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ABSTRACT 

A r ev i ew of ·the l i terature on equ ine laryngea l hemiplegia  

i nd icated that f u rther i nve st igat i on s  were warranted , in  

order to def ine more c learly the underlying pathoge n i c  

proce s s es . Thi s  i nve s t i gat ion wa s undertaken on one 

S t a ndardbred a nd fou rteen Thoroughbred hor s e s, o f  whi c h  

four were c l i n i ca l l y  af fected w i t h  l aryngea l hemi pleg i a , 

f ive subcl inica l ly a f f ected and s i x  were apparently norma l .  

The ir l e f t  and r ight recurrent laryngeal nerves were exam

i ned i n  deta i l , a s  were h indl imb nerves from two of the 

c l i nica l l y  a f f ec ted anima l s . A var i ety of h i s tolog i ca l  

t e chniques were employed , inc lud ing l i ght and e le ct ron 

m icroscopy of 

prepara t ions . 

igat ion s  wa s 

res i n  embedded nerve , and s ing l e  tea sed f i bre 

Quanti tat ive data obta ined from thes e  i nve s t 

eva luated s ta t i s t i ca l ly . Some i n t r in s i c  

l a ryngeal musc l e s , and the extenh o �  digit o � um l onguh mus c l e  

wer e  i nve st igated . I n  add i t i on ,  the motor nuc leus of the 

recurrent laryngea l nerve f ibre s , the n u cleuh am!i g u u h  , 

and long centra l nerve f ibre tract s  were exami ned . 

The results  demon strated that the neuropathy o f  equ ine 

l a ryngea l  hemiplegia i s  charac te r i s t i c  o f  a d i s ta l  

axonopathy . Rather than being a d i sease of the l e f t  

recurrent l aryngea l  nerve , a s  i t  has  previ ou s ly been 

cons idered , a genera l i s ed neuropatholog i c a l  proces s  a f f e c t 

i ng l ong and l arge d iameter nerve f ibre s wa s found . The 

primary s i te of the l e s ion wa s shown to be the axon rather 

than the myel i n  sheath . D i stal axona l a trophy wa s demon

s trated . As we l l  a s  the i nvolvement of per i pheral n erve 

f ibres i n  the d i sease proce s s , some evidence for the 

i nvolvement o f  l ong f ibres of t he centra l nervou s s y s tem 

wa s found . 



iv 

In addi t ion , a n  inve s t igation o f  the pathology a s sociated 

with s t ringha l t , another nervous condi t ion o f  hor se s , wa s 

per formed on one anima l . I t  wa s demonstrated t ha t  t h i s  

wa s a l so a di s ta l  axonopathy , a lt hough a number o f  dif fer

ence s  f rom idiopathi c  l a ryngea l hem iplegia were observed . 

I t  wa s an acute rather than a chroni c  proce s s , a nd lacked 

any i nvolvemen t  of centra l f i bre s . 

In concl us ion , i t  wa s sugge s ted that a number of previ ou s ly 

pos t u lated cau ses for equ ine l aryngea l  hem ip legia could 

be d i smi s sed , on the bas i s  of the f i nd ing of a genera l i s ed 

d i s ta l  axonopathy . Thi s  included those wh ich s ugges ted 

mechan ica l damage to the l e f t  recurrent l aryngea l nerve , 

such a s  stretch or compre s s ion . I n  l i ght of the f i ndings , 

the mos t  l ikely aet i ology underly ing the pathology o f  

equ i n e  laryngea l hemiplegia wa s con s idered t o  b e  ·an acquired 

or i nherited metabol i c  defect a f fecting energy produ c t ion 

i n  the axon , wi th the resultant i nabi l ity t o  s upport the 

d i s t a l  area s of long , large d iameter nerve f i bres . 
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PART I 

INTRODUCTION 

I NTRODUCTION 

R espira tory d i s ea s es ar e s econd in importanc e on l y  to lame

n es s  i n  th e hor s e  (Br i t i sh Equ i n e  Ve t erinary A s s o c i a t i on , 

1 9 6 5 ) . On e o f  th e mo s t  impor tant o f  th es e  d i s e a s e s  i s  

l a ryng ea l  h em i p l eg i a , a cond i t i on that i s  often r ef er r ed 

t o  a s  roa r i ng . Th i s  d i s ea s e  has bl ighted the Thoroughbr ed 

v i rtua l ly s in c e  th e incept i on of th e breed , and a ccording 

t o  We i s s  ( 1 9 3 7 ) , 5% of a l l  Thoroughbr ed s  d ev el op the 

c ondit ion . The c l inica l s igns exhibited by l a ryng ea l  

h emipl eg i c  hors es r esult from pare s i s  or paraly s i s  o f  th e 

l ef t c�i c o a� ytLn oidLu4 d o �4ali4 mu s c l e, and s ubsequent 

l os s  of control of mov ement o f  th e aryt enoi d cart i lag e. 

Dur ing ex erc i s e  th i s  r e s u l t s  i n  inspiratory s t r idor a nd 

d y spnoea , and b ecau s e  of l aryng ea l  a i rway obstruc t i on , 

a r eduction i n  th e important abi l i ty of th e animal to 

·p erform ath l et i ca l l y . 

A l though th e c aus e of th e l aryng ea l  para l y s i s  i s  known 

i n  som e  f ew a n i mal s to b e  r el a t ed to traumat i c  or i r r i tant 

d amag e to the recurrent l aryngea l n erv e, or to p l an t  or 

c h em i ca l intoxi ca t i ons , th er e  i s  no hi story of any of th es e  

a et iolog i c a l  f actor s in th e maj o r i t y  of a f f ected a n i ma l s . 

V et erina r i a n s  hav e trad i t iona l ly r ef erred to th es e  l a t t er 

c a s es a s  i diopath i c  l aryng ea l  h emipl eg i a  ( Cook , 1 9 7 6 ) , 

a l though thi s t erm i s  not s t r i c t l y  correct . An i d i opathic 

d i s ea s e  is d ef i ned in th e Conc i s e  Oxford Dict iona ry ( 1 9 6 4 ) 

a s  a d i s ea s e which i s  not preceded or occas ioned by anot h er .  

B lack 1 s M ed ic a l  D i ct iona ry ( 1 9 6 5 ) tak es a wider v i ew ,  and 

s ta t es tha t i diopathic i s  a t erm appl ied to d i s ea s es 

i nd icating that th ei r  cause i s  unknown . Th e word h em i p l eg i a  

i s  defined b y  B lack 1 s Med i c a l  D i c t ionary a s  a para l y s i s  
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a f f ec t i ng on e s id e  of th e s p ec i f i ed sy s t em .  Para l y s i s  

u s u a l ly r ef er s  to ' a los s of motor funct ion , du e to int er

f er enc e with the n ervous sy s t em ,  wh er ea s  par es i s  i s  u s ed 

wh en the l o s s  o f  motor funct ion i s  on l y  part i a l . I n  som e 

ca s es ,  th e cond i tion s een i n  hor s es i s  h emip l egi a ,  wh i l e  

i n  oth er s  s t r i c t ly s p eaking i t  i s  a h emipar es i s . Laryng ea l  

h em ip l egia ,  a s  a t erm for thi s  cond i t ion i s  imprec i s e, 

a s  i t  wron g l y  conv ey s  th e impr es s ion that t h e  und er l y ing 

n ervous d y s f unct ion i s  l imi t ed to on e s i d e  of t h e  l a rynx , 

and ev en th en th e s i d e  involv ed i s  not spec i f i ed .  I n  thi s  

th es i s , t h e  t erm i d iopathic l aryn g ea l  h emipl eg i a  wi l l  b e  

u s ed i n  pr ef er enc e to l aryng ea l  h emip l egia only when i t  

i s  n ec es sary t o  d i s t i ngu i sh b etw een laryng ea l  h emi p l egia 

in  which the causa l factor is  known , and oth er c a s es o f  

th e d i s ea s e. 

C l i n i c a l  s ig n s  o f  laryng ea l  h em i p l egia a r e  usua l ly man i f es t  

i n  you ng adu l t s  (Wi l l i ams , 1 9 02 ; Hoar e, 1 9 1 5 ; Cook , 1 9 7 0 ; 

Marks et al.., 1 9 7 0b ;  Mason , 1 9 7 3 ) . I n  a r ec ent s tudy i n  

Thoroughbr ed s , which inc lu d ed i n  i t s  analy s i s  a c ompari son 

of th e ag e d i s tribut ion of th e popu l a tion from whi ch th e 

hor s es i nvo l v ed in t h e  study w er e· tak en ,  th e r el a t i v e  r i s k  

of b ecoming a roa r er wa s g r eat es t at 2 y ea r s  o f  a g e  

( Gould en & An eerson , . 1 .9 8 1  ) .  A n  int er es t ing a s p ec t  o f  th i s  

d i s ea s e  i s  that i t  a lmos t  a lway s  occurs on t h e  l ef t  s i d e, 

and i s  a s so c i a t ed w i th atrophy of th e l eft i nt r in s i c  

l aryng ea l  mus c l es ,  s econdary t o  a n europathy o f  th e l ef t  

r ec urr ent l a ry ng ea l  n erv e (Hoa r e, 1 9 1 5 ; Co l e, 1 9 4 6 ; Cook , 

1 9 7 0 ; Marks et af. , 1 9 7 0 a ; Mason , 1 9 7  3 ;  Duncan et a f.  , 

1 9 7 4 ) . 

Th e purpos e  o f  thi s  thes i s  i s  t o  a c cura t ely d ef in e  th e 

natur e and d i s tribution o f  pathology in t h e  r ecurr ent 

l a ryng ea l  n erv es of  idiopa t h i c  laryng ea l  h emip l eg i c  hor s es , 

a s  a ba s i s  to a l l ow i ng a b et t er und er �tanding of th e patho

g enes i s  of th e d i s ea s e. A synop s i s  of th e pr es ent knowl edg e 

on th e anatomy , pathology a nd s ugg es t ed a et io logi es i s  

pr es ent ed and c r i t i c a l ly d i s cu s s ed .  
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ANATOMY 

Th e l ef t  a nd right r ecurr ent l a ryng ea l  n erv es d i f f er i n  

t h eir  anatom i c a l  a rrang em ent . Th e l eft n erv e branch es 

f rom th e vagus mor e  d i s ta l l y  t han th e right , and pas s es 

around t h e  aorta b efore i t  a sc end s th e n eck t o  t h e  larynx 

( G etty , 1 9 7 5 ) . Both r ecurr en t  laryng eal n erv es a r e  of 

cons i d erabl e l ength , cours i ng from the c entra l motor 

n euron es in t h e  m idbra in to t h e  mus c l es t h ey i n n ervat e 

in t h e  l a rynx . Th e l eft n erv e can m ea s ur e u p  to 1 0 0  cm , 

d i s tal to i t s  s eparat ion f rom t h e  vagu s in th e thora c i c  

cavity ( Co l e, 1 9 4 6 ) . Wh en t h e  vaga l cours e i s  i n c l ud ed ,  

th e tota l axona l l ength may b e  up to 2 5 0  cm , a nd a s  s uch 

approx ima t el y  1 0 0 %  long er than any oth er motor n erve in 

th e hors e, w i th t h e  exc ept i on of i t s  right count erpart 

( Duncan & Gri f f i ths , 1 9 7 3) . B eca u s e of th e d i f f er ent l ev el s  

of branchi ng of t h e  l ef t  and r i ght r ecurr ent l aryng ea l  

n erv es from th e vagus , th e l ef t  can b e  up to 31 c m  long er 

than th e r i ght ( Col e, 1 9 4 6 ) . 

PATHOLOGY 

Th e und er l y ing involvem ent o f  the l aryng ea l  mus c l es and 

th e n erv es 

h em i p l eg i a , 

c entury . 

innervating t h es e  mus c l es ,  i n  l aryng ea l  

h a s  b een appr ec i a t ed s inc e early i n  th e 1 9th 

Bou l ey ( 1 8 2 5 ) r eport ed the obs erv a t i on in a 

roar er ,  o f  compr es s ion of th e l eft r ecurr ent l a ryng ea l  

n erv e by enlarg ed l ymph nod es i n  th e a r ea o f  th e thora c i c  

i n l et .  I n  t h e  s a m e  y ear , Dupuy ( 1 8 2 5 ) , r eprodu c ed t h e  

roaring s ound in a hors e, and wa s t ing o f  th e a s soc i a t ed 

laryng ea l  mu s c l es ,  by d iv i s i on or compr ess ion of th e vaga l 

or r ecurr ent laryng ea l  n erv es . D eta i l ed p o � t  m o �tem i n s p ect

ion of th e laryng ea l  mu s c l es o f  a hor s e  w i t h  l a ryng ea l  

h emipl eg i a  wa s p er form ed b y  P erciva l l  ( 1 8 4 0 ) , who found 

th e l eft c �i c o a�yteno ideu� d o � � ali� to be v ery p a l e and 

approx ima t el y  h a lf i t s  u sua l s i z e. Th e c�i c o a � y ten o ideu� 
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Late�aLi�, t h e  vent�i cuLa�i � ,  th e vo c aLi� and t h e  a�yte n oid

e u� t�an�ve�� u� muscl es w er e  r eport ed to b e  " a ltog eth er 

colourl es s  a nd s carc ely r ecognisabl e a s  mu s c l es " , wh i l e  

th e mu s c l es of th e right s id e  w er e  " unusua l ly r ed and 

s trong " . 

Th e pathological chang es pr es ent i n  the l ef t  r ecurr ent 

laryng ea l  n erv es o f  hors es with l a ryng ea l  h emip l egia w er e  

inves t i ga t ed by Cad eac ( 1 8 9 7 ) , who not ed a d i s t a l l y  

d i s tr ibut ed d eg en era tion of n erv e f ibr es , w i th th e 

prol i f erat i on of Schwann c el l s . Al though th e l es ions w er e  

found t o  b e  l imi t ed t o  th e d i s tal ex tr emity o f  th e l ef t  

r ecurr ent l a ryng ea l  n erv e, chang es w er e  found a t  a di s tanc e 

of 3 0 - 4 0  cm from the l arynx . I n  contra st to mor e  r ec ent 

f i nd ing s  (vide int�a ) , · Cad ea c  found th e chang es to be mos t  

mark ed i n  th e f a s c i c l es compo s ed of ma inly sma l l  my el i na t ed 

n erv e f i br es .  Th i s  wa s p erhaps m er ely a r ef l ection o f  

the l es s  advanc ed t echniqu es ava i l abl e a t  thi s  t im e, for 

th e s tudy o f  nervou s t i s s u e. 

In  1 9 3 3 , Argyl e found a 5 cm con s t r i c t ed s egm ent . of mid 

c erv i ca l l eft r ecurr ent l a ryng ea l  n erv e, i n  a hors e w i th 

laryng ea l  h emi pl eg i a , an obs ervation not v er i f i ed by other 

work er s . At rophy of t h e  l eft l aryng ea l  mu s c l es wa s a l so 

not ed .  An att empt to l ocat e the c entral nu c l eu s  o f  the 

n erv e f ibr es o f  the r ecurr ent laryng eal n erv es , i n  th e 

meduLLa o �Longata, wa s a l so mad e by Argy l e  ( 1 9 3 4 ) . H e  

s t a t ed that th e nuc l eus o f  t h e  vag a l  n erv e wa s exami n ed 

in  hor s es a f f ec t ed wi th laryng ea l  h em i p l egia , and d eg en erat

ion of c el l  bod i es of th i s  nuc l eu s  obs erv ed ,  on th e l ef t  

s id e. I t  i s  unc l ear wh eth er th e nuc l eus i d ent i f i ed and 

exami n ed wa s a ctua l l y  t h e  n u cf..eu� amRi guu� , th e nuc l eu s  

of th e motor f i bres of t h e  r ecurr ent laryng ea l  n erve,  o r  

th e dor s a l  vaga l nuc l eus . 
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Th e f ir s t  d et a i l ed patho log i ca l i nv es t i gation of l a ryng ea l  

h em ip l eg ia wa s und ertak en by Col e ( 1 9 4 6 ) . Mor e  r ec ent l y , 

s ev er a l  r es ea r ch er s  hav e u s ed mod ern l i ght and el ect ron 

m i c ro s copi c  t echniques to s tudy a f f ect ed mu s c l e a nd n erv e 

from l aryng ea l  h emipl eg i c  hor s es (Gunn , 1 9 7 2 ; Duncan & 

Gr i f f i ths , 1 9 7 3 ; Gunn , 1 9 7 3 ; Duncan �t al,  1 9 7 4 ; Duncan , 

1 9 7 5 ; Duncan �t a l , 1 9 7 8 ) . Pa tho logical f ea tu r es cha r ac t er 

i s t i c  o f  n eu rog en i c  a trophy w er e  f ound i n  tho s e  mu s c l es 

of th e l arynx i n n ervat ed by th e l ef t  r ecur r ent l a ryng ea l  

n er v e. Th es e  chang es inc lud ed f ibr e typ e grouping , v a r i a t 

ion in fibr e  s i z e, th e pr es enc e of atroph ic and hyp ertroph i c  

f ib r es ,  t h e  d emonstrat ion o f  c en t ra l l y  plac ed nuc l ei ,  

f a s c i cu lar a t rophy , i ncr ea s ed f a t  and con n ec t i v e  t i s s u e  

wi thin  a nd b etween f a s c i c l es ,  a nd a l o s s  o f  my el i na t ed 

n erv e f ibr es i n  intramuscular n erv es . 

A l a r g e  numb er o f  hor s es w i th no c l inical or endoscopic 

evi d enc e of l aryngea l  h emipl eg i a  have shown n eurog eni c 

atrophy o f  tho s e  l aryng ea l  mu s c l es innervat ed by t h e  l ef t  

r ecurr ent l aryn g ea l  n erv es , and hav e  b een r ef err ed t o  a s  

subc l i n ic al ca s es (Col e, 

Gri f f i ths , 1 9 7 3 ; Duncan , 

1 9 4 6 ; 

1 9 7 5 ) . 

Gunn , 1 9 7 2 ; Duncan & 

Atrophy of th e l aryng ea l  

mus c l es wa s d emon stra t ed i n  2 7 %  o f  laryng es exami n ed by 

Col e  (1 9 4 6 ) , but only 2 6 %  o f  th es e  an ima l s  showed c l in i c a l  

s igns o f  laryng ea l  h emipl egia . I n  a mor e r ec en t  s u r v ey 

of 4 4  hor s es , 1 4  (3 2% ) , w er e  found to hav e th es e  so c a l l ed 

subc l i n i c a l  l es i on s  (Duncan & G r i f f i t h s , 1 9 7 3 ) . Accord ing 

to Col e  ( 1 9 4 6 ) , no c l in i c a l  s igns w er e  ob s erv ed i f  th er e  

wa s l es s  than 5 0 %  a trophy of th e c�i c o a�yt�n o id�u� d o� � a li� 

musc l e. 

I t  app ea �ed. that th e· adductor musc l e, th e c�i c o a�yt�n oid�u� 

l at��ali�, wa s mor e  s ev er el y  a f f ec t ed than the abduc tor , 

the c�i c o a�yt�n o id�u� d o � � ali� , i n  both c l i n i c a l  and s ub

c l i n i ca l  ca s es of l aryng ea l  h emip l eg i a  (Gunn , 1 9 7 2 ; Duncan 

& Gr i f f i ths , 1 9 7 3 ; Gunn , 1 9 7 3 ; Duncan �t al , 1 9 7 4 ; Duncan , 

1 9 7 5 ) . In som e  of t hes e ca s es th er e  w as al so ear ly ev id enc e 

o f  n eurog enic at rophy n thos e mu s c l es suppl i ed by t he 
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r ight r ecurr ent l aryng ea l  n erve. Thi s  took t h e  f orm o f  

f ib r e  type grouping and t h e  pr es en c e  of atrophi ed ,  angul a r  

f i b r es (Co l e, 1 9 46 ; Gunn , 1 9 7 2 ; Duncan & Gr i f f i ths , 1 9 7 3 ; 

Gunn , 1 9 7 3 ; Duncan , 1 9 7 5 ) . 

I n  a dd i t ion to s tudy i ng t h e  laryng ea l  mu s c l es , Co l e  (1 9 4 6 ) 

exami n ed t h e  r ecurr ent laryng ea l  and vaga l n erves a t  a 

number o f  l ev el s . Mark ed d eg en erat i on of n erve f ibr es ,  

w i th pro l i f erat ion o f  S c hwa nn c el l s  and endon eura l f ibros i s  

w er e  not ed ,  part i cu l a r l y  i n  t h e  d i s t a l  part o f  th e l ef t  

r ecurr ent laryng ea l  n erv e. Th e d eg en era tion d ec r ea s ed 

i n  s ev er i ty in a prox ima l d i r ect ion , w i th only a f ew f i br es 

a f f ec t ed at th e l ev el of th e thorac ic i n l et ,  and on ly rar el y  

a n y  chang es in th e r eg ion of th e aort i c  arch . I n  two c a s es ,  

a s ma l l  numb er of n erve f ibr es w er e  a l so a f f ec t ed i n  th e 

r ight r ecurr ent lary ng ea l  n erv e. Col e, l i k e  Argy l e  (1 9 3 3 ) , 

f ound d eg en era tion mor e oft en in tho s e  fa s c i c l es con s i s t i ng 

o f  sma l l  my el inat ed f i br es .  

Emp loying mor e soph i s t i cat ed t echniqu es for th e s tudy o f  

p er iph era l n erve, nam el y  s ingl e n erv e f ib r e  pr eparation s  

a nd pl a s t i c  emb edd ed s ec t ions for l i ght and el ectron m i c ro 

s copy , a s ubstan t i a l  amount of informa t i on wa s obta i n ed 

r egarding t h e  pa tholog i c a l  a l t erat ions pr es ent in th e 

r ecurr ent l aryng ea l  n erv es i n  equ i n e  l aryng ea l  h emipl eg i a  

by Duncan and 

'1 9 7  3 i 
e.t al.. 

Du ncan 

1 9 7 8 ) • 

wa s shown to 

in G l a s gow (Duncan & Gri f f i th s , 

1 9 7 4 ;  Duncan , 1 9 7 5 ;  Duncan 

cowork er s  

a t  al.. , 

Norm a l  equ i n e  r ecurr ent lary ng ea l  n erv e 

o f  a variabl e numb er o f  f a s c i c l es cons i s t  

conta in ing m edium s i z ed my el i na t ed f ibr es , w i th a n  occa s i on 

a l  sma l l er d iam et er f ibre p r es ent . I n  man , i t  ha s b een 

d emon stra t ed t ha t .  con -s id erabl e pl exus f o nna t ion of the fascicles 

occurs a long th e l ength of th e r ecurr ent l a ryng ea l  n erv es 

(Suth er la nd & Swa n ey ,  1 9 5 2 ) . U s ing r etrograd e hor s erad i s h  

p eroxida s e tra c er t ec hn t�u es i n  t h e  cat , i t  wa s shown tha t  

th e n er v e  f ibres to t h e  adductors a nd a bductors o f  th e 

l a rynx a r e  d i ffus el y  arrang ed in thi s n erv e (Ma lmgr en ' 
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i!.l al., 1 977 ) . Col le c t i on s  of sma l l  diameter mye l i na ted 

f ibre s , o f ten present in s eparat e  f a s c i c l e s , were s hown 

to be sensory f ibre s to the oesophagus and trachea (Duncan ,  

1 97 5 ) . The pre sence of unmye l inated f i bres wa s demon s trated , 

and con f i rmed with e lectron microscopy . Renaut bod i e s  

( vidi!. in/-11.a ) were a common f ind ing i n  norma l recurrent 

laryngeal nerve , but were observed more f requently i n  

an ima l s  a ffected with l aryngeal hem iplegi a .  I n  a number 

of other spec i e s , including the rat· (Da lqvi s t  i!.l al. , 1 9 8 2 ) , 

man and the g i ra f fe (Harr i son ,  1 9 8 1  ) ,  a greater number 

of l arge fast conducting f i bres were found i n  the l e f t  

recurrent laryngea l nerve than i n  the r i gh t . I t  wa s 

post u l a ted that these large fast conduc ting f i bres i n  the 

left nerve , a l low the nerve impu l s e s  to t rave l f a s ter on 

the l e f t  s ide , and thus compensate for its grea ter length . 

A tota l of 8 8  l arynges were examined by Duncan ( 1 97 5 ) , 

of whi c h  nine we re f rom c l in i ca l  cases  o f  l aryngea l 

hemiplegia and 4 0  ( 4 5 . 5 % )  were f rom subc l i n i ca l  c a s e s . 

The 3 9  norma l anima l s  were ma inly pon ie s . S i x  o f  the ca s e s , 

said to be typical of the d i sease spectrum , were di scus s ed 

in the report by Duncan l!.i � (1 97 8 ) .  Of the s e  s ix anima l s , 

three were f rom c l in i ca l  cases  of laryngea l hemiplegia 

in Thoroughbred s ,  aged 5 ,  6 and 1 3  years and all  we re over 

1 6  hand s  ( 1 6 0 cm ) i n  h e i gh t . The rema i n i ng three ca ses  

we re s ubc l i ni c a l and were a l so Thoroughbr ed s . They were 

aged 5 - 6  yea r s  of age and each wa s over 1 5 .  2 hand s ( 1 5 5  .• 5cm ) 

in h e i gh t . The recurrent laryngea l nerv e s  were s ampled 

at a number o f  s i te s between the larynx a nd the aor t i c  

arch . The vag a l  nerve s  we re a l so col lec ted , a s  were d i s t a l  

samp l e s  o f  other periphera l nerve s ,  includ i ng t h e  u lnar , 

tibia l , d ig i ta l and phreni c . 

Light m i c ros copy of the recurrent laryngea l nerves revea led 

patho logi ca l  a l terations a t  a l l  leve l s  of the l e f t  nerve , 

and a t  t he d i s ta l  l evel o f  the r i gh t . The mos t  obvious 

change wa s a progre s s ive d i stal loss of l a rge mye l i nated 

f ibre s i n  the left recurrent l aryngea l nerve , w i th no 
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observable decre a s e  in f i bres i n  the r ight nerve . Clusters  

of regenerat i ng f i bres and " onion bul b s "  were seen frequent 

ly at a l l  leve l s  of the l e f t  recurrent l aryngea l nerve 

and in the d i s t a l  r ight nerve , whi l e  evidence o f  degener

a t i on was only rare l y  observed . No abnorma l i ti e s  were 

detected in any of the other per iphera l nerves examined . 

U l tras tructura l ly , the above change s we re con f i rmed , and 

the pre sence of numerous Bungner band s , the r emnants o f  

axona l degenerat ion were noted . A s  observed by l i gh t  

m i c roscopy , active axona l degenera t i on wa s not a common 

f inding . However , the a ccumulat ion of va r i ou s  a xona l 

organel l e s , i nc lud i ng mitochondria , dense bod i e s , tubu le-

l ike structure s , a nd d i sorientated neurof i l amen t s  

o n  occ a s ions in a xons po s se s s ing spl i t  mye l in 

Wa$ seen 

sheaths , 

i n  ma s s i vely swol len axons and in demye l inated axon s . 

S i ngle f i bre preparat i ons demon s trated changes i nd icat ive 

of chron i c  demye l i na t ion and remye l inat ion . The se took 

the form of var i a t i on i n  i nternode length , due l argely 

to the presence o f  short i nterca lated segmen t s . However , 

there wa s l i ttle ev idence of act i ve demye l ina t i on . Al t hough 

axona l degenerat i on wa s observed only occas iona l ly ,  s ome 

f ibres were s een to show d i s t a l  degeneration and proxi ma l 

paranoda l demye l ination . In two cases o f  laryng e a l  

hemiplegi a , d is t a l  t apering of cons ecut ive i nternodes wa s 

a frequent f i nding . Few f i bres wi th uni formly short inter

nodes we re seen . Such changes are character i st i c  o f  

regenerat ing f ibre s . Interca lated segment s were rare i n  

f ibres f rom the t ib i a l and med ian pl antar nerves o f  one 

c l i nical  case , and the d i s t a l  recurrent l a ryngea l nerves 

o f  two control poni e s  revea led only two i nt erca lated 

segment s  from 1 0 0 tea sed f ibres . 
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F ibre d i ameter h i stograms con f i rmed the d i st a l  l o s s  o f  

mye l i na ted f ibres , a n d  i nd i ca t ed a marked absolute s hi f t  

t o  sma l l er d iameter f ibres i n  the d i stal nerve . The s e  

changes extended proximal t o  the level o f  the aor t i c  arch 

i n  one ca s e  of la ryngea l hemipl egia . 

I n  s ummary , there wa s a progres s i ve d i s t a l  los s o f  

mye l i na ted f i bres i n  the l e f t  recurrent laryngea l nerve , 

s e lect ively af fecting the larger diameter. f ibre s . 

R egenerat ive c lusters a nd " on ion bu lbs" were pre sent , a t  

a l l  l eve l s  o f  the l e f t  recurrent l arynge a l  nerve and i n  

the d i st a l  r ight nerve . In genera l ,  a l l  of the above 

pathological changes were observed in both c l in i ca l a nd 

subc l i n i c a l  laryngea l hemiplegi a , but to · a  l es s e r  degree 

of sever i ty i n  the latter ca s e s . 

The pred i l ec t i on of patholog i c a l  changes for t he d i s ta l  

l e f t  recurrent laryngeal nerve wa s noted by Cadeac ( 1 8 9 7 ) , 

Co l e  (1 9 4 6 ) , Duncan e t  a l  (1 9 7 4 ) and Duncan et a l  ( 1 9 7 8 ) . 

The l a tter i nve s t i ga t ion a l so demons t rated t he presence 

of these a l teration s  i n  the recurrent l aryngeal nerve s 

o f  subc l i n i ca l  a s  we l l  a s  c l i n i c a l  c a s e s  o f  l aryngea l 

hemipleg i a . 

Whi le the demonstrat ion of " onion bulbs " i n  a f fected 

recurrent laryngea l nerve has only been reported in recent 

years (Duncan et a l  1 9 7 4 ; Duncan , 1 97 5 ;  Duncan 

e t  a l , 1 9 7 8 ) , the �ro l i f erat i on of S chwann ce l l s  wa s noted 

in e a r l i e r  s tudi e s  ( Cadeac , 1 8 9 7 ; Co le , 1 9 4 6 ) . The 

s ig n i f i cance of the s e  " on i on bu lbs" i s  d i scus sed by Duncan 

e. t  al ( 1 9 7 8 ) , and the spec if i c i  ty of large " onion bu lb" 

format ions for a proce s s  of chroni c  demy e l i na t ion and 

remye l i na t i on wa s noted . Tea s ed f ibre studies have s hown 

that in per iphera l nerve wi t h  " onion bu lb" forma t i on s , 

f i bre s w i th s igns o f  demyel inat ion and remy e l i nat ion 

predominate (Madr id e t  a l , 1 9 7 7 ) . Th i s  s i tua t i on ex i s ted 

i n  the recurrent la ryngea l nerves from l aryngea l hemiplegi c  

a n i ma l s  (Duncan e t  al , 1 9 7 8 ) . 
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Chang e s  we re a l s o  observed in the r i gh t  recurrent laryng e a l  

nerve . However ,  i nvolvement of o n l y  the d i s t a l  por t i on 

o f  the r i ght nerve wa s demonstrated , and even then a l t hough 

regenerating clusters  and " onion bulb s "  were 

there wa s no obv i ou s  los s of mye l inated f ibre s . 

observed , 

Thi s  r i gh t  

s ided nerve involvement substantiates  the f i nd ing o f  neuro

genic a trophy in the right s i ded l aryngeal mus c l e s  of some 

a f fected anima l s  (Gunn , 1 97 3 ; Duncan �t a£, 1 97 4 ; Duncan , 

1 97 5 )  • 

A s  i nd icated by Duncan �t a£ ( 1 978 ) , t he i nvolvemen t  o f  

both l e f t  and r ight recurrent l aryngeal nerves i n  the 

d i sea s e  proce s s  mu s t  form the ba s i s  of any hypothe s i s  on 

the pathogenes i s  o f  t he cond i tion o f  l a ryngea l hemipl eg i a  

i n  horses . Duncan a nd h i s  coworke r s  a l so empha s i sed that 

i nterpretat ion of the high inc i dence of abnorma l i t i e s  

s ugges t ive o f  demyel i na t i on a nd remy e l ina t i on i n  tea s ed 

f ibre s , mus t be approached caut iou s ly i n  the pre sence o f  

obvious axonal degenerat ion , a s  evidenced by the marked 

f i bre losses  pres en t . The author s f e l t  that the tea sed 

f i bre results 

e spec i a l ly in 

demye l i na t ion . 

con f i rmed the chroni c  nature of the l e s i on , 

the pre sence of only occ a s iona l a c t ive 

The s ign i f i cance o f  the tapering o f  i nternodes obs erved 

in two cases  wa s d i s cu s sed with re spe c t  to the occurrence 

o f  s im i lar f indi n g s  as a f eature of the normal a scend i ng 

recurrent l aryngea l nerve i n  rabb i t s  ( W i l l i ams & Kashef , 

1 9 6 8 ) . They s ta ted that tapering o f  i nternodes ha s a l s o 

been s een in a s s oc i a t i on w i th compres s i  ve nerve l e s i on s  

i n  gu i nea pigs (Ochoa & Marotte , 1 97 3 ) . However , i n  a f f e c t 

e d  recurrent l aryngea l nerves the tapered i nternode s were 

not found in the region o f  the aort i c  arch where compre s s i on 

o f  the nerve h a s  been s ugge sted a s  a pa thogen i c  f ac tor 

( v..id� ..in/-/W ) .  
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AETIOLOGY 

Laryngeal  hemiplegia i s  a d i sease of horses that has been 

known for many year s , a nd becaus e  of the i mportance of 

the cond i t ion and i ts unknown pathogenes i s , t here have 

been a g reat many theor i e s  o f fered as to i t s  cause . Any 

hypot he s i s  regard ing the aet iology of th i s  d i sease mus t  

sat i s fa ctor i ly expl a i n  the var i ous c l inical and patholog i c a l  

character i s t i c s  of the cond i t ion . 

In a l imi ted number of c a s e s  of l a ryngea l hemipleg i a , the 

cause i s  read i ly determ ined . Causal factors whi c h  can 

produc e  l e s ion s o f  the recurrent l aryngeal or vaga l nerves 

were out l i ned by Goulden & Ander son ( 1 9 8 1 u) . Thes e  inc lude 

irri tant per ivascular or perineural inj e c t i on s  (Marks 

et al , 1 9 7 0 a ) accident s to the neck � G i lbert , 1 9 7 2 ) , 

guttura l pouch myco s i s  (Cook , 1 9 7 6 ) , neopla s ia (Hoare , 

1 9 1 5 ; Cook , 1 9 7 6 ) , organophosphate i ntox i c a t ion (Rose , 

1 9 7 8 ; Ros e  et a l , 1 9 8 1 ) ,  l ead poi soning (Hoare , 1 9 1 5 ) , 

v itam i n  de f i c i ency (Loew , 1 9 7 3 ;  Cymbaluk et a l , 1 9 7 7 ) , 

and plant poi son ing ( Hoa re , 1 9 1 5 ;  W i l l iam s , 1 9 4 5 ; Kral , 

1 9 5 1 ; S chebi t z , 1 9 6 4 ; Nea l & Ramsey , 1 9 7 2 ) .  I n  a s tudy 

of 1 2 7 hor ses w i t h  laryngea l hemiplegi a , Gou lden & Anderson 

( 1 9 8 1  b )  i ncrimi na ted the above f actors in only 1 1 % . They 

sugges ted that in the N ew Z ealand environment at l e a s t , 

i t  wa s unl ikely that any o f  the s e  factors were important 

i n  the aet iology of mos t  ca s e s  of t h i s  d i sea s e . 

The common ly cons idered c a u s e s  of the so ca l l ed idiopa th i c  

l arynge a l  hemiplegia can b e  d iv ided into four ma i n  groups : 

i ) 

i i ) 

( i i i ) 

( iv ) 

Mechan i c a l  cau s e s  
i 

Bacter i a l  or v i r a l  agents 

P l ant and chemi c a l  i ntoxication s  

V i tamin de f i cienc i e s . 
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I n  add i t ion there are a number o f  factors which are 
•i 

con s idered to pred i spose an i ndividual to t he d i s e a s e . 

The se i nc lude breed , hered i ty ,  s i ze , sex , management , 

conforma t ion ,  c l imate and geography . 

Each of the pos s ib l e  causes i s  d i sc u s s ed i n  the fol l owing 

page s . 

Mechan i c a l  cau s e s  

B IOMECHANICAL THEORY OF STRETCH T O  THE LEFT RECURRENT 

LARYNGEAL NERVE 

Ten s i on a nd s tretch o f  the recurrent laryngeal nerve · have 

l ong been cons idered relevant to the aet iology of laryngea l 

hem iplegia (Mart i n , 1 8 87 ) . Hypothe s e s  a s  to the c a u s e  

of thi s s tretch ing i ncluded ; backwa rd movemen t  o f  the 

heart a t  exerc i s e  (Argyle , 1 9 3 4 ) ; overexten s i on o f  the 

head (Frank , 1 9 5 3 ) ; a comb inat i on of both of the s e  

s i tuation s  (Cook , 1 97 6 ) ;  a nd the i ncrease o f  neck l ength 

dur ing growth (Ma r t i n , 1 8 87 ) . 

In 1 97 0 , Rooney a nd De laney pos t u la t ed a biomechani c a l 

t heory , o f  s tretch to the l e f t  recurrent l aryngea l  nerve 

b e i ng the cause o f  equine laryng e a l  hemiplegi a . Thi s  

hypothesi s was ba s ed on prem i s e s  rega rd ing the nature , 

inc idence and pathol ogy of the d i s ea s e . Rooney and De l aney 

concluded that due to the a natomica l d i f ferences i n  the 

c ourse and l ength o f  the l e f t  recurrent laryngea l nerve , 

a s  compared w i th the r ight , the l e f t  nerve i s  placed unde r  

con s iderable ten s i on during movement o f  t h e  neck . They 

cons idered thi s  ten s i on to be exacerbated in the i nd iv idua l 

w i t h  a l ong neck or large body , thu s provid ing an explan

a t i on for the s i z e  pred i spo s i t i on of the di sease . Accord i ng 

to Rooney and D e l aney thi s ten s i l e  f orce coul d  produce 

" ne cking" of the nerve and compre s s i on of the a s soc i ated 

b lood v e s se l s , r e s u l t ing i n  vas c u l a r  insuf f i c i ency and 
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sub s equen� nerve d amage . I t  wa s sta ted that the " ne ck i ng "  

wou ld occur i n  the midd l e  thi rd of the nerve . Th i s  theory 

wa s d i s cu s s ed by Marks R-i af.. ( 1 9 7 0 b ) , who s ugge s ted that 

ten s i on so produced could be exa cerbated by enlarged l ymph 

node s ,  exce s s ive pericard i a l  f a t  or backward d i s p l a cement 

of  the heart . 

One o f  the ba s i c  prem i s e s  of thi s  hypothe s i s  i nvolved a n  

incorrect i nterpret a t i on of  Col e ' s  work ( 1 9 4 6 ) , o n  the 

patho logy present in d i s ea sed recurrent l aryngea l nerve s . 

Rooney and De laney s ta te , " Ba sed on the work of  Co l e , the 

prima ry s i te of d amage to the l e f t  recurrent nerve i s  

interpreted to be i n  the midd le third of the nerve . "  Wha t 

Cole a ctua l l y  f ound wa s ,  " Marked degenerat ion and f i bro s i s  

occurred i n  the peripheral port ion o f  the l e f t  recurrent 

nerve" , not the middle third . Moreover , both Co l e ,  and 

more recent ly Duncan R.i af.. ( 1 9 7 8 ) have shown that the d i s t a l  

nerve patho logy observed i n  t h i s d i sorder c a n  extend 

prox ima l ly , at l ea s t  to the area of the aor t i c  arch . Thus 

the d i s t r i bution of  the recurrent laryngea l nerve pathology 

is not that wh i ch wou ld be expected if " necking" of the 

nerve at � i t s  m idpoint wa s the cau s e . Furthermore , thi s 

theory of  s tretch to the l e f t  recurrent l a ryngea l nerve 

prov i d e s  no exp lana t i on for the pathological changes pre s ent 

in  the  d i st a l  r ight recurrent l a ryngea l nerve ( Duncan 

R.i af.. , 1 9 7 8 ) . 

From a purely mechani ca l  point of  view ,  the hypothe s i s  

that tens ion on the nerve wou ld produce " necking" a t  the 

m idpo int , is a l s o  i ncorre ct . Any materia l which i s  f i xed 

a t  two po int s , w hen subj ected to ten s ion wi l l  tend to g ive 

way at the f i xed point s , not the middle of  the l ength o f  

mater i a l  ( Soden & Kershaw , 1 9 7 4 ) . T h e  recurrent l a ryngea l 

nerve should behave in th i s  wa y ,  w i th the two f ixed poi nt s  

being the . l a rynx and the aor t i c  a r ch . •Neverthe l e s s , when 

" necking" does occur as a result of ·  s t retch , the locat ion 

of  the " neck" c annot be pred i cted , because o f  the l a c k  

o f  preci se u n i f orm i t y  a long t h e  l ength o f  a ny mater i a l  

( Al exander , 1 9 8 1 ) .  
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Per iphera l nerve s characte r i s t i c a l ly pos s e s s  cons iderable 

s trength and e l a s t i ci ty , due to the anatomica l arrangement 

and proper t ie s of the componen t s  w i th i n  the nerve trunk 

(Sunderland , 1 9 6 5 ) . Moreover , periphera l nerves have a t  

lea s t  three mechani sms wh i c h  a l low considera b l e  s tretch 

to cccur be fore de formity or patholog ical  chang e s  resul t .i .  

F i r s t ly , the who l e  nerve pur s u e s  an undulating c ourse i n  

the surround i ng t i s sues . Second l� the nerve f a s c i c l e s  

descr ibe a wavy course a l ong t h e  nerve , and t h i rdly , the 

nerve f i bres undulate a long the f a s c ic les . W hi le these 

mechani sms do protect the nerve f rom stretch , beyond a 

certain l im i t  damage w i l l  occur . When thi s  h appens the 

cro s s - se c t i on a l  a rea of the nerve i s  decreased , leading 

to compr e s s i on o f  the cont en t s  and impa irment o f  blood 

supply and o f  nerve conduct ion . W i th increas ing tens i on , 

nerve f i br e s  may rupture w i th i n  the fascicle s ,  a nd la ter 

the per i neur i um ,  and hence the f a s c i c le s  may be torn . 

The s it e  o f  the s e  ruptures tend s to be at widely spaced 

i nterva l s  a long the nerve (Sunder land , 1 9 6 5 ) , not at the 

midpoint as wa s sugge sted by Rooney & De laney ( 1 970 ) . 

Factors whi ch may j eopard i s e  nerve f ibres by l ower i ng the 

threshold at whi c h  stretch beg i n s  inc lude adhe s i on s , changes 

i n  the connective ti s sues o f  the nerve that decrea s e  

elast i c i ty , and a n y  deformi ty whi ch imposes a longer course 

on the nerve (Sunderland , 1 9 6 5 ) . 

COMPRES S ION OF THE RECURRENT LARYNGEAL NERVE IN THE AREA OF 

THE AORTI C  ARCH 

Mechanica l d amage to the recurrent l aryngea l nerve , due 

to compr e s s i on , has been ment i oned as a cause o f  laryngea l 

hemiple g i a  by a number of authors (Bou ley , 1 8 2 5 ; Fergu s s on , 

1 8 3 8 ; H a s l am , 1 8 9 3 ; Vermeulen , 1 9 1 3 ; Hoare , 1 9 1 5 ;  Argy l e , 

1 9 3 4 ;  Hutyra et al , 1 9 3 8 ) . 
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I t  ha s  been sugg e s ted tha t a d i screte compre s s ion of the 

left recurrent laryngea l nerve may occur as the nerve pa s s e s  

a round the aort i c  arch , pos s ibly l ead ing t o  a blockage 

of axop l a smic f l ow , and r e s ul tant axona l degenerat ion 

( Duncan e.t af.. , 1 9 7  8 )  . U l t r a s t ructura l l y ,  the a ccumu l a t ion 

of neuro f i lament s or tubu l e s  a nd other organe l le s  ha s been 

demonstrated in d i s eased l e f t  r ecurrent l arynge a l  nerves 

by the s e  author s . They i n terpreted the s e  f i nd i ng s a s  

ind icat ing a derangement i n  axona l transport , pos s ibly 

due to compre s s ion of the nerve . Howeve r ,  the accumul ation 

of a xona l organe l le s  wa s by no means a f requent f i nd ing , 

and i s  not spec i f i ca l l y  r e l ated to nerve compre s s i on .  

In  add i t i on , the s e  author s f ound , in  one o f  n i ne c a s e s  

of laryngea l hemi p l egia , nume rou s Renaut bod i e s  a n d  th i cken

ing of the per ineurium in the region o f  the aort i c  arch . 

They a l so found Renaut bod i e s  in greater number s in d i sea sed 

than in h e a l thy recu rrent l a r ynge a l  nerve s . 

Renaut bod i e s  occur in a subperineural po s i t i on . They 

are approximately spher i c a l , whor l ed and ce l l  s pa r s e  in 

appearance . U l tra structur a l ly , they have been shown to 

con s i s t  of f ibrob l a s t s  and loos e l y  arranged and random ly 

oriented c o l l agen ( Asbury , 1 9 7  3 )  . Th e exa c t  f unct ion o f  

the s e  bod i e s  rema i n s  uncerta i n , but it has been po stulated 

that they cushion the nerve f i bres f rom compr e s s ive for c e s  

( Renaut , 1 9 8 1 ) . T h e  s i gn i f i cance o f  Renaut bod i e s  however , 

mus t  be con s i de red carefu l l y , as they are par t i cu l a r l y  

common i n the hor s e , and are at bes t  nonspec i f ic i nd i cator s 

of neuropatho log i ca l d i s ea s e . Notwiths tand ing th i s , they 

do appear to occur more f requently in nerve s which are 

subj ected to compr e s s ion , whether i t  be f rom natura l or 

patholog i ca l caus e s  ( Asbury , 1 9 7 3 ) . 

The fact tha t certa in of the l arynge a l  mu s c l e s  are af f ected 

pre ferent i a l ly dur ing the d i s e a s e  proce s s  of l a ryngea l 

hemip l e g i a  ( Duncan e. t  af.. , 1 9 7 8 ) , wa s taken a s  provid i ng 

further evidence for the i nvol vement of compre s s ion of 



1 6  

the r ecurrent laryng e a l  nerve i n  the pathogene s i s  of the 

cond i t i on .  The se author s sugges ted that the damage occurred 

only to tho se nerve f i bre s c l o s e s t  to the point of  compre s s 

i on . I f  grouping o f  the nerve f ibre s into adductor a nd 

a bductor area s with i n  the recurrent l a ryngea l nerve took 

p l a ce , s e lect ive i nvolvement of nerve f i bres i nnervat ing 

part i cu la r  mu s c l e s  wou l d  occur . However , in  man ( Sunderland 

& Swaney , 1 9 5 2 ) , a nd the cat ( Gacek e.t al. , 1 9 7 7 ) , it ha s 

been s hown that nerve f ibre s to the adductor and abductor 

mus c l e s  are m ixed w i th i n  the recurrent l a ryngeal nerves , 

a nd s o  the opportuni t y  for s e lect ive compre s s ion wou ld 

not occur . 

to 

The repeated divi s ion of f a s c i c l e s  w i t h i n  nerve 

f orm plexu s e s  a l ong the l ength of the nerve trunk s , 

i s  the u s ua l s i tuat ion w i thin ne rve s ( Sunderland , 1 9 6 5 ) , 

and wa s obs erved i n  human laryngeal nerve ( Sunder land & 

Swa n ey , 1 9 5 2 ) .  Th i s  p l exus f orma tion wa s s e en to 

red i s t r ibute adductor a nd abduc tor f ibre s so that they 

we r e  interm i xed in d i f ferent f a s c i c l e s when the recurrent 

l a r ynge a l  nerve wa s extra laryngea l in pos i t ion . The 

anatom i c a l  a rrangement obse rved wou ld preclude s e l ect ive 

damage to f i bres i nnervat ing adductor or abductor mu s c l e s  

( Sunde r land & Swaney , 1 9 5 2 ) . 

H a s lam ( 1 8 9 3 ) cla imed that in hors e s  a f fected with laryngea l 

hem ip l eg i a  there wa s a r i bbon - l ike f l a t te n i ng o f  the 

recur rent l aryngea l nerve as  it pa s s ed between the trachea 

a nd the aortp ( Ha s lam ' s a noma ly ) .  He s ugges ted tha t 

compr e s s ion of  the nerve resul ted in th i s  anatom i ca l var i a t 

i on , a nd wa s a po s s ib le cause o f  l aryngea l hem i p l egia . 

More r ecent l y , a deta i l ed exami nat ion of  f ive c l i n i ca l l y  

norma l hor s e s  with Ha s l am ' s anomal y , revealed 

o f  pathology in the r ecurrent l a ryngea l nerve s . 

no s i gn s  

Nei ther 

wa s there any c l in i c a l  or endoscop i c  evidence of laryngea l 

para l y s i s  i n  a s soc i a t i on w i th the se c a s e s  ( Ma s on , 1 9 7 3 ) . 

I f  compre s s ion of t he n erve at t h i s  s i te i s  a cause o f  

t h e  nerve damage , one wou ld expect pa tho logical changes 

a s s o c i a ted w i th the recurrent l arynge a l  ne rve as it pa s s e s  

a round the aorta , i n  many c a s e s  of  l arynge a l  hem i p l eg i a . 
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Thi s  however i s  not the c a s e . Whi le there i s  a d i s t a l l y  

progr e s s i ve los s  o f  mye l i na ted f i bres i n  a f fected recurrent 

laryng e a l  nerve , f i bre den s i t y  approached the normal va lues 

i n  a lmos t  a l l  d i s ea sed recu rrent l a ryngea l ne rve a t  the 

leve l of the aor t i c  a r ch . Furthermore , other observed 

patho logi c a l  change s were m i l d  at thi s  s i t e  when compa red 

with more d i s t a l  leve l s  of · the nerve ( Dunca n  e.t al., 1 97 8 )  • 

Of part i cu lar importance i s  the fact that a compre s s ive 

l e s ion o f  the l e f t  recurrent laryngea l nerve provide s no 

explana t i on for the pre s ence of patholog i c a l  a l tera t i on s  

in  the d i stal r ight nerve , and the r i ght laryngea l mu s c l e s . 

Over the years other compre s s ive l e s ions have been sugge s ted 

as contr ibuting to the production of laryngea l hemip l eg i a . 

The s e  inc lude aneurysm of the aort i c  a rch ( Hutyra 

e.t al. , 1 9 3 8 ) , enl arged l ymph nodes ( Hutyra e.t a l.  , 1 9 3 8 ; 

Schebi t z , 1 9 6 4 ) , tumours ( Hoare , 1 9 1 5 ) ,  abs ce s s e s  ( Hutyra 

e.t al. , 1 9 3 8 ) , enlarged thyroid g la nd s  ( Ve rmeulen , 1 91  3 )  , 

and d i lat ion of the oe sophagus ( Hutyra e.t al. , 1 9 3 8 ) . 

Bacter i a l  and vira l agents 

The observation has often been made that roar e r s  are i n i t ia l 

l y  ident i f i ed c l i n i ca l l y , immed i a t e l y  fol l ow i ng a r e s p i r 

a tory t r a c t  i nfect ion , a n d  the conc lus ion d rawn i s  that 

respi ratory tract d i s e a s e  i s  causat ively a s sociated w i th 

the l a ryngea l hem i p l eg i a  ( Bouley , 1 8 2 5 ; Fe rgus son , 1 9 3 8 ; 

Argy l e , 1 9 3 4 ; Frank , 1 9 5 3 ;  Qu inlan , 1 9 57 ; Magui re , 1 9 5 � ; 

Maha f frey , 1 9 6 2 ; Schebi t z , 1 9 6 4 ) . 

Many orga n i sm s  have been imp l i c a ted a s  cau s i ng the damag e  

t o  t h e  l e f t  r ecurrent l a ryngea l nerve . The s e  i nc lude the 

in f lu e n za virus ( Frank , 1 9 5 3 ; Marks e.t a l., 1 9 7 0 a ) , rhino

pneumon i t i s  v i rus ( Marks e.t a l.  , 1 9 7 0 a ) , S t11.e.pt o eo c cu..t> e. q u..i.. 

( Hoar e , 1 9 1 5 ; Schebi t z , 1 9 6 4 ) , Ba cte.11...i..um v..i....t> c o ..t> um e. q u..i.. 

( Hutyra e.t al. , 1 9 3 8 ) , A ct..i..n o �a c ..i..l.l.u/.> e.qu..i.. ( Hu tyra e. t  a l.  , 

1 9 3 8 ) , and l11.ypan o ..t> ome. e. q u..i..pe.11.dum ( Hutyra e.t a l. , 1 9 3 8 ) . 
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The a s s oc ia t i on of recurrent la ryngea l nerve pare s i s  w i th 

previous respi ratory infect ions ha s been noted in man ( Fex 

& E lmqvi s t , 1 9 7 3 ) . A high incidence of the cond i t ion 

fol lowing a f ew we eks a f ter the occurrence of " Hong Kong 

f lu " , wa s noted in severa l par t s  of Europe in the wi nter 

of 1 9 6 9 / 1  9 7 0 .  H owever , in  some of tho se a f f ected , othe r 

nerve s we re a l so involved , inc lud i ng the f a c i a l , vaga l , 

hypog lo s s a l , ph ren i c  and cran i a l  l aryngea l nerve s . Compl ete 

recovery wa s not seen commonl y , and i f  it occurred recovery 

wa s prolonged . The vira l infecti on wa s thought to be the 

cau s e  of the cond i t ion . 

I t  ha s usua l l y  been con s i dered that m i c ro-orga n i sms i n i t i a te 

the damage to the recurrent laryng ea l nerve by the enlarge

ment cf lymph nodes and subsequent compre s s ion of the nerve 

( Bouley , 1 8 2 5 ; Fergus son , 1 8 3 8 ; Huty:ra e:t a.f. 1 9 3 8 ; 

Schebi t z , 1 9 6 4 ) , or by the product i on o f  neurotoxins ( Hu trya 

e.t al.. , 1 9 3 8 ) . An a t tempt to exp l a in the left s ided nature 

of l a ryngea l hem iplegia wa s made by Hutyra e.t al.. ( 1 9 3 8 ) , 

who po stulated that the l e f t  r ecurrent l a ryngea l nerve 

had a greater s u s cept i b i l i ty to these bacter ia l tox ins . 

I t  ha s a l s o  been sugge s ted that St��.e.p t ococctM e.qui ,_may e l i ci t  

an a l lergic re sponse i n  horses previously s en s i t i s ed to 

thi s organ i sm ( Neal & Ram sey , 1 9 7 2 ) . 

In  a s u rvey of 1 2 7  ca s e s  of laryngea l hemiplegia , Gou lden 

& Anderson ( 1 9 8 1 b )  reported obvious s i gns of recent re s p i r 

a tory infection i n  only a few o f  t h e  anima l s  exami ned , 

and e ndos copic evidence of recent i n f ect ion i n  l e s s  than 

one th ird . Tak i ng into con s i dera t i on the wide spread na ture 

o f  r e spiratory infection s , and the· fact tha t mos t  o f  the 

an ima l s  in thi s  s e r i e s  were young Thoroughbred s ,  a group 

of hor s e s  in wh i ch upper respiratory tract i n fect ion i s  

very common ( Bryans & Gerbe r , 1 9 7 2 ) , the apparent a s so c i a t 

i on of respiratory infect i on and l a ryngeal hemiplegia cou ld 

be pu rely coi nc identa l .  
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The hypothes i s  tha t  r e s p i ratory i n f ec t i ons caus e  l a ryngea l 

hem i p l egia f a i l s  to exp l a i n  the pred i s po s i t ion o f  the 

cond i t ion · for larger hors es . All s i z e s  and breeds of hor s e  

contract respiratory inf ection s  y e t  mo stly l a rge hor s e s  

develop l a ryngea l hem i p l egi a .  I n  add i t i on , i t  doe s not 

expl a i n  the greater i n c i dence of the d i s ease i n  the ma l e , 

or  the a s symetry of the les ion ( Ma rks e.i af., 1 9 7 0b } . How

eve r , the pos s ibi l i ty s t i l l  remai ns that toxins produced 

i n  sma l l  amounts by infectious agent s ,  may have an a f f in i t y  

f or l ong nerve f i bre s , and therefore produce dama ge to 

the recurrent laryngea l nerve s . 

The l ocal spread o f  a n  infect ious proce s s  to involve the 

recurrent l aryngea l nerve is un l i ke l y  a s  the perineuri um 

prov i d e s  an e f f ec t i ve barr i e r  to the spread of loca l 

i n f lammatory proc e s se s . H i s tologica l l y , i t  wa s s een that 

undamaged perineurium wa s very r e s i s tant to even severe 

and prolonged inf e c t i on ( Sunderland , 1 9 6 5 } .  A further 

prot e c t ion aga i nst the invo lvement of the recurrent 

l aryngeal nerve in loca l i sed i n fect ious proce s se s  o f  the 

r e s pi ratory tract , i s  the protected course of the nerve 

i n  the area of the l arynx ( Quinlan e.i a f.  , 1 9 8 2 } . In thi s  

reg ion the recurrent l arynge a l  nerve a nd i t s  branch to the 

c�i c o a�yie. n o ide.u� d o � � af.i� mus c l e  are s eparated f rom the 

l umen of the la rynx by the laryngea l car t i lages and mu s c l e s � 

P lant and Chemica l Intox i c a t ions 

PLANT INTOXICATIONS 

The prolonged inge s t i on of certa in plant s , e spec i a l ly thos e  

o f  th e genu s  Laihy�u�  and Cice.� a�ie.iinum ( ch i ck pea s } 

have l ong been a s so c i a ted with the deve l opment of laryngea l 

par a ly s i s  ( F leming , 1 8 8 9 ; Argy l e , 1 9 3 4 ;  Hu tyra e. i  a f.  , 
1 9 3 8 ; Schebi tz , 1 9 6 4 ;  Cook , 1 9 7 0 } . I n  add i t i on lucerne 

ha s been s a id to produce such a cond i t ion ( F l eming , 1 8 8 9 ; 

Huty�a it al , 1 9 3 8 } . Feeding exper iments w i th Laihy�u� 



2 0  

� a t i v u �  ( Indian vetch ) ind i cated that prolonged inges tion o f  

the p lant wa s needed t o  produ ce laryngea l pa ra l y s i s ,  and 

on average on ly 3 3 % of hor s e s  receiving a regu lar d i e t  

o f  vetch deve loped th i s  cond i t ion . The toxic compound 

wa s shown to be an a lk a l oi d , lathyrin ( Huty�a �t a f ,  1 9 3 8 ) . 

Atrophy of the mus c l e s  of the l e f t  s ide of the larynx wa s 

reported by Argy l e  ( 1 9 3 4 ) a s  a feature of the i ntoxication 

w i t h  Lathy/l..u .o  .o aLivu.o , but no description of the pa thology 

pre sent in the recurrent laryngea l nerves ha s been recorded . 

Wh i l e t he s e  plant po i s on i ngs do appear to lead to a l e f t  

laryngeal paralys is , they are apparent l y  unre lated t o  the 

maj o r i t y  of c a s e s  of id iopath ic laryngeal hemipl e g i a , and 

accor d i ng to Cook ( 1 9 7 0 ) cons t i tute l e s s  than 5 %  o f  a l l  

c a s e s  o f  la ryngea l hemi plegia i n  hor s e s . 

CHEM ICAL INTOXICATIONS 

Lead poi son ing 

I n  e a r l y  con s iderat ions of the aetio logy of laryngea l 

hem i p l egia , the 

of the syndrome 

( F l emin g , 1 8 8 9 ; 

occurrence of laryngeal para ly s i s a s  part 

of l ead poi son ing in the hor se wa s noted 

Argy l e , 1 9 3 4 ;  Huty�a �t af, 1 9 3 8 ) .  Thi s  
, 

para l y s i s  wa s said to result f rom degenerat ive change s 

throughout the ent i re length of the vagal nerve , but 

par t i cu l ar l y  in the terminal part of the l e f t  recurrent 

laryngea l nerve ( Hutyra �t af , 1 9 3 8 ) . 

I t  ha s been shown that hor s e s  are s en s i t ive to l ead 

i ntoxicat ion at low dosages over pro longed per i od s , and 

tha t forage contami nat i on i s  the usual source of the lead 

( Kr igman �t af , 1 9 8 0 ; Burrows , 1 9 8 2 ) . The ma i n  c l i ni c a l  

s ig n s  o f  lead po i soni ng i n  hor s e s  a r e  r e l a t ed t o  impai red 

per i phera l nerve func t i on , e s pec i a l ly of motor nerve s . 

Invo lvement of the re current laryngea l nerve s , w i th re s u l t 

a n t  l a ryngea l pare s i s  i s  a common feature of the cond i t ion 

( F leming , 1 8 8 9 ; Burrows , 1 9 8 2 ) .  
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The pa thogene s i s  of the per iphe ra l neuropathy produced 

by l ea d i ntox icat ion i s  uncerta in , and con f l ict ing v i ew s 

a r e  held regard ing the r e lative involvement of segmenta l 

demye l i na t i on and axona l degenerat i on ( Lamper t  & Schochet , 

1 9 6 8 ; Dyck e.t a£ , 1 9 7 7 ; Bennington , 1 9 7 8 ; Krigman 

e.t a£ , 1 9 8 0 ) . Whi l e  some stud i e s  have led to conc lus ions 

o f  a pr imary eff ect on S chwann ce l l s  and the mye l i n  sheath 

( Lampert & Schochet , 1 9 6 8 ;  Dyck e.t a£ , 1 9 7 7 ) , others have 

demon s t rated axona l degenerat ion ( Fu l l erton , 1 9 6 6 ;  Krigma n 

e.t a £  , 1 98 0 ) . A recent propo s a l  f or the pathogene s i s  of 

the cond it ion sugges ted that the i n i t i a l  l e s ion wa s a lead 

induced a l teration of the blood -nerve barr i er , r e s u l t ing 

in inc re a s ed permeabi l i ty and hence endone ura l oedema . 

Three mecha n i sms by w hich the oedema cou l d  dama ge ne rve 

f i bre s we re suggested . F i r s tly , oedema coul d  lead directly 

to mye l i n degenerat ion . Second l y , in conj unct ion w i th 

m i nor t rauma , oedema cou ld contr ibute ind i re c t l y  to the 

neuropa thy . Th irdly , the oedema could seconda r i l y  alter 

the  m i croci rcul ation w i t h i n  f a s c i c l e s  and cause foca l 

i schaem i a  ( Ohni shi e.t a £ , 1 9 7 7 ) . 

Wh i l e  a sma l l  proport ion of c a s e s  o f  laryngeal para ly s i s  

i n  hors e s  may be due t o  lead po i soning , thi s  doe s not appear 

to be an a e ti ologi c a l  factor in the maj or i ty of ca s e s  

( Goulden & Anderson , 1 9 8 1 b ) . 

V i tamin De f i c ienc i e s  

Th i am i ne de f i c i ency ( v i tam i n  B1 ) wa s proposed as  a pos s i b l e  

cau s e  o f  l a ryngea l hem i p l egia in hor s e s  by Loew ( 1 9 7 3 ) . 

Thi s propo s a l  wa s based on the laryngea l  involvement 

obse rved in v i tamin B 1  d e f i c i ency in man ( ber ibe r i ) ,  and 

bracken fern poi soning in catt l e . I t  wa s pos tu lated tha t 

a t  s ome ea r l y  cri t i ca l  per i od of growth , thi am i ne nu tr i t ion 

of the hors e  proves i na dequate , espe c i a l ly in tho s e  larger 

or f a s te r  growing anima 1 s , with a correspond ingly higher 

thiamine requi rement . A ' l  attempt to exp l a i n  the reported 
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a s so c i a t ion o f  exce s s ive training of young horses w i th 

the appearance of l arynge a l  hemiplegia ( Marks et af , 1 9 7 0 a ) 

wa s made on the bas i s  of a proposed higher thiamine require

ment w i th such a tra ining reg ime . 

A s urvey of the th i amine s ta tus of 4 7  horses wa s undertaken 

in  order to t e s t  thi s hypothe s i s  ( Cymba luk et af , 1 9 7 7 ) • 

The hor s e s  invo lved were i n  three group s ;  1 2 m i xed breed 

a�ima l s , 2 3  S tandardbred and Thoroughbred s ,  and 1 2  c l i n i ca l  

cases o f  laryngea l hem iplegia . The on l y  s t at i s t i c a l l y  

s ign i f i cant f ind ing 

concentrat ion i n  the 

the unaf fected mixed 

wa s a lowe r mean p l a sma thi am i ne 

a f fected anima l s  when compared w i th 

breed group . The r e su l t s  of thi s  

inv e s t iga t i on do not con c l u s ively im� l i cate thiam ine 

de f i c iency in the pathogene s i s  of l a ryngea l hemi plegia . 

The expec ted s i gn i f icant d i f ference between the thiam i ne 

leve l s  i n  the una f fected Standardbred and Thoroughbred 

group and the a f f e c ted anima l s  wa s not found . In add i t i on ,  

the number of anima l s  in each group wa s smal l .  

In s upport o f  the pos tu la ted a s sociation between the 

exce s s i ve tra i ni ng of young hor s e s  with the produc t ion 

of a th iamine d e f i c ient s tate is the report o f  thiamine 

def i c i ency i n  man , occurr i ng w i th per iod s of i ntense 

phy s i ca l  a c t i v i ty ( Dyck , 1 9 8 2 ) . An outbreak o f  ber ibe r i  

occurred among schoolboys i n  Japan , and wa s traced · to 

thiam ine de f i c iency , caused by a d iet not s upplemented 

with v itamins , dur ing pro longed per iod s of intense phy s i c a l  

a ct i v i ty . 

The 

wa s 

l a ryngea l form 

o f f ered by Loew 

of bra cken fern poi son i ng in catt l e  

( 1 9 7 3 ) in s upport o f  t h e  invo lvement 

of thiamine d e f i c i ency in l aryngea l hemiplegia in horse s . 

Al though th i s  i ntoxication i s  attr ibuted to thiamine 

destruc t i on i n  the hor s e , 

i s  s a i d  to be involved i n  

larynge a l symptoms obs erved 

an " a p l a s t i c  anaemia factor" 

ruminants ( Evan s , 1 9 6  4 )  • The 

in calves w i th bracken fern 
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poi soning , have been demons trated to result f rom 

haemorrhage a nd oedema i n  the area of the l a rynx ( Evans , 

1 9 6 4 ) . Neurogenic a trophy of the laryngea l mus c le s  ha s 

not been reported . 

In  man , chron i c  thiami ne defi c i ency ( beribe r i ) ,  has been 

shown to produce a d i s t a l  neuropathy of  sensory and motor 

nerve s , a f fect ing the l e g s  i n i t i a l l y , with d i s ta l  mu s c l e  

wa s t i ng and sensory l o s s  ( Cavanagh , 1 9 6 4 ; Cavanagh , 1 9 7 9 ) . 

In  more seve rely a f f ec ted individua l s  there i s  involvement 

of the recurrent larynge a l  nerve s , w i th para ly s i s  of the 

l e f t  voca l cord and hoa r s ene s s  ( Cavanagh , 1 9 6 4 ) . C l i n i c 

a l l y , l aryngea l para l y s i s  may o n l y  become evident late 

in  the course of  the d i sease , yet it has been reported 

f rom a patho log i ca l  po int of view that the vaga l , recurrent 

lar ynge a l  and phrenic nerves we re a f fected be fore the d i s t a l  

l imb nerves ( Bla ckwood e.t af , 1 9 7 1  ) • S im i l a r ly , thiamine 

de f i c i ency in anima l s  leads to degenerat ion of d i s t a l  nerve 

f ibre s , e spec i a l ly of  the hindl imbs , and of s ome spina l 

tra c t s  ( Cavanagh , 1 9 6 4 ; Col l i n s  e.t af , 1 9 6 4 ) . The path

ologi ca l a lterat ions obse rved in th iamine d e f i c i ency of 

rat s have been shown t o  a f fect the axon s of mye l i na ted 

f ibre s primari ly , f o l lowed by change s in my.� l i n sheath 

contour , w i th subsequent focal demy e l i na t ion ( Co l l in s  

e.t a f, 1 9 6 4 ) . 

The pos s i b l e  role of thiamine def i c i ency in equine laryngea l 

hem i p legia wa s d i s cu s sed by Duncan e.t af ( 1 9 7 8 ) . Wh i l e  

con f i rm ing tha t the neuropathy of  l a rynge a l  hem i p l e g ia ,  

l ike that of  th iamine def i c iency wa s a d i se a s e  of the " dy ing 

back" type , the se autho r s  f e l t  that some of the patho l og i ca l  

f i nding s obs erved i n . the cond i t ion o f  laryngeal hem i p l e g i a  

w e r e  c o n  r a r y  t o  t h o s e  s e e n  w i th thiamine d e f i c iency . 

They f ound no evidence of a genera l i sed pol yneuropa thy 

in hor ses a f fected w i th la ryngea l hem ipleg i a , as i s  seen 

in man and anima l s  w i t h  thiamine de f i c i ency ( Cavanagh , 

1 9 6 4 ; Col l i ns e.t a f , 1 9 6 4 ) . Frequen t evidence o f  

demye l i nat i on and r emye ina i on were seen in recurrent 
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l ar ynge a l nerve f i br e s  from a nima l s  w i th l aryngea l  hem i 

p l eg i a , whi le i t  wa s stated that such change s  were not 

c ommon in thiamine d e f i c ient nerves ( Duncan et al ; 1 9 7 8 ) . 

I t  i s  pos s ible however that the s e  di f fe rence s in the pa th

o logy o f  thiamine d e f i c i ency and laryngeal hem i p l e g i a  a r e  

mer e l y  r e f l ec t i on s  o f  the ana tomi ca l pecul i a r i t i e s  of the 

hor s e , and the ch ro n i c  nature of th i s  neuropathy of hor se s . 

De f i c ienc i e s  of s ever a l  other of the B -group v i tamins have 

produced po lyneuropathi e s  a f f e c t i ng d i s t a l  long nerve f ibre s 

( Ca vanagh , 1 9 7 7 ; We l l e r  & Ce rvos -Navarro , 1 9 7 7 ; Benn i ngton , 

1 9 7  8 )  • I n  add i t i on to th iamine , the vi tami ns de f i c i enc i e s  

i nvo lved are tho s e  o f  ni cot i n i c  a c i d , pantothe n i c  a c i d , 

pyridox ine , ribo f l a v i n  a nd vi tamin B1 2 .  

Factors Pred i spo s i ng to Equ ine Laryngeal Hemiplegia 

C l in i ca l  observat ion of ca s e s  of laryngea l hemiplegia over 

the year s has ind i c ated that the f o l l owing factors may 

pred i spo s e  individua l s  to the d i s ea s e : 

i ) 

i i ) 

( i i i ) 

iv ) 

V ) 

v i ) 

( v i i ) 

BREED 

Breed 

Hered i ty 

S i ze 

S ex 

Management 

Conformat i on 

C l imate and geography . 

A vari ab le breed prevalence ex i s t s  for equine l a ryng e a l  

h em i p legi a ,  which s eems l i ke l y  to be a re f l e c tion of the 

s i z e  d i f f erences between breed s .  Gou lden & Anderson ( 1 9 8 1 a )  

s howed a s im i l a r  prev a l ence of the d i s e a s e  in Thoroughbred s 

a nd Standardbred s ,  contrary to the commonly he ld impre s s i on 

that the cond i t ion is seen more frequen t l y  in Thoroughbred s .  
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1 0  Standardbred anima l s  we re examined 

that the resu l t s  shou ld be i nterpreted 

w i th caut ion . Popu lar opinion a l so suppo r t s  a high 

i nc idence of l a ryngea l hem iplegia in heavy -we i gh t  cros sbred 

hor s e s  ( Hopkin , 1 8 8 8 ; Hoare , 1 91 5 ;  Dornb l a se r ,  1 9 6 7 ; 

Cook , 1 9 7 5 ) . I t  i s  genera l l y  con s i dered that the sma l l er 

breed s a r e  l e s s  s u scepti b l e  to the d i sease ( Hoare , 1 9 1  5 ;  

Dornb l a s e r , 1 9 6 7 ; Marks e t  a £ , 1 9 7 0a ) . 

H EREDI TY 

An heredi tary pred i spo s i t ion to l aryngeal hem i p l e g i a  has 

been he ld to ex i s t  s i nce the earl i e s t  records o f  the d i s e a s e , 

a nd i s  a v i ew s t i l l  held by many ( Hopk in r 1 r 1 8 8 8 ; F leming , 

1 8 8 9 ; Smi th , 1 9 2 6 ; Saks , 1 9 2 7 ; Lee , 1 9 3 2 ;  Argy l e , 1 9 3 3 ; 

van Lent , 1 9 3 3 ; Hu tyra e t  a £, 1 9 3 8 ;  Qu inla n , 1 9 5 7 ; Cook , 

1 9 7 0 ) . However ,  the oppos i t e  view has a l so been expounded 

( Wi l l iams , 1 9 0 1 ; W i l l iams , 1 9 0 2 ; Kuhn , 1 9 3 8 ) , and wa s 

j u s t i f i ed by the lack of any d e f i n i t ive evidence for gene t i c  

transmi s s ion of the cond i t i on , even w i th attemp t s  a t  ana l y s i s  

o f  ped igree i n format ion o f  d i rect des cendan t s  of  a roarer 

( Kuhn , 1 9 3 8 )  • 

A l though the inher i tance of  laryngeal hemip l egi.a has not 

been conv in c i ng l y  demons t ra t ed , thi s  opinion wa s accepted 

a nd the d i s e a s e  wa s l i sted as inher i ted a f te r  a Roya l 

Commi s s i9n on Hor se Breedi ng in Br i ta in in 1 8 8 9  ( Argy l e , 

1 9 3 3 ;  Cook , 1 9 7 0 ) . The B r i t i s h  Horse Breed ing Ru l e s  of  

1 9 4 8 , a nd the Horse Breed ing Act o f  1 9 5 8  a l so imp l i cated 

l aryng e a l  hem iplegia as being an inheri ted cond i ti on . 

More rece nt legi s lat ion by the Br it i s h  Veter inary 

A s s oc i a t ion ( Hors e  Breed i ng Pol i cy and Legi s l at ion , 1 9 7 7 ) 

pla ced l a ryngea l hemip l e g i a  h igh on a l i s t . o f  " probabl e "  

inhe r i ted d i s e a se s , and r e f erred to i t  a s  be i ng " probably 

a common l y  oc curr ing rece s s iv e  gene in the Thoroughbred" .  
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Anecdotal evidence of the gene t i c  ba s i s  o f  la ryngea l 

hemiplegia abounds in the l i terature . Of the famou s e a r l y  

racehor s e s  whi ch s u f fered f rom t he cond i t i on , many are 

recorded as  having pa s sed the propensity to dev e l op 

l arynge a l hem i p l eg i a  on to the i r  d e s cendants . An o f ten 

quoted examp le is that of "Ormonde " ,  a we l l  known w inning 

hor s e  owned by the Duke of · We stm i n s t e r , and a f fec ted w i th 

l a ryngea l hem i p l eg i a , as  wa s h i s  dam " Lady Agnes "  ( Hopki n �,;  . 

1 8 8 8 ; F leming , 1 8 8 9 ) . Another we l l  documented f am i l y  

l i ne bea ring the cond it ion come s f rom the French Government 

Stud s i nforma t i on ( F leming , 1 8 8 9 J . The sta l l ion " E a s tham " 

l e f t  a long l ine of roarers i n c l ud ing " Chas seur" , a nd a 

grand son " Ca rna s s i er" . The l a t te r  wa s the s i re o f  

" Ganymede" , a l so a roarer . 

Des cendants o f  " Ga nymede" included " Quebec" a nd " Troarn" , 

both roare r s  and both w i th many of f spr ing as  roarer s ,  n i ne 

and seven respect ively . The proport i on of roar ing of f s pr i ng 

born to roa r i ng s ires wa s reported by dif fering source s 

a s  be ing between 3 3 - 6 6 % , and transmi s s ion of the cond i t ion 

wa s s a i d  to be more certa i n  when both parent s were a f fe c ted 

( F lem ing , 1 8 8 9 ) . Whereas anecdota l  ev idence shoul d  not 

be i gnored , it fa l l s  far short of acceptable s c i ent i f i ca l l y 

mea sured informa t i on . 

There ha s been s ome documented s c i en t i f i c  evidence i n  

support o f  l a ryngea l hem i p legia be i ng a n  inhe r i ted d i s e a s e  

( Sm i th , 1 9 2 6 ; S a k s , 1 9 2 7 ; Smith , 1 9 2 7 ; Crew & S m i t h , 

1 9 3 0 ; van Lent , 1 9 3 3 ; Cook , 1 9 7 0 ; Cook , 1 9 7 5a ;  Cook , 

1 9 8 1  ) .  An i nve s t igat ion o f  the i nbreed ing coe f f i c i ent 

of norma l and l a ryngeal hemiplegi c C lydesda l e s , wa s carr i ed 

out by Smi th ( 1 9 2 6 , 1 9 2 7 ) . The r e s u l t s  of thi s  ana l y s i s  

ind i ca ted tha t anima l s  a f fected b y  the d i se a s e  were 

con s i derably more inbred tha n  the una f f ected a n i ma l s . 

He concluded that laryngea l hem i p l egia wa s a rece s s ive 

defec t , and 

Saks ( 1 9 2 7 ) 

wa s pre s ent in more than one f am i ly l i ne . 

r e s e a rched the occurrence of the d i se a s e  i n  
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Rus s ia n  Thoroughbred s ,  a nd con c l uded that laryngea l 

hem i p l e g i a  wa s inheri ted a s  a s imp le rece s s ive defect . 

A s tudy of the inc idence of  the d i sease in Be lgian draught 

hor s e s  ( van Lent , 1 9 3 3 ) , inc lud ing more than 1 5 0 0  s ta l l ions , 

f ound a h i gh incidence of off spring w i th la ryngea l 

hem i p legia , in  many fam i l y  l i ne s . 

Cook ( 1 9 7 0 , 1 9 7 5b ,  1 9 7 6 , 1 9 8 1 ) i s  an advocate o f  the 

i nher i ted na ture of l aryngea l hemiplegia in horse s . He 

cons idered that the re s u l t s  of a s e r i e s  of 8 5  t e s t  ma t i ng s  

s upported the her itable na ture of  the cond i t ion , and an 

autosoma l rece s s ive mode of  i nheri tance . The mat i ng o f  

norma l anima l s , and of  normal to a f fected anima l s  supported 

thi s theory , but the resu l t s  obt a i ned from · ma t i ng a f f ected 

an ima l s  contradicted the view . When mat ing homoz ygou s 

rec e s s i ve an ima l s , the genet i c  status proposed for a f f ected 

hor s e s ,  one wou ld expect 1 0 0 %  of  the o f f spring to be 

a f f ected . H owever , the value obta ined by Cook , in h i s  

a dmi t tedly l im i ted number o f  a f fected anima l matings wa s 

5 0 % . Th i s  v i ew of l aryngea l hemiplegia be ing inhe ri ted 

a s  a n  autosoma l reces s i ve appears to be a gro s s  over

s impl i f i cat ion of the pos s i ble genet i c  ba s i s  for the d i sease . 

I t  takes no note of degre e s  of penetrance or expre s s i v i ty , 

or  even mu l t i factor i a l i n f luences that may be expected 

in a d i se a s e  of thi s type . From the prev a l ence f i gure s 

quoted above , i t  i s  c lear that larynge a l  hemi plegia cannot 

be inhe r ited as a s impl e  rece s s ive or domi nant .  

H owever ,  the pos s ibi l i t y  of a gene t i c  inf luence a c t i ng 

t hrough conformation a l f eatures shou ld be con s i dered 

( Hopk i n s , 1 8 8 8 ; Cook , 1 9 7 5 b ) . Factors such as neck length 

a nd body s i z e ,  whi ch inf l uence the s u s cept i'!):. l ity of · an individual 

to l a ryngea l hemiplegia ( G ou lden & Ander son , 1 9 8 1 a )  are 

i nher i ted con formationa l characte r i s t i c s  ( Cook , 1 9 7 5 b ) . 

I n  the 1 9 th century i t  wa s noted tha t a s  breed ing improved 

the s i ze and con format ion of the Thoroughbred , there wa s 

a concurrent increa se in the tendency to develop laryngea l 

hem i p le g i a  ( Hopk ins,, 1 8 8 8 ) . 
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S I Z E 

I t  i s  wide l y  ac cepted tha t  larger hor s e s  are the mos t prone 

to l aryng e a l  hemiplegia ( Dornbla s er , 1 9 6 7 ; Cook , 1 9 7 0 ; 

Marks et a l , 1 9 7 0 b ;  Duncan et al , 1 9 7 8 ) .  Many author s 

h ave cons i dered the d i sease to be more common i n  heavier 

i nd iv idua l s  ( Hobday , 1 9 3 5 ; Tagg , 1 9 3 5 ; Dornb l a s e r , 1 9 6 7 ; 

Cook , 1 9 7 6 ) , an observation s ub s tant iated by Gou lden & 

Ander son ( 1 9 8 1 a ) .  Stati s t i ca l anal y s i s  of data obta i ned 

by the l a t ter author s showed that heavier Thoroughbred s 

were more s u s ceptible to laryngea l hemiplegia . I n  addi t i on , 

mat ched pa i r i ng of data demon s t ra ted that th i s  d i f ference 

wa s not due to a greater numbe r of the a f f e cted anima l s  

being ma le . 

I t  ha s a l s o  been s tated tha t ta l l  hor s e s  are more l ikely 

to develop thi s  d i sea se ( Dornbla s er , 1 9 6 7 ; Marks e t  al , 

1 9 7 0 a ) . Both Cook ( 1 9 7 6 ) and Gou lden & Anderson ( 1 9 8 1 a )  

f ound that the maj or i ty of hor s e s  with l aryngea l 

h emiplegia were greater than 1 6 0 cm in he ight . The la tter 

a uthors con f i rmed that a f fected hor s e s  were s i gn i f i cantly 

t a l ler than una ffected hor s e s , by ana l y s i s  a f ter ma tched 

p a i r ing for age and sex . 

SEX 
The tendency for laryngea l hem i pl eg i a  to occur more common l y  

i n  ma le than in fema l e  h o r s e s  has often been noted 

( Perciva l l , 1 8 4 0 ; Hopkin;,; _. 1 8 8 8 ; Wi l l iams , 1 9 0 1 ; Wr ight , 

1 9 6 3 ;  Mar k s  et al , 1 9 7 0a ;  Cook , 1 9 7 6 ; Goulden & Anderson , 

1 9 8 1 a ) . 

Two studie s have at tempted to take into account the d i s t r i 

but ion of  the sexe s in the populat ion a t  l a rge , when 

cons idering t he d i f f erence s in the incidence of l a ryngea l 

hemiplegia ( W i l l iams , 1 9 0 1 ; Goulden & Ander s on , 1 9 8 1 a ) . 

Both of  thes e  i nve s t igat ions found ma l e s  to be s i x t ime s 

more suscept ible to the d i s ea s e  than f ema l e s , thus 

i nd i ca t ing a ma le pred i spo s i t i on to the condi t i on . 
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MANAGEMENT 

Many management factor s have been thought to pred i spose 

to laryngeal hemiplegia in hor s es . These inc lude ; poorly 

vent i la ted , hot stabl ing cond i t i on s  ( F lem ing , 1 8 8 9 ; Lee , 

1 9 3 2 ) ;  exce s s i ve and prema ture tra in ing ( F leming , 1 8 8 9 ; 

Lee , 1 9 3 2 ; Marks et al. , 1 9 7 0a ) ; u s e  of a t i ght bea r i ng 

rein in conj unc tion with the use of a hor se for show j umping 

( F leming , 1 8 8 9 ; Mahaf frey , 1 9 6 2 ) . One author reported 

tha t  l a ry ngea l hemipleg i a  has never been observed in 

unhou sed hor s e s  ( W i l l i ams , 1 9 0 1 ) ,  wh i le another f e l t  that 

those anima l s  turned ou t to gra s s  we re more l i kely to 

develop the d i s e a se ( Hopk i n � .  1 8 8 8 ) . 

CONFORMATION 

Certa in  conforma t ions have , rightly or wrong ly , become 

a s s oc i a ted with a tendency to deve lop laryngea l hemip l e g i a . 

Con forma t iona l character i s t ic s  wh i ch have been imp l i ca ted 

i nc lude ; anima l s  with l ong , l ight necks ( F l eming , 1 8 8 9 ; 

Quinlan , 1 9 5 7 ) ; tho se w i th f la t  s ides , narrow che s t s  and 

e lbows i nc l i ned inward s ( F leming , 1 8 8 9 ) ; hors e s  w i t h  a 

l ack o f  w idth between the eye s , a s sociated w i th a narrow 

i ntermand ibular space ( F l eming , 1 8 8 9 ; Qu i n l an , 1 9 5 7 ; 

Dornbla se r , 1 9 6  7 ;  Ma rks e t  a l.  , 1 9 7 0 b )  ; and long f ronted 

or  long necked ind ividua l s , w i th a re l a t ively great d i s tance 

f rom the ba se of the hea r t  to the head ( Marks et al. , 1 9 7 0 b ) . 

I t  seems po s s ible however , that the appearance o f  the 

cond i t i on of laryngea l hem i p l eg i a  in a hors e  of a par t i c u l a r  

s hape i s  pure l y  coincidenta l ,  w i th the except ion of thos e  

c onformationa l  f eatures t h a t  may a f f ect the l e ngth o f  the 

r ecurrent laryngeal nerve s . 

CLIMATE AND GEOGRAPHY 

The i n f l uence o f  c l imate ha s long been cons idered to p l a y  

a n  important part in the i n c idence of l aryngeal hem i p l e g i a  

( Hopk i n , 1 8 88 ; F l eming , 1 8 8 9 ; Wi l l iams , 1 9 0 2 ;  Lee , 

1 9 3 2 ; Hutyra et a l. ,  1 9 ' 11 ; , ) ,)k , 1 9 7 0 ; Ma son , 1 9 7 � ' -
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I t  ha s been s a i d  that i t  i s  a cond i t ion of the temperate 

c l imate , but not of the trop i c s  ( H opkin� ·  1 8 8 8 ; F leming , 

1 8 8 9 ; Hutrya .e.t a �  1 9 3 8 ; Cook , 1 9 7 0 ) , being common i n  

Br i ta in , Europe , North Ame r i ca and South Africa yet uncommon 

in Arabi a , Aus t ra l i a , New Z ea land , Kenya and other t ropi ca l  

countr i e s  ( Cook , 1 9 7 0 ) . W i th r e s p e c t  to New Z ea l a nd and 

Aus tr a l ia at l ea s t , the se f a c t s  are i ncorrect ( Goulden 

& Ander son , 1 8 9 1 a ) . 

Some author s thought tha t tempera ture inf luenced the 

inc idence of the cond i t ion . SoQe f e l t  that a cold , mo i s t  

c l imate which predi sposed to respi ratory d i se a s e  in genera l , 

increased the l i kel i hood of occurrence o f  l a ryngea l 

hemiple gia ( F l em ing , 1 8 8 9 ) . Other s  f e lt tha t the cond i t ion 

wa s a s sociated w i th extreme heat ( Ha r t , 1 8 8 7 ) . 

Geograph i ca l  d i f f erences which may a f fect the prev a l ence 

of the d i s e a s e  cou ld be due to any of a number of factor s , 

inc lud i ng c l ima te , the f requency o f  respiratory d i s e a s e ; 

preva lent management techniques a nd the compos i t ion of 

the local popul a t ion of hor se s . 

In view of the w i de spread occur rence o f  the d i s e a s e  through 

out the wor l d , i t  i s  un l i ke l y  that c l imate and geography 

are impor tant aet iolog i c a l  factor s . 
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· .  

PART 1 1  

PER IPH ERAL NE RVE PAT HOLOGY I N  EQU I NE LARYNGEAL HEM IPLEG IA 

1 • PER IPHERAL NERVE AND I TS REACTION TO DI SEASE 

INTRODUCTION 

In orde r to unde rstand the pa tholog i c a l  proc e s se s  a f f ecting 

per i pheral nerve s , know l edge of the unique s tructura l , 

funct i onal and metabo l i c  f eatures of the component neurones 

is  ne c e s sary . To ful f i l l  the role of commu n i ca t i on between 

d i s tant regions of the body , and cope w i th the demand s 

of  g rowth , the ce l l  proc e s s e s  of neurones ma y be extreme ly 

long . In the evolut ion of the wide var iety o f  anima l 

spe c i e s ,  thi s has meant t he deve lopment of  c e l l  proce s s e s  

of e normou s length i n  some nerve s . I n  equ ine recurrent 

l a rynge a l  nerve for example , the axona l proce s s  of the 

motor neurone can be up to 2 5 0 cm long ( Duncan & Gr i f f i ths , 

1 9 7 3 ) . ';['he synthe t i c  m etabo l i c  proce s s e s  f or the entire 

neurone are loca ted s o l e l y  i n  the c e l l  body . Supp l y  of 

the s e  synth e s i sed ma te r i a l s  along the axon , re l i e s  on axona l 

tran s port . Thus , whe n  the peripheral ne rvou s sys tem i s  

a f f e cted by . mecha n i c a l  interference , g ene t i c  defect s , 

nut r i t i ona l d e f i c ienc i e s  or intoxi cat ion , the c e l l  may 

no l onger be able to c ope w i th the demand s i mposed upon 

it by i t s  s t ructure , and patholog i c a l  proces se s  may ensue . 

P e r i pheral neuropathy has been def ined as  deranged structure 

and function of per iphera l motor , s en sory and /or auto nu . i c  

neurone s ,  i nvolv ing e i ther the ent i r e  ne rve f ibre or 

s e l e cted a reas ( Dyck , 1 9 8 2 ) .  The s e  d i s e a s e s  present 

variable c l i n i ca l  and patholog i c a l  p i cture s , depend ing 

on f eatures such as ; the sev e r i ty of the d i s e a s e  proc e s s ; 

i t s  rate of progre s s i on ; the anatom i c  structures a f f ec ted ; 

the populat ion of n euron e s  or Schwann ce l l s  invol ved ; 
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the level damaged within the neurone ; and the bas i c  

pa thogenic proce s s . The unde r l y i ng cel lular a nd molecular 

mechani sms produc ing per iphera l neuropath i e s  are varied 

and complex , a nd are only i ncompl e t e ly unders tood ( Dyck , 

1 9 8 2 ) . Whi le the two maj or component s of per i phera l nerve , 

axons and Schwa nn ce l l s , may be a f fected s epara t e l y  by 

a d i sea s e  proce s s ,  because o f  the i r  complex s tructural 

and func t iona l  relat ions hi p ,  rarely wi l l  abnorma l i t i e s  

involve e i ther exclus ively ( Aguayo 2- i  a.f , 1 9 7 9 ) . Axonal 

a l terat ions can l ead to secondary mye lin damage and vic2.  

v2.� � a  ( Schrode r , 1 9 7 5 ) . The pathological f i nd ings i n  

periphera l neuropathi e s  a r e  a l so a f f ected b y  the con s ider

able capacity o f  the nerve f ibre to regenerate a nd of the 

Schwann cel l to r emye l i na te i t s  a s sociated axon . However , 

a complete return to norma l s t ructure does not u sual ly 

occur , resul t i ng i n  a l tera t i on s  characteri s t i c  for 

regenerated and remyel inated nerve . The se i n c lude 

a l terat ions o f  shape , thickne s s  a nd l ength of new l y  formed 

mye l i n  s heaths and i ncrea sed popul a t ions of S chwann cel l s  

( Schroder , 1 9 7 5 ) . 

Knowledge of the norma l s tructure 

neces sary in order to recogn i s e 

The node of Ranvi er and paranoda l 

of nerve f ibres i s  

pathologi c a l  change s . 

a rea ( F ig . 1 )  t e nd to 

be more compl ex i n  large d iameter myelinated f ibres than 

in sma l l  one s ( W i l l i ams & Landon , 1 9 6 3 ; Berthold , 1 9 7 8 ) .  

The mye l in shea th i s  f luted i n  the paranodal region , a nd 

the grooves thus formed are f i l led wi th S chwann c e l l  

cytoplasm r i ch i n  m i tochondr i a , probably r e f l e c t i ng the 

h i gh metabol i c  requirements of thi s  region ( We l ler & Cervos

Navarro , 1 9 7 7 ) . Th i s  f lut ing can resu l t  i n  bu l bous 

expans ions o f  the paranoda l area , w i th a s symet ry o f  the 

bu l b s  on e i ther s i de of a node of Ranv ier ( W i l l i am s  & Kashe f , 

1 9 6 8 ) . There i s  a marked con s t r i c t ion i n  axon d i ameter 

in the nodal area , th i s  be i ng a par t i cu lar feature of large 

d i ameter f ibres ( He s s  & Young , 1 9 5 2 ) . In sma l l  a xons the 

cro s s - sectiona l a rea a t  the node i s  one th i rd o f  that of 

the internode , whi le i n  large a xons the reduct ion i s  to 
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one f i fth to one s ixth o f  norma l .  Thu s , it i s  l ik e l y  that 

in t he more c on s t r i c ted nodal a rea of large f ibres there 

wi l l  be an i ncrea sed axoplasmic f low rate ( Landon & Ha l l ,  

1 9 7 6 ) . 

PATHOLOGY OF PERI PHERAL NERVES 

C la s s i f icat ion o f  Pathology 

When cons ide r i ng the patholog i c a l  proce s se s  a f fe c t i ng 

per i phera l nerve the f i r s t  d i s t i nc t i on to be made i s  whether 

the d i sease proce s s  i s  intrins i c  to the axons and S c hwann 

c e l l s , or whether it i s  i n i t i ated from out s ide the neurona l 

components o f  the nerve . In the latter ca se cau s a t ive 

fa ctors such as t rauma , i s chaemia , compre s s i on and 

i n f l ammation may be involved ( Dyck , 1 9 8 2 ) . Regardle s s  

of the aetiology , per iphera l nerve reacts morpho log i ca l ly 

to di sease in on ly a l imi ted number of ways . H i s to r i ca l l y , 

the degnerat i ve proce s s e s  a f fe c t i ng nerve f ibres have been 

divided into three categor i e s ; 

1 .  Wa l lerian degene rat ion 

2 .  Axona l degenerat ion 

3 .  Segmenta l demye l inat i on 

In the f i r s t  two there i s  predominant invo lvement o f  the 

axon , whi le in the th i rd the maj or e f fect i s  on the S c hwann 

ce l l  and mye l i n  sheath . In many d i sorders however ,  a 

m i x ture of a xona l degenerat ion and s egmenta l demye l i na t i on 

occurs ( Webs ter eL a£ , 1 9 6 7 ; Dyck , 1 9 7 3 , 1 9 7 5a ) . 

WALLERIAN DEGENERATION 

Wa l lerian degenerat ion , f i r s t  d e s c r i bed by Wa l l er in 1 9 5 0 , 

re fers to the degenera tive change s  whi ch occur in the d i st a l  

port i on o f  a nerve fol lowing transect ion , or s ome other 

trauma t i c  i ns u l t . Tradit iona l ly ,  the t e rm Wa l ler ian 

degeneration is u s ed t o  refer to the proce s s  as it occurs 
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i n  per iphera l nerve . Wa l l erian type changes occur i n  the 

d i s t a l  part s of t ran sected nerve f ibres i n · the centra l 

nervous system , but t here are some d i f ferences in the 

reac tion due to the absence of a S chwann c e l l  sheath . 

Fol l owi ng transec t i on , degenerat ion o f  the axon and mye l i n  

sheath occurs , a f f e c t i ng a l l  s i z e s  and types o f  nerve f ibre s . 

Ea r l y  c hanges seen u l trastructura l ly are the paranod a l  

accumu l a t ion of m i tochondr ia , dense bod ies and l ame l l a r  

bod i e s  ( Ba l l in & Thomas , 1 9 6 9a ) , f o l lowed b y  granu l a r  

d i s i ntegration a nd d i sappearance o f  the neurof i lament s  

and mi crotubules ( Lee , 1 9 6 3 ) . The axon become s more 

i rregular in shape and fragments , the f i r s t  breaks occurring 

near nodes of Ranvier . Th i s  is  accompanied by paranod a l  

retrac t i on of the mye l i n .  The axon and myel in sheath then 

break down into s horter segment s , the boundaries  o f  which 

are marked by Schm id t -Lantermann inc i s ures . The e l l ips o i d s  

thus formed , con s i s t  o f  a xona l  f ragment s s urrounded by 

mye l in , and are progre s s ive l y  digested into rows of sma l l er 

ovoi d s  and l ipid droplets ( Blackwood 2.i a.l , 1 9 7 1  ) . Th i s  

l a t ter proce s s  o f  degrada t i on occurs i n  Schwann ce l l s  a nd 

macrophages ( Na than i e l  & Pea s e , 1 9 6 3 ) .  The lame l lar nature 

of the mye l i n  is pre served for the 

then replaced by homogenous l ipid 

f i r s t  6 days , and i s  

droplets . Comp l e te 

d i sappea rance of the mye l i n  debr i s  may take several months .  

S ome c e l l s  reta i n  th i s  debr i s  even dur ing regene ra t i on 

( N a  than i e l  & Pea s e , 1 9 6  3 )  . Many o f  these change s can be 

apprec i a ted by l ight microscopy and teased f i bre 

prepara t ions . 

AXONAL DEGENERATION 

In contra s t  to Wa l l er ian degenerat i on axona l  degenerat ion 

of i nd iv idua l nerve f ibre s within a peripher a l  nerve may 

occur , una s soc i a ted with l oca l t ra uma . Cau ses i nc lude 

chemical i ntoxica t ions , v i tamin de f i c i enc i e s , gene t i c  a nd 

metabo l i c  abnorma l i t i e s . Th i s  s i tuat ion i s  thought t o  

b e  ind '.cat i ve of metabo i c  dera ngement of the who l e  neu L ne , 
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and i s  genera l l y  mani fest  i n  the d i s t a l  axon ( Benni ngton , 

1 9 7 8 ) . As  with Wa l lerian degenerat ion , l i near rows of 

mye l in ovo i d s  a nd ba l l s  f orm ( F ig . 2 A ) , but i n  add i t ion ,  

irregu la r i t i e s  of the mye l i n  sheath and s econdary 

demye l inat ion and remye l inat i on may occur at more prox ima l 

leve l s  where the axon is  s t i l l  intact . A maj or d i f ference 

from Wa l ler i an degenerat ion i s  the tendency for select ive 

involvement of certa i n  popu l a t i on s  of nerve f i bres , rather 

than invo lvement of them a l l . U l trastructura l a l tera t i on s , 

whi ch are not a feature of W a l lerian degenera t ion , may 

be present within the pre s e rved axon . In the chron i c , 

s lowly evolving neuropath i e s  o f  thi s  type the most obvi ous 

f i nd ing may be the los s o f  nerve f ibres , more pronounced 

d i s ta l l y . In l ongs tand ing neuropa th i e s  · · th i s  f i bre l o s s  

i s  evidenced by ma rked increa s e s  in endoneuri a l  ce l l  content , 

ind i ca t i ng previ ous S chwann c e l l  pro l i f erat ion . 

H i s tolog i ca l ly , there i s  a gradation of · change s  varying 

from s evere f ibre degener a t i on and los s d i s ta l l y , to 

apparent ly norma l nerve proxima l ly ( Benni ng ton , 1 9 7 8 ) . 

In part i cu l a r ly chroni c  d i se a s e  proce s ses o f  th i s  type , 

the pat hological mani festat ion may be axona l atrophy rather 

than axona l degenerat ion . These cond ition s  a re u s ua l ly 

inherited , . and are a s sumed to result· from i nborn errors 

of metabo l i sm .  Gradua l l o s s  of nerve f ibre s i s  s een , 

w i th only the rare occurrence o f  a ct ive l y  degenerat ing 

f i bre s , pos s ibly due to axon a l  shr inkage . Pa ranodal and 

segmenta l demye l i na t i on are o f ten observed , a nd becaus e  

o f  the chronic nature and l ik e l i hood o f  repeated episodes 

of segmenta l demye l i nat ion , " on ion bu lb" format i ons ( vide. 

int�a ) may a l s o  be found . Inc luded in t hi s  group of 

cond i t ions a re F r i edreich ' s  a t ax i a  and peronea l muscular 

atrophy ( Dyck , 1 9 7 5a ) . Neurona l degenerat ion , w i th 

subsequent ' a xona l degenerat ion i s  thought to p l a y  a part 

in a number o f  d i sorder s i n c lud ing amyotroph i c  latera l 

sc lero s i s  and Werdnig-Ho f fman d i sease . H owever , the 

separa t i on of neurona l degener a t i on with axona l degeneration , 

can be d i f f i cu l t  in some d i s e a s e s  ( Dyck , 1 9 7 5a ) . 
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SEGMENTAL DEMYEL INATION 

S egmenta l demy e l ina t i on re f e r s  to the segmental l o s s o f  

mye l i n , e i ther paranodal or 

of the ax i s  c y l i nder ( Fig . 

d i sease proc e s s  exi s t ; 

internoda l , wi th preservat ion 

2 B ) . Two categor i e s  o f  thi s 

( i )  Primary s egmental demy e l i na t i on , 

select ive abnorma l i ty i n  the 

ma i ntenance of mye l i n . 

whi ch i nvolves a 

deve lopment or 

( i i ) Secondary segmenta l demy e l i nation , whi ch i s  thought 

to occur subsequent to axona l abnorma l i t i e s  ( Dy ck 

et af. , 1 9 7 1 a ) . 

Primary s egmental demye l ina t i on 

Pr imary s e gmental demye l ina t i on can be further s ubd ivided 

on the ba s i s  o f  the spec i f i c  pathogene s i s . In one group 

of segmenta l  demy e l i na t i ng 

metabo l i c  d i st urbance of 

degenerat i on of i t s  mye l i n  

d i sorders there i s  a presumed 

the Schwann ce l l  l ead i ng to 

sheath , whi le in others the 

d i sease proc e s s i s  immune med i ated , and the mye l i n  sheath 

is i nvaded a nd d i ges ted by macrophage s  ( Waksman & Adams , 

1 9 5 5 ; Sch roder , 1 9 7 5 ; We l l e r  & Cervos -Nava rro , 1 9 7 7 ) . 

The ear l i e s t  change observed i n  segmental d emy e l i nat ion 

i s  widen ing o f  the nodal gap . The termina l mye l i n  loops 

detach f rom the axolemma , the enc losed f inge r s  o f  Schwann 

ce l l  cytop l a sm swe l l  a nd myel i n  debr i s  appear s . There 

is l oose n i ng a nd d i srupt ion o f  the myel i n  l ame l lae w i th 

the format ion of ves icular a nd o smioph i l i c  f ragment s and 

ovoids w i t h i n  the Schwann c e l l  cytoplasm . W i t h i n  s everal 

days , mac rophages appear and phagocytose pa rt i a l l y  diges ted 

mye l i n  debr i s  ( Cragg & Thoma s ,  1 9 6 4 ; Peterson & Murra y ,  

1 9 6 5 ) . Th i s  progres s ive l o s s  o f  mye l i n  occurs i n  the 

terri tory of the a f f ected S c hwann ce l l , a nd may be 

re stricted to the paranod a l  region or spread to i nvolve 

an ent i r e  internode ( D inn , 1 9 7 0 ) .  The d i s t r i but ion of 

demye l inat ed regions on nerve f ibre s  is random , w i th no 
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clus tering on part icular f ibres a s  occurs w i t h  s econdary 

demy e l inat ion . Many internodes may be a f fected , but the 

individual l e s i on s  may d i ffer in age a nd sever i ty 

( Bennington , 1 9 7 8 ) .  Pro l i ferat ion of Schwann cel l s  occurs 

( Al l t , 1 9 7 6 ) . 

Once remyel inat ion commence s ,  u s ua l ly within a few days 

of the s tart of demye l i na t ion , recovery is gener a l ly rapid 

and complete ( Bennington , 1 97 8 )  • I n i t ia l l y , S chwann ce l l  

prol i f eration occurs i n  t he immed iate area o f  the 

demy e l inated a xon . One Schwann ce l l  become s a s soc i a ted 

w i th the bare axon and proceeds w i th the spira l f orma t ion 

of new mye l i n  ( Dinn , 1 9 7 0 ) . Ea r l y  in the course of 

segment a l  demy e l ina t ion , the pre sence of axon s devoid of 

mye l in may be obs erved . Genera l ly ,  unmy e l inated axons 

do not exceed 3 � m  in diame te r , and so it ha s been a s s umed 

that any axons larger than t h i s  without a mye l in sheath 

are demyel inated ( Ochoa & Ma i r , 1 9 6 9 a ; Wel l e r  & Cervo s 

Navarro , 1 9 7 7 ) . With paranod a l  demye l ination , two 

mechani sms of repa i r  have been obs erved . When the nod a l  

gap i s  l e s s  than 1 5  � m , the e x i s t ing Schwann c e l l s  

recons t i tute the s heath . When the gap i s  greater than 

1 5 � m ,  a short i nt erca la ted internode of mye l i n  w i th i t s  

O\'m a s soci ated S chwann ce l l  i s  formed ( Cavanagh & Jacobs , 

1 9 6 4 ) . When a whole i nternode i s  demye l i na ted , 

recon s t i tut ion of the mye l in sheath occurs by the forma t i on 

o f  s evera l short i nternode s ,  each w i th i t s  own S c hwann 

c e l l  ( Bennington , 1 9 7 8 ) . The r e s u lt ing short t h i n ly 

mye l i na ted segment rema ins a s  a permanent record of previous 

demy e l inat ion recogni sable i n  tea sed fibre preparat ions 

( Morgan-Hughes ,  1 9 6 8 ; Dinn , 1 9 7 0 ) . In transverse sections 

segmenta l demy e l i na t ion a nd remye l i na tion i s  apparent 

as f ibre s with d i sproport iona te ly thin mye l i n  sheaths 

( Wel ler & DasGupta , 1 9 6 8 ) . Dur ing remyel ina t ion , the mye l in 

l ame l lae a re not complete l y  compacted , and the a s soc i ated 

Schwa nn cel l  c y topl a sm may be more abundant than u s u a l  

( Al l  t ,  1 9 6  9 )  • I n  l arge mye l i nated f ibres especia l ly ,  the 
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mye l in s heath i s  never completely restored t o  i t s  u sua l 

thickne s s ,  nor i s  it i n  regenerated f i bres ( Schrode r , 1 9 7 5 ) . 

Because of the pre sence o f  short interca l a ted i n te rnodes 

i n  remye l i na ted nerve , the mean internode l ength i s  

decreased and the ove ra l l  internode length i s  more variable 

( Schroder , 1 9 7 5 ) . 

Secondary s egmenta l  demye l i nat ion 

The p roce s s  of s econdary s egmenta l demy e l inat ion i s  

d i s cu s s ed i n  the sect ion " The Schwann cel l i n  hea l t h  a nd 

d i s e a s e " . 

Other Pathologi c a l  A ltera t i on s  i n  Peripheral Nerve 

DEGENERATION AND REGENERATION 

Degenerat i ng mye l inated f ibre s 

Tea s ed f ibre s con s i s t ing of l i near rows o f  mye l in . ovoi d s  

and ba l l s , a r e  characte r i s t i c  of Wa l le r i an a nd axona l 

degeneration , and con s t i tute category E of Dyc�s c l a s s i f i ca ti on 

( 1 9 7  Sa ) , a s  depi cted i n  F i g . 2 0 . Ini t i a l ly degenera t i on 

i s  apparent a s  f ibre s  w i th irregular bead ing of the mye l i n  

sheath , a nd with subsequent divi s ion o f  the f ibre i nto 

l a rg e  s egments of mye l i n . There i s  progre s s ion to l inear 

rows o f  mye l i n  ovo i d s  of varying s i z e s  a s  the myel i n  

segments a r e  degraded f ur ther . F i na l l y , the f ibres appear 

as c lumps of mye l i n  l y i ng i n  rows , separated f rom each 

other by thin Schwann ce l l  bands ( Dyck 2.t al, 1 9 6 8 ) . The 

segmen ta t i on of mye l i n  into ovoids at 2 -7 days af ter inj ury 

begi n s  paranoda l ly ,  a nd the boundar i e s  o f  the ovoids a re 

formed by Schm idt-Lantermann c l e f t s  ( Ohm i , 1 9 6 1 ; Lee , 

1 9 6 3 ) . Th i s  proce s s  o f  mye l in degenerat ion has been 

report ed to take f rom 1 4  da y s  ( Guth , 1 9 5 6 ) , to as long 

a s  3 months ( Barton , 1 9 6 2 ; Lee , 1 9 6 3 ) . I n i t i a l ly , the 

mye l i n  ovoid undergo i ng digest ion in the Schwann cel l s  

ha s the s ame lame l l a r  pattern a s  the intact mye l i n  sheath . 
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There i s  subsequent degradat i on to homogenou s lipid
.
drop l e t s  

( Dyck , 1 9 7 5a ) . The d i s tinction between axona l degenerat i on 

and s egmenta l  demyel inat ion o f  f i bres i s  bas ed on two 

observation s  

( i )  The t.ype a n d  s i z e  of mye l i n  breakdown produ ct s ,  which 

appea r  a s  sma l l  ba l l s  i n  s egmental demy e l i na t ion , 

and large ovoi d s  in axona l degenerat ion . 

( i i )  The d i s tr i but ion of degenerat ion of the mye l i n  sheath 

a long the nerve f i bre . The whole length of the teased 

f i bre i s  invo lved i n  a xona l degenerat ion , but not 

in s egmental demyel i na t i on ( Madr id & W i s n i ewski , 

1 9 7 7 ) • 

Axona l swe l l i ngs 

Axonal swe l l i ng s  are prom inent u ltra structura l feature s 

o f  a number of exerimenta l  a nd natur a l l y  occurr i ng 

neuropathi e s  ( Lampert , 1 9 6 7 ) . Swe l l ings occur i n  the d i st a l  

a nd proxima l s tumps o f  transected nerve , degenera t ing axon s , 

the t i ps of regenerat ing axons and dystrophic axons ( Lampert , 

1 9 6 7 ; Gri f f in et a l.. , 1 9 7 7 ) . U ltra structur a l l y , the se 

swe l l i ngs d i f fe r  f rom one anothe r . I n  tran s ected nerve 

they are f i l led with mi tochondr i a , membranous den s e  bod i e s  

and vesicular organe l l e s . I n  swo l len degener a t i ng axons 

there is  granu lar d i s integrat i on o f  neurofi l aments ,  enlarged 

m i tochondr i a , c lumped axona l d ebr i s  and occa s i ona l ly 

d i s integrat i ng membranous den s e  bod i e s . I n  regenerat i ng 

a xon tips , t he accumu la ted organe l l e s  tend t o  be l e s s  

numerous than i n  reactive a xona l enlargement s .  However , 

dy s troph i c  a xons can be a lmo s t  i nd i s t ingu i shabl e  f rom the 

react i ve swe l l i ngs of tran sected nerve ( Lampe r t , 1 9 6 7 ) . 

A number of the tox i c  d i s t a l  axonopathi e s , i nc lud ing 

a cry lamide 

( Spencer & 

format ion 

( Pr i nea s , 1 9 6 9b ) , a nd hexacarbon i ntoxi ca t i on 

Schaumburg , 1 9 7 6 ) , are a s sociated w i th the 

o f  axona l swe l l i ng s conta in ing numerou s 

neurof i lamen t s . The accumu l a t i o n  of axona l organe l l e s  

ha s a l so been reported i n  i s chaem ic les ions o f  per i phera l 

nerve ( Kortha s et al.. , 1 9 7 8 ) . Lampert ( 1 9 6 7 ) emph a s i sed 

\ :  



that thi s  a c cumu lation of 

nonspeci f i c reaction to 

accepted tha t , regard l e s s  

organe l l e  a ccumulat ion 
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organe l l e s  within axons i s  a 

axona l damage . I t  i s  widely 

of the i n i t iati ng f a c to r s , the 

seen in damaged nerve i s  a 

consequence o f  i nterrupt ion of the bidirectiona l axoplasmic 

t ran sport s y stems ( Martinez & F r i ede , 1 9 7 0 ; Ochs , 1 9 7 5 ;  

G r i f f in et al , 1 9 7 7 ) . 

U l tra structura l a xona l a l tera t i on s  

I n  di sease proce s se s  o f  primary axona l degenera t i on , u ltra

s t ructura l a l teration s  to the axon may be observed , before 

overt f i bre degenera t i on is obvi ou s . The part i cu l a r  changes 

seen vary w i th t he d i f ferent neuropathies , but i n  general 

they tend t o  be nonspeci f i c  changes indicat ive o f  early 

pr imary axona l d i sea se . 

The accumu l a t i on of neurof i lament s and/or m i crotubu l e s  

i s  seen i n  organophosphate ( Pr inea s , 1 9 6 9a ) , 

( P r ineas , 1 9 6  9b ) and hexacarbon i ntoxicat ion 

a c r y l amide 

( Spencer 

et a l  1 9 8 0 ) . Increases in v e s icu lar or membranous 

organe l l e s  a nd mi tochondria h ave been reported i n  

organophosphate i ntox i cat ion ( Pr inea s , 1 9 6 9a ) , i so n i a z id 

intox i cation ( Chua e.t al 1 9 8 0 ) , thiamine d e f i c i ency 

( Co l l i ns e. t a� 1 9 6 4 ; Prineas , 1 9 7 0 ) and uraemic neuropa thy 

( Dyck et al , 1 9 7 1  a ) . The red i s tri bution of a xona l 

cytoske leta l organel l e s , the mic rotubu l e s  and neurof i l ament s , 

ha s been reported w i th a number o f  neuropathie s .  These 

inc lude hexacarbon intoxication and g i ant axona l neuropathy 

of man ( Asbury e. t  al , 1 97 2 ) . I n  B B - iminod ipropi on i  t r i le 

intoxication the neuro f i laments  a re d i splaced to a 

per i phera l po s i t i on within the a xon , wh i l e  m i tochondr i a , 

smooth endop l a sm i c  reticu lum and m icrotubu l e s  are located 

at the centre ( Papa sozomenos et a l  , 1 9 8 1 ) .  I n  the d i s t a l  

axonopathy a s s oc i a ted with inge s t i on of K�kia �o�a 
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( buckthorn ) ,  the m icrotubu l e s  a nd other organel le s  become 

peripheral ly placed ( Heath Qt ai , 1 9 8 2 ) .  In organophosphate 

intoxication , margination of the m i crotubu l e s  wa s a l so 

noted ( Prinea s , 1 9 6 9 a ) . 

Add i t i ona l f i nd ings i n  i sonia z id i ntoxi cat ion are vacuo l e s  

occurr i ng between the axon and Schwann ce l l , w i th a l tered 

ar rangement of the mi crotubu l e s  and smooth endop l a s m i c  

reticulum ( Jacobs Qt a.l ,  1 9 7 9b ) . In thiam i ne d e f i c i ency 

in ra t s , redundant proj ect ions of membrane are s een i n  

the axoplasm ( Col l i ns et a i  , 1 9 6  4 )  0 Clumping o f  the 

neurof i laments a nd microtubu l e s  has been reported i n  

uraemic neuropathy ( Dyck et ai , 1 9 7 1 a ) . 

Axon-Schwann ce l l  networks 

Axon -Schwann ce l l  networks can be s een u ltrastructura l l y  

i n  transverse a nd l ong i tudina l s e c t i ons o f  nerve . A 

deta i l ed account of the forma t i on and pos s ib l e  funct ion 

of thes e  compl exes wa s given by Spencer and Thomas ( 1 9 7 4 ) , 

and i s  i l lustrated in Fig . 3 .  Organe l l e s  observed in the s e  

complexe s inc lude c l e a r  and dense core ves i c l e s , membranous 

dense bod i e s , m i tochondr i a , glycogen- l ike granu l e s  and 

g l ycogen f i l led m i tochondr i a l  remnant s .  The s e  network s 

occur to a l imi ted extent i n  norma l nerve , e spec i a l ly i n  

t h e  pa ranoda l a rea , but i n  s i tuat i on s  o f  axona l patho logy 

are seen more f requently and not re s tri cted to thi s  reg i on 

( Spencer & Thoma s ,  1 9 7 4 ; S pencer & Schaumburg , 1 9 7 6 ; 

Berthold , 1 9 7 8 ) . They have been f ound in a wide v a r i e ty 

of neuropathies , includ ing acry l amide ( Pr inea s , 1 9 6 9b ) , 

i sonia z id ( Schlaepfer , 1 9 6 4 ) , tha l l i um ( Spencer & Schaumburg , 

1 9 7 6 ) , and hexacarbon intoxications ( Spencer & Thoma s ,  

1 9 7 4 ) , thiamine d e f i c iency ( Col l i n s  Qt ai , 1 9 6 4 ; P r i nea s , 

1 9 7 0 ) , human uraemi c neuropathy ( Dyck et a.l ,  1 9 7 1 a )  a nd 

i n  the prox ima l s tumps of transec ted nerve s ( Morr i s  Qt ai , 

1 9 7 2 ) .  A common feature of the s e  d i s e a ses i s  the pre s ence 

of abnormal organe l l e s . In the tox i c  di stal axonopa th i e s , 

the axon-Schwann ce l l  ne l works are observed mos t  frequent ly 
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proxima l to the s ite of f i bre degenerat i on ( Spencer & 

Thomas ,  1 9 7  4 )  • I t  ha s been postu la ted that the s e  networks 

re flec t  a n  a s pect of the s ymbiot i c  relat i on s h i p  o f  t he 

axon and Schwann ce l l ,  whereby the Schwann ce l l  select ively 

phagocyto s e s  abnorma l axop l a sm i c  content s .  It i s  cons idered 

to be a non spec i f i c  rea c t ion of the Schwann ce l l  to axona l 

damage , and a sens i t ive ind i ca tor of min ima l or early axonal 

d i sea s e . 

Axonal regenera t ion 

Al though nerve f ibres pos s e s s  a cons iderable capa c i ty for 

regener a t i on it i s  a s low proce s s  and recovery i s  frequently 

i ncomplete . F o l l owing Wal le r i an degeneration o f  per i phera l 

nerve the degree of recovery depend s on factors such a s  

the s i te o f  t h e  les ion , the age of the i n d i vi dual , the 

approx imat ion o f  transected ends and the amount o f  soft · 

t i s sue i nj ury ( Bennington , 1 9 7 8 ) . I n  axonal degenerat i on 

recovery i s  dependent upon certa i n  influences such a s  the 

cause , s ever ity a nd dura t i on of the d i s ease proce s s .  The 

cond i t i ons for regenerat i on a re u sua l ly opt ima l , a s  the 

basement membrane is intact and the columns of pro l i fera t i ng 

Schwann ce l l s , the bands of Bungner , act as gu id i ng pat hway s  

for the regenerat ing axons ( Schroder , 1 9 7 5 } . F ine axon 

sprouts move d i s t a l ly f rom the proxima l s tump into the 

denervated Schwann ce l l  band , a t  2 - 5 mm per day . 

Subsequent ly , t he se become remye l i nated by pro l i ferat i ng 

Schwann ce l l s  ( Bennington , 1 9 7 8 ) . 

A number o f  characteri s t i c s  o f  regenerating nerve f ibres 

faci l i tate the i r  ident i f i ca t i on in h i s tologi ca l preparat ions 

of per iphera l nerve . The s e  include : 

( i ) The mye l i n  sheaths of regenera ted nerve f i bre s 

rema in thi nner than norma l ( Cragg & Thoma s , 1 9 6 4 ; 

S chroder , 1 9 7 2 ) .  
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A proport i on o f  sma l l  

thick mye l i n  sheaths 

been suggested that 

a xons have 

( Schroder , 
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i nappropri a t e l y  

1 9 7 2 } . I t  has 

the se sma l l  axons w i th 

d i sproport ionate ly thick mye l in sheath s , repre sent 

regenera ting axons wh ich have fa i l ed to re i nnervate 

endorgan s ,  and are undergoing a xona l a trophy . 

U ltras tructura l evidence i n  support of th i s  

hypothe s i s  i s  the sma l l  axonal ca l ibre , the frequent 

occurrence of loops and folds of the mye l in sheath , 

a nd the presence o f  lysosome- l ike dense bod i e s  i n  

s ome axons ( Schroder , 1 9 7 2 } . 

A number o f  r e l a t i vely l arge d iameter axons have 

no mye l i n  sheath s ( Schroder , 1 9 7 2 } . 

Uni formly short internod e s  are pre sent on regenerated 

nerve f i bres ( Vi zoso & Young , 1 9 4 8 ) . 

Frequent ly in the s e  f ibres the per i nuclear and 

periaxonal Schwann cel l cytoplasm i s  increa sed , 

and unusua l ly l a rge Schmidt-Lante rmann inci sures 

w i th wide peri axonal cytop l a sm are pre s ent ( Schroder , 

1 9 7 5 ) . 

Fol l ow i ng Wa l lerian and axona l degener a t ion , s evera l 

regene r a t i ng axon sprou t s  f rom a s i ng l e  nerve f i bre rema i n  

close l y  a s soc i a ted w i t h  e a c h  other . The s e  a re termed 

regenera t i ng c lu sters ( F i g . 4 } , and appear h i solog ica l ly 

a s  di screte groups of three or more sma l l  mye l ina ted f i bres 

( Ochoa & Ma i r , 1 9 6 9b ;  Madr id Lt aL ,  1 9 7 7 } . Of ten the 

f ibre s  compr i s i ng the c l u s ter pos s e s s  d i sproport ionat e l y  

t h i n  mye l i n  sheaths and are surrounded by abundant S c hwann 

ce l l  cytopl a sm . The s e  a l terat ions i nd i cate recent 

regenera t i on a nd remye l inat ion ( Dyck , 1 9 6 6 ) . Regenerat ing 

clusters  a re s een commonly i n  

e spec i a l ly i f  there ha s been 

a var i e ty o f  neuropathie s , 

repe t i t ive i n j u ry to nerve 

f i bre s  ( We l ler & Cervo s -Nava rro , 1 9 7 7 ) . 

increa s e s  w i th age ( Ochoa & Ma i r , 1 9 6 9 b ) . 

The i r  f requency 
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Ma s t  ce l l s  

Ma st cel l s  are seen only occa s iona l ly in the endoneur i um 

of norma l human nerve , but are common in nerve f rom the 

cat , mou s e  and rat . They are recogni sable by the i r  numerou s 

f i lapod i a  and cytoplasmi c i n c l u s ions , and the a bsence of 

ba sement membrane ( F ig . 5 ) . Increased numbe r s  of 

endoneur i a l  ma st c e l l s  have been reported i n  a s soc i a t ion 

with per iphera l ne rve pa thology . In Wa l lerian degenerat ion , 

for examp l e , ma s t  ce l l s  may i ncrea se in number four to 

f ive times ( Bennington , 1 9 7 8 ) . 

The Schwann ce l l  i n  hea l th a nd d i sease 

Schwann ce l l s  con s t i tute 9 0 %  of the cellular c ontent of 

the en0.oneur i a l  compartment , a nd are recogni sable by the i r  

a s sociat ion w i th a basement membrane . The rema i n i ng 

endoneur i a l  c e l l s  are mos t l y  f i brobl a s ts and rarely ma s t  

ce l l s  ( Ochoa & Ma i r , 1 9 6 9b ) . Schwa nn ce l l s  en sheath every 

axon , both mye l i nated and unmy e l inated , in the per i phera l 

nervou s s y s tem . A s ing le i nternode on a mye l i na ted f i bre 

represen t s  the doma i n  of one Schwann ce l l  ( F i g . 6 ) . I t  

i s  u sual for mye l i nated f i bres t o  occur i n  s i ng l e  uni t s , 

but they occur somet ime s a s  cong l omerates w i th unmy e l i nated 

f ibres ( Ochoa & Ma i r , 1 9 6 9 b ) . I n  normal nerve , a l l  S chwann 

ce l l s  are a s soc i ated with axon s . The repeat i ng unit  of 

mye l i n , the l amel la,  i s  made up of two layers of fu sed 

Schwann ce l l  membrane ( F ig . 7 ) , appear i ng ultra s tructura l ly 

a s  the maj or and minor dense l ines ( Benn ington , 1 9 7 8 ) . 

Schm idt-Lantermann inci sure s , thought origina l l y  to be 

arte factua l ,  a re funnel s ha ped c le f t s  occurr i ng a long the 

mye l in sheath . The lame l l ae s p l i t  to enclose a sma l l  amount 

of Schwann c e l l  cytoplasm , produ�ipg . spiral  t ra c t s  of 

cytopl a sm through the sheath . The larger the mye l i na ted 

f ibre , the greater the number of inci sure s per internode . 

They are a l s o  more numerou s i n  young and i n  r egenera ted 

nerve f i bres ( Hi scoe , 1 9 4 7 ) , and are thought to provide 

connecting pathwa y s  from the adaxona l to the outer l ayer 
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of Schwann cel l  cytop l a sm ( We l le r  & Cervos-Navarro , 1 9 7 7 ) . 

Certain i nc l u s i on s  occur norma l ly in the cytop l a sm of 

Schwann ce l l s , particu larly i n  t he nuclear and paranoda l  

regions ( Dyck , 1 9 7 5a ;  Schroder , 1 9 7 5 ; Landon & Ha l l , 

1 9 7 6 ) . U l tras tructura l l y , the TI or protagon granu le ( F i g . 8 )  

i s  a membrane bound , e l l ipso idal or comma shaped structure 

composed of para l le l  lame l la e  ( Gamble & Eame s , 1 9 6 6 ; Powe l l  

et af.. , 1 9 7 8 ) . Mye l in- l ike or l..l granule s , appear i n  two 

forms , ei ther a s  a whorl of mye l i n  wi th no central axop l a sm 

( Fi g . 1 0 )  or a s  homogenou s l ipid drop lets ( F i g . 1 1  ) ( Dyck , 

1 9 7 5a ) . Al though these st ructure s do occur in norma l nerve , 

they are seen more f requently i n  degenerat i ng , regenerated 

or remyel inated nerve f ibre s ( Schroder , 1 9 7 5 ; Landon & 

Ha l l , 1 9 7 6 ;  Powe l l  e.t a.f.. , 1 9 7 8 ; Jacobs e.t af.. , 1 9 7 9a ) . 

I t  ha s been stated that TI granu l e s  are probably the re sult  

of a degenera t i ve phenomenon , a l though apparen t l y  not 

spec i f ic for any one d i sease of per i pheral nerve ( Dyck , 

1 9 7 5a ) . 

Schwann cel l s  a re known to pro l i f e rate i n  r e s pons e  to 

degeneration a nd d emyel i na t i on o f  nerve f ibre s . In most 

per i pheral neuropa thies  a f fected nerves s how i nc re a sed 

number s  of nuc le i , be i ng those o f  the increa sed S c hwann 

ce l l s , macrophage s , f ibrobl a s t s  a nd mast ce l l s ( Dyck , 

1 9 7 5a ) . W i th repeated epi sode s of damage there are repeated 

wave s of pro l i ferat ion . Schwann c e l l s  pos s e s s  h igh ce l l  

surface act i v i ty , t endi ng t o  form complexe s i n  · cohtact 

w i th other Schwann cel l s . They are invo lved in " on i on 

bulb" f ormat i on and wi l l  surround col lagen to form co l l agen 

pocket s ( F ig . 1 4 )  ( Ochoa & Via l ,  1 9 6 7 ; Bennington , 1 9 7 8 ) . 

The prol ifera t i on of Schwann c e l l s , regu la r l y  f o l l ows 

Wa ll erian or axona l degenera t i on . Th i s  prol i ferat ion occurs 

w i th i n  the bas ement membrane tube , to form cont i nuous 

l ong i tud ina l columns of ce l l s , termed bands o f  Bungner 
-

( F ig . 9 ) . The se prov ide guid ing pathwa y s  for regener a t i ng 

axons { Nathan i e l  & Pease , 1 9 6 3 ; Thoma s , 1 9 6 4 ) . The band s 



4 6  

decrease i n  s i ze with t ime i f  they rema in denervated , 

a l though they can accept regenerat i ng axons for s everal 

yea r s  a f ter inj u ry ( Young , 1 9 4 9 ) . The Bungner band s of 

myel ina ted f i bres tend to be of re lat ively larger d i ameter , 

and have cel l proce sses of irregu lar shape w i t h  occa s i ona l 

remnant s  of mye l i n  and lame l lated inclusion s . In add i t i on ,  

they show exce s s  folding of the ba s ement membrane , a change 

a s soc i ated wi th l o s s  of the axon and myel i n . The Schwann 

ce l l  band s result ing from the degenerat ion of unmye l inated 

f ibre s  are sma l l er , cons i s t  of plate-l i ke Schwann ce l l  

proces se s  and are of ten arranged i n  groups . Folded ba sement 

membrane i s  a l so a feature of the se structures ( Ochoa & 

Ma ir , 1 9 6 9b ) . I t  has been demons trated i n  humans that 

band s o f  Bungner of both type s i ncrea s e  i n  f requency w i th 

age , i nd icating progress ive f i bre degeneration i n  the nerve s 

of older individua l s  ( Ochoa & Ma i r , 1 9 6 9 b ) . 

U l tras tructura l a l terations to the ba s ement membrane , which 

s urround s a l l  Schwann ce l l s 

t imes s een i n  degenera t ive 

( F ig . 1 2 ) .  Even i n  norma l 

a nd the i r  proce s s e s , are some

and demye l inat ive cond i t ions 

nerve , fo lded empty prof i le s  

of ba s ement membrane , i nd i cating previous degenerat ion 

of a mye l inated f i bre , have been observed ( Dyck , 1 9 6 6 ) . 

Seconda ry s egmenta l demye l ination 

The i n tera ction s  of axons a nd Schwann cel l s  are important 

i n  the norma l funct ion o f  peripheral  nerves a nd in the 

patholog i c a l  proce s se s  o f  the var iou s  acute a nd chron ic 

neuropat h i e s . Whi l e , in the pa s t  i t  ha s been a s sumed that 

the pre sence o f  segment a l  demyel inat ion wa s ind i ca t ive 

of d i sordered Schwann c e l l  funct ion , i t  has become 

i ncrea s i ng ly ev ident tha t the axona l degenera t i on o f  a 

variety o f  neuropathies i s  a ccompanied by s egmenta l 

demyel inat i on , s econdary to the axona l changes ( Dyck , 1 9 8 2 ) . 

Evidence o f  mye l i n  abnorma l i t ie s , such a s  i rregular i ty 

of the mye l i n  sheath , segmenta l demyelina t i on and the 

presence o f  i nterca lated i nternodes is reported w i th 
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neuropathies where the predom inant f inding h a s  been one 

of axona l degeneration ( Col l in s  et af , 1 9 6 4 ; Hopk i n s , 

1 9 7 0 ; Dyck et a l , 1 9 7 1 ; Dyck & La i s , 1 9 7 3 ) . A l t hough 

the mechani sm of the paranodal s egmenta l demye l i na t i on 

seen with a xonal degenerat ion i s  poor ly unders tood , i t  

occurs i n  uraem i c  ( Dyck e t  a f  , 1 9 7 1  a ) , a l coho l i c  ( Col l ins 

et a l , 1 9 6 4 ) , d iabet i c  ( Bennington , 1 9 7 8 ) and t h i amine 

de f i c i ency neuropathi e s  ( Co l l i n s  e t  al , 1 9 6 4 ) , perone a l  

mu s cular at rophy ( Madrid et al, 1 9 7 7 ) , Friedrei ch ' s  ataxia  

( Dyck & La i s , 1 9 7 3 ) , amyotroph i c  l a tera l sc leros i s  ( Dyck , 

1 9 7  Sa ) ,  the prolonged con s t r i ct ion of nerves ( Baba e t  a l  , 

1 9 8 2 ) , acrylamide ( Hopkins , 1 9 7 0 ) and hexa carbon 

intox i cation s  ( Spencer & Schaumburg , 1 9 7 7a ) . 

The evalua t i on o f  tea sed f ibre preparat ions f rom pa t i ents 

w i th uraemic neu ropathy l ed Dyck and coworkers ( 1 9 7 1 a )  

to conc lude tha t the observed i rregulari t i e s  of mye l i n , 

pa ranoda l and s egmental demye l inat ion were secondary to 

axona l change s .  Th i s  hypothes i s  wa s ba sed on the fol lowing 

evidence ; 

( i ) 

( i i ) 

( i i i ) 

· ( iv ) 

Degene ra t i on of mye l i na ted and unmyel inated f i bres 

had occurred , and wa s more severe d i s ta l ly . 

The para noda l a nd s egmenta l demye l i na t i on seen 

wa s not random ly d i s t r ibuted , but occurred 

e spec i a l ly on certa in f ibres . Th i s  wa s con f i rmed 

stat i s t i ca l ly .  

U ltra s truc tura l abnorma l i t ie s  inc lud ing c lu s t e r i ng 

of neuro f i lament s ,  and the accumulat i on o f  

mi tochond r i a  and lame l la r  d e n s e  bodies were obs erved 

in pre served axon s . 

The regre s s ion of the number of mye l i n  l ame l lae 

agains t axis cyl inder circum ference i nd i ca ted a 

select ive decrease in axona l volume . 

The s tages observed in the proce s s  of a xona l degenerat ion by 

Dyck and coworkers ( 1 9 7 a ) , were exce s s ive i rregula r i ty o f  
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the mye l i n  sheath , retra c t i on o f  mye l i n  a t  the node s , 

mul t ip l e  reg iona l segment a l  demye l i nation and f i na l l y , 

degenera t ion of the f i bre ( Dyck et af. , 1 9 7 1 a ) .  The 

occurrence of remyelinated or intercalated i nt ernodes on 

nerve f i bres wa s taken to i nd icate that the proces s wa s 

chroni c  i n  na ture , and tha t a f fected axons d i d  not 

nece s s ar i l y  degenerate .  The pre s ence of intercalated 

i nternod e s  on a s i ngle teased f i bre wa s rega rded as ev idence 

of previous axona l abnorma l i t y . 

S imi lar f i nd ings were reported on the ana ly s i s  of tea sed 

f ibres f rom pa t i ents with another pr imary axon a l  d i sorder , 

Fr iedre i ch ' s  atax i a  ( Dyck & La i s , 1 9 7 3 ) . A l s o , i n  peronea l  

mu scular at-rophy of man ,  segmenta l demyel i nat i on i s  observed , 

with u l tr a s truc tura l a l tera t i ons ind i ca t ive o f  axona l 

d i sease , and the c lustering o f  i nterca lated s egments on 

part icular f i bres ( Madrid et a f.  , 1 9 7 7 ) . S imi larly , in 

d iabetic neuropa thy , the d i s t a l  loss of nerve f i bre s , 

together w i th segmenta l demye l i na t i on i s  seen , e spec i a l ly 

in those c a s e s  which are chron i c  i n  nature ( Benn i ngton , 

1 9 7 8 ) . 

In a number of axona l di sord e r s  w i th segmenta l  demye l inat i on , 

the f i nd ing o f  s i ngle tea s ed f ibre s with
. 

pres ervat ion of 

prox ima l region s  o f  the f ibre , and axona l degenera t i 6n 

i n  d i stal reg ions of the s ame f ibre ( type I i n  Dyck ' s  

clas s i f i ca t i on , 1 9 7 5a ) , ha s been reported . O f ten , there 

i s  paranod a l  demye l inat i on in the preserved prox imal 

port ions , suppor t i ng the hypothe s i s  that s egmenta l 

demyel i nat ion occur s seconda ry to axona l pathol ogy . The se 

f i bres have been noted in uraem i c  neuropathy ( Dyck , 1 9 7 1 a ) , 

thiamine de f i c iency ( Takah a s h i  & Nakamura , 1 9 7 6 ) , acrylamide 

intox i ca t i on ( Hopk i n s , 1 9 7 0 ) and the prolonged con s t r i c t i on 

of nerves ( Baba et af. , 1 9 8 2 ) . 
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I n  the neuropa thy o f  acry l amide i ntox i cat ion , i nterca l a ted 

s egments were seen mos t  frequent ly at an intermed iate leve l 

on nerves . Be cause mos t  nerve f ibres have degenerated 

i n  d i sta l reg i on s  of the nerve , the s e  segment s  are s een 

only ra rely at th i s  level . P rox ima l ly ,  the degree of 

pathology i s  l e s s  severe , and so the s e  i nterca l ated segmen t s  

are a l so _ inf requent ly observed ( Hopki n s , 1 9 7 0 ) . The h i gh 

i nc i dence of s econdary segmental demye lina t ion i n  chron i c  

axona l degenera t ions , compared w i t h  the infrequent 

occurrence w i th acute cond i t ions ha s be en noted by a number 

of authors ( Dyck , 1 9 7 5a ; S pencer & Schaumburg , 1 9 7 7 ; 

Benni ngton , 1 9 7 8 ) . 

I t  can be :, seen t he refore , that a l  t houg� one can d iv i de 

the pathogenic proce s se s  a f fect i ng mye l ina ted f ibres into 

those predomina n t ly af fect ing the axon , a nd those with 

maj or involvement o f  mye l in , the f i nding of s egment a l  

demyel ina t i on i n  a neuropa thy does not nece s s ar i ly ind i ca te 

a pr imary d i sorder o f  the Schwann c e l l or i t s  a s soc i a ted 

mye l i n  sheath . 

" Onion bu lbs"  

" On ion bulb" f orma t i on s ( F ig . 1 3 ) are seen a s  concentr i c a l l y  

layered Schwann ce l l  proce s se s  surround i ng a core ( Webst e r  

et al.. , 1 9 6 7 ; Dyck , 1 9 7 5a ; Ra ine , 1 9 7 7 ; We l le r  & C e rvo s 

Navarro , 1 9 7 7 ;  Bennington , 1 9 7 8 ) .  The layers o f  the " onion 

bu lb" are known to be proce s se s  o f  Schwann cel l s , a s  

u l tras truc tura l l y  they are obs erved to pos s e s s  ba sement 

membrane ( Webster e t  al.. , 1 9 6 7 ; Dyck , 1 9 7 5a ) . The s pace s 

between Schwann c e l l  proce s s e s  a re occupied by 

long i tudina l ly or ient ed col lagen f i br e s  ( Webster et al.. , 

1 9 6 7 ) . "Onion bu l b s "  are usua l ly seen s urroundi ng t h i n l y  

mye l i nated f ibre s ( Webster et al.., 1 9 6 7 ; Ba l l in & Thoma s , 

1 9 6 9b ) . 

observed 

L e s s  common l y , 

w i thin the s e  

a number o f  o ther s truc ture s are 

forma t i ons . They include norma l 

mye l i na ted f ibre s , demye i na ted � i bre s , unmyel i nated f ibre s , 
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band s o f  Bungner a nd combina t i on s  o f  the above ( Webster 

e. t  a.f. , 1 9 6 7 ; Madrid e.t a.f. , 1 9 7 7 ) . Early "onion bu lb" 

f orma t i ons cons i s t  o f  mye l ina ted f ibre s  surrounded by on l y  

o n e  o r  a few Schwa nn ce l l s and the i r  proce s s e s , and may 

be seen in patholog i ca l  s i tuations or rare ly in norma l 

nerve ( Dyck , 1 9 6 6 ;  Po l i t i s  et a.f. ,  1 9 8 0 ) . 

The presence of " on i on bu lb" format ions in per i pheral nerve 

i s  not spec i f ic f or a s i ng le d i sease entity . Rather , i t  

i s  a standard patho log i ca l  reaction t o  repeated insu l t s  

to mye l i na ted f i bre s  i n  the per iphera l nervous sys tem , 

a nd occurs i n  many d i sea s e s  ( Dyck , 1 9 7 5a ;  R a i ne , 1 9 7 7 ; 

Benn ington , 1 9 7 8 ) . S ome cont rove rsy ex i st s  a s  to whether 

the repea ted event s are dege nera t ion and regenerat i on , 

or segmenta l  demye l i na t ion and remye l i nat ion of nerve f i bre s . 

The most widely accepted v iew i s  that repeated epi sod e s  

o f  s egmenta l demye l i na t i on and remy e l i na t i on a r e  the 

i n i t ia ting event s in " onion bu lb" format ion ( Webster 

e.t a.f. , 1 9 6 7 ;  Ochoa & Ma ir , 1 9 6 9b ;  Dyck , 1 9 7 5a ; Schroder , 

1 9 7 5 ; Madr id e.t a.f. ,  1 9 7 7 ; Benn ington , 1 9 7 8 ) . Remyel inated 

a xons are s a id to be more s usceptible to demye l i na t i on 

than norma l axons , perhaps exp l a i n ing the repeated epi sode s 

o f  demye l ination on particular internode s , nece s sary to 

produce " onion bu l b s "  ( Ludwi n , 1 9 8 1  ) .  The a s soc i a t i on 

o f  segmental demye l i na t i on a nd remye l i nat ion w i th " onion 

bu lb" forma t i on does not prec lude the pos s ib i l i ty that 

the proce s s  o f  demy e l i nation i s  s econdary to a d i se a s e  

proce s s  i n  the a xon . Thu s , the c l a s s i f i c a t i on of a 

neuropathy a s  one o f  primary segmenta l demye l i nat ion a nd 

remye l inat ion , can not be made solely on the ba s i s  of the 

presence of these forma t ions ( Spencer & We i nberg , 1 9 7 8 ) . 

Genera l ly , " onion bu lbs " occur commonly i n  neuropathi e s  

which are chronic i n  nature ( Ochoa & Ma i r , 1 9 6 9 b ;  

Thoma s , 1 9 7 0 ; Schroder , 1 9 7 5 ) . 
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) 

Col lagen pocket s  

Sma l l  bund l e s  o f  col lagen f ibre s , which i ndent Schwann 

cel l s  

( F ig . 

1 9 6 4 ; 

or are surrounded by mesaxon - l ike arrangement s  

1 4 )  , are termed c o l l agen pockets ( Gamble & Eame s , 

Ochoa & Vi a l ,  1 9 6 7 ; Ochoa , 1 9 7 6 ) .  They are thought 

to resul t f rom Schwann c e l l proce s s e s  surround ing a lready 

formed co l l agen ( Gamble & Eame s , 1 9 6 4 ) .  Whi l e  some workers 

observed the se structure s exc l u s i ve ly in a s soc i a t i on w i th 

unmyel inated f ibre s ( Ochoa & V i a l , 1 9 6 7 ; Thoma s , 1 9 7 3 ) , 

others reported their occurrence i n  Schwann ce l l  proce s s e s  

not cont a i n i ng axons ( Gamble & Eame s , 1 9 6  4 )  • They occur 

frequent ly i n  some neuropath i e s , e spec ia l ly i f  chron i c  

in nature ( Thoma s & O l s son , 1 9 7 5 ) . I n  such cond i t i ons , 
f 

i t  i s  thought that the co l l agen f i bre s rep l a ce degenera ted 

unmye l i na ted f i bre s ( Thoma s , 1 9 7  3 ) . The evidence o f fered 

for th i s  theory wa s the i r  s im i l a r i ty in s i z e  to unmyel ina ted 

axon s and the i r  i ncre a s ed f requency wi th age and in some 

neuropathies . Thus , whi l e  col l agen pocket s  do occur i n  

hea l thy nerve , the i r  pre sence in increa sed numbers sugge s t s  

the l o s s  o f  unmyel inated f i bres . 

INTERNODE LENGTH 

A d i rect relat ionship · between internode l ength and f i bre 

diameter has been noted by a number of authors ( H i s coe , 

1 9 4 7 ; V i zoso & Young , 1 9 4 8 ; La sce l le s  & Thoma s , 1 9 6 6 ; 

Dyck , 1 9 7  Sa ; We l l  er & Cervos -Navarro , 1 9 7 7 ) • At the time 

of onset of mye l inat ion the popu l a t ion o f  S chwann ce l l s  

i s  s ta bl e . They are a lready s pa ced out a long the f ibre s 

with the i n i t i a l  leng th o f  approx ima tely 3 0 0  � m .  Dur i ng 

growth , there i s  no increa s e  in the number of Schwann ce l l s , 

and s o  the internode s mu s t  i ncrease i n  l ength pa s s i vely 

( H i s coe , 1 9 4 7 ; Vi zoso & Young , 1 9 4 8 ; Lasce l le s  & Thoma s ,  

1 9 6 6 ) . I t  i s  thought tha t large d i ameter f i bres commence 

mye l i na t i on earl ier than sma l l  one s , and con s equently are 

subj e c t  to more e longat ion of the ir i nternodes wi th growth 

( V ' zoso & Young , 1 9 4 8 ; La s ce l. e s  & Thoma s , 1 9 6 6 ) . 'Thu s , 
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i n  a young growing anima l , i nternode l ength w i l l  b e  l e s s  

than i n  the adult ( H i s coe , 1 9 4 7 ) .  Although internode length 

is  cons tant a long a nerve f ibre ( We l l e r  & Cervos -Navarro , 

1 9 7 7 ) , there i s  cons iderable varia t i on between f i bre s  o f  

t h e  same diameter in d i f ferent ne rves ( Vi z oso , 1 9 5 0 : Dyck , 

1 9 7 5 a :  Fr iede et a f ,  1 9 8 1 : Fr iede & Bi schausen , 1 9 8 2 ) . 

The pre s ence of short i nterca l a ted i nternode s  has  l ong 

been noted i n  .norma l and d i sea sed nerve ( Renau t ,- 1 8 8 1 : 

V i z o so & Young , 1 9 4 8 : Lub i nska , 1 9 5 8 ) . A detai led s tudy 

of t he s e  internod e s  wa s reported by Lubinska ( 1 9 5 8 ) , who 

found the ir infrequent occurrence in apparent l y  norma l 

ne rve w i th increa s ed f requency i n  o lder anima l s . I t  i s  

now recogni sed that these i nterca l a ted i nternodes mark 

the pos i t ions of previous demyel inat i on and remyel i na t i on . 

When par t i a l  demy e l i na t ion o f  an internode occurs , the 
• 

format ion of short internodes ( 5 0 - 1 5 0  u rn )  i s  obs erved , 

whereas i f  an ent i r e  internode i s  demye l ina ted , s evera l 

con s ecut ive longer interca lated internod e s  are seen . The s e  

are approxima tely 3 0 0  u rn  i n  length , and when summed usua l ly 

equa l the norma l internode length for that f ibre . Somet imes 

the thickne s s  of the mye l in sheath d i f fer s between inter

cala ted internode s of a f ibre or adj a cent f ibre , ind i ca t ing 

l e s i ons of d i f ferent age s . 

The effect on internode length of demy e l ina t ing cond i t i on s , 

and of axona l degenera t i on and regenerat i on wa s inve s t i gated 

by F u l le r ton and coworkers ( 1 9 6 5 ) . In the demye l i nat i ng 

cond i t ions inve s t igated , increased var ia bi l i ty of internode 

l ength wa s noted . Th i s  wa s related to the pre sence o f  

short i ntercalated internodes among s t  l onger norma l one s . 

Once remy e l i nation i s  we l l  advanced the mye l i n  sheath can 

be r e s tored to near normal thickne s s , and the f i nd i ng of 

a n  inte rnode length inappropr iately short for the thi ckne s s  

o f  the f i bre may b e  the only d i st inct ive feature o f  the 

remy e l inated internode ( Ludwin , 1 9 8 1  ) .  In degenera t i on 

and regenera t ion , the matur i ty of an anima l  has  a n  e f fect 

on i nternode length . In adu l t s  the regenera ted f i bre s 
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pos s e s s  uni form ly short internode s of approx imately 3 0 0  v m .  

Wherea s ,  i n  young growi ng anima l s  the internode l ength 

is greater due to pa s s iv e  increa s e s  in lengt h  of the newly 

formed internodes by growth ( Vi z oso & Young , 1 9 4 8 ) .  

RELATIONSHIP OF AXONAL DIAMETER AND MYEL IN SHEATH THICKNE S S  

A d i re c t  corre lation betwe en mye l i n  thickne s s  and a xona l 

diameter has been c laimed by a number of workers ( Dyck , 

1 9 6 6 ; F r i ede & Samora j s k i , 1 9 6 7 ; Dyck � t  af , 1 9 7 1 a ;  

W i l l iams & Wende l l - Smith , 1 9 7 1 ; Schroder , 1 9 7 2 ) . However , 

i n  a recent s tudy i t  wa s f ound that in l a rge axon s the 

th i ckne s s  of the mye l i n  sheath did not increa s e  w i th axona l 

ca l i bre ( Fr iede & Bi s chau sen , 1 9 8 2 ) . The vo lume of mye l i n  

wa s shown t o  have a prec i s e  l inear re lationship wi th the 

produc t  o f  axona l c i rcumference and internode l ength . 

Thus , the dev iation i n  s heath th i cknes s  for l arge f i bres 

mere ly re s u l ted from ana l y s i s  wi thout reference to internode 

length . 

In patholog i ca l s ta te s o f  per i phera l ne rve there i s  

dev i a t ion f rom the usua l regre s s i on l i ne obt a i ned for axon 

c a l i bre and mye l i n  sheath t h i ckne s s , in a pa r t i cular nerve . 

In a number of neuropa th i e s  there i s  a l tera t i on of axona l 

c a l i bre , whi ch wou ld d ir e c t l y  a f fect the r e l a t i on s h ip of 

the two pa rame ter s . The mye l i n  sheath pos s e s s e s  a greater 

abi l it y  to adapt to change s i n  axona l s i z e  than wa s thought 

pos s ib l e , adj u s tment occurr ing by s l ippage of mye l in 

lame l l ae ( Fr i ede & M i ya g i shi , 1 9 7 2 ) . I t  has  been 

demons trated that when the volume of axop l a sm i nc re a s e s  

i n  swo l l e n  f ibre s , outwa rd s l ippage o f  mye l i n  l ame l lae 

occur s , re sul t i ng in a sheath with fewer turns of lame l la e . 

With a shr ink i ng a x i s  c y l i nder contraction o f  the s heath 

occurs by i nwa rd s l i ppage of l ame l lae , resul t i ng i n  

increa sed thi ckne s s  o f  t h e  mye l i n  sheath re l a t i ve t o  axona l 

cal ibre ( Mart i ne z  & Fr i ede , 1 9 7 0 ;  Friede & M i yagi shi , 

1 9 7 2 ) . Thus , i n  cone ; ions w i th axona l a t rophy , w i th 
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r a t i o  o f  mye l in 

i nc r e a s ed ( Dyck 

e.t al., 1 9 8 2 ) . In 

cond i t ions w i th axona l swe l l ing , th i s  ra t i o  is decrea s ed . 

The re la t i onship of axona l ca l ibre and mye l i n  sheath 

thi ckne s s  has a l so proved u s e fu l  in the ident i f i ca ti on 

of remye l i nated internode s ,  e spec i a l l y  i n  the ea rly stages 

of remy e l inat ion . Genera l l y , these internod e s  are of sma l l  

d i ameter and pos s e s s  a sma l l  number o f  mye l i n  lame l lae 

per micron of axis  cy l inder per imeter ( Dyck , 1 9 7 5 a ;  We l l er 

& Ce rvo s - Na varro , 1 9 7 7 ) . In regenerated fibres a l so , there 

is dev i a t ion from the norma l regre s s ion l i ne for the 

relation s h i p  betwe en axona l c a l ibre and mye l i n  thi ckne s s . 

The regre s s ion l i ne increa s e s  more gradua l ly than norma l 

due to the pre s ence o f  a number of sma l l  a xons w i th 

di sproport i ona tely thick mye l in shea ths . The se f i bres 

are though t to be regr e s s i ng a f ter f a i l ing t o  reach an 

endorgan ( Schroder , 1 9 7 2 ) . 

AGE RELATED CHANGES OF PERI PHERAL NERVE 

The pre sence of patholog i c a l  a l terat ions i n  apparently 

normal nerve , 

abnorma l i t ie s  

and the i ncrea sed occurrence o f  these 

with i ncre a s ing age has  been r eported in 

man a nd 

out i n  

anima l s . 

order 

Many i nv e s t igat ions have been carried 

to e stab l i sh the preva l ence of these 

abnorma l i t i e s  i n  norma l
· 

subj ects  of d i ffering a ge groups 

( Cottre l l , 1 9 4 0 ; Lubinska , 1 9 5 8 ; La sce l l e s  & Thoma s , 

1 9 6 6 ; Ochoa & Ma i r , 1 9 6 9 b ; Arnold & Harriman , 1 9 7 0 ; 

Gu trecht & Dyck , 1 9 7 0 ; S tevens e.t af., 1 9 7 3 ; Gr i f f i th s  

& Duncan , 1 9 7 5 ;  Braund e. i  af., 1 9 8 2a ;  1 9 8 2 b ) . With th i s  

informat ion i t  i s  pos s i b l e  t o  provi de a norma l range o f  

a g i n g  changes f o r  a given nerve , and s o  interpret f i nd ings 

more accurately . 
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In newborn anima l s , the d i ameter of nerve f ibres has been 

shown to be less than that of adu l t s . In man , nerve f i br e s  

reach the i r  adu l t  s i ze by 5 - 1 0 year s  of age ( Cottre l l , 

1 9 4 0 ; Gutrecht & Dyck , 1 9 7 0 ; Stevens l!.t al.. , 1 9 7  3 )  ' a nd 

i n  the dog , by 1 year of age ( Braund l!.t a.l ' 1 9 8 2 b ) . 

Internode length however , i s  said to cont inue to increa s e  

unt i l  growth cea s e s , a l though i n  o n e  s tudy , adu l t  va l u e s  

f o r  internode l ength we re atta ined before growth wa s 

comp leted ( Stevens l!.t a l.. , 1 9 7 3 ) . 

A number of patho logi ca l changes a re found i n  the nerve s 

of older ind ividua l s . The se are a s  fol l ows ; 

( i ) 

( i i ) 

( i i i ) 

( iv ) 

There i s  a n  i ncrea s e  i n  the number of interc a l a ted 

internodes , ind i ca t i ng demye l i na t i on a nd 

remyel inat ion ( La sce l l e s  & Thoma s ,  1 9 6 6 ; S t evens 

l!.t al.. 1 9 7 3 ) .  

There i s  a s l ight increa s e  in a c t i ve axona l 

degenera t i on ( Arno ld & Harriman , 1 97 0 ; Gri f f i th s  

& Duncan , 1 9 7 5 ; Braund l!.t al.. , 1 9 8 2a ) . L e s s  than 3 %  

o f  f ibre s a re a f fected by the above two proce s s e s  

i n  dogs l e s s  than 1 0 years o f  age . However , i n  

o lder dog s , 1 1 % o f  f i bre s may b e  invo lved ( Braund 

l!.t a.l 1 9 8 2a  ) . S im i lar leve l s  are r epor ted i n  

norma l and aged human nerve ( St evens l!. t  a l.. , 1 9 7 3 ) . 

Most author s conclude that there i s  a decrease 

i n  total  f i bre content and den s i ty with age ( Corbi n  

& Gardner , 1 9 3 7 ;  La sce l l e s  & Thomas ,  1 9 6 6 ; Swa l l ow ,  

1 9 6 6  i Ochoa & Ma i r , 1 9 6 9a ;  S t evens l!. t  a.l, 1 9 7  3 ;  

Tohg i et al.. , 1 9 7 7 ) . Others however d i spute t h i s  

( G r i f f iths & Duncan , 1 9 7 5 ;  Braund e t  al.. , 1 9 8 2 b ) . 

There i s  a n  i ncrease in regenerat ing c lu s ter s ,  

exce s s  ba sement membrane , i nappropriately t h i n  

mye l in s heaths and mye l i n  d ebr i s  i n  S chwann ce l l  

cytoplasm ( Ochoa & Ma ir , 1 9 6 9 a ; Braund l!. t  a l.. , 

1 9 8 2 b ) . 
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( v i ) 
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Internode l ength var i e s  with age . I n  older nerve s 

internode l ength decre a s e s  and i t s  var iabi l i ty 

increa s e s  ( Vi z oso , 1 9 5 0 ; Lubinska , 1 9 5 8 ; La s ce l l e s  

& Thomas , 1 9 6 6 ; Stevens et a £ , 1 9 7 3 ; Braund � t  a £ , 

1 9 8 2a ) . Thes e  change s are thought to result f rom 

the occurrence of s egment a l  demy e l inati on a nd 

remye l inat i on , with the f orma t i on of s hort inter

calated i nternode s , and to a lesser extent from 

regenera ted n erve f ibres w i th uni formly short 

internode s .  

There i s  a n  increa s e  in the number of mye l i n  

lame l lae per 1.1 m o f  a x i s  cyl i nder perimeter w i th 

age . Th i s  has been sa id to ind i ca te axona l atrophy , 

po ss ibly re sult ing in s econda ry s egmenta l  

demyel inat ion ( Dyck , 1 9 7 5a ) .  In add i t ion , the 

vulnerab i l i t y  of l ong nerve f i bres i n  thi s a g i ng 

process  h a s  been noted , wi th a 

pathology occurr ing d i s ta l ly 

Takahashi , 1 9 6 4 ) .  

grea ter degree o f  

( Cottrel l ,  1 9 4 0 ; 

An i ncrease i n  the f requency of Renaut bod i e s  with age in · per i 

pheral nerve has ' beer. reported i n  man ( Dye}<, 1 9']1"� whi l e  no such 

i ncrea s e  wa s noted in a recent s tudy i n  dogs ( Br aund 

et a£ , 1 9 8 2a ) . Ac cord ing to Asbury ( 1 9 7 3 ) ,  the se structures  

a r e  not observed i n  the newborn . 

The caus e  of the s e  age re lated change s  i s  poor ly under s t ood , 

but i n  man minor compres s ive chang e s  occurr i ng throughout 

l i fe , va scular a l tera t ions and the a g i ng of neurone s w i th 

pos s ib l e  axonal a t rophy have been i mp l i cated ( Dyck , 1 9 7  S a ; 

Braund �t a£ , 1 9 8 2a ) . 
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The Role of Axoplasmic Transport in Per ipher a l  Neuropathy 

Axop l a sm i c  transport i s  the movement o f  mater i a l s , 

synthe s i sed in the ce l l  body of the neurone , into and a l ong 

the a xons and dendr i tes . I t  is the proce s s  which supp l i es 

the a xon with mater i a l s nece s sary for func t i on a nd the 

ma intenance of s t ructur a l  i nt eg r i ty ( Ochs & Worth , 1 97 8 )  • 

S i nce a xoplasmic transport i s  i mportant i n  the func t i on 

of nerve f ibre s , it  i s  not surpri s i ng that the pos s i bi l i ty 

of i mpai red transport p lay ing a role in t he pa thogene s i s  

o f  per i phera l neuropathi e s , has been sugg e s t ed . Indeed , 

i t  i s  l ik e ly to play a n  important part i n  the c l i n i c a l  

d i s e a s e  o f  many per iphe ra l neuropathies , a lt hough not 

nece s s a r i l y  a pr imary or d i rect role ( Smith , 1 9 8 1 ) • There 

are a t  least  three subd ivi s ion s  within the sy stem of 

axop l a sm i c  transport . The s e  are fast anterograde , s l ow 

anterograde and the retrograde s y s tems . The f a s t  a xona l  

transport sys tem invo lves moveme nt of ma i n l y  membranous 

component s . The s l ow sy s t em moves a high proport i on of 

cytopl a sm i c prote ins . The retrograde system move s some 

of the mater i a l s involved i n  f a s t  anterograde transport 

in the oppo s i t e  d i rection ( G ra f s tein et af, 1 9 7 0 ; Och s , 

1 9 7 2 ; O l s son et a l.. , 1 9 7 8 ;  Droz & Chret ien , 1 9 8 0 ; 

Gra f s t e i n  & Forman , 1 9 8 0 ; Landon , 1 9 8 1 ) .  F a s t  axop l a smic 

transport is  c r i t i ca l l y  dependent on a cont inued supply of  

ATP f rom oxi dat ive pho sphory lation . Thi s  substrate i s  

produced l oca l ly a long the l ength of the a xon ( Och s & 

Ho l l i ngworth , 1 9 7 1 ; Och s , 1 9 7 2 ) .  

Impa i r ed a xopl a smic transport has been thought l i kely to 

occur in a vari e ty of neu ropath i e s  which i nt e r fe re w i th 

axona l integr i ty , inc lud i ng many of the dista l axonopat h i e s  

( Sm i th , 1 9 8 1  ) . The swe l l i ng o f  axons and a c cumu l a t i on 

of organe l l e s , that occurs when nerve 

( Lampert , 1 9 6 7 ) , has been a ttr i buted 

the axop l a smic transport s y stems . 

f ibre s a re damaged 

to d y s funct ion of 

The corre spond ing 

accumu l a t i on of organe l l e s  i n  a variety o f  neuropathie s , 

does l end s upport to t h . i nvolvement o f  defect ive a xona l  
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transport i n  these d i sease s . Aga i n , i t  should be empha s i sed 

that thes e  a ccumulat ions may occur secondary to some other 

axonal pathology . 

Invest igat i on s  of axona l transport in per i pheral 

neuropat h i e s  s hou ld at tempt to determine whether t ransport 

is al tered ear l y  in the course of the d i sease , be fore overt 

axonal a l terat i ons are seen . On ly then would i t  be pos s ible 

to di ff eren t i at e  primary abnorma l i t i e s  in axona l t ransport 

from interrup t i on secondary to severe patho log i c a l  changes 

in the nerve f ibre s ( Droz & Chre t i en , 1 9 8 0 ; P leasure , 

1 9 8 0 ) . I nter ference with a xopla smic transport h a s  been 

demons trated in a number of neuropa thies of man and anima l s , 

includ ing d i abet i c  and uraemic neuropathi e s , perone a l  

mu scular a t rophy and a number of the tox i c  d i s t a l  

axonopathie s .  However , i n  t h e  maj or i ty o f  i nve s t i ga t ion s  

of the l a t te r  cond i t i ons , there wa s n o  clear ev idence that 

abnorma l i t i e s  of t ran sport we re ear l y  ini t i a t ing events 

in the pathogene s i s  of the neuropa thy . The s lowi ng of 

transport wa s usua l l y minor , d id not precede marked axona l 

change s ,  and there wa s no correl ation with the s ever i ty 

of the neuropa thy ( P leasure �t al , 1 9 6 9 ; Brad ley & W i l l iams , 

1 9 7 3 ; Br im i j oin , 1 9 8 2 ) . · One except ion i s  

B B - iminod i prop i oni t r i l e  neuropathy , in which a tot a l  b lock 

of the s low axona l transport of neurof i l ament proteins 

ha s been reported , w i th no effect on f a s t  transport ( Gr i f f in 

�t al , 1 9 7  8 ;  G r i f f  in & Pr ic e , 1 9 8 0 )  . Of the toxi c  d i s t a l  

axonopathie s , the neuropathy i nduced by the hexaca rbon 

compounds doe s  show impa ired f a s t  a xopla smi c  transpor t , 

rela ted i n  degree to the s ever ity of the neurol og i c a l  

defici t .  The changes i n  f a s t  transport are probably not 

pr imary , but a ppear to be r e la ted to the accumu l a t i on of 

neurof i laments . Axonal degenera t i on and impa i rment of 

f a s t  axopl a sm i c  tran sport we re both re la ted to the swe l l ings , 

and thus i t  wa s cons idered that obs truction o f  t ransport 

reached a c r i t i cal po int i n  s ome of the s e  swe l l ings , 

resu l t ing i n  degenera t ion d i s t a l  to them ( Mende l l  �t al , 

1 9 7 6 ; Mend e l l  & Sa henk , 1 9 8 0 ) . 
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New evidence f or the i nvo lvement o f  impa ired trans port 

i n  a xona l degene ra t ion , has been g a i ned by the s tudy of 

the trans f er of ma te r i a l s  from the anterograde to retrograde 

tran sport systems in the d i s ta l  axon . Resu l t s  o f  s tud i e s  

of experimental diabetic neuropathy i n  ra ts , have sugge s ted 

that impa irment of the turnaround o f  f a s t  transported 

mate r i a l s  in the d i s ta l  axon cou ld prec ipitate d i s ta l  axona l 

degeneration ( S i denius & Jakobsen , 1 9 8 1 ) .  Other 

inve s t igat ions i nto acrylamide and hexacarbon neuropat hi e s  

( Sahenk & Mende l l , 1 9 8 1 ) ,  have provi ded evidence for a 

decrease i n  the bid irectional transport rate in the d i s t a l  

axon , w i th an i nt a ct turnaround proce ss . The se f i nd ings 

corre l ated w i th the d i f ference s in severi ty of the 

neuropathies obs erved . 

Thus , wh i l e  axona l f l ow probably i s  a f fected i n  a number 

of periphe ra l neuropathi e s , it i s  not known whether there 

is a d irect e f fect on the tran s port mechan i sms , whe ther 

there are d i s turbances of loca l metabol i sm upon whi ch 

axop l a smic tran sport rel i e s , whether decrea sed avai labi l i ty 

of mater i a l s  for transport f rom the c e l l  body occur s , or 

whether there is  i ncrea sed demand i n  the periphery o f  the 

nerve f i bre ( Schrode r , 1 9 7 5 ) . 

APPROACH TO I NVESTIGATING A PERI PHERAL NEUROPATHY 

In de term in ing the techniques to be u sed f or the 

i nve s t igat ion o f  a per iphera l neuropathy , the funct i ona l 

and s t ruc tura l pecu l i a r i t i e s  of the per ipheral nervous 

system mu st be con s i dered . Neurones can be extreme ly long , 

they vary con s iderably i n  d i ameter ,  and are i nvo lved i n  

c lose i ntera c t i on s  w i th Schwann ce l l s . Thu s , a v a r i e ty 

o f  t echn iques are n eces s a ry to determ i ne the patholo g i c a l  

chang e s  wh ich may occur . In thi s  s tudy l ight m i cros copy , 

teased f ibre prepara t i on s  and e l ectron m i cros copy were 

u sed . Quant itat ive eva . 1 a t i on of the s e  preparat ions wa s 

a l so per formed . 



6 0  

S ampl i ng 

Peripheral nerve can be samp led for h i stolog i c a l  

invest igat ion by biopsy or at p o �t m o �t�m . A greater amoun t  

of ti s s ue i s  ava i l ab l e  at autopsy , but the method s su i t ab l e  

f o r  t h e  s tudy o f  autopsy mater i a l  a r e  l i m i ted . Becau s e  

o f  the e f fect s of p o �t m o �t�m autoly s i s  the b e s t  method 

of obta i ning nerve samp l e s  for the detect i on of f i n e  

s t ructural deta i l s  i s  b y  biopsy . Extreme care i n  the 

hand l i ng of nerve , dur ing collect ion and preparation i s  

e s sent ia l , i n  order t o  avo id the introduction of artefac t . 

The ne rve chosen for i nve s t igation shou ld be on ly mode rat e l y  

i nvolved i n  the d i sease proce s s , a s  i f  severe l y  a f f ected , 

l i t t l e  i nformat ion wi l l  be obta ined about the pathogene s i s  

of the cond i t ion . S imi lar con s iderat i on should be g iven 

to the l eve l of sampl ing of a nerve trunk . It shou l d  be 

remembered that the leve l of biopsy may alter the re s u l tant 

nerve f i bre d iame ter d i stribution s , due to the e f fect o f  

d i stal tapering of f i bre s , or exten s ive branching ( Thoma s , 

1 9 7 0 ; Braund & Va ndeve lde , 1 9 7 8 ) .  The l ength o f  nerve 

taken should be su f f i c ient to enable preparat ion s for l ight 

mi croscopy , el ectron mi croscopy and tea sed f ibre s tud i e s . 

F ixation 

Probably the mos t  su it ab l e  f i xat ion schedule for pe r i phera l 

nerve , which enables  proce s s i ng for a l l  of the a bove 

mentioned t echn ique s ,  i nvolves g lutara ldehyde a nd osmium 

tetroxide . G l utaralde hyde improves the appearance o f  the 

axoplasm , particu la r l y  the neuro f i laments  and mi crotubu l e s , 

wh i le o smium tetroxide produces s a t i s f actory pre servat ion 

of the mye l i n sheath ( Lampert , 1 9 6 7 ) . In non surv ival  

s i tuat ions , f ixat ion by per fu s i on , or initial  in � it u  f i x 

a t i on a r e  the met hod s of cho ice , a s  they minimi s e  hand l i n g  

of the nerve a n d  r e s u l t  i n  opt ima l preserva t i on ( Thoma s , 

1 9 7 0 ) . 
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provides 

e lectron 

mi cros copy . Dur ing embedd ing it i s  e s sent ial  that specimens 

are accurately or i ented , so true tran sverse and long i tud inal  

sect ion s  can be obt a ined . With l ight m i cros copy o f  

transverse and l ong i tud inal section s , the morphology of 

mye l ina ted nerve f ibre s  and other components of the nerve 

can be observed . In add it ion , the popu lations of mye l ina ted 

f i bres can be i nvest i gated quant i ta t ively . The Schwa nn 

c e l l  populat ion may be used as a means of mea sur i ng previ ou s  

ne rve d amage , and has been s a id t o  be more re l i able than 

mye l ina t ed f i bre popul at ion or s i z e  d i str ibut ion , a s  

the latter may return to near norma l value s , wh i le the 

S c hwann ce l l  popu l a t i on rema ins e levated ( Thoma s , 1 9 7 0 ) . 

I n  compa r i son , nerve that ha s been f i xed i n  forma l i n  a nd 

embedded in pa ra f f i n  wa x ,  cannot be depended upon to provide 

a prepa ra t i on adequate for deta i l ed a s s e s sment o f  nerve 

f ibre change s . In some stud i e s  in wh i ch both me thod s have 

been u s ed , no abnorma l i t i es were obs e rved in para f f in 

embedded nerve , wh i l e  on examinat ion of re s i n  embedded 

ma t e r ia l , patholog i ca l  change s  were obv i ous ( Ochoa & Ma i r ,  

1 9 6 9 a ) . S i lver s t a i n i ng of para f f i n  embedded sect ions 

ha s been wide ly u s ed for s e l ect ive axona l s t a i ni ng , but 

i s  now l e s s  f requen t l y  u sed beca u s e  of i t s  lack o f  

s pec i f i c i �y , incons i s te ncy of s t a i n i ng , the uncerta inty 

o f  s ta i ning a l l  mye l inated f ibre s and the improved 

resolut i on obta ined w i th combi ned l i ght and e l ec t ron 

m i croscopy of re s i n  embedded ma ter i a l  ( Dyck , 1 9 7 5a ) . On 

exami nat ion of transverse sect ions of thi s mater i a l  by 

l ight a nd e lectron mi croscopy , i t  has been s een that mos t  

mye l i na t ed f ibre s are not ci rcular i n  out l ine .  Expe r imenta l 

work ( Karne s et al. , 1 9 7 7 ; Arbuthnot t  e t  a£ , 1 9 8 0 ) , has  

shown that this  shape i s  l ikely to repre sent the -L n  vivo  

shape of  nerve f ibre s , rather than result f rom changes 

due to proce s s ing . 
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I t  i s  important that change s  resu l t i ng from a rtefact are 

recogni s ed a s  such , and not i nterpreted a s  patholog i ca l . 

The u sual rea sons for artefactual changes are the crushing 

o f  f r e sh nerve or poor t i s sue proce s s ing . Mo s t  crushing 

damage results  from hand l i ng the nerve wi th forcep s , or 

touch i ng it with swabs dur i ng i t s  remova l .  In tran sver s e  

sect i ons the fasc i c l e s  appear compre s s ed a nd angu lar , and 

the l arge myel ina t ed f i bre s in part i cul ar are d i s torted . 

Poor proc e s s ing r e su l t s  in the shr inkage of axons and 

Schwa nn c e l l  proce s s e s , spl i tt ing and d i s rupt ion of the 

mye l i n  lame l lae , espec i a l ly in the th i cker mye l i n  shea th s . 

Tea sed F ibre Prepa ra t i on s  

T h e  proce s s  of teas ing s i ng l e  nerve f ibres ha s maj or 

advantages over other l ight microscopic techniques i n  

d iagno s t i c  power , and i n  improved understand ing o f  the 

pathogenes i s  of d i sease proce s se s . Descriptive grad ing 

of t ea sed f ibre appearance , and mea surement o f  i nternode 

length provides much informat ion on the spec i f i c  proce s s e s  

o f  a xona l degenera t i on and regenerat i on ,  and segmenta l  

demye l inat ion and remye l i na t i on occurr i ng i n  a nerve , and 

the activity and sever i t y  of the s e  proce s se s  ( Dayan , 1 9 7 9 ) . 

S i ng l e  tea sed f ibre preparations are the onl y re l i ab l e  

w a y  o f  adequa tely examining l engths o f  i ndividua l nerve 

f ibre s , over more than one or two internode s .  They a l low 

v i sua l i s a t ion of the terri tory supp l i ed by each Schwann 

ce l l , as del ineated by the nodes of Ranv i er . Even the 

best oriented l ong i tud i n a l  sect ion s e ldom show s  more than 

two i nternodes in the same plane , and so tea s i ng i s  

nece s sary to s tudy the d i s t r ibution o f  axona l or mye l i n  

sheath changes a long a s i ng l e  nerve f ibre ( Benni ngton , 

1 9 7 8 ) . One can de f ine the morphology o f  nodes of Ranv i e r , 

i rregula r i t i e s  in the mye l i n  sheath , and quant i ta t ive 

s tud i e s  can be under taken on internode length mea surement s .  

I n  add i t i on , it  i s  a much ea s i er and more re l i ab l e  techn ique 

for the detection o f  s egment a l  demyel i n a t i on and 
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remye l i nation . The use of a g rad i ng system to c l a s s i fy 

the patholog i ca l  change s observed on tea sed f ibres , has  

a l lowed the a s ses sment of the degree of per iphera l nerve 

pa thology pre sent ( Dyck , 1 9 7 5 a ) . Provided that the tea sed 

f i bres are obt a i ned wi thout pre s e l ect ion , thi s me thod of 

a s s e s s ing the degree of pathology has been said t o  be the 

mos t  sen s i t i ve i ndicator of per i phera l nerve abnorma l i ty 

( Dyck , 1 9 7 5 b ) . The c la s s i f icat ion s  u sed a re d e s c r i pt ive , 

and on ly those cr iteria w i th a sma l l  "between observe r s "  

d i f ference a r e  used ( F ig . 2 0 ) .  I t  i s  pos s ible to recogni s e  

f i bres w i th area s of paranodal or segmenta l demye l ina t ion , 

remye l inated or interca lated segment s ,  degenera t i ng f i bre s , 

other i rregular i t i e s  of the mye l i n  sheath and i n  s ome 

ins tance s regenera ted f i bre s . Regenerated f ibre s do not 

have a separate category in Dyck ' s c l a s s i f i cation ( 1 9 7 5a ) , 

but can be recogn i sed by the i r  inappropr iately short uni form 

inte rnode lengths ( Ful lerton �t a£ , 1 9 6 5 ) . Somet imes a 

unique morpholog ical feature may be present , such a s  t he 

enlargements s een in g i ant axona l neuropathy of man , and 

the exper imenta l  hexacarbon neuropat h i e s  ( Benn i ngton , 1 9 7 8 ) .  

Aga i n , i t  i s  important to recogn i s e  artefact and m i n im i s e  

i t s  occurrence b y  careful prepar a t i on . Exc e s s ive s tretch 

on a nerve dur i ng biop sy or tea s i ng may produce sepa r a t i on 

of f ibre s a t  nodes of Ranv i e r  or Schm idt -Lantermann 

inc i sure s . I t  can a l so lead to a beaded appearance , w h i ch 

cou ld be m i s takenly attributed to pathologica l change . 

Any abnorma l i t i e s  seen a t  the end s of teased f ibre s shou ld 

be d i sregarded , a s  they cou ld r e s u l t  from damage by forceps 

dur i ng t ea s i ng ( Dyck , 1 9 7 5a ) . The inc idence of s egment a l  

demyel ination a nd remye l inat ion have been shown t o  be more 

accurately def i ned by teased f i bre morphol og i c a l  s tud i e s  

than by tran sverse sect ion i ng , a n  expected f i nd ing i n  v i ew 

of the grea ter ea s e  of detect ion of these cha nges i n  t e a s ed 

f ibres ( Braund �t a£ , 1 9 8 2a ; 1 9 8 2 b ) . The appearance of 

a s i ng le mye l i na ted f ibre wi th a d i sproport iona t e l y  thin 

mye l i n sheath in a transverse sect ion of nerve cou ld equa l ly 

represent a remy e l inated or a regenerated nerve f ibre . 
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Only in teased f i bre preparati on s  can the d i s t i nct i on 

between these two changes be made . r·n regenerated f i bres 

uni f ormly s hort i nternodes wi 1 1  be observed , whi l e  w i th 

remye l ination var ia t i on s  i n  i nternode length and mye l i n  

s heath thi ckne s s  over consecut ive internodes w i l l  be present 

( Bennington , 1 9 7 8 ) . In tea s ed f ibre prepa ra t i on s , 

d egenera t i ng axon s are read i ly recogn i s ed ,  wherea s isolated 

f i bre degeneration can eas i l y  be m i s s ed in transverse and 

long i tud inal sections . Some t ime s the artefact produced 

in transverse sect i ons , by poor techn ique s of f ixati on 

and cutt ing resembl e  the appearance o f  mye l i n  ovoids and 

ba l l s . S imi larly , a s uperf i c i a l  long i tudinal sect ion o f  

a f ibre may incorrect ly g ive the appea rance o f  l inea r rows 

o f  mye l i n  ovoids and ba l l s  ( Dyck , 1 9 7 5a ) . 

E lectron Mi croscopy 

As s e s sment of the f ine structural detail  of per ipher a l  

nerve by e l ectron m i cro s copy , should only b e  cons idered 

i n  conj unct i on with a 1 ight mi cros copi c  survey o f  re s in 

embedded sect ions . There are few pathologi ca l  f i nd ings 

of s igni f i cance that w i l l  be observed ultras tructura l ly , 

i n  the absence of change s a t  the l ight microscopi c l eve l 

( Benni ngton , 1 9 7 8 ) . A recent study wa s undertaken to a s se s s  

the relative advantages o f  exami ning peripheral nerve by 

l ight or by e lectron m i cros copy ( Sugi mura et a.f. , 1 9 8 0 ) . 

W i th l i ght mi croscopy more extens i ve samp l ing wa s pos s ible , 

and more f ibre s cou ld be eva luated , but there were certa i n  

s tructures which cou ld not b e  observed adequately and 

mea suremen t s  that cou ld not be made or were les s accurate 

than at the u l tras tructural l evel . 

examina t ion o f  nerve enables t he 

E lectron m i croscop i c  

de f i n i t ion of the 

u l tras truc tura l component s of the nerve , and e s t imat ion 

o f  the axon to mye l i n  sheath ra t i o . However , fewe r f i bres 

are observed and the r i sk of bia sed samp l ing i ncrea s ed 

w i th e lectron microscopy a l one � Many workers have 

recogn i sed the nece s s ity of employ ing e lectron m icros copy 
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i n  g a i n ing accurate i n forma t ion regarding mye l i n  sheath 

t h i cknes s  and ax i s  cyl inder s iz e . The estima ti on of mye l i n  

thi ckne s s  b y  count ing the number o f  l amel lae J 
avoids error 

which can be introduced by the pre sence of s epara t i on of 

mye l i n  lame l lae or Schmidt-Lantermann i nc i sures ( B i s chof f , 

1 9 6 5 ) . Whi le some s h r i nkage of nerve f i bres ha s been 

observed at the u l t r a s tructural leve l , a s  a resul t  of 

f i x a t i on and subsequent proce s s ing of nerve , i t  ha s been 

conc luded that no appre c iable change in morphology occur s , 

a s  a l l components of nerve f i bres are a f fected to a s im i lar 

degree ( Arbuthnot t e t  a� 1 9 8 0 ) . The preservat ion of  nerve 

f i bres in e l ectron m i cros copy is cons idered to be adequa te 

if no s pl i t t ing of the mye l i n  s heath has occurred , apart 

f rom the Schmidt-Lantermann i n c i sure s , if  the axo lemma 

adhere s closely to the i nner turns of the mye l i n  sheath , 

and i f  the f i ne structure of mitochondria , neurof i l aments 

and mi crotubu l e s  is  pre served . Some spl i t t i ng of the mye l i n  

i s  l ikely i n  the large s t  f ibres w i th the thickest mye l i n  

shea th s ( Arbuthnott e t  aL ,  1 9 8 0 ) . Unmy? l i na ted nerve f i bre s 

may be v i s ible on l i ght mi croscopy , but can on ly be examined 

in deta i l  by e lectron m i croscopy . Observat ion of the f i ne 

s tructure of axona l organe l le s  may prov ide informa t ion 

l i nk i ng s t ructural changes of the various s ubce l lular 

components w i th unde r l y i ng bi ochemi ca l d i s turbance s ,  a s  

we l l  a s  provid ing an extreme ly sen s i t ive method of detect ing 

minima l  patho log i c a l  change ( Dayan , 1 9 7 9 ) . Aga in , care 

mu s t  be taken not to m i s take damage induced by inadequate 

care in the co l l ect i on a nd proc e s s ing of t he nerve , for 

true pa t holog i ca l  change s .  

Morphometry 

The u s e  of quant i tat ive h i s tolog i ca l  techniques i n  the 

s tudy o f  per iphera l nerve can be extreme ly helpfu l i n  

ident i fy i ng subtle change s  early i n  the course o f  d i s e a se , 

and i n  characte r i s i ng the d i st inct pa tterns o f  nerve f ibre 
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pathology s een wi th some d i s orders ( Benni ngton , 1 9 7 8 ) . 

The detect i on of s l ight decrea s e s  in nerve f i bre populat ions 

can be very d i f f i cul t wi thout employ ing quan t i ta ti ve method s . 

Even the mos t  sk i l led ob server i s  un l i kely to detec t  changes 

i n  nerve f i bre popu l a t ions of l e s s  than 2 0 - 3 0 %  ( Dayan , 

1 9 7 9 ) . " Th ick" and " th i n "  transverse sect ion s  o f  r e s i n  

embedded nerve a r e  t h e  mos t  sui  table for accurate 

quant i ta t ive s tud ies . From the s e  s tud ies i nformat ion i s  

obta i ned regarding 

mye l i nated f i bre s ; 

the numbers a nd s i z e  d i s tr ibutions of 

the internode l engths and the ir 

variabi l i ty ; and the relat ionship of the number of mye l i n  

lame l l a e  to the perimeter o f  axi s cyl inder ( Dyck , 1 9 7 5a ) . 

Al though a c t ive f ibre degenera t i on i s  eas i l y  recogn i s ed 

morpho l og i c a l l y , the a l teration s  occurri ng w i th i ncomp lete 

regeneration and repa i r  are mos t  a ccura tely def i ned 

quan t i ta t ively . Furthermore , the s i t e  of degeneration 

a long t he nerve f i br e  may be i nd icated by quant i tat ive 

s tud i e s .  

FIBRE DIAMETER DI STR IBUTIONS 

Mea s urements made from transverse sections of re s i n  embedded 

nerve provi de deta i l ed i n format ion on mye l inated f ibre 

d i ameter d i str ibutions a nd the i r  dens ity . For the se 

purpo s e s  resin embedded s ect ions are e s sent i a l  to avoid 

the shrinkage which occurs w i th para f f i n  proce s s ing . 

Changes in the f ibre d iameter d i s tr ibut ions a re obs erved 

in d i seased nerve . Wh i l e  a l tera t i ons in f ibre den s i ty 

wi l l  i nd icate the pre sence and ex tent o f  f i bre l o s s  w i th 

cond i t ions of axona l degenerat i on , a l terations in the f i bre 

spectrum may i nd i cate s e l ect ive l o s s  of l arge or sma l l  

d iameter f i bre s i n  pa r t i cu lar . I nterpreting · the r e s u l t s  

of t he s e  quan t i tat ive s tud ies re l i es o n  a know ledge of 

the norma l f i bre popu l a t i on for a part icular nerve , at 

a particular l eve l , in a n  ind iv idua l of a part i c u l ar age . 

I t  i s  i mportant when mea suring ind ividua l  f i bres to ensure 

that no f i bres are inc luded whi ch are sectioned obl ique ly , 
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or s how artefac tua l changes ( Dy ck €t af , 1 9 6 8 ) . Karne s 

and coworkers ( 1 9 7 7 )  d emons t rated that in ca re fu l ly or i ented 

transver se sect ions of nerve , the mean diameter ca lculated 

from the mea surement of c i rcumference wa s the be s t  among 

the var ious e s t imates of mye l ina ted f ibre d i ameter , and 

thus wa s the most suitable method for use in inve s t i ga t ions 

of nerve morphometry . In add i t i on , as  a parameter it wa s 

found to be les s l ikely to be inf luenced by artefact 

introduced by obl ique sect i oning and other shape 

de format ions , than wa s d i ameter ( Pu l len , 1 9 8 2 ) . However , 

Fr iede & Bi s chausen ( 1 9 8 2 ) f ound tha t ba s i ng the e s t imat ions 

on mea sured noncircular axons , as above , or on e s t imated 

c i rcu lar axon s , did not s igni f i cant ly a lter the trends 

observed o� the i r  inte rpre t a t ion . 

INTERNODE LENGTH 

Quant i ta t ive s tud ies of tea s ed f ibre prepara t i on s , i nvolving 

the meas urement of internode l engths and the ca lculation 

of the i r  var i abi l i ty ,  have been found to be a useful means 

of i nve s t iga t ing and de f i n ing the nature of the pa tholog ical 

proce s se s  obs erved 

& Thoma s , 1 9 6 6 ) .  

i n  per i pheral neuropath i e s  ( La scel les 

Informa t i on is  obta ined regard ing the 

pre s ence of previous degenerat ion and ·regenerat ion , and 

of prev i ous demye l inat ion and remye l ination i n  the nerve 

( Dyck , 1 9 7 5a ) . In a norma l nerve f ibre the internode length 

is reasonab l y  constant a l ong the f ibre ( St evens €t af , 

1 9 7 3 ) . Axona l degenerat ion , a nd subsequent regenera t i on 

resu l t s  i n  u n i formly short internode lengths ,  on even the 

large s t  d i ameter fibre , and so internode lengt h  is decrea s ed 

( H i s coe , 1 9 4 7 ; Vi zoso & Young , 1 9 4 8 ) . Wherea s ,  with 

segmenta l demye l inat i on and remy e l i nation the i nternode 

length may be decrea s ed , and the var i ab i l i ty of i nternode 

length marked l y  i ncrea s ed , due ma inly to the pre sence of 

shor t i n terc a lated segments of vary ing lengths . Ana l y s i s  

o f  the d is tr ibut ion of abnormal internod e s  among s t  the 

nerve f i bres , to s ow ei ther random or nonrandom 
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d i s tri bution s , w i l l  help d i f ferent iate primary segmental 

demye l i nat ion f rom secondary segmental demye l i na t i on , 

consequent to primary axona l abnorma l i ti e s  ( Dy c k  et a f , 

1 9 7 1 a ) .  Aga i n , it  i s  important to know the norma l va lue s  

f o r  internode l ength and var i a t i on i n  internode l ength , 

and the change s which occur w i th age . 

THE RELATION S H I P  BET'i'VEEN AXONAL S I ZE AND MYELIN SHEATH 

THICKNESS 

The ra tio o f  mye l i n  thi ckne s s  to a mea surement o f  a xona l 

s i ze ( e . g .  a xona l perimeter or c ro s s - sectiona l area ) , may 

provide informa t ion regarding the underly i ng pathogen i c  

mechani sm o f  a d i sease proc e s s . For example , i n  some 

pr imary axona l d i seas es , shri nkage of the a x i s  c y l i nder 

occurs , in i t ia t i ng secondary mye l i n  changes , and i s  detected 

by an inc!e a s e  in th i s  rat i o  ( Dyck et af , 1 9 7 1 a ) . Accurate 

e s t imation of the th ickne s s  of the mye l i n  sheath is obta ined 

by counting the number of mye l i n  lamellae on e l e ct ron 

m i crographs � Be cau se the prof i le of the nerve f ibre s can 

be quite i rregu lar , mea surement of the axon per imeter i s  

more a ccurate t han e st imat ion o f  the d iameter ( Fr i ede & 

Samoraj ski , 1 9 6 7 ) . 

An i n -depth i nve s t i gat ion of per iphera l nerve , a s  det a i led 

above , may not a l low s peci f i c  de f i n i t ion of the pa tholog i ca l  

proce s s  i n  que s t ion . Neverthe le s s , s igni f i cant g a i n s  i n  

unders tand ing of the d i sease may b e  achi eved . Adequate 

inve s t igat ion o f  per i pheral nerve s hould provide a ccurate 

information on the presence and seve r i ty o f  a per i phera l 

neuropathy ; on the type of f i bre degenerati on ; on spec i f i c  

h i s tolog ic a l  a bnorma l i t ie s ; and pos s ible pa thogen i c · 

mecha n i sms ( Dyck , 1 9 7 5 b ) . Di s adva ntages in employ i ng the se 

technl,ques in the s tudy of per iph e ra l nerve pathology do 

exi s t .  As w i th a l l  h i stolog i c a l  t e chnique s there can be 

cons iderable sampl ing error . Wh i le there may be a dive r s i ty 

of funct iona l d i s turbances at the c e l lular level , the t i s sue 
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rea c t s  i n  only a l im i ted number o f  way s , and thus spec i f i c  

d i agno s i s  can not b e  made . The pre sence o f  age related 

change s ,  incidenta l l e s i on s  and a range of norma l var i a t i on 

i n  i nd ividua l s  may make the i nterpretat i on of resul t s  

d i f f i cul t . In add i t i on , whi le the se techniques do provide 

a con s i derable amount of re l iable informat i on , an enormous 

input i s  requi red , pa r t i cularly i f  a large number of nerve 

samp l e s  are examined . 

2 .  MATER IALS AND METHODS 

EXPERIMENTAL ANIMALS 

The 1 5  horse s us ed in th i s  study were donated to the Ma s sey 
I 

Un iver s i ty La rge Animal Hospital  for euthena s i a  . . Qf the s e  

an ima l s  s ix we re norma l , f ive were subc l i n i c a l  cases  

of l a ryngea l hemipleg i a  a nd four we re c l in i ca l ly affec ted . 

Control anima l s  we re thos e  whi ch showed no c l i n i c a l  s ign s 

of l aryngea l hemiple g i a , no endoscop i c  ev idence of l e f t  

s ided laryngeal a s s ymet ry o r  a synchrony , and n o  o r  

neg l ig ible evidence o f  pathology in the intr i n s ic laryngeal 

mu s c l e s  or recurrent laryngea l nerve s . The subc l i nical  

c a s e s  were d i agnosed a f ter f ind i ng neurogen i c  atrophy 

on m i croscop i c  exami nation of the laryngea l mu s c les , and 

evidence of obviou s  patholog i c a l  change in the l e f t  

recurrent l aryngea l nerve . Endoscop i c  examina t ion of 

the subc l i n i ca l  group d emons trated a degree o f  l e f t  

arytenoid a s symetry and / or a synchrony in two o f  the s e  

hors e s , whi le the larynges of the three rema in ing 

subc l i ni ca l  cases appeared to be funct i on i ng norma l ly .  

The c l i n i c a l  group cons i s ted of those hor s e s  wh ich made 

an abnorma l ly loud i n s p i ratory noi se at exerc i se ,  and 

showed l e f t  s i ded laryngea l para ly s i s  endoscopica l ly .  

Al l o f  the horses \>'ere e nt i re or ge lded ma l e s , and were 

Thorou ghbred s , with the exception of hor se 2 ,  a 

S 1 d nda rdbred . 



TABLE 1 :  EXPERI MENTAL ANI MALS 

DI SEASE STATUS CASE AGE ( year s ) NUMBER 

CONTROL 1 * 

2 *  

3 *  

4 *  

5 *  

6 

SUBCL I N I CAL 7 

8 

9 

1 0 

1 1 

CL INICAL 1 2 * 

1 3 

1 4 

1 5  

Mea surement not obtained 

* Ent i re male 

o + 

1 

1 

1 

2 

3 

2 

> 7  

9 

1 0 

1 2 

2 

8 

9 

2 2  

+ Th i s  i nd ividua l wa s 1 day old 

7 0  

HE IGHT ( cm )  

1 0 4  

1 4 3 . 5  
-

1 4 6 . 5 
-

1 6 3 . 5  

1 6 1  

1 5 6  

-

1 6 8 

1 6 0  

1 5 7 . 5  

1 6 3 

1 7 0 

1 6 2 . 5  

SAMPLI NG METHOD FOR RECURRENT LARYNGEAL AND VAGAL NERVES 

P i eces o f  nerve of 1 • 5 to 3 cm in length were co l l ected 

from the recurrent laryngea l nerves at three s i te s . The se 

were : 

i ) Immed iately caudal to . the larynx ( d i stal  sampl e )  

i i ) At the e s t imated midpoint of the nerve : ( mid cerv i c a l  

s ample ) 

( i i i ) At 2 - 4  cm d i s ta l  to i t s  separa t i on f rom t he vaga l 

nerve ( prox ima l sampl e ) .  
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The midpoint o f  the nerve wa s e s t imated u s i ng umbi l i ca l  

tape , t o  trace externa l ly .  the rout� of the recurrent 

laryngea l nerve f rom the l arynx to i ts po int o f  divi s ion 

from the vaga l nerve . The length of tape wa s then ha lved , 

and the level marked on the sk i n . 

Samples o f  the vaga l nerve were a l so col lected f rom each 

horse , f rom the fol lowing s i te s : 

( i )  At the l evel of the midpoint of the recurrent 

l a ryngeal nerve . 

( i i ) I mmed iately prox ima l to the separa t i on of the 

r e current la ryngea l nerve from the vagu s . 

Al l of th� above s i tes are i l lu s trated in Fig . 1 5 . 

The i n t ra thorac i c  sect ions of nerve 

immed ia t e l y  p o � t  m o� t �m • 

we re removed surg i ca l l y  

The 

f rom 

rema i nder 

were collected 

of the samples  

the anae sthe t i sed anima l . 

a dose Acetyl proma z ine 1 wa s u s ed for premed icat ion a t  

rate o f  2 5mg / 4 0 0 kg .  Th i s  wa s followed 1 5 - 3 0  m i nutes 

later by anae s the t i c  induct i on , us ing gl ycerol gua iacolate
2 

at 5 0g / 4 0 0 kg and thiopentone sod ium3 a t  2 g / 4 0 0 kg . 

Anaesthe s i a  wa s ma intained w i t h  an oxygen and halothane 

mixture , del ivered through a c i r c le sy s tem . 

The an ima l wa s pla ced in r i ght latera l recumbancy to enable 

co l l ect i on o f  the cervic a l  left recurrent laryngea l nerve 

and vaga l nerve secti ons . 

w i th the a n imal i n  l e f t  

The same procedure wa s repea ted 

lateral recumbancy , and the 

correspond ing r i ght recurrent laryngea l nerve and v aga l 

nerve samp l e s  were obta ined . 

1 .  Acetyl proma zine inj ection , active ingredient a ceproma z i ne 
ma l eate . The Boots Co . Ltd ,  Nottingham, England . 

2 .  

3 .  

Equine s i n ,  active ingred ient gu a iaphene sin . 
Chemica l s  Ltd , Christchurch , New Zealand . 

South I s l and 

Intrava l sodium ,  active i ngredient thiopentone s odium. May 

& Baker Ltd, Dagenham, England . 
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leve l o f  the 

and vent r a l  

l arynx 

to the 

latera l surface of l inguofac i a l  

the l a rynx . D i s section wa s con t inued med ia l l y  between 

the f a s c ia surrounding the 

haemo s ta s i s  be ing ach ieved 

vein and the omohyoid mu s c l e , 

by means of e l ectrocautery . 

the thyro id gland with i t s  

and the caudal region o f  the 

Th i s  d i s s ec t i on exposed 

a s soc i a ted blood ves s e l s ,  

larynx ( Marks et a.f. , 1 9 7  Ob ) • The thyrolaryngea l artery 

and the la ryngea l and cra n i a l  thyroid veins run cran i a l ly 

f rom the t hyro id gland towa rds the caudal border of the 

dor s a l  c r i coarytenoid mus cl e . The recurrent laryngea l 

nerve wa s a lmo s t  i nvariably found a s sociated w i th these 

vesse l s ,  u s ua l ly on the i r  med i a l  s ide i n  loo s e  connec t ive 

t i ssue ( F,i g . 1 6 ) .  

Surg i c a l  exposure of the recurrent laryng ea l  and vagus 

nerve s i n  the midcervi ca l region wa s per formed through 

a 1 0  cm inc i s ion immed iately dor s a l  to the j ugu lar furrow . 

A plane o f  d i s s ec t i on wa s e s tabl i s hed between the j ugular 

vein a nd the omohyoid mu s c l e , expo s ing the ventra l border 

of th i s  mu s c l e . Direc t l y  underly ing the ventra l region 

of the mus c l e  wa s the carotid artery , with i t s  a s soc i a ted 

nerve trunk s . I nc i s ion of the omohyoid mus c l e , and then 

of the carotid s heath revea l ed the carot id artery , with 

the vag a l  nerve lying on i t s  dorsomed ial surface . The 

recurrent laryngea l nerve wa s found on or s l i ghtly be low 

the ventral surface of the artery , in loo s e  connect ive 

t i s sue . The exact pos i t i on of the nerve var i ed s l i ghtly 

between ind ividua l s  ( F ig . 1 7 ) . 

Once the nerve wa s ident i f i ed , f i ne forceps and i r i s 

s c i s sors 
1 

used to i t . Care taken not were expo s e  wa s 

to touch the nerve a t  any s tage or to interfere w i th i t s  

blood supply . Once suf f i c i ent surrounding t i s sue ha d 

1 .  Suture 

st e e l . 
steel . 

and d i s secting forceps , 9 cm , serrated ends , stainless 

Straight ir is s c i s sor s ,  sharp points , 1 1  cm , stainless 
c . w .  D i xey & Scn Ltd, London , Engl and . 
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been d i s s ec ted away , in. .o itu f ixat ion of the nerve wa s 

carr i ed out , u s ing 2 %  g lutara ldehyde
1 

Thi s  ensured a 

minimum o f  artefac t , the nerve s t i l l  pos s e s s ing an i ntact 

blood supply at the t ime o f  f i xat ion , wh i l e  be ing held 

at i t s  norma l resting length . After 3 minute s  of in. .o itu 

f ixat i on , sharp d i s sec t i on includ i ng as l i t t l e  surround ing 

t i s sue as pos s ible , wa s employed to remove a 1 . 5 - 3  cm 

length of the nerve ( Dyck & Lofgren , 1 9 6 6 ) . 

Once the appropr i a te s amp l e s  had been taken f rom the 

anae s t he t i sed anima l , a deeper p lane of anae sthe s i a  wa s 

obta i ned u s i ng the oxygen / ha lothane mixture . The anima l  

wa s then ex s anguinated b y  s everi ng the carot i d  arter ies 

at the level o f  the th i rd or fourth trachea l  r ing . The 

left forel imb and the f i r s t  f ive or s i x  r ib s  we re removed 

immed i a t e l y  a fter death , a l l owing acce s s  to the 

intrathora c i c  cour se of the recurrent laryngea l and vaga l 

· nerve s . The recurrent l aryngea l nerve wa s s ampled a s  

i t  curved around the aor t i c  arch , and a 1 • 5 - 3  c m  length 

of the vagal nerve wa s co l lected immed i a te ly prox ima l 

to the s eparat ion of the recurrent laryngea l nerve . 

In. .o i t u  f i xa t i on wa s not pract i c a l  a t  this  l evel because 

of the vast volume s of f i xative that wou ld have been 

requ i red to cover the nerves . I ns tead , a method of 

we ighted f ixat i on was u sed , to ensure s t r a i ghtening of 

the nerve f ibre s  within the ne rve trunk , dur i ng the in i t i a l  

per i od o f  f ixat ion . Hooked a lumi n i  urn we igh t s  were u s ed , 

2 0 0  mg for recurrent l aryngea l nerve s , and 5 0 0  mg for 

vaga l nerves . Once the nerve wa s exposed , a 1 • 5 met r i c  

nylon suture wa s placed a round the nerve trunk , u s ing 

an a tt ached a t raumat i c  need l e . A hooked a lumi n i um we i ght 

wa s then pla ced 2 - 3  cm d i s ta l  to the suture ( F ig . 1 8 ) .  

Plac ing g entle trac tion on the s uture , and u s ing f i ne , 

sharp s c i s sor s the length o f  ne rve wa s d i s s ected out , 

and s u s pended immed iately . i n  the f i xat ive ( Dyck & Lofgren , 

1 9 6 6 ) . The samp l ing procedure wa s repeated on the r i ght 

1 .  Appendix 1 .  
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s ide a f ter remova l of the forel imb and the f i r s t  two r i b s . 

The recurrent l a ryngeal nerve wa s s ampled · a s  i t  curved 

around the cos tocerv i cal or subc l av i a n  arter i e s , and the 

vagal nerve sampl ed proxima l to sepa rat ion of the recurrent 

l aryngea l nerve . The s amples col lected p o -D t  m o /l.te.m were 

then proce s sed in the s ame way as those taken from the 

anaestheti sed anima l .  Intra laryngea l nerve s ampl e s  were 

removed immed ia te ly p o .Dt m o/l.te.m , f rom two add i t i on a l  

an imal s .  One wa s a 1 4 5 cm , 1 year old , ma le Standardbred , 

and the other wa s a 1 4 7 . 5  cm , 3 year old , ma le Standardbred . 

The branch of the nerve innervat ing the c/1..i c o a/1..yte.n o id e. u .D  

d o /1..-D afi-D wa s iden t i f ied and removed on both l e f t  and r i gh t  

s i des , a s  were the branche s to the c/l.ico a/l.yte.n o ide.u-6 

ia te./l.afi-6 mu s c le s . 

A f ter 3 minutes o f  f ixat i on the nerve wa s d ivided into 

two part s , one for proc e s s ing for l ight a nd e lectron 

m i c ros copy , and the o ther for tea s ed f ibre prepara t i on s . 
1 The nerve wa s p l a ced on a sheet o f  . dental wax and cut 

w i th a new razor blade 2• Th i s  techni que ensured minimum 

crush a rtefact to i nd iv idua l nerve f ibres . At lea s t  a 

1 cm l ength wa s taken for teased f i bre stud i e s , and the 

rema inder used for m i c roscopic exam i na t i on after embedding 

i n  pol arbed or epon re s in .  

PROCESS I NG FOR TEASED F IBRE PREPARAT IONS 

( Katrak e.t a i , 1 9 8 0 ; Nukada e. t  a i , 1 9 8 1  ) .  

The recurrent l a ryngeal a nd vaga l nerves were f ixed ih 

2 %  g lutara ldehyde for 1 0 a nd 1 2 m i nutes respective l y . 

Thi s  t ime inc luded the i n i t i a l  3 m i nu t e s  o f  ..Ln .D itu f i x -

a t ion . The samp l e s  were then t r an s ferred to 0 . 1  M 

1 .  Ash , high stab i l i ty mode l l ing wax ,  Amal gamat ed Denta l Trade 
D i s tributors Ltd, London , England . 

2 .  Gem Scient i f i c ,  duridium s tyle , s ingl e  edge ra zor blade s .  
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cacody late buf f er for a t  lea s t  3 0  minute s ,  unt i l  the 

spec imens. for l ight and electron m i croscopy were ready 

for the next stage of proce s s i ng .  Connective t i s sue 

attached to the nerve trunk wa s d i s sected away u s i ng f i ne 

forceps , dur i ng the per iod of thi s  buf fer wa sh . The next 

s tage of proce s s ing involved 9 0  minutes of imme r s ion i n  

1 %  osmium t etrox ide ( Append � x  1 ). I n i t i a l ly the samp le bot t l e  

wa s shaken v i gorou s l y  to a id penetra t i on of t h e  osmium , 

and then p l a ced on a mixer , i n  a fume hood . A repeat 

wa sh o f  30  m i nu tes i n  0 . 1  M cacody late buf fer wa s carr i ed 

out , with a change of bu f fer a f t e r  1 5 minutes , to ensure 

e l iminat ion of a l l  o f  the o smium re s idue . The nerve s 

were held i n  6 6 %  glycerol overnight a t  a temperature of 

6 0°C .  After be i ng trans f erred to 1 0 0 %  g lycerol the samp l e s  

were stored i n  a ref r i gera tor unt i l  requ i red . 

TEASED F IBRE PREPARATIONS 

Tea s ing o f  . nerve f i bres wa s carr i ed out on a g l a s s  
1 m i cros cope s l ide , under a d i s sect ing m i croscope a t  a 

magn i f i cat ion o f  4 0 x ,  u s ing curved forceps 2 a nd a f ine 

po inted need le when neces sary . W i th the length o f  nerve 

i n  a drop o f  g l ycerol , the epi neurium wa s s tr ipped o f f , 

thus s eparat ing the nerve t runk into f a s c i c l e s . The 

per i neur ium wa s then removed , expos ing the nerve f ibre s 

and endoneur i um . The f a s c i c l e s  were separated into sma l l  

s t rand s  o f  nerve f ibre s , whi ch were d ivided r epeated l y  

unt i l  individu a l  f ibres were i solated . I f  t h e  f i bre 

conta i ned le s s  than f ive nodes of Ranvier along its length , 

i t  wa s d i s ca rded . The f ibre wa s trans ferred to a c lean 

g l a s s  s l ide , l a id edge to edge w i th the one being u sed 

for teas ing . The f ibre wa s grasped at one end and s l i d  

a l ong the s l ide , t hrough a sma l l  drop o f  glyce r i ne a t  

1 .  Olympus d i s secting microscope , Toky o ,  Japan . 

2 .  Number 7 f orceps , 4 . 5  inch , c urved, f i ne pointed . Dumoxe l ,  
A .  Dumont & Sons . 
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i n  the centre 

1 9 7 5a ) . Ten 

such fibres were placed on each s l ide for grad ing and 

measur ing ( Fi g . 1 9 ) . To dry of f excess g lyce r i ne , the 

s l ides were kept at 6 0 ° C for 2 4 - 4 8  hours and then mounted 

i n  glycer i ne j e l ly .  

One hundred teased f ibre s we re obtained f rom each nerve 

samp le , wi thout pre select ion a nd in approx ima t e l y  equa l 

numbers from a l l  fa s c i c l e s . The s i ngle f ibre s  were graded 

, l e scr i pt ively a c cord ing to the s y s tem described by Dyck 

{ 1 � 7 5a ) , and depicted in F i g . 2 0 . 

I nternode lengths were mea sured u s i ng an ocular mi crometer . 

For each tea sed f ibre the mean internode length , and 

coe f f i c i ent of var i a t ion of i nternode leng t h  were 

ca lculated . Both the length ca l culat ion s  and grad ing 

of internodes were compa red in term s  of tota l nerve f i bres 

and total internodes .  The " one - s ample runs t e s t "  wa s 

u s ed to determine whether abnorma l i nternode s were randomly 

d i stributed or occurred i n  groups a long part icular nerve 

f i bres ( S iegel , 1 9 5 6 ) . 

I n  t he tea sed f ibre stat i s t i c a l  ana lyse s ,  compar i s ons 

of mean i nternode l ength were made on the ba s i s  o f  the 

d i sease status of t he anima l , the s ide of or i g i n  of the 

nerve sample , a nd the level o f  the sampl e of recu rr ent 

la ryngeal nerve . The s ign i f i cance of d i f f erence s 

( P .< 0 . 1 ) wa s determ ined by the " Kolmogorov- Smi rnov " te s t . 

Teased f ibre s f rom the 1 day o l d  foa l were not i nc luded 

in t h i s  ana ly s i s . As we l l  a s  overa l l  compari sons , the 

ana lyses we re performed sepa rate ly for sma l l and l a rge 

nerve f ibre s . For the d i s ta l  nerve samples a sma l l  f i bre 

wa s arbitra r i l y  defi ned as hav i ng a mean internode l ength 

of l e s s  than 8 0 0  !J m ,  and a large f ibre as having a mean 

internode length of 8 0 0  \J m  or more . At the prox ima l level 

o f  nerve samp l i ng the breakpoint between sma l l  and l a rge 

f i bres wa s def ined as 9 7 5  !Jm . 
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The nerve samples were further f i xed i n  2 %  g lutara ldehyde 

for 90 m inutes , and then trans ferred to 0 . 1  M cacody late 

buf fer for 3 0  m i nute s .  Dur i ng th i s  latter period the 

specimen wa s d i vided into pi eces approxima t e l y  1 - 2 mm 

long . The nerve wa s placed on a sheet of dent a l  wax i n  

a pool of bu f fer and exami ned under a d i s sect i ng m i c roscope , 

at a magn i f i cat i on of 4 0 x . Adherent connect i ve t i s sue 

wa s removed and a cro s s - sect i on of the ent i re nerve trunk 

taken for subsequent tran sver s e  sect ioning . The rema inder 

of the s amp le wa s divided into f a s c i c l es or groups of 

f a s c i c le s , to be cut into 1 - 2 mm cubes . To pre serve 

orientat ion of the nerve f ibre s ,  the length of f a s c i c l e  

taken wa s s l ight l y  greater than i t s  width . Ident i f icat i on 

o f  the l ong axi s of the nerve wa s therefore f a c i l itat ed , 

when embedd i ng t he t i s sue b locks i n  re s in . The samp l e s  

were then transferred t o  1 %  osmium tetroxide f o r  9 0  m i nute s .  

The samp l e  bot t l e  wa s shaken vigorou s ly by h and for 1 0 

second s , to a id penetra t i on o f  the osmium tetroxide into 

the spec imen . The next s tep i n  the proce s s i ng s chedu l e  

wa s a 3 0 m inute wa sh i n  cacodylat e  buf fer , w i t h  a change 

of bu f f er during the 3 0  minute per i od . An en £.L o c  method 

of s t a i n ing wa s u sed , i nvolv ing 3 0  minutes  i n  a 1 %  

phenylened iamine s olut ion , freshly prepared for each s e t  

o f  sampl e s  proce s sed . A f t e r  s taini ng,  the t i s sue sampl e s  

were dehydrated i n  a graded s e r i e s  of a lcoho l s , for a 

period of 1 0 m i nutes i n  each of 8 0 % ,  9 5 % , 1 0 0 % , a nd a 

s econd 1 0 0 %  a l coho l . Thi s  wa s fol lowed by two 1 0 minute 

periods i n  p ropy lene oxide 1, and then overnight immers i on 

i n  a 5 0 : 5 0  mixture of propyl ene oxide and pola rbed 2 

1 .  Propy l e ne ox i de , BDH Chemi c a l s  Ltd, Poo l e ,  Engl and . 

2 .  Ap,�;.endix 2 .  
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The fol lowing morning the res idu a l  polarbed wa s poured 

o f f  and fresh 1 0 0 %  polarbed added , to cover the speci me n s , 

for 6 0  minutes . The sample s  were embedded i n  f la t  rubber 
1 moulds i n  epon or polarbed re s i n . Several b locks were 

embedded for e a ch s ampl i ng leve l , i nc luding a transverse 

section of t he whole nerve trunk , several fa s c i c le s  

transversely o r iented and one long i tud i na l ly . Orientat ion 

wa s checked under a di s secting m i croscope . The mou lds 

were then placed in  an oven a t  6 0° C for polyme r i s a t i on 

o f  the res in to occur . After 1 2 0  m inutes , when the re s in 

wa s suff i c ient l y  v i s cous to prevent dr i f t ing of the 

spec imens , the o r i entation was checked and corrected i f  

nece s s ary . The re s i n wa s left t o  cure a t  6 0° C for 4 8  

hour s .  

PREPARAT ION OF SECTIONS FOR L IGHT MICROSCOPY 

" Th i ck" section s  for l ight mi cros copy were cut2 at 1 .  5 u rn  

u s ing a glas s kn i f e , and were not s t a i ned before moun t i ng , 

a s  phenyl ened iamine had been i ncorporated i nto the 

proc e s s ing s chedu l e . The s e  sect i on s  were examined under 

a l i ght micros cope i n  order to detect any morpho log i ca l  

change s ,  and t o  mea sure the mye l i na ted f ibre popu l a t i on s  

present at each leve l o f  the nerve . 

U s ing a pri sm proj ect ion m icroscope , trac ings of the 

transverse nerve section s  were made on to paper , i n  order 

to e s t imate the den s i ty of mye l i na ted f ibre s  per rnrn2 of 

transverse f a s c icular area . Transverse sections o f  the 

whole nerve 'v'Tere t raced i n i t ia l l y , a t  low magni f i c a t ion 

( x 1 0 0 or x2 5 0 ) , s howing f a s c i cu l a r  out l ine s . Thi s  wa s 

followed by h ig h  power proj ect i on ( x6 5 0  magn i f i ca t ion ) ,  

to enable mea surement of ind ividua l nerve f ibre s . F ibres 

f rom severa l f a s c i c l e s  we re t ra c ed a t  the h igher 

1 .  S i l i cone rubber mou l d ,  Po la ron Equi pmen t  Ltd, Watford , Eng l and . 

2 .  LKB 8806A U l tratome 3 ,  LKB , Bromma 1 ,  Sweden .  



' 7 9  

magn i f i cat ion . F i bre d i ameter s a nd f a s c icular areas were 

c a l c u l a ted f rom the tracings w i th the use of a d i g i t i ser1 • 

Nerve f i bres not mea sured because of artefact were inc luded 

in the est i ma t i on of the tot a l  number of f ibre s per 

mm 2 of fa s c i cular area . Diameter h i stograms were then 

plotted . 

The d i ameter d i s tr ibut i on s  of mye l i na ted nerve f i bres , 

for the various samp le s ites i n  a f fec ted a nd unaf fected 

an ima l s  we r e  compared u s ing the Kolmogorov - Sm i rnov 11 two 

sample '1 t e s t  ( Katrak et a f , 1 9 8 0 ) . Th i s  test i s  ba sed 

on the agreement between the two cumulat ive f requency 

d i s t r i bution s , w i th the sta t i s t i c  be ing a func t i on of 

the maximum d i f ference between the two d i s t ri bu t i ons , 

over the common d i ameter i nterva l s  mea sured . Sma l l  

( :;; 9 . 5  \..l m )  and large ( > 9 . 5  lJ m ) d i ameter f i bres were 

cons idered separa tely . 

ELECTRON MICROSCOPY 

A f t e r  v i ew i ng the " thi ck" sect i on s  by l ight mi croscopy , 

the a rea o f  the block to be used for " th i n" sect i on i ng wa s 

chosen . S i lver to grey r ibbons were cut , u s ing a diamond 

kni f e , and transferred to unsupported copper grids
2 

• 

The s e  were then s ta ined with urany l acetate and lead 

c i trate3 . 

The "thin''  sect ions were examined on a Ph i l ip s  2 0 0  e le ctron 

m i croscope , in order to detect any morpho log i c a l  changes . 

E l ec tron m i crographs were taken of a number o f  f i bres 

( up to 7 5 per samp l e ) , as encountered ser i a l l y  i n  X and 

Y t raverse s  of the g r i d , to ensure that no f i bre wa s 

1 .  H i pad TM D i g it i ser , Hou s ton �trument , Aus t i n ,  Te xa s . 

2 .  Square 400 mesh , unsupported copper g r i ds , Polaron Equipment 

Ltd , Wa tford , Eng l a d .  

3 .  Appendix 3 .  
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included more than once . The a x i s  cyl i nder per imeter 

wa s mea sured f rom the m i c rograph in 'l.lm , u s i ng programmed 

Maj or dens e  l i ne s , d i g i t i s a t i on and ca lculat ion . 

ind i c a t i ng the number of mye l i n  lame l lae were counted 

from the mi crograph for each f ibre , under a d i s sect ing 

m i cros cope . The regre s s i on ana l y s i s  of the ax i s  cyl i nder 

perimeter ( logar i thm to ba s e  e )  and the number of mye l i n  

lame l lae w a s  then determined . 

3 .  RESULTS 

LIGHT MICROSCOPY 

Morphology 

The complete record of observat ions rriade by l i gh t  

m i cros copy of e a c h  s it e  of both l aryngea l nerves f rom 

the 1 5  hor se s , i s  to be found in Append i x  6 .  

Two ba s i c  forms of patholog i c a l  change were obs erved . 

( i )  Lo s s  of mye l i nated f i bres 

Th i s  wa s d iv ided into four categor i e s ; no los s 

( - ) ; a s l i ght los s ( + )  ; a mi ld los s ( ++ ) ;  and 

a s evere los s ( + + + ) , a s  i l lustrated i n  F ig s . 22 and 23 

and tabul ated below ( Table 2 )  • There wa s a 

correspond ing graded increase in endoneur i a l  nuc l e i . 

( i i )  I ndividual f i bre patho l ogy 

Thes e  were mye l i na ted f ibre s with di s proport i onately 

thin mye l in sheaths ,  regenerat i ng c l u s t er s , " onion 

bu lb" format ions a nd mye l ina ted f ibre s  w i th mye l i n  

debr i s  i n  the i r  S c hwann c e l l  cytop l a sm . These 

s tructures were observed to be rare ( + ,  1 or 2 in 

a transverse sec t i on o f  a nerve ) ; occas iona l ( + + ,  
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1 or 2 per f a s c i cle ) �  moderate (+ + + , 5 - 1 0 per 

f a s c i c l e ) �  and numerous ( + + + + , more than 1 0  per 

f a s c i c l e ) .  

TABLE 2 :  

NERVE LEVEL 

L d i stal 

L m i dcervical 

L proxima l 

Rt d i stal 

Rt midcervical 

Rt proxima l 

MYEL INATED F IBRE LOS S  I N  EQUINE RECURRENT 

LARYNGEAL NERVE 

GROUPS OF HOR S ES 

SUBCLINI CAL CLI N I CAL 

DEGREE NO . NO . DEGREE NO . NO . 

LOSS AFFECTED EXAMINED LOSS AFFECTED EXAM INED 

++ 5 5 +++ 4 4 

+ 3 5 ++ 3 3 

- 0 5 - 0 4 

+ 2 5 + 3 4 

- 0 5 + 1 4 

- 0 5 - 0 4 

---------�-------

The loss  of mye l i na ted f i bres wa s mo s t  severe in the d i s t a l  

l e f t  recurrent laryngea l nerve of the c l inical  group , 

w i th progres s ive decrease in s ever i ty i n  a prox ima l 

d i re ct ion ( F ig . 2 2 ) .  I n  fact , a t  the proxima l level o f  

th i s  nerve n o  l o s s  of f ibres wa s a pparent . Thi s  s ame 

grada t ion in the l o s s  of mye l i na t ed f ibre s  wa s present 

i n  t he subc l i n i ca l  group , a l though l e s s  s evere than the 

c l i n i ca l . Simi l a r l y , in the r i gh t  recurrent laryng e a l  

nerv e , a d i s ta l l y  distributed loss of f ibres wa s apparent i n  

the c l inical -and subc l i ni ca l  groups , but wa s con s idera bl y  

l e s s  marked than o n  the l e f t  s ide ( F i g . 2 3 ) .  

No l o s s  of mye l i na ted f ibre s  wa s observed i n  the l i mb 

nerve s from the two cl inica l hor s e s  stud ied . Nor wa s 

a l o s s  apparent i n  any o f  the s amp l e s  from the control 

group of  horse s .  
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The f requency o f  ind ividual nerve f ibres w i th patho l ogy , 

wh i c h  i n cluded thinly myel inated f i bre s , regenera t ing 

c l u s ters , " onion bu lbs" and mye l in debr i s , is recorded 

in Tabl e 3 ,  and i l lu s trated in the recurrent laryngeal 

nerves i n  F ig s . 2 4 - 2 8 , and i n  h i nd l imb nerves , in F ig s . 

2 9 - 3 3 . 

TABLE 3 :  THE FREQUENCY OF INDIVIDUAL NERVE F IBRE CHANGES 

IN EQUI NE RECURRENT LARYNGEAL AND LIMB NERVES 

GROUPS OF HORSES 

NERVE CONTROL SUBCLINICAL CLI N I CAL 

LARYNGEAL 

L d i stal  ++  + + +  + +  
L midcervical  ++  + + +  + + + +  
L prox ima l + +  + + + + + +  t o  + + + +  
L vagus 1 *  - + +  + +  to + + + +  
L vagus 2** - + +  + + +  
Rt d i sta l  + to + +  + +  + +  to + + + +  
Rt midcerv i c a l  + + +  to + + + +  + +  t o  + + + +  
Rt proxima l + + to + +  + +  to + + +  
Rt vagus 1 - - to + + to + +  
Rt vagus 2 + - -

LIMB 
--

1c x. i. 2. n -t> o /l.  d.ig.it o /l. um 
i. q ngu-t>  branch + +  t o  + + +  

super f i c i a l  peronea l  ++  to + + +  
common peronea l 

/ 
+ to + +  

t i b i a l  + +  to + + +  
med ian + +  

* Vaga l nerve proxima l t o  separa t i on o f  the recurrent 

l aryngea l nerve . 

** Vaga l nerve a t  the midcerv i ca l  l eve l . 
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The prox ima l to d i s t a l  incre a s e  i n  severity o f  pathology , 

a s  seen with f i bre los s , was a l so observed in the f requency 

of these patho log i c a l  changes . One exception to thi s 

t rend wa s the d i s ta l  left recurrent laryngea l nerve of 

the c l i n i ca l group . Few mye l i nated f ibre s  rema i ned in 

t h i s  nerve to take part i n  the s e  changes . A s l i gh t  

proxima l to d i s ta l  i ncrea se i n  s ever ity of patho logy wa s 

a l so observed a long the peronea l nerv�r 

A number of other changes were observed whi ch i nd i cated 

a c t i ve i so l ated f i bre pathology . F i bres with spl i t  mye l i n  

s heaths , u s ua l l y  conta ining den s e  granular ma ter i a l i n  

t h e  s p l i t  ( F ig .  3 4 ) , were seen rarely i n  the subc l i n i ca l  

and contro l l e f t  d i s ta l , subc l in i ca l  and c l i ni c a l  r i ght 

d i s tal, and subcl inical right midcervical recurrent 

la ryngea l nerves . Swol len f i bres with dense a xopl a sm 

and attenua ted mye l i n  sheaths ( F ig s . 3 5  and 3 6 )  we re 

obs e rved in a l l  groups in the l e f t  d i stal nerve , in the 

c l i n ic a l  l e f t  m idcervica l nerve , cl inical r ight d i s ta l  

nerve , c l i n i ca l  and subc l i n i c a l  r i ght midcerv i ca l nerve , 

subc l inical r i gh t  proxima l recurrent laryngea l nerve , and 

the c linica l vagal nerve proxima l to separa t i on of the 

recurrent l a ryngea l . Of ten the se swollen f ibre s were 

at the centre of " onion bu lb" format ions . Co l lapsed 

mye l in sheat h s  occupy i ng Schwann c e l l s ,  were s ee n  rarely 

i n  the subc l i n i c a l  left  d i s t a l  recurrent l arynge a l  nerve 

and c linica l l e f t  vagu s prox ima l to separa t i on of the 

recurrent la ryngea l nerve . 

Renaut bod i e s  we re present at each level of the recurrent 

la ryngea l nerve , in some member s  of each group . W i t h i n  

a group , a t  a par t i cular l eve l there wa s u s ua l ly 

cons iderable var ia t i on i n  the i r  number and form . There 

d i d  not appear to be any corre l a t ion between the level 

of sampl ing and the extent of thes e  structure s , nor be tween 

the severi ty o f  pathology observed and the i r  deve l opment .  
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Renaut bod i e s  were observed i n  the 1 day old foal ( F ig . 

3 7 ) .  In one instance a Renaut body , 

subper i neuri a l  pos i t i on wa s seen ( E i g . 3 8 ) .  

not in a 

Tran sverse sections of the r ight midcerv i ca l  recurrent 

laryngeal nerve of the 1 day old foa l ( F ig . 3 9 ) , and of 

the r i ght proximal nerve samp l e  of a c l inical an imal were 

r i bbon- l ike i n  appea rance ( Ha s l am '  s anoma l y ) ,  be ing only 

one fa s c i c l e  i n  width . 

Morphomet ry 

DEN S ITY OF MYEL INATED NERVE F I BRES I N  EQU INE RECURRENT 

LARYNGEAL NERVE 

The dens i ty of mye l i nated f ibres in the l e f t  a nd r i gh t  

recurrent l aryngea l nerves of t h e  control , subc l i n i c a l  

and c l i n i c a l  laryngea l  hemipleg i c  anima l s , a t  t h e  three 

samp l i ng l ev e l s  inve s t i gated , are recorded i n  Table 4 .  

TABLE 4 :  DENS ITY OF MYELINATED F I BRES ( NO . / MM
2

) IN EQUINE 

RECURRENT LARYNGEAL NERVE 

GROUPS OF HORSES 

NERVE LEVEL CONTROL SUBCLINICAL 

DENSITY* 

L d i s t a l  2 6 6 4  

L m idce rvi ca l 2 5 5 8  

L proximal 2 5 7 5  

Rt d i s t a l  2 9 4 0  

Rt m idcerv i ca l 2 6 5 7  

Rt proxima l 2 9 4 4  

* 
** Mean f ibre den s i ty 

S tandard deviation 

S . D t* DENS ITY S . D .  

8 5  1 6 4 4  7 8  

1 6 1  2 2 2 4  1 3 3  

6 3  2 0 9 7  9 7  

1 0 5 1 8 5 9  7 8  

1 4 5 2 0 6 6  5 6  

1 2 7  1 7 8 9  8 1  

CLI N I CAL 

DENS ITY S . D .  

6 9 5  3 7  

1 5 2 0  8 0  

1 9 5 2  4 8  

1 6 5 8  3 7  

1 7 4 8  5 0  

2 0 3 8  3 4  
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Compari sons o f  the control w i th the two a f fected groups , 

a t  each par t i cular samp l i ng s i te , revea led a decrease 

i n  f ibre den s i ty a s soc i a ted with d i s ea se . The s e  

d i f ference s we re examined b y  t h e  s tudents t t e s t , and 

in al l i n stance s proved to be s i gnif i cant at the 1 %  leve l . 

The los s o f  f i bres wa s mo s t  severe i n  the d i s t a l  l e f t  

recurrent l aryngea l nerve of the c l i n i ca l  l a ryngea l 

hemipleg i c  anima l s . A gradat i on in the extent o f  the 

decrea se i n  f i bre dens i t y , from the control through 

subc l i ni ca l to c l in i ca l  g roups , wa s apparent at a l l  

sampl ing s i tes , with the excep t i on o f  the prox ima l r ight 

recurrent laryngea l nerve . 

There '1'/a s : a prox ima l to d i s t a l  decrea s e  i n  

mye l i nated f ibre den s i ty w i th i n  t he two d i seased groups , 

w i th the except ion of the l e f t  a nd r i ght prox ima l leve l s  

o f  the subc l i n i ca l  group . 

Compari son of the l e f t  and r i gh t  samples of correspond ing 

leve l s , w i th i n  the cl inical group , ind i cated a more severe 

l o s s  of f i bres on the l e f t  s ide , s i gn i f i cant a t  the 2 %  

level . 

S I ZE OF MYELI NATED NERVE F I BRE S IN EQUINE RECURRENT 

LARYNGEAL NERVE 

F i bre diameter di s t ri bution s  in equine recurrent l a ryngea l  

nerve 

The d i st r i bu t i ons o f  the popu l a t i ons of mye l i na ted f ibre s 

i n  the recurrent laryngeal nerves of contro l , s ubc l i nica l 

and c l i n i c a l  laryngea l hem i p l eg i c  horses , are presented 

as h i s tograms in E ig s . 4 0 - 4 2 . The mean f ibre d i ameters 

and the i r  s tandard deviat ions are recorded in Tab l e  5 .  
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TABLE 5 :  MEAN MYELINATED F IBRE DIAMETER ( U m )  I N  EQUI NE 

RECURRENT LARYNGEAL NERVE 

GROUPS OF HORSES 

NERVE LEVEL CONTROL SUBCL INICAL:.:_ CLINI CAL 
FIBRE F I BRE -F I BRE 

DIAl'II!ETER S . D . DIAMETER S . D .  D IAMETER s . D .  

L distal 8 . 4  1 . 4  7 . 4  1 . 9  4 . 4  2 . 0  

L midcerv i c a l  8 . 8  1 . 5  7 . 9  1 . 6  6 . 3  1 . 9  

L proxima l 8 . 6  1 . 4  9 . 2  1 . 7  9 . 2 1 . 7  

Rt distal 8 . 5  1 . 9  9 . 5  1 . 7  9 . 2 2 . 0  

Rt midcerv i c a l  8 . 5  1 . 7  9 . 7  1 . 4  9 . 5  2 . 1 

Rt proximal 8 . 7  1 . 9  9 . 6  1 . 9  9 . 3 1 . 8  

H i s tograms o f  the recurrent la ryngea l  nerve s f rom the 

control hors e s , in a l l  i n s tance s , contained a maj or peak 

of f ibre s  at 8 - 1 1  u rn ,  wh i c h  con s t i tuted the maj ority o f  

the popu l a t i on of nerve fibres . In add i t ion , there wa s a 

con s i derably sma l l er peak at 2 . 0 - 4 . 5  u rn , whi ch wa s variable 

in height , and appeared to be more obvious at proxima l 

leve l s  of the nerve . 

Compar i son o f  the f ibre d iameter h i s tograms of the d i s t a l  

l e f t  recurrent laryngea l nerves of control anima l s  w i t h  

t h e  c l i n i ca l s , 

d i ameter s i n  

showed a marked s h i f't to sma l l e r  f ibre 

the latter 

d i s appea rance of 

a loss o f  l a rge 

the large 

g roup , 

f ibre 

w i th 

peak . 

relative i ncrease 

d i ameter f ibre s , and 

in sma l l  d iameter 

a lmos t 

There 

complete 

has been 

a corre spond ing 

f ibre s . The 

subc l in i ca l  a n ima l s  a l so showed a s h i f t  to sma l l er f ibre 

d iameter s ,  a l though less severe than that of the c l i n i c a l  

group . The s e lect ive loss  of l a rge d i ameter f ibres wa s 

r e f lected by the decreased mean f ibre diame ter i n  the 

subcl inica l and c l i n i ca l  groups at thi s leve l ( Table 5 ) , 

a s  wa s th� more extens ive i nvolvement of the c l i n i ca l  

anima l s .  The s·e d i f ferences we re s igni f i cant a t  the 1 %  

level . 
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A t  the midcervica l leve l o f  the l e f t  recurrent l aryngea l 

nerve , the l o s s  of large f i bres wa s apparen t , a lthough 

l e s s  so than at the d i st a l  level , in both c l inical  and 

subc l i n i ca l  groups . Aga i n , thi s ,  and the greater 

involvement of the c l inical  anima l s  wa s reflected by the 

de crea se in the mean f ibre d iame ters , s igni f i cant at the 

1 %  level . 

At the proximal leve l of the left recurrent laryngea l 

nerve , no l o s s  of large mye l i nated f i bre s wa s apparent 

in the subc l inica l and c l i n i c a l  groups . In fact , the 

ma j or peak of large d iameter fibres wa s sh i f ted to s l ightly 

grea ter d i ameters in the a f fected groups when compared 

wi th the control s .  The mean mye l i nated · f i bre d iameters 

of the l a t t er groups we re corre spondingly h igher . The 

same d i f f erence wa s observed in the control group re lat ive 

to the d i sea s ed g roups a t  a l l  three l eve l s  o f  the r ight 

recurrent la ryngea l nerve . 

Comparisons o f  f ibre d i s t r ibut ions of d i s ta l  l e f t  w i th 

di s t a l  r ight recurrent laryngea l nerves s howed a marked 

sh i f t  to s ma l ler f i bre d i ameters on the l e f t  i n  both 

c l i n ical a nd subc l i nical groups , 

in the subc l inica l anima l s .  Th i s  

a l though l e s s  marked 

wa s ref lected by the 

correspond i ng l y  l owe r mean f ibre d i ameter on the l e f t . 

A s imi la r , a l though l e s s  obvious change on the left s ide 

wa s also seen a t  the midcerv i ca l  leve l s  of thes e  two 

groups . At 

d i st ri but i on s  

the 

on 

proxima l 

t he l e f t  

those on t h e  r ight . 

l evel the f ibre d iameter 

s ide were a lmos t i dent i ca l  to 

Compari son s  o f  t he h i s togram s of the left recurrent 

laryngea l nerves of the c l i n i c a l  anima l s , at the three 

samp l ing l eve l s , showed the select ive los s o f  l arge 

mye l ina ted f i bres to be progre s s ively more s evere in a 

proxima l to d i s t a l  d irec t i on . Thi s  wa s a l so true for 

the subc l i n i c a l  an ima l s , a l though d i f ference s we re not 

a s  obviou s . A s imi a · · ,  but Ct • " s iderab ly l e s s  extens ive 
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/ 

d i s ta l ly g raded s h i f t  to sma l ler f ibre d iameters wa s 

obs e rved i n  the r ight recurrent l a ryngeal nerve , in both 

d i s eased groups . 

Compar i s on of the f ibre d i ameter d i stribu t i on s  of the 

l e f t  a nd r ight s ides , and at a l l  levels of the recurrent 

laryngea l nerves of the control group , d i d  not revea l 

any not i ceable d i f ference s . 

F ibre d i ameter d i s tributions i n  intralaryngea l  recurrent 

laryngea l nerve 

The mean mye l ina ted fibre d i ameters and standard deviat i on s  

of the intra laryngea l adductor and abductor branche s o f  

the l e ft a nd r ight recurrent larynge� l nerve s a re shown 

in Table 6 ,  and the i r  d i s t r i bu t i ons in �i g . 4 3 . 

TABLE 6 :  

NERVE 

MEAN MYELINATED FIBRE DIAMETER ( 11m ) IN INTRA-

LARYNGEAL BRANCHES OF THE EQUINE RECURRENT 

LARYNGEAL NERVE 

S IDE 
I'-1EAN FIBRE STANDARD 

DIAMETER DEVIATION 

adductor branch L 7 . 5  1 • 8 

Rt 1 0 .  1 1 . 7 

abductor branch L 9 . 4  1 • 6 

Rt 1 0 .  1 1 . 1 

With the except i on of the branch of the recurrent laryngea l 

nerve i nnervat i ng the l e f t  c �t...L c o a ll. y L e n o ..L d e u .o  i..aie�t.a i....L .o  

mu s c le , a n  adductor , the f ibre d i ameter d i st r ibut i on s  

appeared s im i lar t o  those of the who le recurrent laryngea l 

nerve s . However , the pre sence of the smal l  peak at 2 - 4  -w m  

wa s obvi ou s  on ly in the branch to the left c�t. ..L c o all. y i e n o ..Lde u .o  

d o 11. .b a i....L .o  , the abductor mu s c l e . The h i s togram for the 

branch i nnerva t i ng the l e f t  c�t...L c o all. y i e n o ..L d e u .o  i.. aie11. a i....L .o 
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1 • .' 

mu s c le , 

proce s s  

sh i f t  

showed changes characte r i s t i c  o f  the ' d i sease 

of laryngea l hemipleg i a . Tha t  i s , there wa s a 

to sma l ler diameter f ibre s . Howeve r , when the 

di str i bu t i on s  of the right adductor and abduc tor branches 

we re compared , there wa s a sh i f t  to s l i g h t l y  sma l ler 

d i ameters i n  the ma j or peak of the latter branch . That 

i s , the branch of the re current laryngea l nerve innervat i ng 

the c�i c o a�yten o ideu� fate�afi �  mus c l e  conta ined relat ively 

more large f i bres than the branch i nnervat ing the 

c�i c o a�yte n o ideu� do�� afi� • Th i s  d i f f erence in the two 

d i s tribut i on s  wa s s i gni f i cant a t  the 1 %  level in the large 

f i bre popu la t ion . 

TEASED F I BRE PREPARATIONS 

Morphology 

The percentage of abnorma l  teased mye linated f ibres i n  

the recurrent laryngeal nerve s f rom contro l , s ubc l in i c a l  

and c l i n i c a l  l aryngeal hem i p l eg i c  hor ses are presented 

in Append i x  8 ,  and summari sed i n  Table 7 .  

TABLE 7 :  PERCENTAGE OF ABNORMAL TEASED MYELINATED FIBRES 

IN EQU INE RECURRENT LARYNGEAL NERVES 

GROUPS OF HORSES 

NERVE LEVEL CONTROL S UBCLINICAL CLINICAL 
MEAN RANGE MEf>N RANGE MEAN RANGE 

9., 9-

L d i s t a l  4 . 4  ( 1 - 8 ) 5 1  • 8 ( 2 4 - 7 2 )  6 1  • 8 ( 4 3 - 8 3 ) 

L midcerv i c a l  2 ( 1 - 3 ) 2 1  ( 4 - 3 5 ) 4 9 . 7  ( 4 2 - 5 6 ) 

L prox ima l 0 . 8  ( 0 - 3 ) 1 1  • 5 ( 0 - 3 0 )  8 . 8  ( 2 - 2 4 ) 

�t di s t a l  2 . 4  ( 0 - 5 ) 6 . 6  ( 0 - 1  6 )  1 4 . 3  ( 7 - 2 7 ) 

IRt midcerv i ca l  1 ( 0 - 2 ) 4 . 8  ( 1 - 9 )  7 . 2  ( 3 - 1 4 )  

IRt prox ima l 1 . 6 ( 0 - 4 ) 7 . 8  ( 1 - 1  9 )  1 1  • 5 ( 0 - 3 0 ) 
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Three maj or trend s are apparent . 

i The percentage of abnorma l f i bres i s  c on s iderabl y  

h i gher in the subc l i n i c a l  ariC · c l i n i ca l  g'roups than i s  the 

control s .  Indeed , the subc l in i cal group appear s 

to be i ntermed iate between the contro l and c l i n i c a l  

group s , w i t h  the except ion o f  t he l e f t  prox ima l 

recurrent laryngea l nerve leve l . 

( i i ) The leve l of the nerve sample a l so appear s  to 

i n f l uence the percentage of abnorma l f i bre s . The s e  

i ncrease from t h e  proxima l through midcerv i c a l  

to the d i stal leve l of the l e f t  recurrent laryngea l 

i n  a l l  three group s of horses . Whi l e  thi s d i s ta l  

i ncrease i n  s ever i ty o f  pa thology i s  mos t  obv iou s 

i n  t he c l inical and s ubc l i n i c a l  groups , i t  i s  a l s o  

pre sent i n  the contro l s .  

( i i i ) There i s  a d i f ference in the percentage of abnorma l 

tea sed f i bres between the l e ft and r ight recurrent 

laryngea l nerves . Thi s  i s  most obv ious when 

compa ring the l e f t  and righ t  d i s tal and midcerv i c a l  

s ampl es o f  the subc l i nical  and cl inical groups . 

The percentage of abnorma l f ibre s i n  l imb nerves f rom 

two of the .c l i n i ca l  laryngea l hem ip legic hors e s  var i ed 

from 8 %  i n  the tibial  nerve , to 1 8 %  i n  the deep peronea l 

nerve , w i t h  a mean value o f  1 3 .  3 % .  Withi n the perone a l  

nerve there a ppea rs to be a d i s t a l  incre a s e  i n  the 

percentage of abnorma l i t ie s , f rom the prox ima l leve l of 

the c ommon peroneal ( 1 2 % )  to the superf i c i a l  ( 1 5 % )  and 

deep peronea l ( 1 8 % )  nerve s . Thi s  degree o f  abnorma l i ty 

approx i ma t e s  that of the proxima l le ft and r i gh t  recurrent 

laryngea l nerve samples  of the c l i n i ca l  group . 

The percentage o f  the d i f f erent teased fibr e  abnorma l i t i e s  

o r  g rade s ( a fter Dyck , 1 9 7 S a ) , a r e  s hown i n  Table 8 ,  a nd 

the d i f f erent type s are depi cted in F i g s . 4 4 - 5 3 . 
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TABLE 8 :  GRADES ( a fter Dyck ,  1 9 7 5a ) OF ABNORMAL FIBRES IN 

EQU INE RECURRENT LARYNGEAL AND LIMB NERVES 

ABNORMAL F I BRE TYPES ( mean % )  
NERVE LEVEL 

B c D E F G I 

CONTROL 

l e f t  d i s t a l  1 . 0  0 . 4 0 . 8  2 . 0  0 . 2  

midcervical 0 . 3 0 . 3  0 . 5  1 . 0  

proximal 0 . 6  0 . 2 

r ight d i s t a l  0 . 4 0 . 4 1 . 6  

midce rvical 0 . 2  0 . 8  

proxima l 0 . 4  1 . 2  

TOTAL 0 . 0 3 0 . 3 1 0 . 1 4 0 . 3 8 1 . 1 4 0 . 0 3 

SUBCLI N I CAL 

l e f t  d i s t a l  0 . 4  3 . 8  9 . 2  7 . 4  30 . 2  0 . 8  

midcervical 0 . 4  1 . 8  2 . 0  5 . 2  11 . 0  0 . 2  0 . 4  

proximal 0 . 3 3 . 3  2 . 3  0 . 8  

r ight d i s t a l  1 . 0  0 . 4  0 . 6  4 . 2  0 . 4  

midcervi ca l 0 . 2 1 . 2  3 . 4  

proxima l 0 . 2  0 . 8  0 . 8  6 . 0  

TOTAL 0 . 1 7 1 . 1 7 2 . 1 7 3 . 0 7 10 . 4 5 3 . 4 5 0 . 07 

CLI N I CAL 

l e f t  d i st a l  2 . 0  5 . 0  1 . 3  5 3 . 0  0 . 8  

midcervical 1 3 . 0  3 . 0  1 . 0  4 2 . 7  1 . 7  

proxima l 0 . 5  0 . 3 0 . 5  7 . 3  o .  3 

ri ght d i sta l 1 . 0  1 . 5  9 . 5  2 . 3  

midcervical 1 . 0  1 . 5  8 . 0  0 . 5  

proximal 1 . 0  8 . 5  

TOTAL 0 . 96 1 . 3 0 1 . 1 3 2 0 . 5 7 0 . 87 

LIMB NERVES 

medi a n  3 . 0  1 . 0  4 . 0  8 . 0  

deep peroneal 1 . 5  1 . 0  0 . 5 1 . 0  5 . 5  3 . 5  

super f .  peronea l 3 . 0  3 . 0  9 . 0  

common peroneal 10 . 0  2 . 0  

t i b i a l  5 . 0  3 . 0  

TOTAL 1 . 0  1 . 0  0 . 1 7 0 . 8 3 6 . 50 3 . 3 3 
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I n  a l l  groups of hor s e s  the predominant abnorma l ity 

obs erved wa s that of s hort i nterca lated i nternodes ( F )  • 

However ,  many more of the se i nternode s  we re pre sent in 

the c l inical ( 2 0 x ) a nd subc l i n i c a l  ( 1 O x )  groups than i n  

the controls . 

The control group conta ined few abnorma l f ibres . As we l l  

a s  remye l inated i nternode s ( F ) , axona l degenerat ion ( E )  

and demye l i nat i on ( C ) , were observed , and were more common 

than f ibre s w i th both demyel inat ion and remyel inat ion 

( D )  • 

In the subc l inical  group , degenera t i ng f i bres ( E )  and 

tho s e  w i t h  foca l mye l in thi cken i ng s  ( G )  were appr6x imately 

one t h i rd a s  common a s  interc a l ated internodes .  Les s 

frequently seen were f ibres w i th areas of demyel inat ion 

and remye linat ion ( D ) , and those with demy e l inat ion a lone 

( c )  • 

In the c l in i c a l  group , demye l i na t ion 

degenera t i on 

( c )  ' 
( E )  

demyel inat ion 

and foca l and remyel inat ion ( D ) , 

th i c kening of mye l i n  ( G )  

frequently than tho se w i th 

were a l l  pres ent , far 

remye l i na ted i nternod e s  

les s 

( F )  • 

Thes e  former abnorma l i t i e s  were relat ively l e s s  f requent 

in the c l inica l than the subc l i n i c a l  group . A l so in thi s  

grou p ,  whi le intercalated i nternod e s  were the predominant 

chang e , the relat ive leve l s  of the other grade s were not 

cons tant between the d i f ferent s ampl ing leve l s . In the 

left d i s t a l  nerve samp le , 1 0  times as many F f ibres were 

seen than the next mos t  common change , demy e l i na t i on and 

remy e l inat ion ( D ) . Wherea s ,  in the midcervical  nerve 

samp l e , f ibre s with demy e l i nation ( C )  were a lmos t  one 

third as common as those w i th remye l inat ion ( F ) . 

The rela t i ve extent of d i f ferent teased f i bre abnorma l i t i e s  

a l so d i f fered between the various samp l i ng l evels of the 

c l i n i ca l  and subc l i n i ca l anima l s .  In the subc l i n i ca l  

group , a s  i n  the c J  ' n i ca l , t h e  most common l y  observed 
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change wa s that of i ntercalated i nternodes ( F ) . However , 

the relative frequenc i e s  of the other grades wa s greater 

i n  the s e  hor ses . Th i s  wa s par t i cu la r l y  apparent i n  the 

le f t  d i stal and midcerv i c a l  sample s .  The maj or d i f ference 

between the subc l i n i c a l  and c l inical  groups lay in the 

h i gher proport ion of a xona l degenerat i on ( E ) in the latte r . 

I n  addi t ion , the amount of demye l i na t ion and remyel inat ion 

( C  a nd D )  in the l e f t  d i stal nerve of the subc l i ni c a l  

anima l s , wa s not i ceably greater than the s ame level o f  

t h e  cl i n i c a l  group . 

Morphometry 

De ta i l ed s ta t i s t i c s  for the internode l engths of the 

recurrent l aryngeal nerves of control , s ubc l i n i ca l  and 

c l i n i c a l  laryngeal hemi plegic hor ses are pres ented in 

Append ix 9 .  A summary of the internode length s ta t i s t i c s  

from t h e  tota l f ibre populat ion , whi c h  i l lu s trated the 

trend s pre s ent i n  a l l  f ibre and i nternode ana l y ses , i s  

pre s ented be low ( Table 9 ) . 

TABLE 9 :  MEAN INTERNODE LENGTH AND VARIATION I N  EQUINE 

RECURRENT LARYNGEAL NERVE 

CONTROL SUBCL INI CAL CLI N ICAL 
NERVE 

meaniL* 
( wm )  

�e f t  d i s t a l  '8 4 9  

prox ima l 9 6 8  

�"" ight d i s ta l  8 1 9 

* 

+ 

proxima l 9 7 3  

I nternode length 

Coe f f i c i ent of vari a t i on 

cv+ 
( % ) 

9 . 3  

7 .  1 

8 . 3  

7 . 8  

mea niL CV' mea niL CV 
( wm )  ( % )  ( wm )  ( % )  

6 4 0  2 8 . 4  5 7 7  3 0 . 8  

9 2 8  9 . 4  1 0 0 1  1 0 . 5  

8 6 8  1 0 .  7 8 1 9 1 2 . 6  

9 9 7  1 0 .  6 9 3 0  1 1  • 3 
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The mean internode l engths of each nerve s ampl e  f rom the 

l e f t  a nd r ight recurrent laryngea l nerve s o f  the control 

group wa s compared with each of the d i seased groups , us ing 

the Kolmogorov-Smi rnov test ( Append i x  9 ) . D i f f erences 

in the mean i nternode length , s igni f i cant to the 5 %  level 

we re a s  fol lows : 

( i ) The i nternode length decrea sed i n  a prox ima l to 

d i s t a l  direc t i on i n  a l l  three groups . 

( i i ) In the contro l horses , the mean i n ternode l ength 

of the d i st a l  l e f t  nerve wa s greater than that of 

the r i ght . 

( i i i ) I n  contra s t , i n  the subc l i ni ca l  and c l i n i c a l  groups , 

the mean i nte rnode length of the left d i s t a l  nerve 

wa s c onsidera b l y  l e s s , and the coe f f i c ient of 

var i a t ion higher , than on the right . 

( i v ) The mean internode length of the d i stal  l e f t  nerve 

o f  the control group wa s � recd er than that of the 

subc l i ni ca l s , which wa s s�Q�r t han that of the 

c l in i ca l s .  There wa s a corres ponding increase i n  

the coeff i c i ent o f  var i a t i on f rom the control , 

through subc l i n i c a l  to c l i n i c a l  groups . A l though 

the i nternode lengths of the prox imal l e f t , and 

both l eve l s  of the ri gh t recurrent l aryngeal nerve 

d id not d i f fer s i gn i f i cantly , the coe f f ic ient of 

var i a t ion did increa s e  in the a f fected groups . 

The d i str i but ion of abnorma l int ernod e s  on the teased 

f ibres  wa s evaluated by a " one - s ampl e  

a p robabi l i ty that a bnorma l internod e s  

run s "  t e s t , and 

were d i s t r ibuted 

randomly obt a i ned . A 1 %  level of s igni f i cance wa s used . 

I n  t he subc linical  

the 

and 

l e f t  

c l i n i ca l  groups , the' 

and r igh� recurrent internodes , in 

nerve s , showed 

we re c lustered 

a non ra ndom d i s tribut ion . Tha t 

on wa s 

abnorma l 

l aryngea l 

i s ,  they 

true for 

both d i st a l  and 

pa r t i cu lar f ibre s . Th i s  

prox i ma l  sampl ing l eve l s . The contro l 
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group wa s not included i n  t h i s  ana ly s i s  because o f  the 

i n s i gn i f i cant number of abnorma l i nternodes present i n  

the recu rrent laryngea l nerves o f  these hors e s . 

ELECTRON MICROSCOPY 

Morphology 

Det a i led data concerning the electron mi c ro s copic s tudy 

of each of the recurrent laryngea l nerve samples  f rom 

1 3  horses are recorded in Append ix 1 0 , and s umma r i sed 

be low . 

The patho log i c a l  changes obs erved in the l i ght mi cro s cop i c  

exami na t i on o f  the nerves were con f i rmed . The gradat ion 

of myel i nated fibre lo s s , and of the i nd ividua l f i bre 

changes ( " onion bu lb" forma t ions , regenerat ing c luster s , 

thinly mye l i na ted f ibres and mye l i n  debr i s ) were a l so 

seen at thi s  h igher l evel of resolut ion ( Fi g s . 5 4  & 6 0 ) . 

I n  addi t ion , many components of the nerve , not v i s ible , 

or not able to be accurately def i ned , at the l ight 

m i croscop i c  level were ident i f iable by electron mi croscopy . 

The denervated Schwann ce l l s , band s of Bungner , were 

recogn i sed by the pre sence of a surround ing basement 

membrane ( Fi g . 5 40 ) . As  wou ld be expected , the i r  frequency 

r e f l ected the loss of mye l i na ted f ibre s . They i ncreased 

i n  n umber between the r i ght and l e)ft recurrent laryngea l 

nerve s , f rom prox ima l to d i s t a l  leve l s  of both l e ft and 

r ight nerves 1 and f rom subc l i ni ca l  to c l in ical laryngea l 

hemi pleg i c  anima l s .  Branches of t he peronea l nerve 

examined a l so conta i ned band s of Bungner 1 at approximately 

the s ame f requency a s  seen i n  the prox ima l left and right 

recurrent la ryngea l ne rve samp l e s . 
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Recent nerve f i bre degeneration , a s  evidenced b y  a 

col l apsed mye l i n  sheath w i thout a n  a x i s  cy l inder ( Fi g . 

5 5A ) , wa s a l so observed a t  a l l  l eve l s  of t he left and 

r ight recurrent l aryngea l nerve s . They were seen in a l l  

three groups of hor se s . They var i ed in f requency f rom 

one to several i n  a par t i cular sect ion , genera l l y  be i ng 

more common in t he subc l in i c a l  grou p .  Simi larly , f rom 

one to severa l of the se s tructure s were seen in sect i on s  

f rom t h e  branch e s  of the peronea l  nerve examined f rom 

two of the c l i n i ca l ly af fected anima l s .  

O ther degenerating myel inated f i bres were seen , wi t h  a 

sma l l  axis  cyl inder containing 

d i s i ntegratirig· .  mye l in sheath and 

of Schwann c e l l  cy toplasm . These 

the l e f t  and r ight recurrent 

dense axopla sm , a 

a n  exce s s  outer l a yer 

f i bre s were seen i n  

laryngea l nerves o f  

s ubc l i n i ca l  and c l i n i c a l  anima l s , and var i ed i n  frequency 

f rom one to severa l in any one sect i on . 

F i bres with spl i t  mye l i n  sheaths were observed rarely 

in t he d i stal left recurrent l aryngeal nerves of con t ro l  

and subcl inical anima l s . The spl i t s  cont a i ned den s e l y  

packed organe l l e s  inc lud i ng mi tochondr ia , 

membranous dense bod i e s  and f loccular ma teria l .  

ve s i c l e s , 

The pres ence of mye l i nated f ibres w i th c lumped f loccu l a r  

mat e r i a l  i n  a n  adaxona l pos i t ion , wa s noted o n  a number 

of occ a s i ons ( Fi g . 5 6 ) .  In a l l  ca s e s , the a x i s  cyl i nder 

wa s marked ly reduced in s i z e . The s e  f ibre s  we re s een 

in the left and r ight recurrent l a ryngea l nerves in the 

subc l i n i ca l  group, and one wa s obs erved in the d i s ta l  r i ght 

nerve of a c l i n i ca l l y a f fected anima l . 

Mye l inated f ibre s with d i spropor t i ona tely thick mye l i n  

shea ths relat ive to their axona l c a l ibre ( F i g . 5 7 ) , we re 

found in the left  recurrent laryngea l nerves of subc l i n i c a l  

and c l i n i ca l  an ' ma l s , and t o  a l e s s er ex tent , i n  the ri gh t  

nerve . Th i s  abnorma l i t y  wa s a s o  noted in a branch o f  

t l ! ··" nerone n e r ve -F rom , . .  · · i n ·  r ·  rt f f �=> c t ed o r s e . 
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The pre s ence of increa sed number s of accumulated axop l a s m i c  

organe l le s , ma inly m i t ochondria and membranou s dense bod i e s  

( Fi g s . S SB ) , wa s obse rved i n  the l e f t  and r i ght recu rrent 

laryng e a l  nerves o f  subc l i n i ca l , a nd to a l e s ser ex tent 

c l i n i c a l anima l s . Les s  common ly , the accumu l a ted 

organe l le s  were mi crotubules  and neurof i lament s .  

Mar ked l y  enlarged nerve f ibre s , d i s tended w i th abnorma l 

organe l l e s , were s een i n  three of the left d i stal nerve 

sample s , one f rom e a ch group of hor s e s . In a l l  c a s e s , 

the s wol len f i bres were surrounded by concentr i c a l l y  

arranged Schwann cel l proce s s e s , that i s  they were part 

of " onion bul b "  forma t i on s . One s uch " on ion bu l b "  

contai ned two of these f i bres . O n  one occas ion a n  

a t t enua t ed mye l i n  sheath surrounded t h e  axon ( F ig . 5 9A -C ) , 

whi l e i n  the rema i nder the f ibre wa s demye l inated . The 

accumu l a ted organe l l e s  var i ed between these f ibre s ( Fi g s . 

5 9 D -F ) , but inc luded den s e  membranou s bod i e s , ves i cu l a r  

and tubu lar structure s .  

Pro j e c t i on s  of adaxona l S chwann c e l l  c ytopl a sm into the 

axopla sm i c  compartment , were s een i n  t he left a nd r ight 

recurrent la ryngea l ne rve , in part i c u l a r  in the subc l i n i c a l  

group . I n  thes e  anima l s , the proj e c t i ons were seen i n  

many o f  the sampl e s . Of ten the f ibres showed other 

abnorma l i t ie s , i nc lud ing be ing part of " onion bu l bs " , 

containi ng mye l i n  debr i s  i n  the ir S c hwann c e l l cytop l a sm , 

a ccumu la ted organe l le s  or a thin mye l i n  sheath . Severa l 

we l l  d eveloped axon-Schwann c e l l  networks ( Fi g .  S SC )  were 

a l so noted in the l e f t  and r ight recurrent laryngea l nerves 

of c l i ni c a l  and s ub c l i n i c a l  an i ma l s . One such f i bre 

contai ned dens e l y  packed d i soriented neuro f i lament s in 

the axopla sm ( F i g . S SD ) . In another th inly mye l i na ted 

f i bre a dense body wa s present in the network . Both 

adaxona l Schwann cel l proj ect ions , and f u l l y  dev e loped 

axon-Sc hwann cel l networks were seen in branches of the 

perone a l  nerve from c l inic a l ly a f fected anima l s . 
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Mar g i na t ion of the microtubu l e s  i n  a subaxolemma l po s i t i on , 

wi t h  c lu stering of the rema i n i ng m i c rotubu le s , wa s s een 

occ a s i ona l ly i n  the d i s t a l  left and r ight recurrent 

laryngea l nerve s o f  some of the s ubc l i nica l and c l i n i c a l  

groups o f  horses .  

Exces s convoluted ba sement membrane , usua l ly around Schwann 

ce l l  proce s se s  of " on ion bu lbs " and regenerat ing c l u s t e r s , 

wa s observed i n  t he l e f t  and r i ght recurrent larynge a l  

nerve s , predominantly i n  c l in i c a l  animals . Occas iona l ly 

a ba s ement membrane prof i le wa s observed l y i ng f ree i n  

the e ndoneurium . Exce s s  ba sement membrane wa s a l s o  

observed a round S chwann cel l proce s s e s , S chwann ce l l s  

wi thout axons , and the Schwann cel l o f  a th inly mye l i na ted 

f i bre in the peronea l nerve of c l i n i ca l l y affected hor s e s . 

Redundant loops of myel i n  were seen occa s i ona l ly , 

as s o c iated with nerve f i bres of the l e f t  a nd r i gh t  

recurrent l aryngeal nerves f rom c l i ni ca l ly a nd 

subc l i n i ca l l y  a f fe cted horse s . 

sma l l  mye l i nated f i bres . They 

severa l mye l i na ted f ibre s from 

c l i n i ca l ly affected horses .  

The se usua l l y  i nvolved 

were also observed on 

the peronea l nerves of 

An abnormal axop l a sm i c  organe l l e , in the form of a c l umped 

f loccu lar body w i t h  a concent r i c a l ly layered outer 

membranou s area , wa s observed on 

subc l i n i ca l ly a f fected anima l s . One 

l e f t  recurrent laryngeal nerve sampl e ,  

the r i ght midcer v i c a l  leve l . 

two occas ions i n  

wa s f rom a prox ima l 

and the other f rom 

An unusual nerve f i bre wa s observed in the m idcerv i c a l  

r i ght recurrent l aryngea l nerve from a control hor s e  ( F i g . 

5 8 ) .  Th i s  thinly mye l ina ted f i bre posses s ed a d i s t ended 

adaxona l  area conta ining ma inly v es i cular s tructure s ,  

and w i th two s eparate apparent axona l compartment s .  Such 

a pathol og i ca l  change is o f  uncerta i n  sign i f i cance , and 
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l i te ra ture exami ned . 
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a t  lea s t  i n  t h e  

I n  t h e  branch of the peronea l nerve i nnervat i ng the 

ex.ten-1 0 11.. digii o11.. um l.. o n gu-1 mu s c l e  o f  a c lini c a l l y  a f f e c ted 

hors e , a large mye l i nated f i bre wa s seen with loo s e l y  

compacted i nner mye l in l ame l lae . In add i tion a sma l l  f ibre 

w i th exce s s  Schwann ce ll cytopl a sm . wa s observed . 

In the common peronea l nerve from a c l ini c a l  anima l , a n  

a t tenuated Schwa nn ce l l  process  conta ined a locu l a ted 

mye l i n  breakdown product ( Fi g . 6 1  ) . Exce s s  convo luted 

ba sement membrane surrounded th i s  proce s s . 

Morphometry 

The regre s s ion ana lyses of axon s i ze , a s  i nd icated by 

a x i s  cy l inder per imeter ( log to ba s e  e ) , aga i n s t  the number 

of mye l in lame l lae surroundi ng that axon are presented 

a s  scatter graphs a nd regre s s ion l i ne s in F i g s . 6 2 - 6 7 . 

At each leve l the regr e s s ion l i nes f or the subc l i n i c a l  

and c l inical  groups we re compa red with those o f  the 

cont ro l s , to determ i ne whether axona l atrophy wa s present 

in the two a f f ected groups . A more gradua l  s lope o f  the 

l i ne , and / or l ower pos i t ion of the l i ne wa s i nterpreted 

as i nd icat ing axona l  atrophy . Both s i tuat ions repr e s ent 

nerve f ibre s with a sma l ler axon than i s  norma l , re l a t ive 

to the number of mye l i n  l ame l lae . A more g radual s l ope 

of the l ine wa s seen in the c l i n i ca l  anima l s  i n  the l e f t  

midcervical  a nd prox ima l ,  and i n  t h e  r ight d i s ta l  a nd 

midcervi ca l recurrent l aryngeal nerve s . Th i s  d i f ference 

i n  s lope proved to be s i gni f i cant at the 1 %  level , u s ing 

the s tudents t te s t . A more gradu a l  slope wa s a l so seen 

in the subcl i n i ca l hor s e s  i n  the l e f t  prox ima l , and in 

the r i ght d i s t a l  and midcervical  recurrent laryngea l nerve s . 

A l ower pos i t i on of the regre s s i on l i ne , w i thout le s s en i ng 

of the s l ope , again s ig n i f icant a t  the 1 %  leve l , wa s s een 
·' n the d i s t a l  l e f t  recurrent l a ryngeal nerve f rom the 

• 1 n i ,  I I • /  o I ' .  ( . I  ' . ' 1 Mt-��-y UNIV.ERS4TY 
W�RARY 



4 .  DISCUSS ION 

LIGHT MICROSCOPY 

Morphology 

1 0 0  

For many years i t  has been known that patho logy of the l e f t  

recurrent la ryngea l nerve i s  involved in t h e  a e t i o l ogy of 

equi ne laryngea l hemiplegia ( Cadeac , 1 8 97 : Cole , 1 9 4 6 ; 

Duncan et al. , 1 9 7 4 ; Duncan , 1 9 7 5 ; Duncan et a l.  , 1 9 7 8 ) . 

Both Cole ( 1 9 4 6 ) and Duncan ( 1 9 7 5 ) showed tha t  thi s  pathology 

wa s a s sociated w i th a loss of mye l i na ted nerve f ibre s , mos t  

obv i ou s  in the d i st a l  part o f  the nerve . The pre sent study 

conf i rmed the s e  observa t ions , but in a dd it ion , ha s 

demons trated that a s im i larly graded , al though l e s s  s evere 

l o s s  of myel inated nerve f ibre s a l so occurred i n  the r ight 

recu rrent laryngea l nerve of laryngea l hemi plegic hors e s . 

Prev iou s researche r s  ( Duncan , 1 9 7 5 ;  Duncan et al. , 1 9 7 8 )  , 

found no los s o f  these f ibres i n  the r ight nerve , a l t hough 

individual f ibre pa tho logy ( Co l e , 1 9 46 ; Dunca n , 1 9 7 5 ; 

Duncan .e.t al. , 1 9 7 8 ) , and neuroge n i c  d amage to some r ight 

i n t r i n s i c  laryngea l mus c l e s  had been observed ( Duncan , 1 9 7 5 ; 

Duncan .e.t al. , 1 9 7 8 ) . Moreover , a s  has been reported 

prev iou s ly by the s e  author s , the results o f  the pre s ent 

i nve s t igation c on f i rmed that los s o f  mye l i na ted f ibre s i s  

more severe i n  the c l in i ca l ly a f f e cted laryngea l hem i p l e g i c  

hor s e s , than i n  subc l i n i c a lly af fected anima l s . 

Cons iderable d i f ferences i n  the f requency and d i s t r i bu t i on 

of ind ividual nerve fibre patholog i c a l  changes exi s t  between 

the present r e su l t s  and those of prev ious workers ( Duncan , 

1 9 7 5 ; Duncan .e. t  a l. ,  1 9 7 8 ) . Regenerative a c t i v i ty , i n  

the form of regenerating c l u s t e r s  a n d  " onion bu lb" f orma t ion s , 

wa s observed f requent ly a t  a l l  leve l s  of the l e f t  a nd the 

d i st a l  r ight recurrent l aryngea l nerve i n  s ubc l i n i c a l  and 

c l i n ical  laryngea l hemip legic hor s e s  by Duncan ( 1 9 7  5 )  a nd 

Duncan and coworkers ( 1 9 7 8 ) . In the present s tudy however , 

a prox ima l to d i s ta l  i n t : rea s e  i n  the occurrence of these 
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changes wa s recorded i n  both l e f t  and r i ght recurrent 

laryngeal nerves of  s im i la r l y  a f f ected hor se s . Whi l e  thi s 

pa thology wa s more severe i n  the l e f t  nerve , i t  wa s not 

con f i ned to the di s t a l  pa rt of the right nerve , as  sugge s ted 

by Duncan and coworkers ( 1 9 7 8 ) . Even in the control anima l s , 

a l ow leve l o f  these patholog i c a l  change s wa s noted , and 

fo l l owed the s ame di s t r i but ion obse rved in the a f f e cted 

anima l s . As w i th the l o s s  of  mye l i na ted f i bres , there wa s 

a gr adat ion i n  sever i ty of  patho logy from the s ubc l i ni c a l  

t o  c l i n i c a l  anima l s .  The l ow f requency o f  these changes 

in the d i stal left recurrent laryng ea l nerve of the c l i ni ca l  

hors e s  proba b l y  r e f lected the severe mye l i nated f i bre l o s s 

at t h i s  leve l , and the consequent lack of f i bres to be thus 

a f f e cted . 

The demon stra t i on in both l e f t  and r i ght recurrent laryngea l 

nerve s , of  many " onion bu l b s "  which re s u l t  f rom repeated 

i n s u l t  to the nerve f ibre s over a per iod of  time , sugg e s t s  

that the factor cr factors i n i t i a t ing the pathology of  equine 

laryngea l hemi p l e g i a  occur �epet i t ive l y . 

The pre sence o f  regenerating c lu s t e r s  in the l e f t  re current 

l aryngea l nerve a t  the level of  the aort i c  arch , the l e f t  

vagu s , and a t  t h e  thora c i c  i n l e t  i n  the r i ght recurrent 

l a r yngea l nerve of  c l i n i c a l  a nd subc l i n i ca l l aryngea l 

hem i p l e g i c  hor s e s  ind i cates a more exten s ive nerve 

i nvo lvement than reported by prev ious authors ( Duncan , 1 9 7 5 ;  

Duncan l!. i  a� 1 9 7 8 ) . 

As obs erved by Duncan ( 1 9 7 5 )  and Duncan and coworker s ( 1 9 7 8 ) , 

ev i dence of act ive nerve f ibre degene ration wa s not a common 

f i nd ing . I t  wa s seen a t  var ious l eve l s  of  the l e f t  and 

r i ght recurrent l a ryngea l nerves of the subc l i n i ca l and 

c l i n i c a l  laryngea l hemiplegic a n i ma l s , a nd in the d i s t a l  

a r e a  of  the l e f t  nerve o f  contro l  hor ses . The d i s t r i but ion 

o f  thi s  active f ibre degeneration fol lowed a simi l a r  pat tern 

to the other nerve changes charac teri s t i c  of  l a ryngea l 

hemipleg i a . For thi s reason , i t  s eems l ikely that these 

changes repr e s ent part of the d i s e a s e  proces s . 
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The pre sence i n  other long peripher a l  nerves f rom laryngea l 

hemi plegic hor s e s  o f  patholog ical  changes , s imi lar i n  t ype 

and d i s tr ibut i on to the pathol ogy s een in the recurrent 

laryngeal nerve s ,  repre sents a maj or divergence f rom the 

f ind i ng s  of other workers ( Duncan , 1 9 7 5 ; Duncan e t  a £  , 

1 9 7 8 ) .  These a u thors f ound no evidence o f  d i se a s e  i n  a 

number of per i phera l nerve s exami ned . In the pre sent s tudy , 

pathological  changes were observed i n  the long h ind l imb 

nerves of laryngea l hemipleg i c  hor ses . The type a nd 

f requency of these changes approxima ted that demon s t r a ted 

in the more prox ima l leve l s  of the r i gh t  recurrent la ryngea l 

nerve . There fore , i t  s eems l i ke l y  that the se change s  are 

part o f  a genera l  d i sea se proce s s , c l inica l ly typ i f ied by 

l aryngea l hem i p l eg i a . The extent of t he patho logy obs erved 

wa s in keeping w i t h  the length of these nerves r e l a t ive 

to the recurrent laryngea l s .  

I n  human recurrent laryngeal nerve , the repea ted d iv i s i on 

of f as c i c les to f orm plexuses ( F i g . 6 8 ) , occurs a l ong the 

leng th of the nerve ( Sunderland & Swaney , 1 9 5 2 ) . D i f f erent 

f a s c i cular pattern s , in transve r s e  sect ions o f  nerve taken 

on l y  a few mi l l imetres apart , and the presence of conne c t ive 

t i s s ue septa w i th i n  fa s c i c le s , found in the present s tudy , 

i nd i cated tha t a s im i l ar arrangement occurred i n  equ ine 

recu rrent laryngea l nerve . Thi s  a rrangement makes the 

separa t i on of a dductor and abductor f i bre s into s eparate 

fa s c i c le s  un l ikely . Such a sepa r a t i on ha s been s ugges ted 

as a pos s ible reason for the apparent suscept ib i l i t y  of 

the a dductor f i bres to damage , s uch as produced by 

compre s s ion ( Duncan et al. , 1 9 7 8 ) . Moreover , the observed 

arrangement of widely separated sma l l  fa s c i c l e s , r a ther 

than large t ight ly packed one s , accord ing to Sunder land 

( 1 9 6 5 ) , would render the nerve l e s s s uscept ible to i n j ury 

by compre s s ion . 

I n  contrast to the f ind ings of Duncan and coworke r s , who 

con s idered tha t  Renaut bod ies were more common in d i sea sed 
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than in hea l t hy recurrent laryngea l nerve , the pre sent s tudy 

showed no apparent a s soc i at ion between these s tructure s 

and the d i sease s tatus of the nerve . Two a s pects of Renaut 

body occurrence d i f fered f rom that ment ioned in the 

l i t e ra ture ; 

( i )  The i r  pre sence i n  the 1 day old foa l refuted the 

observa t i on that the se structure s do not occur in the 

newborn ( As bu ry , 1 9 7 3 ) .  A l though pre sent in th i s  anima l , 

they were not as large as thos e  norma l ly seen in adu l t  

hor se s .  

( i i ) I n  one ins tance , a Renaut body wa s obs erved ly ing i n  

the endoneuri urn and surrounded b y  nerve f ibre s . Thi s  

s i tua t i on has not previ ou s l y  been noted . 

Ha s l arn ' s anoma l y , a r ibbon- l ike f lat tening o f  the recurrent 

laryngea l nerve as it  pa s se s  around the aor t i c  arch in the 

hor s e  ha s been observed by a numbe r of a uthor s ( Ha s l arn , 

1 8 9 3 ; Mason , 1 9 7 3 ) .  An aetiolog i ca l  a s so c i a t i on o f  thi s 

so ca l led anoma l y  with equi ne laryngeal hem i p legia ha s been 

pos tu l ated ( Ha s larn , 1 8 9 3 ) . An i dentical arrang ement of 

the nerve wa s observed on two occas ions in the present 

inve st igation , and in both i ns tances it occurred in proxima l  

are a s  o f  the r i ght recurrent l a ryngea l nerve . I t  wa s 

una s soc i a ted w i th laryngea l hemi pleg i a . Th i s  observat i on 

support s  the opi n ion of Ma son ( 1 9 7  3 )  , who con s i dere d  that 

there wa s no re l a t ions h i p  be tween thi s  anoma ly and laryngea l 

hem i pl eg i a . 

Morphometry 

A progre s s ive d i s ta l decrea s e  i n  the total number o f  

mye l i nated f i bres i n  t h e  left recurrent l a rynge a l  nerves 

of subc l i ni ca l l y  and c l i n i c a l l y  a f f ec ted hor s e s  wa s reported 

in the only previous rnorphomet r i c  i nvestigation of mye l i na ted 

f i bre den s i ty a l terat ions in equ i ne laryngeal hemipl egia 

( Duncan , 1 9 7 5 ;  Duncan {2. {  af.� 1 9 7 8 ) .  In add i t ion to thi s  

d i s t a l ly graded loss  of mye l i nated f ibres i n  the l e f t  
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recurrent l aryngea l nerve , the pres ent study a l so s howed 

a s im i l ar , but l e s s  severe , change in the r ight nerve . 

Thu s , i t  wa s demon strated that the loss  o f  nerve f ibre s 

a s soc i ated wi th equine laryngea l hemiplegia , i s  wide spread 

throughout both l eft and r ight recu rrent larynge a l  nerve s . 

I t  s hou ld a l so be noted that , whi l e  no l o s s  wa s obvious 

v i sua l ly i n  some sampl e s , the more sens it ive quant i tat ive 

method s did prov i de evidence o f  a s igni f i cant decrease i n  

f ibre dens i t y . Th i s  i s  i n  a c cord w i th the conc l u s i on of 

Dayan ( 1 97 9 ) , who found that a cons iderable percentage of 

f ibres mu st be lost be fore the l o s s  can be detected , even 

by a ski l l ed observer . 

The pre sence of a sign i f i cant amount of regenerative activity 

in many of the s ampl e s  from a f fe c ted anima l s , con f u s ed the 

obs erved pattern of a l terat ions to the f ibre dens i ty . 

Regenera t i ng c lu s ters , with severa l f i bres replac ing the 

one los t , gave the fa l s e  impre s s ion of less fibre los s  than 

had a ctua l l y  occurred . S i nce regenerating c l u s te r s  were 

f requent ly s een in t he more prox ima l leve l s  o f  the nerve 

i n  both af fected groups of hor s e s ,  t he true extent of f i bre 

l o s s  wa s ma sked to some extent at these leve l s . For s im i lar 

rea s ons , the f requent occurrence o f  regenerat i ng c lu s ters 

may account for the except ion s  i n  the di stal  to proxima l 

gradation of f ibre loss in the s ubc l i n i ca l ly affec ted anima l s . 

The greater decrease 

recurrent l aryngeal 

nerve f ibre l ength 

in f ibre d en s i ty in the 

nerve , may reflect the 

on suscept i bi l i ty to the 

l onger l e f t  

i n f luence o f  

patho log ica l 

proces s of l aryngeal hemipleg i a , and wa s a l so noted by Duncan 

and coworker s ( 1 9 7 8 ) .  

A previou s l ight microscop i c  i nvest igation o f  the f i bre 

d iameter d i s t r ibuti on s  of the recurrent l arynge a l  nerves 

f rom horses w i th laryngeal hem i p legia , showed a marked shi f t  

t o  sma l ler f ibre diameters i n  the most di stal  par t s  o f  the 

l e f t  recurrent la ryngeal nerve , and to a les ser extent a t  
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the proxima l levels of the nerve i n  c l i ni c a l l y  a f f ected 

anima l s  ( Duncan , 1 9 7 5 ; Dunca n  .e.t a.l , 1 9 7 8 ) . A l o s s  of 

l a rge fibres wa s also noted in s ubc l i n i ca l ly a f f ec ted hor s e s , 

i n  the d i s t a l  area of the left nerve . 

The f ibre d iameter spectrum obs e rved in the control anima l s , 

i n  t he pre sent i nve s t igat ion , i s  typical of that reported 

for the recurrent l aryngea l nerve , i n  the hors e  ( Duncan , 

1 9 7 5 ) and i n  other spec i e s  ( Harr i son , 1 9 8 1  ) .  The maj or 

peak o f  med ium to l arge mye l inated f i bres con s t i tutes  the 

motor f ibre s to the laryngea l mu s c l e s , and in the s e  anima l s , 

wa s of 8- 1 1  �m . However ,  a bimodal d i s tr ibution wa s ev ident 

i n  mos t  of the h i s tograms , par t i cular ly at more proxima l 

levels of the nerve . The popu l a t i on of sma l l  d i ameter f i bre s 

a r e  be l i eved to cons i s t  ma inly o f  sensory f i br e s  to the 

t rachea and oe sophagus ( Duncan , 1 9 7 5 ) . The obs erva t i on 

of fewe r of the s e  f i bres in the d i s t a l  areas of the recurrent 

l a ryngea l  nerve supports the above sugge s t ion . However , 

the presence of these sma l l  f i br e s  i n  the i n t ra l a ryngea l 

branche s ind i cates that some few reach the laryngeal mus c l e s . 

I n  the r ight recurrent laryngea l nerve of c l i n i ca l  and 

subc l inical  anima l s , where the f ibre diameter h i s tograms 

a ppeared norma l ,  the maj or f ibre peak wa s of a s ign i f icantly 

l a rger d iameter than i n  the control s .  Thi s  value , of 

a pprox ima t e l y  1 0 - 1 3 � m ,  is s im i lar to that reported 

previou s ly for equ ine laryngea l nerve ( Duncan .e.t a.l, 1 97 8 )  . 

The reason for thi s  shi f t  to larger d i ameter f i bres i n  thes e  

a r ea s  o f  a f f ec ted hor se s , i s  probably rela t ed to the 

d i f f erent age d i str ibut ions o f  the anima l s  i n  t he control 

a nd the d i s e a s ed g roups . The f ormer group conta i ned a 1 

d a y  o ld foa l , a t  whi ch age the mye l i nated f ibre s  would not 

have atta ined their adu l t  ca l i bre ( Cottrel l ,  1 9 4 0 ; Gutrech t , 

& Dyck , 1 9 7 0 ; S teven s .e.t al : 1 9 7 3 ; Braund .et a .l ,  1 9 8 2 b ) . 

I n  both c l i n i c a l ly and subc l i n i c a l l y  a f fected l aryngea l 

hemipleg i c  hor ses , the l o s s  o f  f ibre s  demons trated , wa s 

shown to i nvolve s e lect ively t ho s e  of large d i ameter . Th i s  

w a s  influenced by nerve f ibre l e ngth , a s  not onl y  wa s i t  
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mor e  obviou s  i n  the d i s t a l  area s o f  the nerve , i t  wa s a l s o  

greate s t  o n  the l e f t  s ide . The extent of the a l terat i on 

in f i bre d i ameter spec tra wa s l e s s  severe in the subc l i ni c a l  

hor s e s . In the l e f t  proxima l and a l l  leve l s  of t h e  r i gh t  

recurrent l a ryngea l nerve , t h e  m e a n  f ibre d iameter o f  the 

control group wa s l e s s  than that of the a f f ected anima l s . 

However , i f  the b i a s  to sma l l e r  d i ameters i n  t he contro l 

· group , i ntroduced by inclus ion o f  the 1 day old f oa l , wa s 

removed , thi s d i f f erence may have been rever s ed . 

Thu s , by quant i tat ive means , t h i s  s tudy ha s con f i rmed the 

f i nd ings of Dun can ( 1 9 7 5 ) , that t he patho log i c a l  proces s 

of equ ine laryngea l hemiplegia i nvolves a select i ve los s 

of l arge mye l i nated f ibres , w i th a d i s t a l  pattern of 

d i s t r i bution . 

In other s peci e s  i t  ha s been demons trated that the l e f t  

recurrent l aryngeal nerve conta i n s  relat ively more large 

d i ameter f ibre s than i ts r ight counterpart , pre s umably to 

increase the speed of impu l s e  conduct ion and compensate 

for the greater length of the l e f t  nerve ( Harr i son , 1 9 8 1 ) .  

However , i n  the pre s ent s tudy , 

leve l s  of the l e f t  and r ight 

compari son of corr e s pond ing 

recurrent l aryngea l nerves 

of the control anima l s  d id not reveal any d i f f erence s i n  

the large f i bre popu lation s . 

D i s ta l  taper ing of nerve f ibres has  been shown to occur 

( W i l l iams & Wend e l l - Sm i th , 1 9 7 1  ) ,  and a compar i son of d i sta l 

and prox ima l l ev e l s  of the recurrent laryngea l nerves of 

control anima l s  wa s expected 

the proxim a l  and d i stal  

d i s tr ibution s  were s im i l ar . 

to i l lus trate thi s . However , 

mean f i bre d iame t e r s  and 

The apparent suscept ibil i t y  of the adductor mu s c le , the 

c��..i. c o a11.. yt.e.n o .i.de.u.tJ l.a:Le.11.al.i.tJ , to a t rophy in equi ne l a ryngea l 

hem i plegia has  been reported ( Gunn , 1 9 7 2 ; Duncan & Gr i f f i th s , 

1 9 7 3 ;  Duncan , 1 9 7 5 ) . Moreover , l arge diameter f i bres are 

known to be more vul nerr 1 1 ) ' e o th i s  d i s ease ( Duncan e. i , , f_ ;  
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1 9 7 8 ) . In a n  attempt to determ i ne whether the suscept ibi l i ty 

of the c�i c o a�yi€n o id€u� £ at€�a£i� mus c l e  to thi s  d i se a s e  

wa s re lated to the f ibre d i ameter o f  i t s  nerve s upply ,  a 

compar i son o f  the d i stribu t i on o f  f i bre d iamet e r s  in i t s  

nerve w i th that of the c�i c o a�yt€no ideu� do��a£i� was performed . 

As only two anima l s  were included i n  th i s  s tudy the re s u l t s  

mu s t  be inte rpre ted caut ious ly . A compa r i son o f  the se 

d i s tr i butions in the right s ided nerves to the C!Uco�yt.enoide� 

/ate�a£i� a nd c � i c o a �yten o id€u� d o � � a£i� musc l e s , revea l ed 

that the nerve to the adductor mus c l e  conta ined more large 

d i ameter f i bres . Thus , it is pos s i ble , indeed l ik e l y , tha t 

the suscept i b i l i ty of the c�i c o a�yteno ideu� £ai€�a£i� to the 

d i e sease proce s s  of laryngea l h em iplegia is r e l at ed to the 

greater number of large d i ameter f i bres i n  i t s  nerve . 

However , exam i nation of the l e f t  nerve s revea l ed a s h i f t  

to sma l ler d iame ter f i bre s in the nerve s uppl y ing the 

c�i c o a�yte n o ideu� £ate�a£i� mu s c l e . Thi s  sh i f t  is character

i s t i c  of that seen a long the cour s e  of the recurrent laryngeal 

nerves i n  anima ls with l aryngea l  hemiplegia . Th i s  f i nd ing 

imp l i e s  tha t the nerve f ibre s to t h i s  mus c l e  we re probably 

a f fected by th i s  di sease proce s s . 

TEASED FIBRE PREPARATIONS 

Morphology 

Th i s  inve s t i gat ion report s  the f i r s t  comprehens ive 

examinat ion o f  quantitative t e a s ed f ibre prepara t ions of 

the recurrent laryngea l nerves f rom laryngea l  h em ipleg i c  

hor s e s . One other group o f  re searchers ( Dunca n , 1 9 7 5 ; 

Duncan et a£ , 1 9 7 8 ) have previou s l y reported t e a s ed f i bre 

observation s  i n  the s e  nerve s . 

Teased f i bre preparat ions represent the onl y  re l i ab l e  

technique o f  examin ing a length of a n  i ndividua l nerve f i bre 

over severa l consecutive i nternodes . Thus , they prov i de 
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a more sensi t ive a s se s sment of the d i sease s ta tu s o f  that 

nerve f ibre than other h i s tolog i c a l  techniques . Moreover , 

u s e  of Dyck ' s  system ( 1 9 7 5a ) to grade the teased f ibres 

provides a c lear d i s t inct ion between change s i nd i cat ive 

o f  pri mary demy e l ination and those of axona l degeneration . 

I t  a l so a l lows a more accurate e st imat ion of the degree 

o f  pathology pre sent in a nerve . 

There wa s con s i derable var i a t ion i n  the percentage of 

abnorma l f i br e s  observed . Th i s  depended on the d i sea s e  

s tatus o f  the an ima l , and the leve l and s ide o f  the recurrent 

la ryngea l nerve samp led . The percentage of a bnorma l i t i e s  

i ncrea sed f rom control through subc l inica l t o  c l i n i c a l  

l aryngea l hemi pleg i c  anima l s .  W i th in each group there wa s 

a prox ima l to d i s t a l  increas e  in the percentage of abnorma l 

f ibre s , whi ch wa s more marked on the l e ft s ide than on the 

r ight . The percentage of f i br e s  a f f ected in the control 

horses  wa s s imi lar to that found i n  poni e s  by Duncan ( 1 9 7 5 ) , 

and " norma l "  per ipheral nerve o f  other spe ci e s  ( St evens 

R.. i. ai , 1 9 7 3 ; Braund R..i ai , 1 9 8 2 a ) . 

The obse rvat ion that interca l a t ed internod e s  were the 

predominant pathologi ca l  change in tea s ed f ibre preparat ions 

of the recurrent l aryngea l nerve of laryngea l h emiplegic 

anima l s ,  is  i n  accord with the reports of Duncan a nd 

coworker s .  Th i s  f ind ing c ou ld sugge st that segmenta l 

demye l inat ion i s  the prima ry neuropa tholog i c a l  l e s i on of 

equine l a ryngea l hemi pleg i a . However , other evidence , 

pres ented i n  the morphometri c tea sed f ibre s e c t i on of th i s  

thes i s , i nd icates that thi s  demy e l ination occurred secondary 

to axona l change s .  

Duncan and coworkers found l i t t l e  evidence of a c tive axona l 

degenera t ion i n  tea s ed f ibre preparat ions of the an ima l s  

they stud i ed . A s imi lar re s u l t  wa s recorded i n  the pre s ent 

s tudy , for most o f  the anima l s  i nve st igated . H owever , in 

some of the s ubcl i n i c a l  group more than 1 0 % o f  f i bres were 

undergoing a c t ive dege.� t " ra t ion ,  whereas i n  the con t ro l  
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anima l s , u su a l ly onl y  1 %  or l e s s  of . f ibres �hewed th i s  change . 

Al though , these changes cou ld be due in par t to age , act ive 

axona l degenerat ion is usua l ly present at only a l ow 

frequency i n  the nerves of older individua l s  ( Br aund � t  af , 

1 9 82 a ) . Thu s ,  i t  seems l ikely tha t i so lated a c t ive a xona l 

degenera t ion wa s occurring a s  part o f  the d i s e a se proces s  

of laryngeal hemiplegia . 

At the t ime 

patholog i c a l  

of the l e f t  

of the 

change s 

exami na t ion , 

wer e  occurri ng 

re lative l y  more 

i n  the d i s t a l  

act ive 

leve l s  

recurrent l a ry ngeal nerve i n  the subc l i n i c a l  

horses than in those c l i n i c a l ly a f fected w i t h  laryngea l 

hemi pleg ia . In the latter an imal s ,  there were more a c t ive 

changes pre s ent i n  the midcervi ca l recurrent laryngea l nerve 

than in the ' area close to the larynx . Conver s e ly , as wou ld 

be expe cted in a d i sease proce s s  which appe a r s  to in i t i a l l y  

a f fect the d i s ta l  ends o f  long nerve f i bres , the mos t  chronic 

changes were seen in the d i s ta l  samples  of the left nerve . 

The percentage of abnorm a l  tea sed f ibres observed i n  the 

long h ind l imb nerves from two c l i n i ca l  laryngeal hemipleg i c  

anima l s , wa s approximate l y  the s ame a s  that seen i n  the 

left r ecurrent la ryngea l nerve at the level of the aor t i c  

arch , a nd a t  a l l  leve l s  o f  the r ight nerve . I n  add i ti on , 

some prox ima l  to d i st a l  i ncrease i n  the percentage of 

abnorma l teased f ibre s wa s s een wi thin the l imb nerve s . 

Th i s  i s  i n  contra st wi th the f i nd ings of previou s  workers 

( Dunca n , 1 9 7 5 ; Duncan �t a f , 1 9 7 8 ) , who found no s i gn i f i cant 

changes i n  these nerve s , and s ugge s t s  that the d i sea s e  

proc e s s a s s ocia ted wi th la ryngeal hemiplegia may a l so a f f ec t  

other long per iphera l nerve s . 
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Morphometry 

A deta i l ed analys i s  o f  i nternode l engths i n  t he recurrent 

laryngea l nerves o f  control , s ubc l inical 

laryngea l hemipleg i c  hor ses wa s undertaken 

and c l i n i c a l  

i n  the present 

i nve sti gat ion in a n  a ttempt to determine the pr imary nerve 

l e s ion in th i s  d i sea s e .  I t  wa s important to a s s e s s  whether 

the i n i t i at ing l e s i on involved the Schwann ce l l , or the 

axon i t s el f . 

Inc rea sed var ia t i on o f  internode length wa s demon s t rated 

i n  a previous s tudy o f  teased f ibre prepara t i on s  in equine 

recurrent laryngea l  nerve ( Duncan , 1 9 7 5 ;  Duncan �t a£ 

1 9 7 8 ) . Th i s  increase i n  var iabi l i ty , toge ther with a 

decrea s e  i n  the mean i nternode length i n  the nerve s of the 

d i seased anima l s  wa s demon strated in the pre sent s tudy . 

Such changes ind i ca ted that demye l i na t i on and remye l inat i on 

had occurred ( Fu l l erton �t a£ , 1 9 6 5 ) . These changes fol lowed 

the same pattern of d i s t r i bution observed for the other 

patholog ical  a l tera t i ons mentioned i n  prev ious sect i on s . 

The inc rease in s ever i ty f rom subcl i nical  to c l i n i ca l , from 

r i ght to left , and f rom prox imal to d i s t a l  wa s aga in obs erved . 

The c l u s te r i ng o f  abnormal internode s on particular nerve 

f ibres , as obs erved i n  thi s  i nvest igat i on , has been 

i nterpre ted previou s ly a s  ev idence for a pr imary pathologi c a l  

change a f fect ing the axon be ing respons ible for the change s 

i n  the mye l i n  shea th ( Dyck �t a£ , 1 9 7 1 a ) . The term secondary 

segmen t a l  demye l i na t i on wa s i ntroduced to de s c r ibe thi s  

proces s ,  and has been demons t rated i n  a number of human 

neuropa th i e s , inc lud ing those a ssoc i a ted with uraemia ( Dyck 

�t a£ , 1 9 7 1 a ) ,  and Fr i edre i c h ' s  ataxia ( Dyck & La i s ,  1 9 7 3 ) . 

The f requent occurrence o f  demye l i na t i on a nd remy� l inat i on 

which wa s observed i n  d i sea sed recurrent l aryngeal nerve , 

ha s been s hown i n  these human d i sorders to reflect  the 

chron i c  na ture o f  t he d i sease processes  ( Dyck , 1 9 7 5a ;  

S pencer & Scha mbu rg , 1 9 7 7 ) . Whi le the predom inance o f  

demye i nation and remye l inat ion cou ld be interpreted a s  
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the Schwann ce l l , i t  i s  

to the chronic nature o f  

i nd i cated that whi le the 

predominant change wa s one of demye l i nat i on and remye l i nation , 

i t  wa s l ikely that thi s occurred secondary to under .J..¥ing 

axona l pathology . 

The relat ively m inor prox ima l to d i s ta l  decrea s e  i n  mean 

i nte rnode l eng th i n  the l e f t  and r ight recurrent laryngea l 

ne rve s of the control a nima l s  probably ref lected d i s t a l  

tape r i ng o f  the nerve f ibre s ( Wi l l i ams & Wende l l - Sm i th , 

1 9 7 1  ) . I t  wou ld be expected that w i th a decrease in f ibre 

d i ameter a corre spond i ng decrea se in internode length wou ld 

occur . However , such a decrea se in f i bre d i ameter in more 

d i s ta l  are a s  of the recurrent laryngea l nerve s wa s not 

demons trated by ana ly s i s  of the f ibre diame ter d i s t ributions . 

The marked prox ima l to d i s ta l  decrea s e  i n  mean internode 

length a s soc iated with d i sease wa s probably due to a number 

of factors . The se i nc lude f i r s t l y , the d i stal taper ing 

of nerve f i bre s a s  ment i oned above ; second l y , the pre sence 

of i nterca lated internodes , i nd i cat ive o f  demye l ination 

and remye l i na t ion ; t h i rd ly , the pre sence o f  regenerated 

f ibres wi th uni formly short i nternode s ;  and f i na l ly the 

d i s t a l l y  graded los s of large mye l i nated f i bres demon strated 

by l ight m i croscopic morphome t r i c  techni que s .  Thi s  cau s e s  

t h e  popu la t i on o f  nerve f ibre s  w i th l ong . i nternodes to b e  

reduced , and hence t h e  mean internode l ength for the nerve 

w i l l  be decrea sed . 

Mean internode length in the d i stal l e f t  recurrent la ryngea l 

nerve wa s s ign i f ican t l y  l arger than that on the r i ght i n  

control horses . I n  other spe c ie s , a h i gher proport ion o f  

larg e  nerve f ibres i n  the l e f t  recurrent l arynge a l  nerve 

ha s been demonstrate d  ( Ha rri son , 1 9 8 1 ; Dahl qu i s t , 1 9 8 2 ) . 

Th i s  would expla in the l onger i nternode l engths found on 

the left nerve , but l ight m i cros copic quan t i tat i ve s tud i e s  

mentioned prev iously i n  th i s  the s i s , d id not reveal a higher 

proport i on of large f i bres on the l e f t . An a l ternat ive 
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expl anat i on for the l onger i nternodes i n  the l e f t , i s  the 

greater pa s s ive increa s e  in the length o f  th i s  nerve a s  

a re sult of growth ( La sc e l l e s  & Thomas ,  1 9 6 6 ) . 

I n  v i ew of the d i rect re l a t i onship between f i bre d i ameter 

and i nternode length , and t he select i ve vu lnerabi l i ty o f  

l a r g e  mye l inated f i bres reported previously ( Duncan e. t  a f , 

1 9 7 8 ) , a nd demonstra ted i n  the pre sent s tudy , separat e  

ana l y ses of the l a rg e  and sma l l  tea sed f ibre popu la t i on s  

m a y  have been expected t o  revea l pref eren t i a l  invo lvement 

of the large f ibres . However , probably because of the 

extens ive loss of these f ibres i n  a f fected nerves , such 

s e l e c t ive invo lvement could not be demonstra ted . I n  add i t ' o , , , 

the frequent occurrence of interca l a ted internode s , 

to a le s s er ex tent regenerated internod e s  in d i seased nerve , 

made the a ccurate s eparat ion of f ibre s  into sma l l  and large 

popu lations d i f f i cu l t . 

ELECTRON MICROSCOPY 

Morphology 

The e lectron m i croscopic examinat ion o f  recurrent laryng e a l  

nerve con f i rmed t h e  d i s ta l  d i s tr ibuti on of nerve f ibre 

patho logy in equ i ne laryngea l hemip leg i a , a s  seen i n  l ight 

m i croscop i c  and tea s ed f ibre prepa ra t i on s . I t  a l so conf i rmed 

s imi lar f indings reported in a previous electron microscop i c  

i nve s t i ga t ion of equ ine recurrent l a ryngea l nerve i n  t h i s 

d i sease ( Duncan e.t af , 1 9 7  8 )  • I n  add i t i on , a variety o f  

features not seen a t  the l ight m i c roscop i c  l evel wer e  

observed . For examp l e , remnants o f  past  nerve f ibre 

degenera t ion , band s o f  Bungner ,  cou ld be v i sua l i s ed ,. and 

as would be expected , were more common in the cl i n i c a l  than 

s ubc l ini ca l  anima l s ,  and i n  the d i st a l  part of the nerve . 

Numerous band s of Bungner had previous ly been noted in nerve s 

f rom la ryngea l hemi plegic hor ses by Duncan and coworker s  

( 1 9 7 8 ) . 
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A d i s t inct ive f i nding o f  the e lectron microscop i c  

inve s t igat ion of the recurrent l aryngea l  nerve s , wa s that 

primary axona l pathol ogy wa s more obvious than wa s ind i cated 

by l ight microscopy . Recent act ive axona l a lteration s , 

were evidenced by a numbe r o f  pathological  changes . The se 

included large lame l l a ted myelin ovoids occupy ing Schwann 

ce l l s , f ibre s with sma l l  densely packed axons , f ibre s w i th 

spl i t  mye l in sheaths , and f ibres wi th sma l l  axon s and clumped 

f loccu lar adaxona l ma ter ia l .  The se were seen at a l l  leve l s  

o f  l e f t  and r ight recurrent laryngea l nerves , but were 

re l a t i vely more common in the subc l i n i ca l ly a f f ec ted horse s . 

Th i s  f ind i ng contra s t s  w i th the prev ious report by Duncan 

and c oworker s ( 1 9 7 8 ) , in whi ch a c t ive axona l degenerat ion 

wa s not s een commonly at the e l ec tron mi c r o s copi c l eve l . 

As observed by these authors , a number o f  f i bres seen i n  

cros s sect ion t o  be swo l len t o  many t imes the i r  norma l s i ze , 

were a l so demons trated i n  the pre s ent inve s t igat ion . The s e  

conta i ned a var iety o f  norma l and abnorma l axopla s m i c  

organe l l e s , a nd were noti ced i n  the d i s tal  p a r t s  o f  some 

of the l e f t  recurrent la ryngea l nerve s , of a l l  three groups 

of hor se s . They probably repre sent a l oca l derangement 

of a xop l a sm i c  transpor t , which has r e s u l ted in the 

accumu l a t ion of organe l l e s  and axona l swe l l i ng . The pre sence 

of the s e  f ibres in " on ion bulb" formations indi ca ted that 

there had been repea ted i n sults , e i ther i n su f f i c ient to 

produce degene ration , or w i th degenerat ion and subsequent 

regenera t i on .  

Axon a l  a t rophy wa s ev idenced by the presence of f i bres w i th 

di sproport iona te ly thick mye l i n  sheaths r e l a t ive to thei r  

axona l c a l ibre , and f i bres w i th redundant loops o f  mye l in . 

A number of the latter appeared i n  regenera t i ng c l u s ter s , 

and probably represented f ibres regre s s i ng a f ter f a i l ing 

to r e i nnerva te an endorgan .  Shr inkage o f  the axon , wi th 

consequent i nwa rd s l i ppag e  o f  the mye l i n  lame l lae , and thus 

increa s ed th i ckne s s  o f  the mye l i n  sheath , ha s been shown 

to o ccur in a numbe r  o f  human neuropat h i e s  inc lud ing 

Friedre i ch ' s  ataxia ( Dyck & La i s , 1 97 3 )  and u raemi c  

neuronR � h y  ( Dyck e t  a l  , 1 9 7 1 a ) . 
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In add i t ion to more obvious s igns o f  axona l pathology a 

number of change s  we re seen tha t we re more subt le i nd i cator s 

of axona l d i s e a s e . The s e  included accumul ated axoplasmic  

organe l le s , adaxona l Schwann ce l l  pro j ection s , axon-Schwann 

ce l l  network s , margina t i on of m i crotubu l e s  and abnorma l 

axop l a smic organe l les . Aga in the s e  changes were s een i n  

the l ef t  and r ight recurrent laryngeal nerve s , a nd were 

more frequent i n  the s ubc l in i ca l group of hor s e s .  The 

f i nd ing that act ive nerve f i bre degenerat ion wa s con s i stently 

more prominent i n  the subc l in i c a l  anima l s , sugges t s  that 

the d i sease proc e s s  of laryngea l hem iplegia is  more a c t ive 

in th i s  group . Th i s  f ind ing is cons i s tent with that recorded 

in the sect i on on tea s ed f ibre preparat ions . 

The act ive f i bre degenerat ion and more subt l e  axona l changes 

wh i ch we re observed i n  the control anima l s , occurred at 

a much lower f requency than in the a f f ected hor s e s . The s e  

ma y represen t  " norma l "  wear and t e a r  on t h e  nerve , or i n  

some ins tanc e s  perhaps repre sent an early par t  o f  the d i s e a s e  

proce s s  of equ ine laryngea l hemi p l e g i a . 

As ha s been s hown in the l ight mi croscopic and tea sed f ibre 

preparation s , the type and degree of patho logy in the 

peroneal nerve f rom c l i n i c a l  hor se s , wa s s im i la r  t o  that 

pre sent i n  the prox imal left and the r i ght recurrent 

la ryngea l nerve s . 

Morphome t ry 

Whi l e  e lec tron m i cros cop i c  exam i na t ion of equine r ecurrent 

l aryngea l nerve has  been reported previou s l y  ( Duncan �t a£ , 

1 9 7 8 ) , morphomet r i c  ana l y s i s  wa s not performed . The evidence 

presented in previous sect ion s  o f  thi s thes i s , i nd i ca ted 

that the d i s e a s e  proce s s  of laryngeal hemi plegia wa s chroni c  

and primari ly axona l i n  nature , and had a predominantly 

d i s t a l  d i s t r ibut ion . Thu s , the d i sease may be c la s s i f ied 

as a d i stal axonopathy . I n  man , some of the chron i c  d i sta l 
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axonopathi e s  have been shown to be a s sociated w i th atrophy 

of the d i s ta l  axon ( Dyck R..t a1.. , 1 9 7 1 a ;  Dyck & La i s ,  1 9 7 3 ) . 

Th i s  a trophy can only be detected accurately by compa r i son 

of axona l s i z e and mye l i n  sheath th i ckne s s . For thi s  rea s on , 

s uch a compar i son wa s performed . 

The resu l t s  showed that axona l a trophy wa s pre s ent a t  a 

number of l evels i n  the recurrent laryngea l nerves o f  

subc l i n i c a l  and c l i n i c a l  l aryngeal hemipleg i c  anima l s . 

The d i stal d i s t r i bution of the pathology o f  l aryngea l 

hemiplegia , demonstrated in l i ght mi croscopic a nd tea s ed 

f i bre preparations wou ld sugge s t  tha t any axona l atrophy , 

wh i ch may be involved in the pathogene s i s  o f  the nerve 

degenera t i on , wou ld a l so s how a s im i lar pattern . Such a 

d i stal di s t r i bution wa s apparent i n  the c l i n i ca l ly af fected 

hor ses . However , i n i t i a l  exami nation of the regre s s ion 

analyses of the subc l i n i ca l  group did not revea l th i s  pa ttern , 

a s  their d i stal  a nd midcerv i c a l  left recurrent laryngea l 

ne rve samp l e s  showed no s i gn i f i cant d i f f erence s when compa red 

w i th the contro l s . Th i s  may be explained by the pre sence 

of a cons iderable amount of regenera t ive act i v i ty i n  the s e  

samp le s .  " On ion bu lbs " and regenerat ing c lu ster s , w i th 

the i r  a s so c i ated th inly mye l i na ted f ibres , we re common 

f i nd ings , a nd cou ld ma sk the presence of f ibres s howi ng 

axona l atrophy . I n  the s ubc l i ni c a l  group , i t  i s  pos s i b l e  

that l e s s  axona l atrophy wa s present than i n  t h e  c l i n i ca l ly 

a f fected hor s es , and thu s the thinly mye l i nated f i bre s could 

more read i l y  concea l  the pre sence of atrophi c  f i bre s . When 

s ign i f icant d i f ference s were found , thi s  popu lat ion of thi n l y  

mye l i nated f ibres wou ld tend to l e s sen thes e d i f f erence s , 

and thus , the degree of axona l atrophy present i n  the nerve s  

of horses a f fected b y  laryngeal hemiplegia , i s  probably 

more severe than is re f l ected by the regre s s ion l i ne s  derived 

in thi s  study . 
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Sur-1I�ARY 

I t  i s  conc luded f rom thi s  s tudy that equ i ne l aryngea l 

hemiplegia i s  a d i s ta l ly d i s t r ibuted polyneuropa thy ,  which 

is  pr imari ly axona l ,  a nd of an apparent l y  chroni c  na ture . 

A d i s t a l  d i str ibution of the pathology wa s demons trated 

by l ight m icroscop i c , tea s ed f ibre and electron mi cros cop i c  

prepara t ions and con f i rmed quant itat ively . Th i s  pre ferent i a l  

sus cept i bi l i ty o f  l ong nerve f ibre s a t  the i r  most d i s ta l  

par t s  wa s mani f e s t  i n  two way s . F i r s t l y , the prox ima l to 

d i s t a l  increase i n  s ever i ty of patholog i c a l  change s wa s 

observed w i thin a nerve trunk , and wa s par t i c u l a r l y  

not i ceable in the left  recurrent laryngea l nerve , the long e s t  

nerve i n  the hors e ' s  body . S econd ly ,  a compa r i son o f  the 

degree of pa tho logy in nerve trunks of d i f fering l eng"ths , 

demon s t rated the d irect r e l a t i onsh i p  between nerve l ength 

and degree of pa thology . Thu s , the l e f t  recu rrent laryngea l  

nerve , wh ich can be 3 0  cm longer than the r i ght , wa s 

pred i ctably more severely involved . The extent of patho logy 

i n  the d i stal h i ndl imb nerves exami ned was a l s o  cons i s tent 

w i th thi s  pa ttern . 

The techniques o f  per iphera l nerve examinat i on u s ed in th i s  

i nvest igat ion , provided ev idence for the pr imary a xona l 

na ture of the patho logy of th i s  di s e a s e . L i gh t  mi cros copi c  

morphometric exami na t i on o f  re s i n  embedded nerve demon s tra ted 

s e l ect ive loss o f  l arge mye l i nated f i bres i n  part icul a r .  

A l though demye l i na t i on and remy e l inat ion were prom inent 

f i ndings i n  the t e a s ed f ibre prepara t ions , the group i ng 

of abnorma l internod e s  on part icu l a r  f ibres i nd i ca ted tha t 

the demy e l i nation had occurred secondary to some underly ing 

axona l patho logy . E lectron mi croscop i c  examina t i on reve a l ed 

a c t ive axonal degenerat ion , a s  we l l  a s  more s ub t l e  

i nd i cat ions o f  e a r l y  axona l  d i sea s e .  In add i t ion , 

morphome tric e l e c tron mi croscopic technique s demon stra ted 

axona l atrophy j n  the recurrent larynge a l  nerves of la ryngea l 
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hemipl eg i c  anima l s .  Changes i nd icat i ve of a xona l pathology 

were a l s o  pre sent in hindl imb nerves exami ned . Thu s , the 

resu l t s  of t h i s  s tudy have provided a con s i de rable amount 

of ev idence for t he pr imar i l y  a xona l nature o f  the d i sease 

proce s s  in equine laryngea l hemipleg i a . 

The f requent f i nd ing of " on i on bu lb"  format i on s  a t  certa i n  

leve l s  o f  a f fected recurrent laryngea l nerve s ,  both in thi s  

and previous s tudies ( Duncan , 1 9 7 5 ; Duncan e. t  af. , 1 9 7 8 ) , 

ind i ca t e s  that the d i se a s e  proc e s s  of equ i n e  laryngea l 

hemipleg ia i s  a chroni c  one . Ra ther than a s ingle i n s u l t  

t o  per i phera l nerve , i t  i s  l ikely that there are repeated 

epi sode s of damage to the nerve f ibres , a prerequ i s i te for 

the forma t i on o f  these s t ructures ( Dyck , 1 9 7 5a ;  R a i ne , 

1 9 7 7 ; Benni ngton , 1 9 7 8 ) . 

The pre s ence o f  f i bres whi ch were greatly d i s tended w i th 

accumu l a ted axon a l  organe l l e s , f i t s  the current hypothe s i s  

regard ing the pathogene s i s  o f  d i s t a l  axonopa t h i e s  ( Spencer 

e.t af. , 1 9 7 6 ) .  � direct local e f fect of the damag ing 

inf luence on the axon i t s e l f , with consequent i nterference 

w i th energy metabo l i sm and axoplasmic transport ,  is thought 

to prec i p i t ate axona l degeneration d i sta l  to a poi nt of 

damage . The swo l l en axons observed may be due to loca l 

interference w i th axoplasmi c  transport , and a s  such probably 

represent a loca l area of axon a l  damage . 

A s imi l a r  pattern of pathology to that s hown to occur i n  

equine la ryngea l hemipleg i a , i s  observed i n  a number o f  

human d i seases . In uraemi c neuropa thy there i s  a d i s ta l  

loss o f  nerve f ibre s , s econdary demye l i na t i on , 

u l t a s t ructural a xona l a l tera t i ons and axona l a trophy ( Dyck 

et af. , 1 9 7 1 a ) . S i mi lar f i nd ings have been reported for 

Fr iedre i ch ' s  a taxia ( Dyck & La i s , 1 9 7 3 ) . In peronea l 

muscu l a r  a t rophy , a d i s ta l  neuropa thy , u l trastructura l 

a l tera t i on s  

demyel i nated 

ind i cat ive o f  axona l d i sea se a r e  

a nd remye l i na ted s egment s a re 

present , 

c lus tered 

and 

on 



1 1  8 

particular nerve f i bres ( Madr id e.t a l.. , 1 9 7 7 ) • I n  d ia be t i c  

neuropathy a l s o , there i s  a di s t a l  l o s s  o f  mye l i na ted f i bre s , 

w i th s egmental demyel i nation part icularly i n  chron i c  c a s e s  

( Benni ngton , 1 9 7  8 )  • However , the pa thology of equ i ne 

l a ryngea l hemi plegia i s  not ident i c a l  to any o f  the above 

d i seas e s . A l though the fundament a l  pa tholog i c a l  change s  

a re s im i l ar , they d i f fer i n  extent and d i s tr ibut ion . The s e  

d i f ferences may b e  largely due to t h e  re l ative nerve lengths 

o f  the two spec i e s . 
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PART I l l  

MUSCLE PATHOLOGY I N  EQU I NE LARYNGEAL HEM I PLEG I A 

Introduct ion 

Mus c l e  h i s topa tho logy is a use ful adj unct to the i nve s t igat ion 

o f  a neuropathy becau se it demon stra te s the effects  of 

denervat ion on the mus c l e . Usual ly thi s  denervat i on i s  

part ia l , w i th changes occurring i n  those mus c l e  f ibre s 

be long ing to the motor uni t innervated by the damaged motor 

axon ( Buxton , 1 9 8 0 ) . The a f fec ted mu scle f ibres shrink , 

and thus the sarcolemma l nuc l e i  appear more numerous . 

Adj a cent mus c le s  f ibres appear norma l in s i ze or even 

hypertroph i ed . The denervated mu s c le f ibre s t imu lates 

neighbou r i ng hea l  thy nerve f i bres to send out f ine axona l 

sprout s  to rei nnerva te t he denervated f ibre s , a proce s s  

known a s  co l lateral sprout i ng . A charact er i s ti c  feature 

of denervation is f ibre type groupi ng ,  which occurs becaus e  

the d enervated mus c l e f ibres in the vicinity of a surviving 

nerve f ibre w i l l  be re i nnervated by col latera l sprout s  f rom 

t h i s  f ibre , a nd thus w i l l  a s sume the same metabo l i c  type , 

a s  determined by the i nnervat i ng nerve f ibre . I n  a myo s i n  

ATPase s ta i ned f ro zen s e c t i on , t hi s  appears a s  the grouping 

of f ibres of the s ame h i s tochemical type , a nd i s  

pa thognomoni c  of re innerva t i on . The term neurogeni c  atrophy 

i s  u sed to descr ibe the resultant morpho logi ca l  a l tera t i on s  

i n  mus c l e . 

I n  t he pres ent inve s t igat ion the secondary e f fects  

mu scles  s uppl ied by 

of 

the dene rva t i on were 

recurrent la ryngea l 

examined i n  

be made 

recurrent 

A mu s c l e  

between the 

l aryngeal 

i nnervated 

a l so exami ned . 

nerve s . 

degree 

nerve 

Th i s  enab led a c ompa ri son to 

of pathology observed in the 

and the mus c l e s  i t  supp l i ed . 

by a nother long per i phera l n erve wa s 
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Ma ter i a l s  and Methods 

Col l ect ion and proce s s ing o f  the laryngea l  mu s c l e s  

The l e f t  and r i ght c�i c o ihy�o id�u � ,  c�i c o a�yt�n o id�u� L� 

and c � i c o a�yt�n o id�u� d o �� afi� mus c l e s  were removed a t  p o � t  

m o �tem . The se mu s c l e s  were d i s s e c ted care f u l l y  f rom the 

laryngea l cart i l ag es , and the i r  we ights were recorded . 

The c�ic o thy� o id�u� mus c l e  wa s co l l ec ted , as it  i s  the on ly 

int r i n s i c  laryngea l mus c l e  not supp l ied by the recurrent 

laryngea l nerve , but by the externa l branch of the cran i a l  

laryngea l .  The c � i c o thy� o id�u� fate�afi� and c�c o a�y t�oide� 

d o � � afi� mu s c l e s  were selected , a s  early i nd icators of 

neurogeni c  a t rophy in the cou r s e  o f  laryngeal h em i p legia 

( Duncan & Gr i f f i ths , 1 9 7 3 ) . Mus c l e s  were taken f rom the 

l e f t  and r i ght s ides to enable compar i son . I n  add i t ion 

the �xt�n � o �  digit o � um f o n gu �  mus c l e  wa s sampled , a s  

repre senting another mus c l e  o f  the body supp l i ed b y  a l ong 

nerve . 

Once the we ights of the laryng ea l  mu s c l e s  had been recorded 

a b lock of t i s sue wa s taken from each for frozen transverse 

sect ioning . W i th i n  an hour of death of the an ima l the mus c l e  

wa s f rozen b y  immers ion i n  i sopentane 1 which wa s s i tt ing 

i n  l iqu id n i trogen . The frozen block of mu s c le wa s mounted 

on a chuck , 

spec imen s2 

of 1 0  lJm . 

u s i ng an embeddi ng med ium for 

Tran sver se sections we re cut 3 
frozen t i s sue 

at a t h i c knes s  

Two s ec t i on s  we re 

for h i stochemi ca l s t a i ni ng 

tr i phospha t a s e  ( myos i n  ATPase ) ,  

w i th haematoxy l i n  and eos in 

taken from each mus cl e , one 

w i th myos in adeno s ine 

a nd the other for s ta i n ing 

( Appendix 4 ) . The mus c l e  

s e c t ions were then exami ned under a l ight mi cros cope for 

patholog ical  changes . 

1 .  I sopentane , Koch-Light Laborato r i e s  Ltd , Buckinghamshi r e ,  England . 

2 .  T i s s ue -Te k 2 ,  Lab Tek Products , Nape r v i l l e , U . S . A .  

3 .  Lipshaw Cryotome , e lec r i c microtome , Lipshaw Manu fa ct u r ing Co . , 

Michigan , U . S . A �  
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I n  order to prov ide an a s se s sment of the degree o f  pathology 

present in each mu s c l e , the f o l l owing grading · sy s tem wa s 

u sed ( Anderson , 1 9 8 4 ) .  

Mi ld pathology ( + )  
1 . Round i ng of , and an apparent i ncrease i n  the number 

of sarco l emma l nuc le i . 

2 .  The occurrence of a higher than norma l number of nuc l e i  

w i thin the body o f  mus c l e  f i bre s . 

3 .  Minor var i a t ion in f i bre s i z e  and f i bre type grouping . 

Moderate pa thology ( + + )  
1 .  Fibre at rophy and hypertrophy . 

2 .  An apparent i n crease i n  the amount of endomy s i a l  and 

perimy s i a l  connect ive t i s s ue . 

3 .  Appearance of grouped atrophy . 

Marked pa tho l ogy  ( + + + ) 
1 .  W ide spread atrophy and hype r trophy of fibre s .  

2 .  Marked endomy s i a l  and per imy s i a l  f ibros i s . 

S evere pa tho logy ( + + + + ) 
1 . Wide spread fatty and f i brous repla cement of mu s c l e  f ibre s 

2 .  Pyknot i c  nuc lear clumps . 

R e su l t s  

Deta i l s  o f  the patholog i c a l  chang e s  for t h e  i nd ividua l 

mu s c l e s  are pre s ented in Tab l e s  1 0 ,  1 1  a nd 1 2 .  



TABLE 1 0 : MUSCLE PATHOLOGY IN CONTROL HORSES · 

HORSE NO . MUSCLE 

1 cl7.i c o thy 17. o ..ide.u.IJ 
Cl7...i c o al7.yte.n o ide.u.IJ i..ate.l7.ai....i.IJ 
cl7...i c o al7. y i e. n o ..ide.u.IJ d o i7. .1J aii.IJ 
e.x.t e.n.IJ 0 /7.  digit o 11.um f o ngu.IJ 

2 Cl7...i c o thy17. o ..ide.u.IJ 
cl7...i c o al7. y i e. n o ide.u.IJ £aie.l7.ai..i.IJ 
Cl7.i c o al7.yie.no ide.u.IJ doi7..1J ai.i.IJ 
e.x.te.n.IJ 0 /7.  digii o 11.um i.. o n gu.IJ 

3 cl7..ic othy 17. o .ide.u.IJ 
Cl7..i c o al7.yte.no ide.u.IJ i.. aie.l7.ai..i.IJ  
cl7.i c o al7.yie.no ide.u.IJ d o i7..�J ai..i.IJ 
e.x.te.n.IJ 0 /7.  digii o 11.um f ongu.IJ 

4 cl7..i c o thyl7.o ide.u.IJ 
Cl7...i c o al7.yie.no ide.u.IJ £ate.l7.ai....i.IJ 
Cl7.i c o al7.yte.no ide.u.IJ d o i7. .1J ai...i.IJ 
e.x.te.n .IJ 0 /7.  d..ig..ii o l7. um fo ngu.IJ 

5 Cl7.i c o thyl7.o ..ide.u.IJ 
cl7..i c o al7. y ie. n o ide.u.IJ i..aie.l7.ai....i.IJ  
cl7.i c o al7. y i e.n o ..ide.u.IJ d o i7..1J aii.IJ 
e.x.te.n.IJ 0 /7.  digii o l7. um i.. o n gu.IJ 

6 cl7...ic othy17. o ..ide.u.IJ 
Cl7...i c o al7. y i e. n o ide.u.IJ i..ate.l7.a£i .IJ 
cl7.i c o al7.yte.n o ide.u.IJ doi7..1Ja i..i.IJ 
e.x.ie.n.IJ 0 /7.  d..igit o l7. um fo ngu.IJ 

no pathology 

+ m i ld pa thology 

+ +  moderate patho logy 

+ + +  marked pathology 

+ + + +  severe pathology 

DEGREE 

LEFT 

-

-

-

-

+ 
-

-

+ 
-

-

+ +  
-

-

-

-

-

+ 
-
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OF PATHOLOGY 

R IGHT 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
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TABLE 1 1 :  MUSCLE . PATHOLOGY IN SUBC!JINICAL. tARYNGEAL HEHI'PLEGI C  

HORSES 

HORSE NO . MUSCLE 

7 c�ti c o ihy!t o .id.e.u..c, 

c�ti c o all..yi. .e. n o .id.e.u..c, .f..ai.e.ll.. a.f.. .i..c, 

cll..i c o all..yi..e. n o .id.e.u..c, d o 11...6 a.f...i..c, 

.e.x.t.e.n .6 o ll.. d .ig .i i o �tum .f.. o n gu..c, 

8 c�ti c o thy�t o .id.e. u ..c,  

c�ti c o all..yi.e. n o .id.e. u..c, .f..ai.e.�ta.f.. .i..c, 

c�ti c o all..yi.e. n o .id.e.u..c, d o �t..c, a.f.. .i..c, 

.e.x.i.e.n..c, o/1.. d .ig.ii o �tum .f.. o n g u ..c,  

9 cll.. .i c o thy�to .id.e.u-6 

c�t.i c o all..yi..e. n o .id.e.u..c, .f..ai.e.�ta.f...i..c, 

cll.. .i c o all..yi.e.n o .id.e.u..c, d o 11.. .6 a.f...i ..c,  

.e.x.i.e.n.6 o ll.. d.i g .i i o �tum .f.. o ngu..c, 

1 0 cll..i c o ihyll.. o id.e.u..c, 

c�ti c o all..yi .e. n o .id.e.u..c, .f..ai..e.ll..a .f...i ..c,  

c�ti c o all..y i .e. n o .id.e.u..c, d o 11...6 a.f.. .i..c, 

.e.x.i.e.n..c, oll.. d .i g .i i. o ll..um .f.. o n g u..c, 

1 1 c�ti c o thy�t o .id.e.u..c, 

c�t.i c o all..yi.e.n o .id.e.u..c, .f..ai.e.�ta.f.. .i..c, 

c�t.i c o all..yi..e.n o .id.e.u..c, d o11...6 a.f.. .i..c, 

.e.x.i.e.n -6 0 11.. d.ig .i i. OII..Um .f.. o n g u..c, 

no pathology 

+ m i ld pa thology 

+ +  moderate pathol ogy 

+ + +  ma rked pathology 

+ + + +  severe pathology 

PEGREE OF PATHOLOGY 

!LEFT R IGHT 

- -

+ + +  + 

+ + +  -

-

- -

+ +  -

+ -

-

- -

+ + +  -

+ + +  -

-

- -

+ + +  -

+ +  -

-

- -

+ +  -

+ -

+ 
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TABLE 1 2 :  MUSCLE PATHOLOGY I N  CLINICAL LArtYNGEAI. HET-1IPI.EGIC· 

. HORSES 

�ORSE NO . MUSCLE 

1 2 c11..i.. c o thy11. o .i..deu.o 

c11..i.. c o a11.yteno .i..deu.o 

c11..i.. c o a11.yten o.i..deu.o 

e x.ten.o o 11. d.i..g.i..i o 11.um 

1 3 c11..i.. c o thy��. o .i..deu.o 

c11..i.. c o a11.yteno.i..deu.o 

c11..i.. c o a11.yteno .i..deu�J 

e x.ten�J 0 /1. d.i.. g.i..t o 11. um 

1 4 c11..i.. c o thy11.o .i..deu�J 

C11..i.. c o a11.yteno .i..deu.o 

c11..i.. c o a11.yteno .i..deu�J 

ex.ten�J 0 /1. d.i.. g.i..t o 11. um 

1 5 c11..i.. co thy11. o .i..deu�J 

c11..i.. co a11.yteno .i..deu�J 

C11..i.. c o a11.yteno .i..deu�J 

ex.ten �J 0 /1.  d.i..g.i..i o 11. um 

t.i..£...i..a.f...i..�J Cll.an.ia.f...i .o 

g a .o t��. o cnem.i..u�J 

£...i cep�J /-em o 11..i...o 

no pathology 

+ m i ld pathology 

+ +  moderate pathology 

+ + +  ma rked pa thology 

+ + + +  s evere pa thology 

DEGREE OF PATHOLOGY 

LEFT R IGHT 

- -

.f..ate11.a.f...i...o + + + +  + +  

d o 11. .o a .f...i...o + + + +  -

.f.. o n gu.o -

- -

.f..ate11.a.f...i.. .o + + + +  + 

d o 11. �J a.f...i..�J + + + +  -

.f.. o ngu�J + +  

- -

.f..ate11.a.f...i..�J + + + +  + +  

d o 11.�J a.f...i..�J + + +  + 

.f.. o n g u�J + 

- -

.f.. ate11.a .f...i..�J + + + +  + 

d o 11. �J a.f...i..�J + + + +  + 
, 

.f.. o ngu.o + + 

+ -

- -

- -
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C r i cothyroideus mu s c l e  

No pa tholog ical  changes were observed i n  the 

c�icothy�oid�u� musc le from any of the hor ses stud ied . 

Left c r i coaryteno ideus latera l i s  

Some patho l ogy wa s observed i n  the l e f t  c�i c o a�y:L�n o id � u� 

i a te�aii� mu scles  in a l l  hor ses studied , with the except i on 

of two control anima l s . One of t he se wa s the 1 day old 

foa l . Pa tho log i c a l  change s were m i ld to moderate in the 

other contro l s , moderate to marked in the subc l i n i ca l s  and 

severe in the c l i n i ca �  ( F i g s . 6 9 - 7 2 ) .  

R ight cri coaryteno ideus l a tera l i s  mu s c l e  

No patho logy wa s obs erved i n  the r i gh t  c�i c o a�yt� n o id�u� 

d o �� aii� mu s c l e  of any of the control an ima l s . _However , 

one s ubc l in ic a l  had m i l d  change s pre sent , and a l l  four 

c l in i c a l  horses had change s  whi ch var ied f rom m i ld to 

moderate ( F ig . 7 3 ) .  

Left c r i coaryteno ideus dor sa l i s  mus c l e  

N o  patholog i ca l changes were detected i n  the l e f t  

c�i c o a�yten o id�u� d o � � aii� mus c l e s  o f  the control hor s e s . 

M i ld to ma rked patho logy however , wa s observed in the mu s c l e s  

f rom the s ubcl i n i c a l  anima l s .  I n  three of the four mu s c l e s  

f rom the c l in i c a l  l a ryngea l hem i p l egic horse s ,  s evere 

neurogen ic at rophy wa s observed ( F i g . 7 4 ) .  In the rema i n i ng 

c l inical c ase , a s omewhat l e s s er , but neverthe l e s s  obv iou s  

degree of pa thology wa s seen . 
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Righ t cri coaryteno ideu s dor s a l i s  mu s c le 

No patholog i c a l  change s were detected i n  the r i ght 

c�i c o a�yteno ideu� do�� aii� mu s c l e s  from cont rol or 

subc l i n ica l l y  a f fected anima l s . However , m i ld changes were 

pre s ent in the se musc l e s  from two of  the c l i ni ca l  lary ngea l 

hem i p l eg i c  hor se s , whi l e  morpho logy wa s norma l in the rema i n

ing two . 

Extensor digi torum longu s mu s c le 

· No s igns of patho logy were seen i n  the ex.ten � o �  digit o /l.um 

l..o n gu �  mus c l e s  from the control hor s e s  ( F ig . 7 5 )  , or f rom 

four of the f ive subc l i n i c a l  anima l s . In  the rema i n i ng 

subc l i nica l hor s e , mi ld pa tholog i c a l  changes ( Fig . 7 6 ) whi ch 

inc l uded low myosin ATPa se f i bre s i n  groups o f  ov er 2 0 , were 

obs e rved . In contrast to th i s , three of the four c l i n i ca l ly 

a f f e cted hor s e s demon s tra ted s ig n s  of  neurogenic pathology 

( F i g . 7 7 ) . M i ld changes were present in the mus c l e s  of 

two hor se s . F i bre type groupi ng , of 1 0 0 +  f ibre s , a nd 

var i a t ion in f ibre s i z e , we re seen in the se anima l s . 

Moderate patho logy , with the add i t iona l f i nd ing of grouped 

atrophy , wa s detected in the other . 

Other hind l imb mu s c l e s  were stud ied in one cl ini ca l laryngeal 

hemi pl egic hor s e , inc luding the ti£.iaii� c/l.aniaii� , 

ga�t/l. o cnemiu� and £.i cep� /.em o �. O f  these , m i ld changes 

were seen in only the left c/l.anial..i �  ti£.iaii� musc le . 

D i scu s s i on 

The pathology observed in the i n t r i n s i c  l aryngeal musc l e s  

of the subcl i n ical and c l inical l aryngea l hemiplegic hor s e s  

i s  i n  agreement w i th the f i nd ings of  prev ious workers ( Gunn , 

1 9 7 2 ; Duncan & G r i f f iths , 1 9 7 3 ; Gunf-1 ,  1 9 7 3 ; Duncan e t  a £ ,  

1 9 7 4 ; Duncan , 1 9 7 5 ; Ander son , 1 9 8 4 ) . Change s i nd icat ive 



of  neurogeni c atrophy were seen i n  

mner vated by the recu rrent l a rynge a l  
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the la ryngea l mus c l e s  

nerve . The exi s tence 

of  a group of  hor s e s  w i thout c l in i c a l  or obv ious endo s c op i c  

ev idence o f  laryngea l hemipl egia , but wi th neurogeni c  changes 

i n  t he mus c l e s  i nnervated by the l e f t  recurrent laryng e a l  

nerve wa s noted . The adductor mus c l e s , the c�i c o a�yten o ideu� 

l.ate�a.f..i �  , wa s more s everely a f f ected than t h e  abdu c tor , 

the c� i c o a�yten o id e u� d o ��al.i� , a f e a t ure which wa s more 

apparent in the l e s s  s evere l y  a f fec ted subc l i n ic a l  anima l s . 

R i ght r ecurrent l aryngea l nerve i nvo lvement wa s a l so 

ev idenced , by ea r l y  changes i n  the r i ght c�i c o a�yten o id e u �  

l. ate�a.f..i.Lo mu s c le i n  par t i cu l ar . 

A previ ous s tudy ( Duncan , 1 9 7 5 ) , reported the examina t ion 

of o ther mu s c l e s  s uppl ied by long nerves , and found no 

abnorma l i t i e s . I n  the present i nve s t igat ion , the ex.ien� o �  

digit o �um .f.. o n g u� mu s c l e  conta ined m i l d  or moderate ev idence 

of  neurogenic pathology , i n  one of  the f ive s ubc l i n i ca l , 

and three of the four c l i n i c a l  hor s e s , whi le no abnorma l i t i e s  

were detected i n  the control group . The degree o f  patho l ogy 

observed i n  this  h i nd l imb mus c l e  approxima ted that s ee n  

in  t he mu s c le s  innervated by the r ight recurrent l aryngea l 

nerve . The f i nd ing of  neurogen i c  a trophy , pa r t i c u l a r l y  

in  a s s oc i a t i on with cl i n i c a l  la ryngea l hem ipleg i a , o f  another 

mu s c l e  s uppl ied by a l ong per i pher a l  nerve , s ugge s t s  that 

t h i s  d i s e a s e  may i n  f act be a gener a l i s ed polyneuropathy , 

r a ther t han a spec i f i c  d i sease of  the recurrent l aryngea l 

nerve . 

There appea rs to be a corre l a t ion between the overa l l  degree 

o f  mu s c l e  pathology pre s ent within a group , that i s  contro l , 

s ubc l i n i c a l  or c l i n i ca l , and the degree of recurrent 

l a ryngea l nerve patho l ogy , a s  deta i l ed in Part II of t h i s 

thes i s .  The c l i n i ca l  larynge a l  hem i p l egic hor s e s , w i t h  

s evere mu s c le changes corr e s pond ingly show ma rked a l t erat i on 

i n  the l e f t  recurrent laryngea l nerve . Thi s  contra s t s  w i th 

the control group , in  wh i ch l i t t le mu s c l e  damage i s  pre sent , 

and onl y  occas iona l s i gn s  of  patho l ogy pre sent i n  the 
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recurrent l aryngeal nerve . The subc l i n i c a l  group i s  

intermed i ate between the se two extreme s . 

The degree of pa thology pre s ent in the l aryngeal mu s c l e s  

i s  a d i re c t  ref lect ion o f  the extent o f  nerve f ibre damage 

and l o s s  in the d i stal samp le of the recurrent laryngea l 

nerve . Th i s  i s  i l lus trated in the c l inica l  hor se s . S evere 

change s  were pres ent in the l e f t  laryngeal mu s c l e s  of a l l , 

a s  wa s s evere i nvol vement o f  the d i s ta l  l e f t  recurrent 

la ryngea l 

pa thology 

nerve . The var i a t i on in the degree of nerve 

at more proxima l l evel s  of  the l e f t  nerve d id 

not produce corres pond ing var i a tion i n  the extent of mu s c l e  

damage . 

Thus , i t  appear s  that early in the cour se of laryngea l 

hemipl e g i a , there i s  l o s s  of  a lmos t a l l  l a rge mye l i na ted 

nerve f ibre s i n  the d i s t a l  area o f  the l e f t  recurrent 

la ryngea l ne rve . Thi s r e s u l t s  in a correspond ingly s evere 

neurogenic atrophy of  the l a ryngea l mu s c l e s , man i f e s t  

c l inica l ly a s  l e f t  laryngea l pare s i s  or 

damag ing i nf luence af fecting the recurrent 

para ly s i s .  The 

l aryngeal nerve 

however , s eems to be an ongoing proce s s , rather than 

relat ive ly s ta t i c  as seen in the mu s c le . W i t h  t ime i t  

a ppear s that more proxima l l ev e l s  of  both l e f t  a nd r i ght 

recurren t l a ryngeal nerve s are involved in the di sease 

proce s s . The d i s t a l  left recurrent la ryngea l  nerve samp l e s  

f rom t h e  2 a nd t he 2 2  year o l d  l aryngea l hemi p leg i c  hor s e s  

a re very s im i lar in appearance , that i s  a lmos t  comp l e t e l y  

d evoid o f  mye l inated f ibre s  and corre s pond ing l y , t h e  degree 

of mu s c l e  patho l ogy is s evere in both . However marked 

d i f feren c e s  are present in more proximal l eve l s  of the 

recurrent l a ryngea l nerve , a nd ref lect the ongoi ng proc e s s  

o f  axona l degenera t i on with t i me . 
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PART I V  

THE CENTRAL NE RVOUS SYST EM I N  E QU I N E LARYNG EAL H EM I PLEG I A  

INTRODUCTION 

The f i r s t  reported i nves t i ga t i on of the centra l ne rvous 

s y s tem o f  horses w i th laryngea l hem iplegia wa s performed 

by Argy l e , i n  1 9 3 4 . He examined the me.du.R..R.a o £...R. ongata i n  

order t o  a s certa in whether any changes were present i n  

the nuc l eu s  o f  o r i g i n  o f  the ne rve f ibre s i nnervat i ng the 

i ntrins i c  la ryngea l mu s c les . He described the way in wh i ch 

he ident i f i ed the nu cl eus o f  the vagus i n  norma l hor s e s ,  

and then i n  two anima l s  wi th laryngea l hemipleg i a . 

Degenerat i on wa s observed i n  a proport ion of ce l l s  of th i s  

nuc leus on l y  on the l e f t  s i de . However , i t  wa s not c l ear 

whe ther the nuc l eu s  exami ned wa s a c tua l ly the n u c.R.e.u� 

am£..i guu� , or  the dor s a l  motor nuc leus of the vaga l nerve . 

In  a more recent study of laryngeal hem i pleg ia , Duncan ( 1 9 7 5 ) 

exami ned the motor nu c l e i  of  the recurrent laryng e a l  nerve s 

i n  three c l i n ical c a s e s  o f  the d i sease . No s i gni f i c ant 

f i nd ing s  w ere observed . In v i ew o f  thi s lack of spec i f i c i ty 

concerning the nuc leus exami ned by Argy le ( 1 9 3 4 ) , a nd the 

sma l l  number of  c a s e s  exami ned by Duncan ( 1 97 5 ) , i t  wa s 

proposed to f urther examine the centra l nuc le i o f  the 

recurrent laryngea l nerve f ib re s . The ce l l  bod i e s  of the s e  

f ibre s a r e  l oc ated i n  the n u c.R. e. u �  am£..iguu� i n  the me.du.R..R.a 

o £...f. o ngata ( Ga cek , 1 9 7 5 ) .  

A s econd s i te wi thin the centr a l  nervou s s y s tem of hor s e s  

w i th laryngea l hem i p l e g i a  wa s a l s o  examined . As d i scussed 

i n  previou s chapters there is  a di s t a l  d i s t r i bu t i on of 

nerve patho logy in the recurrent la ryngea l nerves of  af fect

ed horses , s ug ge s t ing that the cond i t ion may be a d i s ta l  

axonopathy J O f ten i n  d i se a s e s  o f  thi s type , l ong f i bre s 

of  the central nervous s y s tem a r e  a l so a f f ec ted d i s ta l ly 
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( Spencer & Schaumburg , 1 9 7 6 ) . T o  determine whether thi s 

occurred in la ryngea l hemipleg i c  horses , the d i s ta l  reg ions 

o f  long nerve f ibre s wi th i n  the central nervous s y s tem 

were examined . 

As a prerequ i s i t e 

a nd change s  whi ch 

neurogeni c  d i sease 

revi ewed . 

f or thi s s tudy , the relevant anatomy 

may be expected i n  the area f o l lowi ng 

mus t  be known . The s e  are b r i e f l y  

Nuc l eus ambiguus 

The n u cieu� amgiguu� is a narrow c o l umn of motor neurones in 

the la tera l reg i on of the meduf.f.a o gf.o ngata ( Bows her , 1 9 6 2 ; 

Crosby et af. , 1 96  2 ;  Getty , 1 9 7  5 )  • I t  ex tend s f rom the 

c auda l end of  the medul la , where it mee ts the cerv i ca l  

s p i na l  cord , t o  the rostral end o f  the g los sopha ryngea l 

nucleus ( Ge t  ty , 1 97  5 )  . · The nuc leus i s  made up of c l u s t e r s  

o f  c e l l s  i nterspersed b y  more s ca ttered ce l l s , and thu s 

i s  read i l y  observable only a t  some l eve l s  ( Cro sby 

et af. 1 9 6 2 ) . The n u cf.eu� am£.ig uu� l i e s  ventra l  or 

ventromed i a l  to the �pinal tri gemina l nuc l eus ( Bowsher , 

1 9 6 2 ; Getty , 1 9 7 5 ) , a re l a t i on s h i p  wh ich i s  pa r t i cu l a r l y  

helpful in iden t i f i ca t ion . The s e  anatomica l f ea tu r e s  we re 

repor ted for a var i e t y  of  s pe c i e s , i nc lud ing the hor s e  

( Getty , 1 9 7 5 ) . Other structures w i thin the meduf.ia o if.angata 

which a s s i s ted in ident i fy i ng the n u cieu� amiig u u �  we re 

the hypog l o s s a l  nuc l eu s , the dor s a l  motor nuc l e u s  of the 

vagus , the s o l i tary tract , the l a tera l r e t i c u l ar nucleus 

a nd the o l ive . The po s i t i on o f  the nucieu� amiiguu� in 

r e l a t ion to the above structur e s  is  i l lu strated i n  F i g . 7 9 . 

A loca l i sa t i on of the neurone s of the n u cf.eu� am£.iguu �  i nto 

reg ions supp l y i ng s pec i f i c  i nt r i n s i c  l aryngea l  mu s c l e s  

or  groups o f  mu s c l e s  ha s long be en proposed ( Crosby et af. , 

1 9 6 2 ) . Ea r l y  evidence for such a d i s t r ibu t i on wa s obta i ned 

by means of nerve section i ng experiment s ,  or by d irec t 
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e le c t r i ca l  s t imu lat ion · o f  nerve c e l l s  ( Furs tenberg e t  a.f.. , 

1 9 5 5 ) . I n  the cat and the monkey , i t  wa s shown that the 

c e l l bod i e s  i nnerva t i ng the c �i c o thy� oideu� mus c l e  were 

mos t rostra l l y  p l a ced , those i nnervat i ng the adductor 

mus c l e s  we r e  i ntermed iate , and the abductor group wa s i n  

a caudal pos i t ion i n  the nuc leus . Recent i nve s t i gator s 

have used hor sera d i sh perox i d a s e  to t race ret rograde 

axopla smi c f l ow from the mu s c l e s  inj ected w i th the substance , 

to the c e l l  bod i e s  wh i c h  s upp ly them , i n  the 

n.u c.f..eu� am.e..iguu� ( Gacek , 1 9 7 5 ; H inr i chson & Ryan , 1 9 8 1 ; 

Pa saro et a .f.. , 1 9 8 3 ) . I n  the ma i n , the se workers ver i f i ed 

ear l i er f i nd i ng s  that motor neurone s supply ing the i n t r i n s i c  

l aryngeal mu s c l e s  i n  the cat and rat we re located throughout 

the whol e  l ength of the n u c.f..e u �  am.P,._iguu� ( Ka l i a & Mesulam , 

1 9 8 0 ; H i n r i chson & Ryan , 1 9 8 1 ; Pa saro et a .f.. , 1 9 8 3 ) . 

The med ium s i zed ce l l s  in the ro s tral third of the nu c leu s 

i nnervated the c �i c o thy�oideu� a nd cll..i.. c o a�yten o .i..deu� 

d o � � a.f...i..� mus c le s . These were more compactly arranged than 

the large ne urones in the caud a l  two thirds of the nuc leus , 

wh i ch supp l ied the adductor mus c l e s  and the c�.i.. c o a�yten. o ideu� 

d o � � a.f...i..� mus c le . 

of  the c e l l s  

( H inr i chson & 

I t  wa s noted that there wa s ove r lapping 

r epre sent i ng d i f fe rent mu s c l e  group s 

Ryan , 1 9 8 1 ; Pa saro et a.f.. , 1 9 8 3 ) . The 

i nnervat i on of  the intrins i c  l a ryngea l mus c l es wa s f ound 

to be ent i r e l y  i p s i lateral ( G a cek , 1 9 7 5 ; H i nr i ch son & 

Ryan , 1 9 8 1 ; Pa saro e t  a.f.. , 1 9 8 3 ) . Con f l i c t i ng r e su l t s  

were obta ined i n  t he c a t  by Gacek ( 1 9 7 5 ) , u s i ng the s ame 

hor serad i sh perox i d a s e  tracer techni que s . He propo sed 

a dual i nnervat i on of  the c�i c o thy�o ide u �  a nd 

c�.i.. c o a�yten.oideu� d o � � a.f..i� mus c l e s , w i th cel l bod i e s  i n  

two s eparat e  nucl e i , the n u c.f..eu�  am.P,._.i..guu� and r o s t r a l  to 

i t ,  the retrofac i a l  nu c l eus . However , s ubsequent s tud i e s  

have not con f i rmed the pre sence o f  a separate retrofac i a l  

nuc leus i n  the cat ( Ka l ia e t  a .f.. , 1 9 8 0 ; Pasaro e t  a.f.. , 1 9 8 3 ) 

or the ra t ( H i nr i chson & Rya n , 1 9 8 1 ) .  
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The loca l i sation of the motor neurone s  o f  pa rt i c u l a r  groups 

o f  l aryngea l mus c l e s  in the nu ci� u �  ami�guu� has been used 

to s uppor t the hypothe s i s  of  a centra l l e s i on be i ng 

re spon s ible for impa i red funct ion o f  i ndiv idua l or groups 

o f  l aryngea l mu s c l e s . The occurrence of overlap betwe en 

the groups of motor neurone s , noted previou s l y , cou l d  

prec l ude th i s  pos s ib i l i ty . 

I t  ha s been shown that fol lowing a xotomy the ne rve ce l l  

body undergoes ma rked changes i n  morphology and me tabo l i sm .  

The l i ght microscopic man i f e s ta t i on s  of  thi s u s ua l ly 

rever s i ble sequence o f  a l tera t i ons i s  known a s  chroma t o ly s i s , 

or  the " a xon rea c t i on " . Cons i s tent fea ture s  of th i s  proce s s  

a re the a pparent d i sappearance o f  the N i s s l  subs tance 

( g ranu l a r  endop l a s m i c  r e t i c u l um )  f rom the c e l l  body , 

m i gra t i on of the nucleus to an e ccentri c  pos i t ion a nd 

swe l l ing of  the c e l l  ( Ki rkpatr i ck , 1 9 6 8 ; Cragg , 1 9 7 0 ; 

L i ebermann , 1 9 7 1 ; Engh & Schof i e ld , 1 9 7 2 ; Gra f t s te i n ,  

1 9 7 5 ; Pr inea s & Spencer , 1 9 7 5 ) . The term chroma to l y s i s  

rea l l y  only re f e r s  t o  the changes i n  the N i s s l  substance , 

wh i l e " axon reac t i on" refers to the overa l l  proce s s . 

Recovery o f  norma l morpho logy i s  usual and occu r s  ove r  

a per iod of  we eks o r  months ( Liebermann , 1 9 7 1  ) .  

U l tra s tructura l ly the N i s s l  bod i e s  were shown to cons i s t  

o f  concentrat ions o f  granular endop l a smic ret iculum , w i th 

many polyr ibosoma l c omplexe s a pparent l y  l y i ng free betwe e n  

c i sterna of  the endop l a sm i c  ret i c ul um . I n  chromato l y t i c  

neurone s ,  there wa s d i sorga ni sa tion o f  the ordered c i st erna l 

a rray s of  endop la sm i c  re t i cu lum , w i th replacement by short 

c i s t e rnal length s . There wa s a n  apparent net l o s s  of 

g ranu lar endop l a s m i c  ret i cu l um membrane , and d i s pe r s ion 

of the rema i ning  granular endop l a sm i c  re t i cu lum and f re e  

polyr ibosomes to t h e  c e l l  per i phery . The propor t i on o f  

f ree to membrane bound r i bosome s � ncrea s ed ( L i ebermann , 

1 9 7 1  ) .  Recovery wa s a s s oc i a ted w i th recon s t i tut ion o f  

t he granular endo p l a smi c ret i c u l um ( Prineas & Spenc e r , 

1 9 7  5 )  • 
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I n  add i t ion to the s e  structura l a l t e ra t i ons to the neurona l 

c e l l  body the re a re metabol i c  change s .  Evidence f rom 

chemi c a l  and autorad iographic s t ud i e s  of r i bonu c l e i c a c i d  

( RNA ) and prote in metabo l i sm i n  chromatolyt i c  neurone s 

suppo r t s  the hypothes i s  of  the p r i ma r i ly anabo l i c  na ture 

o f  t h i s  response ( Li ebermann , 1 9 7 1  ; Graf ste in , 1 9 7  5 ;  

Prineas & Spencer ,  1 97  5 )  . Fol low i ng axotomy i t  ha s been 

demon s trated tha t there is increa sed nuclear RNA s ynthe s i s , 

increased nuc l eo l a r  RNA content , a nd increased rate o f  

passage of  new ly s ynthe s i sed RNA f rom the nuc leus to the 

cytop l a sm .  The s e  changes were fol l owed clo s e l y  by increa sed 

cytop l a smic RNA c ontent , increa s ed cytop l a sm i c  p ro t e i n  

synthe s i s  and i n c re a s ed cytop l a sm i c  protein content ( Wa t s on ,  

1 9 6 8 ) • 

The i nten s ity o f  the a l terat ions observed var i e s  w i th the 

type of neurone , the age of the i nd ividua l ,  the s pe c i e s  

of  a n imal and the length of  i n t a c t  axon . The r e s ponse 

var i e s  from no s tructura l cha nges a t  a l l , through t o  c e l l  

death ( Cragg , 1 9 7 0 ) . The c loser the s i te of  inj ury to 

t he ce l l  body , the more pronounced the " axon rea c t i on " . 

S imi l ar ly , repe t i t ive inj ury wi l l  enhance the mo rpho l og i ca l  

a l terat ions ( Engh & Schof i e ld , 1 9 7 2 ; Prinea s & S pencer , 

1 9 7 5 ) . Ce l l  d e a th occur s  i n  some a f fected ce l l s , and i s  

s een more f requen t l y  in young anima l s  ( Cragg , 1 9 7 0 ; 

Liebermann , 1 9 7 1  ) .  Cel l s  in an ex treme chromatoly t i c  s t a te , 

or w i th organe l le f ree cytopl a sm are thought to be those 

which w_i l l  even tua l ly die ( L i ebermann , 1 971  ) • 

Inve s t i ga t i on s  of  c e l l  body respon s e s  in d i s t a l  axonopa t h i e s  

have i n  the p a s t  revea l ed norma l morpholog y , o r  on l y  m i nor 

non s pec i f i c  change s ,  even in the pre sence of severe d i s ta l  

axona l degene ra t i on ( Cavanagh , 1 9 6 4 ) .  I t  wa s cons idered 

tha t the d i s ta l  d i s t r i bution of the axona l degener a t ion 

in  these cond i t i on s  makes the chroma toly t i c  re s pons e  l e s s  

f requent and l e s s  obvious than expected . However P r i nea s 

( 1 9 6 9b )  obs erved changes s a i d  t o  be " not un l ike 



1 3 4  

chromato l y s i s "  i n  acrylam i de i n toxication . A number o f  

other huma n per iphera l nueropathies w i th d i s ta l l y  

d i s tr ibuted l e s ions have a l so been reported a s  produc ing 

changes re sembl ing the " axon react i on" . The s e  i n c l ude 

the neuropat h i e s  a s soc i ated w i th a lcohol i sm ,  t h i amine 

d e f i c iency , porphyr ia and uraemia ( Pr i nea s & Spence r , 1 9 7 5 ) . 

Recent l y , i nv e s t i ga tors have recons idered the i nvolvement 

of  the c e l l  body in d i s ta l  axonopath i e s  ( Cavanagh , 1 9 8 2 a ; 

Sterman , 1 9 8 2a ; 1 9 8 2 b ;  1 9 8 3 ) . They cons idered it  un l ike l y  

that t h e  c e l l  body , wh i ch p l a y s  such a c r i t i c a l  r o l e  i n  

maintenance o f  the axon , s hou ld be unaf f e cted by a xona l 

d i sea se . I n  these recent inve s t i ga t i on s  of the tox i c  d i s ta l  

a xonopa th i e s  produced by a c ry l amide ( Cavanagh , 1 9 8 2 a ; 

Sterman , 1 9 8 2 b )  and 2 , 5 - hexaned ione ( S terman , 1 9 8 2 a ; 1 9 8 3 ) , 

a s pectrum of  morpholog i c a l  cha nges re semb l i ng t he " a xon 

react ion" were demonstrated . Sterman concluded tha t the 

a l terations s een were con s i s tent w i th an axona l s i te o f  

tox i c  action , and that a n  i n t a c t  c e l l  body would b e  expected 

to mod i fy i t s  metabo l i sm to repa ir tox i n  i nduced damage 

to , or dep l e t i on of , mater i a l s  i n  the axon . The per ikary a l  

r e s ponse s een wa s d i f ferent for the two tox i c  chem i ca l s , 

s ugge s t ing s pe c i f i c  ce l l  body react ions w i th d i f f erent 

d i s ta l  axonopa thies ( S terman , 1 9 8 2 a ; 1 9 8 2b ; 1 9 8 3 ) . 

The nature of the s i gna l wh i c h  in i t ia t e s  the " axon rea c t i on" 

has not been clearly  def i ned . In  h i s  rev iew of  the subj e c t , 

Cragg ( 1 9 7 0 )  conc luded that probab l y  more than one mechani sm 

is i nvo lved . The mo s t  l ike ly t heor i e s  of fered we re l o s s  

o f  a troph i c  inf luence f rom the periphery , or l o s s  o f  

repre s sor s ub s tances wh i c h  i nh i b i t  anabo l i c  a c t i v i t i e s  

of  the ce l l  body . 
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Long spi na l t r a c t s  

The dor s a l  column o f  the s pina l  cord is made up of the 

tra c t s . The s e  conta in l ong a s cend i ng 

the h ind and for e l imbs re s pec t i ve l y , 

grac i l e  

s ensory 

a nd cuneate 

f ibre s from 

whi ch o r i g i na t e  in the dor s a l  root gang l i a  a nd terminate 

i n  the grac i l e  and cuneate nuc l e i  in the dor s a l  me.duf..f.. a 

o �f.. o ngata . F ibre s from the propr iocept ive end ing s  in mus c l e , 

below , the lev e l  o f  the f i fth thora c i c  s egment , s ynap s e  

w i t h  a group of large ce l l s  a t  the ba s e  of the dor s a l  horn 

of the s p i na l  cord . The s e  secondary ce l l s s end the i r  axons 

crani a l ly in the dor s a l  spi nocerebe l l ar tra c t , which as cend s 

i n  the dor s ol a t e r a l  column of the white ma tter of the s p i na l 

cord to the cerebe l lum . Above the f i f th thorac i c  s egment 

the prima ry propr ioceptive f i bres f rom musc l e  do not synapse 

with s econdary cel l s  i n  the s p i na l  cord , but cours e  

cran i a l ly t o  the latera l cuneate nuc leus . Th i s  nuc leus i s  

l ocated i n  the me.duf..f.. a o �f.. o ngat a,  l ateral t o  the grac i l e  

and cuneate nucle i . Thu s , whi l e  propriocept ive f ibre s  

f rom the h i nd l imb s synap s e  i n  the spina l cord , those f rom 

the f ore l imbs run d irec t l y  f rom the i r  mus c l e  of o r i g i n  

to t h e  latera l  cuneate nuc l eus ( Bowsher , 1 9 6 2 ) . 

Evidence o f  axona l patho logy in the se long s pi na l  tra c t s  

man i f e s t s  a s  a xona l spheroid s ,  o n  haematoxy l i n  and eos in 

s ta i n i ng , wh ich repre sent swol l en degenera t i n g / regenera t i ng 

a xons ( Lampert , 1 96 7 ) .  The pre sence of the s e  s tructures 

has been demons trated in norma l humans ( Brannon e.t al.. , 1 9 6 7 ) , 

and an ima l s  ( Dayan , 1 9 7 1  ) ,  i n c l ud i ng the hor se ( Pu scher 

e.t al.. , 1 9 7 1 ) .  The i r  f requency i s  known to i ncrea s e  w i th 

age ( Dayan , 1 9 7 1 ) .  

MATERIALS AND METHODS 

At p o .() t  m o 11.te.m the bra in wa s removed f rom 1 4 exper imenta l 

anima l s . The s e  anima l s  were div ided into three g roup s , 

contro l , s ubc l i n ic a l  and c l i n i ca l . As de t a i led in P a r t  I I  
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of  t h i s  the s i s ,  c la s s i f i c a t ion wa s based on the presence 

or a bsence of  c l i n i ca l  s igns of  l a ryngea l hem i p legia , and 

on the f i nd ing of  obvious i nt r i n s i c  laryngea l mus c l e  or 

recurrent l aryngeal nerve pa tho logy . The meduffa o tfongaia 

wa s obta i ned and f ixed in 1 0 % formol s a l ine for a t  l e a s t  

2 we eks . T i s sue b l ocks were taken f rom three samp l i ng 

s i t e s  i n  the meduffa o £..f o n g at a , on both l e f t  and r i ght 

s ide s ( F ig . 7 8 ) .  The blocks were embedded i n  para f f i n  

wax,' 1 and s ec t ions c u t  a t  3 ]J m .  The s e  we re s ta i ned w i th 

haema toxy l i n and e o s i n , and l uxol f a s t  blue wi th c r e s y l  

v i o l e t  ( Append ix 5 ) . Haema tox y l i n  a nd eos in s t a i ning wi l l  

demon strate the pre sence o f  inclus i on bod i e s , cel l u l a r  

inf i l t rates and b lood ve s s e l  chang e s , wh i l e  luxol f a s t  

bl u e - cre s y l  vi olet s ta i n  w i l l  reve a l  any a l terations to 

the N i s s l  s ubstance of  the neurona l per ikarya . The cre s y l  

v i o l e t  s ta ins the nuc leus , cel l body and part of  the 

dend r i t i c  t ree , wh i le the mye l i n sheath i s  s ta ined by the 

luxol fa s t  bl ue ( Pr ineas & Spencer , 1 9 7 5 ) . 

Nucleus ambiguu s 

To a s s i s t  in confirm i ng the ident i f icat ion of the r e l a t i v e l y  

i l lde f ined n u cfeu.o a m£..ig u u .o  , s ect ions o f  the medu l l a  were 

exami ned f rom a horse with a known degenerat i ve l e s ion 

of  t he r ight vag al a nd recurrent l a ryngea l nerve s . Th i s  

4 year old , ma le Ang l o-Arab presented c l i n i ca l l y w i th 

regurg i t a t i on of f ood f rom both nos tr i l s , dy s phagia and 

r i ght s ided larynge a l  paralys i s . At p o .o t mo �tem a ya.o�ophif� 

l a rva wa s found in the roof of  the r ight guttura l pouch , 

l a t e r a l  to the art i cu l a t i on of  the hyoid bone , d i re c t l y  

ove r l y ing the interna l carot id artery . Two cra n i a l  nerve s 

were s een cour s i ng through th i s  a r e a , the vaga l and 

a c c e s sory nerves . H i s t o l og i c a l  exami nat ion rev e a l ed severe 

Wa l lerian degenerat ion in these nerve s . In  add it ion m i l d  

chang e s  were pre sent i n  the hypog l o s s a l  nerve . Thu s , w i th 

the known pre sence o f  a xona l damage c l ose to the neurona l 

ce l l  body , i t  wa s expected tha t  f eature s o f  the " axon 

1 Gur r ' s paraf f i n  wax ,  mel bng point 56 °C, Sear le Scia'itiifi(c Se rvices , 
High Wycombe , Buc k s ,  England . 
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reaction" would be o bserved i n  the r ight s i ded nu c l e i  o f  

a f f ected nerve s , i nc lud ing the n u cfe.ul:l amP..ig u u /:J  • The 

sections of the me.duLta o U o ngaia · we re v i ewed under a l i ght 

m i cros cope 1 'l'he n u cf.e.u/.> amP..iguu/:J was )identiified and exami ned 

f or patholog i c a l  changes . 

Long spinal t r a c t s  

T h e  d i s t a l  por t i on s  o f  the long f i bre tract s  were exami ned 

in s e c tions of  the caudal me.duiia o P..i o ngata. .  The number 

of  axona l s phero i d s  pre sent in a t ransver se s e c t i on o f  

a tract o r  nucleus wa s re corded . 

RESULTS 

Nuc leus ambiguus 

S e c t i on s  of the me.duiia o P..i. o n gata f rom the horse w i th known 

degenerat ion of the right vagal a nd recurrent laryngea l 

ne rve s were examined at the levels dep icted i n  F i g . 7 8 .  

The se demon strated change s con s i s t ent with axona l d amage 

in s evera l nuc l e i . Neurones showing chroma to l y s i s , or 

more s tr i ctly spea k i ng , the " axon react ion" , were p r e s ent 

i n  the dor s a l  vaga l nuc leus a nd the group of c e l l s  

i dent i f ied a s  the n u ci.e.u/.> amP..iguu/.> ; ( F ig . 8 0  ) , on the r i ght 

s ide ,  but not on the le f t .  Whi l e th i s  ev i dence does not 

de f i n i t ive ly ide nt i f y  the col lect i on of neurones as the 

n u ci.e. u l:l  amP..ig.uu/.> , the morpho logy o f  the c e l l s , a nd the i r  

po s it i on relat i ve t o  other nu c l e i  a nd tra c t s  w i th i n  the 

me.dui.i.a o P..i. o ngata i s  in agreement w i th descript ions of 

t he n u ci.e.u/.> amP..iguu/:J in other spec i e s  ( Cros by et a £  , 1 9 6 2 ; 

Pa s aro e.t af , 1 9 8 3 ) . Thus , i t  wa s conc l uded that the 

c o l l e c t ion o f  c e l l s  be l i eved to represent the n u c ie.ul:l 

amP..iguul:l , and i dent i f ied a s  s u c h  i n  F i g . 7 9 ,  wa s i n  f a c t  

t h i s  nuc l eus . 
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The nuc.ltZ.u-6 am£..iguu;;, wa s iden t i f i ed on the l e f t  and r i ght 

s ides of  the medulla o £..l o n gata i n  a l l  the othe r exper imenta l 

anima l s . At th i s  level , the nuc leus appeared a s  a scattered 

group of 5 - 1 5 ,  med ium to l arge mu l t ipolar neurone s . No 

chang es re semb l i ng the " axon react ion' or neurona l 

degener ation we re observed i n  the s ect ions examined . 

Because of the d i f fuse na ture of thi s nucleus , the accurate 

count ing o f  c e l l s  wa s not po s s ible . However , a subj ect ive 

a s s e s sment revea l ed no d i f f erences between the nuc l e i  on 

the left and r i ght sides of any ind ividua l ( Fi g s . 8 1 - 8 4L 

Long spi n a l  t ra c t s  

Examina t i on of the long a s cend ing f ibre tracts in the re g ion 

of the cauda l medulla o £..l o n g a t a  revea l ed the pre sence of  

axona l s pheroids in all  anima l s . The mos t  c ommon s i te 

for the s e  st ructures wa s the lateral cuneate nuc l eus ( Table 

1 3 ) ,  as  i l l u s trated in F i g s . 85  & 8 6 . In add i t ion , axona l 

spheroid s  were obs e rved rare l y  in the dor s a l  spi nocerebel l a r  

tra c t s  o f  two young , " norma l "  hor s e s  and two old la ryngea l 

hemipleg i c  anima l s  . 

TABLE 1 3 :  . THE FREQUENCY OF AXONAL SPHEROIDS IN THE LATERAL 

CUNEATE �lUSCLES -

HORSE D I SEASE AGE FREQUENCY OF AXONAL SPHEROIDS 
NO . STATUS ( yrs ) LEFT R I GHT 

1 Norma l 0 0 1 
2 1 5 i • 3 
3 1 3 7 
4 1 3 3 
5 2 8 3 
6 3 5 0 +  4 0  
7 Sub- . , 2 5 0 +  5 0 +  
8 c l i n i"ca l  > 7  1 8 5 0 +  

1 0 1 0 5 0 +  5 0 +  
1 1 1 2 2 2  2 3  
1 2 C l i n i c a l  2 8 5 0 +  
1 3 8 2 7  2 3  
1 4 9 2 0  5 0 +  
1 5 2 2  7 2 3  
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DISCUSS ION 

Nuc leus ambig·uu s 

A l though d i s tal axona l pathology wa s severe i n  the l e f t  

recurrent l aryngea l  nerves o f  the c l i n i ca l  ca s e s  o f  

l aryngeal hem ip l e g i a , and l e s s  severe but s t i l l  cons iderab l e  

i n  the subc l i n i ca l cases , no morpholog i c a l  a l t era t ions 

were noted i n  the parent ce l l  bod i e s  of the n u cieu� amti g u u �  

In  add i t ion ,  there wa s n o  apparent l o s s  of neurone s f rom 

the nuc leus a s  a r e s u l t  of degeneration , whi ch occu r s  

s ub sequent to a s evere " a xon rea c t i on" . In  v i ew of  the 

fact that transec t i on of an axon usua l l y  lead s to a sequence 

of s tructural change s i n  the ce l l  body , features of  th i s  

change , such a s  d i s solut ion of  the N i s s l  substanc e , 

migra t i on of  the nucleus to an eccent r i c  po s i t i on a nd 

swe l l i ng of the ce l l ,  or the degeneration and l o s s  o f  

neurone s ,  could b e  expected i n  the parent ce l l  bod i e s  of  

hor s e s  w i th s evere recurrent laryng ea l nerve patho logy . 

The f ac t  that t h i s d i d not occur may be re la ted to the 

d i s tance between the ce l l  body and the damaged axon . J , ,  

the recurrent l aryngeal nerve of horses , t h i s  d i s tanc� 

i s  cons iderable . Even a t  the l evel of the aor t i c  arch , 

where mi ld patho logy i s  pre sent , the d i s tance f rom the 

c e l l body may be i n  exce s s  of 1 5 0 cm ( Co l e , 1 9 4 6 ; Duncan 

& Gri f f i ths , 1 9 7 3 ) .  Thu s , Argy l e ' s  f i nd ing ( 1 9 3 4 ) of l e f t  

s ided degenerat i on o f  c e l l bod i e s  i n  the nuc leus g iv i ng 

r i se to  the nerve f ibre s of the recurrent l aryngeal nerve 

wa s not conf i rmed by the present i nve s t i g a t i on . I nd eed 

the absence of a ny pa tholog i c a l  a l tera t i ons in the 

n u cieu� amR..i guu� i s  in a ccord w i th Duncan ' s findings ( 1 97S) · m 

three laryngea l hem i p l eg i c  anima l s . Th i s  l a ck of  any 

morpholog i c a l  ev idence of  ce l l  body involvement in the 

patho log i c a l  proce s s  of l a ryngea l hem ipleg i a , add s support 

to the theory that the pr imary damag ing i n f luence i s  on 

the a xon i ts e l f ,  a nd not on the c e l l  body w i th second ary 

d i s ta l axonal comprom i s e . However , the lack of patho l og i ca l  

change s  i n  the n u c ieu� amtiguu� o f  laryngea l hem i p l e g i c  



1 4 0 

a n ima l s  i s  in conf l ic t  w ith th f ind ings in the toxi c  d i s t a l  

axonopa t h i e s  of  a c r y l amide and 2 ,  5 -hexaned ione ( Sterman , 

1 9 8 2 a ; 1 9 8 2 b ;  1 9 8 3 ; Cavanagh , 1 9 8 2a ) . In  the s e  l a t t e r  

cond i t ions a l terations s imi lar t o  the " axon rea ct ion" have 

been obs erved . In  v i ew of the acute nature of the se tox i c  

d i s ta l a xonopa thi e s , i t  i s  more l ike l y  that the " axon 

react ion" wou ld 

of  l arynge a l  

b e  present , 

hemi p l e gi a , 

than 

where 

in the 

l i tt l e  

chron i c  

a c t i ve 

d i s e a s e  

axona l 

degenerat i on i s  apparent at any one t ime . The exper imenta l 

an ima l s  u sed i n  the tox ic s tud i e s  were rat s , and so the 

d i s tance 

be sma l l  

recurrent 

tha t the 

f rom the a xona l 

when compa red 

laryngea l nerve . 

" axon rea c t i on" 

a xonopa t h i e s  in the rat . 

damage to the ce l l  body 

w i th the l ength of the 

Thus , i t  wou ld be more 

shou ld occur in the se 

Long spina l tra c t s  

wou ld 

equ i ne 

l ik e l y  

d i s t a l  

Axona l s phero ids , a pparent h i stolog i ca l ly a s  eos inophi l i c  

ma s se s , were observed i n  the l a tera l cuneate nuc l e i  of 

a l l  a f f e c ted anima l s  i nve s t igated . A prev i ou s exten s ive 

i nve s t i ga t ion of the equine central nervou s s y s tem ( Mayhew 

�t al , 1 9 7 8 )  reported the f ind ing of up to f i ve s uch 

s phero i d s  i n  the lateral cuneate nuc l e i  of norma l hor s e s . 

When a xona l spheroi d s  were pre sent i n  d i s ea sed s t a t e s , 

f or examp le equ ine degenera t i ve myeloencepha lopa thy , they 

we re more numerous and there wa s u s u a l l y  an a s soc i a ted 

l o s s  of neuronal ce l l  bod ie s , as trog l i o s i s  and accumu l a t ion 

of  a green-brown pi gment , ma i n l y  in macrophag e s . 

Examina t i on of Tab l e  1 revea l s  tha t axona l sphe ro ids occur 

f requen t l y  i n  the l a teral cuneate nuc l e i  of  a l l  hor s e s  

a f f ected c l ini ca l ly or s ubc l i n i c a l ly w i th laryngea l 

hem i p l egi a .  Moreover ,  the se s tructure s were i n f requent 

in the " norma l "  anim al s ,  w i th one excepti on . The pre sence 

o f  numerous s pheroids in th i s  3 year old cont rol an i ma l 

s ugge s t s  the pos s i b i l i ty that an unde f ined nervou s d i se a s e  
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wa s pre sent i n  th i s  case . However i t  can a l so be s e e n  

f rom T a b l e  1 tha t a l l  of the " norma l "  hor s e s  we re young , 

a nd with only two except ions , the c l i ni c a l  and subc l i n i c a l  

l a r yngea l hemiple g i c  a n ima l s  were o lder . There fore , w i th 

the known increa s e  in i nc idence of spheroids w i th age ( Dayan , 

1 9 7 1  ) , evidence for the apparent corre l a t ion of the frequent 

occurrence of  �ph�roids w i th laryngea l hem i p l e g i a  mus t  

b e  inte rpre ted with caution . However , when axona l s phero i d s  

were present i n  c l i n i ca l ly and subc l i n i ca l l y  a f f ec t ed 

l aryngeal hemi pleg i c  anima l s , they did appear in the d i s t a l  

extremi t i e s  of  the l ong f ibre t rac t s , the equ ivalent 

pos i t ion of the nerve f i bre pa thol ogy in the l e f t  and r i ght 

recurrent la ryngea l  nerves . The oc currence of large number s  

o f  s pheroids in the two younger anima l s , one o f  wh i c h  wa s 

c l i ni ca l ly a f fec ted and one subc l in i ca l l y  a f fected w i th 

the d i sease , sugg e s t s  the presence o f  s pheroi d s  a s  p a r t  

o f  the d i sease proces s of  laryng ea l hemip legi a .  Whi l e  

the se l ong centra l f ibre trac t s , i n  wh i ch the s pheroi d s  

occur , do not a pproa ch the con s i derable length o f  the 

recurrent la ryngea l nerves , they may not be very d i s s im i l a r  

i n  length from those d i s t a l  nerve s of  the h i nd l i mb , 

i nnervat i ng the mu s c l e s  whi ch showed evidence of neurogeni c  

pathology , as de s cr ibed i n  the preceding chapters . However , 

a .Pos t u l a ted a s soc i a t i on of  large number s o f  s pheroi d s  

wi th l aryngeal hemi p l egia , doe s not explain the i r  pre s ence 

i n  one young " norma l "  anima l . Thus , it  mu s t  be empha s i sed 

that these resu l t s  do not a l low any f i rm conc l u s i on s  t o  

b e  drawn . However , the pos s i bi l i ty cannot b e  d i sm i s s e d  

t h a t  t h e  frequent occurrence of  a xona l s phero i d s  i n  t h e  

la ter a l  cuneate nuc l e i  of  hor s e s  a f f ected w i th l a ryngea l · 

hemi p legi a , repre sent s a central nervou s s y s tem component 

o f  thi s apparent d i s t a l  axonopathy , wa rran t i ng further 

i nve s t i ga ti on of  long centra l tra c t s  i n  thi s  d i sea s e . 
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PART V 

T H E  PATHOLOGY OF STR I NGH ALT 

INTRODUCTION 

S t r inghal t ,  a di s e a se of hor s e s  cha racter ised by exaggerated 

f l ex i on of  the h i nd l imb s , ha s long been recogn i sed i n  

epidem i c  and sporad i c  forms ( Reakes , 1 9 1 6 ; Kerr igan , 1 9 1 7 ;  

S eddon & Be l s chne r , 1 9 2 6 ; Barry , 1 9 56 ; Whea t ,  1 9 7 2 ; 

Lamon t , 1 9 7 7 ; Pemberton , 1 9 7 9 ; Pemberton & Caple , 1 9 8 0 ; 

Read & K i rk , 1 9 8 3 ; Cah i l l  et a f. , 1 9 8 5 ) . The patho l ogy 

i s  poorly unders tood , but recent reports have shown both 

a per i pheral axona l degenera t i on and l e s ions of the s p i n a l  

cord ( Lamont , 1 9 7 7 ; Pas s ,  1 9 7 8 ; Hart ley , 1 9 7 9 ; Munday , 

1 9 7 9 ; Pemberton & Capl e , 1 9 8 0 ) . Al though the aet i o l ogy 

o f  th i s  d i sease is  as  yet unknown , a ne urotox i c  pa thogene s i s  

i s  cons idered to be the mos t  l ikely ( Seddon & Be l schner , 

1 9 2 6 ; Barry , 1 9 5 6 ; Lamont , 1 9 7 7 ; Pemberton , 1 9 7 9 ; 

Pemberton & Cap l e , 1 9 8 0 ; Read & K i rk , 1 9 8 3 ) . 

Tradi t i ona l ly , s t r i ngha l t  has been thought of  a s  a d i sea s e  

of  the h i nd l imbs , but forel imb i nvolvement ( Reakes , 1 9 1 6 ; 

Cah i l l  et a f. ,  1 9 8 5 ) , and s i gns of  l a ryngeal dy sfunc t i on 

( Reake s , 1 9 1 6 ;  Kerr igan , 1 9 1 7 ; B a rry , 1 9 5 6 ; Pemberton 

& Cap l e , 1 9 8 0 ) may a l so be observed . I nvo lvement o f  s uc h  

d ivergent a natom i ca l  areas of  the body sugge s t s  that the 

pathogene s i s  i nvo lves a po lyneuropathy . To f urther de f i ne 

the patholog i ca l ba s i s  of s t r i ngha lt , a deta i led 

i nve s t i ga t ion wa s undertaken on a n  a f fe cted 5 year o ld , 

1 6 0 cm Thoroughbred ge l d i ng . Th i s  anima l wa s 1 o f  2 1  

i nvolved i n  an outbreak of  the d i sea se i n  New Z ea l and 

( Cahi l l  et af. , 1 9 8 5 ) . When exami ned i n i t ia l ly ,  1 2  wee k s  

a f ter on se t , it  s howed severe c l i n i c a l  s ign s of  s t r i ngha l t , 

and a trophy of the d i s t a l  h i ndl imb muscl e s . Coincident 

wi th the onset of the d i s e a s e , it had been noted tha t the 

horse ca l led less of ten than usua l , a nd its whi nny became 

quiet and hoar se . 
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MATERIALS AND METHODS 

Endos copi c examina t ion 

At the t ime of the i n i t i a l  exami nat ion , a nd immed i a t e l y  

p r i or to destruc t i on , 7 we eks later , the symmetry a nd 

movement of  the l arynx were observed with a f ibreop t i c  

endos cope , w ith the horse i n  a stand ing pos i t i on .  

Pathology 

Mu s c l e  samp l e s  we re col lected immed iately p o /Jt mo 11..i.e.m f rom 

the l a rynx , forel imb s a nd h i nd l imbs , and f rozen w i t h i n  

1 hou r  of  remova l .  A l l  intrins i c  l a ryngea l mu s c l e s  wer e  

removed in the i r  enti rety and we ighed . The fore l imb mu s c l e s  

s ampled we re the long head of  the i.11..i ce.p/J £..11..a chJ.J.. ·, e.xte.n./J o /1.. 

c a11..pi 11.. adiaf..i/J , · /.f..e. x o11.. c a11..pi uf..n. a11..i /J  and /.f..e. x o 11.. ca11..p i  

11..adiaf.. i/J • Mu s c l e s  samp led from t h e  hindl imbs inc luded 

the va/Ji.u/J f..ai.e.11.. af..i/J  , £..ice.p/J /.e.m o l1..i/J  1 ga/Ji.l1.. o cn.e.miu/J 

e.xte.n./J 0 /1.. digii. o 11..um f.. o n.gu/J , ti£..iaf..i/J c11..an.iaii/J and pe.11.. o n. e. u /J  

i.e.11..i.iu/J • The mu s c l e  s amples were proce s s ed , sect i oned 

and s ta ined by t he method s descr i bed i n  Part I I I  o f  t hi s  

thesi s .  The degree of pathology present i n  each mus c l e  

wa s a s s e s sed accord i ng t o  the gra d i ng system adapted f rom 

Ander s on ( 1 9 8 4 ) ,  and pre s ented in Part I I I .  

Periphera l 

i l l us t rated 

nerve wa s 

nerve s amp l e s  

i n  F i g s . 1 5 & 

samp led a t  the 

were co l lected f rom the s i te s  

8 7 . I n  add i t i on , the t ib i a l  

leve l o f  the j unct ion o f  the 

ga/Ji11.. o cn.e.mi u/J mu s c l e  w i th its  tendon . The only f ore l i mb 

nerve col lected wa s the med ian , a t  a s i te med i a l  to the 

e lbow j o int . Exc l ud ing the i ntra thora c i c  s egments o f  the 

r ecurrent laryngea l and vaga l nerve s , all  nerve s amp l e s  

were taken f rom t h e  anaes thet i sed a n imal . These s amp l e s  

were then proces sed a s  described i n  Part I I  o f  th i s  t h e s i s , 

f or exami na t i on by l i ght and electron micros copy , and for 

teased f ibre prepa rat ions . Qua n t i t a t ive i nve s t i g a t i on s  
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inc luding internode length e s t ima t i on s  and mye l i na ted f i bre 

d iame ter d i s t r i bu t i on s , were a l s o  per formed , as d e s c r i bed 

in  P a r t  I I . 

The centra l nervous system wa s removed and f ixed i n  1 2 . 5 % 

formo l s a l ine . S e lected area s f rom a var i ety of  s i t e s  

in  t h e  hindbra in and spina l cord we re embedded i n  para f f i n , 

and 3 u m sect ions sta ined with haematoxy l i n  and e o s i n , 

and luxol f a s t  blue and cresy l v i o l e t . 

RESULTS 

Endoscopi c f i nd i ngs 

At the init i a l  examina t i on a vi s u a l  compar i son of the l e f t  

and right ary tenoid carti lages revea l ed tha t left abduc t i on 

dur i ng inspirat ion wa s l e s s  than the r i ght . Be tween 

res p i ra t i ons , the l e f t  cart i l age wa s more upr ight and c loser 

to the midline . At the subsequent examina t ion , 7 weeks 

later , inspiratory abduc t i on of the l e f t  arytenoid car t i lage 

wa s absent , whereas the r i ght carti lage a ppeared to 

hyperabduct . The pos i t ioning of the l e f t  arytenoid 

car t i lage between r e s p i ra t ions wa s unchanged . 

Mus c l e  pa tho logy 

At p o �;. t  .. · •.m.Q.n..te.m 1 the 

c�ic o a�yte.n o id e. u�;. iate.�aii�;. 

norma l .  

c�ic o a�yte.noide. u�;. d o ��;. aii�;. 

mu s c le s  appea r.ed paler 

and 

than 
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TABLE 1 4 : WE I GHTS OF THE LARYNGEAL MU SCLES (g) IN 

,S':l:'R I NGHAL'J' 

MUS CLE LEFT R IGHT 

c�i c o a�yt� n o id�u� d o � � al..i �  5 . 7 7 ( 8 . 1 7 ) * 5 . 6 0 ( 8 . 7 0 )  

c�i c o a�yt�n o id�u� l..at��al..i �  3 .  2 1  ( 3 . 0 4 )  4 . 0 9 ( 3 .  7 9 ) 

c�i c o t h y � o id�u� 5 . 7 7 ( 5 . 7 6 )  6 . 5 6 ( 5 . 7 4 ) 

��yt� n o id�u� t�an� v��� u� 2 . 7 5 ( 2 . 3 8 )  2 . 8 0 ( 2 . 7 2 )  

v�ntll.i c ul.. a�i� 1 . 3 0  ( 2 .  2 3 ) 1 • 6 8  ( 2 . 6 5 )  

v o cal..i �  4 .  2 1  ( 5 . 1 0 )  4 . 2 0 ( 5 . 7 3 ) 

* Mu s c l e  weights of Thoroughbred hor s e s  ( Qu i n l a n  �t al.. , 

1 9 7 5 ) 

Ind iv i dua l mu s c le we igh t s  ( Table 1 4 )  showed a marked 

decre a s e  

and a 

i n  s i z e of the c�i c o a11.yt� n o id� u� d o 11.� al..i�  mu s c l e s , 

l e s s e r  decrea s e  i n  v�ntll. i c u.f..all.i� a nd v o c al..i� • 

H i s topa thol og i c a l  chang e s  i nd i cat ive of neurogenic d i se a s e  

were observed i n  a l l  intr i n s i c  l aryngeal mu s c l e s  from both 

s ides , but we re more severe in those f rom the l e f t . The s e  

change s  a nd the i r  sever i t y  a re s ummar i sed f or each mu s c l e  

i n  Tabl e 1 S , and depi cted in F i g s . 8 8 - 9 1 . 

The mo s t  severe changes we re noted in the c��.i c o a11.yt�n o id�u� 

do11.� al..i�  cll.i c o a11.yt�n o id�u� l..at���.al..i� , v�nt�i c u.f..a11.i� and 

v o cal..i �  mu s c l e s ,  and involved fatty and fi brou s replacement 

of mu s c l e  f i bres ( Fi g . 8 8 ) .  As observed in F i g . 8 9 , the 

r ight s ided mu s c l e s  were l e s s  severe ly af f e cted than the i r  

l e f t  counterpa r t s . However , even i n  the se s evere ly af fe cted 

mus c l e s , sma l l  bund l e s  of  hypertroph i c  f i bre s a l so ex i s ted . 

The l e a s t a f f ec ted intr i n s i c  l aryngeal mu s c l e wa s the 

r ight a�yt�no id�u �  t��.an� v � ��. � u �  , in wh ich the maj or i ty of 

f ibre s were norma l except at the edges of f a s c i cles , where 

angu l a r  a trophi c  f ibre s  were observed . No abnorma l i t i e s  

were noted i n  e i ther c�i c o thy11.o id�u� musc l e . Myos i n  ATPa se 

sta i ning showed f ibre t ype grouping i nd icat ive of 

r e i nnerva t i on , i n  the l e f t  and r ight cll.i c o a11.yt�n o id�u� 

l..at��al..i�  and left v o ca l..i�  mu s c l e s  on ly . 
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TABLE 1 5 : MUSCLE PATHOLOGY IN A CASE OF STR INGHALT 

MUSCLE 

LARYNGEAL 

Cll.i c o thyll. o idR..u �  

Cll.i c o all.ytR..n o idR..u �  l..atR..IZ.al..i�  

Cll.ico all.ytR..noidR.. u� d o 11. � aLi.� 

VR..ntll.i c ul..all.i� 

vo cali� 

all.ytR..n o idR..u� i11.an� VR..IZ.�u� 

H INDL IMB 

va�tu� l..aiR..IZ.ai.i� 

R..i cR..p �  /-R..m oll.i� 

ga�t11. o cnR..miu� 

pR..Il. O nR.. u �  tR..IZ.tiu� 

R..X.tR..n � 0 /1.  dig.U. o11.um l.. o n gu �  

tiR..i al..i�  c11.aniaLi� 

FOREL I MB 

t11.icR..p�  £.11.achii 

R..x.tR..n � O IZ.  c a11.pi 11.adial..i� 

/-I..R.. X. 0 /1.  ca11.p-<. ulna11.i� 

/-I..R.. X. 0 /1.  

+ 

+ +  

+ + +  

+ + + +  

* 

ca11.pi 11. adial..i�  

no patho logy 
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H indl imb mu s c l e s  showed s imi lar h i s topa thol og i c a l  change s 

( Fi g . 9 0 ) to those seen i n  the l aryngea l mus cula ture . 

However , degenerat ive changes tended to be l e s s  s ever e 

than i n  the larynx , whi l e  more f requen t ly obse rved f i bre 

type grouping i nd i cated incre a s ed re i nnerva t i on of 

previ ou s l y  denervated mu s c le . Th i s  f i bre type grou p i ng 

wa s pre sent in a l l of the di s t a l  h i nd l imb mu s c l e s  examined , 

wi th the except ion of  the ga.o tll.. o cne.miuho I n  gene ra l , the . 

more d i s t a l  mus c l e s showed more severe pa tholog i c a l  chang e s . 

Fore l i mb mus c l e s  showed on ly m i l d  l e s ions i nd i c a t i ve o f  

neuroge n i c  d i se a s e , but f i bre type g rouping wa s observed 

in the more d i s t a l  mu s c l e s  sampled ( F i g . 9 1 ) .  

Patho l ogy of pe r iphera l nerve s 

L IGHT MICROSCOPY 

Al l s amp l e s  of rec urrent laryng ea l nerve s exami ned i n  

trans ver se sec t i on s  of epoxy re s i n  s t a ined sec t i on s , showed 

a l os s of mye l i na ted f i br e s , w i th a d i s ta l l y  graded incre a s e  

i n  s ever i ty ( F ig s . 9 2 - 9 4 ) .  The f ibre l o s s  wa s mo re marked 

i n  the l e f t  nerve than in the r ight . Immed i a t e l y  cauda l 

to the larynx , the l e f t  nerve contai ned only a few 

mye l i na ted f ibres ( F ig . 9 3 ) . There wa s a l so widespread 

mye l i n  debri s  

both o f  which 

present i n  Schwa nn ce l l s 

were pres ent in i nc re a sed 

and macropha g e s , 

numbers .  Aga i n , 

thi s change wa s progre s s i ve ly more s evere i n  d i s t a l  a re a s  

of  t h e  nerve . The extent of  degenerative changes a t  the 

d i s t a l  end of the r ight recurrent la rynge a l  nerve appeared 

s im i l a r  to thos e  of the m idcervica l level of the l e f t  nerve , 

whi l e  the severi ty of changes a t  t he r ight midcerv i c a l  

area wa s s im i l a r  to those at the proxima l level of the 

l e f t  nerve . 
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Regenerat ing c lu sters o f  nerve f i bre s , and f i bres with 

di sproport i onat ely th i n  mye l i n  shea ths in re la t i on to the i r  

axona l c a l ibre , were more common i n  the prox ima l  par t s  

of  a f f ec ted nerves ( Fi g . 9 7 ) . " Onion bu l b "  f orma t ions , 

usua l ly surrounded thinly myel i nated f ibres , a nd were a l s o  

more frequently ob served in proxima l area s ( F i g . 9 7 ) .  

Renaut bod ie s , a common f e a ture of norma l equ i ne per i phera l 

nerve , were observed at a l l  l eve l s  of  the l e f t  a nd r ight 

recurrent l a ryngea l nerve s , wi th the excep t i on of the l e f t  

nerve a t  the level o f  the aor t i c  arch . 

Transverse sec t ions of  the r i ght vagu s showed two 

per iphera l ly pla ced fasc i c le s  of med ium diameter mye l i na ted 

f ibre s , w i th patholog i c a l  change s .  Although there wa s 

no los s of ne rve f i bres , f i bre s wi th abnorma l l y th in mye l i n  

sheaths , early " onion bulb" f orma t i ons and a n  occa s iona l 

regnera t i ng c l u s ter we re ob se rved . 

The h i nd l imb nerves exh i b i ted s im i lar patho l og i c a l  changes 

to those observed i n  the recurrent l aryngea l s  ( F ig . 9 5 ) .  

The s ame d i sta l ly progre s s i ve increa se i n  s ever ity wa s 

pre sent , a l though overa l l  the pathology wa s l e s s  s evere . 

Whi le not pre s ent i n  every sect ion , Renau t  bodi e s  were 

a common f i nd i ng . · The med i an nerve of the f ore l imb a l so 

showed s im i lar changes , but wi thout not i ceable l o s s  o f  

mye l i na ted f i bre s  ( Fi g . 9 6 ) .  

TEASED F I BRE PREPARAT IONS 

Teased mye l inated f i bre s , graded accord ing to the s cheme 

of Dyck ( 1 9 7 Sa ) ,  showed a h i g h  i nc idence of abnorma l i t i e s  

i n  a l l  nerves exami ned . Th i s  ranged from 3 4 %  i n  the branch 

of  the peroneal nerve i nnerva t i ng the .B..i.. c.ep-1 /.e.mo�ti-1 , to 

8 3 %  i n  the left recurrent laryngea l nerve immed i a te ly caudal 

to the la rynx . ( Table 1 6 ) .  
I 
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TABLE 1 6 : GRAD I N G  OF TEASED F I B��S 0? ��CURRENT LARYNGB�L AND 

L I M3 NERVES FRO� A HORSE W I TH STR INGHALT ( Dye� , 1 9 7 5 a ) 

% OF F I BRE TYP E S *  

SAMPLE 
A c D E F G I 

�ECURRENT LARYNGEAL NERVES 

l e f t  dista l 1 7  1 2  5 61 3 2 

l e f t  midc e rvica l  4 2  7 50 1 

left proxima l 5 5  9 29 2 5 

!r ight di stal 65 3 5  

!right midcervical 5 7  1 42 

!r ight proxima l 6 2  4 3 0 (  7 )  2 2 

�IMB NERVES 

�e f t  tibi a l  58 2 40 ( 5 )  

tr ight tibial 5 3  1 46 

�e f t  supe r f ic i a l  peroneal 4 8  2 50 

!le f t  branch deep peroneal 3 8  61 ( 13 ) 1 

�ight branch deep peroneal 3 6  1 6 3  ( 1 1 ) 

!le f t  branch t o  EDL 6 4  36 ( 11 ) 

� ight branch to EDL 4 0  60 

trt motor branch deep peroneal 4 2  5 4 (  9 )  2 1 

�e f t  common peroneal 4 4  5 4 (  7 )  2 

r ight common peroneal 46 54 

�e f t  branch to BF 5 4  2 44 

ight branch to BF 6 6  2 2 30 

ight median nerve 4 8  5 38 4 2 3 

EDL �o� digito�um longUh mus c l e  

B F  ticep� temo� muscle 

*A, norma l appearance . c, segmental demye lliation . D, segmental 

demyel ination and remye lination . E ,  axonal degenerat i on . 

F ,  segmenta l remye l ination . G ,  focal thickenings of mye l i n . 

ABNORMAl 

8 3  

5 8  

4 5  

3 5  

4 3  

3 8  

4 2  

4 7  

5 2  

6 2  

64 

3 6  

60 

5 7  

56 

54 

46 

3 4  

5 2  

I ,  f ibre with s everal proximal internodes with o r  without proxima l 

paranoda l or segmental demye l ination, and distal to those 

degeneration ( Dyck , 1 9 7 5a ) . 

( ) E f ibres with large myel i n  ovoids 
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The predominant abnorma l i ty observed wa s tha t of axona l 

degenerat ion ( E ) , of  which two var iations we re observed . 

The maj ori ty of  f ibre s c l a s s i f i ed as type E had sma l l  

f ragments o f  mye l i n  debr i s  s cattered al ong the v e s t i g e s  

of each mye l i nated f ibre ( F ig . 9 8 ) . In contra s t , seven 

of the nerves s tudied conta ined , in addi t i on , cont i nuou s 

rows o f  large mye l in ovo i d s , a s  depicted i n  F i g . 9 9 , a nd 

in pa renthe s i s  in Table 3 .  

Change s  indicat ive of  demye l i na t ion ( type C )  and 

remy e l i na t i on ( type F ) , and combina t i ons of  the se two 

proce s s e s  ( t ype D )  were observed , but less f requently than 

type E change s .  The demy e l i nation wa s usua l ly paranoda l 

in d i s tr ibut ion ( F ig . 1 0 0 ) , wh i l e remye l inated segment s 

appea red as short interca l a ted internode s .  

Only three nerve s cont a i ned f i bres w i th type I change , 

in  whi c h  t here i s  paranodal demye l i na t i on or norma l nod a l  

archi te cture prox ima l to mye l i n  ovoids ( F i g . 1 0 1 ) .  

Paranod a l  demy e l inat ion wa s usua l l y  observed in these f ibre s . 

ELECTRON MI CROSCOPY 

U l tras t ructura l examina t i on of nerves ex tended the l i ght 

micro s cop i c  f i nd ing s . Dene rvated Schwann c e l l s ,  band s 

of  Bungner , ( F i g s . 1 0 2 A & C )  we re seen in a l l  nerves w i t h  

the e xcept ion o f  the med ian and the branch of t he pe rone a l  

i nnervat i ng t h e  ti c�p� t�m o � i� • My e l in debr i s  wa s seen 

within S c hwann c e l l  cytop l a sm , Schwann ce l l  proce s se s  and 

i n  ma crophages . Th i s  ranged from l a rge lame l la ted mye l in 

ovoids  to comp lex osmioph i l ic s t ructures of  vary ing 

morpho l ogy , often with a mu l t i locu lated appea rance ( F i g . 

1 0 2  A -d ) . In  add i t i on sma l ler e l ongate s tructures , known 

a s  protagon granu l e s  ( Fi g . 1 0 3D ) , and l i pid drop l e t s  or ll 

bod i e s  ( F i g . 1 0 2 F ) were commonly seen in S chwann ce l l  

cytop l a sm . A sma l l  propor t i on o f  f ibre s w i th 

d isproport i onat e l y  thick mye l i n  sheaths re l a t ive to the i r  
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a xona l c a l ibre we re interpreted a s  a troph ic f i bres ( F i g . 

1 0 3A ) • 

Regenerative f eatures included unmye l i nated a xona l sprou t s  

( Fi g . 1 0 2C & D )  a nd clusters of  regenerating f i bres ( F ig . 

1 0 3 A ) . Ex c e s s  convo luted ba sement membrane wa s seen i n  

a s s oc i a t i on w i th these 1 and w i th thinly mye l i na ted f ibres 

( F ig . 1 0 3 D -F ) . Le s s  commonly seen were ear l y  " on ion bu l b "  

forma tion s . Regenerat ing axona l sprouts i n  some i n s tance s 

had a lucent f loccular appearance 1 whi le othe r s  cont a i ned 

dense ly packed d i sori ented neurof i l ament s ( F ig . 1 0 2 D ) . 

Other a bnorma l i t i e s  noted were the pre sence o f  dense 

membranou s bodi e s  ( F ig . 1 0 3 B ) 1 the marg inat ion of  

microtubu l e s  ( F ig . 1 0 2E )  1 and a d i s tens ion of the adaxona l 

Schwann ce l l  cytop l a sm ( Fi g . 1 0 2 F ) . 

MORPHOMETRY 

F i bre d i ameter d i s tribut ions 

The d i s tr i but ions of the popu l a t ions of  mye l i na ted f i bres 

in  the recurrent laryngeal nerves from the hor se w i th 

F i g . 1 0 4 . The str ingha l t  are pre sented a s  h i s tograms in 

populat ions were ana lysed s t a t i s t ical ly a t  d i s ta l 1 

in  both l e f t  and midcerv i c a l  a nd prox ima l 

r i ght nerves . The mean 

Table 1 7 . 

samp l ing leve l s  

f ibre d iame ters are recorded in 

TABLE 1 7 :  l\1EAN MYELINATED F I BRE D IAi,1ETERS ( �m )  I N  THE 

RECURRENT LARYNGEAL . NERVES FROM A HORSE W I TH 

STRINGHALT 

NERVE LEVEL F I BRE S TANDARD 
DIAMETER DEVIATION 

L d i s ta l  6 . 4  1 • 8 

L midcerv i c a l  7 . 3  2 . 3  

L proxima l 7 . 4  2 . 7  

Rt d i sta l 7 . 5  2 . 3  

Rt midcerv i ca l  7 . 8  1 • 3 

Rt proxima l 6 . 4  1 . 8 
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At a l l  level s of the l e f t  and r ight recur rent laryngea l 

nerve s , the mye l i na ted f i bre d iameter distribu t i ons d i f f e red 

marked ly f rom those of the control anima ls ( Part I I , F ig s . 

4 0 - 4 2  a nd Table 5 ) . I n  a l l  ins tances ther e  wa s a s h i f t  

t o  sma l le r  d i ameters , a s  we l l  a s  a l terat ion of  the shape 

of the d i s tributions . The norma l ma j or peak of large f i bre s 

wa s reduced in he ight , whi l e  the lowe r peak of  sma l l  f ibre s 

wa s i ncrea sed . Th i s  gave the d i s t r ibutions a more bimoda l 

appea rance than i s  norma l f or recurrent l a ryngea l nerve . 

Th i s  s e l ec t ive loss of l a rge diameter f i bres wa s re f l ected 

by the decrea se in mean f i bre diameter ( Table 1 7 ) , 

significant at the 1 %  level in all instances using the stud�nts t test . T"nere 

appears to be---a proxirnal to d i s t a l  increa se in sever i ty of  l arge 

fibre l os s , a nd more mar ked involvement of the l e f t  nerve 

than the r ight . 

When compared with the h i s tograms and mean f i bre diameters 

for l aryngea l hemi pleg i c  hor ses ( Part I I , F i g s . 4 0 - 4 2  and 

Tab l e  5 ) , wh i l e  there wa s a s imi l a r  selective loss of large 

d iameter f ibre s , it wa s more extens ive along both the l e f t  

and r i ght recurrent larynge a l  nerves i n  str i ngha l t . 

Internode length s  

Deta i l ed s t a t i s t i c s  f o r  t h e  internode l engths of  the 

recurrent laryngeal nerves f rom the hor se w i th str ingha l t  

are pres ented in Append i x  1 1 . 

i l l u s tr at ing the obvious trend s , 

1 8 )  • 

A summa ry o f  the data , 

i s  presented be low ( Table 



1 5 3 

TABLE 1 8 : ��AN INTERNODE LENGTH OF NORMAL ( A ) F IBRES OF 

RECURRENT LARYNGEAL NERVE FROM A aORSE W I T H  

STRINGHALT 

NERVE LEVEL MEAN IL * CV * *  
( � m )  ( % ) 

l e f t  d i s t a l  7 3 2  1 0 . 9  

l e f t  prox ima l 1 0 6 9  7 . 3  

r ight d i s t a l  7 5 5  9 . 8  

r ight prox imal 9 3 5  8 . 3  

* I L  

** CV 

internode l ength 

coef f i c ient of var i a t i on 

There wa s a decrease in mean i nternode length in re current 

l aryngeal nerve from the hor s e  with s t r i ngha l t , when 

compared w i th values for the control anima l s  ( Append i x  

9 )  , in  the d i s t a l  s ampl ing leve l s  o f  both l e f t  a nd r i ght 

s ides . There wa s 

internode length 

w i th stringha l t , 

the decre a s e  wa s 

a l so a prox ima l to d i s t a l  d ec r e a s e  in 

in recurrent l a ryngeal nerve a f f e c ted 

on both l e f t  a nd r ight s ides , a l though 

s l ightly greater on the le f t . The 

increased var iabi l i ty of internode l ength , not i c e a b l e  only 

a t  the d i s t a l  sampl i ng level s ,  wa s not as s evere as that 

seen in laryngea l hem ipleg i a . 

Central nervou s sys tem pathology 

The bra in and spina l  cord were e s sent i a l ly norma l ,  e xcept 

for a sma l l  number of a xona l swe l l i ngs ( sphe ro id s ) a t  

var ious leve l s  between the m�duiia o ti ongata and c a uda 

eq uina • I n  the lat ter , three spheroids were present i n  

the ventral cor t i cospinal tract o f  one s ide , a nd o n e  on 

the other s id e . At the leve l of the cranial cerv i c a l  s p i na l  

cord , one spheroid wa s pre sent i n  the grac i l e a nd one in the 

spi nocerebe l l ar trac t . S ec t i on s  from the m�duiia o ti o n gata 
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demonstrated the pre sence of three spheroids i n  the grac i l e  

tract and nuc leus . 

DI SCUSS ION 

The pa tholog i c a l  invest igat ion of thi s  an ima l w i th 

s t r i ngha l t , ind i cated the ex i s tence of a dista l  axonopa thy , 

preferentia l l y  invo lving the long e s t  nerves . The degree 

of pathology wa s grea t e s t  in the nerve known to be the 

longe s t in the hor se ( Duncan & G r i f f i  ths , 1 97 3 ) , the l e f t  

recurrent l aryngea l ,  and wa s lea s t  i n  the short e s t  nerves 

s tud i ed . Moreover , in the a f f e c ted nerves , a prox ima l 

to d i stal increase in the sever i ty o f  damage wa s noted . 

The predominant f i nd ing i n  a l l  h i s tological prepa r a t i ons 

wa s one of axona l degenerat ion , ind i c a t ing a pr imary e f f e c t  

of  t he di sease o n  the axon . However , there did not appea r 

· to be any i nvol vement of  long nerve fi bre s  w i t h i n  the 

central nervous s ys tem . 

H i sto log i ca l examinat ion of  musc l e  sections , demons trated 

neurogen i c  atrophy of vary ing degree s .  The degree of mus c l e 

patho logy fol l owed the same pa ttern obs erved in the nerve 

sec t i on s , and wa s d i re c t l y  related to the length of  nerve 

supp l y ing the par t i cular musc le . 

The 4 month dura t i on o f  the d i s e a s e  wa s in keep ing w i th 

the patholog i c a l  f i nding s  in the per iphera l nerve s . O f  

the type E d egene ra ted f i bre s observed in teased f i bre 

preparations , t he vast maj or i ty c on s i sted of f i lamentous 

strands of  t i s sue with sma l l  r emnants of  mye l i n debr i s  

spaced out a l ong them . Thus , i t  seemed that con sequent 

to the i n i t i a l  a xona l degenera t i on , the proc e s s  of mye l in 

degrada t i on and the remova l of  debr i s  wa s a lmos t comp l e t e , 

a proce s s  known to take a s  long a s  severa l months ( Na th a n i e l  

& Pease , 1 9 6 3 ) . L i ght a nd e le ct ron micros cop i c  f ind ing s  

a l s o  conf irmed t he predominance o f  t hese chroni c  changes . 

However , in  a l l  h i stolog i c a l  prepa r a t i ons , a low inc idence 
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Th i s  wa s 

( i ) type E tea sed fibres compo sed of large my e l i n  ovo i d s , 

f ibres wh i ch ind i cate an ea r l y  stage of  fragmentat ion 

of  the mye l i n  sheath and a x i s  cy l inder in the proces s 

of  axona l degenera t i on ( Dyck �t a4 1 9 6 8 ) . 

( i i ) the u l t ra structura l obse rvat ion of S chwa nn ce l l s  

occupied by large mye l i n  ovoids , with the pr e s erved 

lame l l a r  pattern of  myel in , a pa tte rn suppo sedly 

reta ined for approximately 6 days after degener a t ion 

commenc e s  ( Nathani e l  & Pea s e , 1 9 6 3 ) .  

( i i i ) apparent ly degenerat i ng a xona l  sprouts , s een on 

e lectron mi croscop i c  examina t i on . 

( iv ) the type I teased f i bre s , w i th d i s t a l  degenera t i on , 

and u s ua l ly prox ima l par a noda l demy e l ination on 

the s ame f i bre . The s e  f i bres have been reported 

in a number of d i s ta l  axonopathies , i n c l ud i ng uraemic 

neuropathy ( Dyck �t a l.. , 1 9 7 1  a )  , thiamine def i c iency 

( Ta kaha shi & Nakamura , 1 9 7 6 ) and acry l amide 

intox ication ( Hopk i n s , 1 9 7 0 ) . It ha s been sugges ted 

that these f ibre s  have been samp led at the s i te 

i n  the f ibre , d i s t a l  to wh i ch degene rat i on has 

occurred . Prox ima l to this point pa r anod a l  

demyel inat ion 

patholog i c a l  

�t al.. 1 9 7 1,a ) • 

may be seen , secondary to the pr imary 

change s w i t h i n  the axon ( Dyck 

A number of u l t r a s truc tura l a l terations were obs erved , 

which s upported the primary axona l nature of the d i s e a se . 

These inc luded ; 

( i ) degenera t i on of axona l sprout s ,  unmy e l i nated and 

mye l inated f ibre s . 

( ii ) the accumu lat ion and rearrangement o f  axop l a sm i c  

organe l le s . The se are reported in a number o f  d i s t a l  
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a xonopa thies , includ ing hexaca rbon i ntox i ca tion , 

giant a xona l neuropathy and buckthorn i ntoxication 

( As bury e.t a .l , 1 9 7 2 ; S pencer e.t a£, 1 9 8 0 ; 

e.t a .l , 1 9 8 2 ) . 

Heath 

( i i i )  proj e c t i ons of  adaxona l Schwann ce l l  cytoplasm 

extend i ng i nto the a xop l a s m  and a d i stens i on of  

the adaxona l Schwann ce l l  cytopla s m .  The se may 

ind i cate a ttempts by the Schwann ce l l  to sequestre 

exce s s  or abnorma l organe l l e s  from the axon ( Spencer 

& Thoma s , 1 9 7 4 ; Spencer & Schaumburg , 1 9 7 6 ) . More 

extens ive axon- Schwa nn ce l l  ne tworks are par t i cu l a r l y  

we l l  developed in the tox ic d i s t a l  axonopa t h i e s . 

( iv ) large number s  of c o l l agen pockets . The se a re seen 

in many chronic neuropa th i e s , and are t hought to 

re f l ect the loss of  unmyel inated f i bres ( Thoma s , 

1 9 7 3 ) .  

( V ) increa sed numbers of 0 and IT granu l e s  

ce l l  cytop l a sm , features of axona l 

and regenerat ion and of  remye l i na tion 

1 9 7 5 ; Landon & Ha l l , 1 9 7 6 ) . 

i n  Schwann 

degenerat ion 

( Schroder , 

The abi l i ty of  the per iphera l  nerve to regenera te , even 

in  the presence of  cont i nued degenerat ion , wa s r e f l ec ted 

by the f requent appearance of regenerati ng c lu s ter s . 

However , there wa s some evidence to indicate tha t not a l l  

the a ttempt s a t  regenerat ion were succes s f u l . Cont i nued 

degeneration and demye l i na tion were apparent in some f ibre s  

of  the c l us te r s . Some o f  these f ibre s conta i ned recent 

mye l i n  ovoi d s  in the i r  Schwann ce l l  cytoplasm , and in other s 

accumulated organe l l e s , ind i ca t ive of loca l de rang ed axona l 

transport were seen . The pre sence of atroph i c  nerve f i bre s 

in  regenerated nerve has been said to repre sent the 

regre s s ion of  regenerated f i bres , fol lowing the i r  f a i lure 

to re i nnervate the endorgan ( Sc hroder , 1 9 7 2 ) . The atrophi c  

f ibre s obs erved i n  thi s inves t i ga t i on probably resul ted 

f rom the above proces s . 
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The quanti ta t i ve technique s u sed on the re current laryngea l 

nerve s con f i rmed that the pathology of  str i ngha lt invol ved 

a d i s ta l ly d i s tr i bu ted , s e lective l o s s  of l a rge d iameter 

mye l i na ted f ibre s . In add i t i on , they demons trated that 

wh i l e s imi lar i n  some a s pect s , the patho l ogy re s u l t ing 

f rom str ingha l t  and laryngeal hem i p legia a re d i f f e rent . 

S tr ingha l t  appea r ed to involve a more acute patho log i c a l  

proce s s , a f f e c t i ng more exten s i ve lengths o f  vul nera b l e  

nerve f ibres . Thu s , the c l inical s i gn s  are more wideppread 

in  s t r inghalt . The amount of re gene rat ive ac t iv i t y  pres en t  

wa s cons iderably greater than seen i n  laryngea l hem i p l e g i a . 

Regenerating c l u s te r s  were more evident in prox ima l a r e a s  

of  a f f ec ted nerve , and thu s mas ked some o f  the f i bre lo s s , 

and increased the popu lat ion of sma l l  d i ame ter f i bre s . 

Evidence of segmenta l demyel inat ion a nd remye l i na t i on wa s 

observed in the form of  paranod a l  demye l i na t i on or 

i nterca lated internodes , and wa s mos t  obv i ous i n  the 

recurrent laryngea l s . Presumably these changes were 

con sequent to a xona l pathology , represen t i ng se cond ary 

s egme nta l demy e l inat ion a s  seen i n  the type I f ibre s . 

The i nc idence of  secondary segmenta l demyel inat ion i n  

periphera l neuropa thies ha s been reported to be r e l a ted 

to the i r  dura t ion , a hi gher incidence occurr ing in chro n i c  

c ond i t ions ( Dy ck , 1 9 7 5a ; Spencer & Schaumburg , 1 9 7 7 ; 

Benni ngton , 1 9 7 8 ) . The inc idence of segmenta l  demyel i na t ion 

and remye l i na t i on i n  equ i ne l aryngeal hem i p l e g i a  ( Duncan 

et a.f.. , 1 9 7 8 ) wa s cons iderably g re a ter than wa s s e e n  i n  

the nerves f rom t h i s  hor s e  with s tr i ngha l t . Pre s umably 

t h i s  is  a re f le c t ion of  the more chroni c nature of the 

f ormer d i sease . Structures genera l ly a s sociated w i th 

repet i t ive epi s od e s  of  s egmenta l demye l i nat ion a nd 

remy e l i nation of  nerve f i bres , " onion bu l b s "  we re a l s o  

noted i n  a number o f  the nerves exam ined ( We b s t e r  

et a.f.. , 1 9 6 7 ; Dyck , 1 9 7 S a ; Schroder , 1 9 7 5 ; Madrid et al.. , 

1 9 7 7 ) . 
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Renaut bodi e s , s t ructures known to be part i cu l a r l y  prom i nent 

i n  equi ne periphera l nerve ( Renaut , 1 8 8 1 ) ,  we re observed 

f requen t l y , but not inva r i ab l y  in a l l  per i phera l nerves 

exami ned . They d id appea r more cons i s tent l y  in s e c t i on s  

of  the recurrent larynge a l  nerve s . I n  a recent 

inve s t i ga t i on they were reported to be " not prominent " 

i n  any of  the periphera l nerve s , other than the recurrent 

laryngea l ( Duncan , 1 9 7 5 ) , a f ind ing not re f l ec ted by the 

present s tudy . The inc idence of  these structure s did not 

appear to be re l a ted to the degree of pathology pres ent . 

The abundance of f i bres w i th d i sproportiona t e l y  thin mye l i n  

sheaths i n  a number o f  the r ecurrent laryng ea l and l imb 

nerve s amp l e s  could ind i c a t e  regenerated or remye l i na ted 

nerve f i br e s . It s eems l i kely that they repres ent the 

former , because of the low i n cidence of demy e l i na t i on a nd 

the h i g h  i nc idence of  degenerat ion noted i n  t e a s ed f ibre 

prepara t i on s . 

Recovery f rom s t ringha lt probably depends on regeneration 

of a xons , and thu s w i l l  be a protra c t ed proce s s , 

part i cu l a r l y  when one con s iders the large d i s tance axons 

mu st r egenerate . For i n s tance , in  th i s  ca s e , regener a t i ng 

c lu s t e r s  were observed a t  the aort i c  arch . From here they 

would have to grow a long the l ength of the recurrent 

laryngeal nerve to reinnervate the approp r i a te intr i n s i c  

larynge a l  mus c l e . Moreover , wh i l e regenerat i on o f  nerve 

f ibre s , a nd thus recovery of funct i on is p o s s ible , there 

may be l a s ting change s in t he mus c l e s . Al terat ions in 

f ibre types could occur , a nd permanent ly a f fect mu s c l e  

f unct ion . In a compet i t ive animal s uch a s  the rac i ng 

Thoroughbred , thi s may re s u l t  in impa i rment o f  pe rformance . 

The f i nd ings f rom thi s  pathologi ca l  inve s t i gat ion o f  a 

ca s e  o f  s tringha l t , ind i cate that thi s  d i s e a s e  f a l l s  i nto 

the group of cond i tion s known as d i s t a l  a xonopath i e s . 

For conf i rma t i on of  the s e  f ind ing s , deta i l ed invest i g a t i on s  

of  more hor s e s  w i th s t r ingh a l t  s hou ld b e  performed , a s  

i t  i s  pos s ible that more t h a n  one patho logi ca l  proces s may 

caus e  the character i s t i c  c l i n i c a l  s i gns of th i s  di sea se . 
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PART V I  

F I NAL D I SCUSS I ON 

The re s u l t s  of th i s  patholog i ca l  inves tiga t i on ind i cate 

tha t equ ine laryngea l hem i p l eg i a  may be c l a s s i f ied a s  a 

d i s ta l  a xonopa thy . Th i s  group of cond i t ions include s many 

natural ly occurr ing and tox ic neuropa thies of man and 

anima l s . Character i s t i ca l ly , the se polyneuropat h i e s  are 

b i l atera l ly symmet rica l , with di s t a l  axona l degenerat ion 

of the longest and larg e s t  f i bre s of  per i phera l nerves 

and centra l nervous sy stem tra c t s  ( Cavanagh , 1 9 6 4 ; Spencer 

& Schaumburg , 1 9 7 6 ; Spencer & Schaumbu rg , 1 9 7 8 a ) . In 

add i t ion to axona l degene r a t i on , segmenta l demye l i na t i on 

and remye l i nation are somet ime s s een . The mye l i n  sheath 

degeneration is s econdary to axona l change s  ( Spence r  & 

Schaumburg , 1 9 7 8 a ) , and the extent to which i t  occurs 

varies d i rectly w i th the rate of axona l damage ( Spencer 

& Schaumbu rg , 1 9 7 6 ) . D i f ferences in the nature of  the 

degenerat ive proce s s e s  occur wi thin th i s  group of di s e a se s ; 

s ome pursue a s l ow cour se , wh i l e  othe r s  a re rapidly 

progr es s ive ; some predom inantly a f fect s e n s ory nerves 

wh i l e othe rs a f fect mainly motor nerve s ;  some are 

predom i nant ly centra l ly loca ted wh i l e others are per ipher a l  

cond i t i on s ; and some are progre s s ive wh i le other s a r e  

revers ib l e  ( S pencer et a£ , 1 9 7 9 ) .  

The term " d y i ng -back" wa s f i rst i ntroduced to descr ibe 

thi s g roup of cond i t ions ( Cavanagh , 1 9 6 4 ) . Whi l e  i t  

provided a n  adequate de s c r ipt ion o f  the d i st r i but ion of  

change s i n  nerve trunk s , i t  inaccurate ly d e s c r i bed the 

development of changes in i ndividual nerve f i bre s . In  

the tox i c  distal axonopath i e s  a mult ifoca l d i s t r ibut ion 

o f  axona l pathology rather than terminal , and cent r i peta l 

s pread of degenerat ion oc curs ( Spencer & Schaumburg , 1 9 7 6 ) . 

I t  appear s that there i s  s imu ltaneous degeneration of  a 
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d i s ta l  l eng th of nerve f i bre , commencing at one of  the 

s i tes of  axona l pathology . To more a c curate l y  descr ibe 

t h i s  proce s s , the term d i s ta l  axonopa thy wa s i ntroduced 

( Spencer & Schaumbu rg , 1 9 7 6 ) . 

Th i s  s t udy o f  l a ryngeal hem i p l e g i a  demon s tra ted these 

patholog i ca l  

Al though the 

character i s t i c s  of  d i s tal a xonopathies . 

pathology obse rved wa s not bi l a tera l l y 

symmetr ica l i n  the recurrent l a ryngeal nerves , exp l a i ned 

by the d i f f erence i n  the ir length s , pre ferent i a l  invo lvement 

of the l ong e s t  a nd large st d i ameter nerve f i bre s , and a 

prox ima l to d i s ta l gradation of pathology occurred . Changes 

in  the h i nd l i mb nerve s and mus c l e s , and pos s i b l y  in the 

long f i br e t ra c t s  of the centra l ne rvous s y s tem indi cate 

the exi s tence of a polyneuropa thy , sugge sting a more w i de

spread d i s t r i bution of the neuropa thy of equ i ne l a ryngea l 

hemiplegia than h a s  previous l y  been observed . The common 

f actor in these patho log i c a l  changes , i s  the se l e c t ive 

involvement of the d i stal end s of long nerve f i br e s . 

Many natur a l ly occurr ing and experimenta l cond i t ions of  

man a n d a n i ma l s  result i n  d i s t a l  axonopa t h i e s . Tox i c , 

metabo l i c  a nd genetic d i se a s e s  may be invo lved . Some o f  

the tox i ns capable of produ c ing these d i s e a s e s  are the 

hexa carbon compounds ( Spencer et al , 1 9 8 0 ) , carbon 

d i sulph ide ( Cavanagh , 1 9 7 9 ) , acry l amide ( Hopk i n s , 1 9 7 0 ) , 

i soni a z id ( Jacobs et al 1 9 7 9 ) , the organophosphate s 

( Boul d i n  & Cavanagh , 1 9 7 9 a , 1 9 7 9 b ) , tha l l i um ( Cavanagh , 

1 9 7 9 ) , a r senic ( Cavanagh , 1 9 7 9 ) , and the ni trofurans drugs 

( Cavanagh , 1 9 7 9 ) . D i s t a l  a xonopath i es a s s oc ia ted wi th 

metabo l i c  dys func tion inc lude de f i c iencies o f  sever a l  of  

the B group vitamins ( Co l l i n s  e t  a l , 1 9 6 4 ; P r i nea s , 1 9 7 0 ) , 

uraemia  ( Dyck et al , 1 9 7 1 a ) , d i abetes me l l i tu s  ( Sug imura 

et al , 1 9 8 0 ) , porphyr ia , a l coho l i sm and ma lnut r i t i on ( Dyck , 

1 9 7 5a ) . Genet i ca l l y determined d i sorders a s s oc ia ted w i th 

thi s pa tho logy a re Friedre i c h ' s  ataxia ( Dyck & La i s , 1 9 7 3 ; 

Schoental & Cavanagh , 1 9 7 7 ; Cavanagh , 1 9 7 9 ) , peronea l 

mus cu la r  a trophy ( Cavanagh , 1 9 6 4 ) , and g iant axona l 



1 6 1  

neuropa thy ( As bury � t  af : 1 9 7 2 ) .  Other na tura l l y  occurr ing 

cond i t i on s  o f  man are amyotroph ic latera l s c l e ro s i s 

( Cavanagh , 1 9 6 4 ;  1 9 7 9 ) a nd Werdnig-Hoffma n • s  d i s e a s e  

( Cavanagh , 1 9 6 4 ;  1 9 7 9 ) . The oc currence o f  natura l ly occur

r ing d i s t a l  a xonopa th i e s  i n  anima l s  ha s a l so been recently 

documented , and i nclude canine g i ant axona l neuropathy 

( Duncan & Gri f f i  ths , 1 97 7 ;  Duncan , 1 9 8 0 ) , d i s t a l  

denerva t i ng d i sease ( G r i f f i th s  & Duncan , 1 9 7 9 ) and sens ory 

neuropathy of Dachsund s ( Duncan & Gr i f f iths , 1 9 8 2 ) .  

The pathogene s i s  of  d i s t a l  axonal de generat i on i s  a s  yet 

unknown , but many theo r i e s  have been propo sed to exp l a i n  

why the axon re spond s i n  a s tereotyped manner to s uch a 

wide var iety of  appa rent ly unrelated cond i tions . I t  i s  

extreme l y  u nl ikely that any one pa thogeni t ·. � mechan i sm 

i s  r e s pons ible for the d i s ta l axonal degene ra t i on seen 

in  t h i s  var i ed group of neuropath i e s . Wh i l e  sharing many 

feature s in common , d i f fe rences do ex i s t between ind iv idua l 

d i s e a s e s , particularly i n  the u l t ra s tructural a l te ra t i ons 

obs erved . These s tructura l change s have been s a id to be 

a r e f lection of  biochem i c a l  a l terat ions , and thu s it i s  

probab l e  that severa l or many subce l l u l ar biochem i c a l  

l e s ions c a n  produce a d i stal axonopathy ( Thoma s , 1 9 8 0 ) . 

The particular i n i t i a t i ng l e s ion , whether i n i t i ated by 

neurotox ic , gene t i c  or metabo l i c  mean s , w i l l  be determ i ned 

by the cau sative agent , and the s e lect ive vulnerabi l i ty 

of  the neurone or reg i on of the . · ·a xon to the agent . 

The c u rrent mo s t  popu l a r  theory on the pa thogene s i s  o f  

d i s t a l axonopathies i s  one of  d i rect loca l axona l damage . 

The theory that the s e  d i s e a s e s  m ight be i n i t iated by such 

damage a long the ent ire l ength of  the axon , wa s prompted 

by the demonstration of the mu l t i focal nature of the axona l 

patho l ogy , not conf i ned to the extremity of the nerve f i bre 

( Spencer & Schaumburg , 1 9 7 6 ; 1 9 7 8b ;  Cavanagh , 1 9 7 9 ; 

Spencer e.t a£ 1 9 7 9 ) . Spencer and c oworke rs ( 1 9 7 9 )  

pos tulated tha t  the s ubstance s which produce d i s t a l  
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axonopa thies ma y act a t  re l a t ed s i tes in metabo l i c pa thway s ,  

part i cu l a r ly those concerned w i th energy produc tion . I t  

wa s a s s umed that the e n z yme s requ i red for these metabo l i c  

proce s s e s  were manufactu red i n  the ce l l  body and transported 

to the a xon . Under norma l cond i t ions , the axona l demand 

f or t h e s e  enzymes cou ld be met by the ce l l  body . However , 

w i th deplet ion or ina c t ivat ion of  these enz yme s a l ong the 

ent i r e  l eng th of the axon , the demand would exceed the 

abi l i ty of the c e l l  body to re supply them . Whi l e  supply 

may be adequate for the prox ima l regions of the nerve f ibre , 

the d i s ta l  a reas wou ld rema in d e f i c ient in the e s sent i a l  

sub s tance s .  Thus , dep l e t i on o f  energy production i n  the 

d i s t a l  axon may inter fere wi th axopl a smi c transport in 

the s e  regions , and prec i p i tate axona l degeneration . The 

s e l e c t i ve vulnerabi l i t y  of long and l a rge d i ameter axons 

wa s exp la ined by the r e l a t ive l y  greater metabo l i c  demand s 

of  t h i s popul ation of nerve f i bre s . I t  wa s sugge st ed tha t 

w i th cont inued intox i ca t i on the progr e s s i on of pathology 

to involve more prox ima l regions of nerve s , could be 

expl a ined by conti nued depletion of the enzyme s , 

out s t r i pping the suppl y  f rom the ce l l  body . 

A s imi lar theory , ba sed on the hypothe s i s  proposed by 

S choental & Cavanagh ( 1 9 7 7 ) , a l so impl i ca t ing a bnorma l 

energy product ion , wa s based on the cofac tor requi rements 

of  the neurone . The se a uthor s pos tulated that cofactors 

wer e  i nact ivated by tox i c  substance s , metabo l i c  or gene t i c  

f a c tor s , a l ong the length of the axon , w i th the ir rep leni s h 

m e n t  dependent o n  supply o f  the co fa ctor or its  precur sor s 

f rom the c e l l  body . W i th these increa sed demand s  placed 

on the c e l l  body , s u f f i c i ent cofa ctor wou ld be suppl ied 

to proxima l regions of  the a xon only , l eaving the d i s ta l  

a r e a s  depleted . T h i s  may then r e su l t  i n  inadequate 

product ion of  energy , for proce s s e s  such a s  axopl a s m i c  

t r a n s port and impu l se transmi s s i on ,  w i th s ub s equent 

d egenerat ion of the d i s ta l axon . 
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Another propo s a l  for the pathogenes i s  of  the neuro

f i l amentous tox i c  di stal axonopa thies is tha t the 

neuro f i laments thems elves are the target s i te for the 

neurotox ins w i thin the axon . I t  ha s been s ugges ted that 

the hexaca rbon compound s ,  ca rbon d i s u l phi de and a c ry l amide 

may bi nd to the neurof i lament s ,  and so a l ter the i r  funct ion 

( Savo l a i nen , 1 9 7 7 ) . As the neuro f i l aments move a long the 

a xon by s l ow axop l a sm i c  transport , there i s  progre s s ive 

i ntramo l e cu l a r  a nd intermo lecular cros sl inki ng of the 

neuro f i lament prote ins , i nduced by the neurotox in , unt i l  

no further movement o f  the continuou s l y  grow i ng aggregate · 

i s  pos s ib l e  ( G raham , 1 9 8 0 ; Graham & Abou - Donia , 1 9 8 0 ; 

Graham R. t  ai. , 1 9 8 0 ;  Anthony R. t  af. , 1 98 3 ) . The axona l 

degenerat ion seen i s  a n  i nd i rect consequence of the 

a ccumu l a t ion of neuro f i l ame nts w i th obs truc t i on at the 

nodes of Ranvier , probably interfering with the f l ow o f  

e s s ent i a l  nutrients t o  the more di s t a l  regions ( Cavanagh , 

1 9 8 2 b ) . A l though thi s proces s may be impor tant i n  some 

of the human d i s ta l  axonopathie s , the a ccumu l at ion of  

neuro f i l aments wa s not a prominent fea ture of the pa thology 

of equ i ne laryngea l hemip l e g i a . 

The conc lus i on that the neuropathy of laryng eal hem i p l e g i a  

i s  a d i s t a l  a xonopathy , exp l a i n s  the vu l nerab i l ity of  

anima l s  w i th certa in phy s i c a l  characte r i s t i c s . Large 

hor se s , k nown to be part i c u l a r l y  s u s ceptible to l a ryngea l 

hemipl e g i a  ( Hobday ,  1 9 3 5 ; Tagg , 1 9 3 5 ; Dornb l a ser , 1 9 6 7 ; 

Marks R-i a£,  1 9 7 0 a ; 1 9 7 0b ;  Cook , 1 9 7 5 b ;  Gou lden & Ander son , 

1 9 8 1 a ) , wou ld be expected to have longer re current laryngea l 

nerve s , a nd thu s be pred i s posed to thi s d i s e a se o f  long 

nerve f i bres . S i m i l ar ly , the l e f t  s ided nature of the 

c l i n i c a l  mani f e s tation s  of the d i sease can be expla i ned 

by the pathologi ca l  proc e s s  a f f e c t i ng the d i s t a l  end s  of 

the long e s t  nerve f i br e s  in the hor s e . The e a r l y  

i nvolvement of  the C/t..i.. c o a/Z.yiR.n o .i..dR.u J:J  i.aiR./Z.ai..i.. J:J mu s c l e  m a y  

a l so b e  expla ined b y  the f a c t  that tota l a xona l volume 

i s  impor tant in the vul nerabi l i ty of nerve f ibres to d i s t a l  

axona l degenerat i on . Long and l arge diamet e r  axons have 
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a marked s u sceptibi l ity ( Spencer & Schaumburg , 1 9 7 8 a ; 1 9 7 8 b ;  

Bou ldin & Cavanagh , 1 9 7 9 a ; 1 9 7 9b ;  Spencer .et a.l ,  1 9 7 9 ; 

Sumner , 1 9 7 8 ) . Th i s  character i s t i c  wa s cons idered a s  a 

pos s ible rea son for the s e l e c t ive vu lnerabi l i t y  of  the 

c�i c o a�yten o ideu� late�afi� mus c l e early in the d i s ease 

proce s s  of  l aryngea l hemi p l eg i a . It  wa s pos tu l a ted , and 

s ubsequent l y  demon s tra ted , on a l im i ted number of sampl e s , 

that the nerve innerva t i ng thi s muscle had a h i gher 

propor tion of large diameter f i bres than the �co�yienoide� 

d o � � afi� mus c le . Thus , in a d i s ea se process pre f e rent i a l ly 

a f f ec t i ng l a rge d i ameter f i bre s , one wou ld expect the 

c�i c o a�yten o ideu� late�afi� mu s c l e  to be more s u s ceptible . 

A new i n s ight i n to the a e t i o l ogy o f  laryngea l hemiplegia 

ca n  be gai ned by i t s  c la s s i f i c a t ion a s  a di s ta l  axonopathy . 

Of great s i gni f i cance , i s  the evidence that t he d i sease 

is  a genera li sed neuropa thy a f f e c t i ng wide ly divergent 

ana tomi ca l a reas . Thu s , ma ny of  the aetiolog i e s  postula ted 

for laryngea l  hemiplegia in the past , wh ich s pec i f i c a l l y  

con sider damag i ng inf luences a ct ing o n  the l e f t  recurrent 

laryngea l  nerve , can be d i smi s sed . Th i s  inc lude s 

compre s s i on of  t h i s  nerve a s  i t  pa s s e s  around the aort ic 

arch ( Du nc an et a l , 1 9 7 8 ) , and stretch of the nerve ( Rooney 

& De l aney , 1 9 7 0 ) . The rema ining po s s ib l e  aetiolog i e s  

con s idered i n  P a r t  I of thi s thes i s , inc lud i ng ba cte r i a l  

and v i ra l  a gent s ,  plant a nd chem i c a l  intox i ca t i on s  a nd 

vitamin d e f i ci encies rema in a s  conceivabl e  aet iolog i c a l  

f a ctors of  t h i s  d i s ea se . 

In fec t i o n s  may result i n  the pathologica l l e s ions of  a 

d i s ta l a xonopa thy , ei ther by the production of  neurotox i n s , 

or by i ncrea s i ng the requ irements f or var i ou s  en zyme s or 

cofactor s ,  neces sary for norma l axona l funct ion . However , 

no such a s socia t i on ha s been recorded in other spec i e s . 
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Cer tain plant a nd chemica l i n tox i ca t i ons a r e  known to 

produce l a ryngea l para ly s i s  in the horse ( F leming , 1 8 8 9 ; 

Argyl e ,  1 9 3 4 ; Hutyra .et a l , 1 9 3 8 ; S chebitz , 1 9 6 4 ;  Cook , 

1 97  0 ;  Rose .et a l  , 1 9 8 1  ) . Al though these a r e  apparent l y  

not r e l a t ed to the wide spread d i s ea se o f  id iopathi c  

laryngea l hemi plegia ( Gou lden & Anderson , 1 9 8 1 a ) ,  they 

may prov ide i n s ight i nto the pathology produced by 

neurotox i c  compounds in the recurrent laryng e a l  nerve s . 

Of the tox i c  d i s ta l  axonopa thi e s , invol vement of the 

recurrent l aryngeal nerve ha s been reported w i th 

organopho sphate ( We l l s  & Brad l ey , 1 9 7 6 ; Bould i n  & Cavanagh 1 

1 9 7 9a ; Bou l d i n  & Cavanagh , 1 9 7 9b )  1 and acry l amide 

intox i c a t ion ( Hopk i ns , 1 9 7 0 ) . 

Some organophospha tes have de layed neurotox i c  act i v i ty , 

with the produ ct ion of  a predominantly motor , d i s ta l  

neuropa thy , s e l e c t ively a f f e c ting large d i ameter , l ong 

f ibres of  peripheral and central nervous s y s tems ( Spencer 

& Scha umburg , 1 9 7 6 ; Schoental & Cavanagh , 1 9 7 7 ; Cavanagh , 

1 9 7 9 ) . A spec i f i c  ins tance o f  organopho sphate po i s on ing 

of hor s e s  wa s reported in Au s t ra l i a  by Rose and coworkers 

( 1 9 7 8 ; 1 9 8 1 ) .  Severa l f oa l s  deve loped s i gns o f  dyspnoea 

and i n spi ratory str idor , w i th endos copi c evidence of 

laryng e a l  para lys i s .  Patholog i c a l  stud i e s  pe rformed on 

the se f oa l s  s howed evidence of  recent a c t ive axona l 

degene r a t ion , a f fect ing mos t  f a s c i c l e s  o f  both l e f t  and 

r ight recurrent laryngea l nerves . The l o s s  o f  mye l i na ted 

f ibres wa s mo s t  severe in the d i s tal l e f t  recurrent 

laryng e a l  nerve , w i th on l y  a mi ld l o s s in the right nerve . 

In  a chroni c  c a s e  s tudi ed there w a s  evidence of neurog enic 

a trophy in the c�ico a�yt.e.n o id.e. u� d o � � ali� and 

c�i c o a � y t.e.n oid.e.uh lat.e.�ali� musc l e s . Whi le the c l in i ca l  

s igns were only referable t o  recurrent l a ryngea l nerve 

para l y s i s  1 i t  is pos s i b l e  that the l ong l imb nerves were 

a l s o  a f f e cted d i s ta l ly . However 1 other per i phera l nerve s 

were not examined . 
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I nvol vement o f  the recurrent laryngea l nerves i n  

organophos pha te poi soni ng , has a l so been repor ted i n  pigs 

( We l l s  & Bradley , 1 9 7 6 ) . Wh i l e  axona l d egenerat ion wa s 

detected in the d i s t a l  pa r t s  of  long nerve f i bres in the 

per iphe r a l  a nd centra l nervous systems , the s e  changes were 

mo s t  s evere in the d i s t a l l imb nerves . Moreover ,  the 

in i t i a l  c l i n i c a l  s i gns we re ref erable to hind l imb 

abnorma l i t ies . 

In a s tudy of  a crylam ide i ntox i ca t i on in baboons , i t  wa s 

noted that i n  a l l  treated anima l s  the bar k  became hoarse 

or  d i sappear ed ( Hopk i n s , 1 9 7 0 ) . The ma in patho log i c a l  

change observed wa s axona l degeneration of motor and sensory 

nerve s . There we re marked decrea s e s  in the number s  of  

mye l i na ted nerve f i bre s , w i th s e lect ive i nvo lvement of  

large d iameter fibres , and the long nerves to d i s ta l  mu s c l e s  

we re mos t  severe ly a f fec ted . The invol vement of  the 

recurrent l a ryngea l nerves wa s used to conf irm the 

predom i nantly d i s t a l  d i s t r i bution of the l e s ion . At the 

level of the larynx very few mye l inated f ibre s rema ined 

in the recurrent laryngea l nerve , yet at the proxima l leve l 

of t he aort i c  arch , the l o s s  of mye l inated f i bres wa s not 

s evere . S i ng le f ibre s tud ies demonstrated some f i bt� s 

whi ch were degenera t i ng d i s tal ly and preserved proxima l ly , 

a l though usua l ly w ith s ome evidence of  demye l i nat ion or 

remy e l i na t i on in the pre served prox ima l pa rt of the f i bre . 

Interca l a ted segment s ,  ind ica t i ve of  prev i ous paranodal 

demy e l i na tion and remye l i na t i on , were seen fr equent l y  at 

an i ntermed i a te leve l o f  the recurrent l a ryngeal nerves . 

The s e change s were only rare l y  encountered proxima l ly , 

and d i s t a l l y  where very f ew f i bre s rema ined to be thus 

a f f e c ted . The tendency f or demyel ina t i on to occur in 

prox ima l par t s  of nerves a f fec ted with d i s t a l  axonopa thies 

wa s noted , and it wa s sugge sted that this paranod a l  

demy e l i na t ion wa s probably se condary to a n  a xona l change 

that preceded complete degeneration ( Hopk ins ,  1 9 7 0 ) . The 

pa thologi ca l  changes and the i r  d i s tr i bution in the recurrent 
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laryngeal nerves o f  the acry l amide intoxi c ated baboons 

we re s imi lar to those 

of l a ryngea l hemipleg i c  

Dunc a n  .et al.. 1 9 7 8 ) . 

i n  the 

hor s e s  

The 

recurrent l a ryngea l nerves 

( Duncan & G r i f f i th s , 1 9 7 3 ; 

resul t s  of  the present 

inve s t i ga t i on conf irm th i s , and in add i t ion demons trate 

that s imi lar pa thol og i c a l  a l terat ions occur in s t r i ngha l t .  

The ma in d i f f erence between the d i s t a l  a xonopathies o f  

toxi c  a et iology and the neuropa thy of  equine laryngea l 

hem i p l e g i a  l i e s  in the d i s t r i bution of patho l og i c a l  change s .  

In a l l  of  the s e  d i s ea s e s  there i s  pre ferent ia l invo lvement 

of the d i s t a l  parts of the long e s t  nerve s . The d i s ta l  

axonopa thies o f  man , and spec i e s  other than the hor s e , 

appear  c l i n i ca l ly a s  d i s e a s e s  of  the hindl imbs , beca u s e  

the long e s t  nerve fibre s innervate th i s  area . I n  contra s t , 

in t he hor se d i s ta l  a xonopa thie s are man i f e s t  a s  laryngea l 

dys fu nc t i on , for a 

there fore , on the 

s im i l ar 

ba s i s  

reason . 

of  the 

It seems pos s i ble 

f i nd ings of  thi s 

inve s t i ga t i on , tha t the d i f f erences between l a ryngea l 

hem i p l e g i a  i n  hor se s , a nd d i s t a l  a xonopa t h i e s  i n  other 

s pec i e s , 

r e l a t ive 

may be 

lengths 

large ly due to the d i f f e rences in the 

of the recurrent laryngea l and other 

per i phera l nerve s , and spina l tra ct s between the spec i e s . 

As previou s l y  sta ted in thi s the s i s , de f i c iency of  B 

vitamin s can re s u l t  in a d i s ta l  a xonopathy ( Cavanagh , 1 9 6 4 ; 

1 9 7  9 )  • I n  the horse , s i nce the recurrent l a rynge a l  nerves 

are much longer than any other nerves in the body ( Cole , 

1 9 4 6 ) , i t  s eems l i ke ly that a B v i t amin d e f i c i ency cou ld 

produce damag e  ma inly a f f e c t ing the se nerve s . Demyel inat ion 

and r emye l i na t i on , promi nent f ea tures of equine l a ryngea l 

hem i p legia a re a l so known to occur in thiamine d e f i c iency 

( Co l l in s  .et a l.. , 1 9 6  4 )  • I ndeed , i n  thi s d e f i c i ency the s e  

proc e s s e s  are a l so thought to f o l l ow prima ry axona l changes 

( Co l l i n s  .et al.. , 1 9 6 4 ) . Thu s , in  l ight of pr e s ent evidence , 

a r ole  for t h i amine de f i c i ency in the a e t i o logy o f  equi ne 

l aryngea l hemiplegia cannot be d i smi s sed . 



1 6 8 

Factors pred i s pos ing to the d i s e a s e  of larynge a l  hemi p l eg i a , 

such a s  s i z e , conformat ion and breed may i n f luence the 

length of  the recurrent laryngea l  nerves , and con sequen t ly 

a f f ec t  their s u s cept ibi l i ty to the e f f ect s of a d i s ta l  

axonopathy . I n  addi t i on , a gene t i c  pred i s po s i t ion to the 

d i s e a s e , as s een in a number of  natura l ly occurring human 

d i s ta l  axonopa thi e s  cou ld ex i s t . Management regimes wh i ch 

may p lace add i t i ona l enzyme or cof actor requ i rements on 

a l r eady vulnerable long nerve f i bre s , could inf luence the 

degree of  patho logy pre s ent in a d i sta l axonopathy . For 

example , regime s such a s  exce s s ive and premature tra in ing 

of young anima l s  could increa se the demand for vitamins . 

I t  appears l ikely from the resul t s  o f  thi s s tudy that the 

d i s ta l  axonopathy of id iopath i c  laryngea l hemi p l eg i a  i s  

chron i c  in nature , a nd h a s  a n  underlying a xona l a trophy . 

In human cond i t ions of  th i s  s or t , interference w i th the 

me tabo l i sm of the nerve f i bre i s  thought to be a l ikely 

cause ( Dyck , 1 9 7 5a ) . Inhe r i ted or acqui red i n f luences 

may result i n  def i c i ency of  certa in enzyme s or cofactor s , 

neces sary f or local energy produ c t ion in the nerve f ibre , 

and thus i nterf ere w ith axona l t ransport . Th i s  cou ld 

interrupt the supply of e s sent i a l  nu trient s to d i s ta l  pa�t s 

of  the f i bre , i n i t i a l l y  preci p i t a t i ng axonal a trophy and 

eventua l l y  l eading to degenera t ion . I nher i ted d e f i c iency 

of  an enzyme or cof actor , invo lved in the product ion of  

energy es sent ia l for norma l funct ion of the nerve could 

occur . Alterna t i vely , an acquired de f i c i ency of a cofactor , 

such as that occurring w i th low i ntakes or high requi rements 

of  the B group v i tamins cou ld ex i s t . I t  is  of  note that 

the Thoroughbred hor se has not evolved but ha s been 

s e l e c t i vely bred by ma n .  The product ion o f  an a n i ma l of  

greater s peed ha s led a l so to an anima l  of  greater s i ze ,  

w i th corre spond i ngly longer recurrent laryngea l nerve s . 

The norma l metabo l i c  proce s s e s  may no longer be a b l e  to 

s upport the energy requ i remen t s  of  such long ne rve f i br e s , 

and the s e l e c t i on pres sure of nature aga i n s t  such a d e f e c t  

has been removed by man . 
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A weakne s s  of the present s tudy i s  the d i f f erence that 

e x i s ted i n  the ages of the control and d i sea sed groups 

of anima l s . Th i s  was nece s s i tated by the i nabi l i ty to 

obta i n  s u f f ic ient older a nima l s  wi thout the pathology o f  

laryng eal hemi p l egia . Moreover , only a l imi ted number 

of nerves other tha t the recurrent la ryngea l s  were exam i ned . 

H owever , i nterpretations were made accord ing 

l imitat ions the se factors impos ed . 

to the 

In add i t ion to id iopath ic laryngea l hemi pleg i a , thi s  the s i s  

conta i n s  s tud i e s  on another equine d i sease which involves 

the re current laryngea l nerve s .  Th i s  d i sea s e , s tringha l t , 

proved to be a wide s pread po lyneuropa thy , invo lving 

laryngea l ,  forel imb and h i nd l imb nerves . A number of  

s imi l a r i t i e s  w i th the patho logy of  

hemip l e g i a  were observed , i n  tha t 

idiop a t h i c  laryngea l 

the patho logy showed 

a preference for the d i s t a l end s  of long nerve f i bre s . 

Mor eover ,  the pr imary 

s e l e c t i v e l y  a f fect ing 

In add i t i on ,  the left 

mos t  s everely a f fe cted , 

then tho s e  to the d i s t a l  

can a l s o  be c l as s i f i ed 

a number of d i f ference s 

change s were axona l in 

l a rge diameter mye l i nated 

nature , 

f i bre s . 

recurrent laryngea l nerve wa s the 

f o l l owed by the r i ght nerve , and 

h i nd l imb mus c l e s . Thus , s t r i ngha l t  

a s  a di s ta l  axonopa thy . However , 

in  the pattern of the patho log i c a l  

a l te r a t ions e x i s t  between the two d i sease s .  More act ive 

axona l d egenerat ion , a nd l e s s  evidence of demye l i na t ion 

and remy e l i nat ion wa s evident in the r e l a t ively acute 

proce s s  of s t r inghalt . Nor wa s there a centra l component 

obs e rved in thi s d i s e a s e . Wh i le the overal l d i s t a l  

d i s t r ibut ion of  patho logy wa s s imi lar i n  the two di s e a s e s , 

more s evere and wide s pread changes we re s een a l ong the 

recurrent la ryngea l s  and in the limb nerve s in s t r i ngha l t . 

I t  s eem s l ikely that the s e  apparent d i s c re panc ies are due 

to d i f f eren ces in the s everity of  the i n i t i a ting i n s u lt , 

a nd the durat ion of the two cond i t i ons . I n  s t r i ngha l t , 

the proce s s  i s  acute and severe , and occ u r s  over a limi ted 

per iod of t ime . The unde r l y ing s im i l ar i ty of the 



1 7 0 

patho logica l changes o f  s t r i ngha l t  and id iopa thic laryngea l 

hem ip l e g i a  lend support to the hypothe s i s  that the l at te r  

cond i ti on shou ld b e  c l a s s i f ied a s  a d i s t a l  axonopathy . 

I n  v i ew of  the a s so c i a t i on o f  s t r ingha l t  w i th the p lant 

Hyp o cha��i� �adicata , i n  certa i n  sea s ona l and c l ima t i c  

cond i ti ons , an underly i ng tox i c  a e t i ology i s  pos s ible . 

However , the occurrence of the d i sease in drought s i tua t i on s , 

a nd on poor s o i l  and pas ture , may imp l i cate a d e f i c i ency , 

such a s  o f  the B v i tami n s , a s  a po s s i b l e  cause . Pos s ibly 

e ve n  a combinat ion of both factors may be involved . 

The present s tudy ha s provi ded ev idence of  the ex i s tence 

of two hi therto unident i f i ed d i s t a l  axonopat h i e s  of hors e s . 

The s e  cond i t ions have s imi lar neuropatholog ica l l e s ion s  

t o  ce r tain human d i s e a se s , and i n  the future cou l d  provide 

i mpor ta nt mode l s  for the s tudy of  the d i s ta l  axonopathi e s  

o f  man .  
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