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F i gure 1: A l ine drawi ng of the paranodal regi on o f  

a mye l i nated nerve f i bre , i l lustrat ing 

con s t r i c ti on of the nodal axon ( af ter Waxman , 

1978) 
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F i gure 2: Drawings of the sequence of events in 

A.  axona l degeneration and regenerat ion , and 

B .  segmental demy e l i na t i on and remyel i na t i on . 

A .  Degeneration of the di s t a l  port i on of nerve 

f ibre , f o l l owed by axonal sprouting and 

the f orma t i on of short uni form regenera ted 

i nternode s .  

B .  Demye l i na t i on o f  an i nternode o f  a nerve 

f ibre , fol lowed by the format ion of severa l 

short remye l i na ted internodes .  

( after Wel ler and Cervos-Navarro , 1977) . 
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. F i gure 3: L i ne draw i ngs of the forma t i on of axon-Schwann 

ce l l  networks ,  dur ing the phagocytos i s  of 

axona l debr i s . 

A r idge forms i n  the adaxonal Schwann cel l  

cytoplasm , which enlarges to form a thi n  sheet . 

The i nvag i na t i ng sheet of cytoplasm surrounds 

abnormal axoplasmic organe l le s , to f orm an 

i nterd ig i tated networ k .  Axoplasmic mater i a l  

i s  taken u p  b y  S chwann ce l l  cytoplasm , which 

retracts to i t s  ori g i na l  pos i t ion . ( af ter 

Spencer & Thomas ,  1974) 



-------- - - -- - --- - -----



20f3 

F i gure 4: 

Figure 5: 

E l ectron mi crograph of a tran sver se secti on o f  

equine recurrent laryngea l nerve showing a 

c lu s ter of regenera t i ng f ibre s . Note the 

surround ing Schwann ce l l  proc e s se s  ( 1 ) and 

the redundant loop of mye l i n  on one of the 

myel i nated f ibres (2)� x 3700 

E l ectron mi crograph o f  a transverse 

of equ i ne recurrent laryngea l nerve 

a mas t  cel l .  x 13600 

s ect ion 

s howi ng 
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Figure 6: L i ne draw i ng of a long i tud ina l view of a large 

mye l inated nerve f i bre, i l lustrating the 

anatomy of nodes of Ranvier and internodal 

segments ( af ter Sunder land , 1 9 68 ) . 
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F i gure 7: L i ne drawing o f  a transverse sect ion o f  a 

sma l l  mye l i nated nerve f ibre , i l lustrating 

the re lation ship of the Schwann ce l l  and mye l i n  

sheath w i t h  the axon ( af ter Waxman , 1 9 78 ) . 
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F i gure 8: 

F i gure 9: 

E lectron m i c rograph of equ ine recurrent 

laryngea l nerve showi ng a protagon granule 

w i th i n  the Schwann c e l l  cytoplasm o f  a mye l i n-

ated nerve f i bre . X 48600 

E lectron m icrograph of equine recurrent 

laryngea l nerve showi ng a band of Bungner . 

The col l apsed Schwann c e l l  band i s  composed 

of many interd i g itated Schwann ce l l  proces se s, 

w i th surroundi ng bas ement membrane . x 1 1 200 
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F i gure 10: 

F i gure 11: 

E lectron mi crogra ph of a transverse sect ion 

of equi ne recurrent laryngea l 

a lame l la ted mye l i n  body ( + ) 
cytoplasm o f  a 

X 1 3 600 

mye l inated 

nerve showing 

in S chwann cel l  

nerve f ibre . 

E l ec tron mi crograph of a transvers e  sect ion 

of equ i ne recurrent laryngea l nerve showing 

l ipid drops ( 1 ) i n  the Schwann c e l l  cytopl a sm 

o f  a mye l i na ted f ibre . Note the l amel lated 

protagon granu le s  (2). x 1 0 500 
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Figure 1 2: Elec tron mi crograph o f  a transverse section 

of equine recurrent laryngea l nerve showing 

exce s s  convoluted ba sement membrane as soc iated 

w i th a Schwann cel l  process . x 1 7500 
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F i gure 1 3: 

F i gure 1 4: 

E lec tron micrograph of a transver se sect ion 

of equ i ne recurrent laryngea l nerve showing 

an " on i on bulb" format ion . Note the layers 

of Schwann c e l l  processes � ) s urrounding 

a centra l myel inated .fibre . x 6300 

E lectron micrograph of a tran s verse 

of equi ne recurrent laryngea l nerve 

a col l agen pocket . x 2 6 200 

sect ion 

show i ng 
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F i gure 1 5: S i tes o f  recurrent l a ryngea l and vagal nerve 

sample s .  
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F i gure 1 6: Course of the recurrent l aryngea l nerve 

immediately cauda l to the larynx . Latera l 

lamina o f  the thyroid cart i lage ha s been 

removed ( a fter Bradley , 1 9 4 6 ) 
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F i gure 1 7: Anatom i c a l  re lat i onships o f  the recurrent 

l aryngea l and vaga l nerves in the midcervica l 

region . 
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F igure 18: Techni que of we ighted nerve f i xation . A s uture 

is placed at the proxima l pole of the nerve 

b i opsy , and an a l um i n ium we ight at the d i s ta l  

end , after d i s se c t i on of s urroundi ng t i s sue . 

The nerve is  sect i oned a t  both end s , and 

i mmediately suspended in f ixative ( af te r  Dyck 

& Lofgre n , 1 9 6 6 ) . 
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F igure 1 9: Technique f or obt a i n i ng s i ng le tea sed nerve 

f i bres ( af ter Dyck , 1 9 7 5a ) 

A .  Nerve i s  placed on a microscope_ s l ide 

in a drop of g lycer ine , under a d i s sect ing 

m i c ro scope . 

B .  The nerve trunk i s  divided into f a s c ic l e s  

c. Epineuri a l  col lagen and the perineuli::i um 

are removed 

D .  The fascicle i s  d ivided in ha l f  repeatedly 

to obta in s ing l e  fibres 

E .  S ing le f ibres are tran s ferred on to a c l ean 

micro scope s l ide 

F .  Cove r s l ips are placed on groups of 10 f ibre s 

on each s l ide . 
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F igure 20: Teas ed f ibre c la s s i f icat ion ( af ter Dyck , 1 9 75a ) 

A .  f ibre of normal appearance 

B .  f ibre w i th exce s s ive irregu l a r i ty of mye l in 

c. f ibre w i th segmenta l demyel i na t ion 

D .  f ibre w i th segmental demy e l i nation and 

remye l i na t i on 

E .  f ibre that has undergone degeneration i nto 

l inear row of avoids and ba l l s  

F .  f ibre w i th remy e l i nated internodes 

G. f ibre w i th exce s s ive var i ab i l i ty of mye l i n  

sheath to form thickening s 

H. f ibre w i th mye l in avoids or ba l l s  adj a cent 

to it 

I. f ibre w i th l inear row of avo i d s  and ba l l s  

d i s ta l l y , wi th o r  wi thout paranodal 

demy e l i na ti on on proxima l internodes .  
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F igure 21: A photomicrograph of a tran sverse sect ion 

of the right recurrent laryngeal nerve i n  

the area o f  the thorac i c  inlet , from a control 

anima l . Th i s  i l l ustrates the norm� den s i t y  

and d i ameter s o f  mye l i nated nerve f ibre s  i n  

equ i ne recurrent laryngeal nerve . 

Phenylened iamine staining . x 200 
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F igure 2 2: Photomicrographs o f  transverse sect i on s  of 

the left recurrent l aryngea l nerve f rom a 

c l inical laryngeal hemiplegi c hor s e . 

A. I mmed iately caudal to the larynx. Note 

t he severe l o s s  of mye l i nated f i bres . 

" Onion bulb" f ormat ions can be seen ( -+ ) 

one a round a mye l inated f ibre and a nother 

w ithout a centr a l  f i bre . 

B .  I n  the m idcervic a l  area. A decrea se in 

den s i ty of mye l i nated f ibre s is apparent , 

a lthough l e s s  severe than that in A. " Onion 

bulb" f orma t i on s  ( 1 ) and regenerat ing 

c lusters ( 2) are common . 

C. At the level o f  the aort ic arch. Mye l i nated 

f ibre dens i t y  appears only s l i ghtly 

decrea sed . " On i on bulb" f ormat ions ( 1 ) 

and regenera t i ng clusters ( 2 )  wi th thinly 

mye l i nated f ibres are common f i nd ings. 

Myelii:rdebr i s  i s  apparent in the Schwann 

ce l l  cytopl a s m  of some f i bres ( 3 ) . 

Phenylened iamine sta i ni ng . x 200 
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F igure 23: Photom i crographs of t ransverse sect i on s  o f  

t h e  r ight recurrent laryngea l nerve f rom a 

c l in i c a l  laryngeal hemiplegic horse . 

A .  I mmed iately caudal to the larynx . 

of mye l inated f ibres i s  apparent .  

Los s  

"Onion 

bul b s "  ( 1 )  and regenerat i ng c l u s t e r s  ( 2 ) , 

with th inly mye l i nated f i bres are present . 

B .  I n  the midcervi c a l  area . A decrea se i n  

den s i ty of mye l i na ted f ibres and a l l  o f  

the patholog i ca l  featur e s  observed i n  A 

can be seen . 

c. At t he level o f  the thorac ic inlet . Whi l e  

n o  l o s s  o f  mye l inated f ibre s i s  readi l y  

observable, regenerating c lusters ( 1 ) and 

thinly mye l i nated f i bres ( 2 )  are present . 

Phenylened iamine s t a ining . x 200 
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F igure 2 4: 

F igure 2 5 : 

A photomicrograph of a t ransver se section 

of the left recurrent laryngea l nerve in the 

midcervi c a l  area f rom a c l inical laryngea l 

hemiplegic horse . Note the large c lu s ters 

of regenerat ing f ibre s ( 1 )  and "onion bulb1' · 

f ormat ions ( 2 ) . Pheny lenediamine s ta i n i ng . 

X 400 

A photomicrograph o f  a tran sverse section 

of the right recurrent laryngea l nerve 

immed iately caudal to the larynx f rom a cl inic

a l  l aryngea l hemiplegic horse . Note the 

regenerating c lusters ( 1 )  and " on i on bulbu· 

forma t ions ( 2 ) .  

Phenyl ened iamine s t a i ning . x 400 
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F igure 2 6: 

F i gure 2 7: 

A photomi c rograph o f  a tran sverse section 

of the left recurrent laryngea l nerve in the 

m i dcervica l a rea f rom a c l inical l aryngica l 

hemi plegic horse . Note the large rounded 

granu lar ce l l  ( + ) , pos s ibly a swo l l en 

d emyel i nated f i bre . Thinly mye l i na ted f ibres 

and regenerat ing c l us ters are a l so present . 

Pheny l enediam i ne s t a i ning . x 400 

A photomicrograph of a transverse section 

o f  the l e f t  recurrent laryngea l nerve in the 

m i dcervi c a l  area , 

hemiplegic hor s e . 

from a subc l i nical laryngea l 

Note the c l u s ter of regener-

a t ing f i bres , some wi th long redundant loops 

of mye l i n  ( 1 ) .  A degener a t i ng mye l i nated 

f ibre i s  a l s o  pre sent ( 2 ) , and another with 

dense axopl a sm ( 3 ) . Pheny lened iamine staining . 

X 400 
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F igure 28: Photom i c rographs of transverse sections of fascicles flran 
the branches o f  the r i ght recu r rent laryngea l 

nerve i nnervat i ng the abductor a nd adductor 

mus c l e s  from a c l inical laryngea l hemiplegi c 

horse . 

A .  Abduc tor branch 

B .  Adductor branch 

Note the increa s ed s ever ity o f  pathologica l 

changes in the adductor branch , including 

l o s s  of myel inated f i bres , regene ra t i ng clust 

er s and "on i on bulb" f ormation s . 

Phenylened i amine sta i n i ng . x 200 
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F igure 2 9: 

F igure 30: 

F igure 3 1 :  

A photomicrograph o f  a tran sver s e  section 

o f  the l e f t  supe r f i c i a l  peronea l  nerve f rom 

a cl inical laryngea l hemipleg i c  hor s e . 

Note the f ibres with disproport i onately thi n 

myel in sheaths ( 1 ) , and the " on ion bu lb" f orm

a tion a round a thinly myel i na ted f i bre ( 2 ) . 

Phenyl enedi��i ne staining. x 200 

A photom i crograph of a tran sver se section 

o f  the l e f t  t ibia l nerve f rom a c l in i c a l  

l a ryngea l hemiplegic horse . 

myel inated f ibres are present 

d i amine s t a i n i ng. x 200 

Several thinly 

+). Phenylene-

A photom i crograph of a tran sverse section 

of the branch of peronea l nerve innervat ing 

the extenho� digito�um Longuh mus c l e  from 

a c l i n i c a l  l aryngeal hemipl e g i c  .horse. Note 

the c lu s ter of regenerat i ng f ibres + ). 
Phenyl enediamine sta i n i ng . x 400 
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F igure 3 2: 

F igure 33: 

A photomi crograph of a t ransverse sect ion 

of the r ight common peronea l nerve from a 

c l in i c a l  laryngeal hemiplegi c hor se . 

Note the regenerat ing c lusters ( 1 )  and thinly 

myel i nated f ibre ( 2 ) . Pheny l ened iam i ne sta i n 

i ng . x 200 

A photomicrograph of a transver se sect ion 

of the branch o f  the peronea l nerve innervat-

ing the ex.ten-6 Oil. d.ig.iioll.um f.ongu-6 muscle 

a cl inical laryngeal hemiplegic horse . 

the thinly mye l inated f i bres , one of 

has surround ing Schwann c e l l  proce s ses 

Phenylenediamine staining . x 200 

f rom 

Note 

which 

(-+ ) • 
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F igure 3 4: A photomicrograph of a transverse sect ion 

of the r ight recurrent laryngeal nerve i n  

the midcervica l area o f  a subc l i n i ca l  la ryngea l 

hemipleg ic horse . Note the large mye l i na ted 

f ibre w i th spl i t  mye l i n  s heath and granu lar 

contents 

X 400 

.. ) . Phenylened iamine staining • 





230 

F igure 35: 

F i gure 3 6: 

A photomicrograph o f  a transverse sect ion 

o f  the l e f t  recurrent laryngea l nerve 

immediately caudal to the larynx of a control 

horse . The swollen f i bre di s tended wi th dense 

granular axoplasm has an attenuated mye l i n  

sheath and many surrounding layers of Schwann 

ce l l  proces se s . Phenylend iamine s ta ining . 

X 400 

A photomicrograph of a tran sverse sect ion 

of the r ight recurrent laryngea l nerve 

immed iately caudal to the larynx f rom a cl i n i c

a l  laryngea l hemipl egic horse . A l arge " onion 

bulb" surround s two f i bres with thin mye l i n  

sheaths and dense axoplasm . Phenylened iamine 

s t a ining . x 400 
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F igure 3 7: 

F igure 38: 

F igure 3 9: 

A photomicrograph of a trans ve r s e  sect ion 

of the r i ght recurrent laryngeal nerve 

immediately cauda l to the larynx from a 1 

day old foa l  showing Renaut.;· bod i e s  

Phenylened iam i ne s t a i ni ng . x 400 

+ ) • 

A photom i c rograph of a tran sver se sect ion 

of the right recurrent laryngeal nerve at 

the leve l of the thoracic inlet from a cl inica l  

laryngea l hemiplegic horse . Note the extens ive 

Renaut body forma t ions , one of whi ch i s  not 

subperineurial in pos i tion (+ ) ; 
Phenyl endiamine staining . x 1 00 

�: photomicrograph of a tran sver s e  sect ion 

of the right recurrent laryngea l nerve in 

the midcervical area f rom a control horse . 

The nerve ha s a f lattened ribbon- l i ke appear

ance , being only one fasci c l e  i n  width . 

( Ha s lam' s anoma l y ) .  Phenylend iamine staining . 

X 40 
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F igure 40 : H i s tograms of the myel inated nerve f ibre 

d iameter d i s tr ibut ions of the recurrent 

laryng ea l  nerve immediatel y  caudal to the 

larynx . 
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F i gure 4 1 :  H i stograms o f  the mye l i nated nerve f i bre 

d iameter d i s tr ibut ions of the recurrent 

laryngea l nerve in the midcervical area . 
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F i gure 4 2: H i st ograme o f_ the _myel i na ted nerve f ibre 

d iameter d i s tr ibutions of the recurrent 

laryngea l  nerve in the a r ea of the aor t i c  

arch . 
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F igure 43: H i stograms of the mye l i nated nerve f ibre 

d iameter di stri but ions of intra laryngea l  

branches of the recurrent laryngea l  nerves . 
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F i gure 4 4: Photomicrographs o f  consecutive por t i on s  of 

a tea sed mye l i nated fibre from the tibia l 

nerve of a c l i n i ca l  laryngea l  hemipl e g i c  horse , 

s howing type B cha nge . Note the roughening 

and irregular ity of the myel in shea th . ( x  40 ) 





23 7 

F igure 45: Photomicrographs of consecut ive port i ons of 

a teased mye l i nated f ibre f rom the l e f t  

recurrent laryngeal nerve o f  a c l i ni cal 

laryngea l  hemiplegic horse showing type C 

change . The regions of paranoda l demyel ination 

are loca ted between the arrows . x 40 
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Figure 46:  Photom i c rograph s of 

a t ea s ed mye l inated 

cons ecutive port ion s  of 

fibre from the . l eft 

recurrent l a ryngeal ne rve immed i a t e l y  c auda l 

to the larynx of a subc l inica l laryngea l 

hemi p l eij i c  hor s e  �howing type D change . There 

is evidence of demye l ina t ion (1) and 

remy e l inat ion (2). x 4 0  
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F igure 4 7: Photomi crographs of consecut ive port ions of 

a teased mye l i nated f ibre f rom the l e f t  

recurrent laryngea l nerve i n  the midcervical 

. area of a c l i ni ca l  laryngea l hemipleg i c  horse 

s howing type F change . Note the intercalated 

i nternode s  located between the arrows . 

X 40 
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F igure 48: Photomi crographs of 

a teased mye l i na ted 

consecutive port ions of 

f ibres f rom the r i ght 

recurrent laryngea l nerve immed iately 

caudal to the l arynx , of a c l i n i ca l  laryngea l 

hemiplegi c  horse , showing t ype G change . 

I n  add i t ion to the thicken i ngs of the mye l i n  

sheath; 

( -+-) 
i nterca la ted 

X 40 

segments a r e  present 
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F igure 4 9: Photom i c rographs of consecut ive port ions o f  

l e f t  a teased myel i nated f ibre from the 

recurrent laryngea l nerve immediate ly caudal 

to the l arynx of a control horse showi ng type 

I change� Note the axonal degenera t i on dista l 

to a node o f  Ranvier ( -+ ) , w i th preservat ion 

o f  the proxima l por t i on o f  the f ibre . x 40 
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F i gure 50: 

F i gure 51: 

A photom icrograph o f  a teased f ibre f rom the 

r ight recurrent laryngeal nerve at the level 

o f  the thoracic i n let of a subc l i ni ca l  

l a ryngea l hemiplegic horse , showing chroni c  
d egenerat i on . Myel i n  debris is sca t te red 

a long remnants of a nerve f ibre , i ndicating 

d egenerat i on . some weeks or months previou s l y  

X 40 

Photomicrographs of consecutive port i on s  of 

a teased mye l i nated fibre from the left 

recurrent l aryngea l nerve in the midcervica l 

area of a subc l in i c a l  laryngea l hemiplegic 

horse showi ng recent axona l degeneration . 

Note the l inear row of large mye l i n  ovoids . 

X 40 
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F igure 52: 

F igure 53: 

A photomi crograph of a teased mye l i nated f i bre 

from the left recu rrent laryngea l nerve in 

the midcervi ca l  a rea of a c l i n i c a l  laryngea l 

hemiplegic horse , showi ng paranodal demyel i nat-

ion x 100 

Photom i crographs of teased myel inated f i bres 

of the l e f t  recurrent l aryngea l 

immediately caudal to the l a rynx 

nerve 

of a 

subc l i n i ca l  laryngea l hemipleg i c  horse , showing 

thickeni ng s  Of the myel in sheath . X 40 
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F i g ure 5 4: E l e ctron mi crog raphs o f  transverse sect ions 

of the recurrent laryngea l nerves f rom 

laryngeal hem ip legi c horses . 

A .  an "on ion bulb" format ion o f  Schwann 

ce ll processes surrounding a myel inated 

f i bre , i n  the midcervical a r ea o f  the 

left recurrent laryngeal nerve . x 7800 . 

B .  a denervated "oni on bulb" format ion , 

in the l e f t  recurrent laryngea l nerve 

immediately caudal to the larynx . x 6 300 . 

C .  a regenerat ing c luster , of f our thinly 

mye l i nated f ibres and Schwann c e l l  

processes , i n  the r i ght recurrent 

laryngea l  nerve immed iately caudal 

to the larynx . x 5000 . 

D .  a band of Bungner , composed of numerous 

Schwann ce l l  processes cont a i n i ng two 

l ipid d rop lets ( -+ ) , i n  the left 

recurrent l aryngeal nerve i mmed iately 

caudal to the larynx . x 7800 . 

E .  a redundant loop o f  mye l i n  associated 

w i th a f ibre f rom a regenera t i ng c luster 

in the l e f t recurrent laryngeal nerve 

i n  the midcerv i c a l  area . x 7800. 
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F i gure S S: E l ec tron m icrograp� of t ransverse sections 

of recurrent l a ryngea l nerve f rom laryngea l 

hemiplegic horses . 

A, a Schwann ce l l  containing a large lamel la�ed 

mye l i n  body . Note the periphera l vesic les 

and 

( f rom 

a rea ) 

loose convoluted 

the r ight nerve 

X 8200 

basement membrane , 

i n  the m idcervica l  

B ,  a sma ll mye l i nated f ibre w i th a c cumulated 

mitochond r i a  and vesicles . Note the loosely 

compacted i nner mye l i n  lamel lae . ( f rom 

the l eft nerve in the a rea of the aor t i c  

arch ) . x 'f,5300 

c ,  a complex 

the l e f t  

X 2 1 200 

a xon-Schwann c e l l  network 

nerve in the midcerv i ca l  

( from 

area ) 

D ,  axopl asm w i th densely packed d isor i ented 

neuro f i laments , f rom a f i bre w i th prominent 

axon- Schwann c e l l  networks ( f rom the l e f t  

nerve i n  t h e  area of t h e  aort ic arch ) 

X 3 S 700 



A 

D 



2 46 

Figure 56 : 

F igure 57 : 

F igure 58 : 

E lectron mi crograph 

of right recurrent 

of t ransverse 

laryngea l nerve 

sect ion 

i n  the 

m i dcerv i ca l area f rom a subcl inical la ryngea l 

hemi plegi c  anima l . Note . the th ick mye l i n  

sheath relative to t h e  sma l l  axona l compart

ment ( 1 ) .  The adaxona l S chwann cel l  cytoplasm 

is d istended w i th c lumped f loccular mater ia l 

( 2 ) X 15300 

E lectron mi crograph of a transverse section 

of right recurrent laryngeal nerve in the 

m i dcervical area 

hemiplegic anima l . 

f rom a c l inical laryngea l 

This a trophi c f ibre has 

thick myelin sheath and a disproport ionately 

sma l l  axon . x 1 9 200 

E l ectron mi crograph of a transvers e  section 

o f  right recurrent laryngea l nerve in the 

midcervical area from a control horse . Th is 

thinly mye linated f ibre appears to have two 

separate axonal compartments � ) , and an 

adaxona l d i lat ion f i l led with tubu l ar and 

vesi cular structures and a large dense body . 

X 15300 
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Figure 56 : 

F igure 5 7 : 

F igure 58 : 

E l ectron mi crograph 

o f  r i ght recurrent 

of transverse 

laryngea l nerve 

section 

in the 

mi dcervica l  area f rom a subcl inical laryngeal 

hemiplegic anima l .  Note . the thick mye l i n  

sheath relat ive t o  the sma l l  axona l compart

ment ( 1 ) .  The adaxona l S chwann ce l l  cytoplasm 

i s  d istended w i t h  clumped f loccu lar mater i a l  

( 2 )  X 1 5300 

E lectron mi crograph of a transverse sect ion 

o f  r i ght recurrent laryngea l nerve in the 

m i dcervical area f rom a cl i n i c a l  laryngeal 

hemiplegic a n imal. This atroph i c  f i bre has 

a d isproport ionately thick mye l i n  sheath and 

smal l  axon . x 1 9 200 

E lectron m i crograph of a transverse section 

o f  right recurrent laryngea l nerve in the 

m i dcervica l area from a control horse . This 

t h inly mye l i na ted f ibre appea rs to have two 

separate axonal compartments � ) , and an 

adaxona l d i l a t ion f i l l ed w i th tubular and 

vesicular structures and a large dense body . 

X 1 5300 
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F igure 5 9: E l ec tron micrographs of transverse sec t i ons' 

of equi ne recurrent laryngea l nerve showi ng 

nerve f ibres distended with accumulated organ

e l les .  

A-C , a swol len f ibre f rom the left recurrent 

laryngea l nerve immed iately cauda l t o  the 

larynx of a control anima l . A ,  the thinly 

mye l i nated f ibre w i th dense axoplasm is 

surrounded by layers of Schwann ce l l  processes . 

x 2600 . B ,  the axoplasm cont·a ins ma i n l y  

dense membranous bodies . x 8200 . 

c, the neurof i l aments and microtubules were 

concentrated into a sma l l  area of the axon . 

X 3 5 700 . 

D-F , deta ils of the axoplasm of swol len axons , 

f rom o ther nerves . D ,  axoplasm of a f ibre 

devoid of mye l i n , also from the le ft recurrent 

laryngea l nerve immed iately caudal to the 

larynx of a control anima l . Many tubu lar 

and ves i cular structures are present , i n  

add i t i on to membranous bod ies. x 1 0500 . 

E ,  axoplasm from a f i bre in the l e f t  recurrent 

laryngea l nerve immed iately cauda l to the 

larynx o f  a c l inical laryngea l hemipleg i c  

anima l , w i th many tubular and vesicular 

structures and mi tochondria . X 1 5300 . 

F ,  axoplasm from a f i bre in the left recurrent 

laryngea l nerve immed iately caudal to the 

larynx o f  a subc l i ni c a l  l aryngea l hemiplegic 

anima l , with ma inly vesi cular structures . 

X 7800 
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F igure 60: 

F i gure 61: 

E l ectron 

of the 

mi crograph of a 

r ight tibial nerve 

transverse sect ion 

f rom a c l i n i c a l  

laryngeal hemiplegic anima l . Schwann c e l l  

proces se s  a r e  s urrounding a thinly mye l i nated 

f i bre . Two areas o f  exce s s  adaxonal Schwann 

c e l l  cytop l a sm can be seen (+ ) . x 6300 . 

E lec tron 

o f  the 

micrograph of a transvers e  

r ight common peronea l  nerve 

sect ion 

f rom a 

c l inical laryngeal hemiplegic animal . A mul t i

loculated s tructure , thought to result f rom 

the breakdown of mye l in , i s  present within 

a Schwann cel l process . Note the exces s 

convoluted ba sement membrane a s soc i ated w i th 

the proce s s . x 1 9 200 . 
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F igure 6 2: Mean regres s i on l ine s f or axi s cyl inder 

per imeter ( log to ba se e )  and number of mye l in 

lamel lae of the l e f t  recurrent la ryngea l nerve 

immed iately caud a l  to the larynx i n  control , 

subc l inical and c l inical laryngea l hemiplegic 

anima l s .  
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F igure 63: Mean regres s ion l ine s for axi s cylinder 

perimeter ( log to ba se e )  and number of myel i n  

lame l l� o f  the left recurrent laryngeal nerve 

in the m idcervical area in control , subc l inical 

and c l i nical laryngea l hem iplegic an ima l s . 
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F i gure 6 4: Mean regres s ion l ine s for a x i s  cyl inder 

perimeter ( log to ba se e )  and number of mye l i n  

lame l lae of the l e f t  recurrent laryngea l nerve 

in the region of the aor t i c  arch i n  control , 

subc l inica l and cl inical anima l s . 
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F i gure 65: Mean regres s ion l ines 

perimeter ( log to ba se e )  

l ame l lae of the r ight 

nerve immed iate ly caudal 

contro l , subc l i n i ca l  and 

hemiplegic anima l s . 

for ax i s· 

and number 

recurrent 

cyl inder 

of mye l i n  

laryngeal 

larynx in 

cl inical laryngea l 

to the 
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F igure 66: Mean regres s ion lines for axi s cyl inder 

perimeter ( log to ba se e )  and number of mye l i n  

lamel lae o f  t h e  r ight recurrent l aryngea l 

nerve i n  t he midcervica l area o f  control , 

s ubc li n i c a l  and c l i n i cal l aryngea l hem iplegic 

animal s .  
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F igure 6 7: Mean regre s s i on l i nes for a x i s  cylinder 

perimeter ( log to ba se e )  and number of mye l i n  

lame l lae of t h e  r ight recurrent laryngea l 

nerve a t  the level o f  the thorac i c  i n let i n  

control , subc l i ni ca l  and c l i n i ca l  laryngea l 

hemiplegic anima l s . 
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F igure 68: Longi tud inal and transvers e  v i ews , i l lustrat i ng 

the p lexus format ion wh ich results i n  a lter

at ion in the number and s i z e  of fa s c i cles over 

a s hort l ength of nerve ( af ter Sunderland , 

1 9 68 )  • 
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F i gure 6 9: 

F i gure 70: 

F igure 7 1 :  

A photomi c rograph o f  a transverse section 

o f  the l e f t  c�icoa�yt�noidou� Late�afi� muscle 

o f  a control hor s e . Groups of myo s i n  ATPa se 

low f i br e s  can be see n . Myo s i n  ATPase sta i ning 

X 40 

A photomicrograph o f  a transverse section 

o f  the l e f t  c�icoa�ytenoidou� fate�afi� muscle 

of a subc l inica l  laryngea l hemipleg i c  horse . 

Note the extensive atrophy and hypertrophy 

o f  f i bre s , with i nc reased perimy s i a l  and 

endomy s i a l  connect i ve tis sue . 

s t a i ning . x 1 00 

Myos i n  ATPa se 

A photom i crograph of transverse sect ion of 

the le ft c�icoa�ytenoideu� fate�afi� muscle 

of a c l i nica l  laryngeal hemiplegi c horse . 

F a s c icular atrophy i nvolves the maj ority of 

f a s c ic le s , and 

and endomys i a l  

ATPa se staining . 

there i s  i ncrea sed per imys i a l  

connective t i ssue .  Myosin 

X 100 



... 
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F igure 72: 

F igure 73: 

F igure 7 4: 

A photom icrograph of a transverse sect ion 

of the left c�icoa�yt�noid�u� fat��afi� muscle 

f rom a c l in i c a l  laryngea l hemiplegic horse . 

Note the exten s i ve f ibre atrophy i nvolving 

a l l  f a s c icles, w i th increased perimysi..al and·endo

myial connective t i s sue . Myos in ATPa se sta i n

i ng . x 40. 

A photom icrograph of a transverse sect ion 

of the right c�icoa�yt�noid�u� lat��ali� muscle 

from the s ame c l inical laryngeal hemiplegic 

horse as in F i g . 7 2. Note the var i ation in 

f i bre s i ze , w i th atrophic and hypertrophi c  

f i bres . · Myos i n  ATPa se sta ining . x 40 

A p�otom icrograph of a trans verse sect ion 

of th� left c�icoa�yt�noid�u� do��ali� muscle 

from the s ame c l inical laryngeal �emiplegic 

horse as in F i g . 72. Note the extens ive 

f i bre �ype g ro�ping , and f a s c i cu la r  �trophy . 

Myo s i n  �TPas e  s t a i n i ng . x 40 
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Figure 75: 

F igure 76: 

A photom i c rograph of a transver se section 

o f  the norma l �xt�nho� digito�um longuh mus c l e  

f r om a control hor s e . Myo s i n  ATPase s ta in il)g 

X 40 

A photom i c rograph of a transve r se section 

of the �xt�nho� digito�um longuh muscle f rom 

a subc l in i c a l  laryngea l hemi plegic horse . 

Note the large · groups of myos i n  ATPase low· 

f ibre s . Myo s i n  ATPase staining . x 40 . 
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F i gure 77: Photom i c rographs o f  transverse sec t i on o f  

the €Xi€n�o4 digiio4um Longu� mus c l e s  f rom 

c l inical l a ryngea l  hemiplegic horses . 

A .  Fibre type grouping involves whole fascicles. 

X 40 

B. Another area f rom the same mus c l e  as  A ,  

shows l e s s  extens ive f ibre type grouping . 

X 40 

c. Note the atroph i c  

endanysial connect ive 

the presence of 

adjacent fa s cicle . 

Myos i n  ATPase s t a i ni ng . 

f ibres and increa s ed 

t i s sue o f  one fa s c i c l e , and 

hypertrophic f i bres in the 

X 100 . 
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F igure 78: Sites of t i s sue samp l i ng in the m.ed.uUa oUongai..a. 
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F igure 7 9: Anatom i c a l  relationships o f  the nucLeu4 amiiguu� 

i n  the meduLLa oiLongata. 



solitary tract 
dorsal vagal 
nucleus 
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F i gure 80: 

Figure 81: 

F i gure 8 2: 

A photomicrograph of the right nuci�u� amtiguu� 

f rom the hor se with a paras it i c  le s i on o f  

t h e  r i ght vagal nerve at i t s  out let f rom the 

bra i n s tem .  Note the chromatolytic neurona l 

c e l l  bodies ( +  ) , wi th loss of N i s s l  substance 

and eccentr i ca l l y  plaoednucleolus . 

Luxo l  f a s t  blue/cre s y l  violet . x 100 

A photom icrograph o f  the norma l left nuci�u� 

amtiguu� 

a n ima l . 

f rom a cl inical laryngea l hemiplegic 

Luxol fast blue/cresyl violet . x 40 

A photomicrograph of the norma l r ight nuci�u� 

amtiguu� f rom the above c l i n ical laryngea l 

hemiplegic anima l . Luxol f a s t  blue/cres y l  

v i o l e t . x 40 
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F i g ure 83: 

F igure 8 4 : 

A photomicrograph of the normal l�ft fltlfli!tll:i tllll� I l/111/A 
f rom a control horse . Luxol fast blue/aresyl 
violet . x 40 

A photomicrograph of the norma l le f t  nu� wmug� 

f rom a subc l inical laryngea l hemiplegic hor s e . 

Luxol fast blue/cresyl violet . x 40 
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Figure 85: 

Figure 86 : . 

A photanicrograph of the right lateral cuneate nucleus 

from a subclinical laryngeal horse 1 showing numerous 

axonal spheroids (�) H + E. x 100 

A photcrnicrograph of the left lateral cuneate nucleus 

from a subclinical laryngeal horse 1 showing numerous 

axonal spheroids . ( � )  H + E. x 100 
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F igure 87: Samp l i ng leve l s  of the peronea l  nerve . 



blcepa femoris 

extenaor dlgltorum __ ___._...,_ 
longua 

o---.....L.-- common peronea l  
nerve 

_.�.-.-- motor branch of 
deep peroneal nerve 

branch of deep 
peroneal nerve 

superficial peroneal 

nerve 
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F igure 88: 

F i gure 8 9: 

A photomicrograph o f  a tran sver se sect ion 

of the l e f t  c�icoa�yt�noid�u� fat��afi� muscle 

f rom a horse a f fected w i th s t r i nghalt . 

F a s c i cular atrophy of fibres , and i ncreased 

perimy s i a l  and endomysial connect ive t i s sue 

is evident . Some f a scicle s of hype r troph i c  

f ibres a r e  seen , w i th not i ceable g rouping 

of f ibre type s . Myo s i n  ATPa se . x 40 

A transverse . section of the right c�icoa�yt�noid�u� 

fat��ai.i� muscle f rom a hor se af fected with 

s t r i ngha l t . Exten s ive atrophy and hyper trophy 

o f  f a s c ic l e s  i s  pre s ent . The a trophy i s  seen 

to involve ent i re f ascicles or i s  l i mi ted 

t o  the edges of others .  Myo s i n  ATPa se . X 40 
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F i gure 90: 

F igure 91: 

A photom icrograph of a transverse sect ion 

of left iiiiali� c�aniaLW· mus c l e  from a horse 

af fected w i th s t r i ngha l t . Note the atrophy 

and hypertrophy of mus c le fibre s . 

ATPase . x 40 . 

Myosin 

A transver se sec t i on of the right tfexo� �pi �� 

mu scle from a hor s e  af fected with s t ri ngha l t . 

The grouping o f  muscles f i bre type s and 

peripheral fascicu l a r  atrophy < �  ) are apparent 

Myos in ATPa se . x 40 
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Figure 9 2: 

F i gure 93: 

F igure 9 4: 

A photomi crograph of a transverse sect ion 

of the norma l l e f t  recurrent l aryngeal nerve 

in the area of the aorti c  arch , showing the 

t ypi ca l mye l inated f i bre den s i ty and d iameters . 

Phenylened iamine s t a i ni ng . x 200 

A photomicrograph of a tran sver se sect ion 

of the l e f t  recurrent laryngea l nerve 

immed iately cauda l to the larynx , f rom a horse 

af fected w i th stringha l t . Note the marked 

decrea se i n  f i bre dens ity . Mye l i n  debr i s  

i s  pre sent ( 1 ) .  A l arge f ibre w i th a spl i t  

mye l in sheath can be observed ( 2 ) . A Renaut 

body i s  a l s o  present • 

s t a i ning . x 200 

Pheny lenedi amine 

A photomicrograph of a tran sver se section 

of the l e f t  recurrent laryngeal nerve in the 

area of the aort i c  arch , from a horse a f f ected 

w i th s t r i ngha l t . A l o s s  of mye l i na ted f i bre s , 

w i th con s i derable regenerat ive activity i s  

evident . Many regenerat ing c luster s and " onion 

bu lbs" ( 2 )  are present . Some myelin debr i s  

can a l so be seen ( 3 ) . Phenyl enediamine sta in

i ng . x 200 



I 
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F i gure 95 : 

F igure 9 6 : 

F i gure 9 7 : 

A photomi crograph of a tran sverse sect ion 

of the r i gh t  t ibia l nerve from a horse affected 

by stringha lt . There is  a not i ceable los s 

o f  myel i nated 

prominent ( 1 ) • 

( 2 )  and other 

are present . 

X 200 

f ibre s , and mye l i n  debr i s  i s  

Several regener a t i ng clusters , 

thinly mye l i na ted f ibre s  ( 3 ) 

Phenylenediam i ne s ta i n i ng . 

A photomicrograph of a transver se sect ion 

of the right med ian nerve from a hor se a f f ected 

by s t r i ngha l t . A s l ight decrease in f i bre 

dens i ty is apparent , and s ome mye l i n  debr i s  

can be seen ( 1 ) .  Many thinly mye l i nated f ibres 

are present ( 2 ) .  Phenylenediamine staining . 

X 200 

A photomicrograph of a transver se sect ion 

of the left recurrent laryngea l nerve i n  the 

area of the aort ic arch , from a horse a f f ec ted 

by stringha l t . At thi s  h i gher power more 

deta i led patholog i c a l  structures can be seen . 

"On i on bulb" formations ( 1 )  and regenerat ing 

clu s ters ( 2 )  are surrounded by s evera l layers 

· of cell proce s ses . Myelin debr i s  is pre s ent 

in the Schwann ce l l s  of some mye l inated f ibres 

( 3 ) . Many of the f i bres have d i s proport ionately 

thin mye l i n  sheath s . Phenylenediamine sta ining 

X 400 
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F i gure 98: 

F igure 9 9: 

A photomi crograph of a tea sed fibre from the 

left recurrent l aryngea l nerve in the 

midcervi cal area , from a �horse w i th stri ngha l t . 

Note the mye l i n  debr i s  as soc iated w i t h  the 

remnants of mye l i nated f ibre s i nd icating 

axon a l  degenerati on of some weeks dura t i on . 

X 100 

A photomicrograph of a teased f ibre f rom the 

r ight deep peroneal nerve fran a horse with stringhalt. Recent 

axonal degenerat i on i s  evidenced by the l inear 

row of large myel in ovoids . x 100 
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F i gure 100: Photom i crographs of consecut ive portion s  o f  

a teased f ibre myel inated from the r ight 

recurrent laryngea l nerve at the level of 

the thorac ic inlet f rom a horse w i th stringha l t  

Area s o f  demy e l i nation ( type C change ) are 

i nd i ca ted by the a rrows . x 40 
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F igure 1 0 1 :  Photomicrographs of consecut ive portions o f  

a teased mye l i nated f i bre from the r i ght median 

nerve of a hor s e  w i th str ingha l t . There ha s 

been axonal degener a t i on d i s ta l  to a node 

o f  Ranvier ( 1 ) and i n  the proximal preserved 

par t  of the f ibre paranodal demy e l i nat ion 

i s  evident ( 2 ) . Thi s represents type I change . 

X 40 
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F igure 1 0 2 :  E l e ctron m i c rographs o f  transvers e  sections 

f rom the hind l imb nerve s of a hor se a f f ected 

with stringha l t . 

A .  l e f t  supe r f i c ial peroneal nerve showing 

a Bungner band of num�rous Schwann cel l  

proce s s e s , and a mul t i locu l ated structure , 

( + ) , thought to be a result o f  mye l i n  

degradat ion . x 5200 . 

B .  a h i gh powe r view o f  the s tructure i n  

A .  X 2 1 200 . 

C .  left superf ic i a l  peroneal nerve showing 

a Bungner band conta in ing mye l i n  debr i s  

in several s tages of degradat i on ( 1  ) ,  

and a l arge axona l sprout ( 2 ) . x 3 400 . 

D .  the axona l s prout shown in C conta ining 

d i soriented neuro f i l aments . x 7 800 . 

E .  a mye l i na ted f ibre f rom the l e f t  super

f i c i a l  peronea l nerve showi ng ma rgination 

o f  the microtubule s .  x 2 1 200 . 

F .  a mye l inated f i bre from the r i ght tibial 

nerve s howi ng a d i s tens ion of the 

adaxonal Schwann ce l l  cytop l a sm . Note 

the l ipid bodies and protagon g ranules 

i n  the outer Schwann cel l cytopla sm . 

X 1 5300 . 
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F i gu�e t 0 3 i  E l e c t ron micrographs o f  transverse sec t i on s  

f rom the recurrent laryngea l and l i mb nerve s 

o f  a horse af fected with stringha l t . 

A .  the r ight t ib i a l  nerve showing a cluster 

o f  thinly mye l inated regenerat ing fibres . 

Note the appa rent ly a t rophic ' f ibre w i t h  

sma l l  axona l cal ibre relative t o  i t s  

mye l in sheath thickne s s  ( + ) • X 5 200 • 

B .  the left recurrent laryngea l nerve i n  

the area of the aor t i c  arch showi ng 

a f ibre f rom a r egenerating c l u s te r  

w i th accumulat ion of membranous dense 

bod i e s  in i t s  axopla sm .  x 1 5 300 . 

c. a f ibre f rom a regenerating c l u s ter 

in the left recurrent laryngeal nerve 

in the a rea of the aort ic a rch w i t h  

a l ame l l ated mye l i n  body in the outer 

S chwann ce l l  cytopla sm . x 1 5 300 . 

D .  the r ight recurrent laryngeal nerve 

at the leve l of the thorac i c  i n let 

show i ng a thinly mye l i nated f ibre with 

surround ing Schwann cell proce s s . Note 

the exces s convoluted ba sement membrane , 

and the protagon granu le ( + )  in the oute r  

S c hwann ce l l  �ytop l a sm . x 7800 . 

E .  the r ight med ian nerve showi ng a thinly 

mye l inated f ibre w i th a s sociated empty 

prof i les o f  ba sement membrane . x 1 1 200 . 

F .  the left recu rrent l a ryngea l nerve i n  

the area o f  the a or t i c  arch showi ng 

a thinly mye l i nated f i bre w i th surround
i n g  Schwann cell processes and l oose 
folded bas ement membrane . 1 1 200 . 



E 
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F igure 10 4: H i stograms o f  the myel inated nerve f ibre 

d iameter d i str ibut ions o f  the recurrent 

laryngea l nerves f rom a hor s e  w i th s t r i ngha l t . 



Left Right 
15 

Distal 

10 

5 

15 
-
� 

-
.. 
G) 10 .c 
E 
:::t 
c 
G) 5 .. 

.c 
·-

u. 

15 

10 

5 

0 4 12 0 4 8 12 

· Fibre ·diameter C Jlm) 



APPEND I X  1 

COMPOSITION OF SOLUT IONS FOR PROCESS I NG NERVE SAMPLES 

0 . 1 M  cacodylate buffer 

2 1 . 4g sodium cacody late t r i hydrate1 

98 6ml d i s t i l led water 

1 4ml 0 . 2M hydrochlor i c  a c id 

Adj ust pH to 7 . 35 - 7 . 4  with hydrochloric acid or sod i um 

hydroxide . 

2 %  glutara ldehyde 

80ml 25 % g lutara ldehyde 2 

920ml 0 . 1 M  cacodylate buf fe r  

2 7 6  

Adj ust pH t o  7 . 35 - 7 . 4  with 0 . 1 M  hydroch loric acid o r  0 . 1 M 

s odium hydroxide . 

1 %  osmium tet roxide 

1 g  osmium tetroxide3 

1 00ml 0 . 1 M  cacodylate buf fer 

1 .  Sod�um cacodylate , BDH Chemi c a l s  Ltd , Poole,  England . 

2 .  Glutaraldehyde , 25%  sol ution in water , Koch-Light Laboratories 
Ltd , Buckinghamshire , England . 

3 .  Osmium tetroxide , Sigma Chemic a l  Co . ,  Missour i ,  U . S . A .  



1 %  phenylened iamine 

0 . 1g p - pheny lenediamine1 

10ml 70% a lcohol 

6 6 %  glycerol 

1 65ml 9 9 %  glycerol 2 

85ml d i st i l led water 

2 7 7  

1 .  P-phenylenediamine grade 2 ,  S i gma Chemi cal Co . ,  Mis souri , U . S . A .  

2 .  Glycerol , A jax Chemical s ,  Sydney, Austra lia . 



APPENDIX 2 

EMBEDD I NG RES I N  

Solut ion A 

polarbed 8 1 2 res in1 6 2ml 

dodeceny l succ i n i c  anhydride ( DDSA ) 2 100ml 

Solut ion B 

po larbed 8 1 2 res in 

methyl nadi c  anhydride ( MNA ) 3 

Re s i n  for embedding 

solut i on A 

solut i on B 

2 , 4 , 6 - tr i ( dimethy laminomethy l ) phenol 4 

( DMP- 30 ) 

1 00ml 

8 9ml 

2 5ml 

7 5ml 

2ml 

2 78 

S o lut ions A and B ,  and the f inal re sin were a ll prepared 

i n  advance and stored f rozen . When required for proce s s ing , 

the polarbed wa s removed f rom the freezer 2 - 3  hou r s  be fore 

i t  wa s required . 

1 .  Epon 8 1 2  resin or Polarbed 812 res i n ,  Po laron Equipment Ltd , 
Watford, England. 

2 .  DDSA , Po laron Equipment Ltd , Wat ford, England. 

3 .  MNA, Po laron Equipment Ltd , Wat f ord, Eng land . 

4 .  DMP- 3 0 ,  Polaron Equipm� Ltd, Watford , England . · 
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APPEN D I X  3 

STA I N I NG METHOD FOR ELECTRON M I CROSCOPY 

A saturated 

50 % e thanol . 

Uranyl acetate stain 

s o lution of urany l 1 acetate 

Lead ci trate stain 

wa s prepared i n  

The following substances are combi ned and shaken vigorously 

unt i l  d i s s o lved . 

0 . 2 5 g  lead ci trate 2 

0 . 1 ml 1 0N sod ium hydroxide3 

1 0ml d i s t i lled water 

METHOD 

1 .  F loat the grid , sections down , on a drop o f  urany l 

acetate for 3 minute s . 

2 .  Wash the grid in 70% e thano l , and then i n  d i s t i lled 

water . Dry with f i l te r  paper . 

3 .  F loat the grid on a drop o f  lead ci  trate s t a i n  for 

5 minute s .  

4 .  Wash the grid in d i s t i l led water , dry and place i n  

a gr i d  box . 

1 .  Uranyl acetate , BDH Chemica l s  Ltd , Poole , Eng land . 

2 .  Lead c i trat e ,  BDH Chemi ca l s . Ltd , Pool e ,  England . 

3 .  Sodium hydroxide , Ajax Chemical s ,  Sydney, Australia . 
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APPEND I X  4 

STA IN I NG METHODS FOR MUSCLE T I SSUE 

Myo s i n  ATPa se ( according to the technique of Padykul a  a nd 

Herman , 1 9 5 5 , a s  mod i f ied by Davi e s  

and Gunn , 1 9 7 2 ) • 

SOLUTION 1 

Substrate 1 . 0 M  tr i s ( hydroxymethy l ) aminomethane 1 

0 . 1 8M ca lc ium chloride ( hexahydrate ) 2 

ATP d i sodium salt3 

1 2m l  

6ml 

90mg 

d i s t i l led water to 4 5 m l  

Adj ust the p H  to 9 . 5  w i t h  0 . 1 N  hydroch lor i c  a c id . 

d i s t i l l ed water to 60ml 

SOLUTION 2 

Cacodylate buf f ered forma ldehyde pH 7 

2 . 1 4g sod ium ca codylate ( tr i hydrate ) in S O m l  

d i s t i l led water . 

SOLUTION 3 

0 . 2M hydrochlor ic acid 

40 % forma ldehyde 

d i s t i l l ed water 

2% c oba lt chloride 4 

SOLUT ION 4 

1 %  ammonium sulph ide 5 

6 . 3m l  

20ml 

to 200m l 

1 .  Tr is ( hydroxymethyl ) aminomethane , Si gma Chemi cal Co . , St Lou i s ,  USA . 

2 .  Ca lc ium chloride , hexahydrate , BDH Chemi cals Ltd , Poole , Eng land . 

3 .  Adenos ine-5 1 -triphosphone acid, BDH Chemical s Lt'd ,  Pool e ,  England . 

4 .  Coba lt chloride , Koch -Li ght Laboratories Ltd ,  Buckinghamshire , 
England . 

s .  Ammonium sulphi de 10%,  Ajax Chemica l s ,  Sydney , Austra l i a . 



Method 

1 .  Place sect i on s  i n  so lution 2 for two minutes . 

2 .  Wa sh i n  two changes of d i s t i l l ed wa ter . 

3 .  Incuba te i n  solution 1 for 20 m i nutes at 3 7°C .  

4 .  Wash in two changes of d i s t i l l ed wa ter . 

5 .  Pl ace the sect ions i n  solution 3 for three minutes .  

6 .  Wash in two changes of d i s t i l l ed water . 

7 .  Pl ace the sect ions in solution 4 f or 30 second s . 

8 .  Wash and mount in glycerine j e l l y . 

Haematoxyl in and eos i n  ( Cu l l ing , 1 9 7 4 )  

1 .  F i x  in 7 0 %  a lcohol . 

2 .  Wash . 

3 .  Stain in Ehr l i ch ' s  haematoxy l i n1 for 1 0  m i nute s . 

4 .  R i nse in tapwa ter to remove exce s s  sta in . 

5 .  D i f ferentiate in acid alcoho l for 1 0  seconds . 

281 

6 .  Rega in blue colour and s top decolouri s a tion by wa s h i ng 

7 .  

8 .  

in  Scott ' s  tapwater 

R i nse in tapwa ter . 

S t  . . . 2 f a 1 n  1n eos 1n or 

for 2 m inute s . 

40 second s . 

9 .  R i nse rapidly in water . 

1 0 .  Dehydrate in a lcohol s .  

1 1 .  Clea r  in xylol . 

1 2 . Mount . 3 

1 .  Haematoxyl in , May & Baker Ltd, Dagenham , England . 

2 .  Eosin, Harleco, Phi l adelphia , U . S . A .  

3 .  DPX mountant ,  BDH Chemicals Ltd , Poo l e ,  England . 
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APPENDIX 5 

PROCESSING AND STA INING METHODS FOR CENTRAL NERVOU S  SYSTEM 

TISSUE 

P roce s s ing method 

Ti s sue blocks we re 
1 automatic proces sor . 

embedded i n  para f f i n  wax 

The schedu l e  fol lowed wa s: 

50 % a l cohol for 1 hour 

70 % a l cohol for 1 hour 

9 5 %  a lcohol for 1 hour 

absolute alcohol 1 for 1 hour 

absolute alcohol 2 for 1 hour 

absolute alcoho l 3 for 2 hou r s  

absolute alcoho l 4 for 2 hour s  

chloroform for 4 hours 

xy lene 1 for 1 hour 

xy l ene 2 for 1 hour 

xy lene 3 for 1 • 5 hours 

wax for 2 hours 

wax for 2 hours 

S t a ining method ( Cu l l ing , 1 9 7 4 )  

SOLUTIONS 

Luxol fast blue 

l uxol fast blue 1 g  

9 5 %  a lcohol 1 000ml 

1 0 % a ce t i c  acid 5ml 

u s i ng an 

1 .  Shandon E l l iot Automat ic Tissue Processor , SE 400 , Shandon 
Scienti f i c  Co . Ltd, London , Eng land . 

2 .  Luxol fast blue , Gurr ' s ,  Searle S c ienti f i c  Services , H igh Wycornbe , 
Bucks , England . 



Cre syl violet 

cresyl violet 1 

d i s t i l l ed wa ter 

L i th ium carbonate 

0 . 1  g 

1 0 0ml 

0 . 0 0 5 %  aqueous solution l i thium carbonate
2 

C r e syl violet d i f f eren t i a tor 

9 5 %  a lcohol 

q h l oroform 

g l a c i a l  acet i c  a c i d  

METHOD 

9 0m l  

1 0m l  

3 drops 

2 8 3  

1 • To remove wa x ,  take the s e c t ions through xy lene a nd 

9 5 %  a l coho l . 

2 .  S t a i n  i n  luxol f a s t  blue overnight at 3 7 °C .  

3·. Wash i n  9 5 %  a l coho l , then i n  d i s t i l l ed wa ter . 

4 .  Commence d i f ferent i a t i on by i mmer sing the s e c t i on s  in 

l i thium ca rbonate solut ion for not more than 20 s e cond s 

5 .  D i f f eren t i a t e  i n  7 0 %  a l coho l unt i l  grey a nd whi te 

ma tters are c l ea r l y  d i s t i ngu i shed ( 3 0 - 6 0  s econd s ) .  

6 .  R i nse i n  d i s t i l l ed wa ter a nd examine u nder the 

micros cope . If d i f ferent i a t ion is not comp l e t e , repeat 

steps 4 ,  5 a nd 6 w i th reduced t ime s .  

7 .  Wash we l l  i n  d i s t i l l ed wat e r . 

8 .  S t a i n  i n  cresyl violet for 1 0  m i nu t e s  a t  room 

temperature . 

9 .  Wash i n  d i s t i l l ed water . 

1 .  Cresyl fast violet , Gurr ' s ,  Sear l e  Scienti f i c  Services , H igh 
Wycombe , Buck s ,  Eng land . 

2 .  Lithium carbonate , May & Baker Ltd , Dagenharn, England . 



2 8 4  

1 0 . Wash i n  7 0 %  a lcoho l . 

1 1 .  Di f f eren t i at e  i n  cresyl v i o l et d i f feren t i a tor for 

1 - 2 s econd s . 

1 2 . R i nse i n  9 5 % a l cohol to remove d i f f e rent iator . 

1 3 . R i nse i n  absolute a l coho l and c l ear in xy l o l . 

1 4 . Check d i f f e rent i a t i on under a microscope to ensure 

that on l y  the nuc l e i  and N i s s l  subs tances ar e stai ned . 

Repeat s teps 1 1 ,  1 2 , 1 3  a nd 1 4  i f  nece s sary . 

1 5 . Mount i n  DPX . 



APPENDIX 6 

LIGHT MICROSCOPIC MORPHOLOGY OF EQUINE PERIPHERAL NERVE 
\ 

Control horses 

HORSE 1 
Lef t  distal recurrent laryngeal nerve ( RLN )  
No . FASCICLES - 12 
RENAUT BODIES - present , but small and not well developed . 
FIBRE DENSITY - normal 
OTHER FEATURES - myeli nated fibres were small e r  in diameter than 

in older horses , and the myelin sheaths thinner . 
No abnormalities . 

Left midcervical RLN 
No . F'ASCICLES - I of medium myelinate d fibres , motor to the 

intrinsic laryngeal muscles and 2 of small 
myelinated fibres , sensory to the trachea and 
oesophagus . 

RENAUT BODIES - absent 
FIBRE DENSITY - normal 
OTHER FEATURES IN MEDIUM - fibres smaller than adult proportions . 
MYELINATED FIBRES No abnormalitie s . 
Lef t  �roximal RLN 
No . F SCICLES - 3 of medium myelinated fibres , 1 1  of small fibres 

and 3 mixed . 
RENAUT BODIES - absent 
FIBRE DENSITY - normal 
OTHER FEATURES IN MEDIUM - fibres smaller than adult proportions . 
MYELINATED FIBRES No abnormalitie s . 
Left vagus proximal to separation of RLN 
At one end of an eii1 pt1cai transverse section of the whole nerve , 
were 3 fascicles composed entirely of medium myelinated fibres , 
assumed to be the motor fi bres of the RLN . No abnormalities . 
Left vagus midcervical 
At one edge of' an ei11ptical transverse section of the whole nerve , 
there appeared to be a collection of medium myelinated fibres i nto 
several fascicles . No abnormalities . 
Right dis tal RLN 
No . FASCICLES - 8 of medium myeli nated fibre s . 
RENAUT BODIES - present 
FIBRE DENSITY - normal 
OTHER FEATURES - fibres smaller than adult proportions . 

No abnormalities . 
Right midcervical RLN 
No . FASCICLES - '/ of medium myelinated fibre s , 1 of small fibre s . 
RENAUT BODIES - present 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - flattened 
MYELINATED FIBRES transverse 

wide . Fibres smaller 
No abnormalities . 

appearance of the nerve on 
sectioning , only 1 fascicle 
than adult proportions . 

Right �roximal RLN 
No . FA CICLES - 6 of medium myelinated fibre s , 6 of small fibres . 
RENAUT BODIES - absent 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - fibres smaller than adult proportions . 
MYELINATED FIBRES No abnormalitie s . 
Right va�us proximal to separation of RLN 
At one e ge of' an ellipt1cai transverse section of the nerve was 
one large fascicle of medi um myelinated fibre s , and some 
unmyelinated fibre s . 
Right vagus midcervical 
Along one edge of an elli ptical transverse s ection of the whole 
nerve there was a greater concentration of medium myelinated fibres , 
but not collected into separate fascicles . 

HORSE 2 
Left distal RLN 
No . FASCICLES - 9 of medium myelinated fibre s . 
RENAUT BODIES - present 
FIBRE DENSITY - normal 
OTHER FEATURES - slight i ncrease in endoneuria! nuclei . 

A regenerating cluster , redundant myelin loop 
associated with one fibre . A split myelin 
sheat h .  A myelin ovoid in the Schwann cell 
cytoplasm of a myeli nated fibre . 

Left midcervical RLN 
No . Ji'ASCICLES. - '/ of medium myelinated fibre s , 6 of, small fibres 

r and 2 mixed . 
. 
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RENAUT BODIES - present 28 6 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - a regene rating cluster . 
MYELINATED FIBRES Several early " onion bulbs " . 

Right dis tal RLN 

A myelin ovoid in the Schwann cell cytplasm of a 
myelinated fibre . 

No . FASCICLES - 1 5  of medium myelinated fibre s . 
RENAUT BODIES - present 
FIBRE DENSITY - normal 
OTHER FEATURES - an early "onion bulb" . 

Several myelin avoids in the Schwann oe l l  cytoplasm 
of myelinated fibres . 

Right midcervical RLN 
No . FASCICLES - '( of medium myelinated fibre s , 3 of omnll f i breB . 
RENAUT BODIES - present 
FIBRE DENSITY - .normal 
OTHER FEATURES OF MEDIUM - a myelin ovoid in the Schwann cel l  
MYELINATED FIBRES cytoplasm of a mye linated fibre . 
Right �roximal RLN 
No . F'A CICLES - 9 of medium myelinated fibre s , 9 of small fibre s . 
RENAUT BODIES - absent 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - a small fibre with an inappropriately 
MYELINATED FIBRES thick myelin sheath . 

HORSE 3 
Left distal RLN 
No . FASCICLES - 9 of medium myeli nated fibre s . 
RENAUT BODIES - present 
FIBRE DENSITY - normal 
OTHER FEATURES - slight i ncrease in nuclei . Several 

thinly myelinated fibres . A regenerating 
cluster . Several "on ion bul bs" , some early and 
some large . Several myelin ovo�ds in Schwann cell 

. cytoplasm of myelinated fi bres . 
Left �roximal RLN 
No . F' SCICLES - 4 of medium myelinated fibres , 9 of small fibre s . 
RENAUT BODIES - present 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - several thinly myelinated fibres i n  
MYELINATED FIBRES one fascicle . Several myelin avoids and 

li pid granules i n  Schwann cell cytoplasm 
of myelinated fibres . 

Left vagus proximal to separation of RLN 
At one end of an eii�pt�cai transverse section of the whole 
nerve were 5 fascicles composed entirely o f  medium myelinate d  
fibres . No abnormalities . 
Left vagus midcervi cal 
Along one edge of an elli ptical transverse section of the whole 
nerve , medium myelinated fibres were scattered through the fascicles . 
R ight distal RLN 
No . F'ASCICLES - 1 1  of medium myelinated fibres . 
RENAUT BODIES - present 
FIBRE DENSITY - normal 
OTHER FEATURES - several thinly myelinated fibres . Several 

regenerating clusters . Several early "onion 
bulbs" . Rare myelin avoids in Schwann cell 
cytoplasm of myelinated fibres . 

Right midcervical RLN 
No . FASCICLES - no transverse section of whole nerve . 
RENAUT BODIES - present 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - several t hinly myelinated fibres . 
MYELINATED FIBRES Several e arly " onion bulbs" . 

An "onion bulb" with a core of a large fibre with 
e ither a very thin myelin sheath or devoid of 
myelin . Several myelin avoids in Schwann cell 
cytoplasm of mye linated fibres . 

Right �roximal RLN . 
No . FA CICLES - no transve rse section o f  whole nerve . Individual 

fascicles s ectione d . 
RENAUT BODI ES � absent 
FIBRE DENSITl - normal 
OTHER FEATURES OF MEDIUM - several myelin avoids in Schwann cell 
MYELINATED F·IBRES cytoplasm of myelinated fibres . 



Right vagus �roximal to se�aration of RLN 28 7 
At one end o an eii� pt�ca transverse section o f  the whole nerve 
were 2 fascicles of medium myelinated fibres . No a bnormalities . 
Right va�us midcervical 
At one e ge of an eii�pt ical transverse section of the whole nerve 
were 2 fascicles of medium myelinated fibres . Two fibres contained 
myelin ovoids in the Schwann cell cytoplasm . 

HORSE 4 
Left distal RLN 
No . FASCICLES - 9 of medium myelinated fibres . 
RENAUT BODIES - present 
FIBRE DENSITY - normal 
OTHER FEATURES - an early "onion bulb" with a denervated Schwann 

cell or a fi bre devoid of mye lin at its centre . 
A large " onion bulb'� containing a large swollen 
fibre with dense axoplasm , and a thin attenuated 
myelin sheath . 

Left midcervical RLN 
No . FASCICLES - 9 of medium myelinated fibres , 8 o f  small fibres . 
RENAUT BODIES - present 
FIBRE D ENSITY - normal 
OTHER F EATURES OF MEDIUM - a regenerating clus te r  of 2 small fibres 
MYELINATED FIBRES with concentric Schwann cell processes .  

Several myelin avoids and l i pid granule s  in the 
Schwann cell cytoplasm of myelina ted fibres . 

Left �roximal RLN 
No . F SCICLES - 5 of medium myelinated fibre s , 1 0  of small fibres , 

and 1 mixed . 
RENAUT BODIES - uncommon 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - a myeli n  ovoid in Schwann ce l l  cytoplasm 
MYELINATED FIBRES of a myelinated fibre . 
Lef t  vagus proximal to separation o f  RLN 
At one end of' an ell� pt�cai transverse sec tion o f  the whole nerve 
were 5 fascicles of medium myelinated fibres . No abnormalities . 
Left vagus midcervical 
At one edge of an eii�ptical transverse section o f  the whole nerve 
was 1 fascicle with a collection of medium myelinated fibres . 
Right d istal RLN 
No . F'ASCICLES - 1 4  of medium myeli nated fibres . 
RENAUT BODIES - present 
FIBRE' DENSITY - normal 
OTHER FEATURES - several thinly myelinated fibres . 

A myelin ovoid in Schwann cell cytoplasm of a 
myeli nated fibre . 

Right midcervical RLN 
No . FASCICLES - 9 of medium myelinated fibres , 4 of small fibres . 
RENAUT BODIES - present 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - several thinly myelinated fibres . 
MYELINATED FIBRES A regenerating cluster with several layers 

of Schwann cell processes . Several early 
"onion bulbs" . A myelin ovoid in Schwann cell 
cytoplasm of a myelinated fibre . 

Right �roximal RLN 
No . F'A CICLES - 12 of medium myeli nated fibres , 1 0  of small fibre s . 
RENAUT BODIES - extensive 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - a myelin ovoid in Schwann cell cyto plasm 
MYELINATED FIBRES of a myelinated fibre . 
Right vagus �roximal to se�aration of RLN 
At one end o an eii�pt�ca transverse sec tion o f  the whole nerve 
were 6 fascicles of mainly medium myelinated fibres . No 
abnormalities . 
Right va§us midcervical 
At one e ge of an elliptical transverse s ec tion of the whole nerve 
were 4 fascicles of medium myelinated fibre s . 

HORSE 5 
Left distal RLN 
No . FASCICLES - 1 4  of medium myeli nated fibres . 
RENAUT BODIES - extensive 
FIBRE DENSITY - slight decrease 
OTHER FEATURES - s everal thinly myelinated fibre s . Several 

regenerating clusters . Several early and one 
large " onion bul b" . S�lit myelin sheaths with 
dense contents in 2 f�bre s . Seve ral myelin ovoids i n  
Schwann c e l l  cytoplasm o f  myelinated fibres . 



Left midcervical RLN 
No . l"ASCICLES - 9 of' medium myeli nated fibre s , 5 o f  small fibres . 
RENAUT BODIES - present 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - several thinly myelinated fibres . 
MYELINATED FIBRES Several regenerating clusters . 

Several earl� "onion bulbs" . 
Several myel�n ovoids in Schwann cell cytoplasm 
of myelinated fibres . 

Right distal RLN 
No . l"ASCICLES - 9 of medium myelinated fibres . 
RENAUT BODIES - uncommon 
FIBRE DENSITY - normal 
OTHER FEATURES - An early "onion bulb" . Rare thinl� myelinated 

fibre s . Rare myelin ovoids and lip�d granules 
in Schwann cell cytoplasm of myelinated fibres . 

Right midcervical RLN 
No . F'ASCICLES - no transverse sec tion of whole nerve . 
RENAUT BODIES - present 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM -
MYELINATED FIBRES 

rare thinly myeli nated fibres . 
Rare myelinated fibres with u granules 
in Schwann cell cytoplasm. 

Right �roximal RLN 
No . F'A CICLES - 12 of medium myelinated fibres , 9 of small fibres . 
RENAUT BODIES - extensive 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - several thinly myelinated fibres . 
MYELINATED FIBRES Several regenerating clusters . 

HORSE 6 
Left distal RLN 

Earl y  " onion bulbs" around some thinly myelinated 
fibres . 

No . F'ASCICLES - 1 0  of medium myeli nated fibre s . 
RENAUT BODIES - present 
FIBRE DENSITY - slight decrease 
OTHER FEATURES - s everal thinly m�elinated fibres . 

Several regenerat�ng clus ters . 
Several early " onion bulbs " . 

Left midcervical RLN 
No . FASCICLES - 5 of medium myeli nated fibre s , 2 mixed with 

small fibres . 
RENAUT BODIES - present 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - several thinly myelinated fibres . 
MYELINATED FIBRES Several regenerating clus ters . Several 

early " onion bulbs" . Several myelinated fibres with 
lipid granules in Schwann cell cytoplasm . 

Left �roximal RLN 
No . F' SCICLES - 5 of medium myelinated fibre s , 3 of small fibres . 
RENAUT BODIES - absent 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - several myelin ovoids in Schwann cell 
MYELINATED FIBRES cytoplasm of myelinated fibres . 
Left vagus proximal to separation of RLN 
At one end of an eiiipt�cai transverse section of the whole nerve 
were 5 fasci cles of medium myelinated fibre s . No abnormalities . 
R ight distal RLN 
No . F'ASCICLES - 1 0  of medium myelinated fibres . 
RENAUT BODIES - uncommon 
FIBRE DENSITY - normal 
OTHER FEATURES - a thinly myelinated fibre . A regenerating 

cluster . Several early " onion bulbs" . 
· Several myelin ovoids i n  Schwann cell cytoplasm 

of myelinated fibres . 
R ight midcervical RLN 
No . F'ASCICLES - 6 of medium myelinated fibres , 3 of small fibres . 
RENAUT BODIES - uncommon 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - a regenerati ng cluster . An early 
MYELINATED FIBRES " onion bulb" . A myelin ovoid in Schwann 

cell cytoplasm of a myelinated fibre . 
R ight �roximal RLN · 

No . FA CICLES - a of medium myeli nated fibres , 8 o f  small fibre s . 
RENAUT BODIES - absent 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - a large " onion bulb" . 
MYELINATED FIBRES Several myelinated fibres with myelin 

ovoids and lipid granules i n  Schwann cell cytoplasm . 
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Right va�us proximal to separation of RLN 
At one e ge of an ell�pt�cal transverse section of the whole nerve were 4 fascic�es o f  medium myelinated fibres . No abnormalities . Right vagus m�dcervical 
No apparent coiiect�on of medium myeli nated f i bres . 

Subclinical Horses 

HORSE 7 
Left distal RLN 
No . l''ASCICLES - 1 1  of medium myelinated fibres . 
RENAUT BODIES - present 
FIBRE DENSITY - mild decrease ,  especially in some fascicles . OTHER FEATURES - increased endoneuria! nuclei . Thinly 

myelinated fibres not uncommon . Early "onion 
bulbs" not uncommon . Several regenerating 
clusters . Myelin ovoids and li pid granules in 
Schwann cell cytoplasm not uncommon . 
A fibre with split myelin shea t h .  
A swollen fibre w i t h  d o nr 1 o  �t,rnnulllr  n xopl.Anm , And 
a very thin attenuated myoll n B h on t h . 

Left midcervical RLN 
No . FASCICLES - no transverse section of who le nerve . 

Individual fascicles sec tione d . 
RENAUT BODIES - uncommon 
FIBRE DENSITY normal 
OTHER FEATURES OF MEDIUM - slight increase in endoneuria! nuclei .  
MYELINATED FIBRES Thinly myelinated fibresd regenerating 

clusters and early "onion bulbs not uncommon . 
Several large denervated "onion bulbs" . 
Myelin ovoids and u granules i n  Schwann ce ll 
cytoplasm of myelinated fi bres common . . 

Left �roximal RLN 
No . F SCICLES - 9 of medium myelinated fibres , 9 of small fibres . 
RENAUT BODIES - absent 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - several thinly myeli nated fi bres and 
MYELINATED FIBRES early "onion bul bs" . 

Several myelinated fibres with myelin ovoids and 
lipid granules in Schwann cell cytoplasm . 

Left vagus proximal to separation of RLN 
At one end of an eii� pt�cai transverse section of the whole nerve 
were 6 fascicles of medium myelinated fibres . Several fibres with u 
granules in Schwann cell cytoplasm . 
Left vagus midcervical 
At one end of' an eill. ptical transverse section of the whole nerve 
medium m�elinated fibres were collected into several fascicles . No 
abnormal� ties . 
Right distal RLN 
No . F'ASCICLES - 1 2  of medium myelinated fibres . 
RENAUT BODIES - present 
FIBRE DENSITY - appeared slightly decreased . 
OTHER FEATURES - s light increase in endoneurial nuclei . 

Several thinly myelinated fibres , regenerating 
clusters and early "onion bulbs" . 
Several myelinated fibres with myelin ovoids 
and lipid granules in Schwann cell cytoplasm . 
A fibre with split myelin sheath . 

Right midcervical RLN 
No . F'ASCICLES - no transverse section of whole nerve . 

Individual fascicles sectioned . 
RENAUT BODIES - uncommon 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - several thinly myelinated fibres , 
MYELINATED FIBRES regenerating clusters and early " onion 

bulbs" . Several myeli nated fibres with lipid 
granules in Schwann cell cytoplasm . 
Several swollen fibres with vacuolar axoplasm and 
attenuated myelin sheaths . 

Right �roximal R LN 
No . FA CICLES - 11 of medium myeli nated fibres , 3 of small fibres 

and 2 mixed . 
RENAUT BODIES - uncommon 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - rare thinly myelinated fibres and 
MYELINATED FIBRES early " onion bulbs" . 

Several myelinated fibres with myelin ovoids and 
lipid granules in Schwann cell cytoplasm . 
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Righ t va�us proximal to separation of RLN 
At one e ge of' an el11pt1cai transverse section of the whole nerve 
were 4 fasci cles of medium myelinated fibre s . A fibre with a thin 
myelin sheathi a regenerating cluster and several myelin ovoids 
in Schwann ce 1 cytoplasm of myel inated fibres were present . 
Right va�us midcervical 
At one e ge of' an elhptical transverse section of the whole nerve 
were 4 fascicles of medium myelinated fibres . One fibre contained 
lipid granules in the Schwann cell cytoplasm . 

HORSE 8 
left d istal RLN 
No . F'ASCICLES - no transverse section of whole nerve . 

Individual fascicles sectioned . 
RENAUT BODIES - present 
FIBRE DENSITY - mil d  decrease 
OTHER FEATURES - increased endoneuria! nucle i . Thinly myelinated 

fibres , regenerating clus ters and earl:( " onion 
bulbs" not uncommon . A swollen fibre wJ.th dense 
axoplasm and attenuated m:relin sheath . Several large 
fibres devoid of myelin w1th vac uolar axoplasm . 

Left midcervical RLN 
No . FASCICLES - no transverse section of whole nerve . 

Individual fascicles sectioned . 
RENAUT BODIES - uncommon 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - several thinly myeli nated fibres . 
MYELINATED FIBRES Rare early "onion bulbs" . 

A myeli n  ovoid completely occupying a Schwann cell . 
Right dis tal RLN 
No . FASCICLES - no transverse section of whole nerve . 

Individual fascicles sectioned .  
RENAUT BODIES - present 
FIBRE DENSITY - normal 
OTHER FEATURES - s everal thinly myelinated fibres , regenerating 

clusters and early "onion bulbs" . 
Right midcervical RLN 
No . FASCICLES - no trans verse section of whole nerve . 

Individual fascicles sectioned . 
RENAUT BODIES - extensive 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - thinly myelinated fibres and early 
MYELINATED FIBRES "onion bulbs" not uncommon . 
Righ t  �roximal RLN 
No . F'A CICLES - no transverse section of whole nerve 

Individual fascicles sectioned . 
RENAUT BODIES - absent 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - a regenerating cluster . 
MYELINATED FIBRES 

HORSE 9 
Left dis tal RLN 
No . FASCICLES - 1 2  of medium myelinated fibres . 
RENAUT BODIES - present 
FIBRE DENSITY - mi ld decrease t less obvious i n  2 fascicle s . 
OTHER FEATURES - increased enaoneurial nuclei . Thinly 

myelinated fibres and " onion bulbs" common . 
Several regeneratin� clus ters . Several 
myelinated fibres wJ.th lipid granules in Schwann 
cell cytoplasm . 
A large round cell with myelin d ebris . 
Several myelin ovoids occupying e ntire Schwann cell . 

Left midcervical RLN 
No . FASCICLES - no transverse section of whole nerve . 

Individual fascicles sectioned . 
RENAUT BODIES - present 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - slight increase in endoneurial nuclei . 
MYELINATED FIBRES Thinlv myelinated fibres and early " onion 

bulbsh not uncommon . 
Myelinated fibres with lipid granules in Schwann 
cell cytoplasm not uncommon . 

Left �roximal RLN 
No . F' SCICLES - 9 o f  medium myelinated fibres , 1 6  of small fibres 

and 2 mixed . 
RENAUT BODIES - uncommon 
FIBRE D ENSITY - normal 
OTHER FEATURES OF MEDIUM - thinly myelinated f ibres , regenerating 
MYELINATED FIBRES clusters and early " onion bulbs" not uncommon . 
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Myelinated fibres with lipid �ranules i n  Schwann 2 9 1  
cell cytoplasm and myelin ovo�ds common .  

Left vagus proximal to separati on of RLN 
At one ena of' an eihpt�cai transverse section of the whole nerve 
were 5 fascicles of medium fibres . Several thinly myelinated 
myelinated fibres , regenerating clusters and " onion bulbs" . Several 
myel i nated fibres witn lipid granules in Schwann cell cytoplasm . · 

Left vagus midcervical · ·  

No apparent coiiect�on of medium myelinated fibres . 
Right distal RLN 
No . F'ASCICLES - 1 4  of medium myelinated fibres . 
RENAUT BODIES - present 
FIBRE DENSITY - sli�ht decrease 
OTHER FEATURES - sl�ght increase in endoneuria! nuclei . Several 

thinly myelinated fibres , regenerating clus ters 
and early " onion bulbs" . Several large " onion 
bulbs" . Several fibres with split mrelin sheaths . 
Several myeli nated fibres with myel�n ovoids 
and lipid granules in Schwann cell cytoplasm . 

Right midcervical RLN 
No . FASCICLES - no transverse section of whole nerve 
RENAUT BODIES - present 
FIBRE D ENSITY - normal 
OTHER FEATURES OF MEDIUM - s everal thinly myelinated fibres 
MYELINATED FIBRES re�enerating clusters and myelinated f i bres 

with l � pid granules in Schwann cell cytoplasm . 
Right �roximal RLN 
No . F'A CICLES - 10 of medium myelinated fibres , 1 6  of small fibres . 
RENAUT BODIES - e xtensive 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - flattened , r ibbon- like arrangement of 
MYELINATED FIBRES fas cicles . Several thi nl y  myelinated fibre s , 

regenerating clus ters and myelinated fibres 
with myelin ovoids and lipid granules in 
Schwann cell cytoplasm . 

Right vagus �roximal to se�aration of RLN 
At one end o an eii�pt�ca transverse section of the whole nerve 
med i um mrelinated fibres were collected into s everal fascicles .  No 
abnormahties . 
Right va�us midcervical 
At one e ge of' an eii�ptical transverse section of the whole nerve 
med i um myelinated fi bres were coll ected into several fascicles . 

HORSE 1 0  
Left distal RLN 
No . F'ASCICLES - no transverse section of whol e  nerve . 

Individual fascicles sectione d .  
RENAUT BODIES - absent 
FIBRE DENSITY - mild decrease 
OTHER FEATURES - i ncreased endoneuria! nuclei . Thinly 

myelinated fi bres common . Several earl y  " onion 
bulbs , some denervated . A regenerating cluster . 

Left midcervical RLN 
No . FASCICLES - 6 of medium myelinated fibre s , 3 of small fibres . 
RENAUT BODIES - present 
FIBRE DENSITY - slight decrease 
OTHER FEATURES OF MEDIUM - regenerating clusters common . 
MYELINATED FIBRES Several thinly myelinated fibres , early 

" onion bulbs" and myelinated fibres with 
myelin ovoids in Schwann cell cytoplasm . 

Left �roximal RLN 
No . F' SCICLES - 5 of medium myelinated fibre s , 5 of small fibre s , 
R ENAUT BODIES - absent 
FIBRE DENSITY - normal 
O THER FEATURES OF MEDIUM - regenerating clusters a li ttle less 
MYELINATED FIBRES common than at the midcervical leve l . 
Left vagus proximal to separation of RLN 
At one end of an eii�pt�cai transverse section of the whole nerve 
were 4 fascicles of medium myelinated fibres . 
Regenerating clusters not uncommon , some of their fibres with 
r edundant myelin loops . Several th�nly myelinated fibres . 
Left vagus midcervical 
At one edge of' an eii�ptical transverse s ec tion of the whole nerve 
medium myelinated fibres were collected into several fascicles . One 
d e generating fibre and one myelinated fibre with a myelin ovoid 
in Schwann cell cytoplasm were seen . 



R ight distal RLN 2 9 2  
No . F'ASCICLES - no transverse sec t:i on whole nerve . 

Individual fascicles sectione d . 
RENAUT BODIES - absent 
FIBRE DENSITY - normal 
OTHER FEATURES - several thinly myelinate d  f i bres , early " onion 

bulbs" and myelinated f ibres with myelin ovoids 
i n  Schwann cell cytoplasm . 
A small mye linated f�bre with a thick myelin 
sheath at the centre of an " onion bul b" . 

Right midcervical RLN 
No . FASCICLES - '{ of' medium myelinated fi bres , 2 of small fibre s . 
RENAUT BODIES - present 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - several thinly myelinated fibres 
MYELINATED FIBRES regenerating clusters and myelinated fibres 

with myelin ovoids in Schwann cell 
cytoplasm . A 1 layer " onion bulb" 

encircling a myelinated fibre . A fibre with a 
split myelin sheath containing granular mater i al . 

Right �roximal R LN 
No . FA CICLES - 12 of medium myelinated fibres , 4 of small fibre s . 
RENAUT BODIES - extensive 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - several regenerati ng clusters and 
MYELINATED FIBRES myelinated fibres with myelin ovoids in 

Schwann cell cytoplasm . 
Right va�us midcervical 
At one e ge of an elliptical transverse section of the whole nerve 
were 7 fascicles with medium myelinated fibres collected . No 
abnormalities . 

HORSE 1 1  
Lef t  distal RLN 
No . l''ASCICLES - no transverse sec tion o f  whol e  nerve . 

Individual fascicles sec tioned . 
RENAUT BODIES - present 
FIBRE DENSITY - mild decrease 
OTHER FEATURES - i ncreased endoneuria! nuclei . 

Thinly myelinated fibres , regenerating clusters 
and early " onion bulbs" not uncommon . 
A swollen fibre with dense granular axoplasm and 
an attenuated myelin sheat h .  
A myelin ovoid and myelin debris in a round cell . 

Left midcervical RLN 
No . F'ASCICLES no transverse section of whole nerve . 

Individual fas cicles sectioned . 
RENAUT BODIES - present 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - several thinly myelinated fibres, MYELINATED FIBRES regeneratine; clusters and " onion oulbs" . 

Myelin debris and l i p�d granules in a Schwann cell 
or a macrophage . 

Left Rroximal RLN 
NO. F SCICLES - no transverse section o f  whole nerve . 

Individual fascicles sectioned . 
RENAUT BODIES - uncommon 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - thinly myeli nated fibres , regenerating 
MYELINATED FIBRES clusters and early " onion bulbs" not 

uncommon . 
R ight distal RLN 
Nu. FASCICLES - no transverse section of whole nerve . 
R ENAUT BODIES - uncommon 
FIBRE DENSITY - normal 
O THER FEATURES - several thinly myelinated fibres and early 

" onion bulbs" . 
R ight midcervical RLN 
No . l''ASCICCES - no transverse s ection of whole nerve . 

Individual fascicles s ectioned . 
RENAUT BODIES - present 
F IBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - several thinly myelinated fibres and 
MYELINATED FIBRES regenerating cluste rs . 
R ight�roximal RLN 
No . 1'' CICCES - no transverse section o f  whole nerve . 

Individual fascicles sectioned . 
R ENAUT BODIES - present 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - several regenerating clusters and early 



MYELINATED FIBRES " onion bulbs" . 
A large swollen fibre with attenuated myelin sheat h . 

Clinical Horses 

HORSE 1 2  
Left distal RLN 
No . F'ASCICLES - 1 1  of medium myeli nated fibre s . 
RENAUT BODIES - present 
FIBRE DENSITY - severely decreased 
OTHER FEATURES - marked increase in endoneuri al nuclei . 

Few myelinated fibres remain . 
Remaining fibres are thinly myelinated , part 
of early " onion bulbs" or regenerating clus ters . 

Left midcervical RLN 
No . FASCICLES - 10 o f  medium myelinated fibres , 3 of small fibres 

and 1 mixed . 
RENAUT BODIES - absent 
FIBRE DENSITY - slight decrease 
OTHER FEATURES OF MEDIUM - slight increase in endoneurial nucle i .  
MYELINATED FIBRES Thinly myelinated fibres , regenerating 

clusters and " onion bulbs" common , more 
so than distal level . A large fibre 
devoid of myel i n .  

Left vagus proximal to separation of RLN 
At one end of an eii1 pt1cai transverse section of the whole nerve 
were 6 fascicles composed of medium m�elinated fibres . Fibre dens i t y  
was normal , but there were s everal th1 nl y myelinated fibres

! 
early 

" onion bulbs" and myelinated fibres with myelin ovoids and i pid 
granules in Schwann cell cytoplasm . In one fascicle thinly 
m�elinated fibres and regenerating c lusters were common . 
R 1ght distal RLN 
No . F'ASCICLES - 1 3  of medium myelinated fibres . 
RENAUT BODIES - extensive 
FIBRE DENSITY - normal 
OTHER FEATURES - several thinly myelinated fibres , regenerating 

clusters and early " onion bulbs " . 
A very thinly myelniated f i bre with dense axo plasm .  
Myelin debris in a Schwann cell o r  macrophage . 

Right midcervical RLN · 

No . FASCICLES - 5 of medium myelinated fibres , 4 of small fibres 
and 1 mixed . 

RENAUT BODIES - present 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - several thinly myelinated fibres , early 
MYELINATED FIBRES " onion bulbs" and myelin ovoids in Schwann 

cell cytoplasm o f  myelinated fibres . 
Right �roximal RLN 
No . F'A CICLES - 1 1 of medium myelinated f i bres , 5 of small fibres 

and 1 mixed . 
RENAUT BODIES - present 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - several thinly myelinated fibres . 
MYELINATED FIBRES 
Right va�us midcervical 
At one e ge of an eii1ptical transverse secti on of the whole nerve 
medium m�elinated fibres were collected into several fascicles . No 
abnormah ties . 

HORSE 1 3  
Left distal RLN 
No . FASCICLES - 9 of medium myeli nated fibres 
RENAUT BODIES - present 
FIBRE DENSITY - severel y  decreased 
OTHER FEATURES - marked increase in endoneurial nuclei .  

Very few myelinated fibres remain. Several 
thinly myelinated fibres . "Onion bulbs" a 
prominent feature , many no t containing a 
central myelinated fibre . An " onion bulb" 
a small fibre with a thick myelin sheath.  

Left proximal RLN 
No . FASCICLES - no transverse section o f  whole nerve . 

Individual fascicles sectioned .  
RENAUT BODIES - absent 
FIBRE DENSITY - normal 

around 

OTHER FEATURES OF MEDIUM - several " onion bul bs "  and myelin ovoids 
MYELINATED FIBRES in Schwann cell cytoplasm of myelinated 

fibres . 
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Left vagus proximal to separation of RLN 
At one end of' an elhphcal trans verse section of the whole nerve 
were 6 fascicles of medium myelinated fibres . Fibre density normal , 
but several early " onion bulbs" and myelinated fibres with myelin 
avoids in Schwann cell cytoplasm . 
A Schwann cell completel y  occupied b y  a myelin ovoid . 
Left vagus midcervi cal 
No d�sce rn�ble collection of medium myelinated fibres . 
R ight distal RLN 
No . F'ASCICLES - 1 4  of medium myelinated fibres . 
RENAUT BODIES - uncommon 
FIBRE DENSITY - sli�ht decrease apparent i n  some fascicles . 
OTHER FEATURES - sl�ght increase in endoneuria! nuclei . 

Thinly myelinated fibres , regenerating clusters 
and "onion bulbs" not uncommon . 
Fibres with redundant myel i n  loops in clusters . 
Myelinated fibres with myelin avoids in Schwann 
cell cytoplasm not uncommon . 
A swollen fibre with at tenuated myelin sheath . 
A large " onion bulb" with 2 central swollen fibres 
with dense axoplasm and thin myelin sheaths . 
A fibre with a split myelin sheath with dense 
granular contents . 

Right midcervical RLN 
No . FASCICLES - 8 of medium myelinate d fibres , 3 of small fibres . 
RENAUT BODIES - present 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - Thinly myelinated fibres , " onion bulbs "  
MYELINATED FIBRES and regenerating clusters not uncommon . 

An "onion bulb" with 2 central fibres with no or 
verv thin myelin sheaths . 
An Tr onion bulb" with a central fibre with dense 
axoplasm and no myelin sheath . 

Right �roximal RLN 
No . l"A CICLES - I of medium myelinated fibres , 2 of small f i bres 

and 1 mixed . 
RENAUT BODIES - present 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - regenerating clus ters not uncommon . 
MYELINATED F IBRES Several " onion bul bs" and myelinated fibres 

with myelin avoids in Schwann cell cytoplasm . 
R ight va�us proximal to separation of RLN 
At one e ge of an eii� pt� cal transverse s ection of the whole nerve 
were 3 fascicles of medium myelinated fibres . 
Several thinl y myelinated fibres . 
A myelinated fibre with a myelin ovoid in Schwann cell cytoplasm . 

HORSE 1 4  
Left distal RLN 
No . F'ASCICLES - 1 0  of medium myelinated fibres 
RENAUT BODI ES - present 
FIBRE DENSITY - severely decreased , especially in some fascicles . 
OTHER FEATURES - marked increase in endoneuria! nuclei . 

Few myelinated fibres remain . 
Thinly myelinated fibres and early " onion bulbs" 
common amongs t remai ning fibres . 
2 " onion bulbs" with central swollen fibres with 
dense axoplasm and very thin or no myelin . 

Left midcervical RLN 
No . F'ASCICLES - 8 of' medium myelinated fibres , 3 of small fibre s . 
RENAUT BODI ES - present · 

FIBRE DENSITY - mild decrease 
OTHER FEATURES OF MEDIUM - thinly myelinated fibres , regenerating 
MYELINATED FIBRES clusters and " onion bulb" formations 

common . 
Left �roximal RL� 
No. F SCICLES - of medium myelinated fibres , 8 of small fibres 

and 1 mixed . 
RENAUT BODI ES - uncommon 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - several thinly myelinated fibres , 
MYELINATED FIBRES regenerating clusters 1 early " onion bulbs" 

and myelin avoids in �chwann cell cytoplasm 
of myelinated fibres . 

Left vagus midcervical 
No discernible collection of RLN fibres . 
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R ight distal RLN 
No . F'ASCICLES - 1 3  of medium myelinated fi bres . 
R ENAUT BODIES - present 
FIBRE DENSITY - normal 
OTHER FEATURES - slight increase in endoneuria! nuclei . 

Thinly myelinated fibres , r egenerating clus ters 
and "onion bulbs" not uncommon . Some fascicles more 
affected than others . Redundant loops of myelin 
in fibres in clusters . A myelinated fibre with 
a spli t myelin sheath with dense contents . 

R ight midcervical RLN 
No . FASCICLES - 10 of' medium myelinate d fibres , 6 of small fibres 

and 1 mixed . 
RENAUT BODIES - present 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - several t hinly myelinated fibres, MYELINATED FIBRES regenerating clusters and "onion oulbs" . 
R ight �roximal RLN 
No . FA CICLES - 9 of medium myelinated fibres , 5 of small fibres . 
RENAUT BODIES - extensive · 

FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - several t hinly myelinated fibres/. MYELINATED FIBRES regenerating clus ters , "onion bul bs ' ,  myelin 

avoids and myelin debris in Schwann cell 
cytoplasm of myelinated fibres . 

R ight vagus �roximal to se�aration of RLN 
At one end o an eii�pt�ca transverse sec tion of whole nerve 
were 3 whole and 2 part fascicles of medium myelinated fibre s . Fibre 
density was normal . A t hinly myelinated fibre , a myelinated fibre 
with a myelin ovoid in Schwann cell cytoplasm , and a swollen fibre 
with dense axoplasm and surrounding Schwann cell processes . 
Right vagus midcervical 
No d�scern�bie co!Iect�on of medium myelinated fibres . 
Peroneal nerve, to extensor di�itorum longus muscle 
F'� bre dens� ty normaL No Henau bodies . A regenerating clus te r . 
Several thinly myelinated fibres and " onion bulbs" . 

HORSE 1 5  
Left distal RLN 
No . F'ASCICLES - 9 of medium myelinated fibres . 
RENAUT BODIES - a bsent 
FIBRE DENSITY - s everely decreased 
OTHER FEATURES - marked increase in endoneuria! nuclei . 

Only 1 0-20 fibres r emaining in each fascicle . 
Several thinly myelinated fibres and " onion bulbs" , 
often denervated .  

Left midcervical RLN 
No . FASCICLES - 9 of medium myelinated fibres , 2 of small fibres . 
RENAUT BODIES - extensive 
FIBRE DENSITY - mild decrease 
OTHER FEATURES OF MEDIUM - increase in endoneuria! nucle i .  
MYELINATED FIBRES Thinly myelinated fibres , regene rating 

clusters and " onion bulbs" common . 
"Onion bulbs" with normal and thinly myelinated 
fibres at centre , and denervated . Redundant 
myelin loops present in fibres from clus ters . 
clusters . 

Left hroximal RLN 
No . F' SCICLES - '7 of medium myelinated fibres , 9 of small fibre s . 
RENAUT BODIES - absent 
FIBRE DENSITY - normal 
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OTHER FEATURES OF MEDIUM - thinly myelinated fibres and " onion bulbs" 
MYELINATED FIBRES of all types common . Regenerating clus ters 

not uncommon . Several myelinated fibres with myelin 
ovoids in Schwann cell cytoplasm . 

Left vagus proximal to separation of RLN 
At one end of an eii� pt�cal transverse section of the whole nerve 
were 1 fascicles of medium myelinated fibres . F ibre density normal , 
but thinly myelinate d  fibres and l arge "onion bulbs" were common . 
Several regenerating clus ters and myelinated fibres with myelin 
ovoids in Schwann cell cytoplasm . 
Redundant myelin loops in some f ibres in clus ters . 
Left vagus midcervi cal 
At one edge of an ell�ptical transverse section of the whole nerve 
medium myelinated fibres were collected into several fascicles . 
Thinly myelinated f ibres not uncommon . 



R ight distal RLN 
No . FASCICLES - 1 4  of med ( I  un myelinated fibres . 
RENAUT BODIES - present 
FIBRE DENSITY - sli�ht de cr ease 7 especially in some fascicles . 
OTHER FEATURES - th1nly myelina�ed fibres and "onion bulbs" 

common . Regenerating clusters not uncommon . 
Regenerating clusters not uncommon . 

R ight midcervical RLN 
No . FASCICLES - 9 of medium myelinated fibres , 2 of small fibres . 
RENAUT BODIES - uncommon 
FIBRE DENSITY - slight decrease 
OTHER FEATURES OF MEDIUM - large "onion bulbs" common . 
MYELINATED FIBRES Regeneratin� clusters not uncommon . 

Thinly myelinated f�bres not uncommon . 
R ight �roximal RLN 
No . FA ClCLES - '( of medium myelinated fibres , 8 of small fibres . 
RENAUT BODIES - absent 
FIBRE DENSITY - normal 
OTHER FEATURES OF MEDIUM - t hinly myelinated fibres , regenerating 
MYELINATED FIBRES clus ters and early "onion bulbs" not 

uncommon . 
Right va�us proximal to separation of RLN 
At one e ge of an ell�pt�cal transverse section of the whole nerve 
were 3 fascicles of medium myelinate d  fibres . Fibre density normal , 
but several t hinly myelinated fibres , regenerating clus te rs and 
early " onion bulbs" . 
Left median nerve 
Several th�nly myelinated fibres , early "onion bulbs" , regenerating 
clus ters and myelinated fibres w�th myelin ovoid in Schwann cell 
cytoplasm per fascicle . 
Left tibial nerve 
Several th1nly m¥elinated fibres , " onion bulbs" and myelinated 
fibres with myel�n ovoids in Schwann cell cytoplasm per fascicle . 
A fibre with split myelin sheat h .  
Right tibial nerve 
Several th1nly myel inated fibres and early " onion bulbs" . 
A regeneratin� clus ter . 
Left superfic�al peroneal nerve 
Several th�nly myel�nated l �Dres and " onion bulbs" per fascicle . 
A myelin ovoid in Schwann cell cytoplasm o f  a myelinated fibre . 
A regenerating clus ter . 
Right su�erfi cial �eroneal nerve 
Several h�nly mye �nated f�bres and early "onion bulbs" per 
fascicle . Several large "onion bulbs" . 
Left common �eroneal nerve 
Several th1n y myel1nated fibres and "onion bul bs" . 
Right common peroneal nerve 
Several th1nly mye!1nated fibres and early " onion bulbs" , less 
frequent than more distal samples . Several regenerating clus ters . 
Peroneal to extensor di�itorum lon�us muscle 
Lef't and right conta1ne several t 1.nly myelinated fibres , early 
as well as large " onion bulbs" , and regenerating clusters per 
fascicl e .  
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APPEND I X  7 

LIGHT M ICROSCOP IC MORPHOMETRY OF EQU I NE 

RECURRENT LARYNGEAL NERVE 

Ko lmogorov - Sm i rnov test 
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The Ko lmogorov - S m i rnov test determ ines whether the d i s t r ibution 

of mye l inated nerve f ibre d i ame t e r s  i s  d i f ferent bet we en 

groups . The probab i l ity tha t the two groups are the same i s  

determined . 

TABLE 1 9 : Di f f erenc e s  i n  the d i s tr ibut ions of mye l i nated 

fibre diameters between control (1 ) , subcl1 n 1 ca l  ( 2 }  

and c l i n i cal ( 3 } la rynqe a l  hemipl egi c anima l s . 

COMPAR I SON 

1 LD - -vs 2LD 
1 LI>1C 
1 LP 
1 RD 
1 RtJIC 
1 RP 
1 LD 
1 LMC 
1 LP 
1 RD 
1 RMC 
1 RP 
1 LD 
1 LMC 
1 LP 
1 LD 
1 LMC 
1 RD 
1 RMC 
j2LD 
2 LMC 
j2LP 
2 LD j2LMC 
2RD 
2RMC 
3LD 
3LMC 
3LP 
3LD 
3 LMC 
3RD 
3 RMC 

L 
R 

V S  2LMC 
V S  2LP 
vs 2RD 
V S  2RMC 
V S  2RP 
vs 3LD 
VS 3LMC 
V S  3LP 
vs 3RD 
V S  3RMC 
vs 3RP 
V S  1 RD 
V S  1 RMC 
V S  1 RP 
V S  1 LP 
vs 1 LD&P 
V S  1 RP 
V S  1 RD&P 
VS 2RD 
V S  2RMC 
V S  2RP 
VS 2LP 
VS 2LD&P 
VS 2RP 
VS 2RD&P 
VS 3RD 
VS 3RMC 
VS 3RP 
vs 3LP 
VS 3LD&P 
VS 3RP 
VS 3RD&P 

left 
right 

Probability that distributions of two groups are the same 

OVERALL 

p < . 0 1  
p < . 0 1  
p < . 0 1 
p < . 0 1 
p < . 0 1  
p < . 0 1  
p < . 0 1  
p < . 0 1  
p < . 0 1 
p < . 0 1  
p < . 0 1 
p < . 0 1  
p < . 0 1 
p < . 0 1 
p < . 0 1  
p < . 0 1  
p < . 0 1  
p < . 0 1 
p < . 0 1 
p < . 0 1 
p < . 0 1 
p < . 0 1 
p < . 0 1 
p < . 0 1 
p < . 0 1 
p < . 0 1 
p < . 0 1 
p < . 0 1 
p < . 0 1 
p < . 0 1 
p < . 0 1 

. 0 2 < p < . 0 5 
p < . 0 1 

D d i s t a l  

S MALL 

p < . 0 1  
p < . 0 1  
p < . 0 1  
p > . 2  
p < . 0 1  

. 0 1 < p < . 1 
p < . 0 1  
p < . 0 1  
p < . 0 1  

. 0 2 < p < . 0 5 ' 
p < . 0 1  

. 0 2 < p < . 0 5 
p < . 0 1  
p < . 0 1  
p < . 0 1  
p < . 0 1  

. 1 < p < . 2  
p < . 0 1  
p < . 0 1  
p < . 0 1  
p < . 0 1  

. 1 < p < . 2  
p < . 0 1  
p < . 0 1 
p < . 0 1  
p < . 0 1  
p < . 0 1  
p < . 0 1  

. 0 5 < p < . 1  
p < . 0 1 
p< . 0 1  
p < . 0 1 

. 0 1 < p < . 0 2 

MC midcerv ica l  

LARGE 

p < . 0 1  
p > .  2 
p < . 0 1 
p < . 0 1  
p < . 0 1  
p < . 0 1  
p > . 2 
p < . 0 1  
p < . 0 1  
p < . 0 1 
p < . 0 1  
p < . 0 1  
p < . 0 1 
p > . 2  

. 0 5 < p < . 1  
p < . 0 1  

. 0 2 < p < . 0 5 
. 1 < p < . 2  

. 0 2 < p < . 0 5 
p < . 0 1  
p < . 0 1  
p < . 0 1 
p < . 0 1  
p < . 0 1 
p < . 0 1  
p < . 0 1 
p < . 0 1  
p < . 0 1  
p < . 0 1 

. 0 1 < p < . 0 2 
p < . 0 1 
p > . 2 
p < . 0 1 

P proxima l 
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APF'END I X 8 

GRAD I NG OF TE ASE D  MYEL I NATE D F I BRES FROM E QU I NE 

PER I PHERAL NERVE 
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TABLE 2 0 : Grad i ng ( a fter Dyck , 1 9 7 5 a ) o f  tea s ed mye l i nated 
f ibre s  in the recurrent l a ryngeal nerves of 
control hor s e s  

F I BRE TYPES ( % ) 
NERVE 

A B c D E F G I ABNORMAL 

HORSE 2 
L d i stal 9 8  1 1 2 
L m idcerv i ca l  9 8  2 2 
L proxima l 1 0 0 0 
Rt d i s ta l  1 0 0 0 
Rt m i dcerv i c a l  1 0 0  0 
R t  proxima l 1 0 0 0 

- HORSE 3 
L d i s ta l  9 9  1 1 
L m i dcerv i ca l  -

L proxima l 9 9  1 1 
Rt d i sta l 9 6  1 3 4 
Rt m i dcerv i c a l  9 9  1 1 
Rt proxima l 9 9  1 1 

HORSE 4 
L d i sta l  9 5  3 2 5 
L m idcerv ical 9 7  1 1 1 3 
L proximal 1 0 0 0 
Rt d i stal 9 7  1 1 1 3 
Rt m idcerv i ca l  1 0 0 0 
Rt prox imal 1 0 0 0 

HORSE 5 
L d i stal 9 2  2 2 3 1 8 
L m i dcervica l 9 9  1 1 
L prox imal 1 0 0 0 
Rt d i sta l 1 0 0 0 
Rt m idcerv i ca l  9 8  2 2 
Rt prox imal 9 6  1 3 4 

HORS E  6 
L d :i: s ta l 9 4  3 3 6 
L m idce rv i ca l  9 8  1 1 2 
L prox ima l 9 7  2 1 3 
Rt d i s ta l 9 5  1 4 5 
Rt m idce rvical 9 8  2 2 
Rt prox imal 9 7  3 3 
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TABLE 2 1 : G rad i ng ( a f ter Dyck, 1 9 7 5 a ) o f  tea sed mye l i n ated 
f i bre s i n  recurrent l a ryngea l nerves o f  subc l i n i ca l  
l a ryngeal hem ipl egi c a n i ma l s  

F I BRE TYPES ( % )  
NERVE 

A B c D E F G I ABNORMAL 

HORSE 7 
L d i stal 4 6  6 1 5  3 3  5 4  
L midcerv i c a l  9 6  1 3 4 
L prox ima l 1 0 0 0 
Rt d i s tal 9 4  2 1 3 6 
Rt m idcerv ica l 9 9  1 1 
Rt prox i ma l  9 0  1 2 2 5 1 0  

HORSE 8 
L d i st a l  7 6  3 2 0  1 2 4  
L midcerv i ca l  8 9  1 0 1 1 1  
L prox imal -

Rt d i s t a l  1 0 0 0 
Rt m idcerv i ca l  9 8  2 2 
Rt prox imal 9 9  1 1 

HORSE 9 
L d i s t a l  2 8  1 2 1 3 5 5 1  7 2  
L midcerv i ca l  6 2  1 4 6 6 2 1  3 8  
L prox imal 9 1  8 1 9 
Rt d i s t a l  9 0  1 2 7 1 0  
Rt midcerv i c a l  9 4  . .  2 4 6 
Rt prox imal 9 4  6 6 

HORSE 1 0  
L d i s t a l  3 1  5 1 6  5 4 3  6 9  
L midcerv i c a l  7 4  3 3 2 1 7  1 2 6  
L prox imal 9 3  1 6 7 
Rt d i s t a l  9 9  1 1 
Rt midcerv i c a l  9 4  1 5 6 
Rt prox imal 97 3 3 

HORSE 1 1  
L d i s t a l  6 0  1 3 2 7 2 3  4 4 0  
L midcerv i ca l  7 4  1 1 1 8 1 3 2 2 6  
L prox imal 7 0  1 1 2  1 5 2 3 0  
Rt di s ta l  8 4  2 2 1 0  2 1 6  
Rt midcerv i c a l  9 1  3 6 9 
Rt proximal 8 1  2 2 1 5  1 9  
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TABLE 2 2 : Grad i n  ( a f ter Dyck , 1 9 7 5 a ) o f  tea sed mye l inated 
f i bres i n  recurrent l aryngea l nerves o c l i n i ca 
l a rynge a l  hemi p l e g i c  hors e s  

F I BRE TYPES ( % ) 
NERVE 

A c D E F G ABNORMAL 

HORSE 1 2  

L d i sta l 3 4  2 6 4  6 6  
L midcerv i ca l  4 4  1 55 5 6  
L prox ima l 9 7  2 1 3 
Rt d i stal 9 3  4 2 1 7 
Rt midcerv i c a l  9 7  1 2 3 
Rt prox ima l 1 0 0 0 

HORSE 1 3  

L d i s ta l  1 7 8 1 4 1 6 0  8 3  
L midcerv i c a l  -

L prox ima l 9 4  1 5 6 
Rt d i sta l 8 7  3 9 1 1 3 
Rt m idcerv i c a l  8 9  2 2 7 1 1  
Rt prox ima l 9 6  4 4 

HORSE 1 4  

L d i s ta l  4 4  4 5 1  1 5 6  
L midcerv i ca l  5 8  3 7 1 3 0  1 4 2  
L prox imal 9 8  2 2 
Rt d i s ta l 9 0  1 8 1 1 0 
Rt midcerv i c a l  9 2  1 5 2 8 
Rt prox ima l 7 0  3 0  3 0  

HORSE 1 5  

L d i sta l 5 7  4 3 7  2 4 3  
L midcerv i ca l  4 9  2 2 4 3  4 5 1  
L prox imal 7 6  1 1 2 2 0  2 4  
Rt d i s ta l  7 3  2 1 9 6 2 7  
Rt midcerv i ca l 8 6  4 1 0 1 4 
Rt prox i m a l  8 8  4 8 1 2  
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TABLE 2 3 : Grading ( a f ter Dyck , 1 9 7 5 a )  o f  teased mye l i nated 
f ibre s in l imb nerve s from c l i n i c a l  l a rynge a l  
hemipl egi c hor s e s  

F IBRE TYPES ( % ) 
NERVE 

A B c D E F G ABNORMAL. 

HORSE 1 4  

deep peroneal 8 4  3 1 4 8 1 6 

HORSE 1 5  

med ian 9 0 4 6 1 0 

common peronea l 8 8  1 0 2 1 2 

s upe rf i c i a l  
peroneal 8 5  3 3 9 1 5 

deep peronea l 8 2  1 1 2 7 7 1 8  

t ib i a l  9 2 5 3 8 



APPENDIX 9 
I NTERNODE L ENGTHS IN EQUINE RECURRENT LARYNGEAL NERVE 

TABLE 2 4 :  Internode l ength sta t i s t i c s  o f  norma l ( A ) f i bre s i n  equine recurrent laryngea l  nerve 

SMALL F IBRES 

GROUP mea n i L  
( ]Jm ) 

L e f t  d i s t a l  RLN 
control 7 1 0 
subc l i n i c a l  6 4 0  
c l i n i c a l  5 5 0  

L e f t  proxima l  RLN 
contro l 8 6 7  
s ubc l i n i ca l  8 4 7  
c l i n i c a l  8 0 4  

�ight d i s t a l  RLN 
control 6 7 7  
subc l i ni ca l  6 7 5  
c l i n i c a l  6 7 3  

Righ t  prox ima l RLN 
control 8 5 2  
subc l i n i ca l  8 1 4 
c l i n i c a l  7 9 8  

IL internode l ength 
SD s ta ndard dev iat ion 
CV coe f f i c i ent of var iat ion 
RLN recurrent laryngea l nerve 

SD 
( ]Jm ) . 

7 7  
1 2 4 
1 8 8 

9 4  
1 2 8 
1 6 5 

1 0 2 
1 0 2 
1 1 2  

1 0 5 
1 4 4 
1 6 2 

mean CV 
( % ) 

9 . 3  
1 1 . 6 
1 5 .  0 

7 . 9  
8 . 3  

1 0 .  1 

8 . 6  
1 0 . 4  
1 0 . 5  

7 . 4  
1 1  • 0 

9 . 7  

LARGE F IBRES OVERALL F IBRES 

meaniL S D  mean CV mea niL S D  
( ]Jm ) ( ].liD ) ( % ) ( ].liD ) ( ].liD ) 

9 4 4  1 1 3  7 . 7  8 6 5  1 5 1  
9 3 7  1 0 7 8 . 7  7 7 0  1 8 8 
9 0 9  8 4  9 . 6  6 5 8  2 3 3  

1 0 8 4  8 4  6 . 3  9 7 5  1 4 1  
1 0 8 8  9 0  6 . 3  9 9 3  1 5 9 
1 1 4 9 1 1 5  7 .  1 1 0 4 6  2 0 6  

9 4 7  1 1 7  7 . 3  8 2 8  1 7 4 
9 9 1  1 2 5 7 . 9  8 9 0  1 8 9 
9 9 1  1 4 6 8 . 8  8 6 2  2 0 5  

1 0 9 4  1 0 6 6 . 7  9 7 5  1 6 1 
1 1 5 3 1 1 8  6 . 8  1 0 2 3  2 0 9 
1 1 0 5 9 4  6 . 6  9 6 8  2 0 0  

mean CV 
( % ) 

8 . 3  
1 0 . 3  
1 3 . 4  

7 .  1 
7 .  1 
8 . 0 

7 . 8  
8 . 7  
9 . 5  

7 .  1 
8 . 4  
8 . 0  

w 
0 
N 

I 
I 
I 

I 



TABLE 2 5 :  I nternode l ength s t a t i s t i c s  of norma l ( A ) int ernodes i n  equ i ne recurrent larynge a l  nerve 

S MALL F I BRES LARGE F I BRES OVERALL FIBRES 

GROUP meaniL SD mean CV mean iL S D  mean CV mea n i L  SD mean CV 
( �m )  ( �m ) ( % ) 

:ue f t  d i s t a l  RLN 
control 6 8 7  9 2  1 3 . 4  
s ubc l i n i c a l  6 1 7 1 4 2 2 3 . 0  
c l i n i c a l  5 2 2  1 8 5 3 5 . 4  

,L,e f t  prox ima l RLN 
contro l 8 4 2  1 0 8 1 2 .  8 
s ubc l i n i c a l  7 7 6  1 6 8 2 1  • 6 
c l i n i c a l  7 0 4  2 1 6 3 0 . 7  

R ight d i s t a l  RLN 
contro l 6 5 4  1 1 8  1 8 .  1 
subc l i n i c a l  6 4 8  1 1 8  1 8 . 3  
c l i n i c a l  6 2 6  1 3 5 2 1  • 5 

R iqht prox ima l RLN !control 8 2 5  1 2 5 1 5 .  1 !s ubc l i n i c a l  7 7 0  1 6 7 2 1  . 7 !C l i n i c a l  7 5 4  1 8 0 2 3 . 9  

( �m ) ( �m )  ( % ) 

9 5 7  1 2 2 1 2 . 8  
9 4 9  1 1  7 1 2 .  3 
9 2 6  9 9  1 0 .  7 

1 0 9 1  9 4  8 . 6  
1 0 9 6  9 8  9 . 0  
1 1 5 4 1 2 6 1 0 .  9 

9 5 9  1 2 3 1 2 . 8  
9 9 8  1 3 2 1 3 .  2 
9 9 3  1 5 7 1 5 .  8 

1 1 0 6 1 1  6 1 0 .  5 
1 1 5 5 1 2 8 1 1  • 1 
1 1 1  4 1 0 4 9 . 3 

( �m )  ( �m )  

8 5 4  1 7 2 
7 5 9  2 1 1 
6 5 1  2 4 9  

9 6 7  1 6 0 
9 5 1  2 0 8  
9 7 1  2 7 8  

8 0 7  1 9 4 
8 6 3  2 1 3 
8 2 0  2 3 5  

9 6 5  1 8 5 
9 9 7  2 3 9  
9 2 8  2 3 3  

( % ) 

2 0 . 1  
2 7 . 7  
3 8 . 2  

1 6 . 6  
2 1  • 9 
2 8 . 6  

2 4 .  1 
2 4 . 6  
2 8 . 6  

1 9 . 1  
2 4 . 0  
2 5 . 1 

w 
0 
w 



TABLE 2 6 : I nte rnode length stat i s t i c s  of tota l f ibres i n  equ ine recurrent laryngea l  nerve 

SMALL F I BRES LARGE F I BRES OVERALL F I BRES 
GROUP 

mea n i L  S D  mean CV mean iL SD mean CV mea n iL S D  
( J,Jm ) ( J,Jm ) ( % )  ( J,Jm ) ( J,Jm ) ( % ) ( J,Jm ) ( J,Jm ) 

L e f t  d i s t a l  RLN 
control 7 0 0  8 6  1 1  • 0 9 4 4  1 1  3 8 . 4  8 4 9  1 7 7 
subc l i n i c a l  5 9 9  1 2 7 3 4 . 0  9 2 9  1 0 4 1 4 .  0 6 4 0  2 5 8  
c l i n i c a l  5 2 6  1 7 1 3 3 . 6  8 9 6  8 2  9 . 2  5 7 7  2 1 6 

L e f t  prox ima l RLN 
-

control 8 6 5  9 8  7 . 9  1 0 8 4  8 4  6 . 3  9 6 8  1 6 1  
s ubcl i n i c a l  7 9 5  1 7 0 1 3 .  2 1 0 8 8  9 0  6 . 4  9 2 8  2 5 7  
c l i ni ca l 7 5 2  1 9 6 1 6 . 6  1 1 4 9 1 1  5 7 .  1 1 0 0 1 · 2 5 2  

R ight d i s t a l  RLN 
-

control 6 7 1  1 0 6 9 . 4  9 4 6  1 1 7  7 . 4  8 1 9 1 8 4 
s ubc l i n i c a l  6 5 9  1 1 4  1 4 .  7 9 9 0  1 2 5 8 . 5 8 6 8  2 1 0 
c l i n i c a l  6 4 4  1 3 3 1 5 . 5  9 9 0  1 4 5 1 0 . 2  8 1 9 2 4 2  

R ight Qrox ima l RLN 
control 8 4 9  1 0 8 8 . 3  1 0 9 4  1 0 5 9 . 6  9 7 3  1 6 3 
subc l in i c a l  7 9 7  1 5 4 1 5 .  0 1 1 5 0 1 1 8 7 . 6  9 9 7  2 3 6  
c l i n i c a l  7 7 2  1 6 9 1 5 .  4 1 1 0 4 9 3  7 . 3  9 3 0  2 3 3  

mean CV 
( % ) 

9 . 3  
2 8 . 4  
3 0 . 8  

7 .  1 
9 . 4  

1 0 . 5  

� -

8 . 3  
1 0 .  7 
1 2 . 6  

7 . 8  
1 0 . 6  
1 1  • 3 

w 
0 
� 



TABLE 2 7 : Internode l ength stat i s t i c s  of tota l internodes in equ i ne recur rent laryngea l  nerve 

S MALL FI BRES LARGE F I BRES OVERALL F I BRES 
GROUP 

meaniL SD mean CV mea niL S D  mean CV rneaniL SD 
( }..liD ) ( }..liD ) ( % ) ( J..lrn ) ( }..lrn ) ( % ) ( J..lrn )  ( J..lrn ) 

L e f t  d i s ta l  RLN 
control 6 7 5  1 2 2 1 8 .  1 9 5 7  1 2 2 1 2 . 8  8 4 7  1 8 4 
s ubc l in i c a l  5 0 6  2 2 6  4 4 . 6  9 4 9  1 1 7  1 2 . 3  6 5 9  2 8 7  
c l i n i c a l  4 4 9  2 1 2 4 7 . 3  9 2 6  9 9  1 0 . 7  5 7 1  2 8 2  

L e f t  2roxirna l  RLN 
control 8 4 2 . 1 0 9 1 3 . 0  1 0 9 1  9 4  8 . 6  9 6 7  1 6 1 
subc l i n i c a l  7 4 2  2 0 5  2 7 . 6  1 0 9 7  9 8  9 . 0  9 2 8  2 3 7  
c l i n i c a l  6 7 6  2 3 8  3 5 . 2  1 1 5 4 1 2 6 1 0 . 9  9 5 1  2 9 8  

R ight d i s t a l  RLN 
control 6 4 8  1 2 7 1 9 .  6 9 5 9  1 2 3 1 2 . 8 8 0 3  1 9 9 
subc l i n i c a l  6 2 9  1 4 8 2 3 . 4  9 9 8  1 3 2 1 3 . 2  8 5 1  2 2 8  
c l i n i c a l  5 9 8  1 6 5 2 7 . 6  9 9 3  1 5 7 1 5 .  9 7 9 7  2 5 5  

R ight 2roxirna l  RLN 
control 8 1 7 1 4 3 1 7 . 5 1 1 0 6 1 1 6  . 1 0 . 5  9 6 0  1 9 4 
s ubc l i n i c a l  7 4 0  2 0 1  2 7 . 1  1 1 5 5 1 2 8 1 1  • 1 9 7 8  2 6 2  
c l i n i ca l 7 2 1  2 0 8  2 8 . 9  1 1 1  4 1 0 5 9 . 4  9 0 4  2 5 9  

mean CV 
( % )  

2 1 . 7  
4 3 . 6  
4 9 . 4  

1 6 . 6  
2 5 . 6  
3 1  • 3 

2 4 . 8  
2 6 . 7  
3 2 . 0  

2 0 . 3  
2 6 . 8  
2 8 . 6  

w 
0 
U'l 



Kolmogorov-Smi rnov t e s t s  

The Ko lmogorov- Sm i rnov . te s t  determ i ne s  whether the d i s tr ibut ion o f  mean f i bre internode lengths ( IL ) 

or i nd iv idua l i nternode l engths , i s  d i f f e rent between groups . The probab i l i ty that the two groups 

are the same is mea s ured . 

TABLE 2 8 : 

L 
R 
D 

GROUP 

l LD 
1 LP 
1 LD 
1 RD 
2LD 
2LP 
2LD 
2RD 
3LD 
3LP 
3LD 
3RD 
1 LD 
1 LP 
1 RD 
1 RP 
1 LD 
1 LP 
l RD 
1 RP 

V S  1 RD 
V S  1 RP 
v s  1 LP 
v s  1 RP 
vs 2 RD 
V S  2 R P  
v s  2 LP 
v s  2 RP 
v s  3RD 
V S  3 R P  
vs 3LP 
V S  3RP 
V S  2 L D  
V S  2LP 
vs 2RD 
V S  2 RP 
V S  3LD 
V S  3 L P  
V S  3RD 
V S  3RP 

l e f t  
r i ght 
d i s ta l  

D i f f erence s i n  the d i s t r ibutions o f  I L  o f  type A f i bre s between groups of cont rol ( 1 ) , 
subc l i n i c a l  ( 2 )  and c l i n i c a l  ( 3 ) l aryngeal hemiplegic horses 

Probabi l i t y  t h a t  IL d i s t r ibut i ons of 2 groups are the s ame 

OVERALL 

F I BRE NODE F IBRE 

. 0 0 1 < p < . 0 0 5  p < . 0 0 1  • 0 0 1  < p < . 0 0 5  
p > . 1 p > . 1  p > . 1 
p < . 0 0 1  p < . 0 0 1  p < . 0 0 1  
p < . 0 0 1  p < . 0 0 1  p < . 0 0 1  
p < . 0 0 1  p < . 0 0 1  p < . 0 0 1  

. 0 0 1 < p < . 0 0 5  p < . 0 0 1  p > . 1 
p < . 0 0 1  p < . 0 0 1  p < . 0 0 1  
p < . 0 0 1  p < . 0 0 1  . O O S < p < . 0 1 
p < . 0 0 1  p < . 0 0 1  p < . 0 0 1  
p < . 0 0 1  p < . 0 0 1  . 0 1 < p < . 0 2 5  
p < . 0 0 1  p < . 0 0 1  p < . 0 0 1  
p < . 0 0 1  p < . 0 0 1  p < . 0 0 1  
p < . 0 0 1  p < . 0 0 1  p < . 0 0 1  

. 0 5 < p < . 1  p < . 0 0 1  . 0 2 5 < p < . S  
p < . 0 0 1  p < . 0 0 1  . O S < p < . 1  
p < . 0 0 1  p < . 0 0 1  . 0 0 1 < p < . 0 0 5  
p < . 0 0 1  p < . 0 0 1  p < . 0 0 1  
p < . 0 0 1  p < . 0 0 1  p < . 0 0 1  
p > . 1  . 0 2 5 < p < . 0 5 p > . 1  

. 0 2 5 < p < . 0 5 

MC 
p 

p < . 0 0 1  . 0 1 < p < . 0 2 5  

midcerv i ca l  
prox ima l 

SMALL LARGE 

NODE F IBRE 

p < . 0 0 1  p > . 1 
p > . 1 p > . 1  
p < . 0 0 1  p > . 1  
p < . 0 0 1  p > . 1 
p < . 0 0 1  p > . 1  
p > . 1 p > . 1 
p < . 0 0 1  p > . 1  
p < . 0 0 1  . O O l < p < . O O S  
p < . 0 0 1  p > . 1 
p < . 0 0 1  p > . 1  
p < . 0 0 1  p > . 1  
p < . 0 0 1  . O S < p < . 1  
p < . 0 0 1  p > . 1  
p < . 0 0 1  p > . 1  
p < . 0 0 1  p > . 1 
p < . 0 0 1  p > . 1  
p < . 0 0 1  p > . 1 
p < . 0 0 1  p > . 1 

. 0 1 < p < . 0 2 5  . O S < p < . 1  
p < . 0 0 1  p > . 1  

NODE 

p < . 0 0 1  
p > . 1  
p > . 1 
p > . 1  
p > . 1 
p > . 1  
p > . 1 
p > . 0 0 1  
p > . 1  
p > . 1  
p > . 1 
p < . 0 0 1  
p > . 1 
p > . 1 
p > . 1 
p > . 1 
p > . 1  
p > . 1  
p < . 0 0 1  
p > . 1 



TABLE 2 9 : D i f ferences i n  the d i s t r ibutions o f  IL of tota l f i bres between groups of control ( 1 ) , 
subc l i n i c a l  ( 2 )  a nd c l i n i c a l  ( 3 )  laryngea l hemipleg i c  anima l s  

L 
R 
D 

GROUP 

lLD vs lRD 
1 LP v s  1 RP 
1 LD v s  1 LP 
1 RD v s  1 RP 
2LD v s  2RD 
2LP vs 2RP 
2LD V S  2 LP 
2RD vs 2RP 
3LD vs 3RD 
3LP vs 3RP 
3LD vs 3LP 
3RD v s  3RP 
1 LD v s  2 LD 
1 LP v s  2 LP 
1 RD vs 2RD 
1 RP vs 2RP 
1 LD vs 3LD 
1 LP vs 3LP 
1 RD vs 3RD 
1 RP vs 3RP 

left 
r i ght 
d i s ta l  

probabi l i ty 

OVERALL 

F I BRE 

. O O S < p < . 0 1 
p > . 1 
p < . 0 0 1  
p < . 0 0 1  
p < . 0 0 1  

. 0 0 1 < p < . 0 0 5  
p < . 0 0 1  
p < . 0 0 1  
p < . 0 0 1  
p < . 0 0 1  
p < . 0 0 1  
p < . 0 0 1  
p < . 0 0 1  
p > . 1 

p < . 0 0 1  
p < . 0 0 1  
p < . 0 0 1  
p > . 1 

. 0 5 < p < . 1  

NODE 

p < . 0 0 1  
p > . 1 
p < . 0 0 1  
p < . 0 0 1  
p < . 0 0 1  
p < . 0 0 1  
p < . 0 0 1  
p < . 0 0 1  
p < . 0 0 1  
p < . 0 0 1  
p < . 0 0 1  
p < . 0 0 1  
p < . 0 0 1  
p < . 0 0 1  
p < . 0 0 1  
p < . 0 0 1  
p < . 0 0 1  
p < . 0 0 1  

. 0 1 < p < . 0 2 5  
p < . 0 0 1  

MC 
p 

tha t  I L  d i str i but ion s  of 2 groups are the s ame 

F I BRE 

. O O S < p < . 0 1 
p > . 1  
p < . 0 0 1  
p < . 0 0 1  
p < . 0 0 1  
p > . 1  
p < . 0 0 1  

. 0 0 1 < p < . 0 0 5  
p < . 0 0 1  

. 0 2 5 < p < . 0 5 
p < . 0 0 1  
p < . 0 0 1  
p < . 0 0 1  
p > . 1  

. O l < p < . 0 2 5  
p < . 0 0 1  
p < . 0 0 1  
p > . 1 

. 0 5 < p < . 1  

midcerv i c a l  
prox ima l  

SMALL LARGE 

NODE F I BRE 

p < . 0 0 1  p > . 1 
. O S < p < . 1  p > . 1 

p < . 0 0 1  p > . 1 
p < . 0 0 1  p > . 1 
p < . 0 0 1  p > . 1 
p > . 1 p > . 1 
p < . 0 0 1  p > . 1 
p < . 0 0 1  . 0 0 1 < p < . 0 0 5  
p < . 0 0 1 . p > . 1  
p < . 0 0 1  p > . 1  
p < . 0 0 1  p > . 1 
p < . 0 0 1  p > . 1  

. 
p < . 0 0 1  p > . 1 

' p < . 0 0 1  p > . 1 
: . 0 0 1 < p < . 0 0 5  

p < . 0 0 1  p > . 1  
p < . 0 0 1  p > . 1 
p < . 0 0 1  p > . 1  
p < . 0 0 1  p > . 1  
p < . 0 0 1  p > . 1  

NODE 

p>. . 1  . 
p > . 1 
p > . 1  
p > . 1 
p > . 1 
p > . 1 
p > . 1 
p < . 0 0 1  
p > . 1 
p > . 1 
p < . 0 0 1  
p > . 1 
p > . 1 
p > . 1  
p > . 1 
p > . 1  
p > . 1 
p > . 1 
p < . 0 0 1  
p > . 1 

w 
0 
-..J 



APPE:II; • ' i X 1 0  

ELECTRON MICROSCOPIC MORPHOLOGY OF EQUINE PERIPHERAL NERVE 

Left distal recurrent laryngeal nerve 
CONTROL 
Hors es e xamined - 2 ,  3 ,  4 ,  6 
Fibre dens i ty - normal 
Bands o f  Bungner - one seen in horse 6 ,  with a lipid granule and 

swollen processes . 
Excess Schwann cells and collagen pockets - occasional in horses 2 

and 3 ,  common in 6 .  
" Onion bulbs" - none to several single layer formations , some more 

extensive . 
Regenerating clus ters - one in horses 3 and 6 .  Hors e 3 ,  cluster of 

3 small fi bres around large fibre w�th excess 
Schwann cell cytoplasm and disintegrating sheath .  

Thinly myelinated fibres - in regenerating clus ters . 
Myeli n  debris - occasional lipid and pro tagon granules , and 

lamellated myelin avoids in Schwann cell cytoplasm 
of myelinated fibres . 

Other a bnormali ties - a large myelinated fibre with split myelin 
sheath , packed with whorled membranous dense 
bodies , mitochondria , vesicles and floccular 
material ( horse 6 ) . 

SUBCLINICAL 

- a collapsed m�elin ovoid completely occup�ing 
a Schwann cell w�th excess cytoplasm ( horse 3 ) .  

- two very large swollen axons in man� layered 
"onion bulbs" . One wit h  very thin myehn sheath 
and dense axoplasm , mainly vesicular and whorled 
membranous dense bodies . Microtubules and 
neurofilaments present in a central area . The 
se cond had no myelin sheath , similar axoplasm , 
al though fewer dense bodies and more vesicles . 

Horse s  e xamined - 1 ,  9 
Fibre density - loss of fibres apparent . 
Bands o f  Bungner - moderately common . 
Excess Schwann cells and col lagen pockets - common . 
" Onion bulbs" - common , varying from one to many layers of Schwann 

cell processes . Usually with a central thinly 
myelinated fibre . Denervated s tructures also seen , 
one around an empt� basement membrane profile . 
Another around a f�bre with excess basement 
membrane . 

R egenerating clusters - several in horse 1 ,  some fibres with 
redundant myelin loop,s .  

Thinly myelinated fi bres - common in ' onion bulbs" and clusters , 
others seen with very thin sheaths and loosely 
compacted lamel lae , and excess Schwann cell 
cytoplasm . 

Myel i n  debris - common lipid and protagon granules , and lamellated 
myelin avoids in Schwann cell cytoplasm of 
myelinated fibres . 

- lipid droplets also seen in Schwann cell proces se s  
and macrophages . 

O ther abnormalities - a collapsed myelin ovoid completely occupying 
a Schwann cell ( horse 9 ) . 

- a degenerating unmyelinated axon , swollen 
with floccular axoplasm . 

- several fibres with adaxonal Schwann cell 
projections into the axonal compartment , often 
fibres with o ther abnormalities e . g .  in "onion 
bulbs" , with lipid or protagon granules , with 
redundant loops of myelin , excess organelles , thin 

myelin sheat h . 
- several fibres with accumulated organelles , 

mitochondria and membranous dense bodies . 
- several fibres with inappropriately thick 

sheath for axonal calibre ( horse 7 ) . 
- several fibres with redundant loops of myelin.  
- a very large swollen demyelinate d axon with 

densely packed organelles , dilated vesicular 
s tructures with floccular contents , in " onion b ulb" . 

- a fibre with a split sheat h ,  packed with 
organel les . 

- a regenerating axonal sprout with very thin 
sheath and excess mitochondria , i n  a 1 layer "onion 
bulb" . 

3 0 8  



CLIN ICAL 3 0 9  Horses examined - 1 2 ,  1 3 ,  1 4 ,  1 5  
Fibre density - severe decrease , few m¥elinated fibres left . 
Bands of Bungner - ver� common , some w1th axonal sprouts ( horses 1 4  

and 1 5 ) , one with excess neurofilaments and 
branching t ubular s tructures ( 1 5 ) . 

Excess Schwann cells and collagen pockets - very common , some with 
exce ss basement membrane ( horse 1 5 ) . 

Above s tructures constitute majority of endoneurium . 
"Onion bulbs" - very common in horse 1 3  and 1 5 1 mainly denerva ted . 

Less common in horses 1 2  and 1 4 .  Small and lar�e 
formations around remaining fibres , usually th1nly 
myelinated . 

Re�enerating clus ters - occasional in horses 1 2  and 1 5 .  
Th1nly myelinated fibres - in " onion bulbs" and clus ters . 

- remaining myel inated fibres o ften thinly 
m¥elinated . . 

Mye l i n  debris - lip1d and protagon granules not uncommon in bands 
of Bungner and Schwann cell processes . 

- occasional lipid granules and lamellated avoids in 
Schwann cells of myelinated fibres . 

Other abnormali ti es - almos t all remaining myelinated fibres abnormal 
i . e .  in " onion bulbs" , clus ters , with 
inappropriately thin or thick sheaths . 

- a swollen axon without myelin sheath filled 
with dense whorled membranous bodies and tubular 
structures in an " onion bul b" ( horse 1 4 ) . 

CONTROL 

- a col lapsed myelin ovoid completel¥ occupyi ng 
a Schwann cell , with split sheath conta1ning 
floccular material ( horse 1 5 ) . 

- margination of microtubules in a thickly 
myelinated fibre . 

- a very dis tended axon with a thin layer o f  
outer Schwann cell cytoplasmi filled with vesicles 
and tubules , in an " onion bu b" . 

Left midcervical recurrent laryngeal nerve 

Horses examined - 2 ,  4 ,  5 ,  6 
Fibre densi ty - normal . 
Bands of Bungner - absent . 
Exce ss Schwann cells and collagen pockets - rare to occasi onal . 
" Onion bulbs" - absent to s everal 1 layer formations ( horse 5 ) . 
Regenerating clusters - one in horses 5 and 6 .  In formeri large 

clus ter with a disproportionately thick y 1 
myelinated fi bre and several with thin myelin , 
some with excess organelles . 

Thinly myelinated fibres - in clus ters . 
Myelin debris - occasional lipid granules and rare lamellated 

myelin avoids in Schwann cell cytoplasm o f  
myelinated fibres . 

O ther abnormali ties - a collapsed myelin ovoid completely occupying 
a Schwann cell ( horse 5 ) . 

SUBCLINICAL 
Horses examined - 7 ,  9 ,  1 0  
F ibre density - slight loss of fibres in horse 9 .  
Bands of Bungner - several , one with axonal sprout with excess 

organelles . 
Excess Schwann cells and collagen pockets - common .  
" Onion bulbs" - occasional t o  common , mainly 1 - 2  layer formations , 

usually around a th1nly myelinated fibre , some w1th 
excess basement membrane . One denervated around a 
band of Bungner ( horse 9 ) . Several large formations 
( horse 7 ) . 

R egenerating clusters - occasional to moderately common . Fibres 
often with inappropriately t hin or thick mye lin 
sheaths and redundant loor.s of myeli n .  

Thinly mye linated fibres - in " onion bulbs ' and clus ters . 
Myelin debris - moderately common lipid and protagon granules , and 

lamellated myelin avoids in Schwann cell cytoplasm 
of myelinated fi bres . 

Other abnormalities - a myelinated fibre with accumulated organelles , 
mitochondria and membranous dense bodies (horse 7 ) . 

- fibres with disproportionately thick myelin 
for axonal calibre ( horses 7 ,  9 ) . 

- a well developed axon-Schwann cell network i n  
a medium diameter m¥elinated fibre . 

- redundant myel1n loop in a small myelinated 
fibre . 

- excess basement membrane lying free i n  the 

/ 



CLINICAL 

endoneurium , and around some Schwann cell processes 
( horse 9 ) . 

3 1 0  

- a degeneratin� myelinated fibre with dense 
axoplasm and a dis�ntegrating myelin sheath with 
excess outer Schwann cell cytoplasm ( horse 1 0 ) . 

- an adjacent Schwann cell with watery cytoplasm , 
completely occupied by a collapsed myelin ovoid . 

Horses examined - 1 2 ,  1 5  
F i br e  densi ty - mild decrease . 
Bands of Bungner - moderately common .  One containing swollen 

organelle dense axonal sprouts ( horse 1 2 ) , and 
several in an area of unmyelinated fibres . 

Excess Schwann cells and collagen pockets - common . 
"Onion bulbs" - 1 to 2 la;rer and larger formations common . Almos t 

all myel�nated fibres in " onion bul bs" , some 
normal ly and some thinly myelinated . Some denervated 
with central bands of Bungner . One around a 
myelinated fi bre and a band of Bungner ( horse 1 5 ) . 

Regenerating clus ters - common . In horse 1 2 ,  usually a large central 
fibre with several small thinly myelinated fibres , 
while in horse 1 5  usually all small fibres . Often 
with long redundant loo�s of myelin . Some fibres 
with inappropriately th�ck sheaths . 

Thinly myelinated fibres - usually i n  " onion bul bs" and cluste rs . 
Myelin debris - lipid and protagon granules common , and lamellated 

myelin ovoids occasional in Schwann cell cytoplasm 
of myelinated fibres . Al so in Schwann cell 

processes . 
O ther abnormali ties - s everal small fibres with redundant loops o f  

myelin ( horse 1 2 ) . 
- several fibres with inappropriately thick 

myelin sheaths for axonal calibre ( horse 1 5 ) . 

CONTROL 

- an axon-Schwann cel l  network in a myelinated 
fibre in an " onion bulb" . 

Left proximal recurrent laryngeal nerve 

Horses examined - 3 ,  6 
Fi bre densi ty - normal . 
Bands of Bungner - absent . 
Excess Schwann cells and collagen pockets - rare to occasional . 
" Onion bul bs" - absent . 
Re�eneratin� clusters - absent . 
Th�nly mye l1nated fibres - absent . 
Myelin debris - occasional li pid granule in Schwann cell cytoplasm 

of myelinated fibres . 
O ther abnormalities - a collapsed myelin ovoid completely occupying 

a Schwann cell ( horse 3 ) . 
SUBCLINICAL 
Horses examined - 7 ,  9 , 1 0 , 1 1  
F i bre densi ty - normal . 
Bands of Bungner - several , in all but horse 1 .  
Excess Schwann cells and collagen pockets - occasional to moderately 

common . 
" Onion bulbs" - absent in horses 7 and 1 0 .  

- occasi onal 1 -2 layer formations in horses 9 and 1 1 ,  
usually around a thinly myelinated fibre . Schwann 
cell processes very attenuated , often with e xcess 
convol uted basement membrane in horse 1 1 .  One around 
a band of Bungner ,  another around a fibre with a 
very small axon and a disintegrating sheath . 

R e generating clusters - absent in horse 7 .  
- occasional to common in others . Fibres with 

inappropriately thick o r  thin sheaths , redundant 
loo ps of m;relin and excess organel les . 

Thinly myelinated fibres - �n "onion bul bs" and clus ters . 
- rarely with very thin myelin ( horse 7 ) , 

another with excess Schwann cell cytoplasm ( 1 1 ) .  
Myelin debris - lipid and prota�on granules , and lamellated 

myelin ovoids �n Schwann cell cytoplasm of 
myelinated fibres occasional to common . 

- also present in Schwann cell processes and 
macrophages . 

O ther abnormalities - adaxonal Schwann cell pro j ection into the 
axoplasm seen moderately commonly , and several axon 
Schwann cel l  networks ( horse 7 ) . 

- large myelinated fibres with inappropriately 
thick myelin sheaths for axonal calibre moderately 
common ( horses 9 ,  1 0 ,  1 1 ) .  



CLINICAL 

3 1 1 
- a small myelinated fibre with clumped floccular 

material in a subaxolemmal pos i tion . 
- a myelinated fibre with an unusual axoplasmic 

organelle , circular in outline with a floccular 
centre and a dense outer layer o f  concentric 
membranes . 

- s everal Schwann cells completely occupied by 
collapsed myelin ovoids ( horses 1 0  and 1 1 ) .  

Horses examined - 1 3 ,  1 5  
Fibre density - normal . 
Bands of Bungner - occasional . 
Excess Schwann cells and collagen pockets - occasional to common , 

some with excess basement membrane . 
" Onion bulbs" - 1 to 2 layer formations occasi onal in horse 1 3  and 

common in horse 1 5 ,  usually around thinly myelinated 
fibres . Several denervated and several extensive 
formations ( horse 1 5 ) . 

Regenerating clusters - several , some with redundant loops of myelin 
in horse 1 5 .  

Thinly myelinated fibres - in "onion bulbs" and clusters usually . 
Myelin debris - occasional lipid granule in Schwann cell cytoplasm 

of myelinated fibres and in Schwann ce ll processes . 
Other abnormalities - axonal calibre inappropriately small for myelin 

thickness in many fibres (horse 1 3) .  

CONTROL 

- excess basement membrane around Schwann cell 
processes ( 1 5 ) . 

- occasional small fibre with redundant loop of 
myelin . 

- axon-Schwann ce ll network in a fibre with 
densely packed disoriented neurofilaments . 

Right dis tal recurrent laryngeal nerve 

Horses examined - 2 ,  3 ,  6 
Fi bre density - normal . 
Bands of Bungner - one in horse 3 ,  containing myelin debris . 
Exces s  Schwann cells and collagen pockets - rare ( horse 2 ) , 

occasional ( horse 6 ) , common ( horse 3 ) . 
"Onion bulbs" - absent in horse 2 ,  several 1 - 2 layer formations in 

horses 3 and 6 ,  around myelinated fibres , sometimes 
with excess basement membrane . 

Re�eneratin� clusters - one seen in horse 3 .  
Th�nly mye l�nated fibres - one seen in horse 6 .  
Myelin debris - occasional lipid and prota�on granules , and 

lamellated myelin ovoids �n Schwann cell cytoplasm 
of myelinated fibres of horses 2 and 6 .  

Other abnormalities - s everal myelinated fibres with adaxonal Schwann 
cell pro j ec tions into the axoplasm . 

- a myelin ovoid completely occupying a Schwann 
cell . 

SUBCLINICAL 
Horses examined - 7 ,  9 
Fibre density - normal in horse 7 ,  slight decrease in horse 9 . 
Bands of Bungner - occasional . 
Excess schwann cells and collagen pockets - common . 
" Onion bulbs" - occasional 1 layer formations in horse 7 .  

- common , and varied in type in hors e 9 .  
Regenerating clus ters - occasionali fibres with inappropriately 

thin or thick mye in sheaths , some with myelin 
debris in Schwann cells , some with accumulated 
axonal organelles , some with redundant loops of 
myelin . 

Thinly myelinated fibres - in " onion bulbs" and clus ters , also 
others in horse 1 .  

Myelin debris - common li pid and pro tagon �ranules , and 
lamellate d  myelin ovoids �n Schwann cell cytoplasm 
of myelinated fibres . 

- also present in macrophages . 
Other abnormalities - s everal fibres with marginated microtubules . 

- s everal degenerating myelinated fibres , one 
with a small axis cylinder containing dense 
axoplasm with many vesicles and a split sheath 
containing granular and floccular material . 

- occasional myelinated fibre with adaxonal 
Schwann cell projection into the axoplasm . 



CLINICAL 
Horses examined - 1 2i 1 3 ,  1 5  

Fib re density - norma • 
Bands o f  Bungner - occasional . 
Excess Schwann cells and collagen pockets - occasional to common. 
" Onion bulbs" - absent in horse 1 2 .  

- occasional 1-2 layer and more e xtensive formations 
in horse 1 3 . 

- common 1 -2 layer formations in horse 1 5 ,  around 
normally and thinly myelinated fibres , and 
denervated . 

Re�eneratin� clusters - occasional in horses 1 2  and 1 5 .  
Th1nly myel1nated fibres - only i n  "onion bul bs " and clusters . 
Myelin debris - lipid and prota�on granules , and lamellated 

myelin avoids 1n Schwann cell cytoplasm of 
myelinated fibbres , occasional 1n horses 1 2  and 1 3 , 

common in horse 1 5 .  
Other abnormalities - redundant loop o f  myelin on a large myelinated 

fibre ( horse 1 2 ) . 
- a  de�eneratin� myelinated fibre ( horse 1 5 ) . 

CONTROL 

- a t h1nly myel1nated fibre with axon-Schwann 
cell network around a dense body . 

- fibre with densely packed neurofilaments and 
microtubules ( horse 1 3) .  

- fibre with marginated micro tubules ( horse 1 3 ) .  
- excess basement membrane around a Schwann cell 

process ( horse 1 5 ) . 
- fibre with a small axis cylinder and dis tended 

adaxonal space containing clumped floccular 
material . 

Right midcervical recurrent laryngeal nerve 

Horses examined - 2 ,  4 ,  6 
Fibre densi ty - normal . 
Bands of Bungner - one of the unmyelinated type in horse 6 .  
Excess Schwann cells and collagen pockets - rare to occasional . 
"Onion bulbs" - a denervated " onion bulb" in horse 4 .  
Regeneratin� clusters - absent . 
Thinly myel1nated fibres - absent . 
Mye lin debris - occasional lipid granule and lamellated myelin 

ovoid in Schwann cell cytoplasm of myelinated 
fibre s . 

Other abnormalities - a small myelinated fibre with split myelin 
sheath containing many vesicular struct ures , and 
two apparent axonal compar tments . 

SUBCLINICAL 
Horses e xamined - 7 ,  9 ,  1 0 ,  1 1  
Fibre density - normal . 
Bands of Bungner - rare to moderately common . One with lipid and 

protagon granules ( horse 1 1 ) ,  a group in an area 
of unmyel inated fibres ( 1 1 ) ,  one with an axonal 
sprout wit h  densely packed organelles . 

Excess Schwann cell s and collagen pockets - occasi onal to common . 
"Onion bulbs" - absent in horses 10 and 1 1 .  

- in others several 1-2 layer formations , usually 
around thinly myelinated fibre s , sometimes with 
lipid and protagon granules , Schwann cell processes 
often club-sha�ed ( ho rse 9 ) . 

Regenerating clusters - absent 1n 7 ,  9 and 1 1 .  
- rare in horse 1 0 ,  occasional in horse 1 1 ,  

fibres with thin myelin sheaths and redundant 
myelin lOOJ?S • 

Thinly myelinated fibres - 1n " onion bulbs" and clusters . 
- other very thinly myelinated fibres 

seen in horses 7 and 1 0 .  
Myelin debris - lipid and protagon granules and lamellated myelin 

ovoids in Schwann cell cytoplasm of myelinated 
fibres occasional to common . A vacuolated protagon 

granule . 
- also present in Schwann ce ll processes . 

Other abnormalities - occasional adaxonal Schwann cell proj ection 
into axo plasm of fibres with densely packed 
neurofilaments , loosely compacted myelin 
lamellae and excess Schwann cell cytoplasm 
( horse 1 0  and 1 1 ) .  Several fibres with axon
Schwann cell networks ( horse 7 ) . 

- fibres with inappropriately thick myelin 
for axonal cali bre , one with clumped material 
in adaxonal Schwann cell cytoplasm , another 
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with a disintegrating myelin sheath . 
- an inappropriately thinl y myelinated large 

fibre with swollen floccular axoplasm and 
outward slippage of the m�elin sheath ( 1 1 ) .  

- a thinl y myelinated f�bre with a 
disintegrating sheath , small axis cylinder 
packed with organelles , especially mito.chondria . 

- a clumped floccular body in axoplasm of a 
myelinated fibre ( 1 1 ) . 

- a collapsed myelin ovoid completely occupying 
a Schwann cell ( 7) . 

- s everal degenerating fibres with dense 
axoplasm ,  clumped in horse 7 and with large 
numbers of ves�cles in horse 9 ,  and a 
disintegrating myelin sheath . 

Horses examined - 1 3 ,  1 5  
Fibre density - normal . 
Bands o f  Bungner - rare i n  horse 1 5 .  
Excess Schwann cells and collagen pockets - occasional to common . 
"Onion bulbs" - several large formations , usually around small 

myelinated fibres ( 1 3 ) .  
- 1 -2 layer and larger formations common in horse 

1 5 ,  mainly around thinly myelina ted fibres , some 
denervate d .  

Regenerating clus ters - rare ( 1 3 )  t o  occasional ( 1 5 ) . Some fibres 
with very long redundant loops of mye lin . 

Thinly myelinated fibres - mainly in " onion bulbs "  and clusters . 
Myelin debris - occasional lipid and protagon granules in Schwann 

cell cytoplasm of myelinated fibres . 
Other abnormalities - excess basement membrane seen in " onion 

bul bs "  and cluster s .  
- a myelin ovoid completely occupying a 

Schwann cell with convoluted basement membrane . 

Righ t  proximal recurrent laryngeal nerve 
CONTROL 
Horses examined - 3 ,  5 ,  6 
Fibre density - normal . 
Bands o f  Bungner - absent . 
Excess Schwann ce lls and collagen pockets - rare to occasional . 
"Onion bulbs" - absent . 
Re�eneratin� clusters - absent . 
Th�nly myel�nated fibres - one s een in horse 4 .  
Myel in debris - occasional lipid granule and lamellated myelin 

ovoid in Schwann cell cytoplasm of myelinated 
fibres . 

SUBCLINICAL 
Horses examined - 1 ,  9 ,  1 0  
Fibre density - normal . 
Bands o f  Bungner - absent . 
Excess Schwann cells and collagen pockets - occasional . 
"Onion bulbs" - several 1 - 2  layer formations in horse 9 ,  one 

around a thinly myelinated fibre wi th an 
. adaxonal Schwann cell projection into the 

axoplasm . 
Regenerating clusters - several seen in horse 9t some fibres 

abnormal e . g .  small axis cylinaer and thick sheath , 
adaxonal Schwann cell projection into axon . 

Thinly myelinated fibres - occasional in horses 7 and g .  
Myelin debris - lipid and protagon granules , and l amellated 

myelin ovoids occasional in horses 7 and 1 0 ,  and 
common in 9 .  

Other abnormalities - several collapsed myelin ovoids completely 
occupying Schwann cells t 7 ) .  

- several small myelinated fibres with redundant 
loops of myelin ( 9 ) . 

- adaxonal Schwann ce l l  projections i nto axo plasm 
not uncommon ( 9 ) . · 

- a degenerating fibre with d ense axoplasm 
con taining membranous dense bodi e s ,  with a 
disintegrating myelin sheath .  

CLINICAL 
Hors es examined - 1 3  
Fibre density - normal . 
Bands of Bungner - absent . 
Excess Schwann cells and collagen pockets - occasi ona l . 
"Onion bulbs" - occasional 1-2  layer formations . 
Regenerating clusters - absent . 
Mye l in debris - occasional lipid and protagon granules ,  and 
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lamellated myelin o v - - • ds in Schwann cell cy toplasm 
of myelinated fibres , 

Other abnormalities - a collapsed myelin ovoid completely occupying 
a myelin sheath . 

- several de�enerating fibres with dense axoplasm 
and disintegrat�ng sheath , and excess Schwann cell 
cyto plasm . 

- an adaxonal Schwann cell projection into the 
axonal compar tment . 

Left va�us proximal to separation o f  recurrent laryngeal nerve 
SUBcLINicA 
Horses examined - 9 ,  1 3  
Fibre density - normal . 
Bands of Bungner - occasional . 
Excess Schwann cells and colla�en �ockets - not uncommon . 
"Onion bulbs" - common and var �ed J.n mor�hology . 

- several 1 - 2  layer formatJ.ons , around normall y , 
thickly and thinly myelinated fibres . 

- several extensive formations , sometimes with excess 
basement membrane . 

Regenerating clusters - several , some fibres with very thin sheaths 
some with thicK sheaths and very small axis 
cylinders . 

Myelin debris - lipid and protagon granule s  common , and lamellated 
mye lin ovoids occasional in Schwann cell cytoplasm 
of myelinated fibres . 

Other abnormalities - a fibre with a clump o f  floccular material 
in adaxonal Schwann cel l  cytoplasm. 

- a small myelinated fibre with excess 
accumulated or�anelles . 

- a small fJ.bre with a redundant myelin loop . 
- occasional fibre with adaxonal proj ection o f  

Schwann cell cytoplasm , o n e  reaching across diameter 
of axon ( 1 3 ) .  

- several degenerating myelinated fibres , one 
wi th very dense axoplasm containing clear and 
dense core vesicles , and a split myelin sheath 
containin� vesicles and disoriented neurofilaments .  
Another WJ.th a very thick sheath and small axis 
cylinder with dense axoplasm . 

Branch of deep peroneal to long digital extensor mus cle 
CLINICAL 
Horses examined - 1 4 ,  1 5  
F i bre density - normal . 
Bands o f  Bungner - rare in horse 1 5 .  
Excess Schwann cells and collagen pockets - occasional to common . 
"Onion bulbs" - 1 - 2  layer formations occasional in horse 1 5  and 

more common in horse 1 4  usually around thinly 
myelinated fibres , sometimes wi th excess basement 
membrane . One around a fibre with & very small axis 
cylinder and myelin debris in Schwann cell 
cytoplasm . 

Regenerating clusters - several seen in horse 1 5 .  
Thinly myelinated fibres - occasional . 
Myelin debris - several lamellated myelin avoids in Schwann cell 

cytoplasm of myelinated fibres ;in horse 1 4 .  
O ther abnormalities - a collapsed myelin ovoid completely occupying 

a Schwann cell in horse 1 5 .  
- excess basement membrane on Schwann ce ll 

processes of an "onion bulb" . 

• 

- s everal large myelinated fibres with 
adaxonal Schwann cell projec tions into axoplasm . 

- an axon-Schwann ce l l  network in a thinly 
myelinated fibre ( 1 5 ) . 

- a large myelinated fibre with several inner 
myelin lamellae separated by f loccular material ( 1 5 )  

- several mye linated fibres with redundant loops 
of myelin ( 1 4 ) • 

- a thinly myelinated fibre with excess Schwann 
cell cytoplasm . 

- a fi bre o f  inappropriately small axonal calibre 
for myelin sheath thickness ( 1 4 ) . 

j i . 



CLINICAL 
Common e ro n eal nerve �.....,;:..=.-:...: 

Horse s  examined - 1 5  
Fibre density - normal . 
Bands of Bungner - occasional . 
Excess Schwann cel l s  and collagen pockets - not uncommon . 
"Onion bulbs" - 1 - 2  layer formations common , around normally ,  

thickly or thinly myelinated fibres . 
- some more extensive formations , some with excess 

basement membrane . 
Regenerating clusters - several seen , some fibres abnormal, with 

myelin ovoids in Schwann cell cytoplasm 7 �hin 
myelin sheaths , redundant loops of myel�n . 

Thinly myelinated fibres - several apart from t hose in " onion 
bulbs" and clusters . 

Myelin debris - lamellated myelin ovoids not uncommon in Schwann 
cell cytoplasm of myelinated fibres . 

Other abnormalities - a collapsed myelin ovoid occupying Schwann 
cell , together with partially digested m¥eli n .  

- a degenerating unmyelinated fibre w�th 
floccular axoplasm . 

- a small thickly myelinated fibre with 
floccular contents , probably a collapsing myelin 
ovoid . 

- excess basement membrane around a denervated 
Schwann cell 7 and associated with a small 
myelinated f�bre . 

- several fibres with axon-Schwann cell networks . 
- s everal small fibres with redundant myelin 

loops . 
- a Schwann cell process wi th a loculated myelin 

breakdown product and excess convoluted basement 
membrane . 

• 

•• 

. 
. 
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APPEND I X  1 1  

L IGHT M I CROSCOP I C  MORPHOMETRY AND I NTERNODE LENGll!fS I N  

RECURRENT LARYNGEAL NERVES I N  STR I NGHALT 

Kolmogorov-Smirnov tests 

TABLE 3 0 : D i f fe rence in the d i s t r ibut ions of mye l i na ted f i bre 
d i ame ters between s t r ingh a l t  ( 1 ) and c l i n i c a l  
l a ryngeal hemipl egi c ( 2 ) anima l s  

COMPAR I SON 

1 LD V S  2LD 

1 LMC vs 2 LMC 

1 LP V S  2LP 

1 RD V S  2RD 

1 RMC V S  2RMC 

1 RP V S  2RP 

1 LD V S  1 RD 

1 LMC V S  1 RMC 

1 LP V S  1 RP 

1 LD V S  1 LP 

1 LMC vs 1 LD & P  

1 RD V S  1 RP 

1 RMC V S  1 RD & P  

L l e f t  

R r ight 

D d i s ta l 

MC midcerv i c a l  

P proxima l 

Probabi l i ty that d i s tr i bu t i on s  of 
two groups are the s ame 

OVERALL SMALL LARGE 

p < . 0 1 p < . 0 1  p > . 2 

p < . 0 1 p> . 2  p < . 0 1 

p < . 0 1  p< .  0 1  p < . 0 1  

p < . 0 1  p< . 0 1  p > . 2  

p < . 0 1 p< .  0 1  p < . 0 1  

p < .  0 1  p < . 0 1 p < . 0 1 

p < .  0 1  p> . 2 p > . 2  

. 0 1 < p < . 0 2 p < .  0 1  p < . 0 1 

p < . 0 1  p < .  0 1  p < . 0 1  

p < . 0 1  p < . 0 1  p < . 0 1  

p> . 2  p> . 2  p > . 2  

p < .  0 1  . 0 2 < p < . 0 5 p > . 5  

p < . 0 1  p < . 0 1  . 0 1 < p < . 0 2 



TABLE 3 1 : I nt e rnode length sta t i s t i c s  o f  recurrent l a rynge a l  nerve s f rom a hor se w i th s t r i ngha l t  

SMALL INTERNODES LARGE INTERNODES OVERALL INTERNODES 
NERVE 

mea niL S D  CV mea niL S D  CV meaniL SD CV 
( \.lm ) ( \.lm )  ( % ) ( \.lm )  ( \.lm )  ( % ) ( \.lm )  ( urn )  ( % ) 

Norma l ( A ) f i br e s  
' 

l e f t  d i s t a l  6 4 8  7 1  1 1 . 2 9 3 2  9 2  1 0 . 2  7 3 2  1 5 3 1 0 . 9  

prox ima l 7 7 6  1 6 4 9 . 9  1 1 2 8 8 9  6 . 7  1 0 6 9  1 6 8 7 . 3  

r ight d i s t a l  6 6 8  9 3  1 0 . 8  9 1  3 6 7  7 . 8  7 5 5  1 4 5 9 . 8  

prox ima l 8 2 0  1 1  0 9 . 7  1 0 5 8  7 3  6 . 8  9 3 5  1 5 2 8 . 3  

Norma l ( A ) i nternode s 

l e ft d i sta l 6 3 4  1 0 7 1 6 . 9  9 6 0  1 1 7  1 2 . 2  7 1 9 1 8 1 2 5 . ::  

proxima l 7 5 4  1 9 0 2 5 . 2  1 1 3 5 1 0 6 
' 

9 . 4  1 0 5 2  2 0 4  1 9 . 4  

r i ght d i s t a l  6 4 1  1 0 4 1 6 .  2 9 0 7  8 5  9 . 4  7 4 3  1 6 2 2 1  • 8 

prox ima l 7 8 2  1 5 0 1 9 . 2  1 0 7 8  7 8  7 . 2  9 0 2  1 9 2 2 1  • 3 

Tot a l  i nternode s  

l e f t  d i s ta l  5 1 5 2 4 3  4 7 . 1  9 6 0  1 1 7  1 2 .  2 6 1 0 2 8 7  4 7 . 1  

proxima l 6 0 2  2 9 7  4 9 . 4  1 1 3 5 1 0 6 9 . 4  9 8 2  3 0 2  3 0 . 7  

r i ght d i s t a l  6 4 1  1 0 4 1 6 . 2  9 0 7  8 5  9 . 4  7 4 3  1 6 2 2 1  • 8 

prox ima l 7 3 2  2 2 1  3 0 . 2  1 0 7 8  7 8  7 . 2  8 6 4  2 4 7  2 8 . 5  

I 



Ko l mogorov - Smi rnov t e s t s  

T h e  Ko lmogorov- Smi rnov test t e s t s  whether the d i s t r i but ion of mean f i bre i nternode l ength s ( I L ) or 

i nd ividu a l  inte rnode l engths , i s  d i f ferent between groups . The probab i l i ty that the two groups are 

the same i s  determ i ned . 

TABLE 3 2 : D i f ference s i n  the d i s t r ibutions of IL o f  norma l ( A )  f i bre s between gr oups of cont rol (1  ) ,  
larynge a l  hem ipl egi c ( 3 )  and s t r i nqha l t  ( 4 ) hor s e s  

probab i l i t y  that IL d i s t r i but ions o f  2 groups are the s ame 

GROUP OVERALL SMALL LARGE 

F IBRE NODE F IBRE NODE F IBRE NODE 

4LD V S  4 RD p >  0 1 . 0 2 5 < p < . 0 5 p >  0 1 . 0 0 5 < p < . 0 1 p >  0 1 p >  0 1 

4 LP V S  4RP p < . 0 0 1  p < . 0 0 1  p < . 0 0 1  p < . 0 0 1  p > . 1  p >  0 1 

4LD · v s 4LP p < . 0 0 1  p < . 0 0 1  p >  0 1 p < . 0 0 1  p >  0 1 p > 0 1  

4RD VS 4RP p < . 0 0 1  p < . 0 0 1  . 0 0 1 < p < . 0 0 5  p <  0 0 0 1  p >  0 1 p >  0 1 

1 LD VS 4LD . 0 5 < p < . 1  p < . 0 0 1  . 0 5 < p < . 1  p < . 0 0 1  p >  0 1  p > . 1  

1 LP V S  4LP p < . 0 0 1  p < . 0 0 1  p < . 0 0 1  p < . 0 0 1  p > . 1 p > . 1  

1 RD v s  4RD p= . 1  p < . 0 0 1  p > . 1 p >  0 1 p > . 1 p > . 1  

1 RP V S  4RP p >  0 1 p < . 0 0 1  p > . 1  . 0 0 1 < p < . 0 0 5  p > . 1 p > . 1  

3 LD V S  4LD p > . 1  p < . 0 0 1  p > . 1 p < . 0 0 1  p > . 1 p > . 1  

3 LP VS 4LP p > . 1  p < . 0 0 1  p > . 1  p > . 0 0 1  p > . 1 p > . 1  

3RD VS 4 RD . 0 1 < p < . 0 2 5  p < . 0 0 1  p > . 1 p > . 1 p > . 1  . O S < p < . 1  

3RP V S  4RP . 0 5 < p < . 1  . 0 0 1 < p < . 0 0 5  p > . 1  . 0 5 < p < . 1  P > . 1  p > . 1  

L l e f t  

R r i ght 

D d i s t a l  w 
� 

MC midcerv i ca l  CXl 

p proxima l 



TABLE 3 3 : D i f ferences in the d i s t r ibut ions of I L  of tota l f i bre s between 
aryngea hemiplegic 3 s t r i ngha t 4 hor s e s  

probabi l i t y  t h a t  I L  d i s tr i but i on s  o f  2 groups a r e  the s ame 

OVERALL SMALL LARGE 
GROUP 

F IBRE NODE F IBRE NODE F I BRE NODE 

4 LD V S  4RD p > • 1 . 0 1 < p < . 0 2 5  p > . 1 p < . 0 0 1  p > .  1 p > .  1 

4LP V S  4RP p < . 0 0 1  p < . 0 0 1  p < . 0 0 1  p < . 0 0 1  p > . 1  p > .  1 

4LD V S  4LP p < . 0 0 1  p < . 0 0 1  . 0 5 < p < . 1  p < . 0 0 1  p > .  1 p > .  1 
4RD V S  4RP . 0 0 1 < p < . 0 0 5  p < . 0 0 1  . O S < p < . 1  p < . 0 0 1  p > . 1 p > . 1 I 1 LD V S  4LD p < . 0 0 1  p < . 0 0 1  p < . 0 0 1  p < . 0 0 1  p > .  1 p > . 1 
1 LP V S  4LP p < . 0 0 1  p < . 0 0 1  . 0 0 1 < p < . 0 0 5  p < . 0 0 1  p > .  1 p > .  1 
1 RD V S  4RD p > . 1  . 0 0 1 < p < . 0 0 5  p > . 1 p > . 1 p > .  1 p > . 1 

1 RP V S  4RP . O S < p < . 1  p < . 0 0 1  . 0 5 < p < . 1  p < . 0 0 1  p > .  1 p > .  1 

3 L D  v s  4 L D  p > . 1  p < . 0 0 1  p > .  1 p < . 0 0 1  p > .  1 p > .  1 

3LP V S  4LP p > . 1 p < . 0 0 1  p > .  1 p < . 0 0 1  p > . 1  p > .  1 

3RD V S  4RD . O S < p < . 1  p < . 0 0 1  p > . 1 p > .  1 p > . 1 . O S < p < . 1  

3 RP V S  4RP p= . O S p < . 0 0 1  p > . 1 p > . 1 p > .  1 p > . 1 

L l e f t  

R r i ght 

D d i s t a l  

M C  midcerv i c a l  
w 

p proxima l  
..c 
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