use_their'inflggnce, further inv, stigatidn
is required regarding their mecﬁanisms-of actiqZﬁ
Exogenous tropﬂic facfors have alsb'been the subject
of investigation. Pometranz (93) has shown that with DC
stimu}atiqn, sprouting was enhanced.in chronically
denervated rat sciatic nerves. In vitro studies showed
neufites of‘frog (Xencpus) neurons accelerated their

growth and curved thetr path in'response to weak

extracellular electrical fields (93). The dye pyronin was

administered to mice thfough their drinking water and this
was reported to accelerate axonal sprouting of crushed
soleus nerve (53).

I3
f?opic and trophic factors may be important in the
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. - nerve's respdnse to injury and could possibly be

manipulated to improve peripheral nerve regeneration after

*

nerve transection. The distal stump is clearly important
v -

for successful regeneration. ‘Growth promoting factors

‘which are found in the nefvous system, such as NGF,
gangliosides and fibronectin, may have important roles in
regeneration. Appropriate treétment using influences not
normally occurring in the nervous system,‘such as
.electrical fields, may also.enhance regeneration. The
knowledge of the effect of these substances upon
regene:apion can be incorporated during gufgical repair
after peripheral nerve injury. (;

The surgical approach used will influence the outcome
of perlpheral nezve trauma. Excessive streﬁching,

. handling, or suture material, can induce further tlssue
reaction and hamper the regenerat%ve process. The use of s
autologous nerves grafts to bridgef;erve gaps, has gainéd
popularity and success (10,132) However, further researéh
into entubulation technigues may provide an beﬁtef

€

environment to protect and enhance axonal elongation.

->
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B.  INTRODUCTION OF THE EXPERIMENTAL.PROTQCOL
‘ 4
AltHough much.ﬁas been learned about mamﬁalian
peripheral nerv? regéneration in thelpasﬁ 25 years, the’
prbcess which recbnnects a transected nerve prior to
axoﬁal-regeneration and the possible influences over'Ehis
phenomenon.have not been well explored. One difficulty
o during surgical repair of transected peripheral nerve is
'tq? bridgihg 6f'an iqterstump gap.. A cap is often formed
- by the removal oftnérvg tissue due to extensive trauma or
pécrosis._ Nerve guide tube repair after neurotomy,
provides an experimental model to study the formafion of

the tissue bridge which reconnects the proximal and distal

‘stumps prior to axonal regeneration {(138,150). The nerve
guide‘tube aids nerve repair by supporting the .nerve tips
~and tis%ue bridge, helping to align the nerve stumps and
allqwing.for manipulation of the environment surrounding
the nerve tips (22,24,25,73,155). Using a polyethylene
.é?ﬂ) nerve guide géchnique developed in our léboratory,,
regenerating axons of transected rat sciatic nerve are
able to cross a 3 mm gap within 4-6 weeks (24,35). This

technique is alsoc useful to.study the formation of the

tissue bridge which reconnects the proximal and distal .



V;; o : 31
nerve st;eps prior to axonal regenefation (138,150).
| Initially, Qe were interested in studyiag possible
tropic or trophic influences on axonal regeneration after
transection. However, in our pilot study, when examining

the nerve preparations nine days after transection, we

found that although axons were not crossing the 3.mm 3ap,
the nerve stumps had reconnected Upon reviewing the
literature, we-found that little work had been done on
this subject., Thess observations led us to become
interested in sEﬁdying the formation of the tissue bridée
which reconnected the proximal-distal nerve stumps prior
to axonal elongagzon. It is known that this tissu; bridge
is composed of collagen, fibri?, fibroblasts and blood
elements but contains no axons g}38,150). However,
neither the procéss which results in reconnection of the
proximal-distal nerve stumgs prior.to axonal regeneration
nor the factors which ﬁ?ght influence tissue bridge
formatien are well understood (126). |

-éilot studies involving fourty-nine Long Evans Hooded
male rats, used a slightly modified polyethylene (PE)
ﬁcde} to examine the sciatic nerve nine days after

~transection. As nerve ceil bodies and target tissue are

!

known 'to have essential roles in the success of axonal
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regeneratién, these factors were considered in ouf study
of tissue bri&ge formation. After obserﬁihé nerve
reconne§tion under many conditions, we found that the
tissue bridge would reconnect. the proximal-distal nerve
stumps despite removal of the influence from either nerve
cell bodies or target tissue and suspected that tissue
bridge formation was a local event. The results of the
pilot study led us to design the curfent experiment.

As mentio&ed, we Werelinterested in examining the
.ﬁoséible influéncés on the development oﬁ the tissue
bridge reconnecting the proximal-distal nerve stumps nine

days after nerve transection., In this experiment, we

e

examined three of the possible infleences on tissue bridge
formation preceding axonal regeneration, they were: i)
nerve cell bodies and target tisﬁue, ii) factors outside
of the nerve guide tube aqd iij) factors within the nerve,
In this study, we used the same PEfﬁkrve guide
techqidue as in the pilot projects and dgsigned three
. groups of nerve preparations, TRIPLE TRANSECTION, LIGATION
and FILTER to examine tﬁe above mentioned influences on
tissue bridge formation (Fig. 2,3}4).
IH Group TRIPLE TRANSECTION, we investigated whether
a tissue bfidge could form if:. 1) fhe proximal .and distal



nerve stamps Wgre.isblated from theif';espective nerve
cell bodiés'and tafgét tissue, 2) factors ﬁutside thé PE
catheter were prevented from”eqterinthhe in£erstump gap.
Po do this, the sciatic nerQe trunk wag cu; three times,
in the middle, proximally and distally, thereby removing
the nerve cell bodies' and target tissue's-inflﬁence on
tissue bridge formation. The PE catheter was then plugged
with petroieum jelly or heat-sealed with plastic discs, £o~
prévent theentry ofjbutside factors ibto the iﬁterstuﬁp
gap. 4 |

(ﬁ In Group LIGATION, we examined the relative influence
of intfinsic neurél or vascular flow from the pro#imal or
distal nerve stumps on the rate of tissue bridéé’-.
formation. The sciatic qerﬁe was ligated either
proximally or distally to the transectionm site and then
transected in the middle.:

Finally, we designed Group FILTER to exclude the

possibility th%% the heat-sealed TEIPLE TRANSECTION nerve

preparations did not reconnect due to a lack of oxygen or

. ' s

other nutrieﬁts. We modified the heat-sealed TRIPLE
TRANSECTION nerve preparation by cutting a window in the

PE catheter and.coverinq it with & MicronSep 0.45 um pore
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nylon filter*., The filter would allow diffusion of oxygen
. and other flﬁids“into:the nerve preparaiion while
excluding the physicai penetration of microvessels.

Nerve guide tube ;epa;r is used to aid bridging
interstump gaps after peripheral nerve transection;
Regenérating peripheral nerve f;bres require particular
conditions for success, including a favorable surface to
grow upon f33,65,102,112,132). The tissue bridge'observed
at nine days provides a surface for axonal elongation, but
the progréss and regufation of its formation has not been
wel{;ﬁtudied. A getter understanding‘of this proceég is
criEical because an optimal tisgue bridge reconnecting
-transected nerve stﬁhps, may improve thé density and rate

of axonal regeneration which followé.

%

* 11769 MicronSep, Honeoye Falls, NY, 14472.
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c. ID:IETHODS' h |

in the current study, twenty-two Loﬁg E;ans Hooded
male rats (350-445 q) were used (forty-nine additiéﬁél |
rats were used in the pilot experiments). With each rat,
both sciatic nerves were exposed but ea® underwent a
'different procedure. Ansystematic approach wés.taken to

isolate the interstump region from potentidl sources of

influence and observe tissue bridge formation.

a. Surgical Method

All animals wvere aqaesthetized with ketamine 60 mg/kg
intramuscularly, pentobarbital 21 mg/kg intraperitoneally
"and atropine 0.1 cc. intramuscularly, and prepared for
su}gery. |

The rat was placed in a prone position and restrained -
in a head holdegr with its hinglegs taped to the table.
,Body temperature was monitored with a rectal thermometer
and maintained at 37°C with a heating blanket.

Using a clean surgical technique; a 4 cm. long skin
incision was‘made over &ach thigh. The gluteus maximus

and biceps femoris muscles were divided and retracted with
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sutures. The sciatic nerve'was dissected free of loose

. connective tissue and surrounding muscle from the sciatic

notch to the nerve's trifQ{catigq. This provided a field
of apﬂtoximately 2.5 cm, ..The nerve to bicepé femoris
musclé, which branches from the sciatic nerve was cut
close to its origin‘and this sité was designated the
middle of the nerve exposure. A lOFO.nylon marker stitch
was made-there, to be used iater as a reference point.

A 1.5 cm long piece"of_PE 280 tGE}Pm (inner diameter
= 2.15 mm. and outer diameter =>3.25 mm:\ was sliced with
a scalpel longitudinally and pierced once at each end with
a cutting needle, to ease suturing. The catheter was then
disinfected with alcohol and rinsed with sterile saline.

The prepared PE catheter was slipped -around and
sutﬁred to the nerve with one fb;o nylon epineu}ial stiﬁch
at each ena of the cath;;:?. The longitudinal sl;ce and |
holes weré éealéd with fast-acting glue (Fig. la). The PE
catheter and nerve were then transected with one cut, |
ué&ng a shgrp razor blade held in a blade Breaker. Sincé
the catheter offered firm support for the nerve during
transection, nerve torsion and compression were minimized.

- o
At this point different steps were taken to pose

particular questions, these nerve preparations are



SURGICAL METHBD
'FIGURE 1.

&,‘ A 10—0‘ﬂy10n epineurial marker stitch was made at the
middle of the'neivevekposure. A polyethylene catheter (PE
cath) was slit ipngitudinally and needle holes were made
at each end of the catheter to ease suturing. The PE
catheter was placed around the sciatic nérVe and anchored

to it with one 10-0 epineurial stitch at each end. The

slit and needle holes were sealed with fast-acting glue.

-

- b. The PE catheter and nerve were transected with a
sharp blade at the marker stitch (m). This left two
piépes of catheter, a proximal and distal stump (-———=—-—-~

= transection site).

c. The PE catheters were reapposed, as before the
transection, leaving an interstump gap of 3 mm. A
flexiblé, plastic external catheter (ext. cath.), also

slit longitudinally, was placed around the PE catheters to

maintain their position.



nérve : ‘PE cath. ,marker stitch
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FIGURE 6.

h . .
Longitudinal section bf Group TRIPLE TRANSECTION with
petroleum jelly nine days after transection (Lendrum-

Fraser stain).

'ps = proximal stump, ds +~ distal stump, fm = fibrin

Y

blood vessel-like

matrix, col = collagen fibres, bv

formation,

rd

a. proximal and distal stumps reconnected with a tissue

bridge nine days after transection. Extravasated blood
present close to nerve sﬁumps, cells have migrated into

the gap regiqn.

b. higher power of a middle section of tissue bridge.

Blood cells seen in a capillary-like formation. Collagen

fibres formed along the nerve axis and fibrin matrix
surrounding the collagen fibres in the middle of the

interstump region,
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described.below. In every case, when the proceduré was'
completed, the two catheters were reapposed, returned to
lthe positf?p they were in before transection, restoring
the oriéinﬁl alignment of the nerve (Fig. lb). The gap
between the proximal and distal stumps (consistently 3 mm
+ 0.1 mmi and the distance between the marker stitch and
the proximal stump were measured. This point did not move
relative,to the lesion site during the recovery périod and
therefore offered a reliable measurement of tissue
outgrowth, An external catheter (Tygon flexible plastic
tubing, i.d. = 3.75 mm. o0.d. = 4.80 mm,), which was also
sliced loﬁgitudinally and disinfected, was wrapped around
the PE caﬁheters to maintain their position (Fig. lc¢).
The muscles were closed with three 3-0 nylon sutures and
the skin closed with‘skin clips, Betadine was immediately
‘applied to the skin. -

After surgery, each animal recei&ed an inéramuscular
injection of penicillin. The animal was allowed to
recover ih'the laboratsry, with a heating blanket dnder
half of the cagé. After 24'hours,:a neurological
examination was performed to ensure total transection had

occurred. Animals were housed in single cages in a

temperature, humidity and light controlled environment.
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Food and water were available ad libitum. .

There were two animal deaths durlng the eetlre study
(1nclud1ng'the pllot studles) and no 1nfect10ns occurred
Wlth.the sciatic nerve transected, the animals were
capable of grooming, eating and drinking;

The characterisfic gait of an‘animal with its-sciatic
nerve transected was weight-bearing on hindlimb heels,
with the hindlimb brought forward in a circumductqu

manner. No weight-bearing on the plantar aspect of the

foot with splaying of toes was observed.
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b, Nerve Preparations
i, Pilot Studies

TRANSECTION--The nerve and PE catheter were
transected in the middle, as described in Surgical Method,
' to observe tissue brildge formation after nine days (n=8)
(Figure Pl). - | \

. | F 4

CELL BODY/TARGET TISSUE-~-Two nerve preparations were
designed ﬁodexclude'the influence o@ the interstump gap of
elements from either: a) proximal sources called "nérve
Eell'bodiés influeﬁce“ or b) distal sources called "target

L

tissue influence".

l) The herve and catheter were transected in the middle
and:then the nerve trunk was transected a second time 5 mm
proximally. This resulted in an isolated piece oftnérve
tissue within the catheter and the distal nerve stuﬁp_
which was still connected to the target tissue (Figure
P2a). This nerve preparation tested the nerve cell

1

bodies' influence on the formation of the tissue bridge

{n=10). ‘ ' .



NERVE ?REPARATIOHS PILOT STUDIES

~ FIGURE Pl X TRANSECTION
The nerve and PE catheter werestransected one (-======< =
transection site), in the middle (m) of the nerve
preparation.

r
FIGURE P2. CELL BODY / TARGET TISSUE
a) .. The nerve and PE catheter were transected at m and 5
am p;qximally (p}). |
b) The nerve and PE catheter were transected at m and 5

mm distally (d).

FIGURE P3. NERVE STUMP BLOCK

a)' The nerve and PE catheter were transected at m, then

each open end of the cut catheter was heat-sealed w1th as

"mm thick impermeable plastic disc.

b) The nerve and PE catheter were transected at m and §,
then heat-sealed as described above.

c) The nerve and PE cathéter‘were transected at m and 4,

then heat-sealed as described above.

o~
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2) The nerve and catheter were transected in the middle
and then the nerve trunk was transected a second/time S mm

distally (Figure P2b). This tested the target tissuefeﬁr

influence on the formation of the tissue bridge (n=7)v "~

1

. NERVE STUMP BLOCK--Three nerve preparations were
1
designed to test the possible influence of one nerve stump

upon the other with respect to tissue bridge formation.

1) The nerve and catheter were transected in the middle;
then both inside open ends of the catheter were heat-
sealed with 1 mm thick impermeable plastic discs (Figure
P3a). Although this evented nerve stump reconnection,
the growth from edch nerve stump could be measured {n=7).
The heat-sealing procedure did not appear to overly
heat the nerve tissue. This was tested by lnsertlng a
probe thermometer into a piece of catheter‘while‘the'
cauterizer's hot tip (used to seal the-diSce)‘teuched-the
catheter repeatealy. The thermometer was "in the place

where the cut end of nerve would be, and the temperature

never exceeded 37°C.



-

_,7‘3 -

- ' ' . 43

. . [}
2) The nerve and catheter were transected in the middle

and the“plastic discs sgaled,'as described above, then the
. l . .

proximal nerve trunk was transected a second time (Figure

w

P3b), This was done to isolate the proximal nerve sﬂﬁmp

-and test its influence'on the formatioJ of the tissue

+

bfidge (n=4).

'3) The nerve and catheter were transected in the middle

] +
and the plastic discs sealed, as described above, then the

distal nerve. trunk waﬁ transected a second time (Figure

P3c). The aim of this nerve prepafﬁtiou was to isolate the

L]

1 - .
-distal nerve stump and test its influence on the formation

of the tissue bridge (n=6).

. . T~/ ‘
TRIPLE TRANSECTION ( PERFORATION)~~When the heat-~

sealed TRIPLE TRANSECTION nerve preparation did not .

~reconnect, it suggested that entry into the catheter of an

outside factor was necessary for the formation of the

tissue bridge. The heat-sealed procedure was repeated,.
- i

~except that a 0.5 mm diameter cutting needle was used to

punch eight holes in the middle of the catheter to allow
the g;ssage inside of external factors (n=9)

(Fiéure P4}.
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PDOUBLE TRANSECTION--With the PE catheter in place,
. 4 N

instead of transecting the catheter and nerve in the
! . : , A

middle, two transections were made, one at either end of

the catheter, leaving 1 cm 1oné isolated piece of nerve
within the catheter (Figure P5). This preparation was
designed to see if the tissue bridge would extend from the

nerve tissue outward, in the absence of other nerve tissue

(n=6).‘
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' NERVE PREPARATIONS PILOT STUDIES

P

F;GURE P4. TRIPLE TRANSECTION (PEREORATION)
,The‘herve and PE catheter were transected once at the

middle (m) and then 5 mm proximally (p) and 5 mm distally

{d). The catheter was perforéteg eight times in the

center with a 5 mm diameter cutting needle.

FIGURE P5. DOUBLE TRANSECTION
The nerve trunk was transected twice leaving a-1 mm

long isolated piece of nerve within the catheter.

FIGURE P6. DOUBLE LICATION

The nerve trunk was ligated 5 mm proximal and 5 mm

' distal to the middle of the nerve preparation and then the.

nerve and PE catheter were transected at m.

- (
o : A

—
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DOUBLE LIGATIN-The nerve Qrﬁnk‘gas ligated 5 mm

proximally ana'distally to the tfanséction site (Figpré

P6). This-study was done to see if a tissue bridge w6ﬁld .

reconnect the nerve stumps tn=4})..

r t

ii. Current sStudy

Group TRIPLE TRANSECTION. . . S L
Nire nerves were transected three times: ‘at‘the
marker stitch and 5 mm proximal and distal to it. This

procedure removed the nerve cell bodies' and target

tissue's influence on the interstump gap. The catheters .o

| . .
were then reapposed and the open ends, facino the external

£luid, were plugged.with petroleum jelly (Fig. 2a).

In thirteen additional'nerve preparations, the
petroleum jelly was replaced by a 1 mm thick impermeable

R} s s
plastic disc which- was heat-sealed to each open énd of PE

catheter (Fig. 2b). This nerve preparation maintained;the‘
nerve stumps in isolation from the influences described
abgve while further preventing the entry of all factors
from outside ;he catheter, into the nerve preparation.

Because of the brief study period, we felt that cells in

-the nerve preparations would remain viable.’ Therefore, if

\



‘NERVE ?REPARATIOﬁS

FIGURE 2. Grpup i‘R;PLE TRANSECTION.

a. The nerve and PE.céthetgr:were transected'threé times
{==—== = transection site), 5 mm proximal to the middle of
Ehe nerve exposufe (p), the middle\fm), and 5 mm distal to
the middle (4). .The open ends of the PE catheter were
piugged with petroleum jelly (not shown).

b. The nerve and PE catheter were transected three times
at p, m and d. The open ends of the PE catheter were
heaﬁ-sealed.w%th impérmeable.p}astic.discs.

FIGURE 3. LIGATION % ¢

a. The nerve trunk was ligated 1.5'mm proximal to the
marker stitch, ensheathed by the PE catheter and
““transected at m. 1

b. . The nerve trunk was ligated 1.5 mm distal to the =
marker stitch, ensﬂeathed by the PE catheter and
transected at m.

FIGURE 4. FILTER.

A 2X2 mm window was cut in the PE cathetef, thé PE
catheter and nerve were transected at.p, m and d. The
open ends of the PE catheter were heat-sealed with
impermeable plastié discs. A 0.45 um pore nylon filter was
vrapped around the catheter, covering the window. The
filter and PE catheter were held in place with an external

catheter {(not shown).

- . .
.
* . ’ . .
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intrinsiC'fierbiasts.and Schwann cells were'responSiBle

for tissue bridge formation, then nerve reconnection would

be expected.

Gfoup LIGATION.

In this Group, the en&ry into the interstump gap of .
int:insié blood vessels, axoplasm and lymphatigs was,
impeded from either-thg proximal or distal stumps by‘a

-

ligature.

PROXIMAL LIGATION. Nine nerves were tightly ligated with
a 3-0 spture 1.5 mm proximal to the marker stitch and then
ensheathed with the PE catheter. The nerve and catheter
were transected at the marke¥ stitéh and the suﬁgery'was

completed as described in Surgical Method (Fig. 3a).
L} . .

DISTAL LIGATION. Six nerves underwent the same technique
as described in PROXIMAL LIGATION, except that the
ligation was placed 1.5 mm distal to the marker stitch

(Fig. 3b).
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‘Group FILTER. Six nervéé weré transected and sealed as in
- the‘heat*seaieé TﬁIPLE TRANSECTION nerve preparation. A
2X2 mm window was cut in the PE catheter and a MicronSep
filter was placed around the PE catheter, covering the
window (Fig. 4). The reéulting increase in.diaﬁéter was
sufficient to prevent the extérnal-cathéter from
; completely qlqsing around the PE catheter and filter,
leaving a gap where the filter was exposed to the
surrounding fluid. is procedure was used to allow
oxygen and other nutrients to diffuse into the nerve

preparation, while preventing microvessels from entering

the interstump gap.
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D. MORPHOLOGICAL EXAMINATION ,

All animals were anaesthetized at the three or nine
day time poiﬁt. Two Group LIGATION animals were studied
after three days to compare the tissue bridge extending’
from the ligateq and no%iiTéaggf nerve tips before nerve
reconnection and the rest were studied at nine days.

All nefves were removed from the catheters and
Aiﬁmediately fixed in 10% buffered formalin except for the
Group LIGATION rats which underwent left cardiac _ -
ventéicular perfusion with heparinized saline followed by
10% buffered formalin. 'In three.Group Q;GATIONahimélé,“
studied at nine days, a 70% india ink solution * followeé
fixation perfusion to fill blood.vessels foﬁ vascular
examination (144). Nerves were'then.removed_and post-
fixed in 10% buffered formalin.

;nk-perfused nerves were frozen with dry ice,

| o
sectioned 80 or 120 um on a sliding microtome and

‘counterstained with cresyl violet. Other nerves were

embedded in paraffin, blocked énd sectioned 6 um on ar

»

rotating microtome. Sections were sta&ged
‘with hematoxylin and eosin for examinatfon of tiésue
morphology, Lendrum-Fraser for fibrin and collagen (60),

or Garvey's stain for mature fibrin (29). _‘»

™

*CFC Liquid Inks, Aquablak, 115.-

-
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~E. RESULTS

Gross examinatioh revealed that all the external

) éatheters'were éoye;ed with thin conndctive tissue which
was well.vasdulafized at nine days. When the nerve
preparation was clearly expésed, a blood vessel network
was visible on the nerve stump and tissue bridge surfaces. -
This:vascu;ar invasion was evident except in the two nerve
preparations where a tisspe bridge did not\Eorm: ﬁeat—
sealed TRIPLE TRANSECTION and FILTER.

‘Pissue outgrowth formed characteristic shapes in the
different nerve preparafion Groups, and also_varied
according to the tiﬁe point‘aﬁ which they were examined
(See Table 1.). . .j

Histologicai examination revealed th;t the tissue
bridge was composed of fibroblasts, red agd white blood
cells, collagen and fibrin: The-blood cells in the middle
of the tissue bridge were in blood vessel~like formation,
while closer to the nerve tip, they were extravasated. 1In
some cases, a fibrin matrix with a small pumber of

scattered blood cells was observed extending from the

nerve tip.



TABLE 1.

Shape of Tissue Bridge Reconnection

‘NERVE PREPARATION

STUMP

-TRIPLE TRANSECTION

.Petroleum Jelly
Heat-sealed

'LIGATION

Proximal(three days)
{nine days)
Distal
_(nine~§ays)

FILTER

(three days)

e
PROXIMAL STUMP

i >
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‘a. Pilot Studies’

Transection

£

The nerve and catheter were transected in. the middle,
and nine days later fhe‘proximo-distal stumps were .
reconnected with- 'a tissue bridgé which was either_thgmsame
‘diameter as the nerve stumps or slightly tapered in ?hé‘

middie;
Cell Body / Target Tissue

In this Group, the nerve and catheter were transected

in the middle and then again either 1) proximélly'or'2)'

‘distally. After nine days, a cone-sghaped tissue bridge

; , :
reconnected the proximo~distal stumps.
Nerve Stump Block

5 In all three nerve preparations, the proximal and
>distal nerve stumps were separafted by an impermeable

plastic disc. This prevented reconnection, but the

-

distance of growth from the nervé tips was measured nipe

&
- L
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dayé after transection. o - . '
1) After nerve and catheter transection in'the
middle, the tissue which extended from each nerve tip

r

averaged 1 mm, <
2) The ﬁroximal nerve stump was tranéected a secénd
time after the middle transection. After nine days;
tissﬁe extended f?om the proximal nerve stump an average
of 0.4 mm, and 1 mm from the distal stump.
3) The distal nefve stump was trangected a‘seéond
time after the middle transection., In thisﬁpreparation an

average of 0.4 mm of tissue extended from the distal stump

and from the proximal stump, 1 mm of tissue was measured.

Triple Transection (Perforation)

This preparation was a triple t;ansec£ion with heat-
sealed disés‘closing the open'ends, also eight holes were
made in the catheter. After nine days, two of the nineﬁ
herve preparations.skowéd a thin, fraéile tissue bridge
reconnecting the proximo-distal stﬁmps.‘In three nerve
preparations, the proximal and distal-nerve stumps each |
had tissue extending from it an aQerage of 0.5 mm. Thefe

was no growth in the remaining four preparations.
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Double Transection |

This prepafatioh produced no gap or reconnection, as
"there was only an isblated'piécﬁigﬁyﬁérve. However,

' -tissue extension was meaSufé@“TrBh each end.outwards;
From the nerve tissue proximallyﬂ the‘tissue.averagedil.s
ﬁm. and distally it measured 0.7 mm. The tissﬁe was, | |
'heav%}y stained fori%bllagen and'displayed Qeryilittle

matrix when examined. - ‘ .

Double Ligation
- -
The sciatic nerve was ligated proximally and distally
7 | T . k
and transected. After nine days, three out of four nerve
stumps reconnected, but the bridge was thin and fragile,

-. unlike the ligation expeximents in the current study.



b. Current Study

Group TRIPLE TRANSECTION. | .

I

All nine nerve preparations plugged with'Eetroleum

jelly reconnected with a tissue bridge. The shape of the,
. e - o
tissue bridge was either the same diameter as the nerve

stumps,'or somewhat tapered in theMmiddle’of the bridée
.(Fig. 5). Red blood cells were seen throughout the lenéth

~

of the bridge (Fig. 6). 0f the heat-sealed nerve

preparations, 12 out of 13 did not reconnect, no cell
migration or fibrin matrix was observed. In one nerve
preparation, there was a thin strand of tissiie connecting

the nerve stumps.
Group LIGATION.

At three days: The three nerves examined did not
reconnect. A cylindricgl fibrin matrix extended from the
non-ligated side towards the middle of the éatheter in a
less dense pattern and céntaining fewer cells than seen at

nine days (Fig. 7).



" FIGURE 5. -

’.an opaque, cylindricai tissue bridge (tb), 'of éimilar

Group TRYPLE ggﬁgSECTION with petroleum jei}y, nine ddjs:‘ ’t}
;fter,trahéection. ' | | o
Thé‘nerQe pfeparation after gpe removal of all cafheters.
The proximél and distal‘nerég stuﬁps have reconnected wiﬁh

~

diameter to the nerve stumps. Marker stitch on the

d

pfoximal stﬁmp (arrow).
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THE QUALITY OF THIS MICROFICHE LA QUALITE DE CETTE MICROFICHE
1S HEAVILY DEPENDENT UPON THE DEPEND GRANDEMENT DE LA QUALITE DE LA

., QUALITY OF THE THESIS SUBMITTED THESEhSOUMISE AU MICROFILMAGE.
*. FOR MICROFILMING. ) :

UNFORTUNATELY THE COLOURED MALHEUREUSEMENT, LES DIFFERENTES
ILLUSTRATIONS OF THIS THESIS ILLUSTRATIONS EN COULEURS DE CETTE
CAN ONLY YIELD DIFFERENT TONES THESE NE PEUVENT DONNER QUE DES
OF GREY. ' . TEINTES DE GRIS. :
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Fibrin matrix present in the gap three day$ after

transection. A section from a nerve preparation in Group

LIGATION (Lendrum-Fraser stain). This is the Beginning'of

the development of the tissue bridge, but has not yet
spanned the interstump gap. The network is more open,

with larger spaces and blood cells are less dense than
RS

'seen- at nine ‘days. : : ‘ﬁ

FIGURE 8. | ' -

/
The fibrin matrix present in the interstump gap nine days
after transecéion. A séétion from near the apex of the
cone-shdped tissue bridge of a nerve pregaragion in Group
PROXIMAL LIGATION with petroleum jeliy (hematoxylin and
eosin stain). Red and white blood ;ells are present
(arrows). - -

o
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FIGURE 9.

pe

Diaéram'of india ink perfusion of PROXIMAL LIGATION nerve
. > ‘

preparation., INSET- photograph of distal stump and tissue

- bridge. 1Ink filled blood vessels are dense in the tissue
'*;ﬁridge (wq@teiarrows), and somewhat more sparsely in the:

distal (non-ligated) stump (black arrow).
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At nine days PROXIMAL LIGATION: 8ix out of seven nervés
reconnected with a conical bridge, the base of the cone at
the distal stump. A fibrin matrix was observed ﬁe;r the
apex of the cone (Fig. 8). Ink-filled blood vessels
éppeared more dense in the nonfligated distal stump,
forminé a coﬁplex ﬁascular network iﬁ,the tissue Bridgé

(Fig. 9).

At nine days DISTAL LIGATION: Four out of five neives
reconnected with a conical bridge, the base of the cone at
the proximal stump. Morphology and perfusion results were

‘similar to PROXIMAL LIGATION. .

s .
FILTER. ©None of the six nerves reconnected. Fibroblasts

-

and neutrophils were observed, but no fibrin matrix was

presént.
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F. DISCUSSION

In our pilot studies using the PE technique, we did
not see regenerating axons in the tissue bridgé ;ine days
after transection, and at three days, the tlssue brldge
had not spanned the proxlmal and distal nerve stumps.
=Therefore}.the nine day time point was used to study \\__#
possible,influenéés on tissue bridge fbrmatioﬁ‘prior to
axonal regeneration. ,The three day time point was used to
examine tissue formation prior to reconneq}ion. The-pilot
studies revealed that neither the cell body or target
tissue influerce was necessary for the formation of the
tissue bridge reconnecting the proximal and distal stumps.
*  Although it has been shown that-a distal stump is
required for successful axonal regeneration (73,151), this
does not appear to be the case for tissue bridge
formation._ This was demonstréted by.the NERVE STUMP BLOCK
nerve preparation and further supported by DOUBLE
TRANSECTION, where no nerve stump was present to influence
the tissue growth which occurred.

Other studies provided clues as to what was occurring

in the interstump gap. The TRIPLE TRANSECTION.
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(PERFORﬁTiON) nerve preparation supported our‘hypothesis‘
tha£ for tissue bridge formation t; occur; elements from
outside the catheter needed to enfer into the interstump
region. However, thié approach was inconclusive because
lthe hoie size waé large enough to allow penetration of
blood.vesséls and other factors from the extracellular
-‘fluid into the catheter. In order to address this issue,
the FILTER nerve preparation was designed, to exclude the
possigility of blood vessel entry into the interstump’
region but to allow oxygen and nutrients inside. In the
" current study, when both proximal and distﬁl ligation
nerve preparations eronnected, DOUBLE LIGATION was
designed. Reconnection after double ligation suggested
thatuextrinsib blood vessels could enter the cathetér;
bypass the ligation and play a role in tissue bridge
formation inside the interstump gap. ,‘

The pilot studies served to adjust the direction of
the project, but it was the results of the current study
which were the most interesting.

Nerve transection using this PE technique
consistently results‘in a 5 mm intérstump gap. A tissue

bridge reconnects the proximal and distal nerve stumps in

nine days and axons elongate across it within 4-6 weeks
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624;35). Theée fiﬁdingé agfee with resuits'frOm othefs»i-
using similar nerve guide ﬁodels.(73,138,150).

.In Group TRIPLE TRANSECTION, petroleum jelly plﬁgs
blocked influences ffoﬁ the nerve cell bo&ies and target
tissue and from other surrounding elements; nonetheless,
the nerve stumps reconnected. The question of the
permeability of the petroieum jelly was tgsted'by
incubating the .nerve prepafation fPE and external
catheters plugged wi%? petroleum jelly) at 37° C with
Evans Blue used as a harker for diffusion. After nine
days, there was no evidence of Evans Blue diffusion frbm
inside out of the nerve preparaticn or the géverse. The
results of the petrolehm jelly TRIPLE TRANSECTION nerve
preparations, suggested that the cell bodies and target
tissue diq not influence tissue bridgerformation. However,
it was still unclear whether intrinsic fibroblasts and
Schwann cells formed the tiséue bridge, or its formation
was due to an outside influence which penetfated the
petroleum jelly.i This questidn led us to use the heat-
sealed TRIPLE TRANSECTION nervef;réparations, te more
completely qxclude the possibility of elements from the

surrounding environment -from entering the interstump gap.

In the heat-sealed TRIPLE TRANSECTION nerve preparations, -

84
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after nine days, a tissue bridge did.not_form. At this
point; we surﬁised that elements external to the ﬁérvg
preparation'were needed for the formation of thé tissue
bridge, and suspected that revascularizatioﬁ of the nerve
stumps was involved, since we had observed blood;vessel
penetration of the petroleum jelly blocked nerve
preparation. |

. To test the hypothesis that vascularization of the
nerve stumps was critical for tissue bridge formation, the
Group LIGATION nérve preg;rations were designed.

Intrinsic vessel, axoplasmic and lymphatic flow were
impeded from ertering the interstump gap from.either the
ligated proximal or distal stump. After nine ﬁays, a
conical t%gsue bridge extended from the non—ligatgd nerve
tip, suggesting that factors carried or transported in the
nerve, not necessarily originating from cell bodies or
target tissue, could be involved in the tissue bridge'
formation. The results fro& the india ink perfusion
showed that blood vessels had penetrated.the tissue bridge
and formed a rich vascular network. We also noted that at
three days, the first elementé observed in the interstump
gap were-figrin and blood cells. 3

Finaily, to exclude the possibility that the heat-

=
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sealed TRIPLE TRANSECTIQN herve\gggparétions had not |
reconnected because éhe nerve tissue had reduced
availability“qflbxfgen and nutrients, we used the FILTER
nerve .preparation. The filter pore size would allow
diffuéion'of oxygen and other nutrients into the nerve
.preparation while preventing microvessel penetration. .
Although intrinsic fibroblasts and chwann cells had
access to oxygen and other nutrients, a tissue bridge was
not formed. Therefore, it appeared that these cells alone.
were not responsible for tissue: bridge formation, or. they
lacked some fagtor(é) from outside the PE.catheter which

was excluded b& the 0.45 um filter.

kY

It became apparent that nerve cell bodies, target
tissue, intrinsic cells and factors from‘outside the
cétheter, which were diffusible through a 0.45 um filtér,
were not essential for tissue bridge formation, although
likely important regarding the ultimate fegenerative
fesponse of the nerve.  Howgver, india ink perfusion

\ demonstrated an elaborate vascular network which formed

| within ané around the tissue bridge, the intrinsic flow
f;om‘the unligated stump appeared to be important and we
observed that the fibrin'maﬁrik is the first substance

seen in the interstump gap. These observations were also
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implanted catheter,‘and upon dissection, within it when

-peripheral‘nerVe injury (90,145),. Products of axonal

L
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supported .by the fact that when the animal's thlgh was
opened after the observatlon perlod we were struck by the

-
tremendous dlsplay of revascularlzatlon around the

blood vessel penetration was possible. This evidence
strongly suggests that revascularization ‘was fundamental
to tissue bridge formation prior to axonal entry.

- . . ) P

Neovascularization, and a prolonged increase ‘of

‘endoneurial permeability has been observed after-

-

breakdown and/or chemlcals released during degeneratlon

have been proposed to cause the change in permeablllty
(145). The ‘brecursors of the fibrin matrix llkely enter
the interstump gap-when transecfe&inerve tips. bleed and
clot.and via newly formed blood. vessels with thelr‘
increased permeability‘(70,90,l§7):‘ The fibrin'matfix
appears to be the foundation of the tissue bridge. At
three days, blood oells were observed within the fibrin
' %

matrix while‘fibroblasts were not yet seen . (Fig. 8). When

the filter prevented mlcrovessels from enterlng the nerve

~ LR}

preparatlon.(Group FILTER), 'no fibrin matrix formed but

;other elements of the tlssue bridge were also not seen in

the .interstump gap. a

i

<
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In responee.to vasculer injury, the plasma:

-gljeoprotein, £ibronectin is cross-linked to the fibrin
clot during the generatioﬁ of thrombin .(84). The clot is
composed*™wf 95% fibrin; 4.4% fibrofMectin and about 0,7§l
alpha antlplasmln (a plasmln lnhlbltor, also cross-linked

) t0'f1br1n) {84). Flbronectln is w1dely dlstrlbuted in
‘mammals, in‘plasma, milk, urine, tears, synovial and
cerebfoepinal fluid, ihterstitiai conneétive tissue,.
vessel walls and in assocxatlon with most basement
membranes (139). Several cell types secrete flbronect;n,.
including fibroblasts.

¢

As'well as proviq}ng a substrate for migrating
.fibroblasts and ether celle, the fibronectin4containing_
fibrin clot, may be a chemoattractant to them (139).‘ In
tissue culture, flbronectln supports cell adhesion and

‘jmlgratlon. In the developlng organism, the extracellular
matrix is implicated in cell attachmént and motflity as
well ae the ihducffnggnd direction of cell migration

(108). The £ibrin matrix observed at three and -nine days

appears to have a similar le in regeneration as

extracellular matrlx does inl\development. By connecting

the proximal- dlstal stumps, i¢ prov1des a substrate for

'fibroblast migration.

b ~

'y
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Using this PE téchniqué; we observe aré;o-step ﬁerve
régeneration process, In contrast to Williams' report
{150), our findings indicate that revascularization is the
first -step of tiséue bridge formétion; with vessel
benetratfan into the interstump gap é;d the formation of
the fibrin matrix. The matrix appears:to be the substrgte

upon which cells migrate and collagen is secfeted, forming
the tissue éfidge observed af nine days. in ihé second
step, axons maj regenerate across the tissue bridge,‘under'
.appropriata conéitions, i.e. when the nerve cell bodies
and target tissue are connected to the nerve'spumps and
when tropic and trophic ihflqences are available to the
regenerating fibreiq(48,95,%02,151,154). \

There is substantial evidence that peripheral axonal
regeneration is dependent on adequate blood flow and that
a vascular deficiency.can result in nerve degeneration
(10,13,19,55,78,100). Support for this view can be found
in experimental models such as diabetes and microsphere-
or pressure-induced ischemia and studies of surgical
repair. |

In éaladtose—fed rats, an animgd model for diabetes,.

galéctoseéénters the endoneurial éompartment';nd is +

conyerted to galactitol which cannot escape the blood-
1

v
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ne}ve barrier.  This causes'endoneurigl edema resuiting in !
a reduction of intrinsic blood fléw and damage to
myelinﬁteﬁ fibres. To study regenération, the sciatic'
nerves of galactose-fed rats were transected. it was
found that cell migration, axonal elongation, m&éiination
and vascularization were abnormal (100). In another :
experimental diabetic model, induced by‘streptozotocin:
blood flow studies revealed resting nerve flow was 40%
‘less than normal in diabetic animals (Bl). Others report' .
a significant reduction of nervé blood flow in both types
of_experiﬁentally diabetic rats (137). This supports the
.view ﬁhat diabetic axonopathy is rclated to decréased
blood fiow, and‘tha; biood flow to peripheral nerve cannot
+~be compromised without functional loss, including
impairment of regenerative capabilitfl

Axonal_dependence on blood flow is further
demonstrated by studies of ischemia. Occlusion of
capillaries and pre-capillaries in sciétic nerve by
microspheres results in wide-spfead nerve degedération,
without distal gangrene (86). Pressure-cuff induced
ischemia causes a nerve conduction loss within thirty

minutes,'whereas the ‘distal stump of a transected nerve

with an intact blood supply will retaln its excitability“‘fzi
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for up to 3 days (13,70,133). Peripheral ﬁerves can
sﬁstain'pressure¥cuff'ischemia:for'4—6_héurs with minimal
ischemic démage when reperfused (70). The excitability of

rabbit tibial nerve was shown to be directly dependent on

blood flow in vivo and in iiggg (13).

The effect of surgical-repair on peripheral nerve
- blood flow has also been studied. Anastombsis under
tension has been associated with both blood flow changes
and impaifed regenerétion (10,25,70,80). Stretching a
nerve as little as 8% of its iength results in a decreasé‘
in intrinsic blood flow to the nerve Fip (70). During -
surgical repairfinutrient‘vessels are pften ligated of
se&ered.' Several authors have described minimal nerve
damage after ligation of nutrienthbiséd véégéi; (1,3,55).
These studies were of the sciaticvnerve and may reflect,
its adequate intriu ic suppl; due to an interfunicular
arteriole running its length (131). The conclusion that
the ligation or severancefof nutrient vessels would not
‘adversely affect a ‘nerve'ss regenerative capacity should
not be applied to other nerves without such perfusion.  In
contrast, sciatic nerve blood flow was measured after

femoral artery ligation and found to decrease and result

in a proportionately more ischemic .core (123). These

»

i
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conflicting results may f%léte to a difference in -
sensitivity of instruments, or perhaps, the resistance of
peripheral nerve to ischemie damage.

There are some reports.which do ligk the need for
adequate blood flow- to successful regeneration. Because
intra-operative nerve mobilization disrupts nerve blood
flow, Smith C123,;24) advocated minimizing this procedure
to avoid excessive ischemic nerve damage. An advance in
surgical repair to bridgelan interstump gap has been made
with the free vascularized nerve graft (10). One aim of‘
this technique is the rapid revascularization of the nerve

graft which is "critical for its successful reinnervation

by regenerating axons." (10). Porous materials shaped into

~

nerve guide tubes are being tested with the intention to
allow blood vessel penetration‘(19,75).

To put many of the preceding thoughts together, a
synthetic graft might be designed to bridge interstump
gaps. Each component must be testéd independentiy, to
détermine their role in the model. A porous.nerve‘guide
tube would be used to probidé support for nerve stumps and
the regénerate, and allow as close an apposition aé
possible without tension or suture at the nervé tips. The

pores (>§ um) would.permit rapid microvessel penetration
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and eﬁposqre of the regenerating axons‘to.other .
circulating factors which may aid in stimu:ating growth,

‘A mixture of fibriq} fibronectin and collageh would be

used to fill the interstump gap. ,Different grqwth- ®
promoting factors (gangliosides, Msﬁ, fibronectin) could
be mixed with the matrix. Finally, a stimulus for blood
vessel proliférétion, for example lipid angiogenic factor,
derived from omentum, or the omentum itself (23) could be
épplied to the preparation. By maximizing all of the
appaEeﬁt factors necessary for optimal regeneration, one
would expect improved results.

| Central nervous system axons may have similar needs
to peripheral nerve fibres. 2 recent study using an

omental pedicle on transected cat spinal cord demonstrated

‘the importance of blood flow for robust axonal

regeneration (23). Kiernan (54) postulated that "axons of

any type can regeqfrate only when their growing tips afe
bathed in extracellular fluid containing protéins derived
from the plasma of the blood". This hypothesis has been
supported by transplantation studies in the CNS (41).

o It id well known that blood flow to living tissues is

‘essential for survival and growth. Blood flaw prior to

axonal elongation appears to be fundamental for léyiﬁg the

-
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3foundation for axonal growth. Axons require the diffusion
or tfansport of substahées from the bloed to remain:‘
v1able, and a decrease in blood flow affects conductlon or
regeneratlon, prolonged reductlon or a complete arrest in
blocd flow causes degeneratlon (70,78,87,100, 124 125 137).
We believe that the provision of adequate blood flow to
_regeneratlng mammallan nerve -is an essent1a1 component of
repalr and may be a key to improved regeneratlon 13Mh

mammallan nervous systems.
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: ABSTRACT

An interstump gap poses a difficult problem for the
surgical repair of inju;ed-peripheral nerve. Nerve guide
tubes.are‘being tested to'aid in bridging interstuhp gaps
dufing nerve repair.. Before transected rat sciatic nerve
fibres grow across a 3 mm gap within a nerve guide tube, a
tissue brldge reconnects the proxtgal and distal nerve
stumps. P0551ble influences on this tissue bridge

. forPation reﬁaip unclear. In this study, we chose to
exéminé'three of the possible“influences on the formation
of the tisgue bridge which precedes axonal entry, they
#ere: i) the nerve cell bodies and'targef tissue, ii)
factors outside of the nerve guide tube and iii) ﬁachors
within’the nefye. To do_;his,.wg used a polyethyiene {PE)
‘nerve guide technique which was developed in our
laboratory. At three and nine day’s, three groups of nerve
preparations, TRIPLE TRAﬁSECTION, LIGATION and FILTER,
were examined for tis;ue bridge reconnection of the
préximal and distal stumps, the morphology of the tiksue
bridge and the vascular'patéé?nﬂin the tissue bridge.
Group TRIPLE TRANSECTION.Specifiéally tested the influence

of the nerve cell bodies and target tissue as well as
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other unknown factors. from outside of the nerve

preparation. The influences of the nerve cell bodies and
target tissue were tested by cutting'the sciatic nerve in
three places, the'middle, proximally anq distally. The

nerve tid5ue, which was inside the PE catheter, was

isolated from factors from outside the nerve preparation

by.either petroleum jelly or plastic discs heat-sealed to
the PE catheter. After nine.days, a tissue bridge
reconnection formed in the petroleum jelly nerve

preparations but not in the heat-sealed ones,‘suggestihg

" the need for some external factor(s) which could penetrate

petréleum jélly. " To test the possible influence of
factors carried or transported in the nerve, nerve trﬁnks
in Group.LIéATION were ligated either proximally or
distally ahd then transected in the middle of fhe nerve
exposure. Nerve prebarations &ere‘examinédnthree and nine
days after transection. The nerve stumPs reconnected in a
manner suggesting an influence from the non-ligated side.
India ink perfusion'demonstratéd anlextensive network of.
blood vesséls within and surrouﬁdiné the tiésue bridge.
Group fILTER was designeé to exclude -the possibility that

a reduced oxygen availability had prevented tissue bridge

formatiop in the heat-sealed TRIPLE TRANS?CTION&nerve

i



preparations. This preparation also tested the role of
cellular elements withiﬁ‘the nerve preparation on tissue

bridge formation. A modification: of the heat-sealed
TRIPLE TRANSECTION nerve preparatlon was made. . window
was cut‘{n the PE catheter, the nérve and 'PE catheter were
transected, and the open ends were sealed as before. The ~
window was tten covered with a 0.45 um nylon filter. |
Despite their access to oxygen and other nutrients through.
the filter; the intrinsic fibroblasts and Schwann cells
did not proauce a tissue bridge nine days after
transectidn.'aNerve cell bodies,.target tissue, factors
inside the nerve and factors outside the nervelpreparatioﬁ
which could diffuse through the 0.45 um filter, did not
appear to 1nfluence tissue bridge formation. The results
of this study indicate that revascularization of nerve

23

stumps is essential to the development of the tissue

! U4
bridge which precedes axonal elongation. .





