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ABSTRACT 

Idiopath i c  laryngeal hemi plegia has long been 

recognised as a di sease of horses which primarily 

affects the left recurrent laryngeal nerve, resulting 

in atrophy of the left intrinsi c  muscles of the 

l a rynx and s u b s equ e n t  l e f t-s i d e d  l a ryngeal 

paralys is. Recent investigations, however, have 

resulted in class ification of the disease as a distal 

axonopathy, so that in addition to the recurrent 

laryngeal nerves, other long nerves i n  the horse may 

be affected. This present s tudy was undertaken in 

order to compare the distal hindli mb muscles and 

nerves in horses clinically free of neuromuscular 

disease, and in those suffering from idiopathic 

laryngeal hemiplegia. 

A total of nineteen Thoroughbred horses and two 

poni e s  were used i n  th i s  s tudy. Endoscopic 

examination and the histological appearance of the 

left dorsal and lateral cricoarytenoi d  muscles, and 

the recurrent laryngeal nerve, were used to class ify 

horses into clinical, subclinical and control groups. 

A number of samples were taken from multiple sites 

within several of the most distal h indlimb muscles, 

in both left and right hind legs. Those examined 

were the deep digital flexor, the cran i al tibial, and 

the long, lateral and short digital extensor muscles. 

Histological and histochemical s ta ining techniques 

were used, which allowed extensive morphologi c  · and 

morphometric assessment of muscles. Morphometric 

analysi s  included calculation of the proportion of 

fibre types; measurement of fibre s ize; calculation 

of atrophy and hypertrophy factors; and h i stographic 

analys i s  of fibre diameter distribution. 

The nerves examined were those supplying the lower 

hind limb muscles, and their distal continuations. 

These were the common and deep peroneal, t ibial, 
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plantar, and plantar digi tal nerves. Samples taken 

from these n erves were embedded in res in and 

transverse sections examined under light microscopy, 

enabling an assessment of morphological abnormali ties 

and measurement, u s i ng computer-ass i s ted image 

analys i s  techniques, of fibre density, and the cross­

sectional area of a large number of individual axons. 

Subsequently the mean and total cross-sectional 

axonal area were calculated and dis t r ib ution 

h i stograms of cross-sectional axonal area were also 

e s t a b l i s h ed.  I n  f i ve horses t e a s ed f i bre 

examination was undertaken to further define the 

nerve changes. 

The results of examination of muscle revealed that 

abnormali ties consistent wi th those of neurogenic 

di sease were commonly present in the hindlimb in 

control horses and those affected by idiopathic 

laryngeal hemiplegia. In the latter group these 

abnormalities were of both greater frequency and 

severi ty, and, in the deep digital flexor muscle, 

were more severe distally. 

Abnormali ties were also commonly seen in the nerve 

samples in control, subclinical and clin ical horses. 

These changes, which included regenerating clusters, 

thinly myelinated fibres, onion bulb formation, 

demyeli nation and remyelination, active axonal 

degeneration and fibre loss, were found to i ncrease 

in severity from proximal to distal s i tes in the limb 

nerves. As was found in the muscle samples, clinical 

laryngeal hemiplegic horses were more frequently and 

more severely affected than control horses. The 

abnormalities were considered to be indicative of a 

dis tal axonopathy. 

It  was concluded that many apparently normal horses, 

possibly including smaller breeds, have changes in 

the hindlimb muscles and nerves, which are associated 

with peripheral nerve disease, and that the disease 



iv 

process caus ing idiopathic laryngeal hemiplegia has 

an effect on distal hindl imb muscles and nerves. 
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PART I INTRODUCTION 

For over 100 years laryngeal hemiplegia has been 

known to be a very common and important, incurabl� 

disease of horses. Its relationship to recurrent 

laryngeal nerve damage has long been suspected 

( Dupuy, 1825; Cadeac, 1897), and was confirmed 

shortly after these early reports. Since that time 

many researchers interested in laryngeal hemiplegia 

have concentrated their investigations on the 

pathological changes characteristic of the disease in 

the i ntrinsic laryngeal muscles and recurrent 

laryngeal nerves ( Cole, 1946; Cook, 1970; Gunn, 

1972) . Most of these researchers found changes in 

the distal end of the left recurrent laryngeal nerve 

and the intrinsic muscles which receive their motor 

supply through this nerve. In the early 1970's, 

however, Duncan and his eo-workers in Glasgow ( 1974) 

found that the nerve and muscle damage in the 

disease were also present, albeit to a lesser degree, 

in the right intrinsic laryngeal muscles and the 

distal end of the right recurrent laryngeal nerve. 

An important further development in the search for 

the aetiology of this disease occurred in still more 

recent times when Cahill and Goulden ( 1986a, b, c, d, e; 

1987) demonstrated that the pathological alterations 

associated with this disorder were present, not only 

in the laryngeal muscles and their nerves, but also 

in other parts of the body. These authors showed 

t h a t , in animals a f f e c t e d  by the disease, 

pathological changes occurred in distal hind limb 

m u s c l e s  a n d  n e r v e s  ( C a h i l l  a n d  G o ulden,  

1986a,b,c, d), and possibly also in long central 

nervous tracts ( Cahill and Goulden, 1986e). They 

concluded that laryngeal hemiplegia in the horse was 

the result of a process which caused widespread 

damage to long peripheral, and possibly, central 

nerves. 
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A group of conditions with a similar distribution of 

neurological changes has- been known to exist in 

humans ( Cavanagh, 1964b; Spencer and Schaumburg, 

1976), and other species ( Duncan and Griffiths, 1977) 

for some time. These diseases were often referred to 

as distal axonopathies as their major changes 

oc curred in the distal regions of nerves and 

primarily affected their axons. Cahill and Goulden 

( 1987) classified laryngeal hemiplegia as one of 

t h e s e  dis e ases.  T h e  impli c a t i o n  of this 

c l a ssification is important in two aspects. 

Firstly, if correct, it would seemingly dismiss many 

of the previously conceived hypotheses on the 

aetiology of equine laryngeal hemiplegia, since most 

of these incriminated focal damage to the left 

recurrent laryngeal nerve as a major factor in the 

creation of the disease. Secondly, if hind limb 

damage did occur in laryngeal hemiplegic horses, it 

could be contributing to the limitation of athletic 

performance known to be associated with the disorder 

( Baker, 1987). To date the performance limitations 

of laryngeal hemiplegia has been considered to result 

from dynamic collapse of the left arytenoid cartilage 

consequent upon an increased negative intralaryngeal 

pressure during exercise ( Derksen et al, 1986; 

Shappell et al, 1988). However, since the hind limb 

muscles of horses provide much of their propulsive 

power, widespread neuromuscular damage to these could 

conceivably affect an animal's competitiveness. 

The purpose of this study is to establish normal 

parameters for hindleg muscles and nerves in the 

horse and to use these to enable identification of 

any pathological alterations which may result from 

idiopathic laryngeal hemiplegia. 
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Idiopathic Laryngeal Hemiplegia - A Summary 

A number of clinical conditions associated wi th the 

inability of the arytenoid cartilages to abduct 

efficiently are known to exist. In approximately 10% 

of cases the cause of unilateral arytenoid cartilage 

dysfunction can be identified (Goulden and Anderson, 

1981 ) .  These include irri tant perivascular or 

perineural injection ( Marks et al, 1970 ) ,  trauma to 

the neck ( Gilbert, 1972 ) ,  guttural pouch mycosis 

( C o o k ,  1 9 76 ) ,  n e oplas i a  ( H i ll i dg e ,  1 9 86 ) ,  

organophosphate poisoning ( Rose et al, 1981 ) ,  plant 

poisoning ( Neal and Ramsey, 1972; Schebi tz, 1964; 

Williams, 1945 ) ,  abscess formation ( Klein and Deegen, 

1988 ) ,  and anatomical abnormalities ( Cook, 1981; 

Kannegieter et al, 1986 ) .  In remaining cases, which 

consti tute the majori ty of horses with arytenoid 

cartilage dysfunction, the aetiology is unknown. These 

animals are considered to have "idiopathic" laryngeal 

hemiplegia. 

T h e  d i s e ase process i n  i d i opathi c laryngeal 

hemiplegia affects the left recurrent laryngeal nerve 

and, as a consequence, the left intrinsic laryngeal 

muscles. For this reason the disease is always 

recognized clinically as an inability to efficiently 

abduct the left arytenoid cartilage. The clinical 

prevalence of laryngeal hemiplegia has been estimated 

to vary between 2. 6% and 8. 3% ( Raphal, 1982; Baker, 

1983; Hillidge, 1986; Lane et al, 1987 ) ,  although 

pathological changes characteristic of the disease 

occur in up to 70% of thoroughbred horses ( Anderson, 

1984 ) .  

While the aetiology is not known, a number of factors 

pred i sposi ng horses to the disease have been 

discussed in the li terature. The most consistent 

factor mentioned is the size of the horse, and many 

authors consider taller horses to be predisposed to 

the disease ( Cook, 1975; Goulden and Anderson, 

1981 ) .  Male horses are also considered by most 
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authors to be predisposed to the condition, although 

this has recently been disputed by Cook ( 1988 ) .  

Other possible predisposing factors which have been 

discussed include management ( Hobday, 1935; Marks et 

al, 1970 ) ;  climate and geography ( Hutyra et al, 

1938; Mason, 1973 ) ;  and inheritability ( Saks, 1927; 

Smith, 1927; Cook, 1981 ) .  

While the cause of idiopathic laryngeal hemiplegia is 

unknown, a number of postulated aetiologies have been 

documented in the literature. These include direct 

damage to the nerve; intoxications by plants or 

chemicals; bacterial or viral agents, and vitamin 

deficiencies. 

Mechanical damage has been suggested to occur either 

by stretching of the left recurrent laryngeal nerve 

( Rooney and Delaney, 1970; Cook, 1976 ) ,  or 

compression in the area of the aortic arch, the so­

called Haslam' s anomaly ( Haslam, 1893 ) .  In view of 

recent findings indicating involvement of the right 

recurrent laryngeal nerve and lack of evidence of 

focal axonal degeneration at specific sites in the 

left nerve, such theories appear to be incorrect. 

Various intoxications have also been considered as 

aetiological agents in this disease. Intoxication by 

plants of the genus Lathyrus and Cicer arientinum, 

and lead poisoning, have been implicated ( Flemming, 

1888; Hutyra et al, 1938; Schebitz, 1964 ) .  Such 

toxicities are probably responsible for less than 5% 

of all cases of laryngeal hemiplegia ( Cook, 1970 ) .  

Bac t e rial and viral agents have been strongly 

associated with laryngeal hemiplegia because of the 

frequent observation that horses are found to have 

arytenoid cartilage dysfunction shortly after a 

severe viral or bacterial infection of the upper 

respiratory tract ( Maguire, 1958; Mahaff. ey, 1962; 

Neal and Ramsey, 1972). While such observations may 
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be fortuitous, the possibility that viral or 

bacterial toxins may damage the distal ends of long 

nerves cannot be dismissed as a possible causative 

factor of laryngeal hemiplegia. 

Vitamin deficiencies have also been suggested as a 

cause of laryngeal hemiplegia, particularly thiamine 

( vitamin B1) deficiency. Although a similarity in the 

neuropathology of idiopathic laryngeal hemiplegia and 

thiamine deficiency in other species has been noted 

by a number of authors ( Marks et al, 1970; Cymbaluk 

et al, 1977; Duncan et al, 1978), there have been 

few studies which have investigated this relationship 

( Loew, 1973) in the horse. 

While t h e  ae tiology of idiopathic laryngeal 

hemiplegia is obscure, the pathology of the disease 

has been reasonably well documented ( Cole, 1946; 

Gunn, 1972, 1973; Duncan and Griffiths, 1973; 

Duncan et al, 1978; Anderson, 1984; Cahill, 1985). 

The pathological changes involve a progressive loss 

of large myelinated nerve fibres from the left and 

right recurrent laryngeal nerves. The presence of 

signs of axonal degeneration, chronic demyelination 

and remyelination with onion bulb formation, indicate 

the pathology results from continuous or repetitive 

insults to the recurrent laryngeal nerves. Because 

these changes have been shown to be consistent with 

primary axonal damage, most severely affecting distal 

portions of the nerve, the disease has been 

classified as a distal axonopathy ( Cahill ·l���. 

Distal axonopathies may affect a number of long nerve 

tracts, including those in both the central and/or 

peripheral nervous systems, with damage being more 

severe in those parts of the axon most distant from 

the nerve cell body. Such a classification explains 

why the primary effects in horses are manifested as 

left laryngeal paralysis, as the left recurrent 

laryngeal nerve is considerably longer than any other 
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nerve present in the horse. 

Anatomy of muscles examined 

Anglicized forms of anatomical terms have been used 

in this study wherever possible. However, for those 

muscles which are not readily anglicized or well 

recognized in this form, the latinized nomenclature 

is used ( Getty, 1975; Popesko ( 1977). 

( i) Laryngeal muscles 

Dorsal cricoarytenoid muscle 

This muscle has its origin from the lamina of the 

cricoid cartilage. Its fibres converge to a single 

insertion on the muscular process of · the arytenoid 

cartilage. Its role is in abduction of the arytenoid 

cartilages. 

Lateral cricoarytenoid muscle 

This muscle is situated between the lamina of the 

thyroid cartilage laterally and the vocal process of 

the arytenoid cartilage medially. It travels from 

the arch of the cricoid cartilage to the muscular 

process of the arytenoid cartilage. Its role is in 

adduction of the arytenoid cartilages. 

( ii) Hindlimb muscle 

Long digital extensor muscle ( fig. 1) 

This is a flattened fusiform muscle located on. the 

craniolateral aspect of the hind leg. It has its 

origin from the peroneus fossa of the femur, in 

common with the peroneus tertius muscle. The tendon 

of insertion begins in the middle of the belly of the 

muscle and is free of muscle tissue at the level of 

the hock. It continues over the cranial aspect of 

the metatarsus and is joined by the tendon of the 

lateral digital extensor a third of the way down the 

metatarsus. This common tendon of insertion is known 

as the common digital extensor tendon and inserts on 

the dorsal aspect of the first and second phalanx and 

on the extensor process of the third phalanx. 
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F i gure 1. Lateral view of the supe r f i c i a l  mus c l es 
in the d i s tal hind l imb . 
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The main act ion of the long digital extensor i s  in 

extending the digi t and flexing the hock . 

Lateral digi tal extensor mus c l e  ( f igs . 1 , 2 )  

Thi s  is  a flattened fus i form mus c l e  whi ch lies  

superfici ally on the lateral aspect of the hindl imb . 

It has a wide area of insertion con s i s ting of 

attachments to the lateral collateral l igament of the 

s t i fle , the fibula , the l ateral border of the tibia 

and t h e  i n t e rosseus l igament . The tendon of 

insert ion , which i s  pres ent throughout the muscle ,  

at taches to the long digital extensor one third of 

the way down the metatarsus . The main a c t ion of the 

muscle is to assist the long digi tal extensor . 

Cran ial ti b i al muscle ( f ig . 2 )  

Th i s  i s  a wide , flat mus c l e  which l i e s  directly 

against the cranio- lateral surface of the t ib i a ,  from 

wh i ch many fibres originate . Mos t  of the muscle i s  

deep to the long digi tal extensor and the f ibrous 

peroneus tertius muscle . I t s  origin i s  mainly from 

the lateral condyle and l ateral border o f  the tibi a . 

D i stal l y it divides into crariial and med i a l  branches . 

These insert onto the third me tatarsal and first 

tarsal bones respectively . The cran i a l  t i bial musc l e  

acts to flex the hock . 

Deep digi tal flexor muscle ( f igs . 1 , 2 , 3 ) 

The deep dig i tal flexor mus c l e  i s  found on the caudal 

aspect of the limb ,  ad j acent to the ti b i a . Although 

composed of three closely uni ted mus cular bel l ies i t  

has a common tendon o f  insert ion . 

The medial head , 

superficial head , 

from the lateral 

or long digi tal f lexor , and the 

or caudal t ibial mus cl e ,  originate 

condyle of the t i bi a . The deep 

head , or long extensor of the f i rs t  dig i t ,  i s  the 

l arge s t  head and contains extens ive tendinous t i s sue 

within it . This head ari s e s  from the proximal end of 
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Figure 2 . Lateral v i ew of the muscles of the d i stal 
h indl imb . The bel l y  of the long d i gi tal 
extensor mus c l e  has been removed . 
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F i gure 3. Medial v i ew of the mus cles of the di stal 
hindl imb. Two heads of the deep digital 
f l exor muscle are v i s ible , the long 
digital flexor mus c l e  and the long flexor 
m u s c l e  o f  th e f i r s t  d i g i t. The 
rema ining head , the caudal tibial muscle , 
i s  obscured by the long di gital flexor 
muscle. 
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the t i b i a  and f i bula and the interosseus l igament . 

The common tendon of insert ion i s  found on the caudal 

aspect of the hock and travel s  d i s tally to insert on 

the third phalanx . Thi s  muscle acts to flex the d i g i t  

and extend the hock . 

Short digi tal extensor muscle ( f igs . 1 , 2 )  

Thi s  i s  a smal l  muscle found in the angl e  of the 

uni on between the tendons of insert ion of the long 

and l ateral d i g i tal extensor musc les . I t  has i t s  

origin on the lateral aspect of the peroneus tertius 

and the middle extensor ret inaculum of the hock . I t  

inserts on the tendons o f  the long and l ateral 

digi tal extensor muscles . L i ttle i s  known about the 

func t ion of t h i s  muscle al though Getty ( 1 9 7 7 ) s tates 

it a s s i sts the l ong digi tal extensor muscle . 

Ana tomy of nerves e xamined 

The nerves innervating the muscles involved in 

s t udy are t h e  r ecurrent laryngeal nerve s , 

th i s  

the 

termi nal branches of the sciatic  nerve , the common 

peroneal and t ibial nerves and the i r  tributari e s . 

( i )  Laryngeal nerves 

Recurrent l aryngeal nerve ( f i g . 4) 

The course of the right and l e ft recurrent l aryngeal 

nerves d i f fers s l i ghtly . Both have the i r  ori g i ns in 

the central motor neurones of the mid-brain and 

i n i t i al l y  form part of the vagus nerve as i t  runs , 

closely as soc i ated wi th the carotid artery , to the 

base of the neck on both left and right s ides . The 

right nerve leaves the vagus at the l evel of the 

second rib , pas s e s  around the cos tocervical trunk and 

re turns up the neck to the larynx . The l e f t  

recurrent laryngeal nerve winds around t h e  aort i c  

arch prior to returning t o  the larynx . Th i s  

anatom i cal var i a t i on results i n  the left nerve being 

longer than the r i ght nerve by up to 3 1  cm ( Cole , 

1 9 4 6 ) . The total length of the left recurrent 

l a r y n g e a l n e rv e , from t h e  m i d - bra i n  to i t s  
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Figure 4 .  Di agram showing the course of the left 
r e c u r r e n t  la r y n g e a l  n e r v e . A r rows 
indicate sampl ing s i te s . 
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Figure 5 .  Lateral view o f  the nerves s ampled i n  the 
hindl imb . Arrows ind icate sampl ing s i tes. 



deep peroneal 
nerve 

tibial nerve 

common peroneal 
nerve 

All-�-- plantar digital 
nerve 



14 

i nnervat i on of the larynx , can be up to 2 5 0  cm 

( Duncan and Gri f f i ths , 1 9 7 3 ) . 

( i i )  Hindl imb nerves 

Common peroneal nerve ( f ig . 5 )  

Thi s  nerve , the smaller terminal branch of the 

s c i a t i c  nerve , ari ses from i t s  parent shortly after 

i t s emergence from the pelvic cavi ty . I t  enters the 

leg be tween the biceps and lateral head of the 

gastrocnemius and cont inues di stally down the back of 

the thigh in company w i th , and immedi ately anterior 

t o , t h e  t i b i al nerve . At the level of the 

gas trocnemius mus cle the two nerves separate . The 

common peroneal passes over the lateral head of the 

gastrocnemius to a super f i c i al pos i t i on at the level 

of the head of the fibul a , over the or i g i n  of the 

lateral digi tal extensor muscle . Here it d i v ides 

into super f i c i al and deep peroneal branches re ferred 

to as the super f i c i al and deep peroneal nerve s . 

Sma l l  collateral branches of the common peroneal 

ex i s t  and pass from the main nerve to the triceps 

mus c l e  and skin on the surface of the leg . 

Deep peroneal nerve ( f ig . 5 )  

Thi s  nerve cont i nues d i s tally between the long and 

lateral d i g i tal extensor mus cles . I t  l i e s  deeper 

than i ts super f i c i al counterpart and mos t  of i t s  

f ibres enter the long digi tal extensor , cran ial 

t i b i al and peroneus tertius muscles . A small 

con t i nuation of the nerve runs down the groove 

between the lateral border of the long d i g i tal 

extensor and anterior tibial muscles to the front of 

the tarsus where it divide s  into medi al and lateral 

branches .  The medi al branch provi des nerve f i bres to 

the skin over the dorsal and medi a l  aspe c t  of the 

l imb , whi l e  the lateral branch provides nerve f i bres 

to the short d i g i tal extensor muscle and s k i n  over 

the lateral surface of the lower l imb . 
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Tibial nerve ( f i g . 5 )  

Th i s  nerve , the more pos t erior and larger terminal 

branch of the s c i at i c ,  passes di stally down the back 

of the thigh between the bi ceps and semi-membranous 

muscle and enters the gap between the two heads of 

the gas trocnemius muscle . I t  suppl i e s  nerve f ibres 

to mos t  of the muscles i n  the caudal regi on of the 

thigh . Jus t  proximal to the tarsus i t  d ivides into 

medi al and lateral plantar nerves whi ch pass di stally 

medi a l  and lateral to the flexor tendons and provide 

the s ensory nerve supply to much of the lower l imb . 

Pl antar nerve ( f i g . 5 )  

The med ial and lateral plantar nerve s , which are 

continuat ions of the t i b i al nerve , run c.,� ·�c.e· � to the 

deep digi tal fl exor tendon , one med i a l l y  and the 

other lateral l y . They provide much of the s ensory 

nerve supply to the lower l imb . 

Plantar digi tal nerve ( f ig . 5 )  

The med i a l  and lateral plantar digi tal nerves are 

d i r e c t  c on t i n u a t ions of the respect ive plantar 

nerves . They pass d i s tally in close assoc i at ion wi th 

the corresponding digi tal artery , and l i e  along the 

dorsal border of the superficial  d i g i tal fl exor 

tendon , proximal to the pas tern j oint , and along the 

deep digi tal fl exor tendon d i s tal to the pas tern 

j o int . They prov ide sensation to the plantar areas 

of the pas tern and foot . 
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PART II - MUSCLES 

INTRODUCTION - Skeletal muscle and i t s  reaction to 

disease 

In order to apprec i ate the e f fe c t s  that the d i s ease 

of idiopath ic laryngeal hemipl egia may have on 

h i nd l imb muscles a knowledge of the s t ruc ture of 

skeletal muscle , its variation i n  normal animals , and 

how i t  reacts to d i sease i s  requi red . In the 

f o l l ow i ng s e c t i on s  of t h i s t he s i s  t h e s e  a r e  

d i scussed . I n  add i t i on ,  the c l i n i cal f i ndings and 

pathology of some myopathies whi ch are known to 

a f fect equ ine skeletal muscle are pre s ented , as well 

as techniques which can be used to inve s t i gate muscle 

d i s ease in the horse . 

( i) Composit ion of skeletal muscles 

Musc l e  i s  composed of a l arge numbe r  of i ndividual 

muscle fibres , often referred to as myo f ibre s . 

Groups o f  th e s e  myo f i br e s  are enclosed in a 

conne c t ive tissue sheath , the endomys i um ,  to form 

muscle fasc i cles. Each fas c i c l e  i s  connected to 

adjacent fascicles by perimy s i al connective t i ssue 

( f ig . 6 ). Groups of fas c i cles are surrounded by a 

connec t i ve tissue sheath , the epimys i um , wh ich forms 

the outer surface of muscle t i s sue. 

Each myofibre obtains i t s nerve supply from an axon , 

wh i c h  c l o s e l y  adhe r e s  t o  t h e  mu s c l e  a t  t h e  

neuromuscular junction . Each axon , by v i rtue of 

extensive branching , may innervate up to 1 5 0 muscle 

f i bres ( Buchthal and Schmalbruch , 1 9 8 0 ) . Mos t  

branch ing of axons occurs wi thin the musc l e  i t s e l f  

( Coers and Wol f ,  1 9 5 9 ) ,  w i th ad j ac en t  mus c l e  fibres 

often i nnervated by d i f ferent axons . The property of 

each axon will , to a large extent , determine the 

metabo l i sm of the muscle f i bre i t  i nnervates ( Pette 

and Vrbova , 1 9 8 5 ) , resul ting in adjacent muscle 

f i bres w i th di fferent metabol i c  abi l i t i es . 
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Figure 6 .  Di agram of a cross- section through a 
musc l e  fasc i c l e  showing mus cle fibres and 
s arcol emnal nuc lei and the ir support ing 
connec t i ve t i s sue. 
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Over recent years clas s i f ication of muscle f i bre 

types has been based on the i r  metabol i c  properties . 

Presently the sys tem proposed by Dubow i tz and Brooke 

( 1 9 7 3 ) i s  mos t  commonly used for class i fi cation of 

musc l e  f i bre types into several groups . The mai n  

groups proposed are Type I and Type I I  f ibres , wi th 

sub-groupi ng of Type II f i bres into Type I IA ,  I IB and 

the rarer I IC forms . Some evidence i s  avai l able 

whi c h  ind i cates Type I f i bres may also be divided 

into subgroups ( Askanas and Engel , 1 9 7 5 ; Khan , 1 9 7 8 ;  

H a r r i man , 1 9 8 4 ) , but t h i s  i s  not f requen t l y  

attempted . D i f ferenti ation into subgroups i s  based 

upon s l ight d i f ferences i n  enz yme activity wi thin the 

mai n  f i bre groups . W i th i ncreased soph i s t ication of 

techni ques employed to clas s i fy muscle f i bres it i s  

l ikely that add i t ional subgroups w i l l  be i dent i f i ed . 

In fact i t  has been suggested that , rather than 

fibres being divi ded into d i s t inct categori e s , a 

continuum of f i bre types from one extreme to the 

other can be ident i f ied ( Pette and Vrbova , 1 9 8 5 ) . 

Type I f i bres are s low twi tch and fatigue res i stant . 

They have a high concentrat i on of ox ida t i ve enzymes , 

low concentrat ions of glycol y t i c  enz ymes , and low 

myos i n  aden o s i n e t ri phosphatase ( myos in ATPase )  

act i v i ty . Type I I  f i bres are fast contract i ng ,  have 

low l evels of oxidat i ve enz ymes , higher levels of 

g l y c ol y t i c  e n z y me s , and g r e a t er myos i n  ATPase 

act i v i ty than Type I f i bres . 

Muscle spindles are s tructures whi ch serve as twi tch 

receptors and regulate muscle length and tone , They 

are frequently found in musc l e  t i ssue , and cons i s t  of 

three to e i ght spec i a l i z ed f ibres whi c h  d i f fer 

h i s tologically and h i s tochemically from other muscle 

f i bres . The d i s tribution of muscle spindles varies 

between muscles . Some muscles , such as the intrins i c  

l aryngeal muscles of the horse , contain very few , i f  

an y ,  s p i n d l e s . I dent i f i cat ion o f  pathological 

alterat i on i n  muscle spindles has not been well 



1 9  

defined , and does not generally as s i s t  i n  the 

d i agnos i s  of neuromuscular d i sease ( Sarnat , 1 9 8 3 ) . 

Variation of fibre type proporti ons in normal muscle 

The propo r t i on o f  f i b r e  t y p e s  var i e s  between 

d i f ferent muscles and d i f ferent parts of the same 

muscle . I t  also may be influenced by other factors 

such as age , breed , and athl e t i c  f i tnes s . 

( i )  Variation i n  f i bre type proport i ons between 

muscles 

In man ( Edstrom and Nystrom , 1 9 6 9 ; Harriman , 1 9 8 4 ) , 

and i n  the horse ( Gunn , 1 9 7 8 ; Snow and Guy , 1 9 8 0 ; 

Taylor & Brassard , 1 9 8 1 ) f i bre type compos i t ion of 

muscles i s  partly determined by the predominant 

act i v i ty of that musc l e . Thus muscles which are 

slowly contracting and fatigue res i s tant , such as 

those used to support posture , generally have a high 

proport ion of Type I f i bres , whereas muscles used 

for locomotion are composed predominantly of Type I I  

fibres . In the Thoroughbred , Snow and Guy ( 1 9 8 0 ) 

sugges ted that an increase i n  proport i on of Type I 

fibres i n  the muscles of the forel imbs when compared 

to those of the h i ndl imbs was related to the 

function of these l imbs , in that the forel imbs are 

general l y  used as a braki ng force wh i le the hind 

l imbs are used predominantly for propuls ion . Further 

support for thi s  concept was provi ded by Ariano et al 

( 1 9 7 3 ) who examined the mus c les of f ive small 

mammals . Thes e  workers found the compos i t i on of 

mu s c l e s  w a s  cons i s tent acro s s  a l l  species and 

depended upon anatomi cal locat i on and functional 

u t i l i zat i on . 

In the horse B i l leter e t  al ( 1 9 8 7 ) found the mas seter 

muscle to be compos ed entirely o f  Type I f i bres , 

whi le the subcutaneous muscle contained only Type I I  

f i bres , which probably represents an adaption to very 

spec i a l i zed funct i ons of these mus c l e s . 
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A number of s tudies ( Es sen e t  al , 1 9 8 0 ; Essen­

Gus tavsson et al , 1 9 8 3 ; Henckel ,  1 9 8 3 ;  Snow , 1 9 8 3 ) 

have concluded that age has no e f fe c t  on the 

proport ion of Type I f i bres , al though some changes 

between subgroups of Type I I  f i bres may occur . 

However , more recently Raub e t  al ( 1 9 8 6 )  found foetal 

m i ddle gluteal muscle to have a lower percentage of 

Type I f i bres than adul t s , whi l e  Betchel and Kl ine 

( 1 9 8 7 ) found a s l i ght i ncrease i n  Type I fibre 

percentage from b i rth to one year o f  age . Davies 

( 1 9 7 2 )  f e l t  that t h i s  change in f i br e  t ype 

proport ions was a resul t of the convers i on o f  one 

f i bre type to another , as he and other workers have 

shown there i s  l i ttle change i n  the total number of 

f i bres i n  the pos t-natal period ( Ch i akulas and Pauly , 

1 9 6 5 ) . 

( i i ) Variation of fibre type proport i ons wi thin a 

muscle 

Spec i f i c  regional variation i n  f ibre t ype proport ions 

w i thin a muscle are wel l  recogn i z ed in the horse 

( Bruce and Turek , 1 9 8 5 ; Raub e t  al , 1 9 8 5 ) ,  i n  man 

( Nyegaad and Sanchez , 1 9 8 2 ; Lexe l l , 1 9 8 3  ; Pullen , 

1 9 7 7 ) , and i n  other species ( Gonyea and E r icson , 

1 9 7 7 ;  Engl i sh and Letbetter , 1 9 8 2 ; McConathy e t  al , 

1 9 8 3 ) . 

I n  the horse a number of muscles have been examined 

to determine i f  there i s  any var i a t i on i n  the 

prop e� t i ons of f i bre types at d i f ferent s i te s . These 

include the middle gluteal , b i c eps femor i s ,  triceps 

brachi i ,  longi s s imus dors i ,  extensor carpi rad i al i s , 

s emimembranous , semi tendi nous , long d i g i tal extensor 

and soleus muscles ( Bruce and Turek , 1 9 8 5 ; Raub et 

al , 1 9 8 5 , 1 9 8 6 ;  van den Haven e t  al , 1 9 8 5 ; Andrews 

and Spurgeon , 1 9 8 6 ) . The greate s t  var i a tion has been 

found in the middle gluteal muscle where changes 

cranial to caudal , medial to late ral , and superfic ial 

to deep have been ident i f i ed . D i f ferences i n  the 
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proport ion o f  Type I f i bres from 4 %  to 7 0 %  ( Bruce and 

Turek , 1 9 8 5 ; Van den Haven et al , 1 9 8 5 ;  Raub et al , 

1 9 8 5 ) ,  have been recorded from d i f ferent s i tes i n  

th i s  muscle . Muscles identi f i ed i n  t h e  horse that 

show almos t no variation in f i bre type i nclude the 

s o l e u s  ( Raub e t  a l , 1 9 8 5 ) ,  l aryngeal muscles 

( Anderson , 1 9 8 4 ) , mas seter and subcutaneous muscles 

( B i l l eter e t  al , 1 9 8 7 ) ,  whi l e  onl y  s l ight variation 

exi s t s  i n  d i fferent areas of the longi s s imus dors i 

( Raub e t  al , 1 9 8 5 ; van den Haven e t  al , 1 9 8 5 ) . The 

mos t  con s i s tent variation has been found to be an 

increase in the proport ion of Type I f ibres from 

supe r f i c ial to deep areas of many muscle s , including 

the m i ddle gluteal , triceps brach i i ,  b i c eps femori s  

and s emi tendi nous muscles o f  the hors e  ( Bruce and 

Turek , 

1 9 8 6 ; 

1 9 8 5 ; van den Hovenet al , 1 9 8 5 ; Raub e t  al , 

Kl ine e t  al 1 9 8 7 ) . Such a trend has also been 

recogni zed in man ( Jennekens et al , l 9 7 1 b ;  Lexell e t  

al , 1 9 8 6 )  and in rats ( Pullen , 1 9 7 7 ) . The s e  f i ndings 

contrad i c t  ear l i er reports in man ( Johnson et al , 

1 9 7 3 ;  Edger ton et al , 1 9 7 5 )  and i n  the horse ( Snow 

and Guy , 1 9 8 0 ) ,  which sugges ted no s igni f i cant 

var i a t i on in f i bre proport ions between 

and deep portions of the muscle exi s t s . 

propos ed that regional variation i n  

super f i c i al 

I t  has been 

f ibre type 

proport i ons in a s ingle muscle are pre sen t  because 

i nd i v i du a l  mus c l e s  may per form many d i f ferent 

funct ions ( Gunn , 1 9 7 8 ) . 

( i i i ) D i stribution of fibre types wi thin muscle 

fas c i c le s  

Wi thin a g iven area of muscle some authors consider 

that Type I and Type II f i bres are d i s tri buted 

randomly ( Edstrom and Kugelberg , 1 9 6 8 ; Jennekens e t  

a l , 1 9 7 1 b ,  N y e gaard and S a n c he z , 1 9 8 2 ) ,  b u t  

geome trical s tudi e s  ( James , 1 9 7 1 ; Lexell e t  al , 

1 9 8 3 ) indi cate that thi s  i s  erroneous . 

Furthermore , several researchers worki ng i n  var i ous 

spec i e s  o f  animals and man , have found that Type I I  

f i bres tend t o  predominate a t  the peri phery o f  muscle 
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1 9 8 7 ; James , 1 9 7 1 b ;  S j os trom e t  al , 1 9 8 6 ; 

al , 1 9 8 4 ) . 
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Salmons , 

Lexell e t  

( iv )  E f fect of age o n  f ibre t ype proportions in 

muscles 

Age apparently affects the propo� t i ons o f  f i bre types 

in immature muscles but has l i ttle e f fect on mature 

muscles . For example ,  immature muscles of rats 

( Kugelbert , 1 9 7 6 ) and p igs ( Davi es , 1 9 7 2 ,  Suzuki and 

Cassens , 1 9 8 0 ) have an decreased proport ion of Type I 

fibres compared to adult animals . Whe ther a s imi lar 

s i tuat i on occurs i n  the horse is not as yet clearly 

documented . In man Ann i ansson e t  al ( 1 9 8 6 ) found 

t h a t  o l d  age had l i t t l e  i n f l u e n c e  on f i bre 

proportions , although Jennekens e t  al ( 1 9 7 1 c )  s tated 

that de fini t ive conc lus i ons on the relat ionship 

between age and fibre type proport ions are d i f f i cul t 

to make because of the frequent occurrence of 

neurogeni c  changes i n  older muscle . 

( v )  Relationshi p  between breed o f  horse and muscle · 

f ibre types 

The rel ationship between breeds of horses and muscle 

fibre types has been s tudi ed by a number of authors 

( L indholm and P i ehl , 1 9 7 4 ; Snow and Guy , 1 9 7 6 , 1 9 8 0 , 

1 9 8 1 ; Stull and Albert , 1 9 8 1 ; Taylor and Brassard , 

1 9 8 1 ; Andrews and Spurgeon , 1 9 8 6 ; Hodgson et al , 

1 9 8 6 ) . The i r  results i nd i cate that horses bred for 

speed over short d i s tances , such as the Thoroughbred 

and the Quarter horse , have a h i gher proport ion of 

fas t- contracting Type II  f i bres i n  the muscles of 

propul s i on ,  i n  part i cular the middle gluteal . In 

contras t ,  heavy draught breeds and those bred for 

endurance , have a higher proport i on of Type I f i bres 

in these muscles . A s imi l ar s i tuation i s  found in 

man where sprinting athletes have a h i gher proport i on 

of Type I I  f i bres compared to endurance runners 

( Gollnick et al , 1 9 7 2 ;  S a l t i n  e t  al , 1 9 7 7 ;  Howald , 

1 9 8 2 ) . 
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( vi )  E f fe c t  o f  t ra i n i ng on mu s c l e  f ibre type 

proport i ons 

The altered activity of muscle can l ead to changes in 

the proporti on of f i bre type s . Thi s  has been shown 

to occur in non-phys iolog i cal and phys iological 

experiments .  In a number of non-phys iological 

experiments in laboratory animals ( recentl y  reviewed 

by Eds trom and Grimby , 1 9 8 6 ) , i t  has been shown that 

convers ion of fibre types may occur between Type I 

and Type 

l a t t e r . 

I I  f i bres and between sub-groups o f  the 

The expe r i me n t a l  t e chniques used to 

demons trate thi s  have included cross - i nnervat: i on 

s tudies , direct s t imulation o f  motor nerves and 

muscles , and treadm i l l  exerc i se . 

Phys iological experiments ,  usually i nvolving altered 

training methods or observat i ons on human athletes 

during and after training peri ods , have supported 

many of the non-phys iolog i cal experimental f i nd ings . 

For example ,  a number of researchers ( Li ndholm e t  al , 

1 9 8 3 ; Nimmo e t  al , 1 9 8 2 ; Hodgson e t  al , 1 9 8 6 ;  

Edstrom and Grimby , 1 9 8 6 ) , have clearly shown that an 

al teration from Type I Ib to Type I I a  f ibres occurs 

wi th increas ing exerc i se in both man and the horse . 

P h y s i o l o g i c a l l y  d e r i v e d  e v i d e n c e  f o r  t h e  

interconvers i on o f  Type I and I I  f i bres i s  less 

c o n v i n c i n g t h a n  t h a t  o b t a i ne d  in t he non­

physiological experiments . Metabol i c  change in 

muscle fibres could not be i dent i f i ed w i th i ncreas ing 

exerc i se in both man or horses by several researchers 

( L indholm et al , 1 9 8 3 ; Hodgson e t  al , 1985, 1986 ; 

E d s t rom and Gr imby , 1986). However ,  i nd i rect 

evidence that convers ion between thes e  two maj or 

groups of fibres occurs wi th exerc i s e , was produced 

by Howald ( 1 9 8 2 ) and Larsson and Ansved ( 1985) . 

These authors observed a dramat i c  decrease in the 

percentage of Type I f i bres in h ighly t rained 

a t h l e t e s  who s uddenl y c e a s e d  trai n i ng . They 

I 
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con s i dered that this decrease imp l i ed that the 

proport i on of Type I f i bres i ncreases in the h i gh 

i ntens i t y  exerc i se but rapidly returns to bas i c  

levels following reduced act iv i ty . 

In the horse some confus i on as to the e f fect o f  

training on the proport i on o f  Type I and I I  muscle 

f ibres exi s ts . Mos t  researchers ( Li ndholm and P i eh l , 

1 9 7 4 ; Gunn , 1 9 7 8 ;  Taylor and Brasaard , 1 9 8 1 ; Nimmo 

et al , 1 9 8 2 ; Wi lson et al , 1 9 8 7 ) have been unable to 

detect changes in the proport i ons of thes e  f i bres 

w i th exerc i se . However , Guy and Snow ( 1 9 7 7 ) found a 

s l ight but s igni f icant increase in Type I f i bres i n  

s i x  l imb muscles after exerc i s e , and Henckel ( 1 9 8 3 ) 

found a s imilar increase in the m i ddle gluteal muscle 

of Standardbreds after s i x  months ' training . Snow 

( 1 9 8 3 ) however reported a decrease in these f i bres 

a f ter e i ght months ' trai ning of Thoroughbreds but he 

could not determine whether th i s  change was a 

training ef fect or a result o f  var i a t ion i n  biopsy 

s i te . 

Two explanations as to how interconvers i on o f  Type I 

and Type I I  f i bres may occur as a result of exerc i se 

have been advanced in the l i terature . The f ir s t  of 

these i s  related to the recent f i nding ( Gambke e t  al , 

1 9 8 5 ) that a proportion of f i bres are cons tantly 

undergoing degenerat ion and being replaced by newly 

formed fibres from sate l l i t e  cell  prol i fera t i on and 

pos s i bly fibre spl i t t ing . Thi s  has been s hown to 

occur i n  response to exerc i s e , but var i e s  between 

muscles and pos s i bl y  species ( Edgerton , 1 9 7 0 ) . 

The second explanation of f i bre type trans formation 

i s  that , ins tead of f ibres fal l i ng i nto d i s t inct 

categories , a range of fibre types exi s t s . Each 

f i bre has the genetic coding for expres s i on of e i ther 

Type I or Type II characteri s t i cs , the dominant 

expres s i on being determined by a combi na t i on o f  

p h y s i c a l , n e u r o n a l , g e n e t i c , p o s i t i on a l  and 
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funct i onal demands . An alteration i n  e i ther of these 

parameters may result i n  variat i on i n  phenotyp i c  

expres s i on of the f i bre types i nvolved . In support 

of t h i s  theory is the i denti fi cation of Type I IC 

f ibres which contain elements of both Type I and Type 

I I  f i bres and are said to represent a t rans i t ional 

s tage between them . Such trans i t i onal f i bres are 

f r equen t l y  found in mature muscle and muscles 

undergoi ng changes i n  workload . 

Fai lure to demons trate interconvers ion between f i bre 

types i n  many phy s iolog ical experiments may poss ibly 

resul t from a number of factors ( Eds trom and Grimby , 

1 9 8 6 ) . These i nclude : variab i l i ty i n  b i opsy s i tes 

and methods ; w i thin muscle variation ;  incorrec t  

muscles being sampled w i th regard to t h e  training 

being undertaken ; and the training schedule s  adopted 

by athletes i n  experimental s tudies when compared to 

the programmes undertaken by high class compe t i t ive 

athletes . Such training programmes have been of 

d e c r e a s e d  i n t en s i ty , frequency and durat ion o f  

exerc i s e . Thus subtle al terations i n  f i bre type 

proport i ons may not have been detectable because of 

the experimental vari ables . 

Variati on i n  s i z e  o f  muscle f ibres i n  normal mus cle 

A small var i a t i on i n  normal muscle f i bre s i z e  has 

been demons trated in many spec i es . I n  the hors e  and 

in man ( Brooke and Engel , 1 9 69a ; Ren i ers e t  al , 

1 9 7 0 ; Jennekens e t  al , 1 9 7 1 a ) , there i s  general 

agreement that Type I I  fibres are l arger than Type 

I ,  although the reverse may occur 

( Brooke and Enge l , 1 9 6 9 a ) and in 

muscles ( Jennekens et al , 1 9 7 1 a ) . 

i n  human females 

human postural 

Human Type I I 

muscle f i bres also vary more in s i ze than Type I 

( Brooke and Enge l , 1 9 69 ) . In man , the commonest 

caus e of i n c r e a s ed mu s c l e  f i re s i z e  is work 

hypertrophy , which can result in a 3 0 %  increase in a 

few weeks . 
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The e f fect of athle t i c  tra i n i ng o n  muscle f i bre s i ze 

i n  horses has been s tudi ed by s everal authors but the 

resul ts are confl i c t ing . Some cons ider that training 

increases f i bre s i z e  ( Lindholm and P i ehl , 1 9 7 4 ;  

Taylor and Brassard , 1 9 8 1 ) whi le o thers cons i der that 

i t  e i ther has no e f fect ( L i ndholm et a l , 1 9 8 3 ; Snow , 

1 9 8 3 ) or actually shrinks them ( Hencke l , 1 9 8 3 ) . 

Reaction of skeletal mus cl e  t o  disease 

Muscle reacts to a wide var i e ty of influences in a 

l imi ted number of ways . In man , these changes are 

frequently inve s t igated by soph i s t i cated techniques 

capable of detecting subtle al terations . Thus 

prec i s e  di agnoses can be made . In the hors e , 

however , such techni ques are not commonly used and , 

as a consequence , our unders tand i ng of many equine 

muscle d i sease processes is l imi ted . 

A number 

c h an g e s 

d i s eases . 

below . 

of morphologi c , me tabol i c  and patholog i c  

c an b e  recogni s ed i n  various mus cular 

The more common of these are d i scussed 

( i )  Alteration in proport ions of f i bre types 

A change in the proport i on of f i bre types i s  

f r equent l y  u s e d  t o  i d e n t i f y  t h e  p r e s e n c e  o f  

neuromuscular d i s ease . Such changes have been 

i dent i f i ed in a number of d i seases in man ( Te l erman­

Toppet et al , 1 9 8 5 ) and in the horse ( Andrews et al , 

1 9 8 6 ;  Roneus and E s s en-Gus tavs son , 1 9 8 6 ) . The 

p re c i s e  c au se of an alteration in f i bre type 

propor t i on s  in many d i s e a s e s  i s  n o t  c l e a r l y  

unders tood , but a number of aetiological theori es 

h a v e  been proposed . Firs tly , because of the 

d i f ferent innervat ion of Type I and Type II f ibres i t  

i s  pos s ible that pre feren t i al loss o f  one f ibre type 

may occur . The increased suscept ibi l i ty of Type I I  

f ibres t o  di sease has been demons trated i n  a number 

o f  cond i t ions , includ i ng Duchenne dystrophy ( Johnson 

and Kucukyalcin , 1 9 7 8 ) , some neuropathic d i s eases 
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( Reniers e t  al , 1 9 7 0 ) and exertional rhabdomyolys i s  

i n  the horse ( Li ndholm e t  al , 1 9 8 1 ) .  

A s econd mechani sm of al tered f i bre proport i ons may 

be due to the response to d i f ferent functional 

demands placed upon individual muscle s . Thi s  may 

o c c u r  a s  a r e sult of exerc i se , as previously 

d i scussed , or be due to patholog i cal abnormal i t ies 

i n  the muscle , resulting in remaining heal thy f ibres 

having to perform an al tered funct i on . The frequent 

appearance of Type I IC fibres in such muscles i s  

c i ted as evidence supporting the pos s i bi l i ty o f  fibre 

type trans format i on ( Johnson and Kucukyalc i n ,  1 9 7 8 ;  

Ringqv i s t , 1 9 7 3 ) . 

Th i rd l y ,  s e l e c t ive de f i c i ency of certain fibre 

spec i f i c  enzymes has also been sugges ted as caus ing 

abnormal fibre type proportions ( Telerman-Toppet e t  

al , 1 9 8 5 ) . 

F i nally , reinnervation following denervat ion may also 

be a c au s e  of altered f ibre type proportions 

( Jennekens et al , 1 9 7 1 c ) . Thi s  may be part i cularly 

p r o n o u n ce d  in mu s c l e s  w h i c h  a l r e ady have a 

predominance of one f i bre type , as re i nnervation i s  

l ikely t o  resul t in further f ibres of the predominant 

type ( Reni ers et al , 1 9 7 0 ) . 

I d ent i f i cation of these 

af fected muscle rel i e s  on 

samples from s imi lar s i tes 

heal thy individual s . The 

abnormal i t i es wi thin an 

compar i son with muscle 

i n  the same muscles of 

exten s i ve var i at i on in 

appa r en t l y  normal muscle , which was previ ous ly 

mentioned , can lead to erroneous resu l t s  unl e s s  these 

factors are taken i nto account . 

( i i )  Al teration i n  s i z e of f i bres 

Muscle f i bres may increase or decrease in s i z e  as a 

result of patholog i cal as wel l  as phy s iological 

processes . An i ncrease i n  s i z e  i s  recogni sed as 
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hypertrophy and a decrease as atrophy . The changes 

may af fect all f i bres or those of a par t i cular 

metabo l i c  type and , s i nce they may be d i ff i cult to 

d e t e c t  v i s u a l l y  under l i g h t  m i croscopy , often 

morphometric examinat i on is requi red to identi fy 

them . 

When the nerve supply to a muscle f i bre i s  damaged ,  

there i s  a decrease i n  muscle fibre s i z e . In man 

t h i s  proceeds at an even rate to a point where after 

1 2 0 days the weight of the muscle is reduced to 2 0 -

3 0 %  o f  normal ( As trom and Adams , 1 9 8 1 ) .  

Selec t i ve Type I or Type I I  atrophy i s  frequently 

found as a result of neuromuscular pathology but i s  

not pathognomoni c  o f  any one d i sease . Type I atrophy 

i s  associ ated w i th fewer d i seases and , in humans , i s  

frequent ly found in myotoni c  muscular dys trophy and 

congeni tal muscle f i bre type di sproport i on ( Sarnat , 

1 9 8 3 ) . Type I I  atrophy i s  the more common and occurs 

in a wide range of cond i t ions such as in d i suse 

atrophy , early denervati on atrophy , or following the 

prolonged adm i n i s trat i on of steroids . Group atrophy 

i s  usually a feature of chroni c  neurogeni c  d i sease 

but it may also be seen , although i nfrequently , in 

some myopathi es ( Sarnat , 1 9 8 3 ) . 

In add i t ion to the phys iolog i cal causes o f  muscle 

cell hypertrophy , increase i n  f i bre s i ze may occur i n  

p r i ma r y  myop a t h i c  d i seases , especially mus cular 

dys troph i es , and may be seen as a compensatory 

p h e n o m e n o n  w h e n  a d j a c e n t  f i b r e s  h a v e  b e e n 

de i nnervated or des troyed ( Hofmann , 1 9 8 0 ) . I t  may 

also occur moderately after denervati on in some 

muscles , such as the d iaphragm ( Harr i son , 1 9 8 1 ; 

Ni ederle and Mayr , 1 9 7 8 ) . 

( i i i ) Altera t i on i n  s hape of f i bres 

Mu s c l e  f i br e s  normal l y  have a polygonal cross 

sectional shape . When this i s  altered they usually 
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be come rounded o r  angular al though occas i onal l y  

surface undulations or local i sed spl i tting may occur . 

The common changes i n  shape usually resul t from 

changes in intramuscular pres s ures 

connect i ve ti ssue prol i feration . 

s urface undulations , or local i sed 

or surrounding 

The less common 

spl i t t i ng are 

thought to be related to focal necros i s  and extrusion 

of necroti c  remnants from the cells ( Swashi and 

Schwartz , 1 9 7 7 ) . 

Rounding of 

muscles and 

f i bres i s  commonl y  seen 

in d i seases i n  which the 

in neonatal 

numbers of 

fibres per un i t  area decreases . In neonatal muscle 

the rounding seemingly resul t s  from the process of 

preparat ion of the muscle sections ( Sarnat , 1 9 8 3 ) . 

( iv )  Alteration i n  numbers of f i bres 

A decrease in the absolute number of fibres i s  the 

best evidence of primary myopathic d i sease . In 

contrast , i n  denervat i on and d i suse atrophy , the 

f i rs t  s ign of abnormal i ty i s  a volumetri c ,  rather 

than numerical , change in the f i bres . 

( v )  Connective t i s �ue prol i fera t i on 

Increased amounts of i ntramuscular coll agen and fat 

indicate chroni c i  ty of neuromuscular d i sease . The 

d i s t r i b ut i on o f  t h e  f i b ro s i s  m a y  a s s i s t i n  

determining i f  the changes are neurogeni c or myogenic 

in origin ( Sarna t , 1 9 8 3 ) . In mos t  d i s eases of 

neurogen i c  o r i g i n , perimy s i a l  connect ive t i ssue 

prol i feration is more prominant than endomy s i a ! . In 

the terminal s tages of neurogen i c  d i s ease , despi te 

widespread replacement of muscle f i bres by f i brous 

and f a t t y  t i s s u e , a f e w  p a r t i al or complete 

fascicles may usual l y  be found scattered throughout 

the muscle ( Sarna t , 1 9 8 3 ) . Thi s  can also result in 

the formation of angular rather than rounded f i bres 

as atrophi c  f i bres are compressed by adj acent f i bres 

which d i s tort the i r  shape . 



30 

In contras t  to diseases of neurogen i c  origin , in 

primary myopathic d i sease there is usually more 

p r o n o u n c e d  e n d o m y s i a !  c o n n e c t i v e t i s s u e  

pro l i ferati on . Collagen o f t en surrounds individual 

muscle f ibres and d i srupts fascicular organ i z at ion as 

muscle f i bres become i ncreas ingly i solated . Thi s  

also has the effect of producing rounded f i bres due 

to an even pres sure d i s tr i bu t i on around them . Also , 

i n  contras t to neurogenic d i seas e ,  connect i ve t i s sue 

pro l i f e r a t i o n  occurs s h or t l y  a f t e r  a pr imary 

myop a t h i c  i nsul t ,  often as early as 6 weeks . 

Ul timately there i s  almost comple t e  replacement of 

muscle by fat and connect i ve t i s sue w i th only a few 

widely scattered hypertrophi c  and atrophi c  f ibres 

rema ining ( Sarnat , 1 9 8 3 ) . 

( vi )  Internal changes to muscle f i bres 

( a )  Internal nuclei 

The normal peripheral pos i tion of nuc l e i  i n  mature 

muscle may become altered in chroni c  d i sease s tates . 

In such condi t ions nucl e i  may migrate to central or 

eccentral pos i t ions in the interior of muscle f i bres . 

In normal neonatal muscle some three per cent of 

f i bres have nuclei whi ch are i nterna l l y  placed . In 

normal adult muscles the percentage i s  l e s s , usually 

around one percent , although an increased number may 

be found in extraocular muscles , or at myotendinous 

j unct i ons ( Harriman , 1 9 8 4 ) . 

( b )  Spl i t  and fragmented f ibres 

Complete longi tudinal spl i t t i ng of musc l e  f i bres i s  

normal in the deve lopment of muscle ( Harriman , 1 9 8 4 ) . 

I n  normal mature muscles spl i tt i ng occas i onall y  

occurs but i s  more common i n  muscular dys t rophies , 

c h r o n i c  i n f l a m m a t o r y  m y o p a t h i e s , m e t a b o l i c  

myopathies and chroni c  denerva t i on . They are often 

found in assoc i ation wi th i nternal s arcolemmal nuclei 

wh i ch may ac t as a wedge and resul t i n  spl i t t i ng of 

the muscle fibre . On other occas ions they are 

thought to result from sheari ng stresses whi ch occur 
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wi thin a muscle during contract i on ( Sarnat ,  1 9 8 3 ) . 

Some f i bres may be spl i t  in several places . These 

are referred to as fragmented f i bres and m� occur as 

a r e s ul t o f  i nc omplete fus ion o f  regenerat ing 

myof ibres duri ng repa i r  of muscles . 

( c )  Myo f ibri l lar whorls 

Myo f i b r i l lar whorls are a non- spec i f i c  change in 

mus c l e  f i bres seen in chronic d i sease states . They 

result from the loss of normal parallel al i gnment of 

the myo f ibr i l s  along the longi tudinal axi s  and appear 

as whor l - l ike format ions within the myo f i bre ( Sarnat , 

1 9 8 3 ) . They are usual ly associ ated w i th m igrated 

internal nucle i .  I t  i s  uncertain i f  the abnormal 

pos i t i on of the nuclei resul ts in faulty codi ng for 

o r i e n t a t i o n o f  t h e  m y o f i b r i l s  o r  i f  b o t h  

abnorma l i t i e s  are a resul t o f  the s ame adverse 

i n fluence . 

af fected . 

Both Type I and Type I I  f i bres can be 

( d )  Target fibres and central cores 

These f i bres are best iden t i f i ed us i ng h i s tochem i cal 

s t a i n i ng techniques . The target f i bre i s  one which 

has a ringed or bul l ' s- eye appearance . F ibres w i th 

central cores are ident i f ied as hav i ng central or 

e c c e n t r i c  l o n g i t u d i n a l  a re a s  w i t h d i f f er e n t  

h i s tochemically s taining propert i e s . Both o f  these 

changes appear to resul t from nervous d i s orders 

( S chmi tt and Volk , 1 9 7 5 ;  Sarnat , 1 9 8 3 ) , and they 

probabl y  represent s imi lar i ntracel lular l e s i ons . 

Target f i bres are found frequentl y  i n  b i ops i e s  of 

denervated muscles in man ( Engel , 1 9 6 7 ) but accordi ng 

t o  As trom and Adams ( 1 9 8 1 ) a r e  u n c ommon i n  

denervat ion d i seases of animal s .  

( e )  Interna l i zation of cap i l laries 

In cross sect i ons of muscles cap i l laries are usually ) 
s een i n  the endomysium but occas i ona l l y  they may be 

found wi thin a muscle fibre . Such an altera t i on i n  

cap i l l ary pos i t ion i s  regarded as a vasodegenera t i ve 



3 2  

change and i s  observed i n  chronic muscular d i s eases 

of e i ther myopath i c  or neurogenic origin ( S chmi t t ,  

1 9 8 1 ) .  Cap i l laries occur more frequently i n  Type I 

f i bres presumably because these f i bres have an 

increased number of cap i l laries surroundi ng them 

( Sarna t ,  1 9 8 3 )  . 

( f ) Dense or hypercont racted fibres 

These f i bres appear darkly s tained i n  haematoxyl in 

and eos i n  and h i s tochemi cal sections . They are 

enlarged , rounded f i bres that are reported to resul t 

from a defect ive or damaged sarcolemna that i s  

abnormal l y  permeable t o  calcium . Thi s  al lows an 

increased entry of calcium into the sarcoplasm and 

results in s t rong contractions of muscle f i bres whi ch 

causes further fibre damage ( Cullen and Ful thorpe , 

1 9 7 5 ) . Dense or hypercontracted fibres can be s een 

i n  normal mu s c l e  as a po s t - mo r t em a r t e f a c t , 

parti cularly i f  there has been a delay i n  freez i ng 

during proces s i ng . They are also found i n  some 

myopathi e s , i ncludi ng Vi tamin E de f i c i ency ( Bradley 

and Ful thorpe , 1 9 7 8 ) . 

( vi i ) Degeneration and Necros i s  of muscle f ibres 

Necros i s  of muscle f i bres i s  more indicative of a 

primary myopathi c  insult than a feature of early 

neurogeni c  d i seas e . In man four types of muscle 

f i bre degenerat i on are recogni sed ( Sarnat , 1 9 8 3 ) . 

These are : 

1 .  Focal zones o f  degeneration w i thin muscle f i bres 

i nvolving some , but not all , myof ibri l s  i n  the 

same sarcomere . 

2. S egmental necros i s  involving some sarcomeres 

along the f i bre . 

3 .  Degenera t i on i nvolving whole muscle f ibres . 

4 .  F i elds o f  necros i s  involving ad j acent muscle 

f i bres . 
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Necro s i s  of a segment of musc l e  f i bre , and subsequent 

regenerat ion is more common i n  myopathi e s  than in 

ne urogen i c  mu s c l e  d i s o rd e r s . Common c auses of 

necros i s  i n c l ud e  i schaemi a ,  metabol i c  d i seases , 

a u t o i mm u n e  s en s i t i z a t i on , i n f l amma t i on , tox i c  

insults , and trauma ( Sarnat , 1 9 83 ) . 

The necrotic f ibre loses cel lular detail and assumes 

a f i n e l y  granu lar , f loccular or hyal ine mass , 

o c c a s ionall y  containing fragments of myof i bri l s . 

These changes were f i rs t  described by Z enker i n  1 8 6 4  

( Harriman , 1 9 8 �) , and became known as Z enker ' s  

hyaline degenerat ion . Fol lowing muscle necros i s ,  

myophages invade the cell and digest the necrot i c  

material . Phagocytos i s  o f  this materi al often 

results in the appearance of empty sarcolemnal sacs , 

whi ch are referred to as " ghos t  f i bres " .  A small 

numb er o f  i n f l ammatory cells are also usually 

present . 

( vi i i ) Regenera t i on of muscle f i bres 

R e g e n e r a t i n g  m u s c l e  f i b re s  have t h r e e  m a i n  

h i s tological characteri s t i c s  ( Perl et al , 1 9 68 ; 

Adams et al , 1 9 6 8 ; Sarnat , 1 9 8 3 ) . These are : 

1 .  Sarcoplasmic basoph i l i a , due to thei r  high RNA 

content . 

2 .  True prol i feration of sarcolem�l nucl e i , which 

occur in c lus ters or chains and are closely 

packed or cont iguous . The nuc lei are l arge and 

ve s i cular and contain coarse but d i spersed 

chroma t i n  and prom i n an t n u c l e o l i .  Th i s  

resembles the nuclear det a i l  seen i n  foetal 

myoblasts . M i totic f i gures may occasionally be 

seen in act ively prol i fera t i ng nuclei dur ing 

regenerat ion . Thi s  true i ncrease in s arcolemnal 

nucl e i  mus t  be d i s t i ngui shed from an apparent 

i ncrease s een as a result of atrophy of muscle 

f i bres . 
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3 .  Reduct ion i n  s i z e  compared w i th normal f i bres . 

H i s tochem i cally the enz ymatic act i v i t y  i s  increased 

in regenerat ing f ibres , whi ch are there fore darker 

s taining , as opposed to the decreased act i v i t y  and 

pale staini ng f ibres associated w i th degenerating 

changes . These changes are mos t  readi l y  i denti fied 

w i th myos i n  ATPase staining . 

Complete regenerat ion can occur fol lowing segmental 

necros i s , but does not usually take place when large 

a r e a s  a r e  i n volved . I t  begins s hortly after 

degenerative processes have been completed , and the 

regenerat ive fibres ari s e  from budding of act i vated 

satel l i te cells ( Mair and Tome , 1 9 7 2 ) . 

( ix )  Denervat ion and Re i nnerva t i on of Muscle Fibres 

The nervous supply to muscles plays a maj or role in 

d e t e r m i n i n g t h e  p h y s i o l o g i c a l , m e t a b o l i c , 

h i s t o c h em i ca l  and ul tras truc tural properties of 

i nd i v i dual fibres . When i nnervat ion o f  a f i bre i s  

lost , i t  w i l l  atrophy i n i t i al l y  but not degenerate . 

The ear l i es t  change s een i n  denervation i s  the 

presence of scattered f i bres undergoi ng atrophy . 

Thi s  i s  due mainly to a loss of contract� le prote ins . 

As there i s  no pro l i feration of endomys i al col lagen , 

the atrophic fibres assume an angular , rather than 

rounded appearance .  The loss of cytoplasmic mass 

resul t s  in an apparent increase in sarcolemnal 

nucle i .  Heal thy fibres adj acent to those which have 

b e c o m e  a t r o p h i e d m a y  

hypertrophy . Occas i onally 

u n d e r g o  c o m p e n s a t o r y  

dei nnervated f i bres may 

undergo hypertrophy rather than atrophy . Thi s  can 

l a s t  for several weeks . Thes e  early changes are 

man i f e s t  as a variati on in muscle f i bre d i ameter and 

scattered atrophi c  angular f i bres , al though such 

changes are not spec i f i c  for neurogeni c muscular 

d i s ease . 

I f  some heal thy axons rema i n ,  they w i l l  undergo 

collateral sprout i ng and subsequen t l y  re i nnervate 
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Charron , 1 9 8 0 ) . 

ad j acent f i bres 

hence they w i l l  
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( Wohl fart , 1 9 5 7 ;  Peyronnard and 

Thi s  result s  in a l arge number o f  

being innervated by a s i ngle axon , 

be of s imi lar h i s tochem i cal type . 

Thi s  produce s  the phenomenon of f ibre t ype grouping . 

I n i t i al l y  the s e  atrophi c  f i bres w i l l  appear smaller 

than normal as the motor neurone i nnervat ing large 

groups of muscle fibres is unable to exert i ts usual 

trophi c  i n fluence on each f i bre . Such f i bres w i l l  

eventual,ly i ncrease i n  s i z e  after s everal weeks or 

month s . F ibre type groupi ng w i l l  be apparent i n  both 

Type I and Type II fibres . The predominance of a 

s i n g l e  f i b r e  t yp e  i n  l arge g ro u p s  mu s t  b e  

interpreted w i th caut ion , as Lexel l  e t  al ( 1 9 8 3 , 

1 9 8 4 ) demonstrated such findings in apparent l y  normal 

musc l e . 

Because of t h i s  a number of techniques have been used 

by d i f ferent authors in an attempt to quant i f y ,  and 

s t at i s t i cally analyze ,  the presence of f i bre type 

groupi ng ( James , 1 9 7 1 a ,  b ;  Johnson et al , 1 9 7 3 ; 

Les ter e t  al , 1 9 8 3 ; Lexell e t  al 1 9 8 3 ,  1 9 8 4 ,  1 9 8 6 ; 

Cohen e t  al , 1 9 8 7  and Venema , 1 9 8 8 ) . The large 

number Of methods , all of increas i ng complex i ty , 

i nd i cates the inadequacy of mos t  t echni que s . The 

main problems in identi fying fibre t ype groupi ng 

ari s e  from the non-random d i s tributi on o f  f i bres i n  

normal muscl e , and the variat ion i n  f i bre type 

propo�t i ons , both wi thin and between muscles , which 

have been previously mentioned . 

I f  cont i nued denervat ion occurs , the l arge groups o f  

reinnervated f i bres may undergo group atroph y . Thi s  

i s  often seen after months , or years o f  chroni c  

denervat ing d i sease . W i th continued or repe t i ti ve 

axonal destruction there w i l l  be an i ncrease i n  

perimys i al connective t i s sue , wi thout a correspondi ng 

i ncrease i n  i ts endomys i a! counterpart . Thi s  w i l l  

allow groups of heal thy f i bres t o  b e  surrounded by 

collagen , yet be ad j acent to areas of s evere muscular 
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atrophy , f i bre type grouping and group atroph y . Thi s  

i s  part icularly character i s t i c  o f  neurogeni c  mus cular 

d i sease . 

The presence of internal nucl e i , spl i t  f i bres , 

whorl s ,  and some degenerati ve changes wi th foci of 

mononuclear cells , may also be assoc i ated wi th 

chroni c  denervat ion atrophy . 

Some primary dise ases o f  equine skeletal muscle 

The patholog i cal alterat i ons found in primary equine 

mu s c l e  d i s e ase are poorly documented . Mos t  

attention h a s  focus sed on c l i n i cal f i nd ings and 

response to treatment . A bri e f  description o f  the 

c l i n i cal s igns and pathological changes found i n  

those equine skeletal muscle di seases i n  whi ch some 

h i s tological and / or h i s tochemical inve s ti ga t i on has 

been unde r t ak e n , are pre s en te d  h e r e . O t h e r  

condi t i ons affect i ng muscle , such a s  i d i opath i c  

l a ryngeal h em i p legi a  and stringhalt , whi ch are 

primary neurogenic d i s eases wi th s econdary muscular 

involvement , are d i scussed later . 

Exert i onal rhabdomyoly s i s  

Exert i onal rhabdomyoly s i s  i s  a d i sease i n  whi ch 

breakdown of i nd i v i dual muscle f i bres occurs as a 

resul t of exerc i se . I t  i s  known by a var i e ty of 

names , all of wh ich describe vari ous aspect s  o f  the 

di sease . Thes e  include exert ional myoglobi nur i a , 

azotur i a ,  tying-up syndrome , carding-up s yndrome , 

equine paralyt i c  myoglob i nur i a , myos i ti s ,  cold back 

and Monday morni ng d i sease . 

The clinical s igns of exertional rhabdomyolysis may 

vary from mild s t i f fness and reluctance to perform to 

complete unwi l l i ngnes s  to move , or even recumbancy . 

The muscles mos t  frequently af fected are those of 
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exertion , such as the gluteal , dorsa l  back and 

triceps muscles . 

The degree of muscle pathology relates d i rectly to 

the severi ty of the skeletal muscle damage . B iopsi e s  

reveal muscle degenerat i on and necros i s ,  i nvas i on of 

i n f l amma tory c e l l s , and depletion of glycogen , 

adenosine triphosphate and creat i ne phosphate ( Van 

den Hoven , 1 9 8 7 ) . There i s  also an accumulation of 

lactate and glucose ( Ar ighi e t  al , 1 9 8 4 ) . Type I I  

fibres , whi ch have a h igh glycogen content , are mos t  

a f fected ( Li ndholm e t  al , 1 9 8 1 ) .  

Mal ignant hypertherm i a  

Malignant hypertherm i a  i s  a n  i nfrequent complication 

of inhalational anae s the s i a  i n  the horse . The 

syndrome is charac ter i s ed by changes s een during 

anae s t he s i a  which include an increase i n  body 

temperature , muscle fasdculat i ons , sweat i ng , rigid 

mu s c les , hyperventi la t i on ,  t achycardi a  and rapid 

al terations in blood pres sure ( Manley e t  al , 1 9 8 3 ) . 

Severely affected horses have extens ive myos i t i s  and 

myoglobinuri a ,  w i th s i gn i f i cant eleva t ions in muscle 

enzymes and potas s i um .  

mild di sparity in f i bre 

Mus c l e  biopsy has 

s i z e , mul t i focal 

revealed 

areas of 

eosinoph i l i c  granulari t y , and loss of cross - s triati on 

i n  longi tudinal sect i ons ( Waldron-Mease e t  al , 1 9 8 1 ) .  

Nutri t ional myopathy 

Nutri tional myopathy refers to a s elenium and/ or 

v i tamin E respons ive d i sease . I t  i s  also known a s  

d y s t roph i c  myodegener a t i o n , p o l y myos i t i s , whi te 

muscle disease , muscular dystrophy and max i ll ary 

myos i t i s . I t  i s  recogni z ed worldwide , but has a 

comparatively low inc i dence i n  horses when compared 

to other spec i es . The d i s ease i s  seen mainly in 

foals ( Dodd e t  al , 1 9 6 0 ;  Dill and Rebhun , 1 9 8 5 ) ,  but 

mature horses may be a f fected ( I rwi n , 1 9 7 7 ; Owen e t  
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The ma j or c l ini cal s ign in a f f ected animals is  that 

of muscle dys function . The spec i f i c  muscles a f fected 

w i l l  determine , to some extent , the c l i n i cal s i gns 

exhibi ted . These muscles commonly i nvolved i nclude 

pectoral , pelvi c ,  cerv i cal , card i ac , d iaphragmat i c  

and the mas t icatory muscles . 

Pos t -mortem findings i n  thi s  d i sease i nc lude pale 

d i s colorat ion or whi te streaks i n  a f fected muscles 

w i th longi tudinal cal c i f icat i on and i ntramus cular 

oedema . Histologically there may be necros i s  and 

fragmentat ion with some 

f i bres . Muscle necro s i s  

mineral i za t i on o f  muscle 

may be present , together 

w i th macrophage and mononuclear c e l l  inf i ltration , 

and an increase in the number of sarcolemmal nuclei . 

Extens ive his tochemi cal evaluat i on o f  muscles from 

horses with thi s di sease has recently been undertaken 

by Roneus and Essen-Gustavs son ( 1 9 8 6 ) . Affected 

foal s  have hi gher proport ions of Type I IC f i bres and 

a lower proportion of Type I and I IA f i bres when 

compared . to healthy foals . Type I IC f i bres appear to 

be more af fected in the acute phase . I n  those foals 

surv iving the di sease , normal f ibre population is 

s een about 1 - 2 months after i n i t i al ons e t  of c l i n i cal 

s igns . In these recovered foal s  some f ibre type 

grouping may be observed . 

Hypothyroid myopathy 

Hypothyroid myopathy is seen in foa l s  as a congeni tal 

cond i t ion or in adults as an i nduced hypothyro i d i sm . 

Foa l s  with congeni tal hypothyroi d  myopathy are born 

weak and have d i ff iculty in walking and suckl ing . 

The d i sease i s  assoc i ated with a var i et y  of mus culo­

s k e l e t a l  change s ( Mc L augh l i n  and Doige , 1 9 8 1 ; 

McLaughlin et al , 1 9 8 6 ) ,  including ruptured common 

d i g i t a l  e x t e n s o r  tendon , f o r e l i mb contracture , 
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mand i b u l ar progna th i s m ,  a n d  m a l development and 

collapse of carpal and tarsal bones . H i s tolog ically 

widespread degenerat ive changes have been observed in 

the common digi tal extensor muscles . Many f i bres are 

central ly vacuolated , whi le others have f i ne granular 

central areas of cal c i f i cation . Central nucl e i  are 

occas i onally observed ( McLaughlin e t  al , 1 9 8 6 ) . 

I nduced hypothyroid myopathy has also been sugges ted 

as a cause of poor performance , muscle pain and 

exer t i onal rhabdomyolysis  ( Waldron-Mease ,  1 9 7 9 ) . 

Muscle biopsy from the semimembranous muscle i n  such 

cases shows only minor changes . These cons i s t  of 

mild focal mononuclear cell inf i l trate and some areas 

of increased numbers of sarcolemnal nucle i . 

Pos t-anaesthe t i c  myopathy-neuropathy 

A common complication of general anaesthes i a  in the 

hors e is pos t - anae s theti c  neuro-muscular damage . 

A f f e c t e d a n i m a l s  m a y  s h ow an i nab i l i t y o r  

unwi l l i n gn e s s t o  s t and , 

myoglobi nuria . 

and m a y  have s ev e r e  

The mos t  common les i on associated w i th t h i s  cond i t i on 

i s  myos i t i s  of those muscles subj ected to pressure 

during anaes thes i a . In lateral recumbency these 

i nc lude the mas seter , triceps and flank muscles , 

wh i l e  i n  dor s a l  r e c umbe n c y  the g l u t e a l s  and 

longi s s imus dor s i  muscles are mos t  af fected ( Brownlow 

and Hutch ins , 1 9 8 1 ) .  A neuropathy affec t i ng the 

radial nerve may also be present . 

H i s topatholog i cal muscle lesions can vary w i thin the 

one horse ( Fri end , 1 9 8 1 ) .  There may be mas s i ve , 

acute degenerat i on of muscle f i bres wh i ch appear 

swol len , rounded , homogeneous , intensely eos i noph i l i c  

and show loss of cros s - striations . In o ther cases 

muscle f i bres may appear fragmented , d i s organ i z ed ,  

vacuolated , focally minera l i z ed and widely s eparated 
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by oedema . Often only empty sarcolemnal sheaths 

remain . Erythrocytes , neutroph i ls , f ibrin strands 

and mononuclear cells may also be present wi thin the 

endomysium and perimy s i um .  There may also be some 

muscles whi ch appear to have undergone i schemic 

necros i s . 

H i stochemical examinat i on o f  a ffected triceps muscle 

i n  the horse shows i n i t i a l  degenerat ion and necros i s  

o f  Type I I  muscle c e l l s  whi ch i s  s im i l ar t o  the 

l e s i o n and s equenc e o f  e a r l y  T y p e  I I  c e l l  

degenerat ion reported i n  both experimental i schemic 

myopathy ( Lindsay et al , 1 9 8 0 ) , and i n  horses wi th 

exertional rhabdomyolys i s  ( Li ndholm et al , 1 9 7 4 ) . In 

s e v e r e  c a s e s  t he a f fec ted muscles may undergo 

f i bros i s , contract i on and atrophy ( Brownlow and 

Hutchins , 1 9 8 1  ) . 

Pas ture myopathy 

A further acute myopathy seen in horses at pas ture , 

and not assoc i ated with exerc i s e , has been described 

on several occas i ons ( Bowen and Craig , 1 9 4 2 ; Pope 

and Heslop , 1 9 6 0 ; Hos i e  et al , 1 9 8 6 ; Whi twel l  et 

al , 1 9 8 8 ) . The cl inical and haematologi cal f i ndings 

resemble those of exertional rhabdomyolys i s . The 

muscles af fected are generally those of posture and 

respiration , rather than movement . Pathological 

changes are cons i s tent wi th severe , acute muscle 

necros i s . 

Contracted Tendons 

Thi s  condit i on has been included here as muscle f i bre 

p a t h o l og y  h a s  b e e n  i m p l i c ated as a cause of 

" contracted tendons ( Gunn , 1 9 7 6 ) . Thi s  author found 

evidence of hypoplas i a  of muscle f i bres as well as an 

i ncrease in f ibrous t i ssue i n  deep d i g i tal flexor 

mu s c l e s  i n  t wo f oa l s  s u f f e r i ng from forel imb 
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contracture . H e  suggested the d i sease was s imi lar 

t o  " myopa th i c "  a r t hrogrypo s i s . Howe ve r ,  the 

a e t i o l o g y  and p a t h o l o g i c a l  c h a n g e s  r e m a i n  

speculative . 

Myotoni a  

Myotoni a  i s  an uncommon di sease o f  skeletal muscle 

the horse ( Farnbach , 1 9 8 2 ; Reed e t  al , 1 9 8 8 ) . I t  i s  

c h a r a c t e r i z e d  by p rolonged after- contracture of 

muscles with di fficulty in relaxation . 

muscles appear most affec ted . 

The h indl imb 

H i s tologic evaluat ion of muscle reveals var i at i on in 

f ibre d i ameter and a range wel l  beyond twi c e  normal 

s i z e . The largest myofibres generally occur in 

groups , have extremely irregular borders and may be 

folded wi thin the musc les . On occasions Type I or 

Type I I  f ibres may not be present ( Jami son e t  al , 

1 9 8 7 ) . Central nucle. i are frequently observed , w i th 

degenerate and necrot i c  f i bres being common . There 

i s  l i ttle inflammatory react i on present . Chron i cally 

t h e  m u s c l e s may b e c ome d e f ormed b y  f i brous 

p s eudohypertrophy . Andrews and Spurgeon ( 1 9 8 6 ) 

b iops i ed the middle gluteal and semi tendinous muscle 

i n  a horse suspected of having myoton i a  and found 

hypertrophy of Type I f i bres , w i th atrophy of Type I I  

f i br e s , a s  w e l l a s  s i g n i f i c a n t  i n c r e a s e s  i n  

perimyseal and endomyseal connec t ive t i s sue . 

Histochemical i nvestigation o f  mus c l e  disease in the 

hors e  

A w i de variety of techni ques are ava i lable for the 

i nves t igation of muscle d i s ease . These include 

e l e c t r o n m i c r o s c o p y , b i o c h e m i c a l a n a l y s i s , 

e l e c t romyography , rad i onuc l i d e  and f l uo r e s c e n t  

t a g g i n g o f  myo f i br e s , a n d  l i gh t  m i c r o s c op i c  

examinat ion o f  hi stologically and h i s tochemically 

s t a i ned muscle samples . In the hors e  not all these 
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techni ques are routinely ut i l i z ed . I n  thi s  s tudy 

h i s tolog i cal and h i s tochemi cal examinati on of musc l e  

w a s  u s e d  to provide informat ion for morphologi ca l  and 

morphometric analys i s  of each s ample . 

( i )  S e l ec ti on of muscle 

Before select i ng a muscle for the inve s t i ga t i on of a 

neuromus cular disease , several con s idera t i ons are 

requ i red . F i rstly , the muscle s hould 

moderately i nvolved in the di sease process .  

be only 

I f  the 

mus c l e  i s  too severely affected then end - s tage muscle 

may be present . Conversely , if  only m i ldly a f fected , 

minor or ins i gn i f i cant changes may be observed . In 

e i t h e r  c a s e  the changes may be d i f f i cu l t  or 

impos s ible to d i f feren t i ate from al terat i ons caused 

by non-neurogeni c  di sease processes . 

f ibre t ype grouping i s  an important 

S econdly ,  s ince 

early s i gn of 

neuro-muscular disease , muscles w i th s i ngle f i bre 

type predominance should be avoi ded . Con s i derat i on 

may also have to be given to the s i z e  and pos i t i on of 

a mus c l e , part i cularly when the s amples are to be 

o b t a i n e d  from the conscious animal . In this 

s i tuation the muscle to be examined should be read i l y  

acc es s i bl e  and large enough to provi de a n  adequate 

specimen for inves t igat i on . 

( i i )  Select i on of s i te wi thin a muscle 

The s ampl i ng s i te w i thin each muscle should be made 

cons tant as , in some , large di fferences in f i bre type 

propor t i ons have been shown to exi s t  in d i f ferent 

area s . Moreover the myotendinous j unct i on should be 

avoided as vari at ion i n  fibre s i z e  exi s t s  i n  thi s  

area . 

( i i i ) Technique of muscle col lec t i on 

The two ma j or means of obtaining a mus c l e  s ample are 

by s u rg i c a l  exc i s i on or n e edle biopsy . The 

techni ques for surgical exc i s i on of mus c le have been 

w e l l  d e s c r i bed ( McGav i n , 1 9 8 3 ; S arnat , 1 9 8 3 ; 
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Koreny i - Both , 1 9 8 3 ) . I t s  main advantage is that 

l arge amount s  of untraumati sed muscle t i s sue c an be 

obtained , whi l e  maintaining accurate orientation of 

muscle f i bres . 

Needle biopsy techniques have been used exten s i vely 

in recent years in man ( Edwards 1 9 7 1 ; 

Bergstrom , 1 9 7 5 ;  Edwards , 1 9 7 1 ) ,  and in the horse 

( Snow and Guy , 1 9 7 6 ; Hodgson , 1 9 8 5 ) . The technique 

of percutaneous needle biopsy has been wel l  described 

in the latter speci es ( Snow and Guy , 1 9 8 0 ; L i ndholm 

and P i ehl , 1 9 7 4 ) . Several biopsy needles are 

avai lable but a l l  are variations of the Bergstrom 

needle used in man . The muscle biopsy i s  usual ly 

collected under local anaes thes i a  via a s tab incis i on 

through the skin . The mai n  advantages of needle 

biopsy over surg i cal exc i s i on are that i t  i s  less 

trauma t i c  to the surroundi ng t i s sue and causes less 

pat i ent d i s comfor t . The d i s advantages are that the 

samples obtained are frequently too small and the 

muscle f i bres poorly ori entated ( Engel , 1 9 6 7 ) . 

A ma j or argument against the use of a needle biopsy 

is that it represents only a small sample of the 

en t i re mus c le . A 1 5 - 2 0 % di f ference in f i bre 

p r o p o r t i o n s , m a i n l y  d u e  t o  " b i o l o g i c a l  

i nhomogene i t y " , has been found between repeated 

needle biops i e s  at the same s i te in muscles of 

d i f ferent people and a d i f ference of 6 - 8 %  between 

b i ops i e s  wi thin the s ame muscle of a s i ngle sub j ec t  

( Ha l k j a e r - Kr i s t en s en and Ingemann-Hansen , 1 9 8 1 ) .  

Moreover , Sands tedt ( 1 9 8 1 ) s tudying human muscles and 

Van den Haven e t  al , ( 1 9 8 5 ) inves t i gating equine 

muscles , have shown that the proporti on o f  f i bre 

types vary between fasc icles . For these reasons 

several authors ( Raub et al , 1 9 8 5 ; Van den Haven et 

al , 1 9 8 5 ) have recommended that small biopsy s amples 

shou l d  be i n t e rp re t ed w i t h c au t i on and t h a t  

researchers should preci sely define the area from 
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whi ch s amples are coll ec t ed . 

( iv )  Process ing of mus c l e  s amples 

Once obtained , musc l e  s amples may be processed i n  a 

number of ways . In the pas t , the mos t  common method 

used for hi s tological proc e s s i ng was by formal in 

f i xation and para f f i n  embeddi ng . Thi s  method , 

howeve r ,  r e s u l t s  i n  a s i gn i f i c a n t  d e g r e e  o f  

a r t e f a c t u a l  f r a g m e n t a t i on and s e para t i on o f  

m y o f i b r i l s ( S a r n a t , 1 9 8 3 ) . A d d i t i o n a l l y , 

s i gn i f i cant f ibre shri nkage and d i s tortion of the 

cross- sect ional contour of the muscle f i bres may 

occur . 

Fixat ion of muscle by rapid free z i ng has superseded 

formalin fixat ion for use in s tudi e s  on muscle 

d i sease . Thi s  method not only allows h i s tolog i cal 

evaluation but also h i s tochemi cal , b i ochem i cal and 

electron mi croscop i c  a s s e s sment s  to be made . Several 

methods of free z i ng are avai lable . To minimi se the 

formation of ice crys tals in the muscle as i t  

freezes , i t  has t o  b e  frozen a s  qui ckly a s  pos s ible 

to - 7 0 °C . L i qu i d  n i trogen or I sopentane ( 2  

methylbutasine ) alone , or i n  combinat i on , are used 

for this purpose . When u s i ng l iqui d  n i t rogen alone , 

a coat ing agent i s  requi red to produce a more rapid 

rate of cool i ng . Such agents include s tarch , 

s i l i cone , talcum or aluminium foi l . Wi thout such a 

coating agent a gas layer forms around the muscle , 

act ing as insulation and s lowi ng the rate of cooling . 

I sopentane can be used e i ther mixed i n  a s lush wi th 

l i quid ni trogen , or held i n  a s eparate container and 

cooled by the n i trogen ( Moline and Glenner , 1 9 6 4 ) . 

Other variations o f  these t echni ques have been 

described ( Wu et a l , 1 9 8 5 ) . Once frozen , the muscle 

can be s tored at - 7 0 ° C . Measures mus t  be t aken to 

prevent 

muscle 

freezer burn , for 

in aluminium foi l  or 

containing some i c e , prior 

freez er . 

example ,  wrappi ng the 

plac i ng . i t  in a vial 

to inserti on i n  the 
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After freez ing , or s torage at - 7 0 ° C ,  the muscle 

s amp l e  should be a l lowed to warm up to the 

temperature of the cryostat , general l y  around - 2 0 ° C 

to - 3 0 ° C ,  prior to cut t i ng . More t i s sue arti facts 

occur in s tored , frozen s amples than in freshly 

frozen samples , so cutt i ng a s  soon as poss ible after 

free z i ng is recommended ( Sarnat , 1 9 8 3 ) . After 

cutting , samples can be s tored overni ght a t  - 2 0 ° C in 

the cryos tat , or returned to - 7 0 ° C for longer 

s torage . 

( v )  H i s tochemical staining of mus c l e  

The enz ymes commonly 

h i s t o c h e m i c a l  

used i n  mus c l e  to produce a 

p r o f i l e a r e  m y o s i n  

a d e n o s i n e t r i p h o s p h a t a s e  ( m y o s i n  A T P a s e ) t o  

demons trate a fibre ' s  contractile properties ; an 

ox idat ive enzyme to demons trate aerobi c  metabolic 

capac i ty ,  for example ,  suc c i nate dehydrogenase ; and 

a g l y co l y t i c  enz yme t o  d emon s t r a t e  a n a e ro b i c  

me t abo l i sm ,  f o r  e x ampl e ,  glycogen phosphorylase 

( Buchthal and Schmalbruch ,  1 9 8 0 ) . 

The mos t common enz yme used for the h i s tochemical 

d i f ferentiat ion of f ibre types is myo s i n  ATPase . 

S t a i n i ng o f  th i s  enzyme allows d i f ferentiat ion 

b e tw e e n  f i bre type s b a s ed 

contraction ( Barany , 1 9 6 7 ;  

Buchthal and Schmalbruch , 1 9 8 0 ; 

on the i r  speed of 

Burke et a l , 1 9 7 1 ; 

Snow e t  a l , 1 9 8 1 ) ,  

a l though some controversy over the relati onship 

exi s t s  ( Maxwell e t  al , 1 9 8 2 ) . In thi s  present s tudy 

i t  was the only h i s tochemical techni que used . For 

thi s  reason other h i s tochemical enz ymes are not 

d i scus sed further . 

For the in vi tro demonstration o f  myos i n  ATPas e , 

calcium chloride solution i s  added to the s ample .  

Thi s  reac ts w i th the phosphate released duri ng the 

conversion of ATP to ADP to form calc i um phosphate . 

At an alkal ine pH calcium phosphQ �� i s  i nsoluble and 
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i s  depo s i ted a t  the s i te o f  enz yme act i v i t y . By 

r i n s i ng in a cobalt soluti on the calcium i s  replaced 

by the cobalt to form cobal tous chlori de . The t i ssue 

i s  then placed in ammonium sulphate and a black 

i nsoluble precipi tate of cobaltous sulph ide forms 

( Sarnat , 1 9 8 3 ) . Following incuba t i on in an alkaline 

pH , Type 1 f i bres s tain l i ghtly and Type I I  stain 

darkl y .  Incubation at a low pH resul t s  in reversal 

of the staining of Type I and I I  f i bres . There are 

some except ions to thi s ; for example , neonatal and 

card i ac muscle , whi ch s tain intensely for myos i n  

ATPase a t  pH 9 .  4 ,  despite containing mainly Type I 

f i bres and hence being slowly contracting . Thi s  i s  

because o f  the very high level o f  mi tochondri a  w i thin 

these muscle f i bres ( Guth and Sumara , 1 9 7 2 ) . 

( vi )  Methods of analys i s  of muscle 

Mus c l e  may be anal ysed by quali tat ive or quan t i tat ive 

means . 

( a )  Quali tat ive analys i s  

Qual i tat ive asses sment involves a subj e c t i ve analy s i s  

of the muscle noting factors such a s  var i a t i on i n  

f ibre s i z e , shape and grouping , the pos i ti on and 

frequency of nuclei , and the degree of connec t i ve and 

fatty t i s sue i n f i l trat ion . The degree o f  changes can 

then be clas s i f ied into several grades from s l ight 

through to severe ( Anderson , 1 9 8 4 ) . 

( b )  Quanti tat ive analy s i s  

The proportion of d i f ferent f i bre 

mu s c l e  and the s i z e of muscle 

type s w i thin a 

f ibres can be 

c alculated quanti tatively to inve s t igate a l tera t i ons 

whi ch result from vari ous d i s ease 

processes . 

S everal s tud i e s  have invest i ga ted the number o f  

f i br e s  t o  be coun ted t o  p rovide a n  accurate 

asses sment of f ibre proportions . Thes e  ind ic ate that 

count i ng 4 0 0  to 6 0 0  fibres is as accurate as counting 
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and Turek , 1 9 8 5 ) . 
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Bruce 

Muscle f i bres s i z e  can be calculated by measuri ng 

e i ther f i bre d i ameter or fibre cross sectional area . 

For assessment of f i bre d i ameter , the techni que of 

choice is  to measure the minimum d i ameter o f  the 

f i bre ( Brooke and Engel , 1 9 6 9 ; Ren i ers et al , 1 9 7 0 ; 

Jennekens e t  a l , 1 9 7 1 a ;  Dubowitz and Brooke , 1 9 7 3 ;  

Larsson and Ansved , 1 9 8 5 ; Andrews and Spurgeon , 

1 9 8 6 ) . Thi s  i s  defined as the minimum d i s tance , 

taken through the centre of a muscle f i bre , between 

oppo s i t e  s i des of the fibre ( Brooke and Engel , 

1 9 6 9 a ) . Thi s  measurement has the advantage over the 

calculation of f ibre area , as it is less  influenced 

by obl i que sect i oning and is less tedious to perform 

than area measurements ( Jennekens e t  al , 1 9 7 1 a ) . 

H i s tographi c  analys i s  of the d i s tribution of f i bre 

d i ameters can provide information on the extent of 

atrophy or hypertrophy present in muscle ( Adams et 

al , 1 9 68 ; Brooke and Engel , 1 9 69a , b ;  Andrews and 

Spurgeon , 1 9 8 6 ) . 

Based on the minimum fibre diameter h i s tograms , 

atrophy and hypertrophy factors can be calculated 

us i ng the sys tem of Brooke and Engel ( 1 9 69 ) . Thi s  

i nvolves determining a normal range o f  values for 

f i bre d i ame ter , wh i ch i s  calculated for each muscle 

as the mean f i bre d i ameter plus and minus 2 s tandard 

deviations . The number of f i bres fall ing outs ide 

thi s  range i s  then mul t ip l i ed by between 1 and 4 ,  the 

prec i s e  value correspondi ng to the number of s t andard 

deviations away from the normal range of f ibre 

d i ameters . For example , the number of f i bres the 

d i ameters of wh i ch are up to one s tandard dev i at i on 

outs ide the normal range are mul t ipl i ed by one ; the 

number between 1 and 2 s tandard devi ations are 

mult ipl i ed by two ; for between 2 and 3 ,  mul t ipl i ed 

by 3 ;  and the number greater than 3 mul t ip l i ed by 4 .  

These values are then added to give a f inal atrophy 
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and hypertrophy factor for each muscle and fibre 

type . The factors g i ve a numerical i ndication of the 

number of excess ively small or large f i bres , thus 

providing the degree of atrophy or hypertrophy 

present . 

Some authors have sugges ted that measurement of 

c r os s - s e c t i on a l  f i bre a r e a  may be a superior 

techni que to other methods of analys i s  in identi fying 

f i bre s i ze changes i n  neuromuscular d i sease ( Renier 

e t  al , 1 9 7 0 ) . However , i t  i s  wel l  recogn i z ed as 

being a very complex procedure ( Adams et al , 1 9 68 ) . 

I t  can be performed using manual or semi - automatic 

techni ques . Manual techni ques include plac i ng graph 

paper under a muscle f i bre and determining the number 

of squares superimposed on the f i bre . Sem i - automatic 

methods rely on the out l ine of f i bres traced onto a 

digi t i z er and the area calculated . The number of 

randomly selected musc l e  f i bres requi red to be 

counted for an accurate evaluat ion of cross- sectional 

area is around 2 0  ( Halkj aer-Kr i s tensen and Ingemann­

Hansen , 1 9 8 1 ) to 2 5  ( Sandsted , 1 9 8 1 ) .  The maj or 

d i s advantage of this techni que i s  that even s l ightly 

obl ique sect ioni ng of the muscle can resul t i n  widely 

d i f fering resul t s . 

MATERIALS AND METHODS 

Experimental horses 

Nineteen Thoroughbred horses and two pon i es ranging 

in age from s i x  weeks to 2 7  years were used in thi s  

i nve s t i gation . They were divided into three groups 

on the bas i s  of c l i n i cal , endoscop i c  and m icroscopic 

observations ( Table 1 ) .  

The f i rs t  group ( clinical ) contai ned e i ght horses 

whi ch had an i nc reased inspi ratory sound at exerci se 

and endoscopic evidence o f  an i nabi l i ty to abduct or 

maintain abduct ion of the l e f t  arytenoid cart i l age 

d u r i ng qu i e t  r espirat i on . There were obvious 
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patholog i cal changes i n  the l aryngea l  muscles and 

recurrent laryngeal nerve . 

The s econd group ( sub-c l inical ) cons i s ted of four 

horses in whi ch no abnormal respi ratory noi se was 

detected at exerci s e  and movements of the arytenoid 

c a r t i l ag e s  wa s s im i l ar t o  t h e  control group . 

However ,  pathological changes were s een i n  the 

intrins i c  l aryngeal muscles and recurrent l aryngeal 

nerve s . 

TABLE 1 Experimental animals 

Group S t a tus Horse Age Height 
( years ) ( cm )  

Cl i n ical 2 5 1 7 0 
4 6 1 6 5 
7 2 1 6 0 
9 5 1 5 8 

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

Subc l i n i cal 1 7 1 5 5 
6 1 - 2 1 5 0 

1 6 2 1 5 3 
1 7  5 1 7 1  

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

1 0  1 1 4 5 
1 1 3 1 5 2 
1 2  0 * 
1 3  6 1 5 5 
1 8 + 7 1 2 2 
2 0 +  7 1 2 7 

* 6 wks old 

+ pony 

The th i rd group ( control ) contained nine horses in 

whi ch there was no detectable abnormal respi ratory 

noi s e  made at exerc i se . Movement s  of the left and 

r i gh t  arytenoid carti l ages appeared s ymmetrical on 

endoscop i c  examination and no , or negl i g i ble , changes 
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were found on l i ght mi croscop i c  examination of 

s e c t i ons of the intrins i c  l aryngeal musc l e s  and 

recurrent laryngeal nerves . 

In order to determine i f  d i sease processes other than 

i di opathi c  l aryngeal hemiplegia were present in any 

case , a full cl ini cal examination was performed . 

Thi s  included observation whi le walki ng , trott i ng and 

lunge ing , as wel l  as measurement of temperature , 

respi rat i on rate and heart rate . Palpa t i on o f  the 

l arynx , l aryngeal cart i lages , and j ugular groove was 

performed . Horses included in thi s s tudy showed no 

phy s i cal abnormal i t i e s  of these s t ruc ture s . The 

he i ght o f  each horse was also recorded . Endoscopic 

examina t i on was carri ed out at rest u s i ng a f lexible 

f i breop t i c  endoscope w i th a nose · twi tch app l i ed to 

the animal for restraint . 

Fol lowing examinat ion all horses were euthanased by 

the intravenous admini s trat ion of pentobarb i tone and 

autops i ed . 

Col le c tion o f  muscle s amples 

The larynx was d i s sected free and in all horses a one 

cent imetre wide s ample was taken from the middle of 

the l e f t  and right dorsal and lateral cri coary tenoid 

musc l e s . In a l l  except two c l i n ical animal s ( horses 

1 4  and 2 1 ) one to two cub i c  cent imetre s amples were 

t aken from proximal , middle and di stal s i te s  from 

each h i ndl imb muscle s ampled ( Fi g . 7 )  except the 

short d i g i tal extensor . In this  mus cle , because of 

i t s  sma l l  s i z e  and flattened shape , a s ingl e  s ample 

was taken across the middle of the muscle belly . In 

the two c l ini cal horses mentioned above , only the 

m i dd l e  s am p l e  was col lected from the h i ndl imb 

mus c le s . 

I n  order to assess the degree of var i at i on whi ch 

m i gh t  occur i n  a cros s - section ,  through the middle of 
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Figure 7 .  A l ine drawing i l lustra t i ng the s i tes o f  
s amp l i ng from the l arge l i mb musc les . 

A .  In the deep digi tal flexor , long and 
l a t e r a l  d i g i t al e xt en s o r s , and 
crani al t ibial muscle samples were 
col lec ted from proximal , middle and 
d i s tal s i tes in a l l  horses . 

B .  In f i ve control horses add i t i onal 
samples were collected through the 
middle of the muscle , from cranial , 
med i al , caudal and l ateral s i tes i n  
the deep digi tal f lexor and long and 
lateral digi tal extensor muscles . 

C .  Because the cranial tibial mus c l e  
was flat ter than the remaining l arge 
l i mb mu s c l e s  a dd i t i onal s amples 
through the middle of the musc l e  
were collected from only medial and 
l a teral s i tes in the s ame f i ve 
control horses . 
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the l arger hindl imb muscles , samples were collected 

in 5 control horses from add i tional s i tes at th i s  

level , a s  i l lustrated i n  Figure 7 .  

Proce s si ng o f  muscles 

Muscle samples were processed as soon as poss ible 

after collec t i on . Each s ample was examined v i sually 

to ensure a cross s e c t i onal surface of at least 

1 cm2 was ava i l able for sectioning . The muscle was 

then rapidly frozen in I sopentane 1 cooled by l i quid 

nitrogen to i ts mel t ing point of - 5 1 ° C . Thi s  freezing 

took about 2 0  seconds . The muscle was then mounted 

e i ther directly onto a chuck or onto a small pi ece 

of cork , using a l iquid t i s sue mount ing gel 2 . Duri ng 

this procedure the s ample was aligned so that the 

muscle fibres ran transversely to the edge presented 

for sectioning . They were then individually wrapped 

in alumin ium foi l ,  l abe lled and s tored at - 7 0 ° C .  

Froz en sect i ons were cut 3 at 1 0  �m i n  a cryostat at-

25 ° C . Two sect ions of each sample were col lected 

onto glass s l ides and al lowed to air dry . One 

section was then s t a i ned h i s tochem i cally to detect 

myos i n  ATPase ac t i v i t y  a fter pre-incubat i on at pH 9 . 4  

using the technique of Padykula and Herman ( 1 9 5 5 )  as 

modi f i ed by Davies and Gunn ( 1 9 7 2 ) ( Appendi x  1 ) .  The 

other section 

eos i n . Each 

mi croscopy . 

a r t e f a c t  wa s 

was s tained w i th haematoxyl i n  and 

sample was then examined under l i ght 

They were re j ected if excess i ve i ce 

present , i f  the section was not 

t r a n s v e r s e , i nadequately 

myos in ATPase sections , i f  

stained , 

exces s ive 

or , w i th the 

cobalt sulphide 

precipi tate was present . Wherever poss ible , where 

these problems were i dent i f i ed , s amples were re-cut 

1 I s o p e n t a n e , K o c h - L i g h t  
Laboratori es Ltd . , Buckinghamsh i re , England 

2 T i ssue-Tek 2 ,  Lab Tek Produc ts , 
Napervi lle , USA 

3 L i pshaw 
Manu fac turi ng Co . ,  Mi chigan , USA 

Cryotome , L i pshaw 



and s tained after the problem was correc ted . 

Col lection and analys i s  of data 

( i )  Muscle morphology 

5 3  

For morphologi cal asses sment of mus c l e  the fol lowing 

features were noted 

Muscle fibre s i z e  and shape var i a t i on 

Dens i ty and d i s tr i bution of nucl e i  

Amount o f  connec t ive t i s sue and fatty t i ssue 

Presence of abnormal l y  s tained f i bres such as 

spl i t  fibres 

Presence of f i bre type grouping 

Other notable s t a ining character i s t i c s  

Changes were then graded accord ing t o  a sys tem 

mod i f i ed from Anderson ( 1 9 8 5 ) as follows : 

No pathology ( 0 )  

1 .  Muscle fibre shape and d i s tribu t i on normal . 

2 .  Normal number and d i s tribution o f  nucle i . 

M i ld pathology ( + )  

1 .  Rounding of , and an apparent i ncrease in the 

number of sarcolemnal nucl e i . 

2 .  Occurrence of a higher than normal number of 

nuc lei within the body of mus c l e  f i bres . 

3 .  Minor var iati on i n  f ibre s i z e  

Moderate pathology ( + + )  

1 .  S l ight fibre atrophy and hypertrophy , w i th 

associ ated changes i n  shape of f ibres . 

2 .  An apparent i n c r e a s e  i n  t h e  amount of 

endomys i al and perimy s i a l  connec t i ve t i s sue . 

Marked pathology ( + + + )  

1 .  Wi despread atrophy and hypertrophy of fibres . 

2 .  Marked endomys i al and perimys i al f i bros i s . 



S ev e r e  pa thology ( + + + + } 
1 . W i d e s pread fatty and f i brous replac.;'­

mu s c l e . 

2 .  Pykno t i c  nuc lear c lump s . 

S i gn s  i nd i c a t i v e  o f  c h r on i c  d e innervat i on and 

r e i nn e rva t i on , s uch as f i bre type group ing and g roup 

a trophy of f i br e s  were also noted . 

( i i )  Mu s c l e  morphometry 

For quant i ta t i v e  anal ys i s  of mus c l e  the s e c t i on s  were 

t h e n  p r o j e c t e d  o n t o  t r a c i n g  p a p e r  u s i n g a 

m i c ropro j e c tor mount ed on the trac i ng tabl e . 

( a )  P roport ion o f  Type I f i br e s  

Approx ima t e l y  2 0 0  f i bres were randomly s e l e c t e d  and 

d i f f e r e n t i a t ed i n to Type I and Type I I  f i b re s , and 

the mean percentage of Type I f i b r e s  c a l c u l a t ed . The 

d a t a  was then grouped accor d i ng to the d i s ea s e  

s ta t u s , age , and s i te o f  s amp l i n g  and s tat i s t i ca l l y  

ana l y s e d  u s ing the s tuden t s ' t - te s t  and F - t e s t  whe r e  

app l i cab l e . The two pon i e s  i n  the contro l  g roup w e r e  

exc l ud ed f rom a l l  morphom e t r i c  anal y s i s , wh i ch was 

c on f i ned excl u s i v e l y  to Thoroughbreds . 

I n  hor s e s  1 and 2 ,  over 1 0 0 0  f i br e s  were exam i ne d  and 

the p ercentage of Type I f i br e s  c a l cu l a t e d . The s e  

r e s u l t s  were then compared wi th thos e  o bt a i ned b y  

coun t i ng 2 0 0  f i br e s  t o  d e t e rm i n e  i f  any var i a t i on 

e x i s te d  when coun t i ng l e s s  f i br e s . 

( b )  Mus c l e  f i bre d i ame t e r  

The m i n i mum cros s - s e c t i onal d i ame t e r , a s  d e f i ne d  b y  

Brooke and Eng e l  ( 1 9 6 9 a ) , w a s  t h e n  m e a s u r e d  i n  1 0 0 

Type I and Type I I  f i br e s  i n  the m i d d l e  s am p l e  o f  

e ach mus c l e  f rom both l egs . I n  a dd i t i on m i n imum 

f i b r e  d i ameters were measured in the c r a n i a l , c auda l , 

med i a l  and l ateral mus c l e  s amp l e s  f rom 5 contro l  

hor s e s . 
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The s e  meas urement s were then tran s f e rr e d  t o  a P r i me 

Comput e r  s y s t em and means and s tandard d ev i a t i on s  o f  

m i n imum f i br e  d i am e t e r  were c a l cu l a t e d  for e ac h  

mus c l e . S amp l e s  were then grouped a ccord i ng to 

d i s e a s e  s t a tu s , age , and s i te o f  s ampl ing , and 

analy s i s  of var i an c e  per formed for both Type I and 

Type I I  f i br e  t y pe s , and l e f t  and r i g h t  legs . Wher e  

a n a l y s i s  o f  v a r i an c e  i nd i c a t e d  a s i g n i f i c a n t  

d i f ference e x i s ted , a pai red s tudent s ' t - t e s t  was 

used t o  anal y z e  the r e s u l t s  further . 

( c) H i s tograms o f  f i bre d i ameter d i s t r i b u t i on 

I n d i v i dual f ibre d i ameter meas ureme n t s  f rom a l l  

hors e s  were then grouped accord ing t o  the mu s c l e  

s ampled , t h e  f i br e  type and the di s e a s e  s tatus o f  t h e  

a n i m a l . T h i s  e n a b l e d  a c o m p a r i s on o f  t h e  

d i s t r i bu t i on o f  f i bre d i ameters i n  both Type I and I I  

f i b re s , b e tween c l i n i c a l  and control hors e s  i n  each 

mus c l e . 

Becau s e  o f  the sma l l  number o f  s ub c l i n i ca l  hor s e s  

the s e  were n o t  i n c l uded i n  the h i s to graph i c  anal y s i s . 

( d) Atrophy and hypertrophy factors 

Bas ed on the f i br e  d i ameter h i s tograms , a t rophy and 

h y p e r t r o p h y  f a c t o r s  we r e  t h e n  c a l c u l a t e d a s  

prev i ou s l y  men t i on e d  ( Brooke and Engel , 1 9 6 9 b )  f o r  

Type I a n d  Type I I  f i bres f o r  each mus c l e  i n  a l l  

hors e s . The s e  were then c omb ined t o  produc e  mean 

a trophy and hypertrophy fac tors for Type I and I I  

f i br e s  for e a c h  mus c l e  for the con t ro l , s ubc l i n i c a l  

and c l i n i c al g roup s . 

RESULTS 

Muscle morphology 

The r e s u l t s  o f  morphologi cal grad i ng o f  mus c l e s  are 

p r e s en t ed in Append i x  4 ,  wh i l e the inc idence o f  

morpho l og i ca l  c hange s a t  e ach mus c l e  s i te f o r  a l l  

g roups o f  hor s e s  and t h e  average degree o f  changes a t  

t h e s e  s i te s  i s  p r e s ented i n  Tabl e  2 .  



T ab l e  2 .  I nc i d e n c e  of p a t h o l o gy and aver a g e  morph o l og i c a l  g r ad i n g i n  s amp l es from t h e  l i mb mu s c l e s  i n  h o r s e s  i n  
t h e  c l i n i c a l , s ubc l i n i c a l  a n d  c o n t r o l  group s . 

GROUPS OF HORSES 

CL I N I CAL SUBCL INICAL CONTROL 

Samp l es 
'f; 

Sa111p l e s  
$ 

Samp l e s  
$ 

MUSCLE 
Sa111p l e s  samp l e s  Average Samples sampl e s  Ave rage So111plos sa111ples Ave rage 

exam i ned a f fected a f f ected g rad i n g  ext�m l ned e f fected a f f ec t ed g rad ing exami ned o t f ec t ed a f fjK t ed g rad i ng 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Deep d i g i t a l  

f lexor 38 1 9  50 H / H+ 2 2  1 0  4 5  + / t+ 93 32 34 

C ran i a  1 t i b i e l  39 8 2 1  0/+ 22 2 9 Oj H 92 1 5  1 4  0 / t  

Long d i g i t a l  

extenso r  39 4 1 0  0 /+ 24 1 3  0/+ 96 4 4 0 /+ 

L a t e ra l d i g i t a l  

extensor 38 3 8 o ; �  2 3  0 0 0 95 5 5 0/ t 

Sho r t  d i g i ta l  

extensor 1 5  7 4 7  H 8 5 6 3  1 8  6 3 3  0 / t 

0 no changes 
+ m i l d  c hilnges 
++ moder il t e  changes 
+ t t  marked changes V1 
+ + + t severe changes 0'\ 
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F i gure 8 .  

Figure 9 .  

Photomicrograph o f  a transvers e  s e c t i on 
o f  the l e f t  lateral c r i c oaryteno i d  mus c l e  
i n  a s i x  week o l d  foal , show i ng the 
t y p i c a l  d i s tr i bu t i on o f  Type I and Type 
I I  f i bres in the control group . 

Myo s i n  ATPa s e  s t a i n i ng x 6 0 . 

Photom i c rograph o f  a tran s v e r s e  s e c t i on 
o f  the l e f t  lateral c r i coar y t eno i d  mus c l e  
i n  a horse from the subc l i n i c a l  group 
s howing f i bre type group i ng of Type I and 
Type I I  f ibres . 

Myo s i n  ATPase s ta i n i ng x 6 0  
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Figure 1 0 .  Photom i c rographs o f  a tran s v e r s e  s e c t i on 
o f  t h e  l e f t  l ateral c r i c oaryt eno i d  mus c l e  
i n  c l i n i ca l  l aryngeal hem i p l eg i c  hors e s , 
show i ng : -

A .  A t rophy o f  groups o f  f i br e s  ( a rrow ) 
and f i br e  t ype group i ng . 

B .  Gro s s  var i a t i on i n  f i bre s i z e and 
i nc r e a s e d  connec t i ve t i s sue . 

c .  O n l y  a f ew r e c o gn i s ab l e  mus c l e  
f i b r e s  a r e  v i s i b l e  amongs t  the 
d e g e n e ra t e  mus c l e  and connec t i v e  
t i s s u e . 

Myo s i n  ATP a s e  s ta i ni ng x 6 0  
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F i gure 1 1 . Photom i crographs o f  t r an s v e r s e  s e c t ions 
of the deep d i g i t a l  f lexor mus c l e  in 
c o n t r o l  h o r s e s . T h e s e  s e c t i o n s  
i l l u s t r a t e  t h e  v a r i a t i o n  i n  t h e  
propor t i on s  o f  f i bre t ypes whi c h  m a y  b e  
found i n  th i s  mus cl e . 

A. Approx i m a t e l y  equal propo r t i on s  o f  
Type I and Type I I  f i bre s , wi th 
l i t t l e e v i dence of morphol og i c a l  
abnorma l i t i e s. 

B .  Type I I  f i bre predominance . Onl y  
f i ve Type I f i bres are ev ident . 

C .  Type I f i bre predomi nance . 

Myo s i n  ATP a s e  s ta i n i ng x 6 0  





60 

Figure 1 2 .  

Figure 1 3 .  

Photom i crographs o f  t r an s v e r s e  s e c t i o n s  
t aken from t h e  d e e p  d i g i t a l  f l exor mu s c l e  
o f  a control hors e  showing : -

A .  S i mi lar s i z e  o f  Type I and Type I I  
f i bres . 

B .  Type I f i bres cons i s te n t l y  l arger 
than Type I I  f ib r e s . 

Myo s i n  ATP a s e  s ta i n ing x 6 0  

Photom i c rograph o f  a t r an s v er s e  s e c t i on 
o f  the deep d i g i t a l  f lexor mus c l e  i n  a 
c l i n i c a l  l a r y n g e a l  h em i p l e g i c  h o r s e  
show i ng f i bre type group i n g . 

Myos i n ATPa s e  s t a i n i ng x 6 0  
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F igure 1 4 . 

F igure 1 5 .  

A phot omi crograph o f  a tran s v e r s e  s e c t i on 
o f  the deep d i g i tal f l exor mus c l e  i n  a 
s u bc l i n i c a l  l aryngeal hemip l eg i c  h o r s e  
showing f ibre s i z e  var i at ion and T y p e  I 
f i bre hypertrophy. 

Myo s i n  ATPa s e  s t a i n i ng x 6 0  

A photom i crograph o f  a trans v e r s e  s e c t i o n  
o f  t h e  d e e p  d i g i tal f l exor mus c l e  i n  a 
c l i n i c a l  l a r y ng e a l  h em i p l e g i c  h o r s e  
s h o w i n g  f r a g m e n t e d  T y p e  I f i b r e s 
( arrows ) ,  f ibre s i z e  d i s propo r t i on and 
f i br e  type group i ng . 

Myo s i n  ATP a s e  s ta i n i ng x 6 0  
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Figure 1 6 . 

Figure 1 7 .  

Figure 1 8 .  

A pho t om i c rograph o f  a transvers e  s ec t i on 
o f  the c rani a l  t ib i al mus c l e  i n  a c o n t r o l  
hor s e , s howing normal di s tr ibut ion o f  
Type I and Type I I  f ibres . 

Myos i n  ATP a s e  s t a i n i ng x 6 0  

A photom i c rograph o f  a transverse s e c t i on 
o f  t h e  c r a n i a l  t i b i al musc l e  i n  a 
subc l i n i c a l  l aryngeal hemi p l e g i c  hor s e  
show i n g  occas ional smal l  Type I I  f ib r e s  
( arrow ) a n d  Type I f i br e  predomi nanc e .  

Myo s i n  ATPase s ta i n i ng x 6 0  

A phot om i crograph o f  a tran s ve r s e s e c t i o n  
f r om the cran i a l  t i bi al mu s c l e  i n  a 
control horse show i ng a mus c l e  s p i n d l e  
( a rrowed ) . 

Myo s i n  ATP a s e  s t a i n i ng x 1 5 0 
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F i gure 1 9 .  

F i gure 2 0 . 

F i gure 2 1 . 

Photomi c rograph o f  a t ransve r s e  s e c t i on 
o f  t h e  c r an i a l  t ib i a l  mus c l e  i n  a 
c l i n i c a l  l a r y n g e a l  h e m i p l e g i c  ho r s e  
s howi ng f i b r e  type group ing . 

Myo s i n  ATP a s e  s t a i n i ng x 6 0  

Photom i c rograph o f  a transverse s e c t i on 
f rom the c r an i a l  t i b i a l  mus c l e  i n  a 
control hors e  s howing evi dence of f i bre 
t y p e  g r o u p i n g a n d  T y p e  I f i b r e  
hypertrophy . 

Myo s i n  ATP a s e  s t a i n i ng x 6 0  

Photom i c rograph o f  a transverse s e c t ion 
of the c ran i a l  t i b i al mus c l e  in a control 
h o r s e  show i ng hyper t rophy o f  Type I 
f i br e s  and Type I I  f i bre predominan c e . 

Myos i n  ATPa s e  s t a i n i ng x 6 0  
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F igure 2 2. 

F i gure 2 3. 

Photom i crograph o f  a t ransverse s e c t i o n  
o f  t h e  c r a n i a l  t i b i a l  mus c l e  in a 
subc l i n i ca l  l aryngeal hemi p l eg i c  horse 
s howing i n t e rs t i t i al f i bros i s  ( arrow) , 
f i bre s i z e  var i a t i on and repl acement o f  
mus c l e  by conne c t i ve t i s s ue. 

Myo s i n  ATPase s ta i n i n g  x 6 0  

Photom i c rograph o f  a transve r s e  s e c t ion 
of the c r an i a l  t i b i a l  mus c l e  in a control 
horse s howing a focal accumu l a t ion of 
i n f l ammatory c e l l s  ( arrow) . 

Haematox y l i n  and eos i n  s t a i n i ng x 6 0 . 
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Figure 2 4 .  

Figure 2 5 .  

Photom i crograph o f  a transvers e  s e c t i on 
o f  the l ong d i g i tal e x t en s or mus c l e  i n  a 
c o n t r o l  h o r s e  s h o w i n g t h e  n o r m a l  
d i s t r i bu t i on o f  Type I and Type I I  
f i bre s . 

Myo s i n  ATP a s e  s t a i n ing x 6 0  

Photom i crograph o f  a transvers e  s e c t i on 
o f  the l ong d i g i t a l  e x t ensor mus c l e  i n  
the c ontrol hor s e  wh i ch h a d  f ib r e  type 
group i ng . 

M y o s i n  ATPa s e  s t a i n ing x 6 0  
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Figure 26 . Photom i c rographs o f  trans v e r s e  s ec t i on s  
o f  t h e  l ong d i g i ta l  extensor mus c l e  i n  a 
s i x  week o l d  control hor s e  showing : -

A .  S e v e re var i a t ion i n  f i bre s i z e , 
round i ng o f  f i bre s and increa s e d  
endomy s i a l  connect iv e  t i s sue . 

Myos i n  ATPa s e  s t a i n i ng x 6 0  

B .  I ncreased amount s  o f  both endomys i a l  
and p e r i my s i al conne c t i v e  t i s s ue and 
roun d i ng o f  mu s c l e  f i bre s . 

Myo s i n  ATP a s e  s t a i n i ng x 6 0  

C .  A n  i n c r e a s e d  n u m b e r  o f  c en t r a l  
n u c l e i  { a r r o w s ) ,  i n c l ud i n g o n e  
a s s oc i at ed wi th a s p l i t  f i bre ( large 
arrow) . 

Haematox y l i n  and e o s i n  s ta i n i ng x 1 5 0 
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F i gure 2 7 . Photom i crographs o f  t r ansver s e  s e c t i on s  
o f  t h e  long d i g i t a l  extensor mus c l e  i n  a 
s i x week o l d  c on t r o l  horse show i ng : 

A .  A s p l i t  mus c l e  f i bre ( arrowed) and 
i n c r e a s e d  e n do m y s i a l c o n n e c t i v e  
t i s su e . 

B .  A f r agment e d  mus c l e  f i bre . 

Myos i n  ATP a s e  s ta i n i ng x 1 5 0 





6 8  

Figure 2 8 . 

F i gure 2 9 . 

Photom i c rograph o f  a t ransverse s e c t i on 
from the l a t eral d i g i t a l  e x t e n s or mus c l e  
i n  a c o n t r o l  h o r s e ,  w h i c h  i s  
repre s e n t a t i v e  o f  the appearance o f  t h i s  
mu s c l e  i n  mos t hors e s . 

Myo s i n  ATP a s e  s ta i n i ng x 6 0  

Photom i c rograph o f  a t ra n s v e r s e  s e c t i on 
from the l ateral d i g i t a l  extensor mus c l e  
i n  a c l i n i ca l  l aryngeal hemipleg i c  hor s e . 
The onl y r ecogn i z ab l e  change i n  th i s  
m u s c l e  w a s  s l i g h t  f i b r e  s i z e  
d i s propor t ion . 

Myos i n  ATP a s e  x 6 0  
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F i gure 3 0 . Photomi crographs o f  a t r an s v e r s e  s ec t i on 
o f  the short d i g i tal extensor mus c l e  i n  a 
control hor s e  s howing : -

A .  The presence 
c o n t a i n i ng a 
f i b r e s  t h a n  
e x am i n e d  a n d  
abnormal i t i e s . 

o f  mus c l e  f a s c i c l e s  
s m a l l er numbe r  o f  

o t h e r  l imb mus c l e s  
f e w  m o r p h o l o g i c a l  

B .  A mu s c l e  s p i nd l e  ( arrowed ) ,  many o f  
wh i ch were f requen t l y  o b s e rved i n  
th i s  mus c l e. 

Myo s i n  ATP a s e  s ta i n ing x 6 0  
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Figure 3 1 . 

Figure 3 2 . 

Photom i crograph o f  a transver s e  s e c t i on 
o f  the short d i g i tal extensor mus c l e  i n  a 
cont rol horse c on t a i n i ng exclu s i v e l y  Type 
I f i br e s . Not e  the pre s ence of darker 
s t a i n i n g  f i bres in the mus c l e  s p indle. 

Myo s i n  ATP a s e  s t a i n i ng x 6 0  

Photom i c rograph o f  a tran s v e r s e  s e c t i on 
o f  the short d i g i tal extensor mus c l e  i n  a 
c l i n i c a l l a r y n g e a l  h e m i p l e g i c h o r s e  
s howi n g  e v i dence o f  f i bre type group i n g , 
group f i bre a t rophy , and var i a t i on i n  
f i br e  s i z e . 

Myo s i n  ATP a s e  s ta i n i ng x 6 0  
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A desc r i p tion of the morphological changes i n  each 

muscle i s  presented below . 

Left c r i coarytenoid musc l e  

There was some overlap in the degree of change 

present in the control and 

divi s i on into these groups 

and neurological f i ndings , 

pa thology . Nevertheles s , 

subcl inical hors e s , a s  

was based on endoscop i c  

in addi t ion t o  musc l e  

generally the l ateral 

cri coarytenoid muscle i n  control horses showed no , or 

only m i l d  changes ( f ig . 8 ) , whi le in the subc l i n i cal 

horses m i ld to moderate changes were present ( F i g . 

9 )  • 

All c l i n i cal laryngeal hemiplegic horses had s evere 

muscle damage and obvious f ibre type groupi ng in th i s  

musc l e  ( F i g . 1 0A & B ) . In some of these horses only 

small areas of recogn i z able muscle t i ssue rema ined , 

the ma j or i ty of the sample be ing replaced by f i brous 

t i s sue ( fi g . 1 0C ) . 

Deep d igi tal flexor musc l e  

The normal morphologic appearance of the deep d i g i tal 

flexor muscle is  shown i n  figures 1 1 A ,  B and C,  whi ch 

i l lus trate sample s  containing an approximately equal 

proport ion of f i bre types , and Type I or Type I I  

f i bre predominance . In 3 1 % of s amples i n  control 

horses m i ld var i at ion in f i bre s i ze was observed 

( fi g . 1 2 )  . In addi tion to this , one control animal 

( horse 1 3 )  had severe pathology and f ibre type 

group i ng , in both left and right legs , whi ch was 

i nd i s t i ngui shable from that seen in some c l i n i c a l  

l aryngeal hemiplegic horses . The two poni e s  were 

found t o  have moderate changes in one s ample from 

both l e f t  and r i ght legs in e ach animal . In control 

animals ,  i ncludi ng the ponies , the changes were mos t  

frequent l y  observed i n  samples from the d i s ta l  

portion o f  the musc l e . 
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Of the f ive control horses ,  i n  whi ch add i t i onal 

samples were examined from the middle of the mus cl e ,  

for the purpos e  of determining i f  any var i a t ion i n  

muscle morphology exi s ted between s i tes , t h e  degree 

of pathology found was s im i l ar to that identi f i ed in 

the original 3 biopsy s i tes , wi th the excep t i on of 

horse 1 1 . In thi s  animal mild to moderate pathology 

wi th f i bre type grouping exi s ted in both the cranial 

and med i al samples , but no or mi ld pathology i n  the 

remainder . 

Changes occurred i n  subc l ini cal animals in a h i gher 

proport ion ( 4 5 % ) of samples than in control hors e s . 

Some o f  these changes were s im i l ar to that s een in 

control horses but were more obvious in others , as 

shown i n  f i g . 1 4 .  

Moderate to marked pathology , as well as f i bre type 

grouping and group f ibre atrophy , was seen in four of 

the c l i n i cal l aryngeal hemipleg i c  horses ( f igs . 1 3 ,  

1 5 ) , wh i l e  no or mild changes were seen i n  the 

remain ing four c l inical cas e s . Overall , s igns of 

muscle damage were ident i fi e d  in 50% ( 1 9  of 3 8 ) o f  

the samples col lected from this  muscle i n  l aryngeal 

hemipleg i c  horses . These changes cons i s ted o f : 

var i a t i on i n  f i bre s i z e , roundi ng of f ibres , spl i t  

f i br e s , and a n  increased frequency of central 

nucl e i . The changes were observed more frequent ly 

and were also more severe i n  the distal por t i ons o f  

the mus c l e . 

Cran i a l  t i bial muscle 

Horses i n  a l l  groups showed few s i gns of pathology i n  

thi s muscle ( fi g . 1 6 ) , al though variation i n  f i bre 

s i z e  ( f igs . 1 7 ,  2 1  ) ,  and roundi ng o f  f ibres was 

observed i n  some s amples . Muscle spindles were o ften 

observed but appeared normal ( fi g . 1 8 ) . There was 

evidence of f i bre type groupi ng i n  two cl i n i c a l  and 

two control horses and one pony , but these changes 

were usua l l y  confi ned to smal l areas of samples i n  a 
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s ingle l eg ( figs . 1 9 ,  2 0 ) . 

In add i t i on large groups of a s i ngle fibre type were 

frequent l y  observed resu l ti ng in Type I or Type I I  

f i bre predominance ( f ig . 1 7 ) . In more proximal areas 

of the muscle , t ype I f ibre predomi nanc e  was more 

frequen t , while d i s tally Type II f ibre predominance 

was mos t often seen ( fig . 2 1 ) .  S imi lar changes were 

observed in all groups of hors e s . 

In two horses ,  one subc l i n i cal and one control , 

i solated areas of increased i nt ers t i t i al f ibros i s  and 

accumulat ions of inflammatory cel l s  ( indi cat ive of a 

primary myos i t i s ) were found t o  affect thi s  muscle in 

one leg ( f ig . 22 and 2 3 ) .  

Long d igi tal extensor musc l e  

The mos t cons i s tent feature o f  thi s  musc l e  was the 

l ack of morphological alterat ion in mos t  s amples 

( fi g . 2 4 ) . Where changes were detected thes e  mos tly 

cons i s ted of sl ight vari a t i on in f i bre s i z e . Notable 

exceptions to thi s  i n  the control group included one 

animal whi ch had an i solated area of f�bre type 

groupi ng in one l eg ( horse 8 ,  fig . 2 5 ) ,  and the 6-

week-old foal whi ch had evidence of inflammatory 

muscle d i sease ( f i g . 2 6A ,  B & C ;  Fig . 2 7A & B ) . One 

subc l i n i cal horse had moderate pathology in one 

sample from each leg , whi le one cl ini cal horse had an 

i solated area of marked pathology in one s ample . 

There was no evidence of a d i f ference between groups 

in the s everi ty of pathology i n  thi s  muscle . 

Lateral d igi tal extensor musc l e  

Th i s  mu s c l e  w a s  a l s o v e r y  c ons i s tent i n  i ts 

appearance ( fig . 2 8 ) , and abnorma l i t i es were few . 

When present they cons i s t ed o f  s l ight var i a t i on i n  

f i bre s i z e , whi ch was mos t  obvious in one s ampl e  from 

each of two c l i n ical horses ( f ig . 2 9 ) . The degree 

of change in c l i n i cal horses was s im i l ar to that 

found in control s .  
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Short d igi tal extensor muscle 

Thi s  musc l e  was composed o f  unusually small fas c i c l e s  

( fi g . 3 0 A )  when compared w i th o ther musc l e s  examined . 

I t  also contained a large number of muscle s p i nd l e s  

( fi g . 3 0 B ) . The maj ority of s amples were found t o  

contain a predominance of Type I f ibres and o n  three 

occas ions no Type II fibres coul d  be i dent i f ied ( f i g . 

3 1  ) . 

Of the control horses , 6 out of 1 8  samp l e s  ( 3 3 % ) were 

found to have some evidence of pathology , although 

thi s  was mild in four samples and moderate in the 

rema ining two . One pony had marked changes i n  one 

s a m p l e . Abnormal i t i e s  w e r e  n o t e d  i n  t h r e e  

subc l i n i cal horse s , al though these changes were only 

mild . 

Almost half the samples from c l inical horses were 

found to have evidence of pathology . I n  3 of these 

moderate to marked pathology , includi ng extens i ve 

var i a t i ons i n  f i bre s i z e , f i bre type groupi ng and 

group atrophy was evident ( f i g . 3 2 ) . Two c l i n i ca l  

horses were found to have m i l d  changes ,  whi l e  i n  t h e  

rema ining three n o  abnormal i t i e s  could be detected . 

When c omparing groups , c l i n i cal and subc l i n ic a l  

horses were more frequently af fected than control s .  

In those s amples which were a f f e c ted , the mos t  s evere 

pathology was seen in clinical horses . 

Muscle morphometry 

( a )  Proportion of Type I mus c l e  f i bres 

The percentage of Type I f ibres obtained when 

counting 2 0 0  or 1 0 0 0  f ibres is presented i n  Append i x  

5 .  The d i f ference in value s obtained coun t i ng a 

d i fferent number of fibres was not s t at i s t i ca l l y  

s igni f i cant . 
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The mean percentage of Type I f i bres for all s amp l e s  

i s  presented i n  Appendix 6 .  

The mean percentage of Type I fibres i n  the middle 

sampl e  o f  a l l  horses in the three groups examined i s  

shown i n  Table 3 ,  while the variation i n  the mean 

percentage o f  type I fibres in proximal , middle and 

d i s tal s amples in the l imb muscles in each group i s  

shown i n  Table 4 .  The e ffect of age on the mean 

percentage o f  Type I fibres i n  the l imb muscles o f  

control horses i s  shown i n  Table 5 .  

The var i a t i on in f i bre proport i ons acros s the m i dd l e  

o f  the h indl imb muscles i n  the 5 control hor s e s  

examined i n  thi s way i s  shown i n  Table 6 .  

The prominent f i ndings concerni ng the percentage o f  

Type I f i bres i n  each muscle are summarised below . 

The two poni es i n  this s tudy had a s i gn i f i cant l y  

higher ( p < 0 .  0 1  ) mean proport i on o f  Type I f i br e s  

in a l l  the i r  muscles than t h e  control thoroughbred 

horses . 

Left lateral cricoarytenoid mus c le 

The mean proport ion of Type I f ibres in thi s musc l e  

was s im i l ar i n  each group of horse s . However , there 

was s i gn i f i cantly greater vari ation ( p  < 0 . 0 2 )  in the 

range of values w i thin the c l ini cal group ( 4 - 4 7 % ) 

when compared to subcl inical ( 2 0 - 3 1 % )  or control ( 1 6 -

3 7 % ) hors e s . Evaluat ion of f i bre type propor t i ons 

was d i f f i cu l t  i n  some c l i n i cal animals due to the 

s evere atrophy o f  the mus c le s , and the pres ence o f  

large numbers o f  small darkly s taining f i bres ( fi g . 

1 0C ) . In such cases results were excluded from t h e  

stat i s t i cal analyses . 

Le f t  dorsal cricoarytenoid mus c l e  

There was a graded increase i n  t h e  mean proporti on o f  

Type I f i bres between normal ( 2 5 % ) , subcl i n i ca l  ( 3 1 % )  
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TABLE 3 :  Mean percentage of Type I fibres in the 
left laryngeal and middle sample of the 
l imb muscles of clinical , subclinical and 
control horses 

Muscle Clinical Subclinical Control 
% ± S . D .  % ± S .  D .  % ± S . D .  

Left lateral 
cri coaryt enoid 3 0  ± 1 6  2 7  ± 5 2 5  ± 5 

Left dorsal 
cri coary t eno i d  4 9  ± 1 8  3 1  ± 1 8  2 5  ± 5 

Deep digi tal 
flexor 3 5  ± 1 1  3 2  ± 1 0 3 2  ± 1 1 

Cranial t i b i a l  5 1  ± 1 0 5 1  ± 1 4 4 6  ± 2 2  

Long digi tal 
extensor 2 3  ± 6 2 4  ± 6 2 5  ± 7 

Lateral d ig i tal 
extensor 2 4  ± 5 2 5  ± 9 2 5  ± 5 

Short d i g i tal 
extensor 7 0  ± 1 8  6 7  ± 1 8  7 3  ± 1 8  

TABLE 4 :  The mean percentage of Type I fibres 
in the proximal middle and distal 
samples of the l imb muscl e s  i n  
c l i n i cal , subc l i n i cal and control 
horses 

Muscle Area of muscle Groups of horses 

Clinical Subclinical Control 
% ± SD % ± SD % ± SD 

Deep digi tal Proximal 2 1  ± 1 4  2 5  ± 1 4  2 6  ± 1 4  
flexor Middle 3 5  ± 1 1  3 2  ± 1 0 3 2  ± 1 1  

Di s tal 43 ± 1 1  4 0  ± 1 0 3 8  ± 5 

Cranial Proximal 6 6  ± 1 1  6 0  ± 8 5 9  ± 1 8  
tibial Middle 5 1  ± 1 0 5 1  ± 1 4  4 6  ± 2 2  

D i s tal 2 5  ± 1 0 3 5  ± 1 7 2 3  ± 1 0  

Long digi tal Proximal 2 2  ± 1 0  2 2  ± 7 1 9  ± 4 
extensor Middle 2 3  ± 6 2 5  ± 6 2 5  ± 7 

D i s tal 2 1  ± 5 2 2  ± 4 2 2  ± 7 

Lateral Proximal 2 8  ± 8 2 8  ± 8 2 7  ± 9 
d ig i tal Middle 2 4  ± 5 2 4  ± 9 2 5  ± 5 
extensor D i s tal 2 7  ± 8 2 8  ± 6 2 7  ± 6 
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TABLE 5 The effect of age on the mean percentage of 
Type I fibres in various areas of the limb 
muscles in control horses 

Muscle Area of Muscle Age Groups 

< 2yrs > 3yrs 
% ± SD % ± SD 

Deep digi tal Proximal 1 8  ± 2 2  3 4  ± 1 0 
flexor Middle 2 9  ± 1 2  3 6  ± 9 

D i s tal 3 7  ± 6 4 0  ± 2 

Cranial t ib i a l  Proximal 5 0  ± 2 0  69  ± 5 
Middle 3 2  ± 1 8  6 5  ± 5 
D i s tal 1 8  ± 9 3 0  ± 9 

Long dig i tal Proximal 1 8  ± 4 2 0  ± 3 
extensor Middle 2 1  ± 7 3 0  ± 6 

D i s tal 2 1  ± 8 2 5  ± 5 

Lateral d i g i tal Proximal 2 1  ± 5 3 4  ± 7 
extensor Middle 2 4  ± 6 2 7  ± 3 

Di s tal 2 7  ± 8 2 8  ± 5 

Short digi tal Middle 80 ± 2 1  6 4  ± 6 
extensor 

TABLE 6 Mean percentage of Type I fibres in samples 
taken from various areas in the middle of the 
l imb muscles in 5 control horses 

Muscle Area of Muscle 

Medial Lateral Middle Cranial Caudal 
% ± SD % ± SD % ± SD % ± SD % ± SD 

Deep digi tal 
flexor 3 1  ± 9 4 4  ± 5 3 2  ± 1 1 4 6  ± 1 1 2 2  ± 1 2 

Cranial t ib i a l  49  ± 1 3 7 0  ± 7 4 6  ± 2 2  

Long digi tal 
extensor 2 7  ± 4 2 1  ± 5 2 5  ± 7 2 3  ± 5 2 0  ± 5 

Lateral d i g i tal 
extensor 2 9  ± 8 2 7  ± 3 2 5  ± 5 2 8  ± 7 2 7  ± 4 
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and clinical horse s  ( 49 % ) . The varia t i on i n  range o f  

v a l u e s  w i t h i n  b o t h  the c l i n i cal ( 2 7 - 7 9 % ) and 

s ubc l i n i ca l  ( 1 8 - 4 4 % ) groups w a s  s i gn i f i c an t l y  

greater ( p  < 0 . 0 2 )  than i n  normal hors e s  ( 2 1 - 3 0 % ) . 

Deep digi tal flexor muscle 

There was a proximal to d i s t a l  i ncrease i n  the 

proportion of Type I fibres in t h i s  muscle i n  each 

group of horse s  ( Table 4 )  . In control horse s  they 

i ncreased from 26% proximal l y  to 38% d i s tally . When 

the control horse s  were divided into two age groups , 

2 years and less and those 3 y ears or greater , a 

s igni ficant increase ( p  < 0 .01 )  from 1 8  to 3 7 %  was 

found in the younger animal s ,  whi le the lesser 

i ncrease in the older horses , from 3 4  to 40% was not 

s t a t i s t i c a l l y  s i g n i f i cant . There was also a 

s igni f icant d i f ference ( p  < 0 .  O S ) in the proport i on 

of Type I f i bres i n  the proximal s ample of young 

horses ( 1 8% ) ,  compared with older horses ( 3 4% ) ( Table 

5 ) . 

At the middle level of this mus c l e  i n  normal horses 

there was a s i gni f i cant . increas e ( p  < 0 . 0 5 )  i n  Type I 

f i bre proport i ons from med i al ( 3 1 % )  and caudal ( 2 2 % ) 

to cranial ( 4 6% ) and lateral ( 4 4% ) areas of the 

muscle ( Table 6 ) . 

Th i s  var i at ion i n  Type I f i bre percentage i s  

i llus trated i n  figs . 1 1 A ,  B & C .  

I n  both the subc l i n i cal and c l i n i cal groups there was 

also an increase i n  Type I f i br e s  from proximal to 

d i s tal . In the c l i n i cal ani ma l s  thi s  increase was 

s igni f icant from proximal to m i ddle samples ( p  < 

0 . 0 1 ) and m i ddle to d i stal samp l e s  ( p  < 0 . 0 1 ) .  

Comparing control w i th subc l i n i cal and c l inical 

groups o f  h o rs e s , no s t at i s t i cal l y  s igni f i c an t  

d i fferences i n  the mean proport i on of Type I f ibres 
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w a s  found at s imi lar s i tes wi thin the mus cl e . I n  the 

d i s tal mos t  sampl e  the vari ance of the clinical 

cases was s igni ficantly greater than found in normal 

horses ( p  < 0 . 0 2 ) . 

Cranial t i b i al musc l e  

The main features of thi s muscle w a s  a marked 

v a r i a t i o n  in the percentage o f  Type I f ibres 

throughout the muscle and , on occas ions , with i n  

i ndividual 

( f igs . 1 6 , 

samples 

1 7  & 

irrespect ive of d i sease s tatus 

2 1 ) .  In control horses the 

p ercentage of Type I fibres ranged from 5 to 7 8 % , and 

i n  c l inical cases from 6 to 7 0 % . The proport i on of 

f ibre types was found to be influenced by the s i te of 

s ampl i ng and the age of the hors e . I n  all groups 

there was a sign i f i cant ( p  < 0 . 0 5 )  decrease in 

proportion of Type I fibres from proximal to d i stal , 

and in 5 control horses , in which addi t ional s amples 

were examined , there was a s igni f i cant decrease ( p  < 

0 .  0 1 ) in Type I f ibre proport ions from lateral to 

medial . I n  addit ion young control horses ( two years 

old or l e s s ) also had a s igni f icantly lower ( p  < 

0 .  0 1  ) proport i on of Type I fibres at a l l  levels than 

older hors es .  

There was no s igni f icant di fference in the proportion 

of Type I fibres at each sampling s i te between 

normal , subcl inical or clinical groups of horses 

Long digi tal extensor muscle 

Thi s  mus c l e  was very cons i s tent in its appearance 

w i th no s igni ficant d i f ference between any age or 

group of horses . Whi le proximal middle and d i s tal 

s ample s  were also s imi lar , there was a s igni f i cant l y  

( p  < 0 . 0 1 ) lower percentage of Type I f i bres in the 

caudal and lateral areas of the mus c l e  when compared 

wi th the medial area . 
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Lateral d igi tal extensor muscle 

Thi s  musc l e  showed very l i t tl e  variation in f i bre 

t y pe proport i ons wi th no s igni ficant di f ference 

between any s i te s , age or groups of hors e s . 

Short digi tal extensor 

Mos t  samples contained a maj or i ty of Type I fibres 

and in three of these no Type I I  fibres were observed 

( f ig . 3 1 ) .  There was cons iderable variation in the 

percentage of Type I fibres between hors e s , al though 

th i s  was not related to the d i sease s t atus of the 

an imal . Older horses in the control group were , 

however ,  found to have a sl ightly lower percentage of 

Type I fibre s than younger hors e s . 

( b )  Muscle f ibre d i ameters 

The mean d i ameter of Type I and Type I I  fibres for 

e ach muscle in a l l  horses is presented in Append ix 7 ,  

whi le the mean f ibre d i ameter for each muscle for the 

three groups of horse s  is pres ented in Tables 7 and 

8 .  There was no d i f ference in fibre d i ameter between 

l e f t  and righ t  l egs of young and old hors es , wi th the 

e x c e p t ion o f  the 6 week o ld foal whi ch had 

cons i s tently smaller fibres in all mus cles . In the 

ma j or i ty of cases the diameter of mus c l e  f ibres of 

horses in the subcl inical group was l e s s  than that 

found in both normal and cl ini cal case s , although 

there were only a small number of observat ions in 

this group . The foal and s ubcl ini cal horses were 

excluded from s ta t i s t ical analy s i s  of f i bre d i ameter 

and are not d i s cussed further . 

each muscle are presented below . 

The mai n  findings in 

Left lateral c r i coarytenoid muscle 

The Type I and I I  f i bres had d i f ferent mean d i ameters 

in cl i nical and control horses .  I n  c l i n i cal animals 

Type I fibres were l arger ( 5 0 urn vs . 43 urn ) and Type 

I I  f i bres s ma l l er ( 2 2 urn vs . 45 urn ) than in control 

animal s . There was also a s igni f i cantly greater 
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TABLE 7 :  M e an f ibre d i ameter ( �m )  and s tandard 
deviation of Type I and Type II musc1e fibres 
from 1aryngea1 and 1imb musc1es ( middle site ) 
in clinica1 , subc1inica1 and control horses 

Group Muscle Mean fibre diameter ( pm )  

Type I 

Cl inical L e f t  lateral 
cri coarytenoid 
Left dorsal 
cri coaryteno i d  

5 0  ± 1 8  

4 7  ± 1 1  

Deep digital flexor 
Cranial t i b i al 
Long digi tal extensor 
Lateral d i g i tal 

50 ± 1 0  
4 7  ± 7 
4 2  ± 7 

extensor 3 9  ± 
Short digital extensor 3 4  ± 

9 
5 

Subcl inical 

Control 

L e f t  lateral 
cri coarytenoid 
Left dorsal 
cri coarytenoid 

5 1  ± 5 

48  ± 1 

Deep digi tal flexor 4 3  ± 7 
Cranial t i b i al 4 4  ± 6 
Long digi tal extensor 3 6  ± 4 
Lateral digi tal 
extensor 3 1  ± 6 
Short digi tal extensor 3 5  ± 5 

L e f t  l ateral 
cri coarytenoid 
L e f t  dorsal 
cri coaryteno i d  

4 3  ± 5 

4 7  ± 3 

Deep digital flexor 49 ± 4 
Crani a l  t i b i al 4 5  ± 5 
Long digital extensor 4 4  ± 4 
Lateral d i g i tal 
extensor 4 1  ± 5 
Short digi tal extensor 3 5  ± 5 

Type II 

2 2  ± 1 8  

3 0  ± 4 

49 ± 4 
5 2  ± 6 
5 2  ± 5 

5 5  ± 6 
3 7  ± 1 0  

48  ± 9 

4 6  ± 4 

4 2  ± 3 
4 5  ± 3 
4 5  ± 6 

4 3  ± 3 
3 5  ± 5 

4 5  ± 3 

4 5  ± 4 

4 5  ± 3 
4 7  ± 3 
5 2  ± 6 

5 1  ± 3 
3 7  ± 6 
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TABLE 8 :  Mean diameter ( pm )  and standard deviation of 
Type I and Type 2 f ibres from different areas 
in the middle of the same limb muscles in 
control horses . 

Muscle Area of Muscle* Mean fibre 
diameter ( um ) 

Type I Type 2 

Deep digi tal Middle 4 9  ± 4 4 5  ± 3 
flexor Cranial 49  ± 4 3 8  ± 5 

Caudal 4 3  ± 8 4 8  ± 1 2 
Medial 48 ± 6 4 6  ± 9 

Cranial tibial Middle 45 ± 5 4 7  ± 3 
Medi al 4 4  ± 4 4 7  ± 5 
Lateral 4 4  ± 5 4 8  ± 6 

Long digi tal Middle 44 ± 4 5 2  ± 6 
extensor Cranial 4 2  ± 5 5 1  ± 4 

Caudal 4 1  ± 3 5 2  ± 2 
Medial 4 4  ± 6 5 1  ± 3 
Lateral 4 2  ± 4 4 9  ± 4 

Lateral digi tal Middle 4 1  ± 5 5 1  ± 3 
Cranial 44 ± 2 5 3  ± 7 
Caudal 3 6  ± 3 5 1  ± 3 

* Fibre d i ameter not measured in proximal and d i s tal 
samples 
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vari at ion i n  the s i ze of both these f i bre types i n  

c l i n i cal horses than i n  control horses ( p  < 0 . 0 2 ) . 

Dorsal cricoarytenoid muscle 

Whi l e  the mean diameter of Type I f ibres was found to 

be s imi lar in both control and c l inical groups , the 

range of mean fibre s i z e s  in the c l i n i cal group ( 3 1 

urn to 7 4  urn ) was s igni f i cantly d i f ferent ( p  < 0 . 0 2 )  

from those horses in the control group ( 3 5 urn to 4 9  

urn ) . 

Type I I  fibres were found to be s igni f i can t l y  smaller 

( p  < 0 . 0 1 )  in the cl inical group ( mean 30 urn ) 

compared with that seen in both control ( me an 4 5  urn ) 

and subcl inical horses ( mean 4 6  urn ) .  

Deep d igi tal fl exor muscle 

The mean Type I f i bre d i ameter i n  both control and 

c l i n i cal groups was s imi lar , however the range in 

mean f ibre d i ameter of horses in the c l i n ical group 

( 3 3 urn to 64 urn ) was s igni ficantl y  greater ( p  < 0 . 0 2 )  

than in control horses ( 4 1  urn to 55  urn ) .  Type I I  

f ibres were larger i n  clinical ho�ses than i n  control 

h o r s e s , a l t h ough th i s  was n o t  s t a t i s t i c a l l y  

s igni f icant becau s e  o f  abnormal l y  l arge type I I  

fibres i n  one control horse ( horse 8 )  . When the 

values for thi s  horse were excluded f rom the mean 

for th i s  group , the d i f ference between c l i n i cal and 

normal horses was stat i s t ically s i gn i f icant ( p  < 

0 . 0 5 ) . 

F i br e  d i ame t e r  m easurements 

lateral and cranial s i t e s  in 

at medial , caudal , 

f ive control horses 

exami ned showed s ome deviation from the value s 

obtai ned for the m i ddle s ampl e . Type I f ibres were 

sma l l e r  in the caudal ( superf i c i al ) porti on of the 

mus c l e , while Type II fibres were sma l l e r  cran i al l y  

( deeper ) . 
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Cran i a l  t ibial muscle 

There was no s ignifi cant di f ference between groups of 

horse s  for f ibre diameters of Type I f i bres in thi s  

mus c l e . Howeve r ,  clinical cases had s igni f ic antly 

greater ( p  < 0 . 0 5 )  Type II  f ibre d i ameters than 

control horses . 

Fibre d i ameters from the medial and lateral aspects 

o f  f i v e  con t rol horses were not s igni f i cant l y  

d i f f erent from the middle sample . 

Long d igi tal extensor muscle 

In thi s muscle there was a s igni ficantly greater ( p  < 

0 .  0 1 ) variat ion in mean Type I fibre d i ameters in 

clini cal ( 3 0 urn to 57  urn ) compared to control ( 4 1 urn 

to 5 2  urn ) hors es , although the mean f i bre s i z e  was 

simi l ar for Type I and II fibres in each group . 

Overall Type I I  fibres were found to be s igni f i cantly 

larger ( p  < 0 . 0 1 ) than Type I fibres i n  all hors e s . 

There was no s igni f icant d i f ference in mean f i bre 

diameter at cranial , medial , caudal or lateral s i tes 

compared wi th the middle s i te for each fibre type , 

however Type I I  fibres were again s igni f ic an tly 

larger ( p  < 0 . 0 1 ) than Type I fibres at all  s i te s . 

Lateral d igi ta l  extensor musc l e  

There w a s  a greater range of both type I and Type I I  

fibres i n  c l i nical horses compared w i th control 

horse s , al though this was s igni f i cant a t  a low level 

( p  < 0 . 1 ) .  The mean d i ameter of Type I f ibres ranged 

from 3 3  urn to 4 6  urn in control horses and 1 7  urn to 5 7  

urn i n  cl inical horses . Type I I  fibres ranged from 4 4  

urn t o  5 6  urn i n  control horses and 4 3  urn t o  6 5  urn i n  

the c l in i cal group . The s i ze of Type I I  f ibres i n  

clini cal case s  was s l i ghtly larger than i n  control 

hors e s , al though thi s was not s i gnificant . 

Type I f i bres were s ign i ficantly smaller ( p < 0 .  0 1  ) 
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than Type I I  f ibres for all groups . No signi f i cant 

di f ference was found in f ibre d i ameter between 

d i f ferent s i tes . 

Short d igi tal extensor 

There was no s igni f i cant d i f ference in mean fibre 

diameter or vari ance for any group or fibre type in 

this musc l e . 

( c )  Muscle fibre d i ameter d i s tr ibution 

In order to evaluate the d i f ference s  in fibre s i z e  

distribution between clinical and control animal s 

his tographi c  anal y s i s  of f ibre diameter distribut i on 

was undertaken by analys i s  of individual fibre 

diameters from the middle sample of each muscle in 

both groups . Th i s  involved approximately 1 2 0 0  

measurements of fibre diameters for both Type I and 

Type I I  fibres in each muscle in both control and 

clinical horses . 

The resul t s  are presented as h i stograms in f i gures 

3 3 - 3 7 . 

In all muscles , for both 1'11-JJ r and T'lt'" :n: fibre s , a C­

stat i s tically signi f i cant d i f ference exi s ted between 

normal and cl ini cal hors e s . Thi s  was highly 

s igni fi cant ( p <  0 .  0 0 0 1 ) for mos t  muscles and f ibre 

types . The exceptions were Type I fibres in the long 

digi tal extensor muscle ( p  = 0 . 0 1 7 )  and Type I I  

fibres i n  the short digi tal extensor muscle ( p = 

0 . 0 3 8 ) . 

I n  each mu s c le this d i f ference arose from an 

alterati on in the d i s tribution of muscle f ibre 

diameters . I n  the c l inical group there are more 

smaller and l arger d i ameter f ibre s , corresponding to 

an increased number of atrophic and hypertrophi c  

f ibres . Thi s i s  par t i cularly evident for Type I 

f ibres in the deep d i g i tal f l exor musc l e  ( f ig . 3 3 ) .  

Such changes resul t in a wider , f latter f ibre 

d i ameter d i s tr ibut i on curve for those horses in the 



c l inical group compared to controls .  

( d )  Atrophy and hypertrophy factors 

8 6  

The normal ranges of fibre d i ameters for each muscle 

and fibre type in the control horses used to 

c alculate atrophy and hypertrophy factors are shown 

in Appendix 8 .  The s e  values were obtained from 

s amples in those l imb muscles i n  control horse s  in 

wh i c h l i t t l e  or n o  pa tho l o g i cal changes were 

observed . 

The atrophy and hypertrophy values 

for all horses are presented i n  

compari son of the mean atrophy 

for each muscle 

Appendix 9 .  A 

and hypertrophy 

f actors for hindl imb muscles for each group of horses 

is shown in Table 9 .  Thi s  table shows that , wi th 

one exception , hors e s  i n  the c l inical group had 

e i ther higher atrophy or hypertrophy factors , or 

both , for Type I and I I  fibres in the l imb muscles 

than those found in control animal s . The one 

except ion to this was Type I I  f i bres in the long 

d i g i tal extensor muscle , in whi ch both atrophy and 

hypertrophy factors were s imilar . Those values 

obtained for subc l i n i cal cases were more variable , 

al though there appeared to be s evere atrophy of Type 

I f i bres in the deep d igi tal flexor and long d igi tal 

extensor muscle s , and both Type I and Type I I  fibre 

a trophy in the lateral digi tal extensor . 
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TABLE 9.  Mean atrophy and hypertrophy factors for Type 
I and Type II muscle fibres in the hindlimb 
muscles of cl inical , subclinical and control 
horses . 

Group Muscle Type I fibre Type II fibre 

A* H * A H 
C l ini cal 

Deep digi tal 
flexor 1 8  1 6 7 1 9  
Crani al tibial 6 1 6 2 2 9  
Long digi tal 
extensor 1 6 7 3 5 
Lateral digital 
extensor 1 3  1 2 8 2 4  
Short digi tal 
extensor 7 9 1 0 1 1 

S ubclinical 
Deep digi tal 
flexor 2 7  4 1 0  4 
Cranial t i bial 8 5 6 7 
Long digi tal 
extensor 2 4  1 6 2 
Lateral digital 
extensor 2 7  1 2 0  1 
Short digi tal 
extensor 3 1 2  5 2 

Control Deep digi tal 
flexor 9 6 9 9 
Cranial t ib ial 8 6 7 1 2 
Long digi tal 
extensor 6 5 3 4 
Lateral d i g i tal 
extensor 5 5 7 1 0 
Short digi tal 
extensor 6 5 3 4 

* A - Atrophy factors 
H - Hypertrophy factors 
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Figure 3 3 . H i s togram s  o f  mu s c le fibre d i ameter 
d i s tribution in the deep digi tal f lexor 
muscle in control and clinical laryngea l  
hemiplegic horses . 

A .  Type I f ibres . The wider , f la t ter 
d i s tribut i on curve seen in cl i n i cal 
hors e s  in a l l  muscles is mos t  
read i l y  observed i n  this h i s togram . 

B .  Type I I  f ibres 
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Figure 3 4 . H i s t ograms o f  mu s c le f ibre diameter 
d i s t r i bu t i on i n  t h e  cran i al t i b i al 
musc l e  in control and clinical laryngeal 
hemipleg i c  horses . 

A .  Type I f ibre s . 

B .  Type I I  fibres 
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F i gure 3 5 . H i s tograms o f  mu s c le f ibre d i ameter 
d i s tribut i on in the long digital extensor 
muscle in control and cl inical laryngeal 
hemiplegi c  horses . 

A .  Type I fibre s . 

B .  Type I I  f i bres 



LONG DIGITAL EXTENSOR MUSCLE - 'lYPE 1 FIBRES 
3 0  

2 5  

2 0  

* ._. 
C/l 

· � 
6 1. 5  ""' 
..... 
t.;.l 

� 
l. O  

5 

20 ll 40 50 60 70 80 DIAMETER (urn 
C O N T R O L  ____ ___, C L I N I CAL 

LONG DIGITAL EXTENSOR MUSCLE - TYPE 2 FIBRES 

3 0  

2 5  

2 0  

l. O  

5 

DIAMETER (urn) 
1------ C O N T R O L  ____ ___, CL I N I CAL 



9 1  

F i gure 36 . H i s t ograms o f  mu s c l e  fibre 
d i s t r i bu t i on i n  t h e  lateral 
e x t e n s o r  i n  c o n t r o l  a n d  
laryngeal hemiplegic horses . 

d i ameter 
digi tal 

c l i n i c a l  

A .  Type I fibres . Although l i t t l e  
m o r p h o l o g i c a l  e v i d e n c e  o f  a 
di f f erence b e twe en c l i nical and 
con t rol groups was evident , the 
his togram for c l i n i cal animals has a 
much wider d i s tribut ion , indi cat i ve 
of increased atrophy and hypertrophy 
of fibres in thi s  group . 

B .  Type I I  f ibres 
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Figure 3 7 . H i s t og rams o f  mu s c le fibre d i ameter 
d i s t r i b u t i on in the s h o r t  d i g i t a l  
extensor muscle i n  control and cl i n i ca l  
l aryngeal hemiplegic horses . 

A .  Type I f i bres . 

B .  Type I I  fibres 
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DISCUSSION 

In compari son to the s i tuation in man there have been 

few reports i n  the veterinary l i terature on the u s e  

of his tochemical techniques for the evaluat i on o f  

neuromuscular d i sease in the hors e . Of these some 

have inve s t i gated recognized muscular d i s eases such 

as exertional rhabdomyolysis  ( Van den Hoven et al , 

1 9 8 7 ) , myotoni a  ( Reed et al , 1 9 88 ) , and nutri t i onal 

myopathy ( Roneus et al , 1 9 8 6 ) . Others have evaluated 

muscle change s  in neurogenic d i s eases , for examp l e , 

in idiopath i c  l aryngeal hemiplegia ( Anderson , 1 9 8 4 ; 

Cah i l l , 1 9 8 5 ) ,  s tringhalt ( Cah i l l  et al , 1 9 8 6 ) , and 

s u pras capu l a r  neu ropathy ( Duncan and S chne i de r , 

1 9 8 5 ) . As a result of the rap i d  increase in the u s e  

o f  h i s t o c h e m i s t ry f o r  e v a l ua t i on o f  mu s c l e , 

particularly in equ ine exerc i s e  phys iology , thes e  

t e c h n i q u e s  have b e c ome m o r e  w i d e l y  u s e d  t o  

invest igate t h e  evaluation o f  horses suspected o f  

having neuromus cular di sease ( Card inet and Hol l i day , 

1 9 7 9 ;  Andrews et al , 1 9 86 ; Van den Hoven e t  al , 

1 9 8 8 ) . 

Mus c l e  morphology 

( i )  Larynge al muscles 

Several previous inves t igations on equ ine intrins i c  

l aryngeal muscles ( Gunn , 1 9 7 2 ,  1 9 7 3 ;  Duncan , 1 9 7 5 ;  

Anderson , 1 9 8 4 ; Cahi ll , 1 9 8 5 ) have compared the 

morphology of thes e  muscles in normal and cl inical 

i d i opathic l aryngeal hemipleg i c  horses . The reason 

for re-exam i ning these muscles in the present s tudy 

was to as s i s t  in providing a defin i t ive d i agnos i s  o f  

c l ini cal and subc l i nical laryngeal hemipleg i a ,  s o  

that thes e  animals could be d i fferent i ated from 

c o n t r o l  h o r s e s .  The r e s u l t s  con f i rm e d  t h e  

h i s tological and h i s tochemical findings of previous 

researchers and demons trated that severe changes i n  

these mus c l e s  re flects the pres ence of c l i n i cal 

d i sease . They also demonstrated that even in control 

animals s ome s l ight changes are presen t , and that no 
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defini te divis i on i n  terms of histologi cal changes to 

t h e s e  m u s c l e s  e x i s t s  b e t w e e n  c o n t r o l  a n d  

subcl i nically affected hor s es .  

( i i )  H i ndl imb musc l e s  

Mos t  inve s t igations o n  equine l imb muscles have 

i nvolved the middle glute a l  muscle , because of i t s  

func t i on ,  e asy acces s , large s i z e  and , more 

r e c e n t l y , i t s  w e l l  d o c u m e n t e d  h i s t o l o g i c a l , 

h i s tochemical and b iochemi cal compo s i t ion . There are 

f ew reports in the veterinary li terature of detailed 

h i stological or h i s tochemi cal investigation of the 

l owe r h i n d l imb muscles in horses ( Andrews and 

S purgeon , 1 9 8 6 ; Cah i l l , 1 9 8 5 ; Cahill et al , 1 9 86 ) . 

Of  thes e  only Andrews and Spurgeon ( 1 9 8 6 ) s tudi ed 

muscles from horses free o f  cl ini cal d i s eas e . Thus 

a t  the commencement of thi s  s tudy , l i ttle was known 

about the normal h i s tologi cal anatomy of the lower 

hindlimb muscles in the horse . For this reason i t  

was important t o  examine muscle samples from horses 

f r e e  of c l i n i c a l  d i s e a s e  i n  order to enable 

i nterpretat ion of changes s een in muscles of horses 

known to have idiopathic l aryngeal hemipleg i a . 

Deep d ig i tal flexor muscle 

The frequent finding of morpholog ical abnormalities 

i n  thi s muscle in control horses , including ponie s , 

was unexpe cted , as these animals had been s elected 

because of the absence of clinical evidence of 

muscular d i seas e . Whi l e  the changes observed were 

l e ss s evere in the control , and al so the subc l inical 

animal s , compared to c l i n i cal horses , there were a 

number of s imi l ar i t i e s  i n  the types of abnormalities  

s e en i n  each group . The s e  changes , whi ch ranged from 

s l ight variation i n  shape and s i ze o f  f i bres to 

extens ive atrophy and hypertrophy of f ibres , and 

f i bre type grouping were i ndicative of neurogenic 

muscle d i sease . The i nc reased s everi ty o f  thes e  

changes in clinical animal s ,  s elected because of the 

presence of a known neurological diseas e , further 
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support s  thi s  and indicates that a s im i l ar process 

may be a f fecting both l aryngeal and h i nd l i mb muscles . 

Thi s  i s  reinforced by the t ype of changes found i n  

thi s  muscle , and although l e s s  severe , are s imilar 

to tho s e  ident i fi ed in the laryngeal muscles of 

horses w i th idiopathi c  laryngeal hemiplegi a .  

Almos t i dentical findings to that descri bed i n  the 

deep d i g i tal flexor muscle in this pres en t  s tudy have 

been reported in other muscles in hors e s  showing 

c l i n i c a l evi dence o f  neuro-muscular d i sease of 

unknown origin ( Van den Hoven et al , 1 9 8 8 ) . In that 

report , several hors e s  were found to have changes 

i nc luding atrophy of Type I f i bres and hypertrophy of 

Type II fibres , i ncreased frequency of central 

nucle i , fibre type grouping , and f i bre spl i tting . 

These were cons i dered to result from lower motor 

neurone d i sease . 

The observation that the d i s tal parts o f  thi s  muscle 

were more often and more s everely a f fected w i th 

changes than the prox imal part , could i ndicate that 

these changes result from a neurogen i c  d i s ease whi ch 

preferen t i ally affec t s  the di stal ends of longer 

p e ripheral nerve s . Alternatively , the regional 

variat i on in pathology could be related to the large 

s i ze of the musc l e  as i t  contains s everal bel l i es and 

numerous fibrous d i v i s i ons of mus c l e  w i th i n  these 

b e l l i e s . Thus some areas may b e  sub j ect to 

var i a t i ons in nerve and blood supply , or be subj ect 

to d i f f ering metabol i c  requi rements and s tresses , 

wh i ch could result i n  focal muscle d i s e as e . However ,  

the frequent assoc i a ti on o f  f i bre type groupi ng wi th 

these changes i nd i c a t es that a neurogeni c  c ause i s  

more l ikely . 

The extens ive amount o f  f ibrous connect i ve t i s sue in 

the deep digital f lexor 

muscles was evident both 

m i croscopy . The prec i s e  

when compared t o  other 

grossly and under l i ght 

rdl e  of t hi s  connect ive 
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t i s sue i s  uncertain , but may b e  related t o  the 

fun c t ion of this muscle in the s tay apparatus of the 

hor s e . 

Crani al t i b i a l  muscle 

A feature o f  the cranial t ibial mus c l e  was the 

frequent occurrence of Type I or Type I I  fibre 

predominanc e . The pres ence of such large groups of a 

s i ng l e  fibre type probabl y  represent a vari a t i on of 

normal in thi s  muscle , as s im i lar observa t i ons have 

bee n  reported in other muscles , including the cranial 

t i b i a l , in o ther species ( James , 1 9 7 1 a ;  Lexell et 

al , 1 9 8 3 , 1 9 8 4 ) . Large groups of a s i ngle f i br e  type 

c a n  on o c c a s ions be i ndicative of f i br e  type 

grouping , particularly in a muscle which normal l y  has 

a predominance of one type ( Reni ers et al , 1 9 7 0 ) . 

Th e l ack o f  morphologi cal evidence o f  d i sease 

a s s o c i a t e d  w i th these changes sugges t s  that a 

chron i c  neurogenic process was probably not the cause 

of the fibre type predominance in these animal s .  

Whi le the aet iology of the larger groups o f  a s i ngle 

f i bre type i s  uncertain , the find i ng o f  smal ler 

groups of both Type I and Type II fibres together in 

the same fascicle in 5 animals was indicat i ve of 

f i br e  type grouping . The mos t l ikely cause o f  th i s  

i s  n eurogeni c  di sease i n  these animal s . 

There appeared to be l i ttle d i f ference i n  the 

morphological appearance of the cranial t ib i a l  muscle 

b e tw e e n  t h e  three groups of horse s  examined , 

s u gg e s t i ng that the d i s ease caus i ng i di opathi c  

l aryngeal hemiplegia had l i tt l e  detectab l e  e f f ec t  on 

the n ervous supply of thi s muscle . Thi s  f inding i s  

s im i lar to that reported b y  Cah i l l  ( 1 9 8 5 ) who found 

onl y  m i ld changes in t h i s  muscle in a s ingle 

l aryngeal hemiplegic horse exami ned . 
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Long and l ateral d i g i tal ext ensor muscles 

The morphology of the long d i g i tal extensor mus c l e  

h a s  been previously examined by Andrews and Spurgeon 

( 1 9 8 6 ) ,  who found no abnormal i t i es in normal hors e s , 

and by Cah i l l  ( 1 9 8 5 ) in hor s e s  wi th neurologi cal 

d i s ease . A feature of thi s  present s tudy was that i n  

both the long and lateral digi tal extensor mus c l e s  

t h e r e  w a s  m i n i m a l  ev i d en c e  o f  morpho l og i c a l  

abnormal i t i e s , i rrespective o f  the d i s ease s tatus o f  

the hors e . Thes e  findings are , however , in contras t 

to Cah i l l  ( 1 9 8 5 ) who found evidence of m i l d  to 

moderate pathology in the long digi t al extensor in 

two of four c l inical laryngeal hemiplegic hors e s , and 

one s ub c l i n i c a l  hor s e ,  wh i l e  no changes were 

detected in s ix control hors e s . 

Short d i g i tal extensor 

In the short digi tal extensor muscle features o f  

interest included the abs ence of Type I I  f i bres i n  

some s amples ,  the high i nc idence of morpholog i cal 

ch ange s and the frequent occurrence of mus c l e  

spindles . F ew other muscles i n  any speci e s  have been 

ident i f i ed i n  whi ch a single f i bre type exi s t s . Two 

muscles i n  the eat are composed of one f ibre type : 

the soleus , whi ch cons i s t s  exclusively of Type I 

f ibres , and the short digi tal extensor , whi ch i s  

compos ed a lmo s t  exclus ively of Type I I  f ibres 

( Sarnat , 1 9 8 3 ) . More recent],y in the hor s e  two 

muscles have been identi f i ed whi ch contain only a 

s i ngle f ibre type ( Bi ll eter et al , 1 9 8 7 ) . The 

mas seter mus cle contains only Type I fibres whi le the 

subcutaneous mus c l e  conta ins only Type II f ibre s . 

Whi le not all s amples of the s hort digi tal extensor 

muscle in the horse were exclus ively Type I f ibre s , 

their high proport i on in many s amples i s  commensurate 

wi th i t s  funct ion as a slow ,  chronically cont ra c t i ng 

muscle . 

The frequent pres ence of abnormal i t i e s  found i n  the 

short d i g i tal ext ensor mus c l e  is analogous t o  the 
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s i tuation i n  man . Jennekens e t  a l  ( 1 9 7 1 c )  found that 

the short digita l  extensor muscle frequent l y  had 

s i gns of pathology , and was more severely a ffected 

than other muscles duri ng old age . The pathology in 

thi s  muscle in man is highly sugges t ive of chroni c  

de nervation and reinn ervation ( Jennekens e t  a l , 

1 9 7 2 ) , and al though the s i gns appeared primari ly age 

re lated , young adu l t s  were frequently affected . 

Gairns et al ( 1 9 6 0 ) documented f ibre loss in the 

nerve suppl y i ng th i s  mu s c l e  and s ugge s t ed a 

compress ion neuropathy may be respons ible as both 

young and old people were affected . They suggested 

that poorly f i t t i ng shoes may have been the cause of 

thi s  compress ion neuropathy , al though others authors 

disagree wi th thi s theory ( Jennekens et al , 1 9 7 2 ) . 

Wh i l e  poo r l y  f i tting shoes would not cause a 

compress ion neuropathy in the horse , other forms of 

compress ion may be pos s ible . The mos t l ikely s i te of 

compress ion of thi s  nerve in the horse would be at 

the level of the hock j oint , where the tendons of the 

long and lateral digi t a l  extensor muscles and the i r  

ret i nacular sheaths p a s s  over the dorsal aspect of 

thi s  j oint . The presence of nerve f i bre loss above 

this s i te sugge s t s  that a compres s i on neuropathy at 

this point i s  i n  mos t  cases not the cause of 

pathology in the s hort digi tal extensor muscle in the 

hors e . 

As in man , the findings of f i bre s i ze variation , 

fibre type groupi ng and group atrophy in this musc l e  

is highly indicat i ve o f  a neurogeni c  c ause o f  thes e  

changes .  Further support for this i s  the presence of 

t h e  s ever e s t  p a th o l o g y  i n  c l i n i c a l  l ar y ng e a l  

hemiplegic horses . 

The frequent presence o f  muscle spindles i n  the short 

digi tal extensor mus c l e  indicates that one of i t s  

functions may b e  t o  regulate tension and co-ordinate 

contraction between the long and lateral digi tal 

extensors , on which it has its inserti ons . 
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There are a number of conclusions that c an b e  drawn 

from the morphological examinat i on o f  the h indl imb 

muscles in this s tudy . 

The first of thes e  i s  that abnormal i t i e s  are pre s ent 

i n  apparently normal horses free of c l i ni cal muscular 

or neurological diseas e , part i cularly in the deep 

digi tal flexor and short digital extensor , and , to a 

l es s er extent , the cranial t ibial muscles . The 

prec i s e  aetiology of these changes in normal horses 

i s  unknown . The morphological changes ,  particularly 

f ibre type grouping ,  are , however , i nd i cative of a 

primary neurogeni c  disease . 

The pre s e n c e  o f  

i n d i v i dual s f ree 

abnorma l i t i e s i n  mu s c l e s  o f  

o f  clinical d i sease has been 

reported in a number of other spec i e s . I n  man , such 

ch ange s c an r e s u l t  from c a c h e x i a , subcl inical 

d i s ease , inactivity , the remote e ffect of neoplasms 

( Engel and Askanas , 1 9 7 6 ) and old age ( Jennekens e t  

al , 1 9 7 1  c )  . However ,  the method o f  s election of 

horses for this s tudy would preclude many of these as 

a cause of the change s . 

I n  the cri copharyngeus muscle o f  man and the guinea 

pig ( Rosenf ield e t  al , 1 9 8 2 ; Bonnington e t  a l , 1 9 8 7 , 

1 9 8 8 ) ,  there i s  extens ive vari a t i on i n  fibre s i ze , 

a n d  abund an t endom y s i a !  c on n e c t i v e  t i s s u e  i n  

apparent ly h e a l thy i nd i v i dual s . A number of 

explanations for these findings in " normal " muscle 

were proposed by these author s . The f i rs t  i s  that 

the increased amount of connective t i s su e  acts a s  a 

support ing framework and anchorage through whi ch the 

mus cle can tonically contract .  As a result the 

mus cle fibres do not travel the entire l ength of the 

muscle , but instead pos s ibly insert at various l evel s  

into the connec tive t i s sue f ramework . Thi s  could 

explain the l arge variat ion of f ibre s i ze in thi s  
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mus c l e , w i th small f ibres representing the tapering 

ends o f  otherwise normal fibres j u s t  prior to 

i nserti on onto the connective t i s sue . A s imi lar 

s i tuat ion may exi s t  in the deep digital f lexor of the 

hors e . 

A further example of abnormalities be ing d etected in 

heal thy i ndividuals i s  the internal abdomi na l  obl ique 

musc l e  of sheep bred intens ively , where almos t  

identical changes t o  those s een i n  the deep d i g i tal 

f lexor muscle in thi s s tudy have been described 

( Wi l son et al , 1 9 7 8 ) . Muscle pathology con s i s t i ng of 

atrophy and hypertrophy of both Type I and Type I I  

f ibres , f ibre spl i t ting,  increased f ibrous t i s sue , 

f ibre degeneration and regenerat ion , and f i bre type 

grouping , were descri bed in these sheep . I t  was 

sugge s t ed these changes occurred in r esponse to 

chronic s tretching or an increased work load , as has 

been documented in other spec ies ( Tabary e t  al , 1 9 7 2 ;  

Go l d s p i nk , 1 9 7 7 ) .  The pres ence o f  f ibre- type 

grouping in such cases was interpreted as be ing 

i nd i ca t i ve of some neurogenic involvement . 

A f inal example of such abnormal i t i e s  i n  " normal "  

musc l e  i s  i n  the horse is where Blythe e t  al ( 1 9 8 3 ) 

found changes in the palatal muscles , whi ch were 

con s idered as being indicat ive of myos i t i s , although 

later Anderson ( 1 9 8 4 ) considered that thes e  changes 

were a normal characteristic of this mus c l e . 

Muscle morphometry 

( a ) Proport ion of Type I fibres 

Measurement of the percentage of Type I f ibres can 

provide valuable information regarding the funct i on 

o f  normal mus c le s , whi l e  alteration s  i n  fibre 

propor t i ons can be a sen s i t ive indicator of muscle 

d i s ease . In order to correctly i n te rpret the 

e f f ec t s  of d i sease s  on fibre type propor t i ons , a 

knowledge of the percentage of Type I f i bres in 

normal horses , and how this may vary because of 
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factors other than diseas e , i s  required . 

In the l aryngeal muscles the percentage of Type I 

fibres found i n  control horses was cons i s tent w i th 

previous reports ( Gunn , 1 9 7 2 ; Anderson , 1 9 8 4 ) . The 

much h i gher proport ion of Type I fibres found in the 

left dor s al cri coarytenoi d  muscle in c l i n i cal horses 

may have resul ted from a decrease in the total number 

of Type I I  fibres , whi ch have been shown to be more 

suscep t ible to damage in a variety of d i s ease 

proces se s , including neurogenic atrophy ( Reni ers e t  

al , 1 9 7 0 ; Johnson and Kucukyalcin , 1 9 7 8 ; L indholm 

et al , 1 9 8 1 ; Rouleau et al , 1 9 8 7 ) . 

In the h indl i mb muscles the percentage of Type I 

fibres was found to be dependent on which mus c l e  was 

sampled , the s i te of sampl ing , age and , to a l e ss e r  

exten t , t h e  d i sease s tatus o f  the hors e . The s e  

influenc e s  on f ibre proport ions are di scuss ed below . 

( i ) Var i ation between muscles 

The vari at i on in the percentage of f i bre types 

between d i fferent muscles has been wel l  documented in 

man as well a s  animals .  As has been previously 

ment i oned , many authors ( Ar i ano et al , 1 9 7 3 ; Gunn , 

1 9 7 8 ; Lexe l l  et al , 1 9 8 3b )  feel thi s  variation i s  

the result o f  the d i f ferent anatomical , regional and 

mechanical functions of each muscle . Therefore , in 

accordance w i th thi s theory , the proximal part of the 

cran i al tibial , the d i s ta l  part of the d i g i tal 

flexor , and the short d i g i tal extensor muscles , whi ch 

were found to have a higher proportion of Type I 

fibres , are probably s low , chronical ly contracting 

musc l e s  used mainly for the maintenance of pos t ure . 

Conversely , those muscles which contained a ma j or i t y  

o f  Type I I  f ibres such a s  the long and latera l  

d i g i t a l  f l e xo r , a r e  probab l y  used mainly for 

propu l s i on . The only other report on f ibre type 

percentages in the d i stal hindl imb muscle is that of 
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Andrews and Spurgeon ( 1 9 8 6 ) , who found a s im i lar 

percentage of Type I fibres in the long d i g i tal 

extensor muscle to that i denti fied in thi s  s tudy . 

(ti) Vari a t ion within muscles 

Several s tudies have inves t igated the variation in 

Type I f i bre proport ions whi ch may occur within a 

muscle , although there i s  some d i sagreement in the 

l i terature as to whe ther any variation does exi s t . 

In many e ar l i er s tudi e s , in bot h  man and the horse 

( Johnson et al , 1 9 7 3 ; Edgerton et al , 1 9 7 5 ; Snow 

and Guy , 1 9 8 0 ) and in one more recent report ( Wood e t  

al , 1 9 88 ) , the proportion o f  Type I f i bres was found 

not to be af fected by sampl ing s i te .  In contras t to 

these ,  mos t  later reports again in man ( Lexell et al , 

1 9 8 3 b )  and the hor s e  ( Kai , 1 9 8 4 ; Bruce and Turek , 

1 9 8 5 ; Raub e t  al , 1 9 8 5 ; Van den Haven et al , 1 9 8 5 ) , 

have found a con s i s tent increase in the proportion 

of Type I f i bres from superf i c i al to deep areas of 

muscles . 

In thi s  present s tudy a s im i lar f i nding o f  an 

increase in the proportions of Type I fibres from 

superficial to deep areas of musc les was found in the 

deep digital flexor , cranial t i b i al and long d i g i tal 

extensor muscles . In the only other large mus c l e  

s tudied , t h e  lateral digi tal extensor , no cons i stent 

variat i on in f ibre proporti ons could be ident i f ied . 

In add i t i on to thi s ,  a l e s s  wel l  documented form o f  

variat ion , from proximal to d i s tal sampl ing s i te s , 

was obs erved in the cranial t i b i al and deep d i g i tal 

flexor mus c le s . O ther documented report s  o f  thi s  

form of vari at ion are in an i nvestigat i on o f  the 

vas tus lateral i s  mus c l e  in man ( Lexe l l  et al , 1 9 8 3 ) 1 

and by Bruce and Turek ( 1 9 8 5 ) 1 who found a cranial t o  

caudal vari a tion i n  Type I f i bres in the middle 

gluteal mus c l e  in the hors e . 
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( DU) Variation wi th age 

Cons iderable controversy as to the effect of age on 

the proport ion of Type I f ibres exi s t s  in the 

l i terature . An increas ing proport ion of Type I 

f i bres wi th growth has been reported by Kugelburg 

( 1 9 7 6 ) in laboratory ani mals ; by Dav i e s  ( 1 9 7 2 ) and 

Suzuki and Cas sens ( 1 9 8 0 ) in pigs ; and by Bechtel 

and Kline ( 1 9 8 7 ) and Raub et al ( 1 9 8 6 ) in the hors e . 

I n  contrast to thes e  findi ngs in the hors e , s everal 

s tudi e s  have not been able to detect an e f fect of age 

on Type I fibre proport i ons ( E s s en e t  al , 1 9 8 0 ; 

H encke l , 1 9 83 ; Kline et al , 1 9 8 7 ) . 

The reasons for the l ack of obvious changes in Type I 

f ibre proport ions w i th increas ing age may be related 

to the muscle s tudi ed . In mos t  report s  of age­

related changes in the hors e , the m i dd l e  gluteal 

muscle is examined . As thi s muscle is primar i ly 

involved in propuls ion , demand for s low contracting 

Type I f ibres may be less than i n  lower l imb 

muscle s . Consequently age-related changes i n  f ibre 

type proportions may not be as read i l y  apparent in 

thi s muscle . In add i t ion , the extens i v e  var i ation in 

f ibre proportions which occurs in the middle gluteal 

muscle could resul t in small changes whi ch may occur 

as a result of aging , being overshadowed by sampl ing 

variable s . 

In this present s tudy a h igher percentage o f  Type I 

fibres in older compared to younger hors e s  was found 

in all muscles examined , except the short digi tal 

extensor . Thi s  inc rease may be related to changes in 

pos tural and phy s i cal demands as the hors e  matures ,  

and a greater requi rement for tonica l l y  contract i ng , 

slow Type I f ibres . I t  would appear f rom this s tudy 

that mos t of the s e  changes are completed before a 

hors e  reaches two years of age . The exception to 

thi s  i ncrease in Type I f ibre percentage w i th age was 

the short digi tal extensor muscle ,  in whi ch there was 

a s l i gh t  decrease in older hors e s , although the 
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reasons for this are uncl ear . I t  may be rel ated to 

the very high percentage of Type I fibres in younger 

hors e s , as evidenced in the 1 2 -week-old foal in thi s 

s tudy , and the natural i ncrease in activity which 

occurs shortly after birt h  in horses , result i ng in a 

requi rement for a higher proport ion of Type I I  f i bres 

in the mus cl e . Thi s  change may also be rel ated to 

the insert ion of the short digi tal extensor onto the 

t endons of the long and lateral digi tal extensor 

mus c le s , both of whi ch contain a high proport ion of 

Type I I  f i bres . 

(iv) Variation between horses 

Th e l ac k  of a s i gn i f i c a n t  d i f fe rence in the 

percen tage of fibre types in each muscle between 

groups migh t  sugges t  that calculation of f i bre type 

proportion is of l i ttle value in determi ning the 

pres ence of subtle muscular d i sease in the horse . 

Despi t e  th i s ,  however , examination o f  f i bre type 

proportions of individual horses w i th i n  the cl inical 

.group , revealed a much greate r  range of values in 

some mus c l e s , part i cularly the deep digi tal flexor 

mus c l e , than in control hors e s . As a consequence , 

extremely high or low percentages of Type I f ibres , 

fal l i ng outs ide the range considered normal for that 

mus c l e  and s i te , which i s  generally calculated as the 

mean plus and minus two standard dev i a t i on s , may be 

of use in detect ing mus c le d i s ease in the absence of 

other morphological alterat ions . 

The change in fibre proport i ons in s uch c a s e s  could 

result from a number of d i s ease proces s e s  as s imi lar 

variation s  in fibre type proportion s , parti cularly 

after d e i nnervation and rei nnerva t i on ,  

documented in man ( Te le rman-Toppet e t  al , 

have been 

1 9 8 5 ) and 

the hor s e  ( Andrews et a l , 1 9 8 6 ; Roneus and Essen­

Gus t avs s on , 1 9 86 ; Van den Haven e t  al , 1 9 8 8 ) . In 

the report of Van den Haven et al , ( 1 9 8 8 ) , Type I 

f i bre predominance was iden t i f i ed i n  the trapez ius , 

s e rratus ventral i s  and brachiocephal i cus mus c l e s , in 



1 0 5  

horse s  suspected o f  having neuromuscular d i s eas e . 

The lack o f  informat i on regard i ng the normal range o f  

f i b r e  p r o p o r t i o n s  i n  t h e s e  m u s c l e s  m a k e s  

i n t e rp r e t a t i on o f  th i s  f i nd i ng d i f f i cul t ,  and 

reinforce s  that muscle biops i es are of mos t  value 

when taken from muscles of known compos i t i on . I f  

such techniques are to be u s ed extens ively i n  the 

hors e , all  muscles acce s s i b l e  to biopsy should be 

evaluated in normal animals . 

The greater percentage of Type I fibres found i n  the 

two pon i e s  exam ined probably reflects d i fferences in 

act i v i t y  o f  thes e  animals compared to thoroughbreds 

which have been selected for speed over hundreds o f  

years . Thi s  f i nd ing is in agreement wi th the repor t s  

of Lindholm and P i ehl ( 1 9 7 4 ) , Stull and Albert 

( 1 9 8 1 ) ,  Taylor and Brassard ( 1 9 8 1 ) ,  and Hodgson et al 

( 1 9 8 6 ) , who also found that breed had a s im i lar 

effect on the percentage of Type I fibres . 

( b )  Mus c l e  f i bre d i ameters - Atrophy and Hypertrophy 

factors , and H i s tographi c  analys i s  

M e a s u r em e n t  o f  mu s c l e  f i b re diameter and the 

h i s tograph i c  analys i s  of resu l t s  has proved use ful in 

identi fying the presence of neuromuscular d i seases i n  

man , o f t en revealing subtle variation i n  f ibre s i z e  

prior t o  morphologi cal indicat ions o f  disease ( Brooke 

and Engel ,  1 9 6 9 b ; Jennekens et al , 1 9 7 1 a ) . However , 

in th i s  present s tudy , the mean f i bre d i ameter for a 

group o f  horses was often of l i t tle value in 

detec t i ng the presence of d i s ease . In contras t ,  the 

mean f ibre d i ameter in ind i vidual horses for both 

Type I or Type I I  f ibres was , on occasions , found to 

be out s i de the range calculated as normal . I n  s uch 

cas e s , the calculation of minimum fibre d i ameter may 

be of value in detect ing musc l e  d i s eas e . 

In onl y  one other report to date have f ibre d i ameters 

of the lower h indl imb muscles been used to detect 

neuromuscular d i s ease in the horse ( Andrews and 

Spur g e on , 1 9 8 6 ) . In tha t  report the m i n i mum 
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d i ameters for Type I ( 5 4 urn ) and I I  ( 6 5  urn ) fibres 

for the long digi tal extensor mus c l e  were found to be 

greater than i n  t hi s  pres ent s t udy ( 4 4  and 5 2  urn 

respective l y ) .  Thi s  d i f ference may have ari s en 

because of d i f f erence s  in measurement techniques used 

i n  each s tudy . 

O f  greater use than mean f ibre d i ameter i s  the 

analysis of the d i s tribution of f ibre s i z e s . Thi s  

can be quan t i fi ed b y  the calculat ion o f  atrophy and 

h y p e r t r o p h y f a c t o r s , a n d  by h i s t o g r a p h i c  

r e p r e s en t a t i on o f  f i br e  d i ame t e r  d i s tribution . 

A t rophy and h y p e rtrophy factors were initially 

described by Brooke and Engel ( 1 9 69a , b ) , whi le the 

f i rst report s  of i t s  use in the hors e  appear to be 

that of Andrews and Spurgeon ( 1 9 8 6 ) and Andrews et al 

( 1 9 8 6 ) . In t h i s  pre s e n t  s t ud y  a t rophy and 

hypertrophy factors al lowed the quan t i f icat ion and 

detect ion of f i bre a trophy and hypertrophy , whi ch was 

i ndi cative of abnorrnali ties in these muscles , even 

t hough the mean f ibre diameter was within normal 

l imi t s . 

There have been few other report s  in the veterinary 

l i terature of the u s e  of fibre d i ameter d i s tribution 

h i s tograms in the evaluation o f  neuromuscular disease 

i n  the hors e . Duncan and Gri f f i ths ( 1 9 7 3 ) used a 

s imi lar technique , a l though measuring f ibre area , i n  

e v a l ua t i on o f  t h e  l aryng e a l  muscle in horse s  

suf fering from idiopathi c laryngeal hemiplegia ,  whi le 

A n d r e w s  e t  a l , ( 1 9 8 6 ) u s ed f i b r e  d i am e t e r  

d i stribut ion h i stograms to evaluat e  four horses w i th 

neuromuscular d i s eas e . In man attempts have been 

made to correl ate changes in d i st ribu t ion his tograms 

t o  spec i f i c  d i s e ases ( Brook and Enge l , 1 9 6 9 b ; 

Reniers e t  al , 1 9 7 0 ) . In t h i s  present s tudy the 

value of fibre d i ameter h i stograms was mos t  evident 

i n  the long and l ateral d i g i t a l  extensor musc l e s  

where , al though there was l i t tle d i f ference i n  

morphological appearance between c l i n i cal and control 
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animals , there was a not i ceable d i f f erence in the 

distribution histograms . 

Therefore al though measurement of f ibre d i ameter , or 

area , i s  tedious to undertake , i t  can provide useful 

quan t i tative information regardi ng the e f fects of 

d i sease on muscle samples , which may be overlooked 

during morphological exam inat ion . 



PART I I I  - NERVES 

INTRODUCTI ON 

Normal neuroanatomy 
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For an understanding of the pathological changes in 

nerves which result in n euromuscular d i s e as e , some 

knowledge of normal neuroanatomy is requ i re d . For 

t h i s reason a bri e f  descript ion of the peripheral 

nervous sys tem as it relates to thi s  t op i c  i s  

presented . 

Peripheral nerves supply ing skeletal mus c l e  ari se 

from cell bodies wi thin the central nervous sys tem . 

They communicate d i rectly with muscle by way of an 

axon . Each axon i s  surrounded and supported by 

Schwann cells and , in mye l i nated axons , each Schwann 

c e l l  surrounds a s i ngle axon ( f igs . 3 8A , B ) . In non­

mye l inated axons a s i ngle Schwann cell i s  a s s oc iated 

w i th several axons and does not completely enclose 

each one . In normal nerves the thi cknes s  of the 

myel i n  sheath is proport ional to the product of 

axonal ci rcumference and i nternode length ( Fr i ede and 

B i s c h au s e n , 1 9 8 2 ) S eque n t i a l  S chwann c e l l s  

covering myelinated nerve fibers meet a t  the nodes of 

Ranv i e r ,  which are complex h i s tological s tructures 

w i th high metabol ic requ i rements ( We l l er and Cervos ­

Navarro , 1 9 7 7 . ) There is fluting o f  the myelin 

sheath in the paranodal area which results i n  bulbous 

expans ion at thi s s i te ( Wi l l i ams and Kashe f ,  1 9 6 8 ) . 

A t  the nodal area there i s  a marked reduct ion in axon 

d i ameter which i s  more evident in l arge d i ameter 

f i bers ( Hess and Young , 1 9 5 2 ) . 

Groups of axons and Schwann cells , often numbering 

many hundred , are supported by conne c t i ve t i s sue , 

known as the endoneurium , whi ch also con t a i ns blood 

and l ymphat ic vess e l s  ( F ig . 3 8A ) . All of t he s e  are 

s urrounded by a s t rong connect ive t i s sue s heath , the 

perineurium . 

a s  fascicles , 

Groups of axons thus formed are known 

whi ch are bound together by the 
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F igure 3 8 . Di agrams showing the normal structure of 
a nerve fibre . 

A .  A di agram showing a cross - sect ion 
t h rough a pe r i p h e r al nerve and 
through supporting connect ive t i s sue 
showing a s ingle fas c i cle . A single 
axon w i th its attachment to ske letal 
muscle is also shown . 

B .  A more magn i f i ed v i ew of a single 
axon showing the internode d i stance 
and o ther s tructures associ ated wi th 
e ach myel inated axon . 
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epineurium to form a nerve trunk . 

Reaction o f  peripheral nerve to disease 

Peripheral nerve , l ike muscl e ,  reacts to a wide 

variety of pathologi cal processes  in a l imi ted number 

of ways . The s e  have recently been reviewed by Cah i l l  

( 1 9 8 5 ) , and c an b e  divided into three categories , 

namely Wal lerian degenerat i on ,  axonal degenerat i on 

and segmental demyel inat i on . Th i s  clas s i f i cation i s  

dependent upon whe ther there i s  primary involvement 

of the axon , as in the former two , or the myel in 

sheath , as in the l atter . Frequentl y  a combinat ion 

of these processes w i l l  be present at any one t i me 

( Webster et a l , 1 9 6 7 ; Dyck , 1 9 7 3 , 1 9 7 5 ) . 

( i )  Wal lerian degenerat ion 

Wallerian degeneration describes those changes that 

occur in the dis tal portion of a nerve following 

s evere damage , such as transection or direct trauma , 

to a more proximal part of the nerve . All nerve 

fibers may be affected . The changes found in this 

type of nerve damage inc lude an al terat ion in shape 

and fragm e n t a t i on of t h e  axon and paranodal 

retract ion o f  mye l in . The axons and mye l in sheath 

break down and are progres s ively diges ted into rows 

of smaller avoids and l ip i d  droplets ( Blackwood et 

al , 1 9 7 1 ) .  

( i i )  Axonal degenerat ion 

Al though axona l  degeneration can result from a wide 

range of factors , including chemi cal intoxications , 

vi tamin def i c i encie s  and gene t i c  abnormal i t i e s , mos t  

are thought t o  resu l t  i n  damage to the nerve because 

of an effect on the metabo l i c  funct ion . Al though the 

entire axon i s  thought to be a f fected , hi s tolog i cal 

changes are most obvious i n  the d i s tal port ions 

( B en n i ngton , 1 9 7 8 ) . I n  contrast to Wal lerian 

d egeneration , axonal degenerat i on i s  mos t  often 

indi cative o f  an abnormal i t y  o f  the individual axon , 
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a n d  a s  such , s e lective i nvolvement o f  certain 

popula tions of fibers may occur . Linear rows of 

myel i n  avoids and ball s  may be s e en d i s tally , whi l e  

a t  more proximal levels , wher e  the axon i s  s t i l l  

intac t , myelin sheath irregular i t i es , such a s  focal 

t h i c ke n i ng of the myelin sheath and paranodal 

demyel ination , as well as segmental demy e l inat ion and 

remyel ination , may be seen . As many primary axonal 

d i s eases are chronic in nature , repeated epi sodes of 

d e my e l i na t i on and remye l i n a t ion result in the 

appearance of " onion bulbs " .  F i bre loss may also be 

eviden t , ranging from no to m i l d  loss prox imally to 

s evere loss and fibre degener a t i on in more d i s tal 

parts of the nerve ( Bennington , 1 9 7 8 ) . 

Those diseases where the ends of the longest nerve 

f ibers are affected are known as d i stal axonopathi e s , 

and const i tute the ma j ority o f  diseases in whi ch 

axonal degenerat ion occurs , al though on less frequent 

o c cas ions degeneration may be unassoci ated wi th 

axonal length ( Sabin , 1 9 8 6 ) . 

( i i i ) Segmental demyel inati on 

Segmental demyel inat ion describes the s egmental loss 

of myelin with preservat ion of the axon . Thi s  may 

result from a primary myel i n  abnorma l i t y , or be 

s econdary to an axonal abnormal i ty ( Dyck et al , 

1 9 7 1 ) .  D e m y e l i n a t i o n i s  f i r s t  a p p a r e n t  

h i s tologically because of a widening o f  the node of 

Ranvier fol lowed by d i s rupti on o f  the myel i n  sheath 

and subsequent fragmentat ion and phagoc y tos i s  of the 

myel i n . Thi s  progres s i ve loss of mye l i n  may be 

restricted to the paranodal area or involve the 

entire internode ( Dinn , 1 9 7 0 ) . Remye l i nation usually 

commences w i thin a few days when the l ength of 

demyel i nation i s  less than 1 5�m and the exi s t ing 

S chwann cell wi l l  recons t i tute the mye l i n  sheath . I f  

the l ength o f  demyel inat ion i s  greater than 1 5�m or 

an entire internode has been demye l i nated , one or 

s everal short internodes ,  each w i th i ts own Schwann 
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cel l ,  w i l l  b e  formed ( Bennington , 1 9 7 8 ; Cavanagh and 

Jacobs , 1 9 6 4 ) . 

Inves t i ga ti on o f  peripheral nerve d isease i n  the 

horse 

A number of t echniques can be used to identi fy 

peripheral nerve d i sease . Thes e  include l ight and 

e l e c tr on m i c r o s copic examination of transverse ,  

longi tudinal or teased fibre samples , motor and 

sensory nerve 

biochemi s try , 

t i s sue cul ture 

conduct ion s tudi e s , electromyography , 

histochemis try , autoradiography , and 

( Dyck , 1 9 7 5 ) . In thi s  study l ight 

mi croscop i c  examinat ion of transverse sect ions and of 

teased fibre samples of nerve were used to a s s e s s  the 

degree of d amage pres ent in nerves . Some of the 

changes frequently ident i f ied using these techniques 

are di scuss e d  below . 

( i )  Common changes in transverse s ect ions o f  nerves 

( a )  Onion bulbs 

Onion bulbs result from the pro l i f erat i on of Schwann 

cells in response to degenerat i on or demyelination of 

nerve f ibers . Repeated insults to the nerve resul t 

in waves o f  prol i feration and subsequent produc t i on 

by the Schwann cell of mul t iple interleaving l amel lar 

processes wh i ch enc i rcle the axon . They are usual l y , 

but not alway s , seen surroundi ng thinly mye l i nated 

f i bers ( Webster et al , 1 9 6 7 ) . 

Onion bulbs are direct evi dence of chronic neurogen i c  

d i s e a s e  d u e  t o  r e p e a t e d  d e my e l i n a t i o n a nd 

remyel inat i on , ei ther in response to an exte rnal 

i nsult or as an inherent defect i n  the Schwann c e l l  

( Weller e t  al , 1 9 8 3 ) . They are mos t  read i l y  

i dent i fied i n  transverse sect ions of nerve f i bers . 
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( b )  Thinly mye l i nated f i bers 

Relatively thi n  mye l i n  sheaths in rel a t i on to axon 

d i ameter are a use ful indicator of remyel ination 

fol lowing demy e l i nat i on or regeneration of an axon 

( Schroder , 1 9 7 2 ) . They occur as a result o f  

regenerated nerves whi ch have i nternodes of smaller 

length and d i ameter and a decreased number of 

lamellae i n  rel ation to the axon perimeter ( Dyck , 

1 9 7 5 ;  Wel l e r  and Das Gupta , 1 9 68 ) . Relatively 

thinly myel inated f ibers may also result from axonal 

swell i ng . 

( c )  Thick mye l i n  sheaths 

In regenerat i ng nerve s a proport ion of axons have 

inappropriately thick myelin sheaths . Thes e  are 

thought to represent regenerat ing axons that have 

fai led to reach the i r  end organs and are undergoing 

axonal atrophy ( S chroder , 1 9 7 2 ) . 

( d )  Regenerat i ng clus ters 

Regenerating c l u s ters are found following Wallerian 

or axonal degenerati on . Several small axons sprout 

from the end o f  a previously damaged axon and remain 

closely assoc i ated as they progress d i s tally . They 

appear hi s tolog i cally as di screte groups of three or 

more myel i n a t e d  f i be r s  ( Madrid et al , 1 9 7 7 ) . 

Regenerat ing f i bers o ften have di sproport ionately 

thin myelin sheaths and are surrounded by abundant 

Schwann cell cy toplasm . They are found in a numbe r  

of neuropathi e s , espec ially i f  there have been 

repet i t ive i n su l t s  to the nerve ( Weller and Cervos­

Navarros , 1 9 7 7 ) . 

( e )  Axonal degenerat ion 

Evi dence of act ive axonal degeneration , whi l e  mos t  

r e ad i l y  o b s e r v e d  i n  t e a s e d  n erve fibers , may 

o c c a s i onal l y  b e  s e e n  i n  t r an s ve r s e  s e c t i o n s . 

Evidence includes the presence of mye l i n  avoids or 

bal ls in the S c hwann cell cytoplasm , and the more 

frequent pres ence of nuclei as a result of an 
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i ncreased number of Schwann cells , macrophages , 

fibroblasts and mas t  cells . Occas i onally a mye l i n  

sheath may be s e e n  wi th no central axoplasm ( Dyck , 

1 9 7 5 ) . 

In transverse sections , accurate interpreta t i on of 

th e abnorma l i t i e s  r e qu i r e s  e l e c t ron-microscopic 

examinat ion . 

( f ) Decreased f ibre dens i t y  

I f  regenerat ion does n o t  take place after axonal 

degeneration , f ibre loss wi ll be evident . Thi s  loss 

may be obvious under l ight mi croscopy in s evere case s  

o r  be on l y  s l i g h t  and r e q u i re d e t e c t i on by 

morphometric analy s i s . An as s e s sment of the degree 

of fibre loss at di f ferent s i te s  of a nerve can be 

used as an indi cator of the type and severi ty of the 

dis ease proces s . S imi l arly morphometric s tudies on 

cros s-s ections of axons w i l l  enab l e  ident i f i cation of 

select ive damage to f i bers o f  a par t i cular s i z e  

( C ah i l l  1 9 8 5 ) . However , interpretation of thi s 

requires prior knowledge of the nerve fibre s i z e  and 

dens i ty at the s i te examined . 

( g )  Renaut bod i es 

Renaut bodies are " loosely textured , whorled cel l ­

sparse structures ' '  ( Asbury , 1 9 7 3 ) ,  whi ch are found i n  

the sub-perineural space i n  peripheral nerves . They 

are s een in both normal and pathologi cal s tates , and 

are therefore probably relatively non- speci fi c  as 

indi cators of neuropathology ( Asbury , 1 9 7 3 ) . Some 

authors , however , have s e en an i ncreased incidence of 

Renaut bodies in pathogenic condi t ions ( Je f ferson e t  

al , 1 9 8 1  ) . In man an increase i n  the frequency of 

thes e  structure s  w i th age has been reported ( Dyck , 

1 9 7 5 ) . In the hors e , Duncan e t  al ( 1 9 7 8 ) con s i dered 

Renaut bodies were more frequently observed in the 

recurrent laryngeal nerve 

laryngeal hemiplegia , a 

Cah i l l  ( 1 9 8 5 ) . 

of horses wi th idiopathic 

f inding not supported by 
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L i n e a r  rows of m y e l i n ovoi d s  a n d  b a l l s  a r e  

characteristic of Wallerian and axonal degenerat ion . 

I n i t i al changes con s i s t  o f  i rregular bead i ng of the 

myel in sheath followed by divis ion of the sheath into 

larger segments .  As degradat i on con t i nues thi s  

progresses to l inear rows o f  myel in ovoids of varyi ng 

s i z es . Final ly clumps of myelin lying in rows can be 

seen ( Dyck et al , 1 9 68 ) . These change s  may be used 

to a s s i s t  in determining whether axonal degenerat i on 

or segmental demyelination i s  present ( Cahi l l , 1 9 8 5 ) . 

The pres ence of small myel in ball s  i s  more indicative 

of s egmental demy e l inat ion , whi l e  larger avoids are 

seen more frequent ly with axonal degenerat ion . The 

d i s t r i bu t i on of d e g e n e ra t i on i s  also sl ightl y  

di f ferent , wi th damage along the ent i r e  mye l in sheath 

seen in axonal degeneration ,  whi l e  more focal damage 

oc curs with s egmental demyelination ( Madri d  and 

Wisniewski , 1 9 7 7 ) . 

( b )  Paranodal demyel inat ion 

Widening of the nodal gap appears in ear l y  s egmental 

demyel ination , both pr imary and secondary . Mye l i n  

loss may be restricted t o  the paranodal region o r  

spread t o  involve the entire internod e  ( Di nn ,  1 9 7 0 ) . 

The d i stribut ion o f  demyel inated regions i s  random in 

pr imary segmental demyelinat ion but clustering on 

p a r t i c u l a r  f i b e r s  w i l l  o c c u r  i n  s e c o n d a r y 

demyel ination . 

( c )  Thi ck mye l i n  sheaths 

As in transverse sec t i ons , thi ck mye l in sheaths may 

also be seen in teased fibre prepara t i ons , and are 

s a i d  t o  r e p r e s ent regenerating axons that are 

undergoing atrophy as a result o f  not reaching an end 

organ ( Schroder , 1 9 7 2 ) . 

Exce s s ive variab i l i ty in mye l i n  thi ckness wi thin 

i nternodes has been as sociated w i th peripheral nerve 
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d i sease ( Dayan e t  a l , 1 9 6 7 ) . Al though the myel i n  

thicknes s  appears greater in these regions , i t  i s  

probably a result of infolding and redupl i ca t i on o f  

m y e l i n ,  rather than excess i ve product i on ( Dyck , 

1 9 7 5 ) . 

( d )  Thinly mye l i nated segments and short i nternodes 

I n  normal nerve f ibers the thi ckness of the myel i n  

sheath and the internode d i s tance , that i s  the 

d i st ance between nodes of Ranvier , i s  relative l y  

constant ( Stevens e t  al , 1 9 7 3 ) . Thinly mye l i nated 

s egments of nerves with decreased internode d i s tance 

occurs when a large portion ,  or all of an i nternode 

i s  d e m y e l i n a t e d  a s  a r e s u l t  o f  d i s e a s e . 

Remy e l i nat ion occurs by the format ion of s everal 

short internodes , each with i t s  own Schwann cell 

( Bennington , 1 9 7 8 ) . Generally the myel i n  sheath 

app e a r s  propo r t i ona t e l y  t h i n ne r ,  b u t  i n  s om e  

ins tances may almost return t o  normal thi cknes s  

( Ludwin , 1 9 8 1 ) .  

Axon a l  degene ra t i on and subsequent regenerat i on 

resul t s  in uni formly short internodes over the l ength 

of the damaged axon ( Hi scoe , 1 9 4 7 ; V i z oso and Young , 

1 9 4 8 ) . The pres ence of short internodes i n  teas ed 

nerve fibers i s  a permanent record of previous 

demy e l inat ion ( Morgan-Hughes , 1 9 6 8 ; D i nn , 1 9 7 0 ) . 

Segmental demy e l i na t ion and remyel ina t i on also result 

in decreased internode length , but wi th greater 

var i ab i l i t y  in the l ength of the intercalated s egment 

( Vi zoso and Young , 1 9 4 8 ; Schroder , 1 9 7 5 ) . As a 

result of thi s  an assessment of randomness of 

di s tr ibution can be used to a s s i s t  i n  determin i ng i f  

axona l  degenerat i on or segmental demye l i na t i on i s  

present . 
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D iseases o f  equine peripheral nerve 

A wide range of abnorma l i t i es are known to affect 

peripheral nerves in the horse . Many are the resul t 

o f  trauma or s econdary to central nervous system 

dys funct ion . In a small number of diseas e s , however ,  

abnorm a l i t i e s  w h i ch primarily affect peripheral 

nerves ,  have been documented . In order to further 

understand peripheral nerve disease in the hors e ,  

those d i s eases whi ch have been examined us ing modern 

inve s t i gat ive techn i ques w i l l  be bri e fly d i scus sed 

below . 

I diopathic laryngeal hemiplegia 

The best studied o f  the equine peripheral nerve 

diseases is i diopathic l aryngeal hemiplegia . As 

d i scus s ed previously , thi s  diseas e , whi ch is known to 

be a d i s tal axonopathy , results in severe neurogen i c  

atrophy of the laryngeal muscles , w i t h  the l e f t  s ide 

more s everely affec ted than the right . I t  has been 

re c e n t l y  demons trated ( Cahill , 1 9 8 5 ) that some 

abnormali ties ind i ca t ive o f  neuromuscular d i s ease are 

also present in the d i s tal hindl imb muscles and 

nerves of affected horses . The s igni f i cance of thes e  

find i ngs i n  terms o f 'c l in i cal di sease i s  uncertain . 

Stringhalt 

Stringhal t  is another d i s ease which can be the result 

of a peripheral axonopathy ( Fr i end and Jef fcott ,  

1 9 8 5 ; Cahill e t  al , 1 9 8 6 ) . A toxin i s  considered the 

mos t  l ikely cause of thi s  d i seas e , and a number of 

plants ,  including dandel ion and mal low , having been 

incriminated ( Pemberton and Caple , 1 9 8 0 ; Cahill  e t  

al , 1 9 8 6 ) . Clini cally the di sease i s  characteri zed 

by e xaggerated hyperflex ion of the hindl i mbs , but i n  

severe cases the fore l imbs may also be involved . 

Axonal degenera t i on of l arge mye l inated nerve f ibers 

w i th a proximal t o  d i s tal increase in severity have 

been found in thi s  d i s ease ( Cahill  et al , 1 9 8 6 ) . 

Neurogenic atrophy o f  d i s tal fore and hind l imb 

musc l e s  has been s hown to occur . Many horses recover 
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spontaneously from the d i s ease wi thin 1 2 months of 

the ons e t  of cl inical s igns . 

Toxic neuropathi e s  

Another recogni z ed peripheral nerve d i sease i n  the 

horse i s  organophosphate tox i c i ty . There have been 

two reports of thi s  cond i t ion in the horse ( Rose et 

al , 1 9 8 1 ; Duncan and Brook , 1 9 8 5 ) . I n  each case the 

presenting clini cal s ign has been that of laryngeal 

dys funct ion . When the laryngeal and h indl imb muscles 

and nerves 

and Brook , 

peripheral 

of such cases have been examined ( Duncan 

1 9 8 5 ) abnormal i t ie s  cons is tent w i th severe 

nerve di sease and 

muscular atrophy are evident . 

associ ated neurogenic 

Clinical s igns in the 

l imbs associated wi th thi s  cond i t ion have not been 

documented . 

A further reference to pos s ible toxins result ing in 

peripheral neuropathies i s  made by Robertson-Smi th et 

al . ,  ( 1 9 85 ) who examined 1 2 horses . No speci f ic 

toxin could be identi f i ed , al though a di agnosis of 

peripheral neuropathy was made in four animals . The 

s emimembranos i s ,  semi tendinos i s , pec t i neus and biceps 

femo r i s mus c l e s  c on t a i ne d  moder a t e  neurogen i c  

atrophy . Thi s  consi s ted o f  bundles of atrophic 

fibers , and prominent sarcolemnal nuc l e i  surrounded 

or interspersed w i t h  normal or hypertrophic fibers . 

More s evere neurogenic atrophy was present in the 

gas trocnemius and l ong and lateral d i g i tal extensor 

muscle s . 

Suprascapular neuropathy 

A further commonly recogni z ed di sease of peripheral 

n e rves is suprascapular paraly s i s , whi ch occurs 

beca u s e  of d a m a g e  to t h e  s u p r as capular nerve 

resulting in atrophy of the supraspinatous and 

infraspinatous muscles of the shoulder .  Thi s  results 

in prominence o f  the spine of the scapula ,  and i s  

often referred t o  a s  " sweeney " .  The cond i tion has 
recently been i nves tigated in deta i l  by Duncan and 
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S chneider ( 1 985 ) who con s i dered i t  to result from 

pressure on the nerve as i t  runs over the border of 

the scapula . His tologically there i s  good evid ence to 

s u pport the f i nd i n g  t h a t  t h i s d i s e a s e  is a 

compres s i on neuropathy . Treatment by resect i on of a 

block of bone directly under the cours e  o f  the nerve , 

which supposedly releases pres sure on the nerve , was 

reported to sign i f i cantl y  improve recovery rates 

( Adams et al , 1 9 8 5 ) . 

MATERIALS AND METHODS 

The horses used in thi s  sect ion were the s ame as 

those described i n  Part I I  of thi s  the s i s . D i vis ion 

i nto cl inical , subcl inical or control groups ( Table 

1 )  was based on the same criteria a s  previously 

described . 

Col le c tion of nerve s amples 

The left recurrent l aryngeal nerves were s ampled at 

two s i te s  ( f ig . 4 )  

( i )  immediately caudal to the larynx ( di stal 

s ampl e ) ;  

( i i )  at approximate ly the mid-cervical level 

( proximal sampl e ) .  

Nerve s amples were collected from s i x  s i te s  in both 

the l e f t  and righ t  hind leg ( f ig . 5 )  . Thes e  s i tes 

were : 

( i )  the common peroneal nerve i mmedi at e l y  prior 

t o  i t s  b i f u r c a t i o n i n t o  d e e p  a n d  

super f i c i a l  branche s ; 

( i i ) the deep peroneal nerve approximately 6 - 8  

( i i i ) 

( iv )  

cm after i ts b i furcation from the common 

peroneal ; 

t h e  d e e p  p e ro n e a l n e r v e  i mm e d i a t e l y  

proximal t o  the hock j oint ; 

the t i b i a l  nerve immediately proximal to 
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the hock j oint ; 

( V )  the med i a l  plantar nerve i n  the mid-

metatarsal region ; 

( vi )  the medial plantar digi tal nerve d i stal to 

the fetlock j oint . 

Careful di s sect ion o f  nerves was undertaken to 

minimi z e  the chance of produc ing artefactual damage . 

Fol low i ng i solat ion of the nerve to be s ampled , 

suture material was placed through the proximal end 

and a 2 0 0  gm hooked we ight attached to the d i stal 

end . Gentle tension was appl i ed to the s ampl e  as i t  

was cut free wi th sharp scissors . The we i ghted nerve 

was then immediately suspended in 2% glutaraldehyde 1 

( Dyck and Lofgren , 1 9 66 ) . For those s ampl e s  from 

whi ch t eased fibers were to be taken , the nerve was 

removed after 1 0  minutes of f ixation and d i v ided into 

two p a r t s , one s e c tion to be used for l ight 

microscopic examinat i on and the other for teas ed 

f i bre preparat ion . 

The techniques used for process ing o f  nerve s ampl e s  

have been adapted from Cahill ( 1 9 8 5 ) , Katrak et a l  

( 1 9 8 0 ) ,  and Nukada e t  a l  ( 1 9 8 1 ) .  The compos i t ion of 

solut ions and embedd i ng resin used during proc e s s i ng 

are shown in Appendi c e s  2 and 3 .  

Preparation and examination of transverse sections 

Sections of nerve to be used for l ight mi croscopi c  

examinat i on was f ixed for a total of 9 0  minutes in 2 %  

g l u t a r a l de h y d e  a nd then t r an s f e r r e d  t o  0 .  1 M 

cacodylate buf fer . The s amples remai ned i n  the 

buf fer for between 3 0  minutes and 1 2  hours . Duri ng 

th i s  period the nerve was trimmed i nto smal ler 

sections for further proce�s ing �nd embedd i ng . Thi s  

involved placing the nerve in a pool of buf fe r  o n  a 

sheet o f  dental wax and examining i t  under a 

1 Appendix 2 
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d i s sect ing mi croscope a t  a magni fi cat ion of 40x . 

Connect ive t i ssue was r emoved and the nerve cut into 

sections us ing a fresh port i on of a new razor blade 

for each transect i on . Three samples of each nerve 

were prepared . One contained a complete cross -

sect ion o f  the nerve and the other contained s everal 

fasc i cl e s  of nerves onl y . 

was always kept greater 

The l ength of the sample s  

than the width so that 

correct orientation could be maintained . 

The nerves were then t rans ferred from the buf fer to 

1 %  osmium tetroxide for 9 0  minutes and placed on a 

t i l ted revolving p l a t form to fac i l i tate mixing . 

Fol lowing thi s  the nerves were washed in two changes 

of cacodylate buffer for 3 0  minutes . 

The sec t i ons were then stained en bloc by immers ing 

the samples in a freshly prepared 1 %  phenylenedi amine 

solut ion for 3 0  minutes . Fol lowing s ta ining , the 

samples were dehydrated in a series of graded 

alcohol s ,  by plac ing e ach one for 1 0  minutes in 8 0 %  

and 9 5 %  alcohol and then for two ten-minute periods 

in 1 0 0 %  alcohol . They were then i mmersed i n  

p r o p y l e n e  ox i d e 2 f or t wo 1 0 - m i nu t e  p e r i o d s . 

Fol lowing thi s  they were immersed in a 5 0 : 5 0 mixture 

of propylene oxide and pol arbed resin overnight . For 

this  last procedure the sampl e  bottles were placed i n  

a fume hood , again o n  a revolving mixer , wi th the i r  

l i ds removed to allow evaporation of the propyl ene 

oxide . The follow i ng morning the nerve s ample s  were 

placed in fresh s ample bottles containing 1 0 0 %  

polarbed res in for 6 0  m inute s . The s amples were then 

embedded wi th individual l abels in polarbed resin i n  

f l a t  rubber moulds 3 . For each s i t e  o f  the nerve 

sampled the trimmed pieces of nerves were embedded 

2 P ropylene oxide , BDH Chemicals Ltd . , 
Poole , England 

3 S i l i co n e  rubber 
Equipment Ltd . , Wat ford , England 

mould , Polaron 
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longi tudinally to ensure a transverse sect ion of the 

nerve was availabl e  for cutt i ng . The moulds were 

then placed in an oven in the fume hood at 6 0 °C for 

polymerisat ion of the resin to occur . After 2 hours 

the ori entat ion of the spec i mens was checked and 

corrected when neces sary . The spec imens were then 

l e f t  at 6 0°C for 48 hours to al low for hardening of 

the res in . 

Fol lowing removal from the mould , " thick" s ections of 

the nerve were cut 4 a t  1 .  5 }.lm us ing a glass kni fe . 

They were then examined under the l ight microscope . 

Pathological abnormal i t ies were graded sub j ec t ively , 

based on individual f ibre pathology and loss of 

myel inated fibers ( Cahi l l ,  1 9 8 5 ) . 

Indi vidual fibre pathology was then graded according 

to the frequency of observing changes cons i s t i ng of 

d i sproportionately thin myel in sheaths , regenerat ing 

clus ters , " onion bul b "  format ions and mye l i nated 

fibers with myel i n  d ebri s  in thei r  Schwann cell 

cytoplasm 

assessed . These change s were graded on the bas i s  of 

finding no abnormal i t i e s  ( ze ro grading ) :  of observing 

thes e  abnormal i t i e s  only rarel y  ( + ,  1 or 2 in a 

t r a n s v e r s e  s e c t i o n o f  t h e  e n t i r e  n e r v e ) ;  

occas ionally ( + + ,  1 or 2 changes per fascicle ) :  

frequently ( + + + , 5 - 1  0 per fasci cle ) ; and numerously 

( + + + + , more than 1 0  changes per fas c i c l e ) .  

M o r p h o m e t r i c  a n a l y s i s  w a s  u n d e r t a k e n  

comput e r i z ed i m a g e  ana l y s i s  t echniques . 

u s i ng 

Thi s  

involved representat iv e  areas of each nerve sampl e  

bei ng photographed , and then analysed to determine 

the number of nerve f ibers in each photograph , as 

wel l  as the area , c alcula t ed in pixe l s , of each 

ind ividual nerve f ibre in the photograph . The 

4 LKB 88 0 6A Ultratome 3 ,  LKB , Bromrna 
1 ,  Sweden 
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t e chn ique u s e d  t o  d e t er m i ne the s e  v a l u e s  i s  

i l lustrated in Fig . 3 9 . From thi s data the dens i ty 

o f  nerve f ibers ( no .  per square mill imetre o f  nerve ) , 

m e an ne rve f i bre area ( um2 ) ,  and h i s tographic 

d i s tribut ion of the range of individual nerve fibre 

s i z e s , was determined . Results for each group were 

then analysed and compared s tat i s tically using the 

s t udents ' t - test and chi - squared analy s i s where 

appropriate . 

B ecause of the variabi l i ty in f ibre dens i ty and s i z e  

e ncountered i n  some l imb nerves , part i cularly the 

common peroneal nerve and i t s  deep branch , the total 

c r o s s - s e c t ional axonal area ( Qui l l iam , 1 9 5 6 ) was 

d e termined in all h i ndl imb samples . Thi s  was 

c alculated by mul t i p l y i ng the mean nerve f ibre area 

by the nerve fibre den s i ty to obtain a value of total 

cro s s - sectional axonal area per square m i l l imetre 

( um2 /mm2 ) at each level of s ampl ing . 

Preparation and examinati on of individual teased 

f ibers 

Following the 1 0  minute fixation in 2% glutaraldehyde 

the samples were trans ferred to 0 . 1 M cacodylate 

buffer for at least 30 minute s . During this period 

excessive connective t i ssue was trimmed away in a 

s im i lar manner as prev ious ly di scuss ed . The ent ire 

nerve was then placed in 1 %  osmium tetroxi de for 9 0  

m i nutes and rotated constantly during thi s t ime on a 

revolving platform i n  a fume hood . A further wash in 

c acodylate buffer for 3 0  minutes was then undertaken , 

w i th a change of bu f f e r  after 1 5  minutes to ensure 

e l iminat ion of all the osmium residue . The nerves 

were then placed in 6 6 %  glycerol at 6 0°C overnight . 

The next day the sample s  were placed in 1 0 0 %  glycerol 

and s tored in a refrige rator unti l  required . 

Teas ing of nerve f i bers was carried out on a glass 

m icroscope sl ide u s i ng a d i s s ec t ing microscope at a 
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'F i gure 39 . Some of the steps involved in determining 
f i bre dens i ty and mean cross - s e c t i onal 
axonal area of nerve samples using image 
analys i s . 

A .  C o m p u t e r  r e p r e s e n t a t i o n o f  a 
photomicrograph of a nerve s ample , 
i n  t h i s  c a s e  t h e  r e c u r r e n t  
laryngeal nerve in a control hors e . 

B .  The image i s  converted to black and 
white to provide a sharp contras t 
between the myelin sheath , whi ch i s  
black , and each axon . 

C .  The area out s ide each nerve f ibre i s  
then filled in black a s  well , s o  
that the only remaining whi t e  areas 
represent i ndividual axons . Each 
axon is then individually numbered 
and the area measured ( not shown 
here ) . Manual checki ng of each area 
was then undertaken to e n s ur e  
structures other than axons , such as 
blood ves s e l s  and enclosed areas 
between axons , were excluded from 
the f inal h i s togram . 

D .  The cross - sect ional area o f  each 
i nd i vidual axon , as measured i n  
p i xe ls , was converted t o  square 
micrometres and transferred to a 
P r im e  computer sys tem to enable 
h i s t o g r a p h i c  a n d  s t a t i s t i c a l  
analys is . 
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magn i f i cation o f  4 0x ( f ig . 40 ) .  F ine forceps 5 ( wi th 

sharp points ) ,  and a f ine pointed needle were used 

for di ssect ion . The l ength of nerve was placed i n  a 

drop of glycerol and the epineurium removed , thus 

expos i ng the nerve fibers and endoneurium . The 

fascicles were separated into small groups of f ibers 

and repeatedly d ivided unti l  individual f i bers were 

i solated . Ten f ibers with at least f ive node s  o f  

Ranvier were trans ferred to a glass s l ide and l a i d  

s ide b y  s ide for grading and measuring . ( A  total o f  

1 0 0 teased f ibers randomly taken from e ach sampl e  was 

collected ) .  To dry off excess glycerine , the s l ides 

were kept at 6 0°C for 48 hours and then mounted i n  

glycerine j el l y . 

Each f ibre preparat ion was then exami ned under the 

l i gh t  mi croscope and graded accord ing to Dyck ( 1 9 7 5 ) 

( f i g . 4 1  ) , and the mean internode length calculated . 

Because of the extens ive amount of t ime requ i red to 

prepare teased f i bers from nerves onl y  five hor s e s  

were examined i n  this way . 

5 Number 7 forceps , 4 . 5  inch , curved , 
fine pointed . Dumoxe l  A .  Dumont & 
Sons 
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F i gure 40 . Technique for obtaining s i ngle teased 
nerve fibres ( after Dyck , 1 9 7 5 ) . 

A .  The nerv e  i s  placed on a mi croscope 
slide in a drop of glycerine and 
p l a c e d  u n d e r  a d i s s e c t i n g  
microscop e . 

B .  Us ing f ine forceps the nerve i s  
divided into individual fasc icles . 

c .  

D .  

E p i n e u r i a l 
p e r i n e u r i um 
removed . 

c o l l a g e n  
i s  t he n  

a n d  t h e  
care ful l y  

The fascicles are 
divided in hal f 
fibre s . 

then repeatedly 
to obtain s ingle 

E .  Sing l e  f i bres are then trans ferred 
to a c l e an microscope s l ide . 

F .  A f t e r  g roup s o f  1 0  fibres are 
col l e c te d  on the s l ide , a covers lip 
is placed on them . A total of 1 0 0 
teased f i bres i s  obta ined for each 
nerve s ample . 



mlcroecope elldee 
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F i gure 41 . S y stem of clas s i fi cat i on o f  
t e ased fibres ( after Dyck , 
modi f i ed by Cahi l l , 1 9 8 5 ) . 

i ndividual 
1 9 7 5 , as 

A .  A fibre of normal appearance 

B .  A fibre w i th i rregulari t y  of the 
myelin sheath , but otherw i s e  normal 

C .  A fibre with segmental demyel inat ion 

D .  A fibre with segmental demy e l i na t i on 
and remyelinat ion 

E .  A f i b r e  t h a t  h a s  u n d e r g o n e  
degenerat ion into a l inear row of 
myelin ovoids or ball s  

F .  A f ibre wi th remyelinated i nternodes 
which appear as short intercalated 
s egments 

G .  A fibre wi th exces s ive 
of the mye l in sheath 
thi ckenings 

i rregulari ty 
whi ch forms 

H .  A fibre w i th myel in ovoids or ball s  
ad j acent t o  i t . 

I .  A f ibre with l inear rows o f  mye l i n  
ovoids and ball s  d i s tally , wi th or 
wi thout paranodal demyel inat i on and 
r e m y e l i n a t i o n o n  p r o x i m a l  
internodes 
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RESULTS 

Individual nerve f i bre pathology 

The e s ti mated frequency of nerve f i bre pathology for 

each individual horse i s  presented in Appendi x  1 0 .  

The incidence of individual nerve f ibre changes ,  and 

the average degree of changes at e ach s ampl ing s i te 

in a l l  horses , is  shown in Table 1 0 .  

Left recurrent laryngeal nerve 

Th e r e  w a s  l i t t l e  evidence of ind i v i dual nerve 

pathology at thi s  s i te in control hors es ,  al though 

rare changes ,  cons i s t ing of thinly mye l inated fibres 

( fig . 4 2 ) or regenerat i ng clusters , were occas ionly 

seen . Abnormal i ties of nerve f ibres were frequently 

seen in subclinical and c\,V'\, C&>..\ horses at both 

proximal and di stal leve l s  of thi s  nerve ( f ig . 4 3 ) . 

However , because of extens ive nerve fibre loss at the 

d i stal level in the clinical hors e s , there were less 

individual nerve f i bres present and consequently 

fibre damage was l e s s  evident ( f ig . 4 4 ) . 

Common peroneal nerve 

There was only min imal evidence of indivi dual nerve 

fibre abnormal i t i e s  in thi s  nerve ( f ig . 4 5A & B ) . 

When present , the s e  changes were s im i l ar in all 

groups , and cons i s ted mainly of thinly myel inated 

f i bres ( f ig . 46B ) . There were two notabl e  exceptions 

to thi s . One , a cl inical animal ( horse 1 5 )  in which 

o c c a s i on a l  to f r e q u e n t  change s ,  i nc luding the 

presence of onion bulbs , thinly mye l inated f i bres and 

regenerat i ng clusters , were pres en t  in both l egs . 

The other except i on was a pony ( horse 1 8 )  in which 

o c c a s i on a l  change s w e r e  obs erved in one leg . 

Un fortunately no s ampl e  was avai l ab l e  from the 

contralateral leg in thi s animal . 

Deep peroneal nerve , proximal s ample 

In the control and subc l i n i cal groups , 1 4  s amples 

from a total of 22 s ample s  examined were cons idered 



T a b l e 1 0 .  

t£ RVE  LEVEL 

Common pe ronel! l  

Deep pe ronell l ,  

prox i .ao l  

Deep pe ronel! l ,  

d i stlll  

Tibiel 

Plenter 

I nc i dence and a v e r age g r ad i n g of i nd i v i du a l  nerve f i bre ch anges at each l ev e l  of s amp l i n g i n  t h e  nerves i n  
c l i n i c a l , s u b c l i n i ca l  and control  horses . 

CLINICAL 

s 
So�p les Sa�ples sa�ples Average 
examtn&d a f fect ed  a f fected g rad i ng 

5 38 0/+ 

1 1  85 ++ 

1 1  85 ++ 

8 62 + 

9 8 89 + �  

GROUPS OF HORSES 

SUBCLitllCAL 

$ 
Sa�ples Sa�ple5 sa�ples Average 
exa�i ned a f fected a f fected g rad i ng 

6 4 67 0/+ 

7 2 29 0/+ 

7 5 7 1  + 

7 0 0 0 

2 0 0 + 

Sa�ples 
exara l ned 

1 5  

1 5  

1 5  

1 5  

1 1  

$ 
Saraples saraples Average 
a f fected a f fected g rod i ng 

5 3 3  + 

6 4 0  + 

7 4 7  0/+ 

8 5 3  0/+ 

1 1  1 00 ++ 

Plenter d igital 1 00 ++/+++ 8 6 7 5  + 1 6  8 1  + +  

0 no i nd i v idual nerve t i b ra pa t hology 

+ rare 

++ occas iona l t-" 
+++ f requen t 

N 
\.0 

++++ nume rou s 
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to have no i nd i v i dual nerve f i bre changes . The 

remaining s ample s  had rare to occas i onal changes 

( f igs . 4 7A , B , C ) . 

Individual nerve f i bre pathology was both much more 

frequent and more s evere in c l inical cases than 

subcl inical and control horses at thi s  l evel o f  the 

deep peroneal nerve . Only two nerve samples from a 

total of 1 3  examined in the cl inical group were 

considered free of abnorma l i t i e s , whi l e  the remaining 

samples had rare , occa s ional or frequent change s . 

Regenerat i ng clus ters , thinly myel i nated f i bres and 

onion bulbs ( f igs 4 8A , B , C )  were often observed i n  

thi s  group . 

Renaut bodies ( f i g . 4 8B ) were seen more frequently i n  

the two eldest c l inical l aryngeal hemipleg i c  horse s  

exami ned when compared to the younger animal s .  

Deep peroneal nerve , d i s tal s ample 

In over hal f the s amples of thi s  nerve from the 

control horses no abnormal i t i es were observed ( fi g . 

4 9 ) .  The remai nder were graded as having rare 

changes , w i th the exception of one animal ( horse 1 1 ) 

whi ch had rare to occas i onal changes in one leg . 

The frequency of individual f i bre pathology was much 

grea t e r  i n  t h e  subc l i nical ( 7 1 %  af fected ) and 

clinical ( 8 5 %  af fected ) groups ( f igs . S O A , B ) . As was 

found more proximally in thi s  nerve , the degree of 

change was greater in cl inical animal s .  

Tibial nerve 

The inc idence of i ndividual nerve f i bre pathology 

was , at th i s  s i te ,  s imi lar i n  the c l i ni cal and 

control groups . Although many s amples contained no 

evi dence of abnormal i t i es ( f i g . 5 1  ) , in over hal f ,  

rare changes were observed . I n  add i t i on ,  one c l i n i cal 

animal ( horse 1 5 )  had occa s i onal changes ( f i g . 5 2 ) i n  

both s amples ,  whi l e  one control horse ( horse 1 3 ) had 
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frequent changes i n  one leg . In thi s  latter horse 

o n i o n b u l b s , t h i n l y  m y e l i n a t e d f i b r e s  a n d  

regenerat ing clusters were frequently s een ( fi g . 5 3 ) . 

Plantar nerve 

Almost all s amples of thi s  nerve had some individual 

nerve f i bre changes pres en t . Thes e  changes , whi ch 

i nc luded regenerating c lusters , degenerati ng nerve 

f i bres , oni on bulb forma t i on ,  mye l i n  avoids in the 

Schwann cell cytoplasm ( figs . 5 4A ,  5 5 , 5 6A , B )  and 

thinly mye l i nated f ibre s , were graded as being 

occasional to frequent . There appeared to be l i ttle 

obvious d i fference in the degree of individual nerve 

f i bre changes between c l i n i cal and control groups of 

horses . Insuf f i c i ent s ample s  from the subclinical 

horses were collected to enable accurate compari son 

w i th other groups . 

Plantar digi tal nerve 

As seen at the more proximal level of this nerve , 

mos t  samples conta ined evidence o f  individual nerve 

fibre damage at thi s  leve l . In control horses only 

three samples were cons i dered free of pathological 

changes ( f igs , 5 7 A , B ) , whi l e  in the remai nder the 

abnormal i t ies were graded from rare to frequent . 

Regenerating clusters , thinly mye l inated f i bres and 

onion bulbs were observed i n  s amples from control 

horses ( f i g . 5 8 ) . In the sma l l  number of subcl inical 

horses only rare changes were seen . 

The changes i dent i f i ed 

group , 

b u l b s , 

whi ch included 

in s amples from the clinical 

spl i t  myel in s he aths , oni on 

t h i n l y  

clus ters , and 

m y e l i n a t e d  

debri s i n  the 

f i bre s , 

mye l i n  

r e g e n e ra t i ng 

sheath ( f igs . 

5 9 A , B , C )  were sl ightly more s evere than those found 

in the remaining horses . I n  one c l inical hors e  there 

were few incidences of indivi dual nerve f i bre changes 

i n  some fascicles because of extens ive f i bre loss 

( f igs . 6 0 A , B , C ) , al though in other fas c ic l e s  frequent 

abnormal i t i es were s een . 
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F i gure 4 2 . 

F i gure 4 3 . 

F i gure 4 4 . 

Photomicrograph of a transverse sect i on 
o f  the proximal left  recurrent l aryngeal 
nerve in a control hors e . There i s  
m i nimal individual nerve fibre pathology , 
a l though a thinly myel inated f i bre i s  
present ( arrow ) . 

Phenylenediamine s taining x 1 5 0 

Photomicrograph of a transverse s e c t i on 
o f  the proximal left recurrent l aryngeal 
nerve i n  a cl inical laryngeal hemipleg i c  
h o r s e  show i ng numerous r e g e ne ra t i ng 
c l u s t e rs ( 1 ) ,  thinly myel inated f i bres 
surrounded by onion bulbs ( 2 ) , and an 
empt y  Schwann cell surrounded by an onion 
b u l b ( 3 ) . No t e  t � e  decreased f i bre 
dens i ty . 

Phenylenediamine staining x 1 5 0 

Photomicrograph of a transverse sect i on 
o f  the d i s tal left  recurrent laryngeal 
nerve showing s evere f i bre los s i n  a l l  
f a s c i c l e s . R e n a u t  bodies are a l s o  
f requently seen ( arrow ) . 

Phenyl enediamine staining x 6 0  





1 3 3 

F i gure 45. 

F i gure 46 . 

Photomi crographs of transverse sect i ons 
of the common peroneal nerve i n  a control 
hors e  showing : 

A .  Few abnorma l i t i e s o f  i ndividual 
nerve f ibres 1 al though rare thinly 
m y e l i n a t e d  f i b r e s  are e v i d e n t  
( arrow ) . 

Phenylenedi amine staining x 1 5 0 

B .  Normal f i bre dens i ty in a number of 
fascicles 1 w i th l i ttle evidence of 
morpholog i cal abnormal i t i e s . 

Phenylenedi amine staining x 6 0  

Photomicrograph o f  a transverse section 
of the common peroneal nerve in a 
subclinical laryngeal hemipleg i c  horse 
showing a thinly myel i nated f i bre and 
oni on bulb format ion ( arrow ) . 

Phenylenedi amine staining x 1 5 0 
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F i gure 4 7 . Photom i crographs of transverse sections 
of the proximal deep peroneal nerve in a 
control horse , showi ng the range of f i bre 
populat i ons seen in this nerve . 

A .  Thi s  fascicle was found to have a 
high fibre dens i ty , mainly as a 
result of an i ncreased proporti on of 
smaller f i bres . Thinly myel inated 
f i b r e s  w e r e  s e e n  on l y  r a r e l y  
( arrows ) .  

Phenylenedi amine s taining x 1 5 0 

B .  The dens i ty in thi s  fas c i c l e  was 
less than in A as a result of an 
i nc r e a s ed propor t i on o f  l ar g e r  
f i bres . A number of f i bres appear 
t o  h a v e  t h i n  m y e l i n  s he a t hs , 
a l th ough in compari son to other 
f i b r e s  i n  t h e  s amp l e  i t  w a s  
d i f f i cult t o  determine i f  they were 
i nappropri ately thin for that axon 
s i ze . 

Phenyl enedi amine s taining x 1 5 0 

C .  Two di fferent fibre populations are 
present wi thin the same fas c i cl e . 
A d j a c e n t  f a s c i c l e s  f u r t h e r  
i l l u s t r a t e  t h e  range o f  f i br e  
populations i n  this nerve . 

Phenylenediamine s taining x 6 0  
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F i gure 48. Photomicrographs of 
of the proximal deep 
c l i n i c a l  l a r y ng e a l  
showing : 

transvers e  sect i ons 
peronea l  nerve i n  
h emipleg i c  horses 

A .  T h e  f r e q u e n t p r e s e n c e  o f  
r e g e n e r a t i n g c l u s t e r s ( 1  ) ,  
i n a p p r o p r i a t e l y  t h i n  m y e l i n  
sheaths ( 2 ) , and nerve f i bre l os s . 

Phenylenediamine s tain ing x 1 5 0 

B .  Renaut bod i es ( arrow ) 
seen more frequently 
eldest horses . 

which 
i n  the 

Pheny lenediamine staining x 6 0  

were 
two 

C .  A thinly mye l inated f i bre and oni on 
bulb formation ( arrow ) . 

Phenylenedi amine staining x 4 0 0  
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F i gure 4 9 . 

F i gure 5 0 . 

Photom i crograph of a transverse sec t i on 
o f  the d i s tal deep peroneal nerve i n  a 
control hors e , in which i ndividual nerve 
f ibre changes were not commonly observed . 

Phenyl ened i amine staining x 1 5 0 

Photomi crogrphs of transverse sect ions o f  
the di s tal deep peroneal nerve i n  a 
c l i n i c a l  l a r y ng e a l  h em i p l e g i c  h o r s e  
showing : -

A .  Th inly myel inated f ibres ( 1 ) ,  oni on 
bu l b  f o rm a t i on around a thinly 
myel inated f ibre ( 2 ) , and f ibre loss . 

Phenyl enedi amine sta ining x 1 5 0 

B .  F i br e  l o s s  i s  e v i d e n t  i n  a l l  
fascicles 

Phenylenedi amine stai ning x 6 0  
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F i gure 5 1 . 

F i gure 5 2 . 

F i gure 5 3 . 

Photomicrograph o f  a transverse section 
of the t ibial nerve in a control horse 
s h o w i n g t h e  n o r m a l  m o r p h o l o g i c a l  
appearance and dens i t y  at this level o f  
sampl i ng . 

Pheny l ened i amine staining x 1 5 0 

Photomicrograph of the t i b i al nerve i n  a 
c l i n i c a l  l a r y n g e a l  h em i p l e g i c  h o r s e  
showing occas i onal individual nerve f i bre 
abnormal i t i e s , including the presence of 
a t h i n l y  m y e l i na ted f ibre ( 1 )  and a 
regenerat i ng c luster ( 2 ) . Some fibre loss 
is a l so evident . 

Pheny lenediamine s taining x 1 5 0 

Photom i crograph of a transverse section 
o f  the t ib i al nerve in a control horse 
w i th frequent abnormal i t i es , includi ng 
o n i o n b u l b  f o r m a t i o n a n d  t h i n l y  
m y e l i n a t e d  f i b r e s ( 1 ) ,  r e g e n e ra t i n g  
clus ters ( 2 ) ,  and f ibre loss . 

Pheny lenedi amine staining x 1 5 0 
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F igure 5 4 . Photomicrographs of transverse sections 
of the plantar nerve in a control horse 
showing : -

A .  O n i o n b u l b  f o r m a t i o n ( 1  
regenerating clusters ( 2 ) . 

Phenylenediamine staining x 1 5 0 

a n d  

B .  Normal dens i t y  o f  nerve f i bres at 
thi s level of sampl ing . 

Phenylenediamine s t a ining x 6 0  
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F i gure 5 5 . 

F i gure 5 6 . 

Photomicrograph of a transverse s e c t i on 
o f  the plantar nerve i n  a control horse 
showing numerous regenerat ing clusters 
( large arrows ) and on ion bulb format ion 
( smal l arrows ) .  

Phenylened i amine staining x 1 5 0 

Photomi crographs of transverse s e c t i ons 
of the plantar nerve i n  a c l i n i cal 
laryngeal hemiplegic horse showing : -

A .  A regenerating cluster ( 1 ) ,  and a 
mye l in ovoid in the Schwann cell 
cytoplasm ( 2 )  . 

B .  A r e g e n e r a t i n g c l u s t e r  ( 1 ) , a 
degenerating nerve f i bre and mye l i n  
debri s ( 2 ) , and mye l i n  avoids in the 
Schwann cell cytoplasm ( 3 ) . 

Phenylenedi amine staining x 1 5 0 
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F i gure 5 7 . 

Figure 58 . 

Photomicrographs of transverse sections 
o f  the plantar digi tal nerves i n  control 
horses showing : -

A .  The morphological appearance of one 
of only three samples cons idered 
free of i n d i v i du a l  nerve f i bre 
a b n o r m a l i t i e s , a l though s l i gh t  
fibre loss i s  present . 

Phenylenedi amine s taining x 1 5 0 

B .  F a s c i c l e s  
d e n s i t y 
minimal . 

i n  
w a s  

wh i ch nerve 
c o n s i d e r e d  

Phenylenedi amine staining x 6 0  

f i bre 
to b e  

Photomicrograph of a transverse sect i on 
of the plantar d i g i tal nerve i n  a control 
horse showing the frequent presence o f  
regeneratring clusters ( arrows ) and also 
f i bre loss . 

Phenylenedi amine staining x 1 5 0 
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Figure 5 9 . Photomi crographs of transverse sections 
of the plantar digi tal nerve in cl ini cal 
l aryngeal hemiplegic horse s  showing : -

A .  Thinly mye l inated fibres ( 1 ) and a 
spl i t  mye l in sheath ( 2 ) .  

B .  F i bre los s and thinly myel inated 
f i bre and onion bulb formation ( 1 ) ,  a 
regenerating cluster ( 2 )  and debr i s  
i n  the myel i n  sheath of a nerve 
f ibre ( 3 ) . 

C .  A S c h w a n n  c e l l  o r  mac roph age 
containing myel in debri s ( 1 ) ,  debr i s  
i n  the mye l i n  sheath ( 2 )  and numerous 
regenerating clusters ( 3 ) . 

Phenylenedi amine s t a i n ing x 1 5 0 
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F i gure 60 . Photomicrographs of t ransverse s e c t i ons 
of the plantar d i g i tal nerve i n  c l i ni cal 
laryngeal hemiplegic horses showing : -

A .  Severe fibre loss in some fas c i c le s  

Phenylenediamine s t a i n i ng x 6 0  

B .  F e w  abnorma l i t i e s o f  i nd i v i dual 
teased f ibres are evident because of 
extens ive f i bre loss , although some 
t h i n l y  m y e l i n a t e d  f i b r e s  a r e  
pre sent . 

C .  Almost no mye l inated f i bres rema in 
in th i s  fasc i c l e . 

Phenylenedi amine s t aining x 1 5 0 
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Nerve fibre density 

The dens i t y  of nerve f ibre s , whi ch was measured as 

the number of f ibres per square m i l l imetre of nerve , 

at each l evel of s ampl i ng i n  all horses , i s  shown in 

Appendi x  1 1 .  No morphometric analys i s  was performed 

on the nerves of horse 1 ,  1 2  or 1 4 . 

The mean nerve fibre dens i ty at each l evel of nerve 

for each group of horses i s  shown in Tab l e  1 1 . 

A description of the f i ndings in both the common 

peroneal nerve and i ts deep continuat i on ,  and the 

t i b i a l p l an t a r  and plantar digi tal nerves , i s  

presented below . 

TABLE 11 Mean density ( no/mm2 ) o f  nerve fibres in 
the limb nerves in clinical , sub-cl inical 
and control horses 

Groups of horses 

Nerve Clinical Subclinical 
Control 

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

Deep peroneal ,  7 0 0 0  5 5 0 0  6 8 3 3  
proximal 

Deep peroneal , 7 9 1 7 7 7 5 0  7 2 5 0  
d i s tal 

T i b i al 7 4 1 6 6 5 8 3  7 2 5 0  

Plantar 5 5 4 2  5 8 3 3  6 8 3 3  

P l antar d i g i tal 4 7 9 2  5 5 4 2  5 9 5 8  

Common and deep peroneal nerves 

The common and deep peroneal nerves were found to 

conta i n  two d i s tinc t  populat i ons of nerve f i bres 

( f igs . 4 7 A , B ) . The dens i ty of each o f  these was 

qui te d i f ferent , as one group was found to have 

almo s t  twi c e  as many f ibres per square m i l l imetre as 

the other . Although the dens i ty of f i bres was 

cons i s tent throughout a s i ngle fasci c l e , adj acent 

f a s c i c l e s  w e r e  o f t en found t o  have d i f ferent 
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populat i ons ( f ig . 4 7C ) . Therefore a s  the t echnique 

of image analys i s  used i n  this s tudy measured the 

f i bre dens i ty in a s i ngle fasc i cl e , there was 

con s i derable variation in the mean dens i ty found at 

each s i te of s ampling in the s ame hor s e  and also 

between horses . Thi s  is well i l lus trated i n  horses 9 

and 1 0 i n  which the f i bre dens i ty varied greatly 

between s ampl ings ( f ig . 6 1 ) ,  as a result o f  measuring 

d i fferent f i bre populations . 

Because o f  the d i f fering fibre popula t ions the mean 

value of f i bre dens i ty was cons i dered to be an 

i naccurate measure of f ibre loss in these nerve s . To 

overcome this problem , and to provide a more accurate 

assessment and compari son of f i bre dens i ty at each 

s i te in the nerve , two other techniques of f i bre 

dens i ty measurement were used . These were ; 

i )  Fasc icles were divided into h i gh and low dens i ty 

groups according to the number o f  f ibres per square 

m i l l imetre . The h igh dens i ty group cons i s ted of 

f a s c i c l e s  w i t h approx i ma t e l y  8 , 0 0 0  t o  1 0 , 0 0 0  

f i bres /mm2 ( F ig . 4 7A ) , whi l e  i n  the low dens i ty 

groups c on t a i ne d  appro x i ma t e ly 5 , 0 0 0  to 7 , 0 0 0  

f i bre s / mm2 ( F ig . 4 7B ) . Once placed into these two 

groups the mean den s i ty of h igh and low values for 

c l i n i c a l , s ub c l i n i c a l  and c o n t r o l  h o r s e s  was 

dete rmined . Thes e  are shown i n  Table 1 2 .  

2 )  Calculation of total axonal are a , the results of 

which are pres ented later in t h i s  thes i s . 
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Figure 6 1 . H i s tograms s howi ng the d i s tribution and 
densi ty of cros s-sectional axonal area i n  
the common and deep peroneal nerves i n  
two hors e s , i l lus trat i ng t h e  var i a t i on 
found in this f ibre . 

A .  H i s t ograms i n  a c o n t r o l  ho r s e  
s h ow i ng a n  i nc re as ed number o f  
smaller f ibres i n  the proximal deep 
peroneal nerve . The total dens i ty 
w a s  7 , 6 2 6 ;  9 , 3 3 4 ;  a n d  5 , 2 9 2  
f i br e s / mm 2 for t h e  common , and 
proximal and d i s tal deep peroneal 
nerve s respect i vely . 

B .  H i s tograms i n  a c l i ni cal laryngeal 
h e m i p l e g i c  h o r s e  s h o w i n g  a n  
increased number o f  small f i bres in 
the common peroneal and d i s tal deep 
peroneal nerve s amples . The total 
dens i t y  at each s i te was 1 2 , 9 5 9 ; 
5 , 3 7 5 ; and 1 1 , 8 7 6  f ibre s / mm2 for the 
common and proximal and d i s tal deep 
peroneal nerves respect i vely . 
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TABLE 1 2  Mean density ( no/mm2 ) o f  nerve fibres in 
the common and deep peroneal nerves in 
clinical , subclinical and control groups of 
horses when divided into high and low 
density groups . 

Groups of horses 

Clinical Subclinical Control 
Nerve 

High Low High Low High Low 

Common peroneal 1 1  7 9  2 6 7 5  5 2 5 0  7 5 0 0  6 5 0 0  

Deep peroneal , 
proximal 9 1 2 5  5 1 6 7  7 5 4 1  4 7 9 2  9 2 5 0  6 2 5 0  

Deep peroneal , 
d i s tal 8 3 3 3  5 6 6 7  8 2 9 2  5 4 5 8  8 2 7 2  6 0 4 1  

The mean f i bre dens i ty measurement at each s i te 

revealed no cons i s tent d i f ference between groups of 

horses , w i th the excepti on of the common peroneal 

nerve . In thi s  nerve , the densi ty of f i bres in the 

clinically affec ted horses was h igher than i n  the 

other an imal s . 

Los s of nerve dens i ty was , however , c l early evident 

in a number of s amples from individual hors e s . In 

the common peroneal nerve , one c l i n i cal ( horse 7 )  

and one control ( horse 3 )  animal had dens i t i e s  of 

below 3 , 7 0 0  f i bre s / mm2 i n  one s ampl e  each . In the 

case of the c l i ni ca l  horse this was also present in 

the prox imal deep peroneal sampl e . At the proximal 

deep peroneal s i te one subclinical hors e  was found 

to have a decreased f i bre den s i ty of l e s s  than 3 , 5 0 0  

f ibres / mm2 i n  one leg . 

Tibial,  plantar, and plantar digi ta l  nerves 

In a l l  groups s tudied there was a proxima l  to 

d i s tal decrease in nerve f i bre dens i ty ( Fig . 6 2 ) . 

In the control and cl inical groups , t h i s  d i f fe rence 

between the mos t proximal s ample ,  the t i b i al nerve , 
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F i gure 6 2 . Graph of nerve f i bre dens i ty i n  the 
t i b i al ,  plantar , and plantar d i g i tal 
n e r v e s  in c l i n i c a l , subcl i nical and 
control horses . There i s  a decrease i n  
nerve dens i t y  from proximal to d i s tal i n  
all groups ; however , t h i s  decrease i s  
greatest in t h e  cl inical group . 
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and the mos t  d i s tal s ample , t h e  plantar d i g i tal 

nerve was stat i s t ically s igni f i c an t ( p  = 0 .  0 1 ) .  In 

the subcl ini cal group thi s  trend was a l s o  evident 

although stat i s t i cal evaluation was not undertaken 

due to the small number of s amples ava i labl e . 

I n  t h e  t i b i al nerve s ampl e s  no s i gn i f i c an t 

d i f ference in f i bre dens i ty between groups exi s ted , 

but at the more d i s tal s ampl i ng s i te s  the mean 

dens i ty was s igni f i cantly lower ( p  < 0 . 0 5 )  i n  

c l i n i cal compared t o  control horse s . 

The most s triking example of f i bre loss was seen in 

the plantar digi tal nerve i n  a c l i n i cal animal 

( horse 7 ) ,  in which the mean dens i ty was 2 , 7 0 9  

f i bres / mm2 and i n  some fasc i cl e s  a lmos t no f i bres 

rema ined ( f ig . 6 0 ) .  

I n d i vidual cross-sectional axonal area 

values and d i stributi on h i stograms 

Mean 

The result of anal y s i s  of mean cro s s - sect i onal 

axonal area for each group of horse s  at each l evel 

of s ampling is presented in Table 1 3  and the results 

for all individual horses i n  Appendi x  1 2 .  

Thi s  table shows a trend i n  a l l  groups towards a 

decrease from proximal to d i s ta l  i n  the mean nerve 

f i bre area in both sets of nerves exami ned . Thi s  

decrease from the mos t  proximal to the mos t  d i stal 

s ample was s ign i f i cant in each group o f  horses ( p ( 

0 . 0 5 ) . 

The mean fibre area of the common peroneal nerve 

a n d  i t s  d e e p  con t i nu a t i o n  w a s  found to b e  

s igni f i cantly l e s s  ( p  = 0 . 0 5 )  i n  cl i n i ca l  than 

control horses at all leve l s , whi l e  there was no 

s i gn i f i c ant d i f f e re n c e  b e t w e en groups in the 

t ib i al , plantar , or plantar digi tal nerve s . 



TABLE 13 Mean ( um2 ) and standard deviation of 
cross-sectional axonal area in the l imb 
nerves of c l in ical , s ubc l i n i cal and 
control horses . 

Groups of horses 

Nerve Clinical Subclinical* Control 

Common peroneal 1 6  ± 2 5  2 7  ± 4 2 3  ± 2 2  

Deep peroneal , 
proximal 1 8  ± 2 7  2 8  ± 2 0  2 0  ± 1 9  

Deep peroneal , 
d i stal 1 3 ± 1 8  1 4 ± 6 1 7  ± 1 8  

Tibial 1 7  ± 2 0  2 3  ± 2 1 7  ± 1 9  

P l antar 1 7 ± 1 8  2 0  ± 0 1 4  ± 1 3  

Plantar d i g i tal 1 2 ± 1 3  1 2 ± 4 1 3 ± 1 2  

* An average of only 2 s amples were collected at 
each level of nerve for subc l i nical horse s . 

Values obtained by measurement o f  cross - sect i onal 

axonal areas of all f i bres at each l evel of 

s amp l i ng in c l inical and control horses were 

analyzed to enable compari son o f  the d i st r i bu t i on 

o f  f i bre s i zes between these two groups . A total 

o f  2 0 , 1 6 2 individual f ibres were measured from 

s amples in control and c l inical ani mal s . The 

results are presented as h i s tograms in f i gures 6 3  

and 6 4 . 

The h i s tographi c  representat ion o f  the d i s t r ibut i on 

o f  f ibre s i zes in the hind l imb nerves s tudi ed 

i l lus trated the following : -

a )  i n  the control group of horses an i ncreas i ng 

p e r c e n t a g e  o f  sma l l e r  f i br e s  a s  t h e  n e rv e  

progressed d i s tally . Thi s  was mos t  obv ious i n  the 

peronea l  nerves ( f ig 6 3 ) . 

b )  i n  the c l i n i cal group , a higher proport i on o f  

1 4 9  
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F igure 63 . H i s tograms of cross - sect i onal axonal area 
d i s t ri bution in control and cl inical 
horses i n  the common and deep peroneal 
nerves . In both c l i ni cal and more 
obvious ly in control horses there i s  an 
increase in the proport i on of small nerve 
f i bres from proximal to d i s tal . At each 
s ampl ing level there i s  also an increase 
in the percentage of small f ibres in 
c l i ni cal compared wi th control horses . 

A .  H i s tograms 
n e rv e  from 
horses . 

of the common 
control and 

peroneal 
cl inical 

B .  H i s tograms of the proximal s i te of 
s ampl ing i n  the deep peroneal nerve 
from control and c l in i cal horses . 

C .  H i s tograms o f  the d i s tal s i te of 
s ampl ing i n  the deep peroneal nerve 
from control and cl inical horses . 
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F i gure 64 . H i s tograms of cross - sect ional axonal area 
d i s t r i but ion in control and c l inical 
horses for the t i bi al , plantar , and 
plantar digi tal nerves . In both control 
and c l i n i cal groups there i s  an increase 
in the proport ion o f  sma l l  f i bres from 
proximal to di stal sampl ing s i tes . 

A .  H i s togram of the t i b i al nerve which 
shows an increased proport ion of 
small f i bres in cl inical compared 
w i th control horses . 

B .  H i s togram of the plantar nerve in 
w h i c h t h e r e  a r e  l e s s  obv i ou s  
d i f ferences between the c l in i cal and 
control groups . 

C .  H i s togram o f  the plantar d i g i tal 
nerve also shows an i ncrease in the 
proportion of sma l l  f i bres in the 
c l i n i cal group . 
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small f ibres ( and correspondingly lower proportion 

of l arger f i bres ) when compared to the control 

group . Thi s  d i f ference was part i cularly obvious and 

highly s i gn i f i cant ( p  < 0 . 0 0 0 1 ) i n  the peroneal 

nerves ( f ig 6 3 ) and less obvious , al though still 

s igni f icant l y  d i fferent ( p  < 0 .  0 0 1 ) ,  i n  the tibial 

nerve . 

Total cross-sectional axonal area 

The resul ts of calculating total cros s - sectional 

axonal area at each s i te in the h indl imb nerves of 

each group of horses are presented in table 1 4  and 

f i gures 6 5A and B 

TABLE 14 Mean total axonal area ( um2fmm2 x 103 )  in 
the limb nerves of cl inical , subclinical 
and control horses . 

Nerve 

Common peroneal 

Deep peroneal , 
proximal 

Deep peroneal , 
d i s tal 

Tibial 

Plantar 

P l antar digi tal 

Clinical 

1 3 5 

1 2 5 

1 0 2 

1 2 9 

9 3  

60  

Groups of horses 
Subcl inical* Control 

1 4 4 1 6 7 

1 3 3 1 3 4 

1 0 0 1 2 3  

1 5 4 1 3 0 

1 1  7 9 4  

8 2  8 1  

* An average o f  only two s amples were collected at 
each level of nerve for the subcl inical group . 

A decrease in mean , total , cross - se c t ional , axonal 

area from proximal to d i s tal s amples , in all groups 

of horses , in both the h i ndl imb nerve trunks 

examined , was observed . 



1 5 3  

F i gure 6 5 . Graphs of total cross - sect ional axonal 
area per square m i l l imetre for all groups 
of horses at each sampl ing s i te . 

A .  There i s  a decrease in total area 
f r om proximal to di stal in a l l  
groups of horses . The total axonal 
area for c l ini cal and subcl in i c a l  
ho r s e s  w a s  l e s s  t han found i n  
control horses a t  a l l  leve l s . 

B .  T h e r e  i s  a l s o  a de crease from 
proximal to distal in the t i b i al 
nerve and i t s  branches . In c l inical 
horses the decrease in area from 
the plantar to the plantar d i g i tal 
nerve s ampl e  i s  greater than in 
control horses . 
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I n  the peroneal nerve s , the cl inical group o f  

horses had lower mean values than the control s  a t  

a l l  levels ( f ig 6 5A )  . I n  the tibial nerve and i ts 

di stal continuation the values were s imi lar in 

control and c l i n i cal groups except at the mos t  

dis tal level . A t  thi s  s i te the mean area was l e s s  

in the cl inical group compared t o  the control s ( f i g  

65B ) . 



Teased fibre examination 

( i )  Morphology 

1 5 5  

The results o f  grading teased f ibres from the l imb 

nerves of 5 horses i s  presented in Table 1 5 .  

The teased fibres in the control horse were mos tly 

normal ( fig . 66 ) .  When changes were seen they 

u s u a l l y  c o n s i s t e d  o f  d e m y e l i n a t i o n  a n d  

remyel inat ion ( type F change ) ,  and occas ionally a 

variat ion in myelin thi cknes s  ( type G change ) .  The 

t ibial and plantar nerves were the mos t  severely 

affec ted in the control hors e . In the subclinical 

l a ryng e a l  hem iplegic horses a wider range of 

a b n o r m a l i t i e s w e r e  s e e n . T h e s e  i n c l u d e d  

demyel i n a t i on and r e my e l i n a t i o n ,  vari at ion in 

myelin thi ckness , and degenerat ion o f  nerve f ibres 

( f ig . 6 7 ) .  Abnormal i t ies in the teased f i bres of 

horse 1 7 were more frequent ly noted than in the 

control horse or horse 1 6 .  

The two cl inical laryngeal hemiplegic horses had a 

range of changes s im i l ar to that seen in the 

subclinical horses , al though these changes were 

more frequent . In both cl i n i cal horses the plantar 

digi tal nerve was mos t  severely affected . Paranodal 

a n d  s e g m e n t a l  d e m y e l i n a t i on ( f i g s . 6 8 , 6 9 ) , 

demyel inat ion and · remyel i nat ion ( f ig . 7 0 ) ,  axonal 

degeneration ( f ig . 7 1 ) ,  short internodes ( f ig . 7 2 ) ,  

variat ion in myel in thi cknes s  ( fig . 7 3 ) ,  and myel in 

avoids ad j acent to the f ibre ( fig . 7 4 ) , were all 

frequently ident i f i ed i n  the clinically af fected 

horses . 

The inc idence of abnormal teased f i bres in each 

group of horses is shown in Table 1 6 .  Al though only 

a sma l l  number of hors e s  were evaluated the 

incidence of abnormal f i bres was higher in the 

common and deep peroneal and plantar digi tal nerves 

in clinical laryngeal hemiplegic compared to control 

or subcl inical horses . 
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TABLE 1 5  Grading ( after Dyck , 1 97 5 a ;  Cahill , 
1 9 8 5 ) of teased myelinated nerve f ibres 
in the limbs of control , subclinical and 
c l i n i c a l  hor s e s  ( S e e  f ig .  4 1  for 
description of grades ) .  

Group & Nerve A & B c D E F G H I 

CONTROL 
Horse 1 3  
Common peroneal 9 8  2 
Deep peroneal ,  

proximal 9 6  1 3 
Deep peroneal , 

d i s tal 9 7  3 
Tibial 89  1 0  1 
P l antar 9 1 6 3 
P lantar digi tal 9 7  3 

SUBCLINICAL 
Horse 1 6  
Common peroneal 9 9  1 
Deep peroneal , 

proximal 9 7  2 1 
Deep peroneal ,  

d i s tal 9 8  1 1 
P l antar 9 9  1 
P lantar digital 9 7  1 1 1 

Horse 1 7  
Common peroneal 9 4  1 2 1 1 1 
Deep peroneal , 

proximal 9 2  1 2 1 2 2 
Deep peroneal ,  

d i s tal 9 0  2 3 2 2 1 
Tibial 9 5  2 1 2 
P lantar 9 5  1 1 1 2 
P l antar digital 9 3  2 1 4 

CLINICAL 
Horse 1 5  
Common peroneal 8 0  6 2 6 6 
Deep peroneal ,  

proximal 7 0  8 4 7 1 0  1 
Deep peroneal , 

d i s tal 84  3 2 6 5 
T i b i al 8 9  1 3 7 
P l antar 9 0  1 1 5 3 
P l antar digital 69 1 0  3 1 4 4 

Horse 1 9  
Common peroneal 9 7  1 1 1 
Deep peroneal , 

prox imal 9 0  1 1 3 5 
Deep peroneal , 

d i stal 94 1 1 4 
T i b i a l  9 8  1 1 
P lantar 9 5  1 1 
P lantar digi tal 8 5  5 3 1 5 1 
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F i gure 6 6 . Photomicrographs of consecutive portions 
of a normal teased nerve fibre from a 
control horse which i s  class i f i ed as a 
Type A f i bre . Internodes are arrowed . 

X 6 0  
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F i gure 6 7 . Photomi crographs of consecut ive prot i ons 
of a teased myel inated f i bre from the 
d i s t a l  d e e p  p e r o n e a l  n e rve i n  a 
subc l i n i cal laryngeal hemiplegic horse 
showing axonal degenerat ion and mye l i n  
ovoids and bal l s , clas s i f i ed a s  a Type E 
change . 

X 6 0  
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Figure 6 8 . 

F i gure 6 9 . 

Photomi crograph o f  a t e a s ed mye l i nated 
f ibre from the p lantar d i g i t a l  nerve o f  a 
c l i n i c a l  l a r y ng e a l  h e m i p l e g i c  h o r s e  
show i ng c hanges s trong l y  sugge s t i ve o f  
p aranodal demy e l i na t i on . 

X 6 0  

Photom i crograph o f  a t e a s ed f i bre from 
the d i s t a l  deep perone a l  nerve i n  a 
c l i n i c a l l a r y n g e a l  h em i p l e g i c  h o r s e  
s howi ng s egmental demye l i na t i on ( Type C 
change). 

X 6 0  
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Figure 7 0 . Photomicrographs of consecut i ve por t i ons 
of a teased myel inated f ibre from the 
prox i m a l  d e ep peron e a l  n e rv e  i n  a 
c l i n i c a l  l a ryng e a l  h em i p l e g i c  h o r s e  
s h ow i ng s egme n t a l  d e my e l i n a t i o n  a nd 
remyel ination ( Type D change ) .  

X 6 0  
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Figure 7 1 . Photomicrographs of consecutive 
o f  a teased myelinated f ibre 
common peroneal nerve in a 
l a r y n g e a l  h em i p l e g i c h o r s e 
d e g e nera t i on o f  the n er v e  
change ) .  

X 6 0  

portions 
from the 
c l i n ical 
s h ow i n g  

( Ty p e  E 
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Figure 7 2 . Photomicrographs o f  consecu t i ve port ions 
• of a teased mye l i nated nerve f ibre from 

the plantar nerve in a c l in i ca l  l aryngeal 
hemiplegic hors e  showi ng remyel inat ion 
and short internodes ( Type F change ) .  
Nodes of Ranvi er are arrowed . 

X 6 0  
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F i gure 7 3 . 

F i gure 7 4 . 

P h o t o m icrographs of teased myel i nated 
n e rv e  f ibres from cl inical l aryngeal 
hemiplegic horses , showing thickening of 
the myelin sheath ( Type G change ) .  

A .  Type G change s  in the proximal deep 
peroneal nerve . 

B .  T y p e  G changes i n  t h e  c ommon 
peroneal nerve . 

X 6 0  

Photomicrograph o f  a teased myel inated 
f ibre from the proximal deep peroneal 
nerve in a clinical laryngeal hemiplegic 
hors e  showing a f i bre w i th mye l i n  ovoids 
or balls adj acent to i t  ( Type I change ) .  

X 6 0  
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TABLE 1 6 The percentage of abnormal teased fibres 
i n  the l i mb n e rv e s  o f  c l i n i c a l , 
subclinical and control horses . 

Groups of horses 

Nerve level Clinical Subclinical Control 

Common peroneal 1 2  4 2 
Deep peroneal , 

proximal 2 0  6 4 
Deep peroneal , 

distal 1 1 6 3 

Tibial 7 4 1 1  
Plantar 8 3 9 
Plantar digi tal 2 3  5 9 

( i i )  Morphometry 

Mean internode distance 

The results of analys is of mean internode length at 

each level in 5 horses is presented in Table 1 7 .  

The small number of horses in each group made 

statistical analysis of teased fibre observations 

of li ttle value , al though the control horse had 

slightly shorter internode lengths than the others . 

For each horse · there was a trend towards shorter 

internode lengths in the more di stal portions of the 

nerve . However , the decrease in mean internode 

length for horse 15 , a clinical laryngeal hemiplegic 

horse , was greater than the remaining horses . Thi s  

was most evident i n  the common peroneal nerve and 

i ts deep continuat ion , although the mean internode 

length of the tibial , plantar , and plantar digi tal 

nerves , was also decreased . 



165 

TABLE 1 7  Mean internode length ( um )  in the limb 
n e r v e s  o f  a c o n t r o l  h o r s e , and 
s ub c l i n i c a l  and c l i n i c a l  laryngeal 
hemiplegic horses . 

Group 

HORSE NO : 

Common peroneal 
Deep peroneal , 

proximal 
Deep peroneal , 

distal 

Tibial 
Plantar 
Plantar digital 

Mean internode 

Control 

1 3  

1 1 0 5 

9 7 6  

9 8 4  

8 8 7  
8 6 0  
8 4 1  

Subclinical 

1 6  

1 3 5 4  

1 1 1 5  

1 2 5 8  

1 1 2 1 
1 0 7 8  
1 1 5 4 

1 7  

1 2 49 

1 3 1 6  

1 1 0 5 

1 2 0 0  
1 0 88 

9 8 0  

length 

Clinical 

1 5  

1 4 7 1  

1 2 62  

1 0 8 1  

9 2 8  
8 2 6  
8 7 3  

1 9  

1 2 68 

1 2 5 1  

1 1 4 6 

1 2 1 3  
9 3 1  

1 0 61  
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DISCUSSION 

Individual nerv� f ibre pathology 

The degree of individual nerve f i bre changes in 

laryngeal hemiplegic horses , found at proximal and 

distal s i tes of the left recurrent laryngeal nerve in 

the present s tudy , i s  s imi lar to that recorded by 

other authors ( Cole , 1 9 4 6 ; Duncan , 1 9 7 5 ; Duncan et 

al , 1 9 7 8 ; Cahill , 1 9 8 5 ; Duncan and Hammang , 1 9 8 7 ) . 

The presence of some abnormal i t ie s  in the distal 

level of thi s  nerve , in apparently normal horses , 

described in previous reports was also found in the 

present study . 

There have b e e n  f ew repo r t s in which modern 

investigative techniques have been used to s tudy 

peripheral nerves in the horse ,  other than the 

recurrent l arynge a l . Tho s e  r e po r t s  wh i ch are 

avai lable have generally examined nerve changes in 

specific condi tions such as s tr inghalt ( Friend and 

Jeffcot t ,  1 9 85 ; Cah i l l  et al , 1 9 8 6 ) , organophosphate 

tox i c i ty ( Duncan and Brook , 1 9 8 5 ) , compression of the 

suprascapular nerve ( Duncan and Schneider , 1 9 8 5 ) , 

l imb nerves in horses wi th idiopathic laryngeal 

hemi p l e g i a  ( C a h i l l ,  1 9 8 5 ) or i n  hor s e s  w i th 

n e u r o l o g i c a l  d i s e a s e  

( Robertson-Smi th et al , 

o f  u n c e r t a i n  a e t i o l og y  

1 9 8 5 ) . The ultras tructural 

appearance of palmar digi tal nerves in the horse has 

been examined by Henry and Diesem ( 1 9 8 0 ) ,  while more 

recently Wheeler ( 1 9 87 ) reported the findings of 

teased f ibre analys i s  of the palmar digi tal nerve of 

horses apparently free of cl inical di sease . Prior to 

the commencement of this s tudy , therefore , l i ttle was 

known about the h i s tological appearance of the distal 

hindl imb nerves in the horse .  

The mos t  noticeable feature of the cross - sectional 

appearance of the hind l imb nerves in thi s  s tudy was. 
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the obvious di f ference between the peroneal nerves 

and the t ibial 

former , a wide 

f i br e s  e x i s ted 

nerve and i ts branche s . I n  the 

variation in dens i ty and s i z e  of 

between cros s- sect i ons and even 

between fascicles , irrespective of the l evel of nerve 

examined , or the disease status of the anima l . In 

contras t , the cross- sectional appearance of the 

t i b i a l n e rve and i t s  branches was much more 

cons i s tent . 

The l arge variations found in the peroneal nerves 

were present in all horses and were apparentl y  

unas soc i ated with individual nerve f i bre change s . For 

these reasons they considered to ref l e c t  the normal 

vari a t ion in fibre s i z e  and dens i ty for the common 

and deep peroneal nerves . 

A poss ible explanat ion for some of the var i a t ion in 

f i bre s i z e  and dens i ty s een in ad j acent fasc i cles of 

peroneal nerves , i s  that they are related to the 

unusual l y  high number of muscle spindles present in 

the muscles they innervate . A feature o f  these 

muscles , the short digi tal extensor and cranial 

t i b i al muscles , i s the presence large numbers of these 

spindles . It is known that musc l e  spindles are 

innervated by large nerve fibres , whi ch may account 

for the range in appearance of f i bres in d i f fering 

fas c i c l e s  ( Fernand and Young , 1 9 5 1 ; Lew i s  and Ridge , 

1 9 8 1 ) .  

The presence of individual nerve abnorma l i t i e s  in 

apparent l y  normal animals i s  s imi lar to observat i ons 

reported in other species . In man , up to 1 0 % of 

f ibres may be af fected in peopl e  free o f  c l i n i cal 

d i sease ( Arnold and Harriman , 1 9 7 0 ;  Stevens e t  al , 

1 9 7 3 ) ,  whi l e  in the horse , one s tudy detected an 

inc i dence of 9% of abnormal f i bres ( Wheeler , 1 9 8 7 ) . 

The aetiology of these changes in normal individuals 

is uncerta i n . The presence of regenerating c lus ters , 

oni on bulbs and thinly myel inated f ibres in nerves 

from control horses , indi cated a chroni c  proce s s  of 



1 6 8  

cont i n u a l  d emy e l i na t i on a n d  remyel ination , and 

attempts at regeneration of nerve fibres ( We ller and 

Das Gupta , 1 9 6 8 ; Weller and Cervi s-Navarro , 1 9 7 7 ) . 

These f i ndings , together wi th the distribut ion of 

l e s ions , namely an increase in the sever i ty of the 

changes in the mos t  d i s tal portions of the nerve 

s ampled , part i cularly the plantar digital nerve , are 

cons i s tent w i th the e f fects of a distal axonopathy 

( Bennington , 1 9 7 8 ) . 

Of further i nterest in the control group was the 

greater incidence of individual nerve f ibre changes 

in the plantar and plantar digi tal nerves , whi ch were 

sampled closer to the neuronal cell body , when 

compared to those found in the di s tal end of the 

longer left recurrent laryngeal nerve . A feature of 

di stal axonopath i e s  i s  the c lose correlation between 

the length of the nerve and the severity of changes . 

However , some authors bel i eve that total axonal 

volume , which is greates t  in long and large d i ameter 

f i bres , is of equal importance in determining the 

s u scept i b i l i t y  of nerves to d i s tal axonopathies 

( Spencer et al , 1 9 7 9 ; Sumner ,  1 9 7 8 ) . In the horse 

an i n c r e a s e d  s uscept i b i l i t y  of long and large 

myel inated f i bres has been demonstrated by Duncan 

( 1 9 7 5 )  and Cah i l l  ( 1 9 8 5 ) . Therefore the apparent 

increased suscept ib i l i ty to change of some nerve 

f ibres in the hindl imb may be related to the i r  s i z e , 

rather than length alone . Al though it i s  d i f f i cult 

to compare d i f ferent techniques of measuring f i bre 

s i ze , it would appear that the range of f i bre s i z e  in 

the l imb nerves is greater than the recurrent 

laryngeal nerve , whi ch i s  composed most l y  of medium 

s i z e  f i bres . There fore , some larger f i bres i n  the 

h i ndl imb may be af fected prior to evidence o f  

peripheral nerve d i sease being apparent in the 

recurrent laryngeal nerves . Thi s  may explain the 

presence of s imi lar changes to those seen in control 

horses in the l imb nerves of the two pon i e s  examined , 

part i cularly as evidence of abnormal i t i e s  i n  the 
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recurrent laryngeal nerves were not found in smaller 

horses in thi s  present s tudy , or i n  previous reports 

( Dun can and Gri f f  i ths , 1 9 7 3 ;  Dun can and Hammang , 

1 9 8 7 ) . 

The individual nerve f i bre changes seen in the 

c l ini cal group 

distribution to 

of horses were s imi lar in type and 

those observed 

al though a greater frequency of 

found . The type of abnormal i ty 

i n  control horses , 

these changes were 

observed and the ir 

increased frequency i n  d i s tal parts o f  the nerves and 

in laryngeal hemipleg i c  horses , s eemingly indi cates 

that the pathological process whi ch results in thi s  

disease also involves the h i nd l imb nerves . Thi s  

f i nding supports the observations o f  Cah i l l  ( 1 9 8 5 ) . 

I t  may be argued that some of changes observed in the 

cl inically af fected animal s were rel ated to the 

higher average age of these horses compared to the 

controls . However the presence of changes in both 

young control and c l i n i c a l l y  a f f e c t ed hor s e s  

indicates that aging alone i s  not respons ible for the 

changes observed . 

The e f fect of age on the inc i dence of nerve f ibre 

abnorma l i t i e s  has been wel l  documented in man 

( Lascel les and Thomas , 1 9 66 ; Ochoa and Mai r ,  1 9 6 9 ; 

Arnold and Harriman , 1 9 7 0 ;  Dyck , 1 9 7 5 ; Gri f f i ths and 

Duncan , 1 9 7 5 ;  Braund et al , 1 9 8 2 ) , but i s  not known 

in horses . The nerve f ibre changes associ ated with 

age ing , and the i r  increased frequency in the more 

d i s t a l  p a r t s  o f  l ong n e r v e s  ( Co t t r e l l , 1 9 4 0 ; 

Takahashi , 1 9 6 4 ) , i s  s imi lar to that observed in 

older horses in thi s  pres ent s tudy . The cause of 

such age- related changes i s  not c lear . The problem 

is one of determining whether the changes are purely 

as a result of age ing or are r e lated to disease 

processes which are common in old age . 

An o b v i o u s  d i f f e re n c e  i n  t h e  f r e q u e n c y  and 

dis tribut ion of individual nerve f i bre changes exi s ts 
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between the hind l imb and l e f t  recurrent laryngeal 

nerves of laryngeal hemipleg i c  horse s . In the left 

recurrent laryngeal nerve the extent o f  i nd ividual 

nerve f ibre changes present at the proximal l evel was 

o ften more obvious than that found at the d i stal . The 

reason for this was that the d i s tal s amples contained 

such a l arge degree of f i bre loss so that few 

individual nerve f ibres , on whi ch observat i ons could 

be made , were present . In contras t ,  in the l imb 

nerves , the highest inc i dence of i nd i v i dual nerve 

f i bre changes was usually present in the more d i s tal 

s amples of the nerves examined . 

A d i f ference in 

damage could be 

the d i s tribut ion 

explained i f  such 

of nerve fibre 

damage resul ted 

from a d i sease process whi ch preferen t i a l l y  af fected 

long nerves . The left recurrent l aryngeal nerve , 

s ince i t  i s  the longest nerve in the horses ' body , 

would be expected to show the mos t des tructive 

e f fects . The next longest nerve , the p lantar d i g i tal , 

would be more severely af fected than shorter nerves , 

for example ,  the peroneal . The inc idence o f  nerve 

damage found in thi s  present s tudy c lose l y  paralleled 

this d i stribut ion . A compl i cat ing observa t i on i s , 

however , that s imi lar changes , albe i t  l e s s  s evere , 

are present in control animal s . Thes e  changes , as 

mentioned , may also resu l t  from the e f fects of a 

d i s tal axonopathy . Thi s  raises the que s t i ons ; 

a )  whether the s evere changes found i n  laryngeal 

hemiplegic horses are due to a s ingle d i sease process 

a f fect ing long nerves in the ma j or i t y  of horses ; a 

process whi ch mani fests i ts greates t  e f fects in 

l aryngeal hemiplegics 

or b )  whether the changes in laryngea l  hemiplegics 

are superimposed on nerves in which a d i sease process 

causing a s imilar d i s tr i but ion o f  l e s i ons already 

exi s t s . 
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Nerve f i bre densi ty 

The wide variat ion in f ibre dens i t y  found between 

f a s c i c l e s  i n  the peron e a l  n e r v e s  du r i ng t h e  

i n d i v i d u a l  n e r v e  f i b r e  s t udy w a s  c on f i rmed 

morphometrically during nerve f i bre dens i ty analysi s .  

Such a variat ion in dens i ty of nerve f i bres greatly 

i ncreases the pos s i bi l i ty of experimental error when 

assess ing subtle degrees of f i bre loss . For thi s  

reason i t  seems l ikely that fibre dens i ty analys i s  i s  

o f  l i ttle value in determining small degrees o f  f ibre 

los s . In contras t ,  the more cons i s tent f i bre dens i ty 

found throughout the tib i al nerve and i t s  branches 

al lowed a more accurate 

u s i ng this technique . 

evaluat ion o f  f i bre loss 

The decrease in f i bre dens i ty from proximal to d i stal 

in both ma j o r h i nd l i mb nerves o f  laryngeal 

hemiplegic horses and the t i b i al nerve and i ts 

branches may ari se from branching of the nerve , or 

patholog i cal loss of fibres , or a comb i nat ion o f  both 

these processes . The d i s tal decrease in f ibre dens i ty 

i n  some control horses in whi ch few or no ind i vidual 

nerve f i bre changes could be identi f i ed , i ndi cates 

that some branching of the nerves is occurring 

between the two s ampl ing s i te s . In the l aryngeal 

hemiplegic horses individual nerve f i bre changes were 

ob s e rv e d  much more frequently , indi cating that 

pathologi cal loss of f ibres was a l so occurring . 

The greater loss of 

s ampl ing s i tes of the 

nerves in the c l inical 

f i bres 

plantar 

group 

in the mos t  

and plantar 

compared to 

d i s tal 

d igi tal 

control 

in the 

l e f t  r e c u r r e n t  l aryngeal nerve . Aga i n  thi s i s  

cons i s tent with the pos s i b i l i ty of a s im i l ar d i sease 

process a f fecting both laryngeal and l imb nerves . As 

the c l inical group was , on average , older than the 

control animals , age related changes need to be 

considered as a poss ible cause of th i s  f ibre loss . 

an imals , i s  s imi lar to the s i tuation found 

T h e r e  i s , howe ve r ,  some d i s ag r e e m e n t  i n  t h e  
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l i terature a s  t o  the e f fects of age on f i bre dens i t y . 

Stevens et al , ( 1 9 7 3 ) and Tohigi et al ( 1 9 7 7 ) 

reported a decrease i n  f i bre dens i ty w i th increas ing 

age in humans , whi le Gri ff i ths and Duncan ( 1 9 7 5 ) and 

Braund et al ( 1 9 8 2 ) could find no such assoc i a t i on in 

horses and dogs respect i vely . The severe f i bre loss 

seen in some young l aryngeal hemiplegics sugges t s  age 

is probably not the maj or cause of the greater 

decrease in fibre dens i t y  in this group . 

I t  i s  of interest to note in the common and deep 

peronea l  and tibial nerves where samples were taken 

above the hock j oint , that in mos t  ins tances there 

was l i t tle evidence of increased fibre los s in the 

c l ini cal group . 

Mean indivi dual c ross - se c tional axonal area 

Most studies investigating peripheral nerve changes 

have rel ied on the measurement of the d i ameter or 

c i rcumference of nerve f i bres to determine f i bre 

s i z e . Where these techniques have included the 

myel in sheath , a cons i derable experimental vari able 

can result from the variat ion in myel i n  thi ckne s s  

which occurs a t  various s i tes along t h �  nerve ( Arnold 

and Harriman , 1 9 7 0 ) . The use of soph i s t i cated image 

analy s i s  techniques in this present study al lowed the 

accurate measurement of the cross - sect ional axonal 

area of a large number of individual nerve f i bres 

wi thout this compl ication . 

The proximal to d i stal decrease i n  mean cros s­

sectional axonal area that was ident i f ied in each 

group of horses may have resulted from the select ive 

los s o f  larger f i bres or from the tapering of 

individual fibres , which has been shown to occur in 

other species ( Sunderland et al , 1 9 4 9 ; Thomas , 1 9 7 0 ;  

Wi l l i ams and Wendel l - Smi th , 1 9 7 1 ; Toft et al, 1 9 8 8 ) . 

Loss of the larger d i ameter f i bres could have ari s en 

due to branching of the nerve or a di sease proce s s  
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which preferentially a f fects larger f ibre s . I n  view 

of the proximal to d i s tal decrease i n  f i bre dens i ty 

whi ch was found in a l l  groups in the present study , 

and the presence of ind i v i dual nerve f i bre pathology 

in many animal s ,  even in control horses , at leas t 

part of the decrease in f ibre s i ze was probably the 

resul t of a select ive damage to larger s i ze nerve 

f i bres . Nevertheless , the pos s i b i l i ty exi sts that 

some tapering of fibres occurs . 

The s ign i f i cantly smal ler mean cross-secti onal axonal 

area in the clinical animal s , indi cates that loss of 

large f ibres has pre ferent i al l y  occurred in thi s  

group . The increased los s of larger f i bres i n  the 

cl inical , compared to the control group , supports the 

h y p o t h e s i s t h a t  t h e  d i s e a s e  proc e s s  c a u s i ng 

idiopathic laryngeal hemipleg i a , whi ch pre ferentially 

affects larger fibres ( Duncan , 1 9 7 5 ;  Cah i l l , 1 9 8 5 ) 

also affects the hind l imb nerves . 

Histograph i c  analysi s  

H i s tographic analys i s  of cros s - sect ional f i bre s i ze 

clearly i llus trates the progres s i ve increase in small 

d i ameter fibres whi ch occurs as the hindl imb nerves 

proceed di stally . It also h i gh l i ghted the relatively 

larger percentage of sma l l  f i bres i n  laryngeal 

hemiplegic horses when compared with controls .  Thi s  

d i f ference i s  cons i s tent wi th the hypothes i s  that the 

di sease process which results in laryngeal hemiplegia 

also af fects long hindl imb nerves . 

Some of the increase in percentage of sma l l  diameter 

f i bres in cl inically d i s eased animals may also have 

resul ted from attempts at regeneration of nerves . 

Evidence of thi s  was found during observat ions on 

individual nerve f i bre pathology , part icularly in the 

deep peroneal nerves , where regenerating clusters , 

each containing several sma l l  d i ameter f i bres , were 

frequently observed . 
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Total c ross-sectional axonal area 

The measurement of total cros s-sectional axonal area 

demonstrated that there is a loss of axonal substance 

as nerves progress d i s tally in the h i ndl imb of 

horses . It also showed that thi s  loss is greatest in 

l aryngeal hemiplegic horse s  in the d i s tal port i ons of 

thei r  nerves . Poss ible reasons for thi s  d i fference 

between control and cl inical horses has already been 

d i s cussed . 

The errors in the individual measurement o f  fibre 

s i z e or dens i ty , for the purpose of detecting overall 

or selective loss of nerve f ibres , are greates t  in 

nerves in which wide variations in these are found 

between fasc icles . Us ing measurement of total cros s­

sectional axonal area , however , these errors can be 

minimi sed . For this reason the usefulness of thi s  

measurement i s  greatest i n  nerves where cons iderable 

var i ab i l i ty in f ibre s i z e  and dens i ty exi sts . Thi s  

present s tudy estab l i shed that calculation of total 

cross- sect ional area was of greates t value in such 

nerves and confirmed that a proximal to d i s tal 

decrease ,  which was greatest in laryngeal hemiplegic 

horses , was present . A s imi lar me thod was used by 

Qui l l i am ( 1 9 5 6 ) to evaluate the poss ibi l i ty of 

tapering of nerve fibres , but has not previous ly been 

reported in studies of equine nerves . 

Calculation of total cros s - sectional axonal area in 

the t i b i al nerve and its branches con f i rmed the 

previous resul ts of a decrease in both nerve dens i ty 

and mean f i bre area from proximal to d i s tal s i tes of 

s amp l i ng . 

In both the common peroneal and t ib i a l  nerve trunks , 

the greater decrease in total axonal area in cl i n ical 

compared w i th control horses con f i rms previous 

f indings regarding the effect of idiopath i c  laryngeal 

hemiplegia on l imb nerves . 



Teased f i bre examination 
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Al though teased f i bre analys i s  was undertaken i n  onl y  

a sma l l  number of horses , i t  provided further ins ight 

into the nature of the abnormal i t i es observed i n  

t r ansverse sections of control , subcl inical and 

cl inical animal s . 

The presence of pathologi cal abnormal i ties in teased 

f i bre preparat ion of d i s tal l imb nerves in control 

anima l s  in this study is in agreement w i th the 

f i ndings of Wheeler ( 1 9 8 7 ) ,  who demons trated that 

approximately 9% of f ibres in the palmar nerve o f  

apparently normal horses had s igns of pathology . 

Thi s  level i s  s l ightly higher than that found at mos t  

l evels o f  nerves examined i n  the one control horse i n  

t h i s  present s tudy , except for the t i b i al and plantar 

nerve s amples , which showed obvious pathologi cal 

changes on both teased f ibre and transverse sections . 

The h igher inc idence of abnorma l i t i e s  observed by 

Wheeler ( 1 9 8 7 ) may have been a result of sampling 

older horses , or the presence of a peripheral nerve 

d i s e a s e , p a r t i c u l a r l y  i d i o p a t h i c  l a r y n g e a l  

hemiplegi a ,  as the horses were not examined for thi s . 

The predominant changes of segmental demyel i nation 

and remyel i nat ion , vari abi l i ty in mye l i n  thi ckness 

and the actively degenerat ing f i bres in c l i n i cal and 

subcl inical horses , and an increase in the s everi ty 

o f  t h e s e  changes from proximal to d i s tal , i s  

cons i s tent with primary axonal damage , and s econdary 

s egmental demyel i nat ion . The increased inc idence of 

these teased f i bre abnorma l i t i es in the two c l in i cal 

horses further con f i rms the previous f i ndings in this 

s tudy o f  the e f fects of the di sease causing laryngeal 

hemiplegi a  on the l imb nerves . 

( b )  Mean internode length 

The resul ts of morphometric analys i s  of individual 

teased f i bres indicated a proximal to d i s tal decrease 
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i n  internode length , whi ch i s  i n  agreement w i th the 

f i nd i ng o f  C ah i l l  ( 1 9 8 5 ) , wh o  suggested in an 

examinat i on of equ i ne recurrent laryngeal nerves , 

that thi s may resul t  from e i ther taper i ng of nerve 

f i bres ; the presence of intercalated internodes ; 

regenerated f ibres w i th uni formly short internodes ; 

or the select ive loss of larger d i ameter f i bres . The 

results of morphological and morphometric examination 

of transverse sections of these nerves in thi s  

present s tudy indicates the mos t  l ikel y  cause i s  a 

combination o f  loss of l arger f ibres , as wel l  the 

presence of regenerated f i bres . 
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PART IV CONCLUSIONS 

Muscle Morphology 

1 . As previous researchers have found , the left 

dorsal and lateral cricoarytenoid muscles in 

i d i opathi c  laryngeal hemiplegic horses show 

obv i ous p a t ho l og i cal changes indicative of 

neurogeni c  muscle di sease . 

2 .  The d e e p  d i g i t a l  f lexor musc l e  frequently 

contains morphological evidence o f  pathological 

change . These changes are more common in the 

di stal areas of the muscle and are of increased 

frequency and severi ty in l aryngeal hemiplegic 

horses . 

3 .  The morpholog i c al appearance of the short 

digital extensor musc l e  i s  d i fferent to other 

muscles examined . I t  contains a smaller number 

of fibres in each fas c i cl e  compared to more 

proximal muscles , and a h i gher frequency of 

muscle spindles . Patholog i cal changes are 

frequently seen in this mus cle . These changes 

are seen more commonly and are more severe in 

laryngeal hemipleg i c  hors e s . 

4 .  Morphologi cal evidence o f  pathological change i s  

seldom observed in the cranial t i b i al , long 

digi tal extensor and l ateral digi tal extensor 

muscles of normal horses or those w i th laryngeal 

hemi plegi a .  

Muscle Morphometry 

5 .  In the deep d i g i tal f lexor muscle there i s  a 

proximal to d i s tal increase i n  the proportion of 

type 1 f i bres . 

6 .  In the cranial tibial mus c l e  there i s  a proximal 

to distal decrease in the proportion of type 1 

f i bres . There i s  a l so w i de vari a ti on in the 
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percentage o f  each fibre type in d i f ferent areas 

of thi s muscle . 

Th e short digi tal extensor muscle contains 

mos tly type 1 f ibres , and i n  some horses no type 

2 f i bres are present . There i s  a wide variation 

i n  the percentage of f ibre types between horses 

in this muscle . 

8 .  The f i bre type proport i ons i n  the long and 

l a t e r a l  d i g i t al e x t e n s o r  mu s c les are not 

i n fluenced by the disease proces s  whi ch causes 

laryngeal hemiplegia . In fact very l i ttle 

v a r i at ion in fibre type proport i ons exi s ts 

between horses in these muscle s . However , a 

lower percentage of type 1 f i bres i s  present in 

the caudal and lateral areas compared to the 

me d i a l a r e a  of the long d i g i tal extensor 

muscle . 

Mus c l e  Fibre Diameter 

9 .  In all muscles examined , laryngeal hem iplegics 

have more smaller and larger f i bres than control 

ho r s e s , i nd i c a t ing an increased number of 

atroph i c  and hypertrophi c  f ibres . Thi s  i s  mos t  

evident in the deep digi tal flexor muscl e . 

Individual Nerve F ibre Pathology 

1 0 .  T h e r e  i s  m i n imal evidence of nerve f i bre 

abnormal i t i es in the common peroneal nerve . 

However , changes are observed more frequently in 

the d i stal continuat i on o f  this nerve , the deep 

peroneal . These changes are more common in 

c l i n i cal laryngeal hemiplegic hors e s , mos t  of 

which have abnorma l i t i es o f  increased severi ty 

and freque�cy compared to normal hors e s , in the 

d i s tal portion of thi s  nerve . 
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1 1 . Abnorma l i t i e s  a re present i n  the proximal 

portions of the t ib i al , plantar , and plantar 

digi tal nerves in mos t  horses . In the plantar 

and plantar d i g i tal nerves these changes are 

mo s t  s ev e r e  and i nc l ude t h e  p resence of 

r e g e ne r a t i ng c l u s t e rs ,  degenerati ng f i bres , 

onion bulb formation ,  and thinly mye l i nated 

f i bres . I n  the plantar digi tal nerve these 

changes are more s evere in c l inical than control 

horses . 

Nerve Fibre Density 

1 2 .  The common and deep peroneal nerves contain two 

d i s t inct populat i ons of nerve f i bres . Al though 

cons i s tent throughout single fascicles , ad j acent 

fascicles often contain di fferent s i zes and 

dens i t ies of f i bres . 

1 3 .  The t i b i a l  n e rve and i ts continuation i s  

con s i s tent in i t s  f i bre dens i t y  appearance . I t  

has a proximal t o  di stal decrease in f i bre 

dens i ty . 

Nerve F i bre S i z e  

1 4 .  In control horses there i s  a proximal t o  d i s tal 

increase in the proport ion of sma l l er f i bres in 

the common and deep peroneal nerve s . A s imi lar , 

but lesser increase i s  present in the t i b i al 

nerve and i t s  continuat ion . 

1 5 .  There i s  a s e l ec tive los s of larger myel i nated 

f i bres in the common and deep peroneal nerves i n  

cl i n i cal laryngeal hemiplegic horses . 

1 6 .  There i s  a select ive loss of larger mye l i nated 

f i bres in the tibial nerve in cl inical laryngeal 

hemiplegic horses . A s imi lar , but l e s s  obv i ous , 

loss i s  also present in the plantar and plantar 

d i g i tal nerve s . 
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1 7 .  There i s  a proximal to d i s tal decrease i n  the 

total cross-sectional axonal area in both the 

peroneal and t ibial nerve trunks . The total 

axonal volume at all levels in each nerve was 

less in c l inical than control horses in this 

s tudy . 

Teased Fibres 

1 8 .  Teased f i bre abnormal i t i es are often seen in the 

d i s tal l imb nerves of subcl inical and c l i n i cal 

l aryngeal hemipleg i c  horses , but an insu f f i c i ent 

number of control horses for compari son were 

examined . 

General Conclusi ons 

1 9 .  Abnormal i t ies indicative of neurogen i c  di sease 

a r e  p r e s e n t  i n  t h e  h i n d l i m b m u s c l e s , 

par t i cularly the deep digi tal flexor and short 

d i g i tal extensor , in many horses whi ch appear 

free of c l i n i cal s i gns of d i sease . 

2 0 . Cons iderabl e variation exists in the proportion 

of type 1 f i bres in some l imb muscles , and these 

propor t i ons are a f f e c t e d  by the s i te of 

sampl ing , the age of the horse and the muscle 

s ampled . The greates t  variat ion i s  found in the 

deep digital flexor and cranial tibial musc les , 

whi l e  les ser degrees of variation i s  present in 

the long digi tal extensor . The variat i on in 

proport ion of type 1 f i bres is least in the 

l ateral digi tal extensor . 

2 1  . Abnormal i ti e s  are present in the d i stal l imb 

nerves in many apparently normal horses . 

abnormal i t i es inc lude the presence of 

mye l i nated f i bres , regenerat ing clusters , 

These 

thinly 

onion 

b u l b s , d e g e n e r a t i ng f i br e s , a nd s igns of 

demyel i nation and remyel ination . 
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2 2 . Abnormal i t i es are also present i n  the d i s tal 

l imb nerves in l aryngeal hemiplegic horses ,  and 

are s imilar to those identi fi ed in normal 

horses . However , the frequency and seve r i ty of 

the changes observed in laryngeal hemiplegics 

was much greater than in controls .  

2 3 . The nature and d i s tribut ion of the abnormal i ties 

i n  the d i s tal h i ndl imb nerves of horses wi th 

idiopathi c  laryngeal hemipl eg i a  are s imi lar , but 

less severe , than those in their recurrent 

laryngeal nerves . There fore , i t  i s  poss ible 

t h a t  the d i s t a l  axono p a t h y  pre f e rentially 

af fecting the large nerve f i bres which resul ts 

in this disease involves the distal h indl imb 

nerves as well as the recurrent laryngeals . 

2 4 . I t  could not be resolved from this study i f  a 

s ingle di sease process was af fect ing both normal 

and laryngeal hemiplegic horses . I t  may be that 

the abnorma l i t i es in apparently normal horses 

have the s ame a e t i o l ogy a s  i n  laryngeal 

hemiplegics , although because of a combinat ion 

of factors , which may include the s i z e  of the· 

horse , i ts sex , nutri t ional s tatus and genetic 

predispos i t ion ,  the di sease does not progress to 

become clinically apparent . 

Al t e rn at i ve l y , p e r i pheral nerve di sease in 

normal horses may have a d i f ferent aetiology to 

t h a t  wh i c h  c au s es the idiopathic form of 

l a r y n g e a l  h e m i p l e g i a .  As s u c h , t h e  

abnorma l i t ies whi ch were identi f ied i n  the 

hindl imb nerves in laryngeal hemiplegic horses , 

may be in add i t ion to those iden t i f i ed in normal 

horses . 

2 5 . The e f fect on performance of these abnormal i t ies 

in the d i s tal h indl imb muscles and nerves could 

not be accurately determined from this s tudy . 



In view o f  the changes observed , 

u n l i k e l y  t h e y  w o u l d  r e su l t  
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i t  would seem 

i n  c l i n i ca l  

abnormal i t i es in younger horses . However , as 

idiopathi c  laryngeal hemiplegia is a chronic , 

progres s i ve disease , i t  may be that older horses 

could pos sible show some c l inical evidence of 

this di sease process . 
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APPENDIX 1 

STAIN ING METHODS FOR M USCLE TISSUE 

Myosin ATPase 
(according to the technique of Padykula and Herman, 1 955, as modified by Davies and Gunn,  
1 972) . 

SOLUTION1  

Substrata · 

1 .0M tris (hydroxymethyl) ami nom ethane 1 

0 . 1 8M calcium chloride (hexahydrate)2 

ATP disodium salt3 
disti l led water 
Adjust the pH to 9 .5 with 0 . 1  N hydrochloric acid 
disti l led water 

SOLUTION 2 

Cacodylate buffered formaldehyde pH 7 

2 . 1 4g sodium cacodylate (trihydrate) in 50ml disti l led water 
0.2M hydrochloric acid 
40% formaldehyde 
d isti l led water 

SOLUTION 3 

2% cobalt chloride4 

SOLUTION 4 

1 %  ammonium sulphideS 

1 2ml 
6ml 

90mg 
to 45ml 

to 60ml 

6.3ml 
20ml 

to 200ml 

1 .  Tris (hydroxymethyl) aminomethane, Sigma Chemical Co., S t  Louis, USA. 
2. Calcium chloride, hexahydrate , BDH Chemicals Ltd, Poole, England. 
3. Adenosine-5' -triphosphone acid, BDH Chemicals Ltd , Poole, England. 
4. Cobalt chloride, Koch-Light Laboratories Ltd, Buckinghamshire, England. 
5. Ammonium sulphide 1 0%, Ajax Chemicals ,  Sydney, Australia. 



Method 

1 .  P lace sections i n  solution 2 for two m inutes 
2. Wash in two changes of distil led water. 
3. I ncubate in sol ution 1 for 20 m inutes at 37'C. 
4. Wash in two changes of disti l led water. 
5. Place the sections in solution 3 for three m inutes. 
6. Wash in two changes of disti l led water. 
7. P lace the sections in solution 4 for 30 seconds. 
8. Wash and mount in glycerine jelly. 

Haematoxylin and eosin (Cull ing, 1 974} 

1 .  Fix in  70% alcohol .  
2. Wash. 
3. Stain in Ehrlich's haematoxyl in 1 for 1 0 m inutes. 
4. Rinse in tapwater to remove excess stain.  
5. Differential in acid alcohol for 1 0 sconds. 

2 0 1  

6. Regain blue colour and stop decolourisation by washing in Scott's tapwater for 2 minutes. 
7. R inse in tapwater. 
8. Stain in eosin2 for 40 seconds. 
9. Rinse rapidly in water. 
1 0. Dehydrate in alcohols. 
1 1 .  Clear in xylol. 
12. Mount.3 

1 .  Haematoxylin, May & Baker Ltd , Dagenham, England. 
2. Eosin, Harleco, Philadelphia, USA. 
3. D PX mountant, SOH Chemicals Ltd, Poole, England 



APPENDIX 2 

COMPOSITION O F  SOLUTI ONS FOR PROCESSING NERVE SAMPLES 

0.1 M cacodylate buffer 

21 .4g sodium cacodylate trihydrate 1 

986ml  distilled water 
1 4m l  0.2M hydrochloric acid 

Adjust pH to 7.35 - 7.4 with hydrochloric acid or sodium hydroxide. 

2% glutaraldehyde 

80ml 25% glutaraldehyde2 
920m l 0 . 1  M cacodylate buffer 

Adjust pH to 7.35 - 7.4 with 0.1 M hydrochloric acid or 0.1 M sodium hydroxide. 

1% osm ium tetroxide 

1 g osmium tetroxide3 
1 OOml 0 . 1  M cacodylate buffer 

1% phenylenediamine 

0.1 g p-phenylenediamine4 
1 Oml 70% alcohol 

66% glycerol 

1 65ml 99% glycerol5 
85ml d istil led water 

1 .  Sodium cacodylate , B D H  Chemicals Ltd, Poole, England. 

2 0 2  

2. Glutaraldehyde,  25% so lut ion i n  water, Koch-Light Laboratories Ltd , Bucking ham , 
England. 

3. Osmium tetroxide, Sigma Chemical Co. ,  Missouri ,  USA. 
4. P-phenylenediamine grade 2 ,  S igma Chemical Co., Missouri, USA. 
5. Glycero l ,  Ajax Chemicals,  Sydney, Australia 
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APPEND IX 3 

COM POSITION OF EMBEDDING RESIN USED IN PROCESSING NERVE SAMPLES 

SOLUTION A 

polarbed 8 12  resin 1 

dodecenyl succinic anhydride ( DDSA)2 

SOLUTION B 

polarbed 8 1 2  resin 
methyl nadic anhydride (MNA)3 

RESIN FOR EMBEDDING 

solution A 
solution B 
2,4,6-tri (dimethylaminomethyl) phenol4 
( D M P-30) 

62ml 
1 00ml 

1 00ml 
89ml 

25ml 
75ml 

2ml 

Solutions A and B, and the final resin were all prepared in advance and stored frozen.  When 
required for processing, the polar bed was removed from the freezer 2-3 hours before it was 
required. 

1 .  Epon 8 1 2  resin or Polarbed 8 1 2  resin ,  Polaron Equ ipment Ltd, Watford, England. 
2. D DSA, Polaron Equipment Ltd, Watford, England. 
3. MNA, Polaron Equipment Ltd, Watford , England. 
4. DMP-30, Polaron Equipment Ltd , Watford, England. 
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APPENDIX 4 

Morphological grading of muscle samples from the laryngeal muscles and various sites in the limb muscles of all horses 
examined 

Horse No. 
Leg Examined Left Right 

Muscle and Site 

Lateral cricoarytenoid + 0 

Dorsal cricoarytenoid + 0 

Deep digital flexor. 
proximal 0 0 
middle 0 0 
dlstal 0 ++ 
lateral 
cranial 
caudal 
medial 

Cranial tlblal. 
proximal 0 0 
middle 0 0 
distal 0 0 
lateral 
cranial 
caudal 
medial 

Long digital extensor. 
proximal 0 0 
middle 0 0 
distal 0 0 
lateral 
cranial 
caudal 
medial 

Lateral digital extensor, 
proximal 0 0 
middle 0 0 
dlstal 0 0 
lateral 
cranial 
craudal 
medial 

Short digital extensor + + 

Key 

0 No pathology 
+ Mild pathology 

Moderate pathology 
Marked pathology 
Severe pathology 

2 3 
Left Right Left Right 

++++ + + ++ 

+ + 

0 0 0 0 
0 0 0 0/+ 
0 0 0 0 

0 0/+ 
+ 0/+ 
0 0 
0 0 

0 0 0 0 
0 0 01+ 01+ 
0 0 0 0 

0 0 
0 0 
0 01+ 
0 0 

0 0 0 01+ 
0 0 0 0 
0 0 0 0 

0 0 
0 0 
0 0 
0 0 

0(+) 0 0 0/+ 
0 0 0 0 

0/+ 0 0 0 
0 0 
0 0 
0 0 
0 0 

0 0 0 ++ 

4 5 6 7 
Left Right Left Right Left Right Left Right 

++++ 0/+ + 0 ++/+++ + ++++ 0 

+++ 0 0/+ 0 + + +++ 0 

0 0 0 0 0 +I++ + 0 
0 0/+ 0 0 0 0 

+I++ ++ 0/+ + + + + 
0 0 
0 0 
0 

01+ 0 

0 0/+ 0 0 0 0 0/+ 01+ 
0 0(++) 01+ ++ 0 0 0 0 
0 0 0/+ 0 0 0 0 

0 0 
0 0 
0 0 
0 0 

0 0 0 0 0 0 0/+ 0::++) 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 

0 0 
0 0 
0 0 
0 0 

+ 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 

0 01+ 0 0 0 0 0 
0 0 
0 0 
0 0 
0 0 

+++ ++ + 0 01+ 0 0 0 

(table continued over page) 

+ +  
+ + +  
+ + + +  
0 ( + , + + ) No pathology in most of the sample, but some changes confined to a small area of muscle 
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Appendix 4 (continued) 

Horse No. 8 9 10 1 1  12 13 14 
Leg Examined Left Right Left Right Left Right Left Right Left Right Left Right Left Right 

Muscle and Site 

Lateral cricoarytenoid 0 0/+ ++++ ++ + 0/+ 0 0 0 0 0 0 ++++ + 

Dorsal cricoarytenoid 0 0/+ +++ 0 0/+ 0/+ 0 0 0 0 0/+ 0 

Deep digital flexor 
proximal 0 0 + 0/+ 0 0 0 0 0 0 0 0 
middle 0 0 + ++/++ 0 0 C(+) 0 0 0 0 0 0 0 
distal + + ++ +++ 0/+ 0/+ 0 0/+ 0 0 ++/+++ +++ 
lateral 0 0 0 0 C(+) 0 
cranial 0/+ 0/+ + + ++ + 
caudal 0 0 0 0 0 0 
medial 0 0 0 + 0 0 

Cranial tlblal. 
proximal 0 0 0 C(+) 0 0 0 0 0 0 0 
middle 0 0 +/++ + 0 0 + ++ 0 0 0 0 0 0 
dlstal 0 0 0 0 0 0 0 0 0 0 0 C(+) 
lateral 0 0 0/+ 0 0 0 
cranial 0 0 0 CX+) 0 C(+) 
caudal 
medial 

Long digital extensor. 
proximal 0 C(++) 0!+ 0 0 0 0 0 CX+++) 0 0 0 
middle 0 0 0 0 0 0 0 0 CX+++) 0 0 0 0 0 
distal 0 0 0 0 0 0 0 0 0 0 0 0 
lateral 0 0 0 0 0 0 
cranial 0 0 0 0 0 0 
caudal 0 0 0 0 0 0 
medial 0 0 0 0 0 0 

Lateral digital extensor. 
proximal 0 0 0 0 0 0/+ 0 0 0 0 0 
middle 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
dlstal 0 0 0 0 0 0 0 0 0 0 0 0 
lateral 0 0 0 0 0 0/+ 
cranial 0/+ 0 0 0 0 0 
caudal 0 0 0 0 0 0 
medial 0 0 0 0 0 0 

Short digital extensor 0 C(+++) ++/+++ +++ + 0 + 0/+ 0 0 0 0 0 ++++ 

(table continued over page) 
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Appendix 4 (continued) 

Horse No. 15 16 17 18 19 2J 21 
Leg Examined Left Right Left Right Left Right Left Right Left Right Left Right left Right 

Muscle and Site 

Lateral cricoarytenoid ++++ +++ ++ +/++ + 0 0 0 ++++ 0 0 0 ++++ + 

Dorsal cricoarytenoid ++ 0/+ +/++ 0 0 0 0 +++/++++ 0 0 0 +++ + 

Deep digital flexor. 
proximal ()(+) 0/+ 0 0 0 0 0 ()(+) 0 0 0 0 
middle ++ ++ ()(+) 0 0 0 0 0 0 0 0/+ 0 
distal ++ ++/+++ + + + ++ 0 0 + ++/+++ +/++ 0 
lateral 0/+ 0 0 + 
cranial +/++ 0 ++ 
caudal 0 0 0 
medial 0 +/++ 0 0 

Cranial �blal. 
proximal 0 0 0 0 ()(+) 0 0 0 0 0 0 0 
middle ()(+) 0 0 0 0 0 0 0 0 0 0 0 0 
dlstal 0 0 0 0 0/+ 0 0 0 0 0 ++ 
lateral 0 0 
cranial 0 0 
caudal 0 0 
medial 0 0 

Long digital extensor. 
proximal 0 0 ++ ()(+) 0 0 0 0 ()(+) 0 0 0 
middle 0 0 0 ++ 0 0 0 0 0 0 0 0 0 
distal 0 0 0 0 0 0 0 0 0 0 0 0 
lateral 0 0 
cranial 0 0 
caudal 0 0 
medial 0 0 

Lateral digital extensor, 
proximal 0 0 0 0 0 0 0 0 0 0 0 0 
middle 0 0 0 0 0 0 0 0 0 0 0 0 0 
dlstal 0 0 0 0 0 0 0 0 0 0 0 0 
lateral 0 0 
cranial 0 0 
caudal 0 0 
medial 0 0 

Short digital extensor ()(+) 0 +/++ + 0 0 +/++ 0 0 0 0 0 0/+ 
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The difference in the percentage o f  type 1 fibres when either 200 o r  1 000 muscle fibres were counted 

Percentage type 1 fibres 

Horse Number 1 2 

Number  of fibres counted 200 1 000 200 1000 
Leg Examined L e ft Right L e ft Right Le f t  Right Left  Righ! 

Muscle 

Deep digital flexor 
proximal 1 1  9 1 2  1 9  1 7 6 9 
middle 1 5  33  1 7  3 1  39  4 7  35  38 
distal 26  32  27  3 1  3 4  4 4  37  5 4  

Cranial tibial 
proximal 5 2  7 2  5 2  7 4  70 70 69 7 4  
middle 69 3 4  69 3 0  61 4 7  60 5 7  
distal 4 3  1 5  3 7  1 6  2 4  3 5  28 31 

Long digital extensor 
proximal 20  15  19  1 5  26  38  30  35  
middle 23 23 23 2 4  30  25  25  27  
distal 21 23  23 2 2  2 0  3 1  28 28 

Lateral digital extensor 
proximal 1 9  2 1  2 1  1 8  1 3  2 1  1 2  30 
middle 30  32  2 1  2 9  20 3 4  
distal 3 4  2 5  3 1  2 5  2 1  4 2  18  4 7  

Short digital extensor 86  88  9 1  9 2  1 00 9 5  9 7  9 3  



208  

APPENDIX 6 

The mean percentage of type 1 fibres in the laryngeal muscles and in various sites of the limb muscles in all horses examined 

Horse N o . 2 3 4 5 6 7 
Leg Examined Left RIQht Left RIQht Left RIQht Left RIQht Left Right Left Right Left Right 

Muscle and Site 

Lateral cricoarytenoid 20 1 7  4 1 9  25 1 0  28 29 29 28 29 36 23 

Dorsal cricoarytenoid 32 27 44 30 4 7  44 2 1  34 44 28 27 32 

Deep digital flexor, 
proximal 1 1  9 1 7 5 33 1 3  2 2 1  23 1 6  42 44 1 4  

middle 1 5  33 39 47 1 5  33 26 5 25 3 1  38 35 33 

distal 26 32 34 44 26 3 22 63 3 7  4 0  42 4 7  

lateral 44 49 40 42 

cranial 48 52 1 9  

caudal 1 1  1 2  39 

medial 3 1  33 28 35 

Cranial fiblal. 
proximal 52 72 70 70 51 59 69 43 60 49 65 62 60 

middle 69 34 6 1  4 7  1 2  1 5  5 8  6 1  2 9  3 3  4 8  64 40 57 

distal 43 1 5  24 35 5 1 3  29 3 1  2 1  1 8  38 33 6 

lateral 39 50 4 0  50 

cranial 60 79 66 69 

caudal 
medial 

Long digital extensor, 
proximal 20 1 5  26 38 1 5  1 1  3 7  28 23 1 9  29 1 3  2 1  1 5  

middle 23 23 30 25 1 6  1 6  29 34 1 0  2 1  28 1 6  1 6  1 9  

distal 2 1  23 20 3 1  7 1 0  25 28 24 24 24 1 8  1 5  20 

lateral 1 6  1 3  2 1  23 

cranial 23 1 5  

caudal 20 1 4  

medial 23 23 25 23 

Lateral digital extensor, 
proximal 1 9  2 1  1 3  2 1  1 5  1 8  4 5  28 20 30 29 35 25 

middle 30 2 1  29 30 1 2  30 27 28 30 33 28 29 

distal 34 25 2 1  42 21 1 4  35 25 34 27 24 28 25 

lateral 25 25 22 30 

cranial 2 1  21 

craudal 3 1  24 

medial 3 1  32 2 7  40 

Short digital extensor .96 88 99 98 54 56 7 9  7 4  7 0  64 4 7  54 75 42 

(table continued over page) 
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Appendix 6 (continued) 

Horse No. 8 9 10 1 1  12 13 14 
Leg Examined Left Right Left Right Left Right Left Right Left Right Left Right Left Right 

Muscle and Site 

Lateral cricoarytenoid 37 1 8  22 6 1 6  22 22 24 20 24 27 42 1 5  3 1  

Dorsal cricoarytenoid 20 30 58 33 25 28 30 3 1  2 1  24 29 5 1  

Deep digital flexor 
proximal 20 25 2 1  1 9  1 3  34 23 40 5 9 45 42 

middle 25 27 45 26 3 1  4 7  3 5  4 7  1 0  37 42 42 24 46 

distal 42 38 36 45 33 38 39 39 43 43 4 1  39 

lateral 40 56 43 37 46 44 
cranial 56 4 7  4 8  42 49 54 
caudal 7 38 1 6  1 9  24 30 

medial 1 3  26 48 32 37 

Cranial tibial. 
proximal 62 66 7 1  6 1  60 75 70 67 1 7  29 68 7 8  

middle 55 64 52 50 69 35 65 68 2 1  39 70 66 38 39 

distal 44 29 25 35 33 26 33 1 7  1 6  1 3  28 3 1  
lateral 58 33 7 1  62 36 

cranial 66 70 73 78 60 74 

caudal 
medial 

Loong digital extensor, 
proximal 20 6 1 4  1 8  1 7  24 2 1  1 7  24 1 7  1 9  

middle 24 26 1 7  23 30 22 3 7  33 25 26 24 33 1 5  23 

dlstal 34 2 1  20 1 7  22 28 25 2 1  26 25 2 1  26 

lateral 25 1 7  1 6  3 1  24 2 1  

cranial 22 26 32 22 22 22 

caudal 1 2  1 6  25 23 27 22 

medial 30 26 24 30 33 28 

Lateral digital extensor. 
proximal 29 44 1 9  22 23 28 37 1 8  26 36 26 

middle 23 30 1 7  32 2 1  30 26 27 1 6  24 29 29 2 1  2 1  

distal 23 34 1 2  32 30 29 23 3 1  3 1  30 32 27 

lateral 26 24 26 25 30 33 

cranial 34 23 3 1  25 26 39 

caudal 29 25 3 1  1 9  28 30 

medial 1 5  29 3 1  46 27 20 

Short digital extensor 59 58 78 85 1 00 97 64 7 1  99 1 00 59 72 75 48 

(table continued over page) 
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Appendix 6 (continued) 

Horse No. 15 16 17 18 19 2) 21 
Leg Exam ined Left Right Left Right Left Right Left Right Left Right Left Right Left Right 

Muscle and Site 

Lateral cricoarytenoid 4 7  39 29 28 3 1  25 32 67 20 20 24 24 

Dorsal cricoarytenoid 46 23 30 24 1 8  3 1  4 7  6 1  7 9  64 2 1  30 39 4 1  

Deep digital flexor. 
proximal 3 1  37 1 7  39 44 22 4 7  4 6  2 3  3 6  4 1  35 

middle 3 7  39 43 25 39 34 4 8  57 34 40 43 46 

distal 59 48 46 52 49 34 4 5  4 4  4 8  32 43 34 
lateral 46 39 4 1  55 

cranial 6 1  5 1  

caudal 2 1  1 8  1 3  1 2  

medial 43 1 5  2 43 

Cranial �bioi. 
proximal 79 87 63 52 60 64 4 7  48 65 57 65 62 

middle 7 3  39 57 48 30 59 32 28 59 4 6  6 1  46 46 

dlstal 1 6  26 28 22 64 3 1  1 7  22 1 3  32 33 

lateral 
cranial 
caudal 
medial 

Long digital extensor. 
proximal 1 7  1 3  22 30 32 1 7  34 1 8  2 7  2 1  24 23 

middle 20 2 1  34 34 20 24 2 7  23 2 1  32 28 22 23 

distal 2 1  1 5  25 1 6  27 3 1  20 1 8  26 31 23 

lateral 
cranial 
caudal 
medial 

Lateral digital extensor. 
proximal 27 20 44 25 28 30 2 1  24 25 26 27 33 
middle 23 20 27 2 1  26 23 23 23 2 7  1 5  32 1 5  1 9  

distal 1 9  25 36 1 9  27 33 30 29 27 30 23 

lateral 
cranial 
caudal 
medial 

Short digital extensor 57 46 75 62 48 62 92 68 63 54 67 53 4 1  
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Mean muscle fibre diameter of type 2 and type 1 fibres in the laryngeal and limb muscles examined 

Muscle LCAM DCAM DDF C T LGDE 
Leg Examined Left Right Left Left Right Left Right Left Right 

Horse Fibre 
No. Type 

2 

3 

4 

5 

6 

7 

8 

9 

Type 2 54 4 0  
Type 1 74 3 9  

Type 2 47  4 1  
Type 1 44 4 5  

Type 2 3 5  4 4  
Type 1 6 2  4 4  

Type 2 42 5 3  
Type 1 4 8  4 7  

Type 2 5 7  3 5  
Type 1 55 3 5  

Type 2 
Type 1 

4 3  
3 9  

Type 2 43 3 5  
Type 1 47 3 7  

Type 2 23 4 7  
Type 1 31 3 4  

1 0  Type 2 4 8  41 

1 1  

Type 1 43 4 0  

Type 2 4 3  41 
Type 1 35 3 5  

1 2  Type 2 28  31 
Type 1 2 0  

1 3  Type 2 47  1 6  
Type 1 38 4 9  

1 4  Type 2 21 4 2  
Type 1 42 4 3  

1 5  Type 2 23 4 9  
Type 1 40 50  

1 6  Type 2 41 4 4  
Type 1 45 4 6  

1 7  Type 2 4 6  4 7  
Type 1 51 41 

1 8  Type 2 55 5 7  
Type 1 4 5  

1 9  Type 2 
Type 1 

2 0  Type 2 
Type 1 

21 Type 2 
Type 1 

1 2  4 9  
5 0  

4 6  4 3  
3 9  

5 4 7  
3 5  

47 
4 8  

35  
52 

4 5  
51 

39 
4 9  

28  
47 

43 
42 

30 
29  

4 4  
4 6  

50  
4 9  

42 
1 9  

40  
48 

4 8  
4 6  

27 
53 

47 
47 

38  
41  

48 
50 

25  
5 9  

37 

32 
40 

43 
40 

4 6  41 
4 8  41 

4 8  
34  

46  46 
52 44 

37 
36 

50 52 
54 49 

57 63 
5 4  5 5  

49 50 
4 6  3 3  

47 44  
51  51 

40  
4 8  

32 34 
26  28 

47 50 
44 51 

48 50 
4 9  5 5  

4 2  4 9  
61 65 

4 0  4 5  
4 4  3 7  

4 5  4 1  
53  47 

39  48 
51  51 

54 52 
57 56 

I • 

43 
45  

55  

5 3  
3 8  

4 3  
3 9  

4 9  
4 3  

4 3  
4 6  

4 7  
4 2  

60 
4 7  

4 8  
4 6  

5 2  
47 

4 4  
4 6  

5 3  
5 2  

3 9  
2 9  

47 
3 9  

4 8  
4 6  

6 3  
5 8  

4 5  
3 6  

50 
5 2  

6 3  
5 2  

4 6  
4 6  

51 
4 5  

4 9  
4 2  

4 8  
41 

47 
6 8  

4 8  
4 4  

4 5  
4 2  

4 1  
4 1  

5 7  

4 4  
4 3  

4 8  
4 9  

4 4  
4 6  

4 8  
4 6  

3 3  
2 9  

52 
36  

46  
4 3  

6 3  
6 3  

4 3  

4 3  
4 6  

6 4  
4 9  

5 2  
4 5  

5 7  
4 6  

4 2  
34  

40 
43 

5 9  
42 

4 8  
43 

4 4  
34  

5 4  
4 8  

6 1  
4 7  

52  
30 

4 8  
35  

4 6  
4 4  

5 8  
39  

4 5  
41 

4 4  
3 4  

5 0  
4 2  

61 
53 

4 9  
36  

5 5 . 50  
4 5  43  

54 
41  

32 
2 3  

53 
42 

51  
4 6  

57  
49 

40 
34  

4 4  
38  

66 
50 

50 
44 

53 
42 

43 
33 

53 
41  

4 2  
3 3  

5 6  

53 
4 4  

6 0  
57 

4 2  

57 
43 

6 4  
4 5  

54 
45 

50  
4 4  

LTDE  
Left Right 

5 4  
3 6  

4 8  
4 0  

6 5  
4 6  

5 2  
3 3  

4 6  
3 9  

6 2  
4 9  

53 
38  

5 2  
18  

50  
4 4  

5 2  
3 8  

3 5  
2 5  

53 
46  

5 0  
4 5  

5 7  
4 9  

4 5  
2 5  

6 5  
51 

5 8  
4 3  

5 3  
3 8  

51 
4 3  

4 8  
3 5  

5 6  
4 5  

4 3  
3 7  

4 0  
31 

5 2  
3 7  

4 8  
4 5  

6 2  
3 2  

51 
4 2  

4 4  
3 3  

2 3  

5 2  
4 4  

5 0  
3 9  

6 0  
57 

4 3  
2 8  

4 5  
4 3  

5 5  
3 5  

2 1 1  

SDE 
Left Right 

36 
35  

33 
31 

31 
37 

30 
32 

32 
32 

38 
34 

50 
35 

47 
42 

4 5  
41 

51 

30 
27 

38 
39 

51 
42 

36  
35  

38 
41 

51 
41 

31 

39 
47 

33 

34 
35 

40 
34 

30 
30 

37 
33 

40 
33 

14 
22 

44 
36 

45 

27 
27 

36 
31 

45 
38 

41 
40 

44 

42 

31 

KEY: LCAM - lateral cricoarytenoid; DCAM - dorsal cricoarytenoid; DDF - deep digital flexor; CT - cranial tibial; LGDE -
long digital extensor; L TOE - lateral digital extensor; SDE - short digital extensor 
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APPENDIX 8 

Atrophy and hypertrophy table: The multiplication factors and mean fibre diameters from control horses used to calculate 
the degree of atrophy and hypertrophy of muscle fibres using the method of Brooke and Engel ( 1 969). 

TYPE 2 FIBRES 

Multiplication x 4  x3 x2 x1 0 x1 x2 x3 x 4  
Factors Normal 

Muscle 

Deep digital flexor 15< 20  2 5  3 0  35 . 55 60 65 70 >75 

Cranial tibial 1 5< 2 0  2 5  3 0  35 . 55 60  65  70 >75 

Long digital flexor 1 5< 2 0  2 5  3 0  35 . 65 70 75 80 >85 

Lateral digital flexor 20< 2 5  3 0  3 5  40 . 60 65  70  75  >80 

Short digital extensor 5< 1 0  1 5  20  25  . 50 5 5  60 65 >70 

TYPE 1 FIBRES 

Multiplication x 4  x3 x2 x1 0 x1 x2 x3 x 4  
Factors Normal 

Muscle 

Deep digital flexor 20< 2 5  3 0  3 5  40 . 60 65  70  75  >80 

Cranial tibial 1 5< 2 0  2 5  3 0  35 • 55 60  65  70  >75 

Long digital flexor 15< 2 0  2 5  3 0  3 5  • 55 60  65  70  >75 

Lateral digital flexor 10< 1 5  2 0  2 5  3 0  . 50 5 5  60 65 >70 

Short digital flexor 5< 1 0  1 5  20  25 . 50 5 5  60 65  >70 
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Atrophy and hypertrophy factors for the limb muscles and calculated using data from Appendix 8 

Muscle DDF C T  LGDE LTDE 
Fibre Type Type 1 Type 2 Type 1 Type 2 Type 1 Type 2 Type 1 Type 2 
Leg L R L R L R L R L R L R L R L R 
Examined 

Horse No. 

2 A 
H 

3 A 
H 

4 A 
H 

5 A 
H 

6 A 
H 

7 A 
H 

8 A 
H 

9 A 
H 

10 A 
H 

11 A 
H 

1 2  A 
H 

13 A 
H 

14 A 
H 

35 
1 

7 2 5  
3 0 

59 
0 

2 17 
0 1 

4 6  
0 

0 9 
5 9 

7 2 
17 1 7  

13 7 6  
2 0 

6 4 
8 1 2  

9 
1 

1 73 121 
0 0 

16 3 
1 2 

4 0 
3 15  

17  
4 

1 6  17 0 4 3 7  27 10 10 5 10 2 1 5  
1 4 3 4  2 0  0 0 0 3 0 0 8 0 

5 12 1 3  1 8 11 1 0  13 52 2 
8 0 1 111 1 17 2 4 9 0 

7 
1 2  

5 1 1 1 
3 3 8 11  

7 1 6  0 0 
0 1 7 1 0  

10 4 1 1 3  7 5 6 11 4 8 
9 3 3 2 0 7 3 1 3 1 

1 
0 

9 7 
2 0 

5 6 3 0  
6 2 0 

2 1 1 0  0 0  5 2  
17 2 6  2 44 2 6  6 5  8 1 

4 4 
0 0 

0 0 
4 1 

0 0  0 3 3 5 2 1 1 1 
49 9 3  2 1 1 2  2 11 2 4  33 3 0  

9 1 3 4 1 4 6 0  24  0 9 
19 15 7 12 2 5  2 0 0 3 6 

1 4 10 1 2  
4 11 0 2 7  

0 6 0 3 5  
8 1 69 2 

1 5  
0 

1 
3 

0 1 8  10 3 0  
0 1 0 1 

1 1 0 2 
23 2 47 9 

5 0 10 15 
1 13 23 6 

16 1 24 6 0 
0 0 24 4 9  

7 1 0  5 9 7 7 7 0 2  0 3  0 7 
12 6 9 9 4 4 2 9 6 8 6 6 1 5  

18  
1 

2 2 4 6 7 8 4 1 5 20 0 1 8  
30 4 4 6  1 8  2 2 0 2 0 1 5 3 

17 46 62 63 4 2  1 8  
0 0 0 0 0 0 

11 8 1 8  23 1 4  3 7 0 
15 27 1 0 12 2 4  1 5 

0 10 9 13 4 5 
5 2 4  5 3 11 5 

3 3 
9 5 

44 61 
0 0 

6 0 
4 5 

1 0 
2 3 

2 1 3 5 
5 9 15  9 

0 3 8 9 
6 3 8 8 

2 1 3  

SDE 
Type 1 Type 2 
L R L R 

1 3 2 3 
4 4 2 0 

4 
0 

2 
0 

0 2 10 0 
7 2 2 3 

1 9 7 g 
0 1 0 0 

6 3 5 1 
4 1 0 4 

4 18  0 0 
5 6 0 3 

4 39 0 101 
7 0 49 0 

0 
14 

0 
20 

0 3 1 0 
5 8 18 0 

17 16 7 13  
0 0 0 0 

0 13 2 2 
9 2 3 0 

1 5  A 
H 

15 5 
61 7 3  

23 13 1 0 1 1 5 0 3 0 0 1 5 0 1 4 0 2 

1 6  A 
H 

17 A 
H 

1 9  A 
H 

21 A 
H 

Key 

18 4 6  
2 0 

8 19  
1 6  3 

0 2 
18 2 2  

12 
1 

8 27 58 82 9 2  9 0  1 8  48 12 18 82 36 27 41 36 6 46 1 5  

9 6 24  
1 6 0 

4 6 4 0  
8 2 3  0 

12 1 4  54 34 16 2 4  
0 3 0 0 1 2 

11 24 0 0 4 1 3  1 6  8 3 0 
8 4 1 8  6 2 4  7 0 1 0 11 

5 1 5 4 
50 29  6 1 

7 
6 

1 4  
6 

4 6 3 4 
8 2 3  4 5 

0 
8 

41 
0 

4 1 
0 8 

9 
0 

6 
0 

7 
1 0  

1 
30 

24 
17 

4 
3 

4 
0 

0 3 2 2 
28 30 0 9 

4 0 7 0 
1 26 0 6 

0 
3 

3 
5 

DDF - deep digital  flexor; CT - cranial tibial; LGDE - long digital extensor; L TDE - lateral digital 
extensor; SDE - short digital extensor; L - left; R - right; A - atrophy; H - hypertrophy 
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APPENDIX 1 0  

The frequency of individual nerve fibre changes in the laryngeal and limb nerves o f  all horses examined 

Groups of Horses Clinical Subclinical Control 
Leg Examined Left Right Left Right Left Right 

Nerve Horse No. Horse No. Horse No. 

Recurrent laryngeal, 
proximal 2 + + I + + + + + +  + 3 0 1 +  0 

Recurrent laryngeal, 
distal + + +  + +  + +  + 0 

Common peroreal + 0 0 1 +  + 0 0 
Deep peroneal, proximal + I + + 0 1 +  + 0 0 0 
Deep peroneal , distal + 0 + I + + 0 0 
Tibial + 0 1 +  0 .0 + + 
Plantar 
Plantar digital + + +  + 0 0 0 

Recurrent laryngeal, 
proximal 4 + +  6 + + 0 5 + 0 

Recurrent laryngeal, 
distal + + +  0 0 1 +  0 

Common peroreal 0 0 0 0 0 1 +  0 
Deep peroneal, proximal + + 0 0 0 0 
Deep peroneal, distal + + I + + +  + 0 0 0 0 
Tibial 0 1 +  0 1 +  0 0 0 0 
Plantar 
Plantar digital + +  + I + +  + 0 1 +  0 + 

Recurrent laryngeal, 
proximal 7 + +  + 1 6  + 0 8 + + 

Recurrent laryngeal, 
di stal + + +  + +  + + + + 

Common peroreal 0 0 + + + 
Deep peroneal, proximal + 0 0 0 1 +  0 1 +  
Deep peroneal , distal + + + + 0 1 +  0 
Tibial 0 0 0 0 0 
Plantar + +  + +  + +  + I + +  
Plantar digital + + I + + +  + + +  + 0 1 +  + I + +  + I + + 

Recurrent laryngeal, 
proximal 9 + + + +  + + +  1 7  + + I + + +  1 0  + 0 

Recurrent laryngeal, 
distal + + + + +  + +  + + 0 

Common peroreal + 0 0 1 +  0 0 
Deep peroneal, proximal + + + +  0 + + 0 
Deep peroneal, distal + + + I + + +  + + 0 1 +  0 1 +  
Tibial 0 1 +  0 0 0 0 1 +  0 
Plantar + +  + + I + + +  0 0 + + + I + + +  
Plantar digital + + + + + I + + +  0 + + + + I + + +  

(continued over page) 

Key 
o - No individual nerve fibre changes + · Rare change, ++ · Occasional change, +++ - Frequent changes, 

++++ - Numerous changes 
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APPENDIX 1 0  (continued) 

Recurrent laryngeal, 
proximal 1 5  + + +  + + +  1 1  0 0 

Recurrent laryngeal, 
proximal + +  + + I + + + 0 1 +  0 

Common peroneal + + +  + +  0 0 
Deep peroneal, proximal + +  + +  + + 
Deep peroneal , distal + + I + + +  + +  + I + + + 
Tibial + I + +  + +  0 1 +  0 
Plantar + I + + + + +  + +  + +  
Plantar digital + + I + + +  + +  + +  + I + +  

Recurrent laryngeal, 
proximal 1 9  + + + I + + + +  + + + +  13  + 

Recurrent laryngeal, 
distal + +  + + +  0 1 +  

Common peroneal 0 0 + 0 
Deep peroneal, proximal 0 1 +  0 0 0 
Deep peroneal , distal 0 + + 0 
Tibial 0 0 + + +  + 
Plantar + 0 + I + + + + I 

+ + +  
Plantar digital + I + + + I + +  + + + +  

Recurrent laryngeal, 
proximal 2 1  + 1 8  + 

Recurrent laryngeal, 
distal + 

Common peroneal 0 1 +  + I + + 
Deep peroneal, proximal + +  0 
Deep peroneal, distal + 0 
Tibial + 0 1 +  
Plantar + + + I + + +  + + I  

+ + +  
Plantar digital + + I + + +  + +  + +  

Recurrent laryngeal, 
proximal 20 0 0 

Recurrent laryngeal, 
distal 0 1 + 0 

Common peroneal 0 0 
Deep peroneal, proximal 0 + 
Deep peroneal, distal + 0 
Tibial 0 + 
Plan tar + 
Plantar digital + + + +  
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Density (noJmm2 ) o f  nerve fibres in the limb nerves o f  horses examined i n  the clinical, subclinical and control groups 

Groups of Horses Clinical Subclinical Control 
Leg Examined Left Right Left Right Left Right 

Nerv e  Horse No . Horse No. Horse No. 

Common peroreal 2 1 0 ,626 1 1 ,793 6 5 ,042  6 ,209 3 5,084 3 , 167 
Deep peroneal proximal 9 , 334  1 1 ,543 7 , 542  6 ,25 1 4,667 6,376 
Deep peroneal distal 8 , 542  7 ,4 1 7 9 ,084  7 ,626 6,292 6,1 25 
Tibial 6,50 1 6 , 459 5,709 7 ,292 
Plantar 
Plantar digital 6,959 5 ,209 5 ,9 1 7  5,875 4 ,667 

Common Peroneal 4 1 6  4 , 5 4 2  5 7,75 1 4 ,9 1 7  
Deep peroneal proximal 9 , 1 67 6,376 4 ,  79 2 7,334 
Deep peroneal distal 5 , 834  8 ,25 1 7 , 79 2  5 , 4 59  1 1 ,293 1 0 ,042 
Tibial 6,583 7,9 1 7  6 ,209 6,667 8,00 1 
Plantar 
Plantar digital 5, 1 25 6,626 4 , 8 3 4  8 ,542 5 ,083 

Common peroreal 7 3,667 1 7  8 8, 1 67 9 ,50 1 
Deep peroneal proximal 3,9 1 7  8,75 1 3 ,4 1 6  6,667 6 ,084 
Deep peroneal distal 6 ,834  8 , 334  8 ,709 6,709 
Tibial 5 ,9 1 7  8 , 334  7 ,084  6,209 5 ,584 
Plantar 8 ,0 4 2  5 ,292 5 ,834  5,209 7,000 
Plantar digital 5, 1 67 2 , 709  4 , 8 3 4  5,375 9 ,209 

Common peroreal 9 1 2 ,959 7 ,292  10 7,626 8,292 
Deep peroneal proximal 5 ,375 6 ,083 9 ,334 6 ,542 
Deep peroneal distal 1 1 ,876 8 ,209 5,292 6 ,667 
Tibial 7 ,834 6,9 1 7  7,667 8 ,542 
Plan tar 5 ,792 4 ,9 1 7  8 ,334 7 , 1 26 
Plantar digital 4 ,583  5 ,083 5 ,4 1 7  5 ,625 

Common peroneal 1 5  1 1  7 ,292 
Deep peroneal proximal 7 ,834 4 , 3 3 4  9, 1 25 4 ,959 
Deep peroneal distal 8 ,4 1 7 5,792 7 ,084 
Tibial 8,667 8 ,084 8,709 8 ,626 
Plantar 4 ,500  4 , 709  8,376 6,41 7 
Plantar digital 5 ,375 4 , 000 5 ,709 5,9 1 7  

Common peroreal 1 9  8 ,00 1 13  
Deep peroneal proximal 4 ,4 1 7  8 , 1 26 7 ,334 
Deep peroneal distal 5 , 542  8 ,25 1 6 ,334 8 , 334 
Tibial 9 ,084  4 , 1 67 6,9 1 7  
Plantar 5,9 1 7  5 ,625 5,9 1 7  
Plantar digi tal 4 , 792  3 ,959 5 ,000 5 ,250 

Common peroneal 21 8 ,00 1 
Deep peroneal proximal 5 ,625 
Deep peroneal distal 7 ,376 
Tibial 5 , 709 
Plantar 5 , 1 25 
Plantar digital 5 ,792 
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APPENDIX 1 2  

Mean cross-sectional axonal area (Jlm2) in the limb nerves of all horses examined 

Groups of Horses Clinical Subclinical Control 
Leg Examined Left Right Left Right Left Right 

Nerve Horse No. Horse No. Horse No. 

Common p:Jroreal 2 8 8 6 2 3  3 0  3 3 4  4 4  
Deep peroneal proximal 1 4  1 0  1 6  2 4  23  32 
Deep peroneal distal 1 2  1 3  7 1 1  2 4  2 2  
Tibial 1 4  2 1  2 4  1 7  
Plantar 
Plantar digital 8 9 1 0  1 7  1 6  

Common �roreal 4 1 6  2 9  5 21 3 4  
Deep peroneal proximal 1 1  2 0  1 4  1 9  
Deep peroneal distal 1 0  1 3  1 3  2 4  1 1  1 4  
Tibial 2 0  1 8  2 4  20  1 7  
Plantar 
Plantar digital 1 2  9 1 1  9 1 4  

Common �roreal 7 5 2  1 7  8 2 2  2 2  
Deep peroneal proximal 4 2  1 4  5 7  21 2 4  
Deep peroneal distal 20  16  1 4  26  
Tibial 2 4  1 8  2 5  2 3  2 2  
Plantar 1 2  1 5  2 0  1 9  1 5  
Plantar digital 1 0  6 1 7  21 10 

Common �roreal 9 1 1  2 4  1 0  20  2 1  
Deep peroneal proximal 1 5  9 1 0  21  
Deep peroneal distal 9 8 2 3  1 4  
Tibial 2 0  2 0  1 9  13  
Plantar 1 3  2 0  1 1  9 
Plantar digital 1 7  1 2  1 1  6 

Common �roreal 1 5  1 1  20 
Deep peroneal proximal 1 2  3 5  13  28  
Deep peroneal distal 1 5  2 0  1 4  
Tibial 1 3  1 3  1 4  1 4  
Plantar 1 9  1 7  1 2  1 3  
Plantar digital 1 7  2 1  1 5  9 

Common peroreal 1 9  1 9  1 3  
Deep peroneal proximal 4 3  1 9  1 5  
Deep peroneal distal 1 9  1 3  1 6  1 5  
Tibial 1 6  1 4  20 
Plan tar 2 3  1 7  1 8  1 6  
Plantar digital 1 1  1 3  1 2  2 0  

Common p:Jroreal 2 1  1 3  
Deep peroneal proximal 2 5  
Deep peroneal distal 1 1  
Tibial 1 9  
Plantar 1 8  
Plantar digital 1 2  
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