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INTRODUCTORY 87/ TEMENT

4 brief stetement of the problem deelt with in this paper will be
made at this time to provide orientation for the review of literature which
follows.

There is evidence thet the mammelisn eenirsl nervous system possesses
eepaoity to undergo morphologieal end fumetlonel siterction end reorgamization
under certain circumstances. In pertioulsr reference to this paper there
is evidence to suggest that following injury to the spinal cord remeining
intact axons ere stimulated to produese eolleteral sprouting onto adjecent
particlly or totally demervated neurones, pessibly as part of & compensatory
mechanism,

Purther there ig evidence that this sprouting of collatersl fibers is
influenced by a variely of factors. Among these are use of the Pfiber, end
injury to the perent cells Previous work suggests thet use of the intaci
aollateral fiber stimulates sprouting of its peripheral processes if the
proper stimulus to eprout is present. There is evidemce that injury te the
parent fiber may sdversly affect the sprouting process.

it 1s the purpose of this peper to atiempi io evaluste the effect of
periphersl nerve orushing on the sprouting of afferent terminals into the
spinel cord following cord hemisesction, Such periphersl axon crushing can
be considersd %o be both a source of injury and reletive disuse %o the perent
nerve cell that produces the sollateral gprouting.

The evidence for the ebove statements will be discussed in detail ia
the ensuing peragraphe, and a more detailed steitement of the problem will

follow the introdustory review of pertinent iitersture,



INTRODUOTION

1- Charscteristios of spasticlity:

Hagoun end Fhines(1) have defined spartieity as being n atate of
"inercaged resistance to manipulationy hypersctive deep reflexes, snd
clonus®, with rnfioxos characterized by a "lowered threshold of the
slreteh reflex; emnd enlarged reflexogenic nres, en migmented responsey
and a tendenny to repetition, synchronization, snd irredistion®, They
eonclude that the busie featuve of the spastie stote is en exepgereted
ar hypersotive stretch reflex,

Spasticity ~s so defined is & specisl cage of n more genoralized
phenomenon thet occurs subsesuent to injury or destruction of eny pert
of the nervous system, This phencmenon le well described in Cenmon's
Beaw of Nemervation®; "When in & Pimetionsl chein of neuroper one of the
elements 3o severed, the ensuing totel or pertial densrvation of gows of
the subseguent elements in the ehein souses & supersensitivity of all of
the dietal elements in the ehein, ineluding thore not denerveted, ond
effectors if present, to the excitatory or inhibitory acticn of chemionl
agents ond nerve impuleer, The superepeneitivity is grester for the links
vhich izmediately follow the out neurones end decreases progressively for
- more dietal elements"(24), |

This hypercotivity oF super-sensitivity of effector orgens er
neuronal pathways subsequeni to nevwous eystem leclons doer not sppear
to slveye be the comsequense of the seme mechanioms It hae variously
been asoribed to "relence" mocheniems(28)(1)(4)(6), "ehemical sensitization®
{15¥{16), snd to the "sprouting® of new petbwaye(17)}(18)s Each of these

pestulated mechenisme will be discussed in deteil in fellowing parsgraphs.



2~ Spustielity secondary to hemisection of the spinal cords

Hemissction of the mammalien spinal cord is attended in the noute
stage by an interval of ipsilatercl areflexis or hyporeflesla sborsl to
the site of hemisection(19)(20)(21)(22), This interval of hyporefiexis,
defined oo "spinal shoek® by Pultom 4n 1937,(22) hes s durstion of
insreasingly grecter mnpgnitude as one sscends the phylogenetic scale
(7)(23)s 1In eddition %o hyporeflexie the condition of gpinnl shock is
associated with a concommitent intervel of increased susceptibili ty to
reflex inhibition(25), It hae been well demonstrated that the changes
oecuring during spinal shock are te m major extent = sonsecuence of the
interruption of descending feoilitstory influences thet meintain the
roflex croe in a gonstant state of torus(25)(26)(27)s In particular
Interruption of the v&nﬁbnlbsyiml traot sesms to be of major imporience
in this respect although reticulospinel end pyremidel tracts probably pley
varing roles in the etiology of spinel shoek depending on tha‘ phyologenetie
stetion of the animsl studied(22)(26)(27). Interestingly it has elso been
noted that there is a transient state of deoreased pxeltability in spinel
neurones following dorssl rhizotory es measured by neuronal response to
impulses in the corticospinal treots(10).

Following the interval of spinal shook there is a gredunl heightening
of ipsilatersl reflex sctivity over a periocd of two to four weeks, This
is assooisted with olonus, end incressed musele tenus especielly marked
in extensor muscles(2)(7){(21)(23). The polysyneptic reflex threshold is
markedly lowered on the hemisected pide although the monosynaptie
threshold is 1ittle pltered(21).

Gther functional chenges resulting from cord hemisestion inelude

ipsiletoral loss of voluntery movement, propricespiion sense, and



spatisl toctile discrimination, There is & thermal s paing snd touch
defecit most prominent on the contralateral side. These chenges are
part of the Brownefequard syndrome({2)(5).

It is documented thet the voluntary motor power loss sacondary to
cord hemigection is greatly diminished over & long period of time
in primates, functional resovery being mlmost complete in sore instances.
it has been postulated thet this iz dus to inoressed utilization of
corticospinal fibers that cross below the hemisection site(20),

%= Theories of spasticitys
a) Unbalence between descending faeilatory and inhibitory influenees:
"Relecse® and "Influx® theories.

Hughlings Jeckson is sceredited with being the first to clearly
sorrslate certedn kinds of spestloity with a "dissolution® of the
influences of higher conters upon the neurones of the spinal cord. He
noted thet from both en evolutionary end Pfunetional standpoint the
eentral nervous system can be fracticnated into & hierarchy of levals,
the lowest being the spinnl cord, and the highest the asmosietional
&ress of the cerebral cortsx. He postulated thet if the higher centers
are separeted from the lower the result is a consequence of two factors;
firet & release of the lower senters Prom the governing influences of the
higher, and secondly e subsequent influx of fasilitatory influences onto
lover centers from unepposed inteet higher centers(28). Nore recent
work hes supported Juaokson's sonsept thol certein types of spastielty
6re o oonsequence of the above postulated mechenisn,

’s noted sbove, Megoun ond Bhines have postulated thet the basia

feature of the epastic state is en exaggersted or hyperactive stretch reflex



{1). 'The simple stretch reflex actually sensiste of a minimum of four
reflexes: (a) fecilitation from anmulospirel endings upon ventral horn
cells; (b) inhibition from Golgl tendon organs upon the alphs ventral
horn cells; (¢) inhibition from umimown endinge upon the gemme ventral
horn eelle with consequent indirect removel of exciteticn upon the
alphe motoneurones from emmulospiral endinge; and (d) myotube ending
inhibition of extensors and facilitation of flexors(29).

1t ie estoblished thet the myotetic reflex in both its statie rnd
phasic components is controlled directly by the rate of firing of group
la efferents from muscle spindle anmlogpiral recepter organs. Thepe group
la afferents end monosymaptically on alpha motoneurones confined almost
entirely to innervation the strip of musele conteining the active
annulospirel ending(30)}(31)« The rate of discharge im the amulospiral
ending itself is linearly dependent upon the degree of passive muscle
extension, or logrithmiculy related to the muscle load(32){(33)s The
frequency of the snmulospiral ending discharge is also related %o the
activity of the gwmme motor neurones whieh innervate the muscle spindle
ribers(29)(32)s The gumma motonsuronss reseive facilitatory end inhibitory
influences from supraspinal sources, spinal cord propricception ares, and
cutaneous afferents involved in the flexion =nd pinne reflexes(29)(32)
(38)(35)

Thus although a hyperaciive streteh reflex ultimately depends
upon inoreased alpha motor neurone activity, the primary esite of hyper-
resctivity does not necesserily heve to be the alpha motonsurones
themselves. For example a hyperactive genme efferont eystem provides
an equelly favorsble basie for exaggerated etreteh reflexes, It is ecsily

seen that en unbalance of descending influenses could act at severcl



different spinal cord sites to produce exaggersted stretch reflezes.
Indeed there is evidence to sugpest thet gome types of spasticity ere
primarily the result of a hypersctive germa system, while others are
primarily e result of hyperactive elpha motoneuronss independent of
the gomms loop.

The former is exemplified by the Cherrington type of degervebrate
animal charscterised by extensor rigidity, hyperactive deep refiexes,
and clomus whish have been well correlated with appropriately inereased
goma eelivity and which are ebelished by dorsal root section, ie by
interruption of the gemma loop(23){20)(35). The latter is illustraisd
by the type of spesticily induced by the snemle deeerebretion of Fellaelk
and Davis in whidh helf of the cerebellum and part of the pons sve
destroyed(36)(37)e In this preparction the spasticity is not abollshed
by dorsal root seotion, and the primary ectivity is directly in the
alphe motor system, the gewnma loop in this case beheves in a passive
nenmer{29), The difference in the two itypes of spostiolty seems to
depend on the stote of astivity in the enterior serebellum, since &
gumn enimel (Sherrington type of decerebration) cen be sonverted to
an alphe enimal (Polleck Davis decerebration) by eocbling or injuring
this structure(2),

Several supraspinel structures have been assocliated vith certain
types of speetleity such as decerebrate rigidity that are socondnry to
an unbalance of supraspinal influences on the spinel sords These will be
discussed individually irn sucteeding parsgrepha. In evaluating the relative
balanee of suprespinal influences on the apinél gord 1t le importent to
keep in mind thet the role of any given suprespinal structure is & funetion

of phylogenstic station, end that the higher the degree of sncephalization



the more powerf:l are the influemces of the hirher centers relative o
the lower{15).
The eorticoreticulospinal inhibitory system:

Hines(39) in 1937, noted that extirpation of corticel sres 4s
remalied in sympioms of spasticiiy without voluntary motor parslysis.
Astivation of this stelp of cortex produsces inhibition of both renting
tone, voluntary movement, end suppresses elegtricsl activity of other
parts of the cortex. Buppression of cortical slestricsl setivily wop
found to be dependent upon a resurrent eireult between cortex nnd
besal ganglia, but the latter structures were found to he unnegeseary
for inhibition of resting tone(40). The primery terminels of the fibess
originating in thia powerful cortioesl inhibitory region have been showm
to terminets in the saudate muolsus and lower reticulap formation(4l),
The ceudstoreticulospinel inhibitory systems

The prejection from aree Ag of the gersbral eortex has been
shown $0 end in part in the striatum(%0), In the intaot brain snd
after degeneration of the internsl sepsule stimulation of the striatum
relaxes or inhibits msouler sontrastion(42). Strietel sblation
subsequent %o cortical lesions causing spastiolty greatly augments the
intensity of the spasticity, It appears that the etrietsl inhibitory
influenses on spinal pathways is medinted through the reticulospinal
systen(1d},

The cersbelloretiouler Inhibitery systems

Bmploying physlologival etimuli to cutaneous, muscle snd joint
reseptors it is possible to mop on evoled response pattern in the anterior
lobe and lobulus eimplex of the cerebellum. This responase ls somstotopical~

1y the seme for skin, Joint, or rupele afferents. The tall i vepreseated
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in the lingula, the hindiimb in the sentralis, the forelinmb in the eulmen,
end the head and neck in the lobulue simplex(h4){45). Effector arvess
have the same somatotopis dlatribution as the receiving areas(46).
Btimulation of medial ecortical sites nrodusea ipailatere]l relaxstlion
of extensor ruscles in a decerebrate nreparstion, with soncommitant
contraction of flexors. Leteral corticnl sites when stirmlated causs
ipsllateral inorensed extensor tomus nnd inhibitien of flexors{47).

1% has been sugrested that these ecevebollar affsator fimotions are
mediated primarily through the gomma motoneurons system(48). Ablation
of the anterior lobe of the cershellum inectivetes the supraspinel
comtrol of the garmn syatem and the site of supraspinal influence is
shifted to the alphe aystem, suggesting thet the cerebellum plays &
vory important role in orgenising elvhowgamme linkege(20){49), The
inhibitory pathway from the cerebellum is relayed by way of the
fastigial mucleus to ths reticuler formation{50).

The bulber retisvlar inhibitory syetem:

& powerful, low threshold inhibitory mechenism hag been damonstrated
in the bulbar retlouler formation by Megoun and Taines(51), Thia
mecheniem 1s loonted in the ventromedial part of the bulber reticular
formation snd extends foreward to the trapesoid bodys It appears that
the oerebral end cerebeller imhibitory influences ore medisted through
the bulbor reticular formation, end thense to the spinal cord vias the
reticulospinal traote{1}(14). Indeod the bulbar veticular formetion por
se seoms incapable of intrinsiv inhibitery activity{l)s Activation of the
inhibitory mecheniems scting thwough the bulbar retioular formetien 1s
acgompenied by o corresponding decrense in gamma motor neurene discharge

(29},



Veatibulogpinal end reticulospinel facilitatory systemss

In the osrnivore the extensor hypertomus of decerebrate rigidity
sen be nbolished by destruction of Deiters micleus, or by interruption
of the vestibulospinel pathwaye This'dahanstrates the powerful facilitetory
influence of the vestibulosgninal pathways on the neurcmes of the epinal
eord gerving these miscles(26)(27)(52), As discumesed in ¢ previous
section of thie neper the vestibuleepine aystem elso appesrs to be
strongly dmolicated in the etiology of spinal ghook in the earmivore,
The rols of the vestibulospinal system in the primate is siniler, but
of a smaller magnitude than in the earnivore(l),

Vagmm ond fhines have desoribed e loous in the reticular formation
outeide of the retiouler Pormetion irhibitory site that vhen otinulated
rrovides a facilitatory effect on pre-existing motor activity(53),

This Pacilitotory brain stem system svpoers to teoke origin in the basal
diencephalon vhere it receives contridutions from the globus palilidus,
midilne, nnd other mrclel of the thelamua(l), It has also besn
demonetrated that stirulation of the focilitatory reticular formation
gite grently sugments the already hypernetive streteh reflexes present in
a therringten type of decerebrate animel(B4)s IL ie documented that the
fasilitatory effects obtained by stimulating the retioulsr formation
frellitetory site ore owerted bilaterally, with erossing occouring both
in the brain sten and in the reticulospinel pathway at the spinal cord
level{55),

Thirs 1% appeers that the ventibulospinal end retleulespinmi
facllitatory pethways constitute two distinet systems contributing
exoitatory influences to the spinel cord "to some derree eble to

substitube ome for the other", However, the vestibular pathwey seems to
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botter meintain extonsor tonus, while the roticulospinal pathway seems
to gontribute more to hyper-refiexia(l).

Cortain types of spasticity are clearly releted to en unbalance
of the sbove noted supraspinel influences on the neurones of the spinal
cords Decerebrate rigldity induced by transection of the bhrein stem either
through the csudel part of the diencephalon or at any mesencephalie
level(7) csn thus be expleined by dismolution of the powerful corticoe
reticulospinal and caudatospinel inhibitory eystems while leeving the
powerful vestibular and reticuler fucilitetory pathways intact(1d),
Spastleity of this type has two importent distinguishing sharscteristices
(2) 4% has on abrupt onset(6)(23), and (b) it is sbolished by restoring
the relative belence of influences on the spinel cord neurones. For example
decerebrate rigidity due to dissolution of the corticobulboreticular
end caudatobulboreticular inhibitory systems while leaving the vestibulow
spinal feellitatory influences intact orn be aboliskd by dissolution
of the influences of the vestibulospinel eystem{27),

Spasticity such ag thet induced by tronsection or hemigeotion of
the spinel cord in contrant 4o the above follows en intervel of mariced
preflexia end flaccidity as disoussed earlier in this papers Furthermore,
spastioity due to heni or tremsection of the cord esnnot be sbolished
by restoring the relative belense of descending influences. For excmple,
if cord hemiseotion 1s followed by complets cord tronsection af'ter an
intervel sufficient to induce spasticity onm the hemiseoted side, the
spesticily remeins on the previously hemisected side, The previously
normal slde now falle into a state of spinal shook thet s gredually
repleced by = state of spasticity(22)s These considerations make it
necsssery Vo invoke other theories o reoount for the spasticity due

to eord hemisection.
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b} Chomicel sensitization by demervations

In 1880, Clsude Bernerd expressed the opinion thet, "The exciteblility
of all tissues seems to augment when they are sepsreted from the nervous
influence which dominates them®(39). The first phenomenon recognized
in connection with cﬁemiaml sensitisation following denervation were
the s oslled "paradexienl pupillary dllistation”, end the *Phillipesux
Vulpian® phenonenons

The "paredoxical pupillery dilatation® phenomenon was first desoribded
by Budgs in 1855(56). He noted that if in o rebbit the pregonglionis
sympathetis fibere to one iris ond the postgenglionie fibers to the
other iris were interrupted at the same operation, the pupil wes more
dileted on the side deprived of the postganglionic pathways. Other
investigators reported thet following pregenglionie denervation, asplyxia,
ether snesthesia, or indeed any couse of execitement or distress acused
wmors marked pupillery diletetion on the denervated side. This of course
represented a paradox in terms of what wes expected following severence
of the nerve supply known 0 Be responsible Por pupillary dilstation.
Farly theories of explanetion comsidered the paradox to be the oonﬁeqﬁenca
of woakened sphineter muscles rether then en exaggerated contraction of
radiel fibers. This ides wes disproved by showing that eserine which causes
& contraction of the sphincter muscles of the iris csused a more profound
sontraetion on the sympathetically denerveted side(57). 'The riddle wes
solved when Metzer end suer(58) demonmstrated that suboutansous injeetions
of sdrenalin elicited the paradoxical response. Purthemnore, if an sdrenale
sctomy was performed prior to the test the paradoxical respones would not be
obtained. Thus the paradoxicel pupillary response was given & rassonable

explenation as being dues to an inoreased secretion of sdrenmalin resulting
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from emotional excliecment, seting with epecisl effectivensss on the
denervated retractor muscle of the iris(15).

The Phillipesux~Vulpian phenomsnon which consiets of an ancmalous
response of denervated siriated muscle to stimulation of nerves distributed
to blood vessels was similiarly explained on the basis of 2 mupersensitivity
of the denervated muscle to the minute amounte of Aclh liberated et
the terminals of the blood vessela(l5)e

tany other exemples of effector organ sensitization following
denervetion have been describeds The blood vessels of the rabbii oay
ere supersensitive to sdrenalin following denervetion, s ere the pilomoter
ruscles of the head and necks The uterus and intestine haeve sn increased
susceptibility to the inhibliory or relaxing effects of adrvenalin
following denervetion. The bronchicles show fer greater relaxation when
subjeeted to a challenging dose of adrenelin following chronic
sympathetic denervation(16).

The early wozk on chemical sensitizetion of neurons was carried out
on ths sympathetie nervous systems FElliot in 1907, called ebtiention to
the resemblance between the phenomena at the junetion betwsen moior nerves
end skeletal muscle, and at the junetion batween progenglionie fibers
and nerve eells in sympethetio ganglie. In both pleees nicotine is
stimulntory and in larpe doses ie parelyiic in sotions In both plasss
surare cén bloclkk the mction or papsege of nerve impulses. then chemicel
mediation of nerve impulses wes demonetrebed anciher resembisnce wsse
diselosed, for acetylcholine appesrs to be the mediastor at the dwe
Junetiona(59).

Caymon and Hosenblueth in 1936, undertook to study the censitization

of a sympathetic ganglion by preganglionic denervations The niciteting
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nembrane of o eot was employed as mn indicotors The pregunglionic fibers
in the cervicsl sympathetic supply were svepticelly seversd on the right
side snd at least a week was slloved for degenmerations The preganglionie
fibers on the left side were freshly out at the time of the terminal
experizent ond both niciteting mewbrenes were erranged for recordings
The edrencl glends were removed to prevent possible contraciile effscts
of edrenalin on the nieltating membrenss It was found thei the
chronically denervated side was mexkedly more pensiiive to jecCh. This
miet represent sensitizstion of the genglion itself sinee the nicitsiing
umerbrene is net effected by foCh directly cither in the nomal or
chronicelly denervsted stute(l3).

The sensitizing of genglion cells by denerveiion naturclly suggested
“hat the nerve cells of the brein end spinel cord might sise be chemically
gensitized if denerveted; thet is deprived wholly or in part of the nervous
connectione from which they routinely receive impulpes. Ounnon and
Hadmoviel investiguted this point employing spinel cord hemisected cota,
The response of the quadriceps muscles to intreortie injeetione of iclh
wae weapureds The norta was cccluded at & point just above the common
iliscs to prevent direel effects of the drug on the nusecle, If at least
Wwio days wos cllowed after the hemisection operation it wae Pound that
the guadriceps contraction wes far greater on the hemisccted »ide(60).

That lesions of the brein are also followed efter an uppropriste
interval by cheuleel sensitization of the resultent pertially denervated
neurcnes tlso has been documented(16)(61)(62).

it bes been found that the chemierl sensitivity of denervated
nourcnes ie not resiricted to Zeth and releted compounds, but indeed a

great variety of analepties and nlso depressants have e greatly enhanced
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effect on "denervoted® neurones(16),

Partially denervoted neurones also heve = supersensitivity to
impulees reasching them from remeining presynaptic terminals. Sympathetic
genglion cells are sensitized to incoming impulsee when partially
denervated(12). Portiel denorvation of spinal neurones conseguent
te intradural ssction of dovsal roots renders thege neurones more
responsive then normal to the exeltatery sction of nerve iupul ses
reaching them from higer centers. A deafferented limb of « cet exhibits
surprising hyperactivity when westibular discharges ars initiated by
eppropriate movement of the enimel with respect to its surroundings(63)e

In #pinel cord hemisected snimels the extensor ond flexer nyototiec
reflexes are greatly increcsed on t.e ipsilateral side. Also ihe
inhibitory effects of ipsilaiteral afferent nerve volleys on knes jerks
was frequently either grestly prolonged or greatly shertened in duration
of effect(16).

Cats subjected to extensive unilateral dorssl root section have an
inereaged reactivity to descending impulses on the ipsiluteral side
after an interval of ebout five days of hyporeactivity(10).

Vany theories heve been suggeated o accouni for chemiccl sensitization
secondary to denervotion. Heletive "disuse® per se of tue denerveted
structures has been largely disco nted becouse of multiple exerples
of denervated siructures thot become sensitized despite = high ronte of
continued sotivity(15). Zarly theories postulating increcsed storege of
the trensmitter substrnce within the peripherel eell have been discounted
by the finding thot the mediaters are prodused in presynaptic elements
rether then in the postsyneptic cell{6h).

It has been sugrested thot sudersensitivity might bs due to o
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doorecsced rate of destruotlon of the stlmlating substance. 1% has indeed
boen found thet the concentration of acetylsholinesterass is deorsosed
in demsrvated strustuvres. This ia true for both periphersl effector
organs ond sentral nervous ayetem tlesue(85)(66)(67)s

Hovevery even 1f 1t be fimly established that thore is & retardation
of tranomitier substunce destruction in denervated structures thls
onmnot ascount for hypersensitivity to chemiesl sgents other thas
tronmidttor substences(16).

It hes been postulated that supersensitivity is o ccnsequence of
eltored monbrane permeability. Semsiddized nussle hap sn insrensed
anoumt of extrecelluler fut end calodum and a decresscsd conocentration
of intracellular glyeogen end creatinine(68), The potessium sontent
of peneilised muscle seoms to be mormal althouph denerveted musele is
more permeable to that 1on{69M{70)(71).

4 study of elsctrical potentisls in musole lad LA(72) %o the
conclusicn that spontansous fibrillation potentials do not originate
in speeific foeal arens in mucele fibers, but are due to differsmees
in membrane propertice of thess fibers which ars spsscinted with changes
in petabolis nebivity. Slectrical changes included & decrenesd resting
mpbpand potential and o tendensy towsrd osoillstion of the pobontial,
fland in hond with these chenges in membrane elsotrienl sotivity there
ip sn inorezsed hexzokinees ond desreased cytochromeoxidase sondenbration
in denervotod rugole(75)(74)e

Clesrly boih "relesse® and chemissl sensitisetion® phenomons son
lead io n hyporsctivity or hyper-responsiveness of neurenal patiways,
end thus exploin the hypersotive otretsh reflex thet Nagoun end hines
define ez "the basic festure of the spastic state®s However, thet



18
"rolease” phenomens per se gmmmot ssooumt for eertein tyres of spastisity
such as that induced by transestion or hemisection of the eord has
already been discussed. “Chemical sensitization® also falls short of being
& completely seatisfactory explanstion for certain types of spusticity,
It is dooumented that pertlelly or totally denervated neurcnes are
rolmnervuted esither by regencration of the sestioned axons or by sprouting
of sollaterale from adjacent intect axons. In thase aasmé as the
reinnervation progess progresses, the chemical sensitization deslines end
mgy finally dissppear(17)(18}. However, o state of hyper-responsiveness
still exists In the now reinnervated neuron{l7}s The concept of
colleteral sprouting will be discussed in the suceeding poragrophss.
¢} OGollateral sprouting following pertial denervations

Probably the Pirst dosumented description of the formation of new
processes or ¢ollaterals by intact azons lying adjacent to degenerating
axons following injury to the central nervous system was provided by
Remon Oajal{76)e Subsequently collatersl sprouting by intsct fibers
following partial densrvation has been described in hoth peripheral and
santral nervous system structures,

Wedell, Gutmamn, end Guttmarn haeve desoribed experiments in which
they sectioned the sural nerve of the rebbit, Vithin 24 hours they
could detest a decremse in the resultant aree of sensory defisit as
monsured clinlcally. Histologloal demonstration of sprouting of
eolleterals by intact sdjacent axons into the denervated szons is
possible ane weelk following the nerve section(77)e.

Collateral sprouting of intset axons following partisl demervetion
of musole ia well doocumented, Two weeks following denervation sprouts

from adjacent intact axons may be demonstrated histologioally. The
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sprouts arise within the intremipeular portions of the inteet nerve
Tibers and iravel preferentially, down degenerating nerve sheoth
pethvays(78)s  Sproviing mey ococur either nt nodes of Ranvier, or et inter-
nodel sites(78) and are proportional in muwber to the mmber of end
plates vaoated by the degenerating Pibers(79)s The sprouts esteblishing
end plate connections bepome funotional(8k}s Those failing %o do so eppeas
to regress{79).

The stdimulus to gprovt sesum to be provided by e humeral agent(80)
(€13(82)(83), iorve gspocifisally thers is evidense thet ihe substance
that sthmlates axon cellatersl sprouting is e moderately unssturated
fatty seid possibly related to the 10 enrbon olgevaoccenie acids It is
postulated thut this substance is released by degenereting myelin and/or
Schwann cell ectivily ond diffuses to edjacent intect axons, diarupting
the axclemme and bringing about ithe first stege of sprouting(79)(E1),

& marked inmeresse in the number of sprouted colleterals from
intect Pibers in paretic ret muscle is noted following eleciricsl
stimletion of the lumbsr cord or lumbar plexus for an eppropriate
intervels This 1s thought %o be the remult of en enhansed synthesis
end increased peripherel flow of sxoploem(75)(83)s This iz supportaed
by finding of accelerated periphersl displocement of P32 in frog nerve
fibere follewing electrical stimuletion(8%), end by evidence that
aytoplasmic ontimitotie drugs retard sprouling wheress nuclear antie
nitotic agents do not{83),

1t hes slco beon noted thet Pyroning o dye rolated to Nethylene
Blue, stimilates sprouting of cellateralss lethylene blue nnd other
¢losely related molecules do not seom %o posess this property. The

wmechenlom of aclion of Pyronin remuine to be elucidated(83). .



It secme to be esteblished that regerersting or gprouting nerve
fibers are not sonfined to relunerveting museles of their origival
moter unit or functionel synergists t ereof. (tossed nerve exnsriments
indieate that a given motor nerve will reimnervets n muscle that
previcusly was sntagonistie in function to the musele originally served
by that motor nerve(16)(87)(83), rowever, sensory nerves if trplanted
inte a denervated musele will not aétablish functinal end plate co nections
although they show some inclinatiom to sprout(B4).

The ceccorance and funciion of collatorsl gprouting in the my-patheiic
rervous system was described in a paper of t' e seme title by Furesy and
Thoepson in 1957(17)¢ ZEmploying adult sate they unilaterally severed
the T, T2, end T3 gray end white raml communicantes, This resulted in
the degererntion of 207 of the fibers in the cervica? syrpathetic trunk
at its point of entrense inte tha muperior cervieal ganrlion,

Yie three rami severed supply most of the fibers irnerveting the
nigiteting merbrane, and 2ll Tibers innerveting thie redial miscles of
the irls in the ~ormel ecate iy stirulating the cervical syrpethetie
trunk juet caudal to ite entrance into the supericr servienl synpathetie
ganglion they could observe and compare the resuliing respanges of the
nieitnting menbrere and pupillary dilstor mugsles on the partially
denerveted acd control sides of the er mal. They alee studied the
resultant chemieal sensitization by injesting scetyleholine ond other
druge into the carotid arteries.

Four deys fo lowing t.e denervetion procedure tley frund that there
wag 8 prominent cherical sensitisetion of the prriislly denerveted
strictures. The response o' the rileltoting membrene to vervierl

syrpathetic truii stimulatlo: however re-alred mueh less on the partielly
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demerveted side then on the contrel sides There wag no svidense of
ppillary dilatation on the partislly dasrysted sidos

't eighteen deys thers wag en even movs promouncsd cheomical
mmaitisation of the partially denermiod struoturpn, Nownver,
eilmilation of the superief cervical gympethetle trusds nov provided
& migh grester response of the aleltsting membranss on the partiolly
denorvated side then on the sontrel sides MIL4 pupillary diladatlon
was now noted on the partially denorvated =8de with stimiletion of the
ama thotle Srunize

By four weolty the chemlesl sensitisotion had virtually dlssoponcods,
However, the vesporias of the nicitating membrans %o siimslation of ihe
supariny cervisel sympathotis Lrmb was otill muoh gronter an the
partially denerveted sides In addition the pupil on the partlolly
denervated side now responded with a nesrly nowmal dilstation following
stimlation of the qnuathetie Srunlk on thet side.

fistologlonl damonstrations rovesled the onsst of sollatarel
sprouting from the remeining 100 of ths Tibers within the sympathedis
travic within five doys folloving the denervntion procedurs. Toreutiag
aloo opsured Crom the Antest terminal within the superior sorviesl
syapathetio ganglions By the fourth werk mony of these sprouted
teruiinale had established normal ending b genrlion colls, end by the
elghth weok maburation was complelss It was demenstroted thed the
roturn of funetion wan definitely nol duve %o regemeration of the
previously sectioned fideros

In splte of the relmnevvetion of the salle in the ganglisn,
rerfupion studios revecled thot totel leth velosse following etimulation
off the superior eerviesl sympatheti¢ trmlc only schieved &37 of the sontrel
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alde values Hexemethonlum wes correspondingly mere efficient in bloeking
the purtially denervated ganglions The authors postulate thet this
represents a linlied gepacliy for the parent nerve oell to provide
felh for temdnales The smount of foCh liberated was the same at
21 end 100 deys following the densrvetion procvedures

Duth and Bernstein heve recently provided some evidence that there
nay be polectivity in the re~estieblislment of synopees in the muperior
servicel sympathellie genglion following partinl demervetion{89). This
study wos as followes 'The T1 remi provide pupillary dilstation fibers
vherens the T4 resd normelly do note If 71 48 crushed 74 stirmletion
dooe provide pupillsry diletadion 30 days later, g discusesd in the
proceding peregrephs thie intervel ip sufficient to eholish chemiesl
sonpitizetlions Six monthe leder T1 ngedn couses pupillery dilatation,
spporenily having regenersted, but T4 now does not. These muthors
oonglude thel T4 sprouts and Pills in the veconcles on the ganglion
eslle vecotod by the degensrsting T1 fibers. However, Tl has preference
end whem it regeneretes it replaces the sprouted T4 fibers whieh
epparenily regress,

Within the osntral nervous system intraspinal sprouting of dersal
root exons has been well demonstreted by Liu ond Ohembers(90). These
authors employed two major series of cats. One series had extensive
unilatersl dorgel root section proxime) to the tract. At the %ime of
terminal experiment en 4ntact dorssl root wee seationed on both the
experiuental end contrel sides, and 25 days lator its degeneration
pettemn wes deternined histologleally employing modified Naute stains
specific for degemeroting sxonse The terminal expariment Pollowed the

initial operation by about 260 days, an interval neceesary for complete
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dlonpperrence of degenerntion debripg from the initiel operction.

It wen found thet the inteet dorsel root on the experinmental side
hed gprouted prefusely. The sprouting elicited bv the ertensive adjecent
dorsal recl seetion way most sonsistent in the dorsal horn end around
Clerke nueleuss Openslonslly sipnifiornt oprouting wae olso domonstroted
in the ventrel hormn and ercwmd *he intermedieie nuclena of Oalnl. Sproute
ing elicited by intrecentral poihwoy seotion wer greaiest when the
bulbar pyrorid wes sectioned asz envosed to sipmeid pyrectomy, snd
sprouting wep the groatest on the opponits side in the low corvienl and
upper thorsole segmentss

To entablisgh vhather or not unilotersl denervetion of the sninal
cord atlmilates anly the cxons on th-i side o sprout, o involves
axong of the apposite side as well, the fllowing experiments wars performed.
Imbennive unilateral derss) reot section was followed in 277 d-ys by
sectlon of e single contraladeral dorsal roobks The axemsl debris was
llmited %o tho slde of the gord on which the oinrle dorsal roet wes
severods Thue eprouding neross the nidline apperently 414 wot opour,

The pozeibility thot contrelateral eprouting hed ocecured but hod
not eromesd the midline was gonpidered snd vajected sines in sads thet
hed bul 2 single dorsel root sectioned the resuliing rvennl dobris wes
sloost identlenl in distribullon snd quantity with that obeerved on the
nondenerrated side af the experiemdal animel, Tdls also has desoribed
the fellure of aprouting neross the midline following unilateral
denarvotlon of the diaghrom{79)e It is postilated by Liu and Chembars
that the Pellure of sproviing eoross the midline is probably nos dus
to o phyvieal barrier but rather may represent some specifisity of

terninel flelds or of degensretion producte. The quantity of sprouting
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This eondurs

soeig to be proportionnl o L@ e nt of dovervrilons
wall witl previovely dosoriled {1 2isge of studles of sprouting in

peripherel supcle arves.

Su and Ceott(Sl) dn studying rvegeneraticn in the dersal spinal
ecrgbellar Yrooba 10 Uhe ost have reporied Yint in evimals with unilaters}
ioolatud “eslong of Lhe dorsel apingl cercbellar Yracte r+zeverstie:

seoured only %W o ninor sxtents,. '"owever there were cceaplonel

d e
£ wilol sonduptod potentlole were found L0 e @ rest spl-coerebsllar
treel slove U o losion on Lie opereted pide & respores S0 slisulotinn
ef e contralatersl doresl rects or dorsel eninceserebeller bSalow dhe
lew one U Lz wee in cootrapt Yo ~ormel eats ¢rd €6 eutiore postulaie
the pescivie sprouting of o new conductlilo petlvay between the rip)t and
left doriel splrocerebellar tracts sbove 40 level of e Tan on,

n 1990 lustin, Veloue  endliu eod (20(1R) reported evidence trat
e progieplie coerponent § Ve lntermedinry eord pote-tinl previsusly
BLown W Lo doe o aferent terdowle(T7) lp luerensed or the drpflateral
plie ol henipected eela ad roreya.  Ga ong contleed to 2he depanl
galuzog riso i~duced sprouting of &fferent tersd-ala bt & ese Teiled 1o
entablipl feni-al veoneotiona rod apparently reprossed. “he Lnsraassd
efforent Serainnl potentin! was correlated with histologiesl studies
4 atrating sprouting off 4he toreinnley

weg noted in an eorly as 1020 that cerve aropsirg expesiranta

80w lgh perdp erel perves e ootapge iptle n o poles wore eroee mited
{ loren-l028 “pwm-1070, ‘piie=1205) resulisd 1o Tunstlorsl peorsanie
zatlo: on o ¢co trel rervous syelem level mo thet -emrly nnresl
eccrdineted Curetion ot s ro vrned with e pasange of t1mw{88)s In
Cle lld ‘feiee ‘or exrmple vromnlop of the cerve 1o 2 e lew depressor

i 7 lloved after an interval of 4ime wit ¢ o return of ~nr-al O netion
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w1l soordinated with the oppoeite plde(03).

Resent evidonge by Ueales of s1(08)(84)(0%) hee pevenled that sproute
ing of Tlbers surviving relrogrede chrometelytis denth onto eppropeiete
motoneuronse may escount for soms of this apporert sontrsl mervous
ersten reovgenizetion, They found thet after arosesd nevve axveriments,
for sxawple af'ler érepeing the nerve te the peronsus rogoles with the
merve to the medial peslireonmendus, there wer & rarke! inorense in monte
systptio TPIY sellivity vesorded in peronmevs rotemsurones vhen stimuleting
the nerve o the medisl pestraenenive thet now innepvated peronsus
migeless Interestingly the converse was not true. That thie spparent
thift in terminel afferonte fron medial eactrsc Mo poroneus motoneurones
vae ot the result of rondom spromting was setablished by & study in
vhich the "gastres"and povenene nerves were sectioned en! self reumited,
In this cane theve wen no inerence of menoeymeptie EPSP sotivity
recorded in perenous moteneurones when the nerve to the medisl “saetres”
wos ptirulateds The suthors conslude that there is a gpecifieity in
dotmmining torminnl sonmmetionsy in o given group la affevrent fidor
sen only meke fmetionnl opsmections with motonmourcnes inmermvating
the seme russle that the la Mber arises from, Jurthermsre there was
ovidense that the pyrooperative comneotions with their metoneursnes
rew tended o regrouse ‘o desoribed chove other authars heve also
prosontad evidense that sprouted terminele heve o cartain gpesificity
in nelsetion nourones with which to ootablish aynantis sormeetional 79)
{52)(90]«

Purpure and Housepien have recently reported findings that if
irmoture meceortex is isolaied sobplaly there i o sonversion of type
ono pyrasldel nsurenes inte type two arsiforn elements with maltiple
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oxon collaterals. This event coupled with the normel postmetal maturee
tion of spierl and basilar dendritic systeme results in o merked
incrense in synepiic activity initiated by weak surface stimulation.

The anelyses of surfece and intrafocal potentiale snd the effecis of
topieelly epplied eminocscide pormit dietinctions between spreading burste
end locel repetitive paroxysmal discherpen. Reorgonization of intrecoriical
syneptic pathwaye rather then denerveoiion sensitization is inferred to

be the major factor regponsible for the development of hyperexcitow

bllity in leoclated irmature cortex{S7).
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CORD DORSUM POTUNTIAL

Gotch and Horsley in 1891 were the first to report the presence of
electrical potential slterations in the spinal eord during zetivity,
employing a8 a measuring device a string galvanometer. However it remained
for Gasser end (reham(98) and Hughes and Gasser(99) in 1933 to undertske
the task of assigning form and significsnce teo the potential changes
recordsd from the cord dorsum following stimulstion of dorsal roots.
Gasser snd Grsham described an initial triphasic spike of duration
0.5 Msee followed by a more prolonged negative potential with crest
242 Mseo following the onset of the initisl triphasice spike, and l-sting
about 10,2 Msec. Following this prolonged negativity these authors
described a positive slow wave of lesser amplitude thst crested shout
20 Msec following the onset of the triphasic spike and lasted from 80 to
100 Msse., They found that the initi-l triphasic spike was resistant to
aspnyxia ond repetitive stimul~t on =nd showed no signs of convergance
when adjacen’ roots were stimulated. They esleulated the triphasic spike
to be temporaly eomratible with °n ordgin in fibers of conduction velocity
of sbout 30 M per seeand.‘In light of these findings the suthors
concluded that the spike had its origin in the intramedullary course of
the dorsal root fibers and termed this component of the gord dorsum
potential the intramedullary spike, hereafier referrsd to as the 28 in
this paper,

In contrsst to the IMS the authors found tha* the slow negative
component {termed the N wave snd herezfter referred Lo as such) was very
sensitive to as hyxia, was sensitive to repetitive stimulation, and showed
signs of convergance when adjscent rootws were stimulated, Since Sherrington

had air@ady"lahg since atiributad toe phenomenon of convergance to a
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"sign of post synaptic activity®(100), it was concluded that the negative
wave had its origin in post synaptic structures, probably interneurchnes
s.nce sntidromie stimulation of ventral roots did not produce an N wave
as recorcied from the cord dorsum,

The positive wave (termed the P wave) which terminated the cord
dorsum potentisl was found to behave similiarly to the N wave and was also
attributed to post synaptic structures by these authars;

Hughes and Gasser in 1934(99) confirmed the asbove findings and
contributed the following additional informat.on. The IMS has 2 longitwdiral
distribution along the cord dorsum of sbout 1.5 em eaudal te the peint
of entry of the stimulated root and many dentimeters cevhalad to the point
of entry of the stimulated root if the recording electrode is placed
over the dorssl colusns. The IM5S has its maximal amplitude directly
over the point of entry of the stimulated raot., The N wave sctu- 11y
has a baetrian form with 2 second peck ocouring on tﬁﬂ declining slope
of the initial ¥ deflection. The longitudinsl distribution of the first
of these components of the N deflection was mesasursd to be 1.5 em cephalad
and e udal to the point of entry of the stimulated root, The authors termed
the first of the negative peaks of the N wave 11 and the second }2.

They will hereafier be referred to as such in this PAper,

Hughes ond Gasser in 193%(101) studied the response of the spinal
cord to two afferent folleys, ard by weasurements of ti:e N wave determined
that the peried of absolute refractoriness of interneurcnes is 10 Nsee,
with a pericd of relative refracioriness of about 2300 Msec. This
eorrelated well with measurements of inhibiton of the flexor reflex and

these authors eoncluded that inhibition of the flexor reflex is simply doe to
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block of interneurones,

The cord potentisl was stulied during splnsl shock in the eat and
monkey by Stewart, Hughes and MaCoueh in a series of three papers in
19%40(103)(104)(105). They found that the N wave threshold was ineressed
in these enimsls following acute trensection of the spinel cord. This
elevation of threshold was found to last sbout one hour in the cat snd
about six hours in the monkey. The ventral root reflex remsined depressed
for a longer period of time thus suggesting that motoneurcnes per se
are effected by spinal shock, The rauthors :1so found that in chronicaly
cord hemisected animals the ipsilateral cord potentisl had a greater
longitudinal distribution than the control side following acute mid.
thoracie transection of the cord,

The N1l component of interm diary cord dorsum potential was further
divided into twe separate components by Austin and MeCouch in 1955(92).
These authors deseribed a small independent wave on the ascending lisb
of the N1 potentisl that displayed resistance to asphyxia and repetitive
stimulation and did notl show signs of convergence with stilmlation of
adjscent roots. This suggested a presynaptic origin for this early N1
component in contrast to the later component of the ) potentisl,

Studies of selectrical fields within and around the cord Purther indiested
that this presynaptic component of the ¥l potential had its origin in
afferent terminals of dorsal root fibers, This early presynaptic component
of the ¥l potential was termed the Mla deflection, =nd the remainder of
Nl was termed the Nlb deflection, The illa component was later shown by

the same suthors to be incressed followdlng chronic hemisection of the
cord in cats and monkeys, a finding that correlated with histologieal
demonstration of sprouting of the afferent dorssl root fibers following
chronice hemisection(18),
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Lindblom and Ottosson in 1956 studied the bulbar influences on spinal
cord dorsum potentials and ventral root reflexes by stimulation of the
bulbar reticular formstion simultanecus with elieitation of ecord potentials
and venlral root reflexes in newbutalized cats, These authors found that
stimilation of the retculespinal centers depressed the Ilb gomponent of
the ecord potential leaving the 1HS and lla eomponents unsltered( 106) .

An earlier paper by tuese aulnors had demonstrated that the Nlb compenent
is elicited by ptimulstion of low threshold cutaneous fibers and is
enhanced by section of the sp_nal cord, “hen H2 was present however
section of the ecord abolished the b deflection suggesiing that a
suprasegmental faciiitatory pathway also existed that functioned only
when the inhibitory pathways from the Buprascgmental levels were not active,
Hemisection of the spinal cord affected both ipsi ond contralaterasl Nib
potentlals suggesting 2 segmental crossing of the descerding pathways
influencing I1b(107). The authers found that the ventral root reflex
could be inhibited with or without alteration of the Nlb ¢omponent ,

and furthermore that the ventral root reflex could be i‘mi.‘éiia;.::—%ﬁ. uith
concwrent depression of Nlb, They concluded that the reticulospinal
pathway provides inhibition st the segmental sensory relay of impulses

to suprasegmental levels of impulses from low threshold sk n afferents,

The anatomical site of origin of the ilb deflection was demonstrated
by Lindblom and Ottosson in 1953(108). they found that lesions in the spinal
cords of cats (lesions produced with osmic acid) altered the Hlb
potential only if the lesions were in the apieal portion of the dorsal
gray. Hewlons in the aursal lateral columms, intermediste gray and ventral
horn did not alter the Hlb potentials. lesions in the basal portion of the
dorsal gray affected the Hib ueflsctlon to & smnll extend if Nib was

measured at its waximum crest value,



Berahard in @ paper describing lbe spinsl cord dorsum potentials
in relation to peripheral source of stimulation(109) Zfound that the Nib
deficeticn had origin from stlmulation of low threshold cutsnsous fibers,
Ze found that the Nib deflestion hed maximue ssplitude with only 70F maxisum
siimulus Lo tne affercat fibers, n fact that suggesis a more powerful
articulation of the afferent fiberz with the HNlb interneurcnes than have
the afferent fibers controllng the monosyns.tie ventrsi root rellex.
They aleo found thet Hlb was very resistant to norecties relative to
the venlrsl root roflex, and that the vontrsl root reflex could be
eabanced by s antldromie vollay in the doresl occlumns nt o time when
the ilb deflection was blocked Ly the sntidromic volley. intraspioal
recordings durlng these ex eriments indioated that 10b was meximsl at
8 polnt 12 mm below the cord surface in the dovrsal gray. The Nls cumponent
was desoribed following stimulation of low threshold muscle afferents,
Jeimulation of high threshold musele afferents produced a late negstivity
(of latenay cowpatible with the 12 deflecticn). Jeparate stimulation of
cut-neous, high thpeshold muscl: afferents, and low threshold musole
afferents wers all followed by jositive waves of different charscteristics
suggesting a complex origin of the s¢ eelled P wave of the oord dorsus

potential,
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CHREAL ROOT ERFLEX

The ocouranee of eentrifugsl potentiel ehunges .n the dorss) root
following a eentripetal velley was first desoribed by Goteh and Hovsley
in 1801(119). Sinee this cbservatien was in oprosition to the law
of Bell nred lagemile the finding was viewed with sus;dcion end lampely
disregerded until it was pedemcnatrsted by NMatthews in 193%(120),
Tosnnies in 1938(119)(121) descrided some of the charseteristics of this
dorsal root reflex (hereafter sbbrevisted [ER) noting that it had an
ensst latency of about 4,0 Mseo «r! dupation of about 20-30 Msees, snd
displayed characteristios of summation, facilitstion, ard inhibiti-m,

A eontralateral component was also described by Toennles in this paper.

Frank and Fuortes in 1955(122) dewonstreted that a musele sfferent
volley depresses the size of the monosayneptie EPSP produced by a volley
in different sfferent flbers, with no evilence of I'GP aectivity. This
depression ooincided well with the previeusly chserved temporal olarcoteris
of the UIR, de it had .is onset et sbout 5 Msee »nd slowly decayed,

Total duration of the effect wae sometimes se long zs 200 Maee,

focles et al (123)(124) extendid Frenk snd Fuories obesrvstions and noted
that group la nnd 1b muscle afferents sre potent sources of the DRE,
espeolely in knee snd ankle flexor muscles, but that muscle affersnt
groups II end IIT are not sourges of the IRR, fecles postulstes in the
latter payer thet the EFSP depression ocouring without svidenee of ISP
agtlvity is lhe result of terminals ending on tre pyeaynsptie afferent
terminals which a)desress the ine wming action rotential =nd thus rruce
the avouni of iiberated transsitter pubstence snd b) genersie centrifugsal

impulees over Lhe sfferent fibers thus scesumting for the TER,
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HETROGRADE CHACHLTOLYSIS

Tetrograde chromsiclytic changes in ventysl horn nerve oell
bodies following seetlon of their sxons was firet deseribed by Nissl in
18028110). Alihough thebe i8 cissgreement as to the extent of the
chrasetolytie provcess in dorssl root ganglion oells fellowing &:otion
of thely axons pexripherel to the cell buly, thers ix no guesiion thst
it does ocours to some emtent (111)(1318).

The preocess of retrograde chromet dysis involves disu-lution »f the
Himel” bollies normely dispersed thr oughoud the eyt plesm of the neuron
scma{111){133). It has been shown thet the Hissl bodies sre eamposed of
fol1ds of gomwolute’ mewbranes {endopleoswmic reticu)we){1ls) asscelated
with clusters of gronules now known to be BN carticles(110), The Hiss)
bodies besar 8 siriking resemblanen o S'ructures in the oytoplssm of
gland gells that sre int metely concernad with synthesis{ill},

The rhenome bn of chromatolyslis dees not seem te follow an 211 or
nons basis. Following sxon seotion by o period of days or weeks examination
of » group of ecells sugh 28 in 8 dorsal root ganglion or hypox ossal
nueleng thore 18 a s actrun of changes renging from sild dissolution of
the Wissl substanes to more marked dissclullon asscoisted with perinuclesr
elumping of remalning Hissl bodies, Hore severe chrusmtolysis is associated
with slwost total dlssolulion of the H4ssd ‘ sybstance and olher evidenoce
of disturbed celiulsr furction, le mrrked sccentrielity of the nucleus
{110)(111)(1312).

Tha ehrsatolytie cyele s been stulled in the hycoglossnl nucleus
of the r-bbit with regpeet te RN eoncentrition, cell volums, cell mass
by weang of Kerzy miororcdiogeaph st werying time Interval={112), In this

study the regensrsiion cerliod was divided into three intervslis,
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The first interval which lasts for sbout two days is ocalled the
latent period., During this period there is degeneration of seversl mm
of the cemtral part of the fiber and production of transient protoplasmic
strands thet later regress., During this period the cell volume remains
constant, both the amount and coneentration of R4 is constant, however
the dry cell substance decreases by 40%,

The second interval is called the outgrowth period and lasts from
day three to sbout day twelve, During this time the axons sprout and
eventualy join the motor end plate. From the third to the sixth day the
cell volume increases by 260%, The RlNA falls to increase at this papid
page and the RN& gongentration decreases by 60% during this period.

The total cell protein during this period is somewhat incressed,

The third interval is termed the maturation period and lasts from
day 13 to about day 90. This is characterized by a prominent increase
in axon dismeter. The cell volume remains maximal until sbout day 40, Also
at day 40 the RNA per cell is more than twice the normal value. However
the RNY concentration remains scmewhat low, Other proteins and Iipids are
also maximal at 40 days,

From this study it was caloulated thst during the total regeneration
cycle the cell replaced 50 times the originsl eell quantities of orgsnie
¢ell material, The REA per cell does not incresse until the maturstion
pericd, but the protein per cell starts to incresse with the outgrowth
reriod; the authors postulste on this basis thet chromatolysis repsssents
the activstion of existing RHA polymers.

Egcles et a1{117) contend that careful extradursl section of
dorsal roots perigheral to the ganglion causes a minimum of injury
explainable on the basis of dsmege done directly to the ganglion at

the time of surgery. They state however that there is a 10% reduction
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in fiber size in the dorsal root proximal te the genglion, These authors
conclude that sxirsgrnlionde section of dorssl roots is a volid way
to siwly th effscts of disuse on afferent psthways, This stuly does
not state whether or nct elesotrophysiciogicel chinges were nnted
in the presynatlic compunents f the reflex pnthways studied d oites
only changes recoried from the post synsptie elements, ie the ventral
root reficx,

Hare ot a1l {11l) in contraet to the sbove,described asbundant
exanples of chromatolysis in the dorsal root gsngl.on of the et
following sseilon of dorsal root fibers distal to the ganglion, The
perce tage of o6lls showing evidenoe of chromatclyile change was not siated.
A4 study by locles et =1(118) wn chromatolysed ven:ral horn cells
foilowing seetlon of verntrl voota from li-hll dapys hae <o -nstroted that

ventrsl horn eells in a stste of chromatolysis show no chanBe in resting

celis however exhibited s signific:nt reduction in size srd riss time,
The 'IPs also den'nstrate sbnormsl sujerimposed "hum 1k depolarizations
which sre abolished by hyrerpolerization. The suthors attribute this i

sbnormally excitable patohes - mombrane o the s ma and dendrites,



STATCMENT OF FROBLIDS

In the foregoing parsgraghs a definition of gpaeticity has besen
discussed, and the state of unil teral spausticity indueed in cats by
ipsilateral syinal cord hemisection desoribed, The thrse theories of
spastieity have been discussed in order of thelr chranclogiogl origin,
an’ thelr relative merits desoribed with reference to spastiolty
sesondary to spinal cord hemisectlon. It hes been pointed out that a
simple unbalance of descurding influenges does not by itself adequately
apcount for certaln oh:pr.eteristios of spasticity subsequent to spinal
cord hemisecticn. In particular it does not sfford an explenstion for
the chronological order of event: following spinal ocrd hemizection;
thet of profound ipsilsteral spinsl shock thet is gradualy replaced by
a state of ipsilateral spsstioity. This is in contrast to spasticity
irxluced by decerebration procedures which is of Lmmwedlate onset and is
apparently well accounted for by a simple unbalance of descerding
infivences,

The second lheory of spasticity proposed, that of chemloal sengltizstion
following psrtisl denervailion of either effector Organs or neupones has
been discussed. it hee been pointed out thet this Jhenomenon provides &
better explanation for the ehrenclogioal chsin of svents following spinal
cordd hemiseciion. lowever studies heve been oited that indicate that
in eertain instances both with respect to rer.icheral sffector orgens and
eentral nervous system neurones tho sprouting of adjacent intset sxons
voinnervate the rartisly denvrvated structures. Yhen this oooures the
chemigal sensitisstion ecnecemitantly dissapears. In particulsr with
reference to the asplnal cord s routing of adjscent dorsal reot afferents

has been desor.bed following spinal cord hemiseetion. This is associated



with an inaresse in that component of the cor! dersum ~otenti=1 that
has been reiated to dorsal root afferent terminals, At jresent thebe is
no direct evidence that the scrouted terminals esteblish funotional oconnections.

As deseribed in csrlier parsgraphs of this paper several studies
have demonstrated that following partial denervation of peripheral
structures the sprouting of sdjacent intsct axons aan be influer.m by
several procedures. Rleotriesl stimulstion of the intact fibers increases
the asownt of sprouting; this is thought to be due to an enhanced synthesis
and inoressed peripherasl flow of axoplasm. This hypothesis is supported
by findings of accelerasted peripheral displacement of P32 in frog nerve
fibers following electriesl stimulation, and by evidence that cytoplasmic
antimitotic drugs retard srrouting.

It i5 reascnable to postulate that s similisy disturbance in the
oytoplasm of dorsal root axons might also alter their capselity to sprout
into the spinal cord following partial denervation of spinal neurcnes by
spinal cord hemiseotion. As will be discussed in suceeeding paragraphs
crushing the dorsal root fibers at g point peripheral to the dorsal doot
ganglion insilitutes both achanges in the wetsbolie functions e noerned with
eytoplasm [rodustion, and in the relative state of "use" of the fibers,
if this alters the sprouting procevs of the dorssl root fibers this faot
should be reflected in the gord dorsum potentials related to dorsal root
afferent terminals., Further if sprouting of dorsal root afferent terminals
plays a role in the spasticity subsequent to spinsl cord hewisectiion
there should be & chunge in the clinieal pattern of spasticity.

The hypothesis of this paper may then be stated as follows:
peripheral orushing of dorsal root sxons simultanecus with spinal copd
hemisection will deoresse the oruneity of the dorssl root £ibers to sorout

onto the Bp.unal neurones partialy denervoted by the hemisection procedure.
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This will resuit in a decressed presynsptic terminzl potential of

the eond dopsum potenilial relative to the incoresse ;weviocusly desoribed
subsequent to cord hemisecoiion. Further, if the s-routed sfferent |
torminals are direolly relsted to tie spastieity induced by splnel cord
nemisection the pattern of spas deity should be sliered or shated if the

Hla potential is deypessed by the nerve ocrush ;rocedure.
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MhIHODS AnD mATERlALS

“he sxrerimental animale vere divided ints two mejcy groupes 1) =n
reute control group subjected only to the *ereing) axveriment a8 described
h:alawl. and 2) clironie snimels divided inte glx subgrow-s 2 dateyeined
by warlous chronle axperimantal yroeedurss se deseribes below, snd the
interwal of time els.aing Letwesn the experimental lesion sr the terminal

sxrsrinent,

Hendseoted s baals

"a diseussed in the introduction to this sper o state of rel-tively
arilrteral spaoticley cau be in‘uced in the ludogaorsl oo of the gat
by chronle mid-thoracic hemiscotion of the apinnl anrd, The mid-ithopsele
henlsections wore porfursed as follows, The mid tlortoic vertcohr: i eoclumn
was ek o3sd Lhroggh 2 twe contineter dorssl widline Sneilsion pardsrmed
under ather snesthesia, The eord and menincos wers axvosed betwean
rartebieal bodles with rongeurs. Une Yab of 3 ah e palr of Jewilors
forcajs was inserted through®e durs sod eord in the milline until the
underlying bone was probad., The other 3imb was (imoted vonively
exursdurally Just isteral te the sowl prd awerings. The cord interposed
betseen Lhe o Limbs of the furesps was then pinched firmly for sbout
fifteun seoonds, Yepalr of the tissues verdying the eort wos effooted
with 2.0 gut for deep tissues nnd 2-0 silk for outansous tissucs,
Following ihe terminel exve: iment hletodoglenl stwiies wears ma'e of the
hendseqted ares to Jetermine the meoureey »f the lesion. In this groap
ten animsle wore employed of 30 daye o ronielty (intervs}l between
experimental lesion snd temminel experdment) sud ten snlwels of 90 days

ﬁhﬁ*f&iﬁﬁ’#&w-



Deneryeted animals

fg disoussed in the introduotion to this caper, denervotion as
effecte’ by ecrushing & peri heral nerve pives rise to two types of changes
in neuronnl pathways jroximal to the lesion, In the afferent fibers there
is s resultmnt lntervsl of disuse of the proximal neuronsl pathways involved,
in the myronss involved chere 18 a pro ess of retrogrele degenerstion
appsrently brought about by the fiber injury and by the proeess of fibgr
regeneys Liol,

In this group of animels unilatoral denervation of » hind lind was
socomplished by crusning the seint.e, obturpbor and femcral nerves, The
solstlo cerver was exposel =nd erushed mv ite exit through the grester
seintic notoh, the obturstor perve at its exit (hirough “he ~bturstop
foramen 8o ay to include both snterior and posterler divisicns, ond the
femoral perve atl Lts exit into the femorsl cannl, Crushing was jerformed
with a hemostat, the resultsnt lesion being sbout 2.3 mm in width,
he udequaty of ihe lesion could be determined visualy at the time of
the procedure, In addilion eliniesl ex-winoiions were swsloyed to
sheck Lhe completeness of nerve interruplion {(see below). In this group

there were ten anlmals each f 30 smd 920 doys otuonicity.

Henlsected and denervated snimmls
Jemdsection and ipsilateral dunurveiion procedures were earried out
¢ neomitantly as described sbove, In this group thers were ten s dmols

sach of 30 mnd Yo days ochronleliy.

Control snimals
411 ehronie animal procedures wers ‘one unilatoersly so thaet
“axperimental™ and "eontrol” sides of the animals ¢-uld be compared

alinioaly "ol eiselvo tyysic loglesly as described below. It was necen BTy



39
to have s eontrol grou- not having chronie saperimental ieuima in order
to determine the extent of veriation between the two sides of a 2aormal”®
oat with no ssymmetrionl lesiuns. These animals wers subjectel only to
the terminsl experiment ss deseribed below,

Glinieal evelustions

Cliniecai: evalustion of neurciogical function in the snimals was
verformed at the time of the terminal experiment and at warying intervals
during the ohronic pericd, The ¢ seity for wolitlionsl sovement and state
of position sense wvas determined by cbeerving gsit and agllity. rgin
senve waz tested Ly pin prick techliique over sll portiocns of the hind quarters,
fnee jerk sml Achflles tendon jJerk were cbserved with respest to magniiude
and symeetry. Huscle tonus in the bind limbs was cbeerved and cempared
oft the two sides of the andmel, Flemion reflexes us evoke:l by noxious
stimull epplied to werious portions of ihe hind idmbs was eompared
bilatersly with respest 0 msgnituie and symustry.

&% the time of ihe terninel experiment the symmetry of the sxtensoy
rigLliity produced by the dscersbration procedure, the symsstry of the violent
thrashing movements 1o weed in the huind limbs by the scute eurd transection
vrocedure, and symmetry of the Schiff.Sherrington phencmenan in the forelimbs
precucsd by the mld-cihoracie transection alse provided interesiing

elinical dats,

Tersinal experiment

ihe purpose of the terminel experiment was to make oeririn
slectrophysiol-gienl seasurments as desoribed below,

‘reperation for the terminal experiament was ss follows, ‘he animals
were anesthetised with ether, A vtrawé;es::tw was jerfsrasd an? tie trehes

eanntilate’s The common nsrothid arteries were tied and an external juglay



wein cannulated with + & 21 poiyeihylens tublng for aderinistrstion of
aprropiiste fivlds and drugs, An openiig iwo centimetsrs in dismsler was
made in the skull with rangoeurs Just cephslsd to the bony tentorium
corebelli and listeral to the wicline, Ihe dural coveriig was opened and
decershration perforesd by silding a small spetuls along the tentorium
bowars he midline and ventraly. The sdequacy ~f Lhe ducersbration could
be gauged by the proppl onset of exlensor rigldity whieh developed.

~ther wag discontimued sl this po.ont., Ths allowed at least 99
mninutes to elapse prior te the enset of recording, Tosasional resplratory
depression {ollowsd the decercbralion, ibls was yelieved by placing th
snimel on the r¢spirator uniil siontaneous res lraiions rosumed,

A seadl mid-thopracie laminectiomy wes perforeed snd the ertire cord
transeoted by extra.wal pinch with jowslers forveps. in the ehruricaly
hesiscoted animals the acute traaseciions were done about one ceniimeter
baicw ‘he hemiseetlon site, The purrose of this rocedure was to insure
thet descending input inte the lumbsyr cord would ve as syemetrioal as
nozsible. At least one howr was allowed to olapse betwesn the transeoilon
procsdiinze and the onset of recording.

ihe lumbossoral cord was oxposed by dorsel lasdneciowy irow the
saoral histus to thelwsbar one segment, The snlmnl was immobilized wiih
de-tuboourarine piven lolyavencusly in & dose sueh Lhat skelel2l susels
povemsn . was just negated, Ariificisl xes lraticn wss initisted Ly mesns

£ a yvespiystor sgjusted 1o del.ver s tidel voluse snd freguency -0
reppdration judged by previcus satimstion of toe sriimale srontsnecus
respiratory pattern,

ihe animel was trhen sus ended on the experimental {able by wesns of
pine plaged 4n the iilec crests, and & glamp attasched to she 712 dorsal

spincas proeess. ihe gutsneous amd Jorsel muscls tissues in the vieinity



of the leminectomy were formed into a pocket around the exposed cord

in order to hcdd proper irrigation fluids (Krebs Ringer solution).

The dura was then opened in the midline along the total length of the
exposed cord and the edges sutwred with 3-0 silk to the tissues lateral

to the cord. The L7 roots werc identified bilateraly by determining their
point of exit through the intervertebral forsmen, and also by virtwe

of their unique length and thickness rel:tive to adjacent roots.

Bilateral ventral and dorsal roots (17) were then sectioned intraduraly
just proximel to the dorssl root ganglion. The dorsal and ventral roots
were then sspersted snd mobilismed to their polnt of entrance into the cord.
The cord and roots were then bathed in a solution of Krebs ringers solution
the suwrface of which was covered with a2 thin layer of mineral oil.

The dorsal root was placed cn 2 pair of bipolar stimul-ting electrodes
of 20 geuge silver wire. Stimulation was provided by a Orass model 5S4
stimulator 4 Crass model SIU 4 stimulus isolation unit was intervosed
between the stimulator and the siimulating electrodes. The stimulus
waveform delivered to the animal was a squafe wave of 20 mierosecond
dwration,

Bipolar recording electrodes of 20 gauge silver were smployed :n

the proximal portions of both dorssl roots. Cord dorsum potentials
were recorded by means of a silver bsll elecirode one mm in di-meter.
The indifferent electrode employed for cord dorsum potentisl recording
Was a one centimeter square silver plate attsched t° the exposed
dors:l muscle mess lateral to the laminectomy. Cord dorsum potentisls
were led from a position one mm ce halsd #nd one mm lateral to the
center of the L7 dorsal roctlet entry imto the cord,

All potentials were recordsd on a Tekironix 502 RC coupled eathode

ray osclilioscope employing pust-pull input.,



the lollowing weasursmonts were made bilateralyj dorsal root spile
amplituwie, dorsal root refiux sspliituie and latency of snset, intramedullsry
spike opsetl lalency and amplitude, s ampliiwde snd pesk lalency, and Hib
smplitwle and peak latenay.

Stisalation frequency of one eyele per 8 cond was employed, . orsai
root spike and gord dorsum potentlils were messured frow $“vesheld to
maximue values. Lorsal rool reflex messuresents wers wede with a

meximal stimaius (le fully developed dorsal root spike),.

inatomienl studies

Following the lerndnel experiment sp«oimons were paved for histologhosl
evaluation, Chroniealy hemisected aress of the .horscie cord were ssciioned
apd ptained with FRE, Bodian sidver, =nd Narehd stains to ssses the extent
of the hevdseotion., In chronicaly denssvated snd hesdseoiedw-dencrvated
snimale the sciatle nerves, dorsal root ganglion, and the 17 segmeent of
the cor: were sect.oned snd studied for evidenve of ehrometolysis
or other degenmeration of oell bodies or fibers. The sciatie nerves
wera studied for evidenee of completensss of rogeneration, lidssl,
Bodlian silver, snd HEE stains wore ergployod in the cord ard genglin
studies. E& and Uodlen silver stelns were used for stwylng sclatie

nerve changod.

Trestment of lsta

Ihe elselrophysiological meusurewents deseribed sbove were troated
a8 follows, In oirondc animals ther sxperimentsl sise Balues were Lvidad
by the eontrol slde velues and multiplied x 106 to obtain the pervent

exper mentsl values were of ocontrol veiues, The contrel srnimsls wepre
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treated in the same wanner except that left side values were divided
by right side v-lues in 50% of the animals and vice versa in the remsining
50%. The means and standard deviations were computed for each group and |

the data =nalyzed ststisticaly employing Student's t test,



Results iy

Histologieal findings

At thirty days there was a mean incidence of 68% of cells in the
ipsilateral L7 dorsal root ganglia: of nerve crushed eats that displayed
some degree of chromstolysis, Of the cells exhibiting chromatolysis
22% had type I changes {mild dissclution of the Nissl substance), 30%
had type II changes (moderate to marked dissolution of Nissl substance)
and 16% had type III changes {almost complete dissomution of ¥issl
substance ~nd eccentricity of nucleus), In cats that had both hemisection
of the spinal cord and nerve crush procedures the total ineidence of |
chromatolysis in the dorssl root ganglion cells was 79% with 19% type
I changes, 38% type II changes, and 22% type III changes. The mean
percentage of cells in the dorsal root ganglia on the eontrol side of the
animals was 0.9%. The differences between the nerve crushed and the
nerve crushede cord hemisected animals was not significant. See figure
1 for photomicrographs of control and experimental dorsal root ganglia
and gangliion neurones displaying the sbove discussed evidences of
chromatolysis. Figure I also represents graphically the ineidence of
chromatolytic cell chonges discussed above,

| By 90 days the evidence of chromatolysis in dorssl root ganglion
cells was seen in only 2.8¢ of cells counted in nerve erushed cats,

and 3.3% in cord hemisected- nerve crushed eats, These values are not
significantly different from control side counts. Ststistieal analysis of
incidence of chromatclytic changes in the dorsal root ganglis of simply
cord hemisected cats was not undertaken but preliminsry counts indicated
that the incidence was very similiar to control values,

Gross and histologiecal ex'mination of the Sciatic nerve at the
nerve crush site was wntarésting in that evem at 30 days the site of the
original crush lesion was difficult to find, kiernspopicaly small neurinoma

like formatl.ons were ooeasionslly seen



Figure I

A-F: Nissl stains of normal and chromatolyzed dorsal root ganglion cells

A Section of ganglion from cocntrol amimal., l.ote even dispersion of Hissl grarules and concentricity
of nucle¥

B: Simil.ar section of garnglion from an animal that had had a nerve crush procedure 30 days prior.
hote paueity of lissl substance, perinuclear clumping of hissl substance and examples of
eccentricity of nueleus in many cells,

C: lormal ap earing dorsal root ganglion cells from control side of denervated animsl., The fiissl
granules are clearly visible =nd may be seen to be quite evenly dispersed,

D:  ¥ild chromatolytic changes in dorsal root ganglion cell from the experimental side of 2 30
day cord hemisected-nerve crushed animsl. The changes seen here of dissolution of Niss!
substance, perinuclear clumping of the lissl substance with a coneentric nucleus are termed
type I chromat lysis for convenience in this paper,

E: Type II chromatolytic changes in a dorsal root ganglion cell from the experimental side of s
30 day nerve crushed cat. iiore marked dissoluiion of the Nissl substance and mild eccentricity of
the nucleus is apparent.

F: Type III chromatolytic changes in a dorsal root ganglion cell from a 30 day cord hemisected-
nerve crushed arimslf HNote the marked eccentricity of the nueleus snd marked dissolution
of the Nissl substance.

G: Cra hie representation of the percentage of cells in nerve erushed animals and in cord hemiseched~
nerve crushed animals of 30 days chronicity showing signs of chromatolysis. The total incidence
is shown a3 well as the percentage of each of the various types of chromatolysis deseribed sbove,
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Clinical Svsluations

Hemisected animals

Immediately following the hemisection ~f the spinal cord there was
flaceidity in the ipsilateral hind 1imb, Within one hour however there was
return of muscle Lonus and reflexes., Flexor reflexes returned first and
were stronger al one hour than were decp tendon reflexes. By 24 hours the
muscle ton 8 was ciear.y stronger in the exteusor wuseles than in the
flexors aan the [lexor reflsx was lower on the insilsteral side in threshold
then o the control side, This incresse in extensor tonus zrd decresse in
flexor reflex threshold progressed somewhat for ab ut |0 dsys. By thirty
days the extensor tonus was g:uite msrked 2nd & re ting eclonus was often
cresent, The flexor reflex had a low threshold and was very vigorous,
-dicitation of the flexor reflex -ften resulted in a grolenged
flexion of the extremily associated with clonus, Deep tendon reflexes
elicited on the i silateral side z21sc commenly gave rise to clonus
whatehr or not s resting clonus was presernt,

Fositive supnoriing refle.es were exaggerated as elicited by vressure
on the pad or sprewding of the otes n the ipsilatersl hind iimb, but

k}

hopping "nd [lading reflexes were absent. Volitionsl use of the ipsilateral
hind limb imoroved progressively over the 20 day period but was of
startl.ngly pood quality by thirty days. The animals could walk 3 narrow
iedge forward snd backwards although sowe mild error in tracking was
usually present on the hemisected side,

Rinety dey animals were elinie~lly identieal to the thirly day
animals 1n the spurl cord hemisected group,

Following the mid coli.cular decer-bration proeedure csrried out,

+

in rejerztion for the terminal experimsnt (see methods and materials) the
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extensor rigidity was mosit marked in the ipsilatersl forelimb, The hindlimbs

were nearly equal, in extensor rigidity but sometimes the rigidity secmed

greater in the ipsilaterzl hindiimb than in the contralateral hind Iiwb,
When the spina cord was acutely tronsected just esudal to the prior

hemisection site the hindlimbs displayed vigorous thrashing movements

that were warkedly exagpersted in the hindlimb ipsilateral to the cord

hemisection. Following subsidance of these movements the contrzlsteral

hind limb beesme flaceid while the ipsilateral hind limb tended to

maintain increased extensor tonus, some clonus ard 3 very setive flexor

reflex, Following the transection the forelimbs became equal with respect

te the decerebrate extensor rigidity.

Herve @rushed animals

- Foliowing the nerve crush procedure the ext emity was flac-id
armund the knee =nd ankle joints. There was no ebldence of sensation to
about the junction of the proximal third and distel two thirds of the
thigh. The animals tended to walk on the dorsum of their foot but
interestingly faliled to develop trophic ulcers as long as t-ere was
padding in the bottum of the cage, By thiriy days there was some reiurn
of tonus around the knee joint and s.me evidence of feeling (albeit
min.mal) was noted at about knes level,

By ninety days there was equal strength to eliniezl exeminatiocn

in both hindlimbs inciuwiing the foot. There was however a mild defecit
in sensation around ihe foot as tested by pin prick. Stepping =nd
placing reflexes were grester on the control side “nd the flexor reflex
threshold was higher on ithe expe:imental side, Deep tendon reflexes
were about equal in the two hind limbs,

It was of interest that most of the 90 dsy denervated animals
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displayed a mild resting clonus 2nd rn ineresse in flexor tonus an the
experimental side, Mild swhwardness with respect to volitional m-vement
Wwas apparent on the experimental side but the anim ls were very agile and
eould walk a narrew ledge boih frontwerd snd backward,

Following the mi'collicular decersbration the extensor rigidity
was wore marked on the ipsilateral side in both the forelimbs snd
ihe hién limbs,

Puring the scute transsetion of the cord the experimental side had
very exsggerated movement compared to the eontrol side, Following
subsidence of these movements the nind liwbs became quite symmetrical with
respect to muscle tunus and reflex activity, ie the irervssed flex r tonus

and clonus dis®ppesred on the experimental side,

tSem gecidd nd denervated animels

These animels were cliniesl ¥ identiesl with the denervated
group at thirty deys. By 90 days however ‘he pattern was that of the
herisected group., The anlmals displeved increzsed ext nsor tonus, clonus
and 2 very much lowered flexien reflex threshold, The flexion reflex was
prolonged wnd scoumpanied by a marked elonus, Pesitive supporting rellexes
wWere exagger ied 25 in L1e simply cor. hemisected group, Hep,ing and
flacing reflexes were sbsent on the experimental side. Following degcerebrotion
the extrosor ragidity was grestest in the ipsil-tersl forelimb and nearly
equal in the hindlimbs,

luring the acute eorc trsusection procedure the vigorous thrashing
movemenis wer more intense on the experimental side, une hour following
the trans-etion procedure the exnerimentisl side had ineressed flexor tonus
‘i & very hyperactive flexor reflex with clonus, and hypersctive

deop terdon reflexes,
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in susmary the 30 day denervatsd and cor hemisecteu~denervsted
animals were charstterized by findings of per pheral nerve defecit, both
motor and sensory. The 30 and 90 day eord hemisected =rd the 90 day
cord hemisected-denervated groups were very simillsr elinicsily in that
they Teatured the same patlerm f clinie.l s asticity. The 90 day
denervated sanimals displayed some charscteristies of spesticity with
increased flexor tonus and clonus, 70 day denervated snimals with or
without cord herisection disclsyed nearly complete recovery from the

peripheral nerve defeeits noted at 30 days,

Electrophysinrlogieal findings

fhe below discusscd findings are significant to the r= .05 level
employing students t test unless otherwise specified. Tabies I and 2
should be consulted for a summary of wean va'ues, stsuiard deviatlions,
and significance levels. FigureZ2is referred to for some r yresentative

osuillogra h trscings of the discussed findings.

Cord henisect=d cats

Significint fiaiings include an inercase in the pe-k amplitude values
of the Nla couponent of the cord dorsum Lotential on the hemisecte side
as compared to the control side, Fhe cord herdsected side values were
27.85 higher than the control values 't 30 days, and 2€,1% higher at
9 days. The Wlb peak amplitude values were also inereased over control
values by 21.9% at 30 days und 20.6% at 90 days. There was no slgrifiecant
chenges In the values of the IM or DRS in the experimental side as
conpared to the eontrol side, iLikewise there were not any signifiemnt
fnifferences in the laturey of pseak Hlb values or in the nset latenay

of the URR. The amplituie of the IER was not significantly aitered.



At threshold stimulation there wss no difference in the ratio of
amplitude of Hlb > Hla s compared to control snlmals, but at wmax . mum
stimulstion there wa, an incresse of ~bout 108 in th.s ratio as

eompored to control animals in both 30 and 90 dsy cats (i=.,10),

See Migures 3, 4, and 5 for graghic representsticn of the above deseribed

firdinge.

Denervated eats

&t 30 days the records displayed the following =mplitude decressions:
DES 34,45, M3 30.86, Mla 62,76, Nib 37.2% and DRR 75,7%. The pesk latency
~f Hlb was increased 40.5%, The ratio of Nla t- Nlb was not altered
compared Lo controls at either submaximal or maximal stimuwlation,
See figures 3, 4, and 5.

The 70 day animals displayed the following amplitude depresslons:
IES 17,9%, DS 16.2%, Nla 43.8%, Nib 11,15 (F=,10) amd DiR 31.1%.
At 90 days there was no s.gnificont increase in either Nib peak lalency,
or UHR onset 1atbnay; hs at thirty days there was no differsnce in the
Wib/Nla ratio., See figures 2,4,and 5.

Signifieant di ferences between the 30 day and 90 day denervated
cats ineiuded a rseovery of the DES amplitude of 16.56 (I=,10), a
recovery of the IMS amplitude of 14,6F and a 18.9% recovery of the Hla
amplitude. The nearly eomplele recovery of the la. ncies of Hlb and the
DER were both significant to the .Ul level, The IFR amplitude recovercd

by 44,68,

ord hewisected an denervate’ cats
At thirty days ths following awmplilule dejressions wer: noted:
DRES ho.6%, IS 34,88, Nia 61.4%, N1b 48.8% and LFR 78.7%, The pesk

latency of Ilb was increascd 24.2% and the -nset lalengy of the KR 31,6%.



&
Aok

with waximus stimuletion the ratlo of Hlb t~ Bls was decrenged by 168
{(*=,10), See figwres 3,4, nd 5.

At 0 deys the following smpllitude e, ressions were poted: [FS
22,2%, 9 18,88, Nla 28.5%, Hib 10.28 (1=,10) ond D6R 33.28. The Wik

reak latency -ad LT onset =i noy were no longer incressed, ee figures

Sigrifleant differences balween the 30 sni 9u dsy animels inclwded
recovery of the DAL amplitufe hy 18.48 (i=,10), recovery of the I
sm ditude by 1 .0k, rec very of the Nla amplitude by 32,98 i reccvery
of the DEE by 45.56. As rotei sbove Lhe previ-usly inc essed lstencles
of the {1b od IBR at 30 days had retorned to noroal by 90 days,
Slgnifliennt differences between the dencrvated snd the cord hemisected
denerv-ted ceries was limited to » slgudficsntly smore profound depression

»f the Hls component of the eord potentiz)l at "0 doys in the latter series,
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