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ABSTRACT 

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

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

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

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

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

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

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

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

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

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

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

m icroscopy of 

prepara t ions . 

igat ion s  wa s 

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

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

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

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

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

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

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

The results  demon strated that the neuropathy o f  equ ine 

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

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

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

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

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

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

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

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

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

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

wa s found . 



iv 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

d i s t a l  area s of long , large d iameter nerve f i bres . 
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laryngea l hemiplegic hor se . Phenylenedi am i ne 

s t a in i ng . x 4 0 0  

2 7  A photomi crograph of a transverse section 

of the l e f t  recurrent l aryngeal nerve in 

the midce rv i ca l  area , f rom a subc l i n i c a l  

laryngea l hemiplegic hor se . Phenylenediam i ne 

2 2 5  

sta ining . x 4 0 0  2 2 5  

2 8  Photom i crograph of transvers e  sec t i on s  of 

the branche s of the right recurrent laryngea l 

nerve i nnervat ing the abductor and adductor 

mus c l e s  f rom a c l in i ca l  l arynge a l  hemiplegic 

horse . Pheny lened iamine s t a i n i ng . x 2 0 0  2 2 6  

2 9  A photomi crograph o f  a transverse sect ion 

of the l e f t  super f i c i a l  peronea l nerve f rom 

a c l in i c a l  laryngea l hem i p l egic hor s e . 

Phenyl ened iamine s t a i n i ng . x 2 0 0  

. 
,' 30 A 

of 

photomi crograph o f  

the l e f t  t i b i a l  

a transverse sect ion 

nerve f rom a c l i n i ca l  

l aryngea l hemipleg i c  horse . Phenylened i am i ne 

2 2 7  

s t a ining . x 2 0 0  2 2 7 



FIGURE 

3 1  A photom i crograph of a transverse sect ion 

of the branch of peronea l nerve innervat i ng 

the �xt�n � o �  digit o �um l o n gu �  muscle from 

a c l i n i c a l  laryngea l hem iplegic horse . 
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Pheny l ened i am i ne sta i ning . x 4 0 0  2 2 7  

3 2  A photom i crograph o f  a trans verse section 

of the r ight common peronea l  nerve f rom 

a c l i n i c a l  laryngea l hem i p legic hor se . 

Phenyl ened i am i ne staining . x 2 0 0  

3 3  A photomi cr ograph o f  a transverse sect ion 

of the branch of the peronea l nerve i nnervat

ing the �xt�n� o �  digit o �u m  l ongu.!> mu s c l e  

from a c l i n i ca l  laryngea l hem iplegic horse . 

Pheny l ened iamine staining . x 2 0 0  

3 4  A photom i crograph of a transverse sect ion 

of the r ight recurrent l ar yngea l nerve i n  

the midcerv i c a l  area o f  a subc l i n i c a l  

laryngea l hemi plegic hor se . Pheny lened iamine 

2 2 8 . 

2 2 8  

sta ining . x 4 0 0  2 2 9  

3 5  A photomi crograph o f  a transverse sect ion 

of the l e f t  recurrent l aryngea l nerve 

immed iately cauda l  to the l ar ynx of a control 

horse . Phenyl end i am ine s t a i n i ng . x 4 0 0  

3 6  A photomi cr ograph o f  a transverse secti on 

of the r i ght recurrent l aryngea l 

immed i a t e l y  caudal to the l arynx 

c l i n i c a l  laryngea l hem iplegic 

Phenyl ened i am i ne sta in ing . x 4 0 0  

nerve 

f rom a 

hor se . 

2 3 0  

2 3 0  



FIGURE 

3 7  A photomicrograph o f  a t ransverse section 

of the right recurrent laryngeal nerve 

immediately cauda l to the l arynx f rom a 

1 day old foa l showing Renaut bodies . 
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Phenyl enediamine staining . x 4 0 0  2 3 1  

3 8  A photomicrograph o f  a transverse section 

of the right recurrent laryngeal nerve a t  

t h e  l evel of t h e  thoracic inlet f rom a 

39 

40 

c linic a l  l aryngea l hemiplegic hor s e . 

Phenyl endiamine staining . X 1 0 0 

A photomicrograph of a transverse section 

of the right recurrent l aryngea l  nerve in 

the midcervica l a rea f rom a contro l hor s e . 

Phenyl endiamine s taining . x 4 0  

Histogram 

diameter 

of the mye linated nerve fibre 

dis t ribution s of the recurrent 

laryngea l nerve immedia tely caudal to the 

larynx 

4 1  Histogram o f  the myelinated nerve fibre 

diameter distributions of the recurrent 

laryngeal nerve in the midcervical area 

42 Histogram 

diameter 

laryngea l 

arch 

of the myelinated nerve fibre 

dis tributions o f  the recurrent 

nerve in the a re a  of the aortic 

43 Histogram of the myelinated nerve fibre 

diameter dis tribution o f  intralaryngeal 

2 3 1  

2 3 1  

2 3 2  

2 3 3  

2 3 4  

branches o f  the recurrent laryngea l nerves 2 3 5  
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4 4  Photornicrographs o f  consecutive portions 

of a teased mye l i na t ed fibre from the tib i a l  

nerve of a c l in i c a l  laryngea l hemiplegic  

horse , showing type B change . x 40  2 3� 

4 5  Photornicrographs of consecut i ve port ions 

of a teased mye l inated f ibre f rom the l e f t  

recurrent laryngeal nerv� 6 f  a clini cal l�ryngea l  

hemiplegic horse s howing type C change . x. 4 0  2 3 7  

4 6  Photomi crographs o f  consecutive por t i on s  

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

recurrent laryngea l nerve immedi ately cauda l 

to the larynx of a subc l i nica l l a ryngea l 

hemiplegic hor se showi ng type D change . 

X 4 0  2 3 8  

4 7  

4 8  

Photomicrographs of consecutive por tions 

of a teased mye linated f ibre from the l e f t  

recurrent larynge a l nerve in the midcerv i ca l  

area o f  a c l i n i ca l  l aryngea l hemiplegic 

hors e  showing type F change . x 4 0  

Photomi c rographs of consecut i ve por tions 

of a teased myelinated f i bre f rom the r i ght 

recu rrent larynge a l  nerve immed iately caudal 

to the larynx , of a c l in i c a l  l aryngea l 

hemiplegic hor s e  showing type G change . 

2 3 9  

X 4 0  2 4 0  

4 9  Photomicrographs of cons ecutive port i on s  

o f  a teased mye l i na ted fibre f rom t h e  left  

recurrent laryngea l nerve immed iate ly cauda l 

to the larynx o f  a control hors e  s howing 

type I change . x 4 0  2 4 1  
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FIGURE 

5 0  A photomi crograph o f  a tea sed f ibre f rom 

the r i ght recurrent l aryngea l nerve a t  the 

level of the thorac i c  i n l e t  of a subc l in i c a l  

l ar yngeal horse , showing chronic 

degenera t i on . x 4 0  

a xona l 

5 1  Photomi crographs of consecut ive por t i on s  

o f  a teased mye l i na ted f ibre from the l e f t  

recurrent l aryngea l nerve i n  the midcerv i ca l 

area o f  a subc l inica l l aryngea l hem i p l e g i c  

hor s e  showing recent a xona l degenerat i on • 

. X 4 0  

52 A photomi crograph of a tea sed mye lina ted 

f i bre from the l e f t  recurrent laryngea l 

nerve i n  the midcervi c a l  area of a c l i nica l 

l aryngeal hemiplegic horse , showing paranoda l  

demye l inat ion . x 1 0 0 

5 3  Photom icrographs of teased mye l inated f ibre s 

o f  the left recurren t  l aryngea l nerve 

immed iately caudal to the larynx of a sub

c l i n i c a l  l aryngea l hemi p l egic horse , showing 
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242 

242 

24 3 

thi ckening s of the mye lin sheath . x 4 0  24 3 

5 4  E l ec tr on mi crographs of trans verse s ections 

o f  the recurrent l aryngea l nerves from 

l aryngea l hemiplegic horses . 24 4 

5 5  E l ec tron mi crographs o f  trans verse s e ctions 

o f  recurrent laryngea l nerve from l aryngea l 

hemiplegic horse s 

5 6  E le c tron 

o f  r i ght 

mi crograph OD.a transverse 

recurrent l a ryngea l nerve 

s e ction 

in the 

midcervi ca l area from a s ubc l inica l  laryngea l 

24 5 

hemiplegic anima l . x 1 5 3 0 0  24 6 



FIGURE 

5 7  E l ectron micrograph of a transvers e  section 

o f  r i ght recurrent laryngea l nerve in the 

m i dcervical area f rom a c l inical l aryngeal 

hemiplegic anima l . x 1 920 0 

5 8  E lectron micrograph o f  a t ransver s e  section 

o f  r i ght recurrent l aryngeal nerve in the 

m idcervical  a re a  

X 1 5 3 0 0  

f rom a control horse . 

5 9  E lectron micrographs o f  transverse s e c t i ons 

of equ ine recurrent l aryngeal nerve showing 

nerve f ibres d i st ended w i th a ccumu lated 

organe l l e s . 

6 0  · E lectron micrograph of a transvers e  s e c t i on 

of the r ight t i b i a l  nerve f rom a c l inical 

laryngea l hemip l e g i c  anima l .  x 6 3 0 0  

6 1  E lectron micrograph o f  a transvers e  sect ion 

of the r i ght common peronea l nerve f rom 

a c linical  laryngea l hem iplegic ani ma l . 

X 1 920 0 

62 Mean regres s ion l ine s for axis  c y l inder 

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

mye l in lame l lae of the l e f t  recurrent 

l aryngea l nerve i mmed iate l y  caudal to the 

l arynx in contro l , subc l in i c a l  and c l inical  
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246 

246 

247 

248 

248 

l aryngeal hemiplegic anima l s  249 

6 3  Mean regre s s ion l ine s for axis  c y l inder 

peri meter ( log to ba se e )  and number of 

myel in lame l l ae of the left recurrent l ar yngea l 

nerve in the midcervical area in c ontro l , 

subc l in i ca l  and c l in i c a l  laryngea l hemip legi c  

animal s  25 0 



FIGURE 

6 4  

6 5  

6 6  

6 7  

Mean regres sion lines for axis cylinder 

perimeter ( log to ba se e )  and number of 

mye lin lame l l a e  of the l e f t  recu rrent 

laryngea l nerve in the region of the aortic 

arch in control ,  subclinica l  and c linica l  

XXV. 
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anima l s  2 5 1  

Mean regre s sion lines for axis cylinder 

perimeter ( log to ba s e  e )  and number of 

mye lin lame l l ae o f  the right recurrent 

laryngea l nerve immedia tely caudal to the 

larynx in contro l , subc linica l  and c linica l 

laryngea l hemipl egic anima l s  2 5 2 

Mean regre s sion line s for axis cylinder 

perimeter ( log to ba s e  e )  and number of 

mye lin lame l l a e  of the right recurrent 

laryngea l nerve in the midcervica l area 

of control , subclinica l and c linica l 

l aryngea l hemipl egic anima l s  2 5 3  

Mean regre s sion lines for axis cy linder 

perimeter ( log to ba se e )  and number of 

myelin lame l la e  o f  the right recurrent 

l aryngea l nerve a t  the level of the thoracic 

inlet in contro l , subc linica l and c linica l 

l aryngea l hemipl egic anima l s  2 5 4  

6 8  Longitudina l and transverse views , i l l u s trat

ing the plexus f ormation which resul t s  in 

a l teration in the number and size of f a s cicl e s  

over a short length of nerve 2 5 5  



FIGURE 

6 9  A photomi crograph of a transvers e  section 

of  the l e f t  c�i c o a�yt�noid�u� iat��aii� 

mu s c le of  a contro l hor s e . Myo s i n  ATPa s e  

s t a i ning . x 4 0  

70 A photomi crograph of a transvers e  sect ion 

of  the left c�i c o a�yt�n o id�u� iat��aiih 

mu scle of a s ubc l i n i ca l laryngeal hem i p l e g i c  

hor s e . Myos i n  ATPa s e  s t a in i ng . x 1 0 0 

71  A photomi crograph of a transvers e  section 

of  the l e f t  c�i c o a�yt�no id�uh iat��aiih 

mu s c le of a c l i n i c a l  laryngea l hem i p l e g i c  

hor s e . Myo s i n  ATPase s ta ining . x 1 0 0 

72 A photomi crograph of a transve r s e  sect i on 

of  the l e f t  c�i c o a�yt�n o id�u� iat��aii� 

mu s c l e  f rom a c l i n i c a l  laryngea l hemiplegic 

hor s e . Myos i n  ATPase s t a i n i ng . x 40  

73 A photomi crograph of a transve r s e  sect i on 

of the right c�i c o a�yt�n o id�uh iat��aii� 

mu s c l e  from the same c l in i c a l  l a ryngeal 

hem i p l egic hor s e . 

X 40 

Myo s i n  ATPa s e  s t a i n i ng . 

74 A photom i crog raph of a transvers e  s e c t i on 

of the l e f t  c �i c o a�yt� n o id�u� d o �� aii� 

mus c le f rom the same c l i n i c a l  l a ryngeal 

hemip l eg ic hor s e . Myo s i n  ATPa s e  s t a ining . 

X 4 0  

75 A photomi crograph of a transve r s e  sect ion 

of the norma l � x t�n � o �  digit o � um i o n g u hmuscle 

from a control hor s e . Myo s i n  ATPa se s t a i n i ng 
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FIGURE 

7 6  

7 7  

A photomicrograph of a transverse section 

of the e xten � o �  digi t o � um i o ngu� mus cle 

f rom a subclinical laryngeal hemiplegic 

horse . Myosin ATPa se staining . x 40  

Photomicrographs of transverse sections 

o f  the exten � o �  digito�um i o ngu� muscle s 

f rom clinic al laryngeal hemiplegic hor s e s . 
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258 

Myosin ATPa s e  s taining . 259 

7 8  Sites of tis sue sampling in the medulla 

oblongata 2 6 0  

7 9  Anatomical relationships o f  the ,_nu cieu� 

bm!iguu� in the-kidaii��o !i o ngata 

8 0  A photomicrograph of the right n u cleu� 

am!iguu� f rom the hor se with a parasitic 

le sion of the right vagal nerve at� its 

outlet from the brains tem . Luxol fast  blue /  

2 6 1  

cresyl violet . x 1 0 0  2 6 2  

8 1  A photomicrograph of the normal lef t  nucleu� 

am!iguu� from a clinical laryngeal hemiplegic 

animal . Luxol fast  blue/ cresyl violet . 

X 4 0  2 6 2  

8 2  A photomicrograph o f  the normal right 

n u cieu� am!iguu�  f rom the above clinical 

laryngeal hemiplegic a nimal . Luxol f a s t  

8 3  

blue / cre syl vio l e t . x 4 0  2 6 2  

A photomicrograph of the normal lef t  

n u cieu� am!i g u u �  from a control hor se . Luxol 

f a s t  blue / cr e s yl violet .  x 4 0  2 6 3  



FIGURE 

84 A photomi crog raph of the norma l lef t n u cl�u� 

am£..iguu� from 

hemipleg i c  horse . 

v iolet . x 4 0  

a subc l i ni c a l  

Luxol fa s t  

l aryngea l 

blue / cresyl 

85 A photomi crograph of the r i ght l a teral 

cuneate nuc leus from a subc l i ni ca l  laryngea l 

ho�s e , s howing numerous a xona l  spheroids 
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2 6 3  

( + ) H + E . x 1 0 0  2 6 4  

8 6  A photomi crograph of the left  latera l cuneate 

nucl eus f rom a subc l in i c a l  l aryngea l horse , 

showing numerous axonal sphero i d s  (+ ) H + E 

X 1 0 0 

8 7  Sampl ing l evel s of the peronea l nerve 

8 8  A photomi crog raph of a trans verse sect ion 

o f  the c�i c o a�yt�n o ideu� l at��ali� mus c l e  

8 9  

f rom a hor s e  a f f e cted w i th str i ngha l t . 

Myos i n  ATPa s e . x 4 0  

A tran sverse sect ion of the 

muscle 

a horse a f f ec ted w i th s t r i ngha l t .  

ATPa se . x 4 0  

r i ght 

f rom 

Myo s i n  

9 0  A photomi c rog raph of a transverse sect ion 

of left t.i..Riali� c �aniali� mus c l e  f rom a 

hor s e  a f f ected wi th 

ATPa se . x 4 0  

s t r i ngha l t . Myos i n  

9 1  A transverse section o f  the r i ght tl�xo �  

ca�pi �adiali� mus c l e  f rom a hors e  a f fected 

w i th str ingha l t . Myos in ATPa s e . x 40 

2 6 4  

2 6 5  

2 6 6  

2 6 6  

2 6 7  

2 6 7  



FIGURE 

9 2  A photomicrograph of a transverse section 

of norm a l  left recurrent laryngeal nerve 

in the a re a  of the aortic arch . Phenylene- · 
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diamine staining . x 2 0 0  2 6 8  

9 3  A photomicrograph of a transverse s ection 

of the l e f t  recurrent l aryngea l nerve 

immediat e l y  cauda l to the larynx , f rom a 

horse a f fected with stringha l t . Pheny lene

diamine s taining . x 2 0 0  

9 4  A photomicrograph of a trans verse s ection 

of the l e f t  recurrent l a ryngeal nerve in 

the area of the aortic a rch , from a hors e  

af fected with stringha l t . Pheny l enediamine 

2 6 8  

s taining . x 2 0 0  2 6 8  

9 5  

9 6  

A photomicrograph of a transverse s ection 

of the right tibia l nerve f rom a hor s e  

a f f ected by stringha lt . Phenylenediamine 

s taining . X 2 0 0  

A photomicrograph o f  a transvers e section 

of the right median nerve f rom a hor s e  

a f f ected b y  stringha l t . Phenylenediamine 

s taining . x 2 0 0  

9 7  A photomicrograph o f  a t ra nsverse section 

of the l e f t  recurrent l aryngeal nerve in 

the area of the aortic a rch , f rom a hors e  

a f fected b y  s tringha l t . 

s taining . x 4 0 0  

Phenylenediamine 

9 8  A photomicrograph o f  a tea s ed fibre f rom 

the left  recurrent laryngea l nerve in the 

midcervi c a l  area, f rom a hor s e  with string

ha t� x 100 

2 6 9  

2 6 9  

2 6 9  
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9 9  A photomicrograph o f  a tea s ed fibre f rom 

the right ·deep peroneal ner-ve from · ·a ho�se with 

stringha lt . x .1 0 0 2 7 0  

1 0 0 Photomicrographs of consecutive portions 

of a t ea sed myelinated fibre from the right . 

recurrent laryngea l nerve a t  the l evel o f  

the thoracic in let f rom a hor se with st ring-

ha l t . x 4 0  2 7 1  

1 0 1 Photomicrographs o f  consecutive portions 

of a t ea sed mye lina ted fibre from the right 

median nerve of a hors e  with stringha l t . 

X 40 2 7 2  

1 0 2  E lectron mic rographs of t ra ns verse s ection s 

f rom the hind limb nerves of a horse a f fected 

with stringha l t . 

1 03 E l ectron micrographs of transverse section s 

f rom the recurrent laryngeal and limb nerve s 

o f  a horse af fected with s t ringhalt . 

2 7 3  

2 7 4  

1 0 4 Histograms of the mye lina ted nerve fibre 

diameter distributions of the recurrent 

laryngea l nerves f rom a hor s e  with stringha l t  2 7 5  




