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ABSTRACT 

The purpose of this study was to determine the age of onset, incidence 

and severity of neurogenic disease in the intrinsic laryngeal muscles 

of a single breed of competitive horse, the New Zealand Thoroughbred . 

Some palatal muscles from these horses were also studied to ascertain 
whether neurogenic disease occurred in them. 

The left and right dorsal cricoarytenoid, lateral cricoarytenoid, 

transverse arytenoid, ventricular, vocal, cricothyroid, hyoepiglottic, 

palatopharyngeal, palatine levator, palatine, and palatine tensor 

muscles were collected from some or all of 53 Thoroughbred horses. 
Forty-six of the horses had no history of upper respiratory tract 

abnormalities, six had suffered from idiopathic laryngeal hemiplegia 

and one from laryngo-palatal dislocation. For comparative purposes 

similar muscles from three ponies were also studied. 

The muscles were weighed and then frozen sections were prepared from 

them. Some of these were stained with haematoxylin and eosin and 

others to demonstrate the activity of myosin adenosine triphosphatase, 

succinate dehydrogenase and glycogen phosphorylase. These sections 

were then studied to determine the muscle fibre types present and 

their p roportions. The mean sizes of the groups of myosin adenosine 

triphosphatase low reacting fibres were measured as were the mean cross 

sectional areas of the fibres. Abnormal staining characteristics of 

the fibres were noted along with histological signs of denervation and 
reinnervation. Where possible this information was analysed to 

determine the significance of the differences observed between the 

measured mean values. 

A difference in weight between some of the left and right laryngeal 
muscles was found to be very common in Thoroughbred horses with no 

history of upper respiratory tract abnormalities. The left lateral 

cricoarytenoid muscle was lighter than the right in approximately 

half of these horses. This difference was significant between the 
muscles of these horses over three years of age and was most obvious 

in the muscles of the geldings. The left and right dorsal crico­

arytenoid muscles showed similar but not such marked differences. 

These differences were more obvious in the laryngeal hemiplegic horses. 
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The fibres of the intrinsic laryngeal muscles were predominantly highly 

reactive for the enzyme myosin adenosine triphosphatase with the 

ventricular and vocal muscl es having the highest proportions of these 
fibres and the cricothyroid and hyoepiglottic muscl es the l owest . 

Gl ycogen phosphoryl ase reactivity in these muscl es was again predominantl y 

high, and the fibres were al most exclusively, highl y reactive for 
succinate dehydrogenase. Neurogenic disease appeared to have an 
infl uence on the proportions of fibre types present in affected muscl es. 

The incidence of larger groups of myosin adenosine triphosphatase low 

reacting fibres in some of the left than right intrinsic iaryngeal 

muscles was al so very common in Thoroughbred horses with no history of 
upper respiratory tract abnormal ities. Eighty percent of these horses 

over three years of age had larger groups in their left than right 

l ateral cricoarytenoid muscles and the youngest horse where this 

difference was noted was six weeks old. The adductor muscles showed 
more evidence of this side difference in group size than the abductor 

muscles. 

The mean cross sectional area of the fibres of the intrinsic l aryngeal 

muscles studied increased till approximately the end of the third year 
of a horse's life. Neurogenic diseaseeventually reduced the cross 
sectional area of the fibres of affected muscles but early in its 

course it may have produced an increase in the mean cross sectional 

area of fibres. This increase occurred in mil dly affected and also 
in some unaffected mu�cles. The latter may have been required to 

increase their activity to compensate for inefficient function in 

atrophied muscles. 

The histological signs of denervation and reinnervation were also very 

common in the intrinsic laryngeal muscles supplied by the left 

recurrent laryngeal nerve. These signs were noted in almost 70% 

of the left lateral cricoarytenoid muscles from horses over one year 

of age, with no history of upper respiratory tract abnormalities. 
The incidence of these signs in the dorsal cricoarytenoid muscl e was 

lower but they appeared suddenl y  and severely in the l eft muscl es of 
horses during adolescence and early adult life. In the cricothyroid 

muscle which is not supplied by the recurrent laryngeal nerve, 

the only histological signs of this nature appeared in the muscles of 
. 
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a few of the aged horses. 

In the palatal muscles examined there was no evidence of a difference 
in weight between the left and right muscles and most of their fibres 

were highl y reactive for the three enzymes studied. There was no 

evidence of fibre type grouping resul ting from denervation and 
reinnervation and none of the other histol ogical signs resul ting 

from severe neurogenic disease were noted. 
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CHAPTER 1 GENERAL INTRODUCTION 

Diseases of the equine upper respiratory tract have for many years 

been of interest and concern to veterinarians. Two of these 

conditions which are of particular importance in the racehorse are 

idiopathic laryngeal hemiplegia and exercise induced laryngo-palatal 

dislocation. These two conditions may occur concurrently in the 

same horse and it has been suggested that they are aetiologically 

related (Quinlan, 1957 ; Cook, 1976). 

The incidence of these two conditions in New Zealand Thoroughbred 

horses has never been determined but in other parts of the world it 

has been estimated that five percent of Thoroughbreds become clinically 

affected with idiopathic laryngeal hemiplegia (Weiss, 1937) and approx­

imately one percent of hunters and racehorses with laryngo-palatal 

dislocation (Cook, 1965). 

Idiopathic laryngeal hemiplegia is known to be related to a neurogenic 
atrophy of the intrinsic laryngeal muscles supplied by the left 

recurrent laryngeal nerve (Cole, 1946). This atrophy apparently 

occurs far more widely in the horse population than is obvious 

clinically (Cole, 1946 ; Quinlan et al . ,  1975). Current methods of 

therapy for these two conditions are not always successful (Cook, 1981 ; 
Appendix 11) and so they are a significant cause of wastage of racehorses . 

The purpose of this thesis was to establish the extent and severity 
of neurogenic damage in the laryngeal muscles of New Zealand Thoroughbred 

horses and also to determine whether similar neurogenic changes occur 

in their palatal muscles . For comparative purposes, similar muscles 

from three ponies were also studied . 

1.1 Idiopathic Laryngeal Hemiplegia (Roaring) 

In 1825 Bouley first suggested that there was a correlation 

between the abnormal respiratory noise made by some horses during 
exercise and atrophy of some of their intrinsic laryngeal muscles (Cook, 

1976). The muscles involved were those supplied by the left recurrent 

laryngeal nerve (Cole, 1946). 
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The inspiratory dyspnoea and sterterous respiration at exercise which 
resulted, could be expected to markedly reduce a horse•s athletic 

ability. Cook (1981) estimated that in a situation where only 

intermediate abduction of the left arytenoid cartilage was possible, 
the rima glottidis only dilated to 65% of its full capacity. Under 

these circumstances the rima glottidis became the narrowest point of 

the horse•s airway. 

Cole (1946) considered that the dorsal cricoarytenoid muscle must 

atrophy by 50% or more before the clinical signs of roaring become 

apparent. If this atrophy develops slowly, then it would be expected 

that in a population of clinically normal horses there should be a 
number of subclinical laryngeal hemiplegics. Cole (1946) showed 
that this occurred when he found that 27% of randomly selected larynges 

had atrophy of one or more of the left intrinsic laryngeal muscles. 
This atrophy was thought to be a result of damage to the moto r inner­

vation of these muscles. 

With the introduction in recent years of the techniques of enzyme 
histochemistry the early intramuscular changes resulting from 

neurogenic damage can be clearly demonstrated. For this reason these 

techniques have been used in studies of equine intrinsic laryngeal 

muscles (Gunn, 1972 and.1973; Duncan et al., 1974). Using these 

techniques Gunn (1973) found changes which he considered characteristic 

of denervation and reinnervation in the left dorsal cricoarytenoid 

muscle of the foetal larynx. As a result of this finding he concluded 
that neurogenic disease could commence in equine laryngeal muscles 

before birth. Duncan et al., (1974) used similar histochemical 

techniques on a random series of equine intrinsic laryngeal muscles 

and were able to demonstrate neurogenic changes in some of the muscles 

f rom 30% of the horses. In the recurrent laryngeal nerves of these 
animals they noted a l oss of large myelinated nerve fibres which became 
more severe as the nerve progressed distally. 

A number of causal factors of laryngeal hemiplegia have been mentioned 

in the literature. Such factors as irritant perivascular or perineural 
injections (Marks et al., 1970)., accidents to the neck (Gilbert, 1972) 

guttural pouch mycosis (Cook, 1976), neoplasia (Hoare, 1915; Cook, 1976), 
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organophosphate (Rose, 1978), o r  lead intoxication (Thomassen, 1902; 

Hoare, 1915), vitamin deficiency (loew, 1973; Cymbaluk et al., 1977), 

or plant poisoning (Kainbach and Habersang, 1914; Hoare, 1915; 

Williams, 1945; Kral, 1951; Frank, 1953; Schebitz, 1964; Neal and 

Ramsey, 1972) may cause damage to the vagus or recurrent laryngeal 
nerves. However, according to Goulden and Anderson (Appendix 10) 
these factors are not apparently involved in the majority of cases of 
this disease in the New Zealand environment. Many authors consider 
that the neurogenic muscle damage which occurs in this disorder is 
related to recurrent laryngeal nerve dysfunction resulting from the 

effects of bacterial or viral agents (Bouley, 1825; Fergusson, 1838; 

Argyle, 1934; Neumann-Kleinpaul and Tabbett, 1936; Williams, 1945; 

Frank, 1953; Quinlan, 1957; Maguire, 1958; Pires, 1958; Schebitz, 

1964), mechanical damage to the nerve due to compression (Bouley, 1825; 
Fergusson, 1838; Haslam, 1893; Vermeulan, 1913; Hoare, 1915; 

Argyle, 1934; Hutyra et al., 1938) or tension and stretching (Martin, 

1887; Narez, 1913; Argyle, 1934; Frank, 1953; Rooney and Delaney, 

1970; Marks et al., 1970; Cook, 1970). 

Whatever the cause of the neurogenic muscle damage it seems that the 

condition is widespread. .fts frequency is not yet well established 

and for this reason a survey.of the weights, histochemistry and pathology 
of some laryngeal muscles from New Zealand horses was performed. In 

addition to establishing the incidence and severity of neurogenic 

atrophy in equine laryngeal muscles the objectives of this study were 
to provide a histochemical profile of these muscles so that subtle 

changes resulting from neurogenic disease could be recognised. 

For an understanding of the muscles studied a brief account of their 

anatomy is included. 

1.2 The Anatomy of Some Equine laryngeal Muscles 

The attachments and relationships of the intrinsic laryngeal muscles 

to the laryngeal cartilages of the horse have been described by Sis son 

and Grossman (1975), Seiferle (1975) and Quinlan (1976). They are 

illustrated in Figure 1. 



FIGURE 1 The anatomical relationship between the equine 

intrinsic laryngeal and hyoepiglottic muscles 

and the laryngeal cartilages and hyoid bone. 

A section has been removed from the thyr� d 

cartilage to allow visualization of the lateral 

cricoarytenoid, vocal and ventricular muscles 
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muscle 

Dorsal cricoarytenoid 
muscle 

Arytenoid cartilage 

Cricoid cartilage _____ _. 

Thyroid cartilage 

Vocal muscle 

Lateral cricoarytenoid muscle 

Cricothyroid muscle 

Epiglottic 
�---- cartilage 

___ Hyoepiglottic 
�- muscle 



2 0  

1.2.1 Dorsal Cricoarytenoid Muscle 

This is a bul ky fan-shaped muscle (Figs.1,2} which 
originates on the dorsal l amina of the cricoid cartil age, and its 

median ridge. Its fibres converge to insert on the muscular process 

of the ipsil ateral arytenoid cartil age. Grossl y the muscl e appears 

to have two parts. Those fibres originating on the median ridge 
and the caudal border of the l amina of the cricoid cartilage pass 

anterol ateral l y  in an oblique direction towards the muscular process 

of the arytenoid cartilage. Those fibres originating on the more 

l ateral aspect of the l amina of the cricoid cartilage have a more 
anterior to posterior course and attach on the l ateral aspect of the 

muscul ar  process. The dorsal cricoarytenoid muscl e is the major 

abductor of the l arynx (Goul den et al ., 1976). 

1.2.2 Lateral Cricoarytenoid Muscl e (Figs.1, 3) 

This is a triangul ar-shaped muscl e lying .. medial to the 

lamina of the thyroid cartilage. It originates on the anterior border 

of the l ateral part of the arch of the cricoid cartil age and passes 

dorsally to insert on the ventral aspect of the muscular process of 

the arytenoid cartilage. The action of this muscle is to adduct the 

l arynx (Goul den et al . ,  1976). 

1.2.3 Transverse Arytenoid Muscle (Figs.1, 4) 

This is a rel ativel y thick, fan-shaped muscle which occupies 

the concave dorsal surface of the arytenoid cartilage. It originates 

from the muscular process of this cartilage and the ridge which extends 

in an anterior direction from it. The muscle joins its contral ateral 

partner along a midline fibrous raphe. The muscle acts as a laryngeal 

adductor (Goulden et al., 1976}. 

1.2.4 Thyroarytenoid Muscl es .(Figs.1, 5) 

The thyroarytenoid muscl es in the horse are present as 

separate ventricul ar and vocal muscl es. The ventricul ar muscle is 

a thin fl at sheet of muscl e (Fig. 5} lying medial to the thyroid l amina. 

Al ong with the ventricu1arl igament it is contained within the ver,tr-ic.:.ul�r 

fold. Its fibres originate from the anterior part of the cricothyroid 
membrane and the ventral border of the medial aspect of the thyroid 



FIGURE 2 

FIGURE 3 

FIGURE 4 

The left and right dorsal cricoarytenoid 

muscles. The sampl e for processing has 

been cut from the left �uscl e 

The left and right lateral cricoarytenoid 

muscles. The sampl e for processing has 

been cut from the centre of the left 

muscle 

The left and right transverse arytenoid 

muscles . The sample for processing has 

been cut from the centre of the l eft muscle 



I 

I I 
I 
I I 
I I 
' 



2 1  

lamina near the midline. The fibres run in a dorsal and posterior 

direction to end on the anterior border of the muscular process of 

the arytenoid cartilage. Some of the anterior fibres of this muscle 

continue over the muscular process and transverse arytenoid muscle 

to join with simil ar fibres from the contral ateral ventricul ar muscle. 

The ventral extremity of the ventricular muscle is related on its medial 
aspect to the cuneiform process of the epiglottis and al so to the 

ventricular ligament which arises from the cuneiform process and ends 

on the lateral surface of the vocal process of the arytenoid cartilage. 

The vocal muscl e is a flat muscl e (Fig. 1) l ying medial to the thyroid 

lamina. It is separated from the ventricular muscl e by the l aryngeal 

saccule and al ong with the vocal ligament occupies the vocal fol d. 
The vocal muscle has its origin on the cricothyroid membrane and the 

medial aspect of the ventral thyroid lamina. Its fibres pass l ateral 
and posterior to the vocal ligament, and insert on the ventral aspect 

of the muscular and vocal processes of the arytenoid cartil age. The 

ventricular and vocal muscles act as laryngeal adductors (Goulden et al., 

1976) and control the vocal cords (Sisson and Grossman, 1975). 

1. 2. 5 Cricothyroid Muscle (Figs. !, 6) 

This is a short relatively thick muscle which originates 

from the ventral and lateral aspect of the cricoid arch and passes 

anterodorsally to insert on the posterior border and posterolateral 

aspect of the thyroid lamina as far dorsally as its caudal cornu. This 

muscle is most active during inspiration and has a laryngeal stabilising 

function (Goulden et al., 1976). 

1.2.6 Hyoepiglottic Muscle (Figs.1, 11) 

The hyoepiglottic muscle is an extrinsic muscle of the larynx 

and was examined in some of the horses in this study. It is a short 
rounded muscle which originates from the body of the hyoid bone on the 

midline. It tapers dorsally and inserts on the oral surface of the 

epiglottis. The muscle is enclosed in an elastic sheath, the hyo­

epigl ottic ligament. Contraction of this muscle draws the epiglottis 

down and towards the root of the tongue (Sisson and Grossman, 1975). 



FIGURE 5 

FIGURE 6 

The left and right ventricular muscles. 

The sample for processing has been cut 

from the centre of the left muscle 

The left and right cricothyroid muscles. 

The sample for processing has been cut 

from the centre of the left muscle 
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1.3 Laryngo-palatal Dislocation 

A number of horses with exercise induced respiratory abnormalities 

exhibit signs such as 11tongue swal lowing11, 11gurgl ing11 , 11breath hol ding11 

or 11Choking Up11• The onset of these signs, often towards the end of 

a race, is usual l y  associated with a sudden decrease in respiratory 

efficiency and so the horse is unabl e to continue racing at its previous 

pace (Cook, 1965). If these horses are examined endoscopical l y  while 

the abnormal respiratory noise is stil l present, the soft pal ate may be 
found to be displ aced above the epiglottis, thus partial ly obstructing 

the nasopharyngeal airway. 

This soft pal ate abnormal ity was considered to be a functional probl em 

associated with nerve or muscl e weakness in which no organic l esion was 

demonstrabl e by routine cl inical examination, endoscopy or radiography 

(Cook, 1962). Some authors have stated that in horses exhibiting 

cl inical signs of this syndrome the soft pal ate was too l ong (Cook, 

1965), thinner than normal or atrophied on its l eft side (Quinl an, 1957), 

or sometimes infl ammed or ul cerated (Cook, 1965, 1981). It has al so 

been suggested that in some of these cases the epigl ottis was shorter 

than normal (Haynes, 1981) . 

The disease was originall y cal l ed ••soft pal ate paresis11 as it was thought 

that the muscl es of the soft palate or pharynx may be subjected to a 

neurogenic myopathy similar to that which occurs on the l eft side of 

the l arynx (Quinl an et al., 1949; Quinlan, 1957; Cook, 1962; Johnson 

and Merriam, 1975; Raker, 1975). This idea has been given support 

by Heffron and Baker (1979b). who found that some horses which had 
suffered from l aryngo-palatal dislocation showed signs of paresis of the 

muscles of the pharynx or soft pal ate when they were examined with an 

endoscope. Signs of neurogenic dysfunction of other structures suppl ied 

by the motor nerves of the palatal muscl es however have usual l y  not been 
recorded as part of the laryngo-pal atal disl ocation syndrome (Heffron 

and Baker, 1979b; Cook, 1981). 

The onl y information avail abl e on the pathol ogy of pal atal muscl es from 

horses which had suffered from l aryngo-palatal disl ocation comes from 

work carried out by Bl ythe et al ., (1980). These workers observed 

lesions in pal atine muscl es which they considered were characteristic 

of a low grade non-specific myopathy rather than neurogenic disease. 
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Apart from paresis of the palatal muscles many other factors have been 

implicated as possible causes of laryngo-palatal dislocation. A study 

of these factors was not within the scope of this thesis, a purpose 

of which was to investigate the possibility that neurogenic disease 

may occur in equine palatal muscles. For this reason some of these 
muscles were studied using the same horses and techniques as for the 

laryngeal muscles . A brief account of the anatomy of these muscles 
is included. 

1.4 The Anatomy of Some Equine Palatal Muscles 

The muscles examined in this study were those which had direct 

attachments to the soft palate and so could be regarded as intrinsic 
palatal muscles. They are illustrated in Fig. 7. 

1.4.1 Palatopharyngeal Muscle (Figs.7, 8) 

This muscle is one of the pharyngeal constrictors and 

originates by way of the aponeurosis of the soft palate from the 

palatine and pterygoid bones. Some of its fibres attach to the 

anterior aspect of the eustachian tube. The muscle passes in a 

posterior direction in the lateral wall of the pharynx. Some fibres 

are inserted onto the upper edge of the thyroid cartilage and some turn 
medially to end at the midline fibrous raphe (Sisson and Grossman, 

1975). 

When the muscle contracts it shortens the pharynx and pulls the larynx 

and oesophagus towards the root of the tongue. It also depresses the 

pharyngeal roof and its action is important in closing of the naso­

pharyngeal sphincter (Heffron and Baker, 1979c). It has been proposed 

that it also plays a part in opening the ostia of the auditory tubes, 

(Heffron and Baker, 1979a). As the muscle is involved in both 

increasing the size of the guttural pouches (by depressing the pharyngeal 

roof) and opening the auditory tube ostia, Heffron and Baker (1979c) 

have proposed that it may be part of an active pump which ensures air 

exchange in the guttural pouches. The muscle may also play a part in 

tensing the soft palate. 



FIGURE 7 The anatomical relationships of equine 

palatal muscles 
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1.4.2 Palatine Levator Muscle (Figs.7, 9) 

This muscle consists of a relatively thin flattened band 
of muscle fibres which originate from the muscular process of the 

petrous temporal bone. The muscle passes anteroventrally, deep to 

the pharyngeal constrictor muscles, and then turns medially into the 

soft palate above the glandular layer. Here it widens slightly and 

joins its contralateral partner on the midline of the soft palate 

(Sisson and Grossman, 1975). The muscle thus forms a sling approx­

imately midway between the hard palate and the free border of the 

soft palate. Its action is to elevate the soft palate and so it is 

important in closing the nasopharyngeal sphincter during deglutition 

(Heffron and Baker, 1979c; Cook, 1981). 

1.4.3 Palatine Muscle (Figs. 7, 11) 

This muscle consists of two circular bundles of muscle 

fibres which lie together on the midline of the soft palate. It 

originates by way of the palatine aponeurosis from the palatine bones, 

passes through the sling of the palatine levator muscle and ends near 

the free edge of the soft palate. Some bundles of its fibres continue 

a short distance into the posterior pillars of the soft palate (Sisson 

and Grossman, 1975). Its action is to shorten the soft palate. 

1.4.4 Palatine Tensor Muscle (Figs.7, 10) 

This is a bulky muscle with a flattened cross section. It 

originates from the muscular process of the petrous temporal bone, the 

pterygoid bone and the lateral lamina of the eustachian tube and passes 

anteroventrally, lateral to the palatine levator muscle. It terminates 

in a tendon which passes around the lateral surface of the hamulus of 

the pterygoid bone. The tendon is attached to the hamulus by a fibrous 

band and cushioned by a bursa. After passing the hamulus the tendon 

is redirected medially and fans out into the aponeurosis of the soft 

palate (Sisson and Grossman, 1975). 

The action of the muscle is to tense and depress the rostral one third 
of the soft palate. It can thus oppose the negative pressure generated 

in the nasopharynx during inspiration (Heffron and Baker, 1979c). This 
stiffening of the anterior aspect of the soft palate is also important 



FIGURE 8 The left and right palatopharyngeal muscles. 
The sample for processing has been cut from 

the centre of the left muscle 

FIGURE 9 The left and right 

palatine levator muscles. 

The sample for processing 

has been cut from the 

centre of the left muscle 

FIGURE 10 The left and right 

palatine tensor 

muscles. The medial 

surface of the left 

muscle and the 

lateral surface of 

the right muscle 
are facing the reader. 
The sample for 

processing has been 
cut from the centre 

of the left muscle 
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in aiding the root of the tongue in propelling a bolus of food into 

the oropharynx during the first stages of swallowing ( Heffron and 

Baker, 1979c ) . It has also been proposed that the muscle may play 

a part in opening the ostia of the auditory tubes during deglutition 

( Heffron and Baker, 1979a ). 
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CHAPTER 2 MATERIALS AND METHODS 

2 . 1  Horses Used in the Study 

During the years 1975-1980 tissues were obtained from 56 horses . 

Most of these animals were submitted for post mortem examination at 

the Massey University Veterinary Hospital but a few were destroyed 

at a local knackery . A foetus was obtained from a mare destroyed in 

her 10 month of pregnancy . Fifty-three of the horses were Thoroughbred 

and three were ponies . Their ages ranged from before birth, to older 
than 20 years . 

The laryngeal movements of some of the horses were examined endoscopically 

but as in the early stages of the study, only a rigid rhinolaryngoscope* 

was available, this was not always possible . Forty-ni.ne of the horses 

were selected because they had no history of upper respiratory tract 

abnormalities and for the purposes of this study they have been classified 
as the 11normal11 horses (Table 1). Seven of the horses were selected 

because they were known to have abnormal upper respiratory tracts . In 

these seven horses a diagnosis (Table 2) was made after observing their 
clinical signs and examining their pharynx and larynx with the rigid 

rhinolaryngoscope or later in the study with a flexible fibreoptic 
+ endoscope . These seven horses, for the purposes of this study, were 

classified as the abnormal horses . 

2 . 2  Tissue Collection 

Each horse was anaesthetised by injecting 10-12 grams of Pentobarbitone 

sodium
* 

into the jugular vein . When the horse became recumbent it was 

exsanguinated by transecting the carotid arteries . The head was then 

removed by disarticulation of the occipital condyles and atlas . 

A dissection to expose the left pharynx and larynx was then undertaken . 

* Frese's rhinolaryngoscope, Hauptner Instruments, Germany . 

+ F8 Panendoscope, American Cystoscope Makers Inc . 

* Euthesate, Willows Francis . 
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The skin from the left lateral aspect of the head ventral to the orbit 

was excised . The origins and insertions of the left masseter muscle 
were sectioned and the body of the muscle removed. The left mandible 

was then removed by sawing through the horizontal ramus caudal to the 
incisor teeth and through the vertical ramus ventral to the coronoid 

and condylar processes. The origin of the medial pterygoid muscle 

on the pterygoid process of the sphenoid and palatine bones (Sisson and 
Grossman, 1975) was then carefully sectioned to avoid damaging the 

underlying palatine tensor muscle. The left guttural pouch was by this 

stage usually open and the stylohyoid bone and muscle exposed and readily 

removed. The tongue was then divided just anterior to the pharynx and 

removed. The left lateral wall of the pharynx was then exposed. The 

palatopharyngeal muscle was identified and a section app�oximately three 
centimeters long was removed from its body. 

The pterygopharyngeal muscle was then divided and the left palatine 

levator muscle exposed . Its origins were sectioned and the body of the 

muscle freed down to the point where it joined its contralateral partner 
on the midline of the soft palate. The two muscles were divided exactly 
on the midline. 

The double bundle of the palatine muscle could then be identified 
running longitudinally through the glandular tissue of the soft palate. 

Approximately three centimeters of the mid section of the body of this 

muscle were removed. 

The left palatine tensor muscle was then sectioned at its origin and the 

muscle freed to the point where its tendon of insertion was reflected 
around the hamulus of the pterygoid bone. This tendon was then divided 

and the whole muscle body removed. 

The right lateral wall of the pharynx was then removed and the right 

guttural pouch opened. The right palatine levator, palatine tensor 

and palatopharyngeal muscles were then collected. 

The left lateral aspect of the larynx was exposed by excising the skin, 

the linguofacial vein and the remnants of the sternothyrohyoid, 

omohyoid, sternocephalic and brachiocephalic muscles. The thyropharyngeal 

and cricopharyngeal muscles were also removed and discarded. 
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The entire bodies of the left cricothyroid and left dorsal 

cricoarytenoid muscles were then collected. 

The cricothyroid joint was disarticulated and the left lamina of the 
thyroid cartilage removed. The left lateral cricoarytenoid muscle 

was then dissected from its cartilagenous attachments. 

The left transverse arytenoid muscle was collected by severing its 

attachments and separating it from its contralateral partner along 
the midline fibrous raphe. (Sisson and Grossman, 1975). 

In some cases (Table 3) the ventricular, vocal and hyoepiglottic 
muscles were collected. 

This completed the dissection of the left laryngeal musculature. 

The larynx was then separated from the thyroid cornua of the hyoid 
bone and the right side exposed. A collection technique identical to 
that described for the left side was performed to obtain the corresponding 

right muscles. Each muscle after collection was placed on a labelled 
tray (Fig. 11.). 

2.3 Processing of Muscle Samples 

As soon as possible after the death of the horse the fresh wet 

weights of the dorsal and lateral cricoarytenoid, transverse arytenoid, 

ventricular, cricothyroid, palatine levator and palatine tensor muscles 

were obtained using a Sartorius top pan balance. 

Each individual muscle was then prepared for frozen sectioning. A 

block approximately one cm square was cut from the centre of the muscle 
body using a No.20 disposable scalpel blade. Care was taken to ensure 

that the block came from the same area of the same muscles from each 

horse (Fig. 12). One face of the block was cut perpendicular to the 

long axis of the muscl e  fibres. It was from this face that subsequent 

transverse sections were cut. 

Approximately 100ml. of Isopentrane* were placed in a stainless steel 

* 2-Methybutane, Isopentrane, Koch-Light Laboratories Ltd., Coinbrook, 
Bucks, England. 



FIGURE 11 Some of the intrinsic laryngeal and palatal muscles 

and the hyoepiglottic muscle from a 11normaP horse 

L t = 1 eft ; RT = right 

D . C . A . M .  = dorsal cricoarytenoid muscle 

L . C . A . M .  = lateral cricoarytenoid muscle 
C . T .  = cricothyroid muscle 

T.A . = transverse arytenoid muscle 

VENT . = ventricular muscle 

PAL = palatine muscle 

L.P. = palatine levator muscle 

T . P. = palatine tensor muscle 

P.P. = palatopharyngeal muscle 

H . E .  = hyoepiglottic muscle 

FIGURE 12  The same muscles as in Figure 11  cut to illustrate the 
sites in the centre of the muscle bodies from which 

the samples for processing were cut 
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beaker (Fig. 13). The Isopentrane was cool ed to its mel ting point 

(-51°C) by gentl y  l owering the beaker into a pol ystyrene vessel 

(Fig. 13) containing approximatel y  500ml . of l iquid nitrogen. The 

muscl e bl ock was then mounted in a smal l wire mesh basket (Fig. 13) 

so that the face from which sections were to be cut was uppermost. 

When the Isopentrane was nearing its freezing point (as evidenced by 

Isopentrane sol idifying on the wal l s  of the beaker) the basket 
containing the muscl e bl ock was immersed under its surface and so the 
muscl e  rapidl y  frozen. 

The bearing surface of a cryostat chuck (22mm diameter, Fig. 13) 

which had been precool ing on the quick freeze stage of the cryostat* 

was then coated with embedding medium+. Once the medium had reached 

a tacky consistency the muscl e bl ock was removed from the basket and 

its appropriate surface fixed to the cryostat chuck. 

The chuck and muscl e bl ock were then mounted in the cryostat which was 
hel d  at -25°C, and the face of the bl ock transverse to the muscl e 

fibres was trimmed. Once good qual ity transverse sections were being 

obtained the cryostat was set to cut sections 10 �m thick. Then, 

four consecutive sections were cut from the bl ock and mounted on cl ean, 
l abel l ed, microscope s l ides at room temperature. 

In this way four serial transverse frozen sections were obtained from 

each of the muscl es incl uded ) n  the study. 

One of the serial sections was then stained to demonstrate the activity 

of the enzyme myosin adenosine triphosphatase (myosin ATPase) using 

the method of Padykul a  and Herman (1955) as modified by Davies and Gunn 
(1972 ; .  Appendix 1) . The others were stained for succinate dehydro­
genase (SDase) activity (Nachl as et al ., 1957 ; Appendix 2), gl ycogen 

phosphoryl ase (GPase) activity (Takeuchi, 1956 ; Appendix 3) and with 
haematoxyl in and eosin. 

* Lipshaw El ectric cryotome. Model No. 1500. 

Lipshaw Manufacturing Co. , Detroit, 10 Michigan U.S. A. 

+ Tissue Tek II O.C.T. Compound embedding medium 
Lab-Tek Products, Mil es Laboratories Inc., Napervil l e, Il l inois 
60540 U.S.A. 
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2.4 Data Collection 

The stained sections of the muscles from each horse were then 

examined using the 10x and 40x objective of a light microscope* to 

ensure that they were of consistently high quality. Sections were 

rejected if they were not transverse ; not evenly stained ; had 

excessive ice artifact or, in the case of the myosin ATPase sections, 

excess cobalt sulphide precipitate. 

The following features were noted : 

1. Presence or absence of fibre type grouping 

2. Muscle fibre shape and size variation 

3 .  Density and distribution of nuclei 

4. Amount of intramuscular connective tissue 

5. Presence or absence of abnormally stained fibres such as 
targetoid fibres 

6. Any other notable staining characteristics. 

+ The sections were then projected onto tracing paper using a micro-
projector• mounted on the tracing table illustrated in Fig. 14. · 

Areas of the sections were selected so that the same fascicle could 

be identified in each of the four serial sections. The section 

which had been stained for the activity of myosin ATPase was then 

used to make tracings of two individual muscle fascicles (bundle A 

and bundle B) for each section. Approximately 200 individual muscle 

fibres per section, were traced in this way. 

* American Optical Series 10 Microstar, Scientific Instruments 
Division, Buffalo, N. Y. 14215, U. S. A. 

+ 110g/m2 surglace, Les Papiers, Canson France, Anciennes Manufacturers, 
Canson and Montgolfier, France 

• Leitz, Micro Promar, Ernst Leitz, Wetzlar, Germany. 
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The 10x objective of the microprojector was used for making the 

tracings and the apparatus il l ustrated in Fig. 14 produced a 

magnification of x400 . The system was cal l ibrated using a 0 . 01mm . 

objective micrometer (Ol ympus, Tokyo) . 

The enzyme 1 evel of each fibre, cl assed as either myosin ATPase high 

(AH, black-brown stained fibres·) er . myosin : ATPase · l ow . (AL , . pal e, grey­

white fibres) was marked on the tracing. 

The section stained for the activity of SDase was then back projected 

onto the tracings of bundl e A and bundl e B and the l evel of this enzyme 

in each fibre marked on the tracings. Al l those fibres which showed 

evidence of an overal l bl ue col ouration were cl assed as SDase high (SH). 

Those fibres which appeared pal e in col our or had onl y sl ight bl ue 

stippl ing were cl assed as SDase l ow (SL). 

In a simil ar manner the section stained for the activity of the enzyme 

GPase was back projected onto the tracings. Al l those fibres having 

evidence of bl ue col ouration were regarded as GPase high (PH) and 

those without as GPase l ow (PL). The GPase reaction of each fibre 

was al so marked on the tracings. 

Once the tracing was compl ete the fol l owing information was col l ected 

for each fascicl e :  

1 .  Total number of fibres 

2. Histochemical fibre types 

3 .  Size of groups of AL fibres 

4 .  Abnormal fibre types. 

The tracings were then cut so that the AH and AL fibres could  be 
separated. The sections of paper representing these two fibre types 
were then weighed* and this weight converted to the original mean fibre 

area using a conversion factor cal cul ated with the cal ibration sl ide 
and a known weight and area of tracing paper. 

* Mettl er Bal ance, Type H6 
E. Mettl er, Zurich, Switzerl and. 
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In this way a mean fibre area for AH and AL fibres was obtained for 

each muscl e fascicl e  traced. 

2.5 Data Processing 

The information for the muscl es from each horse was then compil ed 

as il l ustrated in Appendix 4.1. Al l the information col l ected was 

arranged in this manner and is presented in Appendix 4.2 . The data 

were typed into a Prime Computer and anal ysed using a Genstat 

statistical package*. 

The anal ysis enabl ed each of the fol l owing variabl es to be examined 
separatel y :  

1. Muscl e weights 

2. Proportion of AH to AL fibres 

3. Proportion of ALSHGH to ALSHGL fibres 

4. Size of groups of AL fibres 

5 .  Area of AH and AL fibres. 

Mean val ues for each of these variabl es were obtained for each of 

the fol l owing groups : 

1. Al l 11normal 11 horses 

2. 11Normal 11 horses three years of age and under 

3 .  11Normal 11 horses over three years of age 

4 .  Al l abnormal horses 

5. Abnormal horses three years of age and under 

6 .  Abnormal horses over three years of age. 

Within each of these groups of horses the anal ysis provided : 

1 .  An overal l mean val ue of the variabl e  being examined 

2. A mean val ue of the variabl e  for entire mal es, femal es and gel dings 

* Laws Agricul tural Trust (1980). Rothamsted Experimental Station, 
Engl and. 
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3. A mean val ue of the vari abl e  for the l eft and ri ght musc l e  

4 .  A mean val u e  o f  the vari abl e for the l eft and ri ght muscl e 

wi th i n  each of the sex groups 

5 .  An anal ys i s  of vari ance to determi ne the s i gn i fi cance o f  the 

d i fferences of the means between sexes , between s i des and between 

s i des wi th i n  sexes . The analys i s  al so provi ded i nformati on to 

a l l ow for testi ng of the s i gni fi cance of the d i fference of the 

means between age groups and between . . normal .. and abnormal horses 

where numbers were suffi c i ent . 

An exampl e of the analys i s , i n  thi s case the area of AH fi bres of the 

l ateral cri coarytenoi d muscl e i s  provi ded i n  Append i x  5 .  Occas i onal l y  

i t  was necessary to further analyse the data grouped for mal es and 

femal es or to trans form the data to natural l ogari thms for analys i s .  

When the di fference between means was s i gni fi cant at the 10% l evel or 

l ess  th i s  i nformati on has been i ncl uded i n  the appropri ate resul ts 

secti on of thi s  thes i s .  
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TABLE 1 HORSES WITH NO HISTORY . OF UPPER RESP IRATORY TRACT 
ABNORMAL I T I ES ( 1'NORMA�' HORSES ) 

NUMBER BREED AGE 

1 TB before term 

2 TB 2 hou rs 

3 TB 12 hou rs 

4 TB 1 day 

5 TB 1 day 

6 TB 1 day 

7 TB 2 . days 

8 TB 2 days 

9 TB 5 days 

10 TB 1 month 

1 1  TB 1 . 5  months 

12  TB  3 months 

13  TB 6 months 

14 TB 7 months 

15  TB 8 months 

16 TB 8 months 

1 7  TB 1 year 

18 TB 1 year 

19 TB 1 year 

20 TB 1 year 

21  TB 1 . 25 years 

22 TB 1 . 5  years 

23 TB 2 years 

24 TB 2 years 

TB = Thoroughbred 

M = Enti re Mal e 

F = Femal e  

G = Gel d i ng 

NR = Not recorded 

SEX NUMBER BREED AGE 

F 25 TB 2 years 

M 26 TB 2 years 

M 28 TB 2 . 5  years 

F 31  TB 3 . 5  years 

M 32 TB 4 years 

F 34 TB 4 years 

F 35 TB 4 years 

F 36 TB 5 years 

M 37 TB 5 years 

NR 38 TB 5 years 

M 39 TB 6 years 

F 41 TB 7 years 

F 42 Pony 10 years 

F 43 TB 12  years 

F 44 TB 12 years 

F 45 TB 12 years 

M 46 Pony 14 years 

F 48 TB 19 years 

F 50 TB over 20 
years 

F 51  TB 11  

M 52 TB 1 1  

M 53 TB 1 1  

M 54 TB 11  

F 55 TB 11  

56 Pony 10 years 

SEX 

G 

F 

M 

G 

G 

F 

G 

G 

G 

G 

G 

G 

F 

F 

G 

F 

G 

G 

F 

F 

F 

F 
F 

NR 

G 
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TABLE 2 HORSES W ITH CL IN ICALLY ABNORMAL UPPER RESP I RATORY 
TRACTS ( ABNORMAL HORSES ) 

NUMBER BREED AGE 

27 

29 

30 

33 

40 

47 

49 

TB 

M 

F 

G 

TB 

TB 

TB 

TB 

TB 

TB 

TB 

= Thoroughbred 

= Enti re Mal e 

= Femal e 
= Gel d i ng 

2 years 

3 years 

3 years 

4 years 

6 years 

15 years 

20 years 

I . L . H  = Id i opath i c  l aryngeal hemi pl eg i a  

L .  P .  D = Laryngo- pa l ata 1 d i  s 1 ocati on 

SEX CL I N I CAL DIAGNOS IS  

F I . L . H .  

M L . P . D .  

F I . L . H .  

M I . L . H .  

G I . L . H .  

F I . L . H .  

M I . L . H .  



LT. RT. 
D- C . R . M .  

PA L .  

LT RT. 
D- C . R . M .  

PA L .  

cm l i l i l i l ! l i l i l ! l l l l l l l l l l l l l l l l l  
0 1 2 3 4 5 6 7 8 9 10 

LT. RT. 
L . C . A. M . 

LT. RT. 
l. P. 

Lt. RT. 
CT. 

LT . RT. 
T ? 

LT. R.T. 
T A . 

LT . RT. 
P P.  

cm l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  
0 1 2 3 4 5 6 7 8 9 10 

LT. RT. 
L . C . A. M .  

LT. RT. 
L. P. 

LT .  RI . 
. T. ?. 

LT. RT. 
T A . 

L1 . RT. 
P P. 

LT. RT. 
V E N T. 

H E. 

LT. RT 
V E N T. 

H E. 



F IGURE 1 3  

F IGURE 1 4  

Some o f  the equi pment used for freez i ng and 

mounti ng the muscl e b l ocks 

The mi croproj ector and traci ng tab l e  used 

duri ng th i s  study 
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Horse 
No. 

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

1 0. 
1 1 .  
1 2. 
1 3. 
1 4. 
1 5. 
1 6. 
1 7. 
1 8. 
1 9. 
20. 
21 . 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31 . 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41 . 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
5 1 .  
52. 
53. 
54. 
55. 
56. 

Muscle 
weights 

Dorsal 
cricoarytenoid 

Lt Rt 

Lateral 
cricoarytenoid 

Lt Rt 

TABLE 3: M USCLES EXAMINED IN HO RSES STU DIED 
( *  = muscle col lected) 

Cricothyroid 

Lt Rt 

Transverse 
arytenoid 

Lt Rt 
Ventricular 

Lt Rt 
Vocal 

Lt Rt 
Hyoepiglottic 

Palatine 
levator 

Lt Rt 

Palatine 
tensor 

Lt Rt 
Palatopharyngeal 

Lt Rt 
Palatine 
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THE WE I GHTS O F  INTRINS I C  LARYNGEAL MUSCLES I N  
1 1NORMAL "  AND ID I OPATH I C  LARYNGEAL HEMI PLEG I C  HORSES 

3. 1 I ntroduct i on 

I n  1946 when Co l e  re corded h i s observati ons  on a seri es of  174 

equi ne l arynges he stated that 27% of them s howed atrophy of one or 
more l eft i ntri ns i c l aryngeal musc l e s . Of those  wi th atrophy on ly  
one  quarter had shown c l i n i cal s i gns of  roari n g . From h i s  f i ndi ngs  
he  conc l uded that the  dors a l  cri coa rytenoi d mus c l e must atrophy by 
50% or more before c l i n i ca l  s i gns  of roa ri ng we re exh i b i te d .  Col e 
found th at on l y  4 . 6% of the l arynges h ad b i l ateral  atrophy and none 
h ad uni l ateral  ri ght s i ded atrophy . He  a l s o  cons i dered  th at the 
l eft dors al  cri coarytenoi d ,  the l eft transverse aryteno i d ,  the l eft 
l ateral cri coarytenoi d ,  the l eft ventri cul ar and the l eft voca l 
mus c l e were affected i n  decreas i ng o rde r of s everi ty .  Col e ' s  work 
thus s upported Semon ' s  l aw ( 1881 )  wh i ch  s tated that the re was a 
" procl i v i ty of the abductor fi b res of the recurrent l a ryngeal  nerve 
to become affected sooner than the adductor fi bres " .  

Fo l l ow ing  Col e ' s  i nvest i gati on there h ave been two reports on the 
we i ghts of  equ i ne i ntri ns i c  l a ryngea l mus c l es ( Gunn , 1972 ; Qu i n l an 
et a l . ,  19 75 ) .  Nei ther of these stud i es were carri ed out on a 
s i ng l e b reed of  hors e  and thei r fi ndi ngs  were somewhat contrad i ctory .  
Gunn  ( 1972 ) wei ghed the dorsal  cri coarytenoi d mus c l es from 12 horses 
and found  no  s i gn i fi cant d i fferen ce i n  we i gh t  between l eft and ri ght  
s i des . Qu i n l an et a l . ( 1975) wei ghed  the dors a l  cri coaryteno i d  
mus cl es , the adductor mus c l es ( l ate ra l cri coa rytenoi d ,  transve rs e  
arytenoi d ,  vocal  a n d  ventri cu l ar )  a n d  the cri cothyro i d  mus c l es  from 
24 horses . They found a h i gh l y  s i gn i fi cant d i fference betwee n  the  
we i ghts of the  l eft and the ri ght mus c l es  supp l i ed by the recurrent 
l aryngea l nerv e  b ut no  s i gn i fi cant di fference between the we i ghts  
of the  l eft and  ri g ht cri cothyro i d  mus c l es . 

The present study was des i gned to exami ne th i s  s i tuati on and determi ne 
the i n ci dence and degree of atrophy of  the i ntri ns i c  l aryngeal  mus c l es 
in  New Zea l and Thoroughbred horses . The opportun i ty was a l so  taken 
to compa re the wei ghts  of musc l es from these hors es wi th mus cl e we i ghts 
from fi ve l aryngeal  hemi pl eg i c horses . 
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3 . 2  Materi a l s a n d  Methods 

The detai l s  of the horses used i n  th i s  s tudy and the methods of 
obtai n i ng and ana l ys i ng the muscl e wei ghts are descri bed i n  Chapter 
2 .  For each pa i r of i ntri ns i c  l aryngeal  mus c l e s  the di fferen ce i n  
we i ght  between  the l eft and ri ght musc l es , expressed as a percentage 
of the heavi e r  mus c l e ,  was cal cul ated for " norma l " and abnorma l 
horses . 

I n  the case of the trans verse arytenoi d ,  the ventri cul a r  and a l l the 
muscl es  from the abnormal horses the n umber of wei ghts avai l ab l e  were 
too smal l to be  confi dent ly  analysed . For these musc l es i t  was not 
pos s i b l e to establ i sh whether or not di fferences between  the means 
we re stati sti ca l ly s i gn i fi can t .  The mus cl e we i ghts from on ly  fi ve 
of the l aryngeal  hemi p l eg i c  horses were i nc l uded because the other 
roa rer , a s i x  year ol d gel d i ng h ad been s ubjected to a l aryngopl asty 
operati on and had  no  recogn i s ab l e  l e ft dors al  or l atera l cri coarytenoi d 
or transverse a rytenoi d muscl es . 

When a l l the mus c l e  wei gh ts col l ected i n i ti a l ly were anal ysed i t  was 
found that i nc l u s i on of the l ower mus c l e wei ghts from the pon i es 
i n fl uenced the mean we i gh ts obtai ned for those musc l es where on l y  
smal l numbers were avai l ab l e .  As the pr imary concern of thi s s tudy 
was the competi t i ve hors e , the data were re- ana lysed exc l ud ing  the 
musc l e wei ghts from the pon i es . 

3 . 3  Resu l ts 

3 . 3 . 1  Wei gh t  Di fferences Between  Left and Ri ght I n tri n s i c  Laryngeal  
Mus c l es  

The  wei ghts of a l l the mus c l e s  col l e cted are i nc l uded i n  
Appendi x 4 . 2 .  

3 . 3 . 1 . 1  Dorsa l  Cri coa ryteno i d  Mus cl e 

The wei ghts of the dorsal  cri coarytenoi d mus c l e s  
were obtai ned from 41  " norma l '' and fi ve abnorma l horses . I n  35% o f  the 
" normal 1 1 horse s  the wei gh ts of the l eft dorsal cri coaryteno i d  mus cl e 
averaged 1 3% l es s  than the r i g ht .  I n  t he  other 6 5% of  " norma l " horses 



39 

the ri ght dorsa l  cr i coarytenoi d musc l e wei gh t  averaged 5% l es s  than 

the l eft . 

I n  the abnorma l horses the l eft dors a l  cri coa ryteno id  mus c l es were 
l i g hter than the ri ght  by an average of 55% . The l eft dorsa l  cri co­
arytenoi d mus c l es  of the two younger abnormal  horses � a two and a 
three year ol d femal e  were 24% and 47% l i ghter  than the r ight  mus c l e s . 
The o l der abnormal  horses , a four  year o l d enti re mal e ,  a 15  year o l d 
femal e  and a 20 year o l d  enti re mal e ,  had l eft dorsal  cri coarytenoi d 
mus cl es wh i ch  were 65% , 64% and 69% l i g hter than the r i ght  mus c l es . 

3 . 3 . 1 . 2  Lateral Cri coarytenoi d Musc l e 

The we i ghts of the l a teral cri coarytenoi d  mus c l es  
were obta i ned from 41  " norma l ' ' a nd  fi ve abnormal horses . I n  7 5% of 
the " normal " horses the wei ght of the l eft l ateral cri coarytenoi d  mus c l e 
averaged 17% l es s  than the r i g h t .  Fourty- four percent of thes e  horses  
had  l eft musc l es wh i ch were more than 10% l i g h ter than thei r ri ght  
mus c l es . I n  the other 25% of " norma l " horses  the ri ght  l ateral cri co­
a rytenoi d  mus c l e wei ght  averaged 10% l es s  than the l eft . 

I n  the abnormal  horses  the l eft l ateral cri coarytenoi d muscl es were 
l i g hter than the ri ght  by an  average of 65% . 

3 . 3 . 1 . 3 Transverse Arytenoi d Muscl e 

The wei g hts of the transverse arytenoi d musc l e s  
were obtai ned from four " norma l " and two abnormal horses . I n  7 5% o f  
t h e  " norma l 1 1  horses the wei gh t  of the l eft transverse arytenoi d mus c l e 
averaged 16% 1 e s s  than the ri ght . I n  the other 25% of " norma 1 1 1 
horses the ri ght  transverse aryteno i d  mus c l e s  averaged 1 5% l es s  than 
the 1 eft . 

I n  the abnorma l horses the l eft transverse a ryteno i d mus c l es were 
l i g hter than the ri ght  by an average of 26% . 
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3 . 3 . 1 . 4  Ventri cu l ar Mus c l e  

The wei ghts o f  the ventri cu l ar mus c l es were 
obta i ned from fi ve • • norma 1 •• and two ab norma 1 horses . I n  20% of the 
" norma 1 • • horses the wei ght of the 1 eft ventri cu l ar mus c l e averaged 
30% l es s  than the ri ght . In the other 80% of " normal • •  horses the 
ri ght ventri cu l a r muscl e averaged 1 0% l es s  than the l eft . 

I n  the abnormal horses the l eft ventri cu l ar mus c l es were l i ghter 
than the  r i ght by an average of 40% . 

3 . 3 . 1 . 5  Cri cothyroi d Musc l e  

T h e  wei ghts  of the cri cothyroi d mus c l es  were 
obta i ned from 37 " normal 1 1 and f i ve abnorma l horses . I n  60% of the 
1 1 norma 1 1 1 horses the wei ght of the l eft cri cothyroi d musc l e averaged 
7% 1 ess than the ri ght . I n  the other 40% of " normal " horses the 
ri ght  cr i cothyro i d  musc l e  averaged 8% l es s  than the l eft . 

I n  the abnormal horses the l eft cr i cothyro i d mus c l es were l i ghter 
than the ri g ht by an  average of 1 2% .  

3 . 3 . 2  The Analys i s of the D i fference Between the Mean Wei ghts of 
Some I ntri ns i c  Laryngeal  Mus c l es 

3 . 3 . 2 . 1  Dorsal  Cri coaryteno i d  Mus c l e 

The numbe r  of  hors es from wh i ch mus c l es were 
col l ected and wei ghed , the i r mean musc l e  wei gh ts , and the mean wei ghts 
of the l eft and r i ght dorsa l  cr i coaryteno i d  mus c l es from the d i fferent 
groups o f  horses a re s hown i n  Tabl e 4 .  

As was to b e  expected the we i ght  o f  the dors a l  cri coa ryteno i d  mus c l e 
i ncreased w i th age  and th i s  i s  i l l u s trated i n  F i g .  1 5 . T h i s i ncrease 
in wei g h t  w i th age produced s i gn i fi cant d i fferences between the mean 
mus c l e we i ghts fnom the d i fferent  aged g roups of horses . 

I n  the " normal " horses there was no  s i gn i f i cant d i fference b etween the 
wei ghts  of the l eft and ri ght  mus c l es or between the wei g hts of mus c l e s  

from horses  of d i fferent sexes . I t  was common however for the l eft 
mus cl es to be l i g hter than the ri ght  muscl es , es peci a l l y  i n  o l der horses . 



F I GURE 1 5  

F I GURE 1 6  

The re l ati ons h i p between age {years ) and the 
mean wei ghts  of the l eft and ri ght  dorsa l  
cri coarytenoi d mus c l es  { grams ) o f  the 1 1 norma l 11 

horses 

The we i ghts of  the l eft dorsal  cri coarytenoi d 
musc l e s  { grams ) p l otted agai nst the wei ghts of 
the ri g h t  musc l e s  

o = 1 1 normal 1 1 horses  three  years and under + = 1 1 1 1 over three years 

o = abnormal horses three years and under + = 1 1 1 1 over th ree years 
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The mean wei ght  of the l eft musc l es was l i g hter  than the mean wei gh t  
of the r i ght  muscl es  i n  the abnormal horses  es pec i a l l y  those over 

three years of age ( Tabl e 4 ) . 

Th i s s i de d i fference i n  musc l e we i ghts i s  i l l u strated i n  Fi g .  1 6 . 

TABLE  4 THE MEAN W E I GHTS ( GRAMS ) OF  EQU I N E  DORSAL CRI COARYTENO I D  
MUSCLES  

Mean Muscl e Weights  
Number of Both s i des Left Ri ght  
horses 

a l l ages 41  6 . 49 6 . 44 6 . 55 

three years and 
1 1 NORMAL 11 under ! 27 4 . 73 4 . 75 4 .  7 1  
HORSES  over  three  I 

years 14 8 . 96 8 . 79 9 . 1 3 

a l l ages  5 7 . 49 4 . 60 1 0 . 38 

three yea rs and 
ABNORMAL under 2 7 . 5  5 . 87 9 . 14 
HORSES over three  

years 3 7 . 47 3 . 72 1 1 . 21 

3 . 3 . 2 . 2  Lateral Cri coarytenoi d Muscl e 

The number of horses  from whi ch mus c l e s  were 
col l ected and wei ghed , thei r mean musc l e wei ghts , and the mean we i g h ts 
of the l eft and ri g h t  l ateral cri coarytenoi d mus c l es  from the d i fferent 
g roups of horses are shown i n  Tab l e 5 .  

Aga i n  the l atera l cri coarytenoi d musc l e i nc reased i n  wei gh t  w i th  age  
( F i g .  1 7 ) . For  thi s reason there were a l so s i gn i fi cant di ffe re n ces  
between the  mean l ateral cri coarytenoi d mus c l e  wei ghts of  the  d i fferent 
aged g roups of horses . 



F I GURE 1 7  

F I GURE  1 8  

T h e  re l at i onsh i p between age { years ) and the 
mean we i ghts  of the l eft and r i ght  l ateral 
cri coarytenoi d mus cl es { g rams ) of the " normal " 
horses  

The  we i ghts  of the  l eft l ateral cri coarytenoi d 
mus c l e s  { g rams ) p l otted aga i nst the wei ghts  of 
the ri g h t  musc l es  

o = 1 1 n orma l 1 1 horses three years and under + = 1 1  11 over three years 

o = abnormal  horses three years and under + = 1 1 " over th ree years 
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TABLE 5 

1 1NORMAL 1 1  
HORSES 

ABNORMAL 
HORSES 

4 2  

THE MEAN WEIGHT ( GRAMS ) OF EQU I NE LATERAL CR I COARYTENOI D  
MUSCLES 

Mean Mus c l e  We i g h ts 
Number of Both s i des Left Ri ght 
horses  

a l l ages  41  2 . 99 2 . 8  3 . 1 7 

three years and 
under 27 2 . 32 2 . 23 2 . 4 1 

over three 
years 14 3 . 92 3 . 6  4 . 23 

a l l ages 5 3 . 27 1 .  37 5 . 1 6 

three  years and 
under 2 3 . 1 2 2 . 06 4 . 17 

over three 
yea rs 3 3 . 30 1 . 1 9 5 . 41 

The musc l es from abnorma l horses over th ree years of age were l i g hter 
than those from the same group of 1 1  norma 1 1 1 horses ( P < 0 .  001 ) .  

The mea n  we i ghts of the l eft l atera l cri coarytenoi d mus c l e s  were 
s i gn i fi cantly l i g hter than those of the ri ght  musc l es  from the 1 1 norma 1 1 1  
horses  over three years of age  ( P < 0 . 025 ) . When these mean wei ghts  
were d i v i ded  accord i ng  to  the  sex  of the horses the  l eft musc l e was 
s i gn i fi cant ly  l i g h ter than the ri ght  i n  the ge l d i ngs  ( P < 0 . 02 )  but not 
the mare s . 

The l eft musc l e s  were a l so l i gh te r  than the r ight  mus c l es i n  a l l the 
abnormal  horses .  These s i de d i fferences i n  musc l e  wei gh t s  a re i l l u strated 
i n  F i g .  1 8 .  

3 . 3 . 2 . 3  Trans verse Arytenoi d Muscl e 

The number of horses from whi ch musc l es were col l ected 
and wei ghed , the i r  mean mus c l e wei ghts and the mean we i ghts of the l eft 
and ri ght  transverse  arytenoi d mus c l es are s hown i n  Tab l e  6 .  
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I ! 
' 
I 

1 1 NORMAL 11 

I HORSES 
l 

ABNORMAL 

I HORSES 
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THE MEAN WEI GHTS ( GRAMS ) O F  EQU I NE TRANSVERSE ARYTENO ID  
MUSCLES  

Mean  Musc l e Weights 
Number of Both s i des Left Ri ght  
horses 

a l l ages 4 2 . 24 2 . 1 5 2 . 33 

three years and 
under 2 2 . 37 2 . 45 2 . 29 

over three 
years 2 2 . 1 1 1 . 85 2 . 38 

thre e  years and 
u nder 2 2 . 4 1 1 .  9 9  2 . 84 

The  mean trans verse arytenoi d mus c l e wei ght  was l ess  i n  the o l der age 
g roup of 1 1 normal 1 1 horses , than i n  the younger group . The l eft mus c l es 
of  the 1 1 norma l 11 horses were l i ghter than the ri ght i n  the ol der age 
g roup . The l eft mus cl es  from both the abnormal  horses were l i g hter 
than the r i g h t .  

3 . 3 . 2 . 4  Ventri cul ar Mus c l e  

i l 

i 

I 

I 

The  n umber of  horse s  from w h i ch musc l es were 
col l ected and wei ghed , th�i r mean muscl e wei gh ts and the mean wei ghts  of 

the l eft and ri ght ventri cul ar- mu-scles are shown i n  Tab l e 7 .  

TABLE  7 THE MEAN WE IGHTS ( GRAMS ) O F  EQU I NE VENTRI CULAR MUSCLES 

) 
Mean Muscl e Wei qh ts I 

l 

Number of Both s i des Left R i g h t  
horses 

a l l ages 5 2 . 56 2 . 56 2 . 56 

three years and 
" NORMAL 1 1  u nder 2 2 .  77 2 . 58 2 . 98 

HORSES over three  
years 3 2 . 44 2 . 55 2 . 33 

ABNORMAL three years and 

HORSES under 2 2 . 54 1 .  9 4  3 . 16 
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As wi th the trans verse arytenoi d musc l e ,  t h e  ventri cul ar musc l e  was 

l i ghter i n  the o l der  than younger age g roup of " norma l " horses . 

I n  the abnorma l horses the l eft ventri cu l ar  mus c l es were l i g hter than  
the  ri ght . 

3 . 3 . 2 . 5  C ri cothyroi d Mus c l e 

The  n umber of horses from whi ch mus c l e s  were 
col l ected and wei g h ed , thei r mean musc l e wei g hts and the mean we i ghts  
of  the l eft and ri ght  cri cothyro i d  mus c l es  are  s hown in  Tab l e 8 .  

TABLE 8 THE MEAN WE I GHTS ( GRAMS ) O F  EQU I N E  CR I COTHYRO I D  MUSCLES  

r-- - -
M ean Muscl e We�hts 

Number of Both s i des Left Ri g h t  
-- horses  

a l l ages 37 4 . 27 4 . 1 7 4 . 40 

three  years and 
" NORMAL"  under 26 3 . 20 3 . 1 7 3 . 24 
HORSES over three 

years 1 1  5 . 86 5 . 79 5 . 92 

a l l ages 5 6 . 4 1  6 . 00 6 . 82 

three years and 
ABNORMAL under 2 5 . 9 1  5 . 52 6 . 30 
HORSES over three  

years 3 6 . 54 6 . 1 2 6 . 9 5 

T he on ly s i gn i fi cant d i fferences between the mean wei ghts  of the  musc l es 
from the d i fferent groups  of horses were those wh i ch cou l d  be  attri buted 
to the i nc rease  i n  the wei ght of the  cri cothyroi d mus c l e wi th age . 
T h i s  i ncrease  i s  i l l u strated i n  F i g .  19 . 

No s i gn i fi cant  d i fferences i n  the mean we i ghts  of the l eft and the r i ght  
c ri cothyro i d mus c l es were observed . T h e  wei ght of  the  l eft mu sc l es  
p l otted agai n s t  the  we i ght  of  the  r i ght  musc l es  i s  i l l us trated i n  
F i g .  2 0 .  



F I GURE 19 

F I GURE 20 

The rel ati ons h i p between age (years ) and the 
mean we i ghts  of the l eft and ri ght  cr i cothyro i d  
mus c l e s  ( g rams ) o f  the 1 1 n ormal 1 1 horses 

The we i ghts  of the l eft cri cothyroi d  mus c l e s  
( grams ) p l otted aga i n st  the wei ghts of the 
r i ght  mus c l es  

0 = 11 nonna l 11 horses three years and under 
+ = 1 1  1 1  over three yea rs 
0 = abnormal horses three years and under 
ot =  1 1  1 1  over three yea rs 
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3 . 4  Di s cu ss i on 

The reason i t  was cons i dered i mportant to measure gross musc l e 
wei gh ts i n  th i s  s urvey was that a l though they do not detect the 
earl i es t  s t ages of neu rogeni c  atrophy they are a measure of the  s tate 
of the who l e  mus cl e .  The h i stol ogi cal  and h i stochemi cal tech n i q ues  
used  in  the fol l owi ng  chapters a re much  more s ens i t i ve i ndi cators of 
neurogen i c  d i sease but i nvol ve exami nati on of only sma l l s ampl es  of  
each  mus cl e .  

Di fferen ce i n  wei gh ts beyond the expe ri mental error between l eft and 
ri ght mus c l es may resu l t  from e i ther atrophy or  hypertrophy . I n  the 
case of the equ i ne i ntri ns i c  l aryngeal musc l es , Col e ( 1946 ) and Duncan 
et al . ( 19 74 )  have shown that th i s  d i fference i s  l i ke ly  to be due to 
atrophy of the l eft musc l es . 

The present study has demonstrated that atrophy of some of  the i ntri ns i c  
l aryngeal musc l es i nnervated by the l eft recurrent l aryngeal nerve i s  
common i n  New Zeal and Thoroughbred horses wi th no h i s tory of l aryngeal 
hemi p l eg i a .  Th i s  atrophy however i s  mu ch more severe i n  the s ame 
musc l es  of hors es affected by th i s  d i sorder .  Col e ( 1946 ) and Duncan 
��· ( 19 74 )  have demonstrated that the atrophy res u l ts  from neurogeni c  
d i sease .  

Attempti ng  to measure atrophy by we i gh i ng musc l es  i s  not part i cu l ar ly  
a ccurate as  s ome of the  smal l d i ffe rences i n  wei ght between the l eft 
and ri ght mus c l es cou l d h ave been due  to experi mental e rror .  A 
reasonab l e  est imate of the degree of  th i s  e rror can be obtai ned  from 
the we i ghts  of the cri cothyro i d mus c l es of the " no�"ma l " horses whe re 
nei ther  atro phy nor hypertrophy s hou l d  occur .  I n  thi s mus cl e approx­
i matel y  the same n umber of l eft mus c l es were l i ghter than the r i g ht  
as were ri ght mus cl es l i ahter than  t he  l eft . T he  wei gh t  d i fferen ce 
between  s i de s  was a l so of the s ame order and averaaed l es s  than 10% i n  
both c ases . E ven a l l owi ng for a n  error o f  th i s  maan i t ude , the mus cl e  
most  affected bv atrophy , the l eft l ateral cri coarvten oi d ,  was found  to 
be l i ghter than i ts ri ght counte rpart i n  nearly ha l f ( 44% ) of the horses 
with n o  h i story of upper resp i ratory di seas e .  The di ffe rence was s i g­
n i fi cant i n  "norma l " horses over t h ree years of age and when the data from 
these an i ma l s were stati sti cal l y  analysed on the bas i s  of sex i t  was the 
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g e l d i ngs wh i ch had  s i gn i fi cantly l i g h ter  l eft than ri ght mus c l es . Thi s  

fi ndi ng i s  of i nterest i n  l i ght  of the s tat i sti ca l  evi dence prov i ded by 
Gou l den and Anderson ( Appendi x 9 )  whi ch i nd i cated that l aryngea l  
h emi p l eg i a  more commonly affected ma l es than fema l es .  

I n  addi t i on to the l ateral cri coarytenoi d  musc l e  two other l aryngea l  
adductor mus c l e s  were wei ghed . These  musc l es , t he  transverse a ryteno i d  
and ventri cu l ar were exami ned i n  too few anima l s to accurate l y  apprai s e  
the  degree o f  atrophy present . However i n  both the abnormal  horses  
s tudi ed the l eft muscl es  were con s i derabl y  l i ghter than the  ri g h t . 

The  wei ght d i fference between s i des of the abductor mus c l e ,  the dors a l  
cri coaryteno i d , was not s o  obvi ous as  i n  the adductors i n  e i ther 
" norma l " horses or l aryngeal hemi p l eg i cs . In the former the o l der 
horses tended to have l i g hter l eft than ri ght musc l es . Th i s pos s i b l e 
age  re l ati ons h i p  to atrophy cou l d exp l ai n  the a pparent confus i on i n  the 
l i terature resu l t i ng from the ob servati on s  of Gunn ( 1972 ) and Qui n l a n  
e t  a l . ( 197 5 ) . Gunn who studi ed predomi nantly young horses found no 
s i de di fferences  between wei ghts of a s er i es of dorsa l  cri coaryteno i d 
mus c l es whi l e  Qu i n l an e t  a l . s tud i ed p redomi nantly o l der horses and 
d i d  fi nd a s i g n i fi cant s i de d i fference i n  the wei ght of th i s  mus c l e .  

I n  l aryngea l  h emi p l eg i c  horses the wei gh t  di fference between l eft and 
r i g ht dorsa l  cr i coaryteno id  mus c l es  was marked . I n  a l l cases the l eft 
mus c l e be i ng  l i ghter than the r i g h t .  I t  i s  the i neffi c i en t  functi on 
of thi s  mus c l e whi ch  p roduces the  c l i n i ca l  s i gns  of roari ng and i t  i s  
i nteresti ng to note that  these c l i n i ca l  s i gns  may occur when the wei ght  
d i fference between l eft and  ri g h t  s i de s  i s  as  l i tt l e as  24% . Th i s 
fi ndi ng d i ffers somewhat from that of C o l e ( 1946 ) who cons i dered that at l east  
a 50% atrophy of the  l eft dorsa l  cr i coaryteno i d  mus c l e must  occur before 
c l i n i ca l  s i g n s  of l aryngeal  h emi p l e gi a  were observed . Wh i l e  Col e d i d 
not revea l the  ages of th� horses  h e  s tudi ed i t  i s  poss i b l e that they 
were ol der a n i ma l s ,  as � i n  the present s tudy , the ol der horses wi th  
l aryngea l  h emi p l eg i a  h ad a di fference i n  wei ght between l eft and  r i ght  
dorsal  c ri coarytenoi d  muscl es i n  exces s of  50% . 

The fi ndi ng  that i n  both " norma l 1 1  and abnorma l horses  the  l eft s i ded 
atrophy was more obv i ous  i n  the l ateral  than the dorsa l  cri coarytenoi d 
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musc l e s upports Ouncan  et  a l ' s  { 1 974 ) observati on  that the adductor 
musc l es  s howed greater pathol og i ca l  changes than the  abducto r .  I n  
thi s  res pect the res u l ts of the p resent study a re contrary to those of 
Col e  ( 1 946 ) and Semon ' s  L aw .  

T he s i de d i fference i n  wei ghts of the cri cothyroi d  mu scl e d i ffered 
s omewhat from those of the adductor and abductor mus c l es . S i nce the  
cri cothyro i d  mus c l e i s  not i nnervated by the  recurrent l aryngeal n e rve 
i t  was not s urpri s i ng that i n  1 1 nonnal " horses the wei ghts of th i s  
musc l e on each s i de were s imi l ar .  Such an observati on had p rev i ou s l y  
been made by Col e ( 1946 ) , Qui n l an et a l . ( 19 7 5 )  and Qui n l an ( 1976 ) . 
What was unexpected h owever was that i n  l aryngeal  hemipl eg i c  horses  
the l eft cri cothyroi d muscl e tended to be l i g h ter than the ri ght . 
Al though , probabl y  because of the smal l number of an ima l s i nvol ved , 
th i s  d i fference was not stati st i cal l y  s i gn i fi cant , i t  occurred i n  a l l 
fi ve  an ima l s exami ned . Th i s d i fference , i f  real , i s  n ot l i ke l y  to be  
due  to  neurogen i c  atrophy of thi s mus c l e .  P rev i ou s  researchers h ave  
not  demonstrated the  presence of neurogen i c  atrophy in  the  cri cothy ro i d  
mus c l e of l aryngeal h emi p l eg i c  horses ( Col e ,  1 946 ; Ouncan et  a l . 
1974 ) . The wei g h t  d i fference cou l d  perhaps res u l t from the changed 
mech an i cs of the abnormal l arynx . Pos s i b l y  ri ght  s i ded cri cothyro i d 
hypertrophy occurs  i n  res ponse to the g reate r  requ i rement for r i g h t  
s i ded l aryngeal acti on , once l eft aryteno i d  abducti on becomes 
i neffecti ve . F urther i nvesti gati on of t h i s mus cl e  i n  abnormal horses  
s eems i ndi cated . 

Another trend wh i ch was n oted i n  the abnormal horses was . that thei r 
ri ght  i ntri n s i c  l aryngeal muscl es were heav i er than those from s i mi l ar 
aged " norma l " horses . T h i s  may have been because : -

a ) l aryngea l h em i p l eg i cs tend to be l arger than norma l horses ( Append i x 
9 ) ; or  

b ) right  s i de d  muscu l a r  hypertrophy may occur  as  a compens ati on  for  l eft 
atrophy ; or 

c )  both of these  factors may have contri buted to the obse rved wei ght  
d i fference s . 

The  fact that atrophy of  some l eft i ntri n s i c  l aryngeal mus c l es  i s  common 
cou l d  mean that  l a ryngea l  functi onal  abnorma l i ti es may a l so  occur 
often . Baker ( 1983 ) n oted th i s  and consi dered that a synchronous 



movements of the aryteno i d  carti l ages occu rred so  frequent ly  that 
they must be  normal . The resu l ts of the present s tu dy however 
s uggest the  poss i b i l i ty that the common presence of asynchronous 
movements of the l aryngeal carti l ages coul d  be a s soc i ated wi th 
equa l ly common un i l ateral  atrophy of some of the i ntri ns i c l aryngea l 
muscl es . 

For a n umbe r  of years percutaneous pal pat i on of the  muscu l ar  process 
of the a rytenoi d  carti l age  has  been used by c l i n i c i ans as  an a i d i n  
the di agnos i s  of l eft l aryngeal hemi pl egi a (Marks et al . ,  1970 ) . 
From the res u l ts of the present s tudy i t  seems l i kely that the very 
severe atrophy wh i ch occurs i n  the l eft l ateral and dorsal  cri co­
arytenoi d  musc l es of o l der roarers cou l d  be d i st i ngui shab l e  
percutaneou s l y . However confu s i on cou l d  ari s e  when a ttempts are 
made to d i fferenti ate between 11 normal " horses and young roarers ear l y  
i n  t h e  course of t h e  d i sease . 

Apart from i ndi cati ng the degree of muscl e atrophy wh i ch occurs i n  
some l eft i ntri ns i c  l aryngeal musc l es i n  both " no rmal 11 and l aryngeal  
hemi p l eg i c  horses th i s s tudy has  prov i ded i nfo rmati on on the  normal 
i ncrease  i n  we i ght w i th age of most of the i ntri ns i c  l aryngeal 
mus c l es  of the T horoughbred . The resu l ts s how that these mus c l es  
reac h  thei r adu l t wei ght  when horses are  between three and fou r  years 
of age . 



4 9  

CHAPTER  4 THE H ISTOCHEMI ST RY O F  SOME E QU INE  LARYNGEAL MUSCLES 

4 . 1 I nt roducti on 

Vari ous s ta i n i ng procedu res  h ave been used to demons t rate the 
l eve l s  of a numbe r of  di fferent enzymes i n  i nd i v i du a l  mus c l e fi b res . 
Some of these pro cedu res form the bas i s  of c l ass i fi cation systems 
for des c rib i n g  d i fferent types of fi b res  present i n  a mus cl e .  These 
fi b re types can be cl ass i f ied  accord i n g  to the l evel  of a pa rt i cu l ar  
enzyme they contai n .  It  i s  pos s i b l e  u s i ng one  or  a comb i nati on of  
enzyme s tai n s  to defi ne for a musc l e the s ta i n i ng characteri st i cs of  
i ts i nd i v i du a l  f i b res , the  normal fi b re types present , and  t he i r 
proport i ons and s pati al  di s t ri butions . Once th i s  i nfo rmati on i s  
avai l ab l e  for normal mus c l e i t  i s  pos s i b l e  to use  these h i s tochemi ca l  
tech n i ques to i nvesti gate vari ous di sease processes  wh i ch may occur 
i n  that mus c l e .  

The  i nformati on wh i ch was avai l ab l e  when th i s  s tu dy was unde rtaken 
s uggested that  h i stochemi cal tech n i ques ( parti cul arly that for 
demo n strat i n g  the acti v i ty of  myos i n  adenosi ne  tri phos phatase )  were 
u sefu l for detect i n g  the changes res u l ti ng  from dene rvati on and 
re i n nervat i o n  i n  equ i ne l aryngeal musc l e .  Gunn ( 19 72 , 1973 }  and 
Duncan et a l . ,  ( 19 74 )  had appl i ed these tech n i ques to s ome i ntri ns i c  
l aryngeal  mus cl es  from c l i n i ca l ly  u naffected and l aryngeal  hemi pl e g i c 
h orses and they descri bed the  fi b re types and thei r p roporti ons wh i ch 
occu rred .  It appeared that neurogen i c  changes were common i n  s ome 
of the mus c l es from both g roups of horses . H i stochemi ca l  tech n i ques  
were a l s o  s hown to demonstrate changes i n  f i b re archi tecture wh i ch 
res u l ted  f rom denervati on and  rei nnervati on  occurri n g  du ri ng  i d i opath i c 
l aryngeal hemi p l eg i a  { Gunn , 197 3 ;  Duncan , 1975 ) . 

Part of the present s tu dy i nvol ved an i nvesti gati on of  the f i b re types 
and the i r proport i on s  pre sent i n  the i ntri n s i c  l aryngeal  mus cl e s  of a 
l arge n umber of " norma l " horses of a s i ng l e  b reed , the New Zea l and 
Thoroughbred and a smal l number of  poni e s . I t  was then pos s i b l e  to 
compare these w i th the f i b re types and proportions  present i n  the 
muscl e s  of i di opath i c  l aryngea l  hemi p l eg i c  horses . I n  orde r to 
unders tand the concept of h i s tochemi cal f i b re type i t  i s  he l pfu l to have 
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some knowl edge of  the motor un i t .  
the  s ubject i s  i ncl uded . 

For thi s reason a bri ef rev i ew of 

4 . 1 . 1  The  Motor or  Muscl e Un i t Concept 

The number of axons mak i ng u p  the efferent s upply to a 
mus c l e depends on the s i ze and functi on of that musc l e  and on the 
number of  mus c l e fi b res  i nnervated by each l arge motor axon 
( i nnervati on  rati o } . The i nnervati on rati o of equ i ne l aryngeal 
mus cl es i s  not recorded but i n  h uman l aryngeal mus c l es 100- 1 50 mus cl e 
f ibres a re i nnervated by each motor axon { Bu chthal  and Schma l b ruch , 
1980 ) . 

As a peri pheral nerve approaches the musc l e i t  i nnervate s , the axons 
begi n to branch and do so at a greater rate wi th i ncreas i ng prox i mi ty 
to the mus c l e .  Mos t of the axona l  branch i ng takes pl ace w i th i n  the 
musc l e b ody . The axons travel i nto the musc l e  a l ong connect i ve ti s s u e  
s epta and  those travel l i ng together tend to i nnervate adjacent a reas 
of the musc l e { Bu rke , 1980 ) . 

The i nt ramu s cu l a r  nerve trunks  form an i ntri cate p l exus and there i s  
much mi x i ng of nerve f ibres  duri ng thei r d i stri buti on wi th i n the mus c l e .  
The mai n trunks g i ve off a number of secondary branches whi ch form a 
compl ex i nterweavi ng  pattern . These s econdary branches i n  turn produce 
a n umbe r  of terti a ry branches each of wh ich  ends i n  a fi n e  s pray of  
nerve fi b res . Each twi g  of these  sprays comes i nto i nt imate contact 
wi th a n  i ndi v i dua l  musc l e fi bre a t  the motor end pl a te ( Fe i nde1 et a l . ,  
1 9 52 ) . 

The  end  p l ates  of  adj acent musc l e fi b res tend to be g rouped together 
but they are u sua l l y  not s u ppl i ed by twi gs of  the s ame axon ( Fe i ndel  
et a l . ,  1952 ) . As a general  rul e ,  a s i ng l e musc l e fi b re has  a s i ng l e 
end p l a te .  When a mus cl e fi b re has more than one end p l ate i t  i s  u s ua l  
for them to be suppl i ed by the  same axon ( Fe i ndel e t  a l . ,  1 9 52 ) . 
T h i s i s  often the case i n  l aryngeal muscl es  ( Ross i  and Corte s i n a , 1965 ) . 

A s i ng l e axon provi des the motor supply  to a vari abl e  n umber of musc l e 
f i b res  wh i ch are not l ocated adj acent to each other wi th i n  the body of  
the  muscl e .  The s pati a l  d i s tri but i on of these mus c l e fi b res  i s  bes t 
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u nderstood i n  tenns o f  the funct i on a 1 u n i t ,  the  so-ea 1 1  ed "motor 
u n i t" a term i ntroduced by Sherri ngton i n  1929  ( B u rke , 1 980 ) to 
des i gnate the comb i nati on of a motor neurone and the set of musc l e 
f i b res i nnervated by i t .  Th i s set of mus c l e fi b res i s  someti mes 
referred to as the "musc l e  un i t 11 ( Bu rke , 1 9 67 ) . 

Each musc l e un i t occupi es an  a rea or terri tory w i t h i n  the body of a 
musc l e .  A l l mus c l e fi b res  wi th i n  th i s terri tory do not bel ong to the 
s ame musc l e un i t .  The fi bres  of a s i ng l e musc l e uni t  have a rel ati vel y  
random d i s tr i but i on throughout thi s terr i tory ( Burke and Tsa i ri s ,  1973 ) 
a l though  i ts f i b re s  do tend to be more numerous at  the centre of the 
terri tory than at  the peri phery .  Th i s arrangement ensures that 
adj acent mus c l e fi bres usua l l y  bel ong to d i fferent musc l e un i ts  a l though 
fi bres  of the s ame muscl e un i t  have been observed i n  grou ps of two , 
fou r  and occas i ona l ly s i x  f ibres ( Buchtha l  and Schma l b ru ch , 1980 ) . 

A primary fas c i c l e of the cat gastrocnemi us musc l e  conta i ns 1 5-90  
i nd i v i du a l  musc l e fi b re s . These fasc i c l es u s ua l l y  conta i n  two to fi ve  
fi bres of the  s ame mus cl e  uni t  ( Burke and Tsai ri s ,  1973 ) . I f ,  a s  i n  
th i s  musc l e the number of musc l e fi bres i n  a musc l e uni t  i s  wi thi n the 
range of 570-760 ( Burke and Tsai ri s ,  1973 } , then the mus c l e fi bres  of a 
s i ng l e mus c l e un i t mus t  be rel ati vel y wide ly  d i spersed throughout the  
body of a mus c l e .  I n  fact , in  the medi al gastrocnemi cs  mus c l es  of 
the cat the  terri tory of a s i ngl e mus c l e un i t can occupy 15- 20% of the 
total  musc l e vol ume ( Burke and Tsa i ri s ,  1973 ) . I n  h uman l aryngeal  
musc l e s  the  terri tori a l  a rrangements of the mus c l e  u n i ts a re essenti a l l y  
s i mi l ar b u t  i nformat i on o n  the terr i tori a l  a rrangemen t  o f  mus c l e u n i ts 
i n  equ i ne i ntri ns i c  l aryngeal musc l e s  i s  not avai l ab l e .  

I n  an  i nd i v i dua l  musc l e uni t the fi bres tend to become more c l ose ly  
rel ated to  each  other a s  an an ima l  ages . Th i s  tllay be  due to  death of 
some motor neurones and re-organi s at i on of the mus c l e uni t ( Bu rke , 
1980 ) . C hanges i n  the spati a l  rel ati ons h i ps of mus c l e f i b res  wi th i n  
a mus c l e u n i t s o  that they come to l i e c l oser together , are muc h  more 
profoun d  however , as a consequence of denervat ion and rei nnervati on 
( Chapter 5 ) . 

The mus c l e fi b res  of an  i nd i v i dua l  musc l e un it  h ave  the same phys i ol og i cal  



5 2  

propert i es w i th res pect to the i r s peed of contracti on , the i r res i stance 
to fat i gue  and the i r tens i on output . They a l s o  have the s ame h i s to­
chemi c a l  profi l e  ( Bu rke , 1980 ) . 

4 . 1 . 2  Fi b re Types 

4 . 1 . 2 . 1 Some Systems of Typi ng Mus cl e  F i b res 

Certa i n s ke l etal  musc l es and parts of the  s ame 
mus c l e d i ffer from each other i n  the i r  gross col ourati on and th i s  
d i fference i s  a refl ecti on of the predomi nant fi b re type they conta i n .  
A few mus cl es  are homogenous i n  thei r fi b re type , but these are unusua l . 
Most mammal i an mus c l es are made up  of a numbe r of di ffe rent types of 
mus c l e  f i b res  and a l though the fi b res of the same type have s i mi l ar 
phys i o l og i ca l and b i ochemi cal  propert i es , there i s  a wi de vari at i on 
of properti e s  between types . 

Mus c l e fi b re s  can be  cl ass i fi ed i n  many ways and i t  i s  rati ona l i s i ng 
these d i fferent c l as s i fi cati on systems wh i ch has  l ead to much co nfus i on .  
A system of c l as s i f i cat i on for a mus c l e of one s peci e s  i s  not nece s s ari l y  
s u i tab l e  for other mus cl es of the s ame s pe ci es , o r  the s ame musc l e of 
another s pe c i es . H i s tochemi cal  c l ass i fi cati on has a l so  s u ffe red from 
probl ems of n om encl atu re as th i s  has  d i ffered depend i ng on wh i ch enzyme 
system was b e i ng used ( Bu chthal  and S chma l bruch , 1980 ) . The  fact rema i ns 
however that there a re certai n  fundamental  d i fferences between mus cl e  
fi b re types and these d i ffe rences a re refl ected i n  many of the  propert i es . 

Skel etal mus cl e s  a re bas i cal l y  mi xture s  of two types of f i b res  -

i )  The " re d  f i b res " , so cal l ed becau s e  of thei r abundant  myog l ob i n ,  a re 
of smal l er d i amete r than , 

i i )  the "wh i te fi b re s "  wh i ch have a rel at i ve ly  l ow content of myog l ob i n .  

F i bres i ntermedi ate between these two do occur ( Ham , 1974 ; Barnard 
et a l . , 1 9 7 1 ; E dgerton and S i mpson , 1969 ) . 

I t  h as been known for many years ( Ranv i e r ,  1874 ) that there i s  a corre­

l at i on between mus c l e col ou r  and contracti on s peed , red f i b res  hav i ng 
l ower contra ct i on  s peeds than wh i te .  The  two types a l s o  d i ffer i n  
thei r res i st ance to fat i gue and the twi tch tens i on they a re capab l e  of 
deve l o pi ng .  The fast wh i te fi bres  can deve l o p  g reater twi tch  ten s i on s  
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b u t  fat i gue more readi l y  than the s l ower , red fi b re s  ( B uchthal and 
S chma l bruch , 1980 ; Burke , 1980) . 

The phys i ol og i cal  di fference s  are refl ected i n  d i fferent h i s tol ogi ca l  
properti e s  of the fi bres . The red f ibres are abundantly s uppl i ed 
wi th  capi l l a ri es  ( Romanul ,  1965 ) and the i r s a rcop l asm i s  heavi l y  
pop u l ated wi th mi tochondri a whi ch a re found a l ong  t h e  peri phery o f  the 
fi bres and  packed l ongi tudi n a l l y  between the myofi b ri l s  ( H am ,  1974 ) . 
Wh i te fi b re s  on the oth e r  h and a re l es s  abundant ly  s uppl i ed wi th 
capi l l ari e s  and have rel ati vel y few mi tochondri a .  

Mi tochondri a have been as s i gned the functi on of hous i ng the enzymes of 
oxi dati ve  metabol i sm ( Ham , 1974 ) . If a h i s tochemi cal s ta i n  whi ch 
l ocal i se s  one of these enzymes ( e . g .  s ucci nate dehydrogenase ) i s  used , 
i ts d i s tri buti on wi th i n a mus c l e cel l refl ects the d i s tri buti on of 
m i tochondri a ( Roman u l , 1 9 6 5 ) . 

The red fi bres have a wel l  devel oped b l ood s u pp l y and a smal l di ameter 
so that  there i s  effi c i ent d i ffu s i on to the centre of the fi bre ( Oavi es , 
1973 ) . They are wel l s uppl i ed wi th the oxygen carryi ng  pi gment 
myog l ob i n  and the enzymes of aerob i c  metabo l i sm .  Aga i n , u s i ng h i s to­
chemi ca l  methods , i t  i s  pos s i b l e  to demonstrate the acti v i ty of the 
enzymes of anaerobi c  metabo l i sm i n  musc l e  fi bres , one of these enzymes 
i s  g l ycogen phosphopy l ase .  As a genera l rul e  the wh i te fi b re s  have a 
h i gher  l evel of these enzymes than red fi b re s  (Tab l e  9 ) . 

The energy for dri v i n g  the contracti l e  proces s  of s ke l etal  musc l e i s  
produced by enzymati c s p l i tt i ng of the h i gh energy phosphate , adenos i ne 
tri phos phate (ATP ) . One o f  the enzymes i nvol ved i s  myos i n  ATPa s e  and 
aga i n  the l evel s of th i s  enzyme can be  demon strated h i s tochemi cal l y  
i n  mus c l e f i b res . I t  i s  g eneral l y  accepted that the l eve l  o f  acti v i ty 
of  th i s  enzyme i n  a mus c l e fi bre i s  d i rect ly  proport i onal  to the s peed 
wi th whi ch that fi bre can contract ( B�r�ny , 1967 ) , the fast contracti ng  
wh i te fi bres h avi n g  h i gher  l evel s of thi s enzyme than the s l ower 
contracti ng  red fi b res  (Tab l e  9 ) . P roducti on of ATP can take p l ace i n  
a mus c l e cel l ut i l i s i ng e i ther aerob i c o r  anaerobi c  metabo l i sm .  The  
former process is  approx i mately 12 time s  as effi c i ent but  req u i res 
i mmedi ate oxygen and i s  a rel ati ve l y s l ower process  than the  l atte r .  
Anaerobi c  metabo l i sm produces ATP q u i c k l y  wi thout the i mmedi ate need 



TABLE 9 

l 

Mus c l e 
fi bre 
types 

SUMMARY OF  THE PROPERT I ES OF  MUSCLE F I BRES ( AFTER BURKE , 1980 ; BUCHTHAL AND SCHMALBRUCH , 1980 )  

RED WH ITE  
H i gh l evel s of myogl ob i n  and  mi tochondri a Les s myog l ob i n  and mi tochondri a I 
Wel l s upp l i ed wi th capi l l ari es Poorer capi l l ary s u pp l y  
B e s t  s u i ted for aerob i c  metabol i sm Best s u i ted for anaerob i c  metabol i sm 

1 S l ow contracti on t ime Fas t contracti on time 
H i gh tens i on output 1 Low ten s i on output 

----� ·--�----------------------------------------.------------------------------------------- -� 

Motor 
un i t * 
types 

H i s tochemi cal  
profi l e  

TYPE I 

S l ow 

I f . . i at1 gue  res 1 stant 
I 
' myofi bri  1 1  a r  ATPase 
. a l ka l i ne pre i ncubati on ( pH 9 . 4 )  

ac i d pre i n cubati on ( pH 4 . 3 )  

· ox i dati ve enzyme s  
: ( e . g .  s u cc i nate 
: dehydrogenas e )  

: enzyme s  of  anaerob i c  
metabol i sm ( e . g .  
g lycogen phosphoryl ase ) 

* Dubowi tz and B rooke , 1973 . 

l ow 
h i gh 

h i g h  

l ow 

A 
Fast 

fati gue  
res i stant 

h i gh 
l ow 

med i um­
h i gh 

h i gh 

* B urke et  a l . ,  1973  

Type I I * 

Fast 

moderate ly  
fati gue res i s tant 

h i gh 
l ow 

medi um 

h i gh 

B 
Fast 

fati g ue 
s us cepti b l e  

h i gh 
l ow 

l ow 

h i g h  



5 5  

for oxygen but a n  oxygen debt deve l ops  and s o  the proces s  cannot be 
cont i nuous and  the musc l e f ibre fat i gues  { B radl ey ,  1981 ) . 

I n  i ts s i mp l est i nte rpretati on a mus cl e whi ch i s  composed pre domi nantly 
of red f i b res , i s  s l ow contract i ng ,  h as a re l ati vely l ow tens i on output , 
i s  bes t  s u i ted to aerob i c metabo l i sm and s o  i s  capab l e of s u stai ned 
acti v i ty wi thout fati gue . These a re the p roperti es requi red of postural 
mus c l es . A mus cl e wh i ch has a h i gh proport i on of wh i te f i b res , i s  fas t  
contract i ng , generates h i gh tens i on output s , i s  best s u i te d  to anaerob i c  
metabo l i sm and s o  i s  suscepti b l e t o  fati gue . These mus cl es  are best 
s u i ted  for short durati on powerfu l  contract i ons  such as propel l i ng  
mus c l e s  of a s hot putter ( B rad l ey ,  1981 ) . 

4 . 1 . 2 . 2  Phys i o l og i ca l  I nf l uences on F i b re Type 

Muscl e fi b re s  h ave certai n  predi ctabl e  propert i es 
and these  can be used to defi n e  a parti cul ar  type . A probl em ari s es 
however i n  that mos t of these p ropert i es cover a range of va l ues and 
there i s  often overl app i n g  between di fferent fi b re types ( Bu rke , 1980 ) . 
T h i s  appl i e  parti cu l a rl y  to the  type of metabo l i sm predomi nant wi th i n  
a mus c l e as th i s  can change w i th i n  certa i n  l i mi ts i n  res ponse to 
env i ronmental factors . For examp l e ,  i n  endu rance trai n i ng where 
s u s tai ned a ct i v i ty wi thout fati gue i s  requi red , musc l e cel l s  can res pond 
by i nc reas i ng the i r aerob i c capaci ty .  Red fi b res  wh i ch a l ready fun cti on 
w i t h  th i s type of metabo l i sm res pond by i ncreas i ng the i r mi tochondri a l  
fracti on and the  quant i ty o f  aerob i c  enzymes wi th i n  them . Wh i te fi bre s  
wh i ch we re anaerob i c  can , to  a l i mi ted extent , deve l op  an aerob i c 
metabo l i sm .  Mus c l e  cel l s i ze i nc reases moderately by an  i ncrease i n  
myofi bri l l ar vol ume ( B rad l ey ,  1981 ) . Thus  the type of metabol i sm and 
fat i gue res i stance of a part i cu l ar mus c l e  fi b re are not i nherentl y  
s tati c propert i es . T h e  i nte rmedi ate f i bre types ( Tabl e 9 )  wh i ch h ave  
been observed may wel l be f i b res  i nvol ved i n  th i s  t ran s i t i on ( Burke , 
1 9 80 ) . 

The ev i den ce concern i ng the  s tab i l i ty of the i nherent twi tch contracti on  
t ime and  myos i n  ATPase  sta i n i ng characte ri s t i cs of a mus c l e fi bre appears 
to  be s omewhat contradi ctory .  Burke ( 19 80 )  stated that there i s  no 
change i n  twi tch contracti on t i me of a mus c l e  un i t wi th hype rtrophy , 
i mmob i l i sati on atrophy o r  tra i n i ng .  B uchthal and S chma l b ruch ( 19 80 )  
al so have  stated that there i s  n o  change i n  myofi b ri 1 1 ar ATPase 
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s ta i n i ng of fi b res  wi th endurance trai n i ng . Burke ( 1980 )  suggested 
that phys i o l og i ca l  overl oad does not caus e  i n terconversi on of  fas t  
and s l ow twi tc h  musc l e u n i ts .  Davi es ( 19 7 3 )  however ,  s tated that 
the contracti l e  properti es  of a musc l e can  change w i thout d i rect 
i nterfe rence wi th  the nerve s u ppl y .  He a l s o  quoted work ( Gutmann 
and Hajek , 1 9 7 1 ; Guth and Yel l i n ,  1 97 1 )  wh i ch i nd i cated that when 
the amount of  i sometri c exerc i se performed by a musc l e was i ncreased , 
for examp l e by el im i nati ng the effect of  i ts synerg i s ts , there was a 
decrease i n  i ts s peed of  contracti on and a reducti on i n  i ts l evel  of  
myos i n  ATPase  acti v i ty .  Guy and Snow ( 1977 ) found that after 10  
weeks trai n i ng certa i n l i mb mus c l es of the horse underwent changes i n  
the proporti on of fi b re types observed so that there was an i ncrease 
i n  myos i n  ATPase h i g h  fibres at the e xpens e  of myos i n  ATPase l ow fi b res . 

Evi dence i s  a l so ava i l ab l e  whi ch  i ndi cates that changes wi thi n s ubgroups 
of myos i n  ATPase h i gh fi b res do occu r wi th  endurance trai n i ng .  Myos i n  
ATPase h i gh fi b res  can b e  di v i ded  i nto two s ubgroups A and B by ac i d 
pre i n cubati on ( T ab l e 9 ) . The f i bre s  of the A subgroup have g reater 
l eve l s of oxi dati ve enzymes than those o f  the B s ubgroup . Endurance 
trai n i n g  i ncreases A fi b res  at the expense  of B fi bres  ( Buchth a l  and 
Schma l b ruch , 1 9 80 ; Burke , 1980 ) . Thus  there appears to be  s ome 
evi dence that the contracti on s peed of a mus c l e fi bre and i ts l evel  of  
myos i n  ATPase a re al so not s tati c properti es even wi thi n the phys i ol ogi cal  
range of functi onal  demands . 

There a re changes i n  the proport i on of  myosi n  ATPase h i gh and l ow f i bres  
a s  a muscl e ages . O a v i e s  ( 1973 ) ci ted evi dence i ndi cati ng an i nc rease 
i n  the  propo rt i on of ATPase  l ow fi b re s  i n  certai n mus c l es a s  an  an imal  
g row s . He  proposed that th i s h i s tochemi cal  change occurs i n  res ponse 
to a demand on a mus c l e  for pro l onged i sometri c contracti on proporti onal  
to the wei ght  i t  mus t  s u pport . It  appears that the rel at i ons h i p between 
s peed of contracti on  and l evel  of myos i n  ATPase obs e rved i n  a du l t mus cl e  
may not be true for i mmature muscl e .  Neonatal mus cl e fi bres a re 
i n i ti al ly  s l ow contracti nq and thei r contracti on t i mes  q u i cken w i th age 
( Oenny Brown , 1929 ; Hu l l er e t  a l . ,  1960 ) . Some of these mus c l es 
h owever have h i gh e r  proporti ons of myos i n  ATPase h i gh fi b res  than thei r 
a du l t counterparts ( Davi e s , 1973 ; Buchthal  and Schma l b ruch , 1980 ) . 
T h i s anomaly i s  thought to b e  due to the fact that the i ntense  ATPase 
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reacti on o f  some i mmature fi bres resu l ts from the s ta i n i ng of  
mi tochondri al ATPase  a s  these fi b res are dense ly  popu l ated w i th 
mi tochondri a ( Guth , 1973 ) . The ATPase acti v i ty of a ctomyos i n  
i sol ated from i mma ture muscl e i s  i n  fact s i mi l ar to that of the 
correspondi ng adu l t  mus c l e  ( Guth and Samaha , 1972 ) . 

The precedi ng  commen ts apply to  phys i ol og i ca t  demands . Pathol og i cal  
or experimental l y  i nduced changes i nvol v i ng the motor neurones wi l l  
dramati cal l y  a l ter  the phys i o l ogi cal and h i s tochemi cal profi l es of 
musc l e un i ts . Experimental nerve cross u n i on ,  chroni c s t i mu l ati on  
w i th vari ous pu l se patterns and the rei nnervati on wh i ch occu rs a fter 
pathol og i ca l  denervat i on wi l l  a l l resu l t i n  restructuri ng  of mus cl e 
uni ts ( Burke , 1980 ; Chapter 5 ) . 

4 . 1 . 3  H i s tochemi cal P rofi l es 

To  c l as s i fy a musc l e fi b re u s i ng i ts h i stochemi cal  properti es 
i t  has become customary to construct a 11 h i s tochemi cal p rofi l e 1 1 by 
appl yi ng d i fferent s tai n s  to the s ame fi bre i n  a number  of  s er i al  
sect i ons . The  stai ns  u sua l l y  u sed are  myos i n  ATPase to  defi ne the  
fi b re ' s  contracti on s peed , one  of  the oxi dati ve enzymes  ( e . g .  succi nate 
dehydrogena s e )  to i nd i cate the l evel  of  the fi bre ' s  aerob i c  metabo l i sm 
and one of the  g lycol yti c enzymes ( e . g . g l ycogen phosphoryl ase ) to 
i ndi cate i ts anaerob i c  metabol i sm { Bu chthal  and Schma l bruch , 1 9 80 ; 
Davi es , 1 9 7 3 ) . 

4 . 1 . 3 . 1  Myos i n  Adenos i ne Tri phosph atase ( Myos i n  ATPas e )  

Myos i n  ATPase  i s  one o f  a t  l ea s t  three ATPases  
whi ch  h av e  been i sol a ted from skel e tal mus c l e fi b res . ATPases  a re 
al s o  foun d  i n  associ ati on wi th the mi tochondri a and the s a rcotub u l ar 
system ( Pa dykul a  and Gauth i er ,  1963 ) . Myos i n  i so l ates from many 
di fferen t  mus c l es have an ATPase  acti v i ty whi ch i s  a cti n and cal c i um 
acti v a ted ( Barany , 1 967 ) and i t  i s  thi s ATPase w hi ch i s  thought to 
be res pon s i bl e for rel eas i ng the chemi cal  energy of ATP , thus mak i ng  
it  ava i l ab l e  for mechan i ca l  work ( Perry , 1954 ) . 

The h i s tochemi cal procedure for demons trati ng ATPase  acti vi ty i n  a 
mus c l e  f ibre i s  based on Gomori ' s  metal sal t procedure for l ocal i s i ng 
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phosphatase ( Pears e , 1 96 1 ; Cul l i ng , 1 974 ) . The dephosphoryl at i on 
of  ATPase rel eases o rthophosph ate whi ch acts as  t h e  primary react i on 
product . Under a l ka l i ne condi ti ons ca l ci um i on can be used to trap  
the  rel eased orthophos phate . The  cal ci um i on can  then be di s p l aced 
by coba l t and the res u l ti ng coba l t phosphate trea ted wi th ammoni um 
s u l ph i de to produ ce b l ack coba l t  s u l ph i de ,  the v i s i b l e f ina l  react i on 
product . When the method of Padyku l a  and Herman ( 19 5 5 )  i s  used , 
t h i s dark f ina l  react i on product has  a pure ly  myofi b ri l l ar d i s tri buti on 
( Brooke , 1973 ; Guth , 19 73)  and the i nterf i b ri l l ar network of mi to­
chondri a ,  transverse tubu l ar sys tem and sarcop l asmi c reti cu l um i s  not 
vi s i b l e .  For th i s  reason i t  i s  cons i dered that  the h i stochemi ca l  
method i s  speci fi c for  myos i n  ATPase ( Padku l a and  Herman , 1955 ; Guth 
and Samaha , 1969 ) . When the i ncubati ng medi um used in the reacti on 
i s  a l ka l i ne most  s ke l etal  mus c l es are s een to h ave two di st i nct 
popu l ati ons of fi b res . Those fi b res des i gnated myos i n  ATPase h i gh 
( AH ,  Type 1 1 )  stai n i ntensely wi th  a den s e  dark b rown to b l a ck reacti on 
product . These a re di st i n ct from myos i n  ATPase l ow f i b res  ( AL ,  Type 
1 )  whi ch have mu ch l owe r l evel s of react i on product and so a re l i ght  
b rown to  pal e  g rey . 

Barany ( 19 6 7 )  s howed that the ATPase acti v i ty of myos i ns i so l ated from a 
n umber of d i fferent mus cl e s  was di rectly p roporti onal to the i ntri n s i c  
s peed of cont racti on of that musc l e .  Guth and Samaha  ( 1969 ) 
demonstra ted t h at the ATPase acti v i ty of a ctomyos i n  i so l ate d  from fast 
musc l e of the cat was three t i mes g reater than that of  actomyos i n  
i so l ated from s l ow musc l e .  Th i s evi dence has  been u sed to j us t i fy 
the des i gnati on  of  AH , mammal i an extrafus a l  f i b res a s  fast twi tch and 
AL fi b res  a s  s l ow twi tch  ( Davi es and  Gunn , 1 972 ) . 

The  di fference i n  stai n i ng characte ri s t i cs of  fast and s l ow f i b res u s i ng 
thi s  h i stochemi cal  rea cti on i s  a refl e ct i on of  the d i ffere n ce i n  pH 
stab i l i ty o f  myos i n  ATPase from fast and  s l ow fi b res . Fast myos i n  
ATPase i s  a l ka l i stab l e and  aci d  l ab i l e  wh i l e  s l ow myos i n  ATPase  i s  
ac i d stab l e and al ka l i l ab i l e  ( Guth and  Samaha ,  1969 ) . I f  the pH o f  
the i ncubat i ng medi um i s  ac i d rather  than al kal i ne the col ourati on 
taken u p  by most of the f i b res i s  the revers e  of that seen w i th a l ka l i ne 
i ncubat i on . Th i s  probab ly  i ndi cates a di fference i n  the  b i o chemi ca l  
nature of  the  myos i n  ATPase of fast  and  s l ow mus c l e ( Guth  and Samaha , 
1969 ) . I ndeed , the myos i ns of  fas t  and s l ow mus cl e h ave been s h own to 
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h a v e  d i fferent heavy chai n confi gurat i ons and i t  i s  poss i b l e  to 
prepare s pec i fi c  anti body for two d i sti nctly d i fferen t  myos i ns 

( Arndt and P epe , 1975 ; Snow et  a l . ,  1981 ) . 

T h i s  di fference i n  pH stab i l i ty of myos i n  ATPase  has  been used i n  
the c l as s i fi cati on systems of musc l e fi bre types . Most commonl y  
these systems i nvol ve s ubdi v i d i ng Type I I  fi b re s  i nto a number of 
sub groups and there i s  some corre l ati on h ere wi th  the enzymes of 
oxi dati ve metabol i sm ( Brooke and Kai ser , 1 970 . T ab l e  9 ) . Type I I  
fi bres  have a l so  been subd i vi ded on the bas i s of the i r forma l da l yde 
sens i ti vi ty but the s i gni fi cance of thi s d i fference i s  not understood 
( Guth and Samaha , 1 969 ) . The systems of fi bre typi n g  then are 
c l ouded by i ncons i stenc ies  i n  the defi n i ti on of  d i fferent types and 
l ack  of correl ati on between d i fferent systems of nomencl ature ( Brooke 
and Ka i ser , 1970) . 

A fundamental quest i on concern i ng the h i s tochemi cal  method for 
demons trati ng myos i n  ATPase i s  that rega rd i ng  i ts s pec i fi ci ty 
( Padyku l a  and Herman , 1955 ) . Skel etal mus c l e mi tochondri a have been 
shown to have a h i gh ATPase  acti v i ty under the condi ti ons preva i l i ng 
duri ng  the h i s tochemi ca l  procedure for myofi b ri l l ar ATPas e  { Guth , 
1973 ) . I n  fact Perry ( 19 5 4 )  bel i eved that 20-25% of the ATPase 
acti v i ty of mus c l e was a s soci ated wi th  mi tochondr ia l  ATPase .  Guth 
( 19 7 3 )  s tated that the phosphate rel eased by mi tochondri a l  ATPase was 
1 oca 1 i sed on the  my::>�·; bri  1 s and not i n  the mi tochondri a ,  so  that the 
rea cti on product demonstrated by the h i s tochemi cal  procedure for 
myos i n  ATPase can resu l t  from the acti v i ty of the ATPase of myofi b ri l s ,  
mi tochondri a o r  both . Mi tochondri a l  ATPase  i s  both a l ka l i and ac i d 
s tab l e ( Samah a  and Yuri s ,  1973 ) and s o  wi l l  appear i n  b oth Type I and  
Type I I  fi b re s  dependi ng  on the  number of mi tochondri a  and thei r 
ATPase acti v i ty .  For these reasons Guth ( 1973 )  contended that the 
i nten s i ty of the  reacti on product demonstrated by the h i s tochemi c a l  
procedure for ATPase  may not b e  as  d i rectly rel ated t o  t h e  s peed o f  
contracti on  of a musc l e f ibre as  the ATPase acti v i ty of i ts myo s i n .  

The fact remai n s  h owever that the musc l e fi bres of a musc l e un i t have 
the same h i s tochemi ca l  profi l e  ( Edstrom and Kuge l berg , 1968 ; B u rke 
��. , 1973 ) and that the method for myos i n  ATPas e  provi des a u seful 
techni que  for v i s ua l i s i ng d i fferent fi bre types . The mai n reason 
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for u s i ng thi s h i stochemi cal  procedure i n  thi s  s tudy was to i nvesti gate 
the process  of denervati on and rei nn ervati on i n  equi ne l aryngeal  
musc l e s  ( Chapter 5 ) . In  thi s c ontext the pos s i b l e  l i mi tati ons of the 
procedure cou l d  be accepted and no attempt was made to cl a ss i fy 
fi b re s  as  anyth i ng other than Type I or Type I I  under cond i ti ons of 
a l ka l i ne pre i n cubati on . 

4 . 1 . 3 . 2  Succi nate Dehydrogenase ( SDase )  

Succi nate dehydrogenase i s  one  of the c i tri c ac i d 
cyc l e enzymes and i s  i nvol ved i n  the convers i on of s ucci nate to fumarate 
wh i ch resu l ts i n  the producti on of two hydrogen i ons  i . e .  i t  i s  an 
ox i dati on s tep ( Pearse , 1961 ) .  I n  the norma l reaction i n  the cel l 
the hydrogen i ons produced pass  i nto the res p i ratory cha i n  and become 
i nvol ved i n  the producti on of ATP ( Davi es , 1973 ) . SDase i s  be l i eved 
to be a purely  i ntrami toch ondri a l  enzyme ( Roodyn , 1 967 ) . 

Co l ourl e s s  tetrazol i um s a l ts  when i ntroduced to th i s  system may act a s  
hydrogen i on acceptors a n d  i n  t h e  process  a re converted t o  b l ue  
d i formazan , whi ch  i s  the f i nal reacti on product i n  the  p rocedu res  
u s i ng these  sa l ts .  Thi s  convers i on to  d i formazan may take p l ace a t  
t h e  s i te of acti on o f  any dehydrogenase  but  SDase i s  the onl y  dehydro­
genase wh i ch does not req u i re a coenzyme ( Pearse , 1961 ) . Under the 
cond i t i ons preva i l i ng i n  the h i s tochemi cal  procedure used i n  th i s  
s tudy , SDase shou l d  be  the  on l y  enzyme demons trated . 

I nd i v i dua l  mi tochondri a i n  a mus cl e  ce l l  may vary i n  thei r SDase 
acti v i ty but the overal l  den s i ty of d i formazan depos i ted i n  a musc l e 
fi b re i s  thought to b e  a refl ecti on of  mi tochondri a l  dens i ty rathe r  
than t h e  actual  l evel o f  acti v i ty o f  the enzyme ( Stei n  and Padyk u l a ,  
1 962 ; Romanul ,  1965 ; Davi es  and Gunn , 1972 ) . The avai l ab l e  e v i dence 
s ugges ts however tha t  there i s  a rel ati ons h i p  between the b i ochemi ca l l y  
determi ned l evel  o f  SDase i n  a mus cl e  and the dens i ty o f  i ts mi tochondri a 
( Hol l os zy ,  19 6n . T h i s evi dence has  been  used to j u s ti fy the a s s umpt i on 
that the h i s tochemi c a l  procedure for demons trati ng the acti v i ty of  
SDas e  of a musc l e f i b re wi l l  g i ve an i ndi cation of the  aerobi c capac i ty 
of that fi b re ( Dav i e s  and Gunn , 1972 ) . 

As wi th myos i n  ATP a s e  a number of questi ons have b een ra i sed about the 
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s peci fi c i ty of the h i s tochemi cal reacti on . H i tzeman ( 1963 )  noted 
that a sma l l amount of d i formazan may b e  depo s i ted away from the 
s i te of SDase acti v i ty { e . g .  in l i pi d  d ropl ets ) . Sel i gman et a l . ,  
( 1967 )  reported an  a l l or none depos i ti on of d i formazan on s ome 
i ndi vi dual  mi tochondri a ,  an observati on wh i ch cou l d  affect the i nter­
pretati on of the SOase reaction . Agai n ,  as  w i th myos i n  ATPase i t  
has  been s hown that the i ntens i ty of SDase acti vi ty i s  very s i mi l ar 
for the fi bres of a s i ng l e motor u n i t ( Edstrom and Kugel berg , 1968 ) . 

The i ntens i ty of s ta i n i ng of a mus c l e fi bre wi th d i formazan and the 
pattern of  i ts d i s tri but i on have been used i n  some of the systems of 
fi b re typi n g . Ste i n and Padyku l a  ( 1962 ) h ave descri bed three fi b re 
types u s i ng th i s  system . The tendency i s  for fi bres h i g h  i n  myos i n  
ATPase acti vi ty to b e  l ower i n  SOase acti v i ty but th i s  i s  not a l ways 
cons i stent ( Davi e s  and Gunn , 1972 ) . 

The aerob i c  capac i ty of a mus c l e fi b re as  refl ected by i ts SOase 
acti v i ty i s  not s tati c but depends . u pon the amount and type of work 
performed by the musc l e  ( Brad l ey , 1981 ) . I n  mus c l es such  as the equ i ne 
i ntri ns i c l aryngeal  musc l e s  the  l evel of  SOase acti v i ty of thei r fi b res  
probab l y  vari e s  wi th the  s tate of tra i n i ng of  the horse . The proces s 
of d ene rvati on and rei nnervati o n  wh i ch was thought to be common i n  
s ome ,·equi ne  i ntri ns i c  l aryng e a l  mus c l es  when th i s s tudy was undertaken 
w i l l  a l so  i nf l uence the l eve l  of SOas e  acti vi ty of l aryngeal musc l e 
fi bres  ( C hapter 5 ) . As hors e s  both i n  work and not i n  work were used 
i n  th i s  s tudy and , .as i t  was expected that the processes  of denervati on 
and  rei nnervat i on wou l d p robab ly  be rel ati vel y  common i n  the i r mus cl es , 
i t  seemed that u s i ng the  more compl ex  systems of SOase fi bre typi ng  
for these mus cl e s  wou l d p robab ly  not be very mean i ngfu l . For  these 
reasons a s i mp l e h i gh ( S H ) or  l ow ( SL )  c l a ss i fi cati on was used for the 
a ct i v i ty of  thi s  enzyme . 

4 . 1 . 3 . 3  G lycogen Phosphoryl ase  ( GPase )  

G l y cogen i s  the maj or source of energy for mus c l e 
contract i on i n  the absence  of oxygen and phosphoryl ati on i s  the fi rst 
s tep i n  g l ycol ys i s  ( Oa v i e s  and Gunn , 1972 ) . Of the two bas i c  fi b re 
types the l arger d i ameter fi b re s  wi th thei r l ower content of oxi dati ve  
enzymes tend to  have h i gher l eve l s of g l ycogen ( Stei n a nd Padyku l a ,  1962 } 
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and  phosphoryl a s e  ( Dubowi tz and Pearse , 1960 ) . Phos phoryl ase  i s  one 
of  the enzymes of the Embden-Meyerhof pathway , the metabol i c  route by 
wh i ch these fi b res  uti l i se g lycogen duri ng the short peri ods of rap i d  
acti vi ty for whi ch  they are bes t  s u i ted ( Dubowi tz and Pearse , 1960 ) . 

G lycogen occurs a s  aggregates i n  the s a rcopl asm and i s  concentrated 
near the myofi bri l l ar bands of s tri a ted muscl e  ( Stei n and Padyku l a ,  
1962 ) . The h i s tochemi cal method for demons trat i ng phosphoryl a s e  i n  
stri ated musc l e i ndi cates a s i mi l ar d i s tri buti on of thi s enzyme 
(Takeuch i and Kuri ak i , 1955 ) . 

Takeuch i  and Kuri ak i  ( 1955 ) showed that  thei r h i s tochemi cal  method for 
phos phoryl ase  was s peci fi c for the enzyme cata lys i ng the succes s i ve 
phos phoryl ati on of the termi na l  g l ucose un i ts of the gl ycogen chai n to 
produce g l ucose-1-phosphate . I nsu l i n  and adenos i ne-5- monophosphori c 
aci d were added a s  acti vators for the  reacti on and i t  was found tha t  
wi th musc l e i t  w a s  not necessary t o  add g l ycogen as a primer . The 
method u ti l i ses the fact that the reacti on i s  revers i b l e  to produce a 
polygl ucose of the amyl ose type whi c h  becomes the react i on product . 

Thi s product  i s  d emonstrated by i od i ne s ta i n i ng so  that i t  becomes b l ue 
or b l u e  b l ack  (Takeuchi and  Kuri ak i , 1955 ; Pearse , 1961 ) . The 
synthe s i s ed pol yg l ucose i s  d i st i ngu i s hed from any nati ve g l ycogen 
rema i n i ng after i ncubati on by d i fferences i n  the i od i ne  sta i ni ng 
characteri s ti cs , n ati ve  g lycogen s ta i ns  red to red brown . The i ntens i ty 
of the b l ue col ourati on vari e s  between and wi th i n  fi b re s  ( Takeuchi and 
Kuri a k i , 1 955 ) and i s  u s ed to i nd i cate d i fferent l eve l s of phosphoryl ase 
acti v i ty of indi v i dual  fi bres ( Davies  and Gunn , 1972 ) . 

The  b l ue col ourati on fades wi th time and s o  the i od i ne  s ta i n i ng must  be 
repeated before each u s e  of the secti ons . Pearse ( 1961 ) noted that th i n  
secti ons  ( as  u sed i n  t hi s  s tudy ) a l l ow  greater pre c i s i on i n  l ocal i s i ng 
the s i te of enzyme a ct i v i ty b u t  stai n i ng  can be pat�hy . The method 
wi l l  a l so demonstrate the acti vi ty of amyl o-1 ,4- 1 , 6- transg l ycosyl ase , 
b u t  the i nc l u s i on of  ethanol  i n  the medi um s uppres ses  th i s  enzyme 
( Pearse , 1961 ) . 

Phosphoryl ase i s  present i n  mus cl e  as acti ve phos phoryl ase  A or i ts 
i nacti ve precursor phosphory l ase B .  I n  resti ng musc l e mos t  phosphory l a s e  
i s  present i n  the B form b u t  t h e  A form i ncreases rapi d l y  wi th st imu l ati on  



6 3  

( Bocek a n d  Beatty , 1 966 ) and a l so wi th freezi ng ( Dubowi tz a n d  Pears e , 
1960 ) . There i s  s ome debate a s  to whether or not the h i stochemi ca l  
method demons trate s  the total or only the  acti ve phosphoryl ase  content 
of musc l e ( Kugel berg and Edstrom , 1968) but the l arger body of opi n i on 
supports the i dea that i t  demons trates a mus c l e ' s  tota l  content 
( Dubowi tz and Pears e , 1960 ; Bocek and Beatty , 1966 ) . 

I t  appears reasonab l e to assume that the i ntens i ty of the b l ue col ourati on 
demons trated by t h i s  h i s tochemi cal method i s  di rectly rel ated to the 
phosphoryl ase  a ct i vi ty of a n  i nd i v i dua l  fi b re and i s  a measure of the 
rate at whi ch i t  can deri ve energy for contracti on anaerob i cal l y  
( Davi es  and Gunn , 1972 ) . 

I n  the present s tudy i ndi v idua l  f ibres  were des i gnated GPase h i gh or  l ow 

( PH , PL )  depen d i ng on the rel at i ve i ntens i ty of thei r b l ue col ourati on . 

4 . 1 . 4 F i b re Types i n  Equ i ne Musc l es and Laryngeal Mus c l es of 
O ther Speci e s  

The  d i scuss i on t o  th i s  poi n t  h a s  centred around t h e  concepts 
of fi bre type deri ved l argel y  from the s tudy of l imb musc l es  ( Tab l e  9 ) . 
The  fi bre types observed i n  those equi ne l imb muscl es  whi ch  h ave been 
exami ned h i s tochemi cal l y  are s imi l ar to thos e  des cri bed i n  other s peci es . 
Guy and Snow ( 1 976 , 1977 ) and E ssen  et  a l . ,  ( 1980) h ave s tud i e d  a 
number of the  u pper l imb muscl e s  of both Thoroughbred and Standardbred 
horses . Wh i l e  the proporti on of fi b re types vari ed  wi th age ( Es s en 
et  a l . ,  1 9 80 ) , s tate of trai n i n g  ( Guy and Snow ,  1977 ) , and between 
musc l es  ( Guy and Snow , 1977 ; E ssen  et  a l . ,  1 980 ) ; and the two g roups 
of workers u s ed d i fferen t  c l a s s i fi cati on systems , there was overa l l 
agreement as  to the predomi nant fi b re types present (Tab l e 1 0 ) . 

TABLE 1 0  THE F I BRE TYPES I N  SOME EQU I NE L I MB MUSCLES 
--- -·�- --,-·- �---··----··--··· -� - - .  ---�----

F i b re type Guy and Snow , ( l977 ) E s sen et  a l . ,  ( 19 80 ) 

ALSHPL 20 . 0  + 1 . 9% 13-31%  

AHSHPH 44 . 9  + 2 . 1% 69-87% 
predomi nant l y  

AHSLPH 3 5 . 1  + 1 .  3% AHSH 
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Studi es o n  l aryngeal  mus c l e s  have i nd i cated that  thei r fi bre type 
profi l es are somewhat d i fferent to those observed i n  other s ke l etal  
musc l es . Laryngea l  mus c l es are i n  general fas t  contracti ng 
( Mortens s on and Skog l und , 1964 ; Hast � 1 96 9 )  and those w i th the 
fastest  contracti on t i mes  have the h i ghest proporti ons of AH fi bres 
( Sahgal  and Hast , 1974 ) . Some , for exampl e ,  the l ateral cri coarytenoi d 
and transverse a ryte no i d  musc l es of  the primate l arynx have a l most  
excl u s i vely AH  f i bres  { Sahgal and  Hast , 1 974 ) . 

Laryngeal musc l es  a l so  tend to h ave a h i gh content of ox i dati ve enzymes . 
Some a re excl us i ve l y  SH  ( Ha l l -C raggs , l968 ; Mal mg rem and Gace k , 1981 ) 
whi l e  others demons trate a checker board pattern when stai ned for SDase 
acti v i ty ( Sahga l  and  H ast , 1974 ) . 

There appears to be  s ome vari ati on i n  anaerob i c  metabol i sm between the 
fi bres of l aryngeal muscl e s . Mal mgrem and Gacek ( 1981 ) found that i n  
the human posteri or c ri coarytenoi d musc l e the  Type I IA fi bres tended to 
have a h i gher l evel  of  GPase than the Type I f i bres . In v i ew of the 
work performed by the i ntri n s i c  l aryngeal  muscl es  i t  wou l d be expected 
that the i r  fi b re types wou l d  a llow them to contract rapi d ly , conti nuou s l y , 
and effi ci entl y w i thout fat i gue . The  fi b re types observed s upport these 
expectati ons . 

The l i terature on fi bre types i n  equ i ne l aryngeal mus cl es  i s  by no 
means extens i ve .  I n  fact onl y  the reports of Gunn ( 1972 , 1 973 )  and 
Duncan ( 1975 ) and h i s eo-workers ( 1974 ) were avai l ab l e pri or to the 
commencemen t  of thi s s tudy .  Gunn ( 1972 ) s tated that o f  the  pos s i b l e 
comb i nat i on s  of f ibre types , on l y  fou r  a re found i n  normal equ i ne mus c l e .  
These were AHSLPH ,AHSHPH , ALSHPL and ALSHPH . I n  one hors e , a ·  two-year-ol d 
Thoroughbred fi l ly ,  Gunn counted the fi bre types present i n  the l eft 
dorsa l  cr i coarytenoi d  muscl e .  He foun d  that 72% of the f i bres were 
AHSHPH ; 27% o f  the fi b res  were ALSHPH and 1% of the fi b re s  were ALSHPL . 
He conc l uded that fast twi tch , l ow oxi dati ve fi bres  ( AHSLPH ) d i d not 
occur i n  normal  equi ne i ntri ns i c l aryngea l  musc l es . I n  a l ater 
pub l i cat i on Gunn ( 19 7 3 )  reported on the f ibre types i n  the l aryngeal  
musc l es  of a ful l term equ i ne foetu s . I n  th i s  an ima l  he  fou nd s i mi l ar 
f ibre types to those present i n  normal adul ts a l though  the overa l l 
dens i ty of the react i on produ cts of the SOase and GPase reacti ons were 
l es s  i n  foetal than  i n  adu l t mus c l e s . 
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Fol l ow i ng Gunn ' s  work , Duncan ( 19 75 )  i n  a s tudy of the  pathol ogy of 
equ i ne i ntri n s i c l aryngeal  mus cl es  commented on the f i b re types 
presen t .  He found that a mosai c pattern was obtai ne d wi th the myos i n  
ATPase  and GPase react i ons . Th i s mos a i c pattern was not s o  obvi ous 
wi th the SDase reacti on as al l fi b res tended to have a rel ati vely h i gh 
l eve l of th i s  enzyme . Duncan a l so  found that mos t  AH f ibres were PH 
but  that there was no cons i stent rel ati onsh i p  so far as the i r  SDase 
reacti on was concerned .  A l though he  di d not q uanti tate f i bre types 
he  s tated that there were approxi ma te ly  60% AH and 40% AL f i b res  present . 
These fi ndi ngs i ndi cated that mos t  of the f i b res of  equ i ne i ntri n s i c 
l a ryngeal mus cl es , l i ke those of other s pec ie s  h av e  a we l l  devel oped 
aerob i c and anaerob i c  metabol i sm .  I n  th i s  way l aryngeal mus c l es 
d i ffer from mos t  other s ke l etal  musc l es . 

4 . 1 . 5  The Effect of Denervati on on F i b re Type and Fi bre 
Arch i te ctu re 

The common equ i ne res pi ratory di seas e , i d i opath i c  l aryngeal 
hemi pl eg i a ,  i s  a resu l t of a conti nuous process of denervat i on and 
rei nnervation of musc l e fi b re s  s u ppl i ed by the recurrent l aryngeal nerves 
( Duncan , 1975 ) . As has  been menti oned , h i stochemi ca l  tech n i ques , 
because they can be used to demonstrate the metabol i sm of a mus cl e  f i b re ,  
the d i stri buti on of f ibres  of a s i mi l ar type , and s ome as pects of mus cl e  
fi b re arch i tecture , a re usefu l  for i nves t i gat i on of th i s  d i sease . 

The mos t  obv i ous  h i s tochemi ca l  change wh i ch  occurs i n  mus c l e ear ly  i n  
the course of denervat i on and  rei nnervati on i s  fi b re type groupi ng . 
Th i s phenomenon i s  parti c u l arl y wel l  demonstrated by the myo s i n  ATPase 
reacti on and w i l l  be d i s cu s s ed i n  Chapter 5 .  I n  add i t i on to fi b re type 
groupi ng a number  of workers have note d  that  there i s  an  i ncrease i n  the 
number  of i ntermedi ate f i b re s  demons t rated by th i s  react i on and  h ave 
s uggested that these a re fi b res i n  the early  stages of rei nnervati on 
( Morri s ,  19 70 ; Wars z aw s k i  et a l . ,  1 975 ) . 

Experimenta l  denervati on  h as been shown to reduce oxi dati ve and g l ycolyti c 
acti v i ty of mus cl e fi b res  ( Romanul  and H ogan , 196 5 ) , a l though severe l y  
atroph ied fi b res may s ta i n i ntense ly  for oxi dati ve enzymes  and l ack 
phosphoryl ase  acti v i ty ( Engel  et a l . ,  1966 ; Dorman , 1 973 ; B rooke , 
1973 ) . Abnormal fi b re types res u l t i ng  from reduced l eve l s of act i v i ty 
of such enzymes have  been noted i n  equ i ne i ntri ns i c  l aryngeal mus c l e s . 
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Gunn ( 19 7 2 )  observed the abnormal fi b re types AHSHPL ; ALSLPH and 
ALSLPL i n  the l aryngea l  musc l es  of a horse whi ch  was c l i n i cal l y  
unaffected w i th l aryngeal hemi pl egi a .  F i bre type g roupi ng was a l so  
present  i n  these  musc l es . He  l ater reported h i s fi nd i ngs i n  the 
mus c l es of a hors e  s ufferi ng from l aryngeal  hemi pl eg i a ( Gunn , 1973 ) . 
I n  the  l eft dorsal cri coaryteno i d  mus cl e  he  found that 13% of the AH 
fi b re s  were SL i n  contrast  to norma l  musc l e whi ch contai ns no s uch 
fi b res . Furthermore AL fi bres  whi ch were SL { 70% ) and  PL ( 29% )  were 
muc h  more n umerous than fi bres  of these types seen i n  normal musc l es . 
I n  the l eft trans verse  arytenoi d musc l e of the s ame h orse a l l the fi bres  
observed were AH  whi l e  the  correspondi ng ri ght muscl e contai ned s ome 
AL fi b res . 

C hanges i n  fi bre arch i tecture wh i ch occur as a res u l t of denervati on are 
best  demonstrated i n  secti ons s ta i ned for oxi dati ve enzymes . Some of 
the affected fi b res  take up these s ta i ns i n  an abnorma l manner so  that 
there i s  a rel ati ve l y  unsta i ned central zone , a heavi ly  stai ned i nter­
medi ate zone and a rel ati vel y  normal outer zone . Such fi bres have been 
referred to as  " ta rget fi b re s 1 1 because the uneven ly  sta i ned zones 
res embl e  the r i ngs of a target . The s ta i n i ng c hara cter i sti cs of these 
fi bres  correspond to changes i n  mi tochondri a l  dens i ty ;  the central zone 
has  d i s o rgan i sed myofi bri l l ar materi a l  wi th no mi tochondri a and the 
i ntermedi ate zone has i ncrea s ed numbers of mi tochondri a ( Buxton , 1980 ) . 
These fi bres are mos t  common i n  musc l es recove ri ng from denervati on 
( Brooke , 1973 ) . They are however , not observed i n  compl etely denervated 
mus c l e  { Tomonaga , 1969 ) . Duncan  et  a l . ( 1974 ) noted the  presence of 
occas i onal target or target- l i ke fi b re s  i n  the l aryngeal mus c l e s  of  
l aryngeal h emi p l egi c horses . They a l so noted the  presence of fi b re s  
w i th central a reas  o f  h i gh oxi dati ve acti v i ty and s tated that they had  
seen  these i n  compl etely d enervated equi ne and  can i ne  l aryngeal mus c l es . 
F i b re s  wi th a s i mi l ar h i gh acti v i ty of  SDase centra l ly  had been reported 
i n  a l aryngeal hemi p l eg i c horse by Gunn ( 1973 ) . 

Another abnorma l i ty of oxi dati ve enzyme s ta i n i ng of musc l e fi bres i n  
neurogeni c  d i sease i s  the "moth-eaten-whorl ed fi b re " . Here the regul ar 
ordered network between myofi bri l s  stai ns i rregu l arly so that the fi b re 
a s s umes a moth-eaten appearance ( Brooke , 1973 ) . These fi b res  h ave not 
been recorded i n  equ i n e  l aryngeal mus c l es . 
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4 . 2  Mate ri a l s  and Methods 

The deta i l s  of the musc l es col l ected , the methods of preparati on 
and the h i s tochemi ca l  techn i ques used are descri bed i n  Chapter 2 and 
Appendi ces 1 -3 . 

The number of hors es  from wh i ch mus c l e s  were col l ected and s tudi ed are 
s hown i n  T ab l e  1 1 . The vocal musc l es from 2 horses ( numbers 6 and 20 ) 
were a l s o exami ned . 

4 . 3  Res u l ts 

Seri al  secti ons of a dors a l  cri coarytenoi d and cri cothyro i d  mus c l e 
s how i n g  s ta i ni ng  patterns characteri s t i c of those obta i ned w i th each of 
the enzyme reacti ons when used on 1normal " musc l e duri ng th i s  s tudy are 
s hown i n  Fi gure s  2 1  and 22 . 

4 . 3 . 1  The  Predomi nant F i b re Types Found and Thei r Proporti ons 

4 . 3 . 1 . 1  Dorsa l  Cr i coarytenoi d  Mus c l e 

4 . 3 . 1 . 1 . 1  11 Normal 1 1 Horses  

The fi bre types and  the i r proporti ons  
observed i n  the  dors a l  cri coarytenoi d musc l es  from a l l the  " normal 1 1  

horses are s hown i n  Tab l e 1 2 . The proporti on of these fi bre types 
d i d not vary s i gn i fi cantly i n  the musc l es from the l eft and  ri ght s i de s  
o r  i n  those from g roups o f  horses of d i fferent  ages a n d  s exes . 

4 . 3 . 1 . 1 . 2  Abnormal Horses 

When the mus c l es of the abnormal horses 
were taken as  a g roup the re appeared to be a reducti on  ( P <. 0 . 1 )  i n  the 
proport i on of AH : AL fi b re s  ( 60% : 40% ) when compare d  w i th the " norma1 1 1 
horses . Thi s  was part i cul a rl y  noti ceab l e  i n  the l eft mus c l es  of the 
younger horses where the  proporti on was 50% : 50% . I t  was however , not 
present i n  the o l der abnorma l horses where an  i nc rease  i n  the proport i o n  
o f  AH : AL fi bres ( 79% : 2 1 % )  occurred . 

The d i fference between the phosphory l as e  acti v i ty of the musc l e s  from 
the two age g roups of abnorma l horses appeared to be oppos i te to that  
seen  w i th the myos i n  ATPase reacti on . The young  abnormal horses  had  





F I GURE 2 1  Transverse seri a l  secti ons o f  the ri ght  dorsa l  
cri coaryteno i d  muscl e from a " norma l " horse ( x260 ) . 
Secti ons s ta i ned to demonstrate the acti v i ty of : -

a .  Myos i n  ATPase 

b .  SDase 

c .  GPase 





FIGURE 22  Transverse ser i a l  secti ons of  the  l eft cri cothyro i d  
musc l e from a " norma l " horse ( x260) . Secti ons 
s ta i ned to demons trate the acti vi ty of : -

a .  Myos i n  ATPase 

b .  SDase  

c .  GPase  



a 

b 

c 



TABLE  12  F I BRE TYPE  PROF I L ES OF  LARYNGEAL MUSCLES  FROM HORSES W ITH NO H I STORY OF  UPPER 
RESP I RATORY TRACT ABNORMAL I T I E S  

I N umber of F i bre types % 
Mus cl e : horses ' 

s tudi ed AH : SH : PH AL : SH : PH AL : SH : PL 
! 

I 
i 

Dorsal  cri coaryteno i d 46 ; 69 23 I 8 : 

. Latera 1 en coaryten01 d . 4 9 70 2 5  5 

I Transverse arytenoi d  6 74 22 4 ! 

: Ventri cu l ar 8 89 10 . 8  0 . 2  
i 1 Voca 1 2 77 . 5  2 2  0 . 5  

: Cr i cothyro i d 46 64 29 7 
' 

I Hyoep i g l ott i c 1 5  4 6  4 2  12  

I 
\ 
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a s i gn i fi cantl y ( P < 0 . 01 ) h i g her  proporti on  of PH : PL fi b re s  ( 98% : 2% )  
than the 1 1 norma l 1 1  horses ( 75% : 25% ) and the ol der abnormal g roup had 
a s i gn i fi cantly l ower ( P < 0 . 02 )  proporti on ( 6 1% : 39 % )  than thei r 1 1 normaP 
counterpa rts . These changes were a l so more marked i n  the l eft than 
the right muscl es . 

4 . 3 . 1 . 2  Latera l  Cri coarytenoi d Muscl e 

4 . 3 . 1 . 2 . 1  1 1 Normal 1 1  Horses 

Al though the fi b re types and thei r 
proporti ons observed i n  thi s  mus cl e were very s i mi l ar to those foun d  
i n  the dors al  cri coarytenoi d musc l e (Tab l e  1 2 ) , the ol der age group 
had a s i gn i fi cantly ( P< 0 . 1 )  l ower proporti on  of AH : AL fi bres ( 67% : 33% ) 
than the younger group ( 72% : 28% ) . These changes were more marked 
i n  the l eft mus cl es . 

4 . 3 . 1 . 2 . 2  Abnorma l Horses  

The changes i n  the  proporti on s  of  
AH : AL and  PH : PL  fi bres i n  the  l ateral cri coaryteno i d  mus c l es were 
s i mi l ar to those observed i n  the dorsa l  cri coarytenoi d musc l e s . I t  
was i nteresti ng to note that i n  the young abnormal horses no PL fi bres  
were observed whereas i n  the  o l de r  g roup PH : PL was 68% : 32% compared to 
84% : 16%  i n  the o l de r  1 1 norma 1 1 1  horses { P < 0 . 02 ) . 

4 . 3 . 1 . 3  Transverse Arytenoi d Mus c l e 

4 . 3 . 1 . 3 . 1  1 1 Norma 1 1 1  Horses 
Aga i n  the fi b re types and the i r proporti ons  

were s i mi l ar i n  the  trans verse a rytenoi d mus c l e s  to  the l ateral cri co­
a rytenoi d mus c l es  (Tab l e  1 2 ) . 

Changes i n  the proporti ons  of fi b re types present  i n  the di ffe rent age 
g roups were observed and were opposi te to those s een i n  the l atera l 
cri coarytenoi d musc l e s . The rat i o  of AH : AL fi b res ( 81% : 19% )  was 
s i gn i fi cantly h i gher ( P< 0 . 02 )  i n  the o l der horses when compared wi th 
the younger g roup ( 67% : 33% ) .  I n  add i ti on , i n  the o l der group there 
we re s i gn i fi cantly fewer ( P < 0 . 05 )  AH fi b re s  i n  the l eft musc l e 
( AH : AL , 79% : 2 1% ) when compared w i th the ri ght  ( 83% : 1 7'Yo ) . 
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There were a l s o  changes between the age groups i n  the proporti on  of 
PH : PL fi b res . Th i s proporti on was s i gn i fi cantly l es s  ( P <. O . OOl ) 
i n  the o l der ( 73% : 27%)  than the younger group ( 9 5% : 5% ) . 

4 . 3 . 1 . 3 . 2  Abnorma l Horses 

The proporti ons of fi bre types i n  the 
mus c l e s  from abnormal horses were not s i gni fi cantly di ffe rent  to those 
from the 11 normal 1 1 horses . T here was a tendency however for the AL 
fi bres from the abnormal horses to have a h i gher proport i on of PH 
f i bres than the 1 1 norma l '' horses . The muscl es studi ed we re from a 
smal l n umber of younger horses as  the only ol der roare r a va i l ab l e  
h ad a compl e te l y  atroph i ed l eft trans verse arytenoi d mus c l e wh i ch 
was not su i tab l e for hi s tochemi stry .  

4 . 3 . 1 . 4 Ventri cul a r  Muscl es  

4 . 3 . 1 . 4 . 1 " Norma l "  Horses 

The most notab l e  feature s  of the 
ventri cul ar musc l es  were that the fi bres were predomi nantly  AH and 
PH ( Tab l e  1 2 ) . As was the case i n  the trans verse aryte no i d  muscl e 
there was a s i gni fi cant i nc rease ( P< 0 . 001 ) i n  the proporti on of AH 
fi b res  i n  the musc l es from ol der horses ( AH : AL , 9 6% : 4% )  when compared 
wi th  those from the younger g roup ( AH : AL , 75% : 25% ) . 

4 . 3 . 1 . 4 . 2  Abnorma l Horses 

The abnormal horses exami ned were 
agai n al l i n  the young age g roup as  the only o l der roa re r  from wh i ch 
ventri cu l ar mus c l es were col l e cted had a l eft musc l e wh i ch was so  
s evere ly atroph i ed that  it  was  n ot s u i tab l e  for h i s tochemi ca l  
exami nati o n . I n  the mus c l es  exami ned there was  a s i gn i fi cant i ncrease 
( P< 0 . 02 )  i n  the proporti on of AH : AL fi bres ( 88% : 1 2% )  when compared to 
those from 1 1 norma l " horses ( 75% : 25% ) and a l l the AL fi bre s  were PH . 

4 . 3 . 1 . 5  Vocal Musc l es 

The vocal  musc l es from two " norma1 1 1 horses ( s i x  
and 2 0 )  were exami ned h i s tochemi cal l y .  The fi bre types observed 
and thei r p roporti ons a re s hown i n  Tab l e  1 2 .  
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4 . 3 . 1 . 6 Cri cothyroi d  Mus c l es 

4 . 3 . 1 . 6 . 1  1 1 Norma l " Horses 

The f ibre types and thei r p roport i ons  
in  the  mus c l es from the " norma l " horses are s hown in  Tab l e  1 2 . The  
proport i o n  of AH  fi b res appeared to  be l es s  ( P< 0 . 1 )  in  the o l der 
horses ( AH : AL , 59% : 41% ) than i n  the younger g roup ( 68% : 32% ) . 

4 . 3 . 1 . 6 . 2  Abnormal Horses 

The s i gni fi cant di fferences between 
the proporti ons of fi bres present i n  musc l e s  of the " norma l " and 
abnormal horses were : -

i .  The young abnormal horses had  a s i gni fi cantly ( P < 0 . 00 1 ) l owe r 
proporti on of AH fi bres ( AH : AL , 57% : 43% ) than the young 1 1 norma l " 
horses  ( 68% : 32% ) 

i i  The young abnormal horses  had  a s i gni fcantly h i gher  ( P< 0 . 01 )  
proport i on of PH fi bres ( PH : PL ,  9 5% : 5% )  than the young  " norma l " 
horses  ( 79% : 2 1 % ) . 

4 . 3 . 1 . 7  Hyoepi gl otti c musc l e 

The proporti on of AH fi bres  was l es s  i n  the 
hyoepi g l ott i c mus c l e than i n  the other l aryngea l  mus c l e s  exami ned . 
The fi b re types and thei r proporti ons observed i n  the " norma l " horses 
are s h own i n  Tabl e 1 2 .  W i th one excepti on these proporti ons  were 
s i mi l ar i n  the hyoepi g l otti c mus c l es of a l l the horses exami ned . 
Thi s excepti on was the horse s uffe ri ng from l aryngo-pal atal  d i s l ocati on 
( 29 )  whe re a h i gher  proporti on of AH fi b res  was observed ( AH : AL , 
63% : 37% ) . 

The AL  fi b res  of the abnormal horses tended to have a h i gher  proport i on 
of PH fi b res ( PH : PL ,  9 5% : 5% )  than the 1 1 normal " horses ( PH : PL ,  78% : 22% ) . 

4 . 3 . 2  Other F i bre Types 

The  onl y  other fi bre type whi ch  occurred wi th any frequency 
was the AH : SH : PL type . Th i s  fi b 1�e type tended to occur much  more 
reg u l a r l y  i n  the very young horses . I t  was observed i n  at l east  one 
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of the musc l es  o f  the youngest 1 4  horses exami ned , b ut o n l y  i nfrequentl y  
i n  o l der an i ma l s .  Each o f  the i ntri ns i c  l aryngeal mus c l es  i n  th i s  
s tudy occas i ona l l y  conta i ned th i s  fi bre type but when i t  di d occur i t  
a ccounted for l es s  than fi ve percent of  the fi b res counted i n  that 
parti cu l a r mus cl e .  

4 . 3 . 3  Other Sta i n i ng Characteri s ti cs  and Changes i n  F i b re 
Arch i tecture 

A l l the f i b res  of the mus c l es  s tud i ed took u p  the b l ue 
d i formazan de pos i ted duri ng the SDase reacti on , but the re was often 
some vari ati on i n  the i ntens i ty of the b l ue col ouration between f i b res  
( Fi gs . 2 lb and  2 2b )  wi th i n  a sect i on . Th i s  vari ati on was mo re 
noti ceab l e  i n  the cri cothyroi d and hyoepi g l otti c mus cl es  than i n  the 
other mus cl es s tudied . The di fferen ce between f ibres however was 
usual ly  not d i s t i nct enough to a l l ow for rel i ab l e  s eparati on of f i b re 
types us i ng th i s  reacti on . On l y  those very rare fi bres  wi th an 
obvi ous reduct i on i n  b l ue col ourati on were des i gnated SL . There 
was a tenden cy for the SDase reacti on to be i nverse ly  rel ated to the 
myos i n  ATPase  react i on but th i s  i nvers e  re l at i onsh i p  was not a l ways 
con s i s tent . 

Mos t  of the  f i b res i n  the musc l es  s tudi ed took up  a b l ue col ou rati on 
i n  a manner wh i ch i ndi cated a h i gh acti v i ty of the enzyme GPas e . 
As w i th the  SDase reacti on there was s ome vari ati on i n  the i nten s i ty 
of the col o u r  between fi bres w i th i n  a secti on ( F i g s . 2 1 c  and 22c ) . 
Onl y  those fi b res whi ch were much pal er than nei ghbouri ng  fi b res  we re 
c l assed a s  PL . The  AL fi b res tended to be  pal er  when s tai ned  for 
GPase than the AH fi b res but not a l l AL f i b res  were PL . The muscl es  
from the v e ry young foal s i n  th i s  s tudy ,  when stai ned to  demonstrate 
the  act i v i ty of SDase and GPase s howed a s imi l ar but l es s  i ntense 
react i on to that seen i n  the o l de r  horses . 

I n  the mus cl es s uppl i ed by the l eft recurrent l aryngeal  n erve there 
were changes  i n  the s tai ni ng cha racteri st i cs  exh i b i ted by the SDase 
and GPase reacti ons wh i ch coi nci ded w i th other s i gns  of dene rvati on . 
The mos t  s ubtl e of  these s i gns  was 1 1 f i bre type groupi ng " of AL fi bres  
( Chapter 5 ) . In  mus cl es showi ng  th i s  g roup i ng , there was  often a 
reducti o n  i n  the i ntens i ty of the S Oase and GPase rea ct i ons . The 
groups of AL fi b res  tended to be v i s i b l e  al so in the s ecti ons stai ned 



7 4  

t o  demonstrate t h e  acti v i ty o f  GPase , a s  g roups o f  f ibres wi th a 
l ess  i ntense GPase reacti on . I n  musc l es where thi s  pathol ogy had  
progressed to the  s tage where fi bre atrophy was evi dent th i s  
reducti on i n  i ntens i ty of the SDase and GPase reactions was even more 
pronoun ced and u s ua l l y  there was an obvi ou s  di fference i n  the 
i ntens i ty of these reacti ons between the l eft and r ight  musc l es ( F i g . 23 ) .  

At thi s  late s tage i n  the deve l opmen t  o f  neurog en i c  atrophy the SDase 
react i on a l so demonstrated changes i n  f i bre arch i tecture . Someti mes 
fi bres devel oped a dark sta i n i ng peri p hera l ri ng  whi l e  the i r centre 
was pal e ( F i g .  24 ) . Target- l i ke fi bres were common i n  these mus cl es 
( F i g .  25a and 2 5b ) . True target f i bres a ppeared to be rare but  these 
targeto i d  fi b res  wi th a lternati ng l i g h t  and dark concentri c areas 
were often present in musc l es wi th fi b re atrophy . Mottl ed fi b res 
whi ch had features cons i stent wi th "moth-eaten whorl ed fi b res " were 
a l so occas i on a l l y  noted i n  these muscl es ( F i g .  2 6 ) . I n  the o l der 
abnormal horses w i th severe pathol ogy of  the l eft musc l es ,  these 
mott l ed  fi bres were someti mes seen i n  the ri ght  muscl es . 

Another feature noted i n  musc l es wi t h  severe pathol ogy was that the 
maj ori ty of the  sma l l d i ameter musc l e fi b res remai n i ng s ta i ned 
i ntensely  wi t h  myos i n  ATPas e .  Th i s  meant that often i n  severe l y  
affected mus c l e the fi bres were predomi n antl y A H  ( F i g .  27 ) .  

The above changes  were not observed i n  the cri cothyroi d  musc l es from 
ei ther " no rma 1 1 1  or abnormal horses except for the occas i on a l  fi bres  
wh i ch resembl ed the  mottl ed or moth- eaten f i b res a l ready descri bed . 
These were seen i n  the l eft and r i g h t  muscl es of s ome of the aged 
horses ( Fi g .  2 8 ) . 

4 . 4  D i scus s i on 

4 . 4 . 1  P reparati on of Musc l e B l ocks 

I t  was found in the earl y stages of the s tudy that 
cons i s tent l y  h i gh qua l i ty h i stochemi c a l  secti ons cou l d  on l y  be 
obtai ned  i f  the muscl e b l ocks were prepared as soon as  poss i bl e  after 
the death of the hors e .  Deep freez i ng the musc l es and then thawi ng 
them l ater to cut and refreeze the b l ocks produced l arge amounts of 



F I GURE  23 , a and b 

F I GURE 23 , c and d 

Transverse secti ons of the l eft ( a ) and 
ri g h t  ( b )  l ateral cri coaryteno i d  musc l e s  
from a l aryngeal hemi pl eg i c  horse ( xlOO ) . 
Secti ons sta i ned to demons trate the 
acti vi ty of SDas e .  The atrophi ed fi bres 
i n  the l eft musc l e s how a l es s  i ntense  
react ion for thi s enzyme than the  normal 
s i zed fi bres  i n  the ri g h t  muscl e 

T ran sverse s ecti ons of the l eft ( c) and 
r i g h t  ( d) trans vers e  arytenoi d musc l es  
from a l aryngeal hemi pl eg i c  horse  ( xlOO) . 
Secti ons stai ned to demonstrate the 
acti v i ty of GPase .  The maj ori ty of the 
atroph i ed f ibres  i n  the l eft mus cl e show a 
l es s  i ntense  reacti on for thi s enzyme than 
the normal s i zed fibre s  i n  the ri ght  musc l e 



a b 

c d 



F I GURE 24 A transverse  sect i on of the l eft dorsa l  cri coa ryteno i d  
mus cl e from a l aryngeal hemi p l eg i c  horse (/x260 ) . 
Secti on s tai ned  to demonstrate the acti v i ty of SDase . 
Some of the fi bres h ave a dark sta i n i ng peri phera l 
ri ng and a pa l e  centre 

F I GURE 2 5  a .  A tran sve rse  secti on of the l eft ventri cu l ar mus c l e  
from a l aryngeal  h emi pl eg i c  horse ( x260 ) . 
Secti on stai ned to demonstrate the acti v i ty of 
S Das e .  Targetoi d fi b res are apparent 

b .  A g reater magn i fi cati on ( x650 ) of the l a rger  
targetoi d f i bre v i s i b l e  in  Fi g .  2 5  a 





F I GURE 26 

F I GURE  2 7  

F I GURE 2 8  

A transverse s ecti on of the l eft trans verse a rytenoi d 
mus c l e  of a two year o l d l aryngea l h emi pl egi c horse 
( xlOO) . Secti on s ta i ned to demons trate the acti v i ty 
of SDas e .  Mott l ed fi b res  w i th featu res  s i mi l ar to 
11moth -eaten whorl ed 11 fi b res  are pre sent ( a rrows ) 

A trans verse secti on of the l eft dorsa l  cr i coaryteno id  
musc l e of a l aryngeal  hemi pl eg i c  horse ( x260 ) . 
Secti on stai ned to demons trate the acti v i ty of myos i n  
ATPase .  Most  of the fi bres i n  th i s  s evere ly  
atroph i ed mus cl e react i n  a manner cons i s tent wi th 
AH fi bres 

A transverse sect i on of the l eft cri cothyro i d  musc l e 
of an aged 11 normal 11 horse ( x260 ) . Secti on s ta i ned 
to demons trate the acti v i ty of SDase . F i bres whi ch 
have mottl ed  or 1 1moth-eaten whorl ed 11 characteri sti cs 
are present  
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i ce artefact in  secti ons and i ncons i s tent enzyme stai ns . I f  

muscl es were l eft for more than two hours after the death of the 

horse , before cutti ng and freezi ng  the b l ocks , the res u l ts of 

enzyme s tai n i ng were al so i ncons i s tent .  

Once the  b l ocks were frozen care was taken to  ensure that thawi ng 

di d not occur at any stage before the mounti ng of secti ons . I f  

thawi ng  d i d  occur i ce artefact i n  the secti ons was common . 

4 . 4 . 2  F ibre Types i n  Equ i ne Laryngeal Muscl es 

Thi s study i s  the fi rs t to have typed and counted the 

fi bres of the i ntri ns i c  l aryngeal muscl es of  a l arge number of horses 

of a s i ng l e breed , i n  th i s  case , the New Zeal and Thoroughbred . I t  

has provi ded more comprehensi ve i n formati on on the fi bre types and 

thei r proport ions i n  these muscl es . than was previous l y  avai l ab l e .  

The resu l ts of th i s  study show that the abdu ctors and adductors of 

the arytenoi d  carti l age have fi bres  wh i ch are approxi mately  70% or 

more AH , a l most excl usi vely SH and p redomi nantly PH . Thi s proporti on 

of AH fi bres i s  a l i ttl e hi gher than that es ti mated by Duncan ( 1975 )  

but is  very s imi l ar to that found by Gunn ( 1972 ) . 

The predomi nant fi bre types observed i n  the l aryngeal muscl es of the 

11 normal 11 horses i n  thi s study were the same as those reported by 

Gunn ( 1972 ) , so th i s  work provi des  s upport for h is  s uggesti on that the 

fast twi tch l ow oxi dati ve type does not occur i n  normal equi ne l aryngeal 

muscl e .  The fi bre types seen i n  the arytenoi d abductors and 

adductors were those whi ch wou l d  be expected i n  respi ratory muscl es 

wh i ch must  contract rapi dly and repeatedly .  There was a h i gh 

proporti on o f  fas t  twi tch fi b res ( AH )  wi th the capaci ty for both an· 
aerob i c  and aerobi c metabol i sm ( SH and predomi nantly PH ) . 

Prior to th i s  study no i nformati on was avai l abl e on the proporti on of 

fi bre types present i n  such muscl es as the equi ne voca l , ventri cu l ar ,  

. cri cothyroi d  and hyoepi g l otti c muscl es.. The vocal and ventri cul ar 

muscl es are i nvol ved primari l y  i n  the control of the vocal cords and 

the producti on of voi ce �functi ons whi ch requ i re very rapi d movements . 

Not surpri s i ngly therefore i t  was found that these muscl es had the 
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h i ghest proporti ons of AH fibres . observed . The cri cothyroi d  

muscl e h as been shown by Goulden et al . ,  ( 1976 ) to functi on both 

on i nspi rati on and expi rati on and to have a major l aryngeal 

stabi l i z ing component , a functi on whi ch requi res sustai ned contracti ons . 

The proporti on of AL fi bres observed i n  the cri cothyroi d mu scl e was 

h i gher than was seen in the arytenoi d  abductor and adductor  muscl es . 

Of the mus cl es studi ed , the requ i rement for sustai ned ton i c  

contract i on wou l d  be expected to be hi ghest i n  the hyoepi g l otti c 

muscl e wh i ch must keep the epi g l otti s depressed duri ng respi rati on .  

The hyoepi g l otti� muscl e di d i n  fact conta i n  the h ighest proporti on 

of AL f ibres of the l aryngeal musc les  studi ed . 

I n  other speci es the di fferences i n  proporti on of AH fi bres are 

rel ated to di fferences i n  contracti on speeds of the musc les  ( Sahgal 

and Has t ,  1974 ) . It woul d be of i nterest to know i f  th i s  occurs 

i n  the horse . The proporti ons of AH fi bres observed duri ng th i s  

study and thei r rel ationsh i p  to the expected functi on o f  the muscl es 

suggests that i t  probably does . 

4 . 4 . 3  Changes i n  the Proporti on of Fi bre Types Observed i n  the 
Di fferent Groups of Horses 

The changes i n  the proporti ons  of fi bre types wh i ch were 

observed i n  th i s  study probab ly  represent a compl ex seri es of 

i nter acti ons . I t  i s  poss i bl e  that there were a number of factors 

operati ng together to produce the changes observed and the i nfl uence 

of these factors cou l d  not be separated . It  was only pos s i bl e 

therefore to suggest what the causes of these changes may have been . 

4 . 4 . 3 . 1 The Proportion  of AH : AL F i bres 

As menti oned previ ous ly there i s  evi dence that 

musc l e fi bres can respond to demands for di fferent types of work 

output by changi ng thei r fi bre type proporti ons to mos t effecti vely 

meet those demands . The proporti on of AH fi bres decreases i n  some 

postural muscl es as an animal ages and becomes heavi er ( Davi es , 1973 ) . 

On the other hand , some of the upper l i mb mus c l es of the horse respond 

to peri ods of tra i n i ng by i ncreas i ng the proporti on of AH fi bres they 

contai n ,  probab l y  to be better abl e to contract rapi dly duri ng fast 

work ( Guy and Snow , 1977 ) . 
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There appears to be l i ttl e i nformati on avai l ab l e  on the effect of 

denervati on and rei nnervati on on  the proporti on of AH : AL fi bres 

present i n  a muscl e .  I t  has been stated that the process of 

denervati on in a mus cl e i n i ti al ly  causes specific  atrophy of AH 

fi bres ( Engel  et al . ,  1966 ) . It wou l d  be expected that when 

denervati on began , some of the AH f ibres woul d undergo a reducti on 

i n  the i r cross secti onal area whi l e  some or al l of those retai n i ng 

thei r i nnervati on and perhaps a l so the AL fi bres wou l d i ncrease 

thei r cross secti onal area duri ng compensatory hypertrophy . It i s  

di ffi.cu l t  to predi ct what the nett effect of these changes wou l d be 

on the proporti on of fi bres present in a g i ven area of a muscl e as 

th i s  wou l d depend on the extent to whi ch each of the changes occurs . 

I f  AH fi b res beg i n  to atrophy fi rst then i t  i s  al so poss i b l e  that 

they may be the fi rst fi bres denervated . Early in the course of 

denervati on it i s  l i ke ly  that denervated AH fibres wou l d  become 

rei nnervated from other unaffected AH fi bres because these are the 

most numerous type . Thi s  trans i ent l oss  of a nerve supply may 

bri ng about a temporary reducti on i n  the l evel of ATPase acti v i ty 

of a mus c l e fi bre and Morri s ( 1967 )  .and War-szawski et a l . ( 1975 )  have 

suggested that i ntermedi ate fi bres are fi bres undergoi ng th i s  change . 

When denervati on becomes wi despread however i t  i s  pos s i bl e that a 

hi gher proporti on of denervated AH fi bres wou l d become rei nnervated 

by s prouti ng  from axons suppl yi ng AL fi bres . If th i s  process  does 

i n  fact occu r i n  thi s way , then the nett effect on the proporti on of 

fi bre types cou l d be a reducti on i n  the number of AH fi bres and an 

i ncrease i n  the number of AL fi bres . 

The observati on made duri ng the present study that i n  severe l y  

affected musc l e the fi bres were predomi nantly AH was s i mi l ar t o  that 

made by Gunn ( 19 7 3 )  when he noted that the l eft transverse  arytenoi d 

muscl e of a roarer contai ned onl y  AH fi b res . The reason for th i s  i s  

not cl ear , but  pos s i b l y  i n  severe ly  atrophi ed muscl e fibres , myo­

fibri l l ar and perhaps mi tochondri al ATPase becomes more concentrated 

and so the h i stochemi cal reacti on no l onger di sti ngui shes f ibre types . 

I t  i s  poss i b l e  then , that as neurogen ic  atrophy progresses i n  a 

muscl e there may b� fi rst a reducti on i n  the proporti on of fi bres 

wi th a h i gh l evel  of myos i n  ATPase as demonstrated by the h i stochemi cal 
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reacti on u sed i n  th i s  study ; fol l owed by a n  i ncrease i n  the 

proporti on of these fi bres . Many of the changes i n  the proporti on 

of AH : AL fi bres observed i n  th i s  study can be expl ai ned i n  these 

terms . 

I n  the dorsal  cri coarytenoi d and l ateral cri coarytenoi d musc l es of 

the l aryngeal hemi pl egi c horses where the process of denervati on and 

re i nnervation was �ccurri ng , the mus cl es from the younger horses had 

a l ower proporti on of AH fi bres than those from the ol der horses . I n  

terms o f  the hypothes i s  outl i ned above thi s  may have been because 

pathol ogy was at an earl i er stage i n  the younger group . In the 

l ateral cri coaryteno i d  muscl e where l ess  severe pathol ogy was found 

to be rel ati vely common i n  the 11 normal 11 horses especi al l y  the ol der 

ones , there was a drop in the proporti on of AH fibres when compared 

wi th the younger grou p .  These changes were . mos t marked i n  the muscl es 

from the l eft s i de of the l arynx , as wou l d  be expected because the l eft 

recurrent l aryngeal nerve i s  pri mari l y  i nvol ved . 

I n  the transverse aryteno id  and ventri cul ar muscl es of the abnormal 

horses there was onl y  an i ncrease i n  the proporti on of AH fi bres when 

compared to the same muscl es from 11 normal 1 1 horses . Thi s may i ndi cate 

that pathol ogy i s  wel l advanced i n  these muscles  when compared wi th 

the dorsa l  cri coarytenoi d muscl e .  

The s i tuat ion i n  the cri cothyro i d  muscl e was di fferent as here there 

was a decrease i n  the proport ion of AH fi bres i n  the o l der 11 nonnal . . 

horses and the young abnormal horses when compared wi th the young 

11 normal 11 horses . As a horse matures and C'Omesi nto work i t  wou l d  be 

expected that the l aryngeal s tabi l i zi ng acti vi ty of the cri cothyroi d  

muscl e wou l d become more dev�l oped and s o  the proporti on of A L  fi bres 

may i ncrease . Th i s  same change cou l d  have come about i n  the abnormal 

horses because they were in work and ol der on average than the young 

11 norma l 11 horses . 

I n  the hyoep ig l otti c muscl e of the horse whi ch had suffered from 

l aryngo-pal atal di s l ocati on there was a h i gher proporti on of AH fi bres 

than was seen i n  the other hyoep i g l otti c muscl e s. AH fi bres tend to 

be more suscepti b l e  to fati gue than AL fi bres ( Tabl e 9 )  and consequently 

i t  is  poss i b l e  that the hyoepi g l otti c mus c l e  of thi s  horse may have 
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been . l es s  effecti ve a t  depress i ng the epi g l ott i s  than  that of a " normal " 
horse , thus fasc i l i tati ng l aryngo-pa l atal d i s l ocati on . Further 
h i s tochemi ca l  i nves ti gati on of the hyoepi g l otti c mus c l es from such  
horses i s  thus  i ndi cated . 

4 . 4 . 3 . 2  The Proporti ons of SH and PH F i b res  

I t  has been s uggested that  the l evel s  of SDase  
and GPase observed i n  the  fi bres of  a mus c l e may i nc rease  wi th  age 
( Gunn , 197 3 )  and exerc i se ( Brad l ey ,  1981 ) and decrease when the process 
of denervati on beg i ns i n  a mus c l e ( Romanu l  and Hogan , 1965 ) . These 
changes a re a refl ecti on of the type and l evel of work performed by 
the mus c l e i n  questi on .  

The fi bres of the equ i ne i ntri ns i c  l aryngeal muscl es exami ned i n  thi s  
study were predomi nantly SH and PH , a fi ndi ng wh i ch i s  i n  ag reement 
wi th those of previ ous workers ( Gunn , 1972 ; Duncan , 1 975 ) . The fi bres 
of the cri cothyroi d and hyoepi g l otti c mus c l es showed a g reater vari ati on 
i n  the i r l evel s of SDase tha n the other mu scl es stud i ed a l though the 
majori ty of the fi b res  sti l l  took up  the b l ue deformazan depos i ted 
duri ng the reacti on . Whi l e  there was not a cons i stent i nverse 
re l ati ons h i p  between the l evel s of ATPase and SDase i n  the fi bres of 
the musc l e s  i n  th i s  s tudy , th i s  g reater vari ati on of the SDase reacti on 
i n  these two musc l es probabl y  refl ects the i r h i gher l evel s  of AL fi bres . 

The fact that the onl y  other fi b re type observed wi th any frequency 
i n  thi s s tu dy ( AH : SH : PL )  was much more common i n  the younger horses 
i s  probab l y  a refl ecti on of the i ncrease i n  the l evel of GPase i n  a 
muscl e as  i t  ages and performs more work . I t  was noted duri ng th i s  
study .and had· been prev i ous l y  suggested by Gunn ( 1 97 3 )  that the  SDase 
and GPase reacti ons i n  the mus c l es of the foal s  were l es s  i ntense than 
i n  the musc l es of adu l ts horses . The reducti on in the l evel s of the 
SDase and GPase reacti ons i n  the fi b res of muscl es showi ng other s i gns 
of neurog en i c  atrophy Wis wel l demonst rated i n  thi s s tudy .  As the 
l evel of these enzymes can i ncrease i n  a mus c l e  as i ts l evel  of work 
i ncreases , i t  i s  not s urpri s i ng that they are reduced when i t  becomes 
denervate d .  Th i s reducti on i n  the l evel of these enzymes wi th 
denervat i on i s  the most l i ke ly  reason for Gunn • s  ( 1972 ) observati on of 
the abnormal  fi b re types AH : SH : PL ,  AL : SL : PH and AL : SL : PL i n  mus c l es 
showi ng fi bre type g roupi ng . 
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4 . 4 . 4  Changes i n  F i bre Archi tecture 

The decrease i n  the intens i ty of the SDase  and GPase 

reacti ons i n  muscl e where denervati on was occurri ng was accompan i ed 

by arch i tectural changes i n  i nd i v i dual fi bres i n  these  muscl es . 

The pal e fi bres , mottl ed fi bres and targeto i d  fibres al l appeared 

to be vari ations of the form the enzyme reacti ons took as the 1 eve 1 s 

of the enzyme i n  questi on vari ed i n  a muscl e fi bre as i t  became 

denervated and then rei nnervated . The mottl ed fi bres observed i n  

th i s  s tudy were s i mi l ar i n  appearance to the .. moth-eaten whorl ed 11 

fibres descri bed by Brooke ( 1973 ) . These mottl ed f ibres were al so 

observed occas i onal l y  in muscl es such as the ri ght cri cothyroid  of 

aged horses where i t  wou l d  not be expected that denervati on and 

rei nnervati on as i t  occurs i n  l aryngeal hemi pl egi a ,  woul d be tak i ng 

pl ace . Braund ( 1982 ) has ci ted evi dence whi ch i ndi cates that i n  

the peri pheral nerves of peopl e  of i ncreas i ng age a reducti on i n  the 

number and dens i ty of myel i nated fi bres occurs . It i s  pos s i bl e that 

the appearance of these 1 1moth.,.eaten , whorl ed .. f ibres i n  the muscl es 

of aged horses resu l ts from a s i mi l ar change in thei r peri pheral nerves . 

4 . 4 . 5  Concl udi ng Comments 

Th i s  h i s tochemi cal study of equi ne l aryngeal muscl es has 

provi ded new i nformation wh i ch adds to an understandi ng of thei r 

funct i on , metabol i sm and the changes brought about by the proces s  of  

denervat i on and rei nnervati on wh i ch occurs in  s ome of them . 

Phys i ol ogi cal  stud i es  to determi ne the contracti on times of these 

muscl es and bi ochemi cal assays to determi ne the i r  actual enzyme 

content wou l d  add further to th i s  understandi ng .  

The res u l ts of th i s  study suggest that neurogen i c  di sease produces 

s i gni fi cant changes i n  the fi bre type profi l es of these  musc l es and 

further studi es to separate the i nfl uence of age , state of tra i n i ng 

and denervat ion and rei nnervati on on fi bre type are needed to more 

ful l y  i l l uci date th i s  s i tuati on . 
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CHAPTER 5 THE H I STOPATHOLOGY OF SOME EQU I NE LARYNGEAL MUSCLES 

5 . 1  I ntroducti on 

The work of Gunn ( 1972 and 197 3 )  and Duncan et a l . ,  ( 1974 ) , i n  
whi ch the techni ques  of enzyme h i s tochemi s try were appl i ed to equ i ne 
l aryngeal musc l es i nd i cated that h i s topathol ogy was common i n  the 
mus c l e s  of c l i n i ca l l y  normal horses but more s evere i n  those of  
l aryngeal  hemi p l eg i cs .  These  workers con s i dered that the  h i s topathol ogy 
they observed was c haracteri s ti c  of neurogeni c di seas e . The s i gns  
wh i ch are observed in  an affected musc l e are fi rs tl y ,  groupi ng of  fi b res 
of s imi l ar h i s tochemi cal  type and then fi b re a trophy and hypertrophy . 
As neurogen i c  d i sease  becomes more severe , wi despread atrophy of  fi bres 
and thei r repl acement by the connecti ve t i s s ue el ements of  musc l e 
occurs . Thi s chapter i s  concerned wi th a s tudy of these changes i n  
some equi ne l aryngea l  musc l es . For an unders tand i ng of neurogen i c  
mus c l e d i sease , knowl edge of fi bre type g roupi ng , var i at i on i n  musc l e 
fi b re cross  s ecti onal  area and some aspects of  musc l e h i s topathol ogy 
i s  he l pful , so a b r i ef rev i ew of these subj ects fol l ows . 

5 . 1 . 1  Fi bre Type Groupi ng i n  Equ i ne I ntri ns i c  Laryngea l  Musc l e s  

When c ross  sect i on s  of most  equ i ne i ntri ns i c  l aryngeal 
musc l e s  are stai ned to demonstrate the acti v i ty of the enzyme myos i n  
ATPase after a l kal i ne prei ncubati on a mosa i c pattern of  AH and AL fi bres 
resu l ts .  The s pat i al rel ati onsh i p of the two fi bre types depends on 
wh i ch type i s  numer i cal ly  domi nant in the secti on . S i nce AH fi bres 
are more numerous  i n  equ i ne i ntri ns i c  l aryngeal  musc l es  ( Chapter 4 )  
the sect i ons made from these musc l es are most ly  dark s tai ned , but 
randomly d i s tri buted throughout are ei ther i nd i vi dual or sma l l g roups 
of AL f i bres ( F i g .  2 1 a ) . The s pat i a l  d i s tri but ion and the s i ze of  
the g roups of these  l i ght  s ta i ned AL  fi bres depend on the  terri tori a l  
arrangement o f  the motor un i ts i n  the musc l e exami ned . 

I n  human s ke l etal muscl es s tudi ed by Johnson et al . ,  ( 1973 ) the observed 
d i s tr i buti on of AH and AL fi bres  was the s ame as that predi cted by a 
s tati s t i cal  model wh i ch assumed a random d i s tri buti on of fi bres . The 
onl y  excepti on was the s hort di g i tal  extensor muscl e where g roupi ng 
of fi b re s  of  the s ame type was often observed . Th i s  was con s i dered 
to occu r as a res u l t  of damage to i ts motor nerve  caus ed by i l l - fi tt i ng 
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s hoes ( Jennekens et a l . ,  1972 } 

I n  s p i te of th i s  random d i stri buti on of fi bres however , s ome degree 
of fi b re type g roupi ng i s  frequentl y observed i n  normal muscl e s . 
Musc l e fi bres of the same motor uni t can occas i ona l l y  occur i n  sma l l 
groups of up  to s i x , ( Buchthal  and Schmal bruch , 1980 ) and adj a cent 
fi b re s  of the s ame type may bel ong  to d i fferent motor u� i ts . I n  
the l eft dorsal  cri coarytenoi d muscl e o f  horses wi thout neurogeni c  
d i seas e ,  Gunn ( 1972 } found that 85% of AL fi bres  occurred i n  g roups 
of l es s  than ten . He defi ned a group as  a number of AL fi b re s  i n  
the s ame fasc i c l e ,  whose s i des rather than angl es  were i n  contact , 

and normal mus c l es as  those wh i ch exh i bi ted l i ttl e d i fference between 
the l eft and ri g ht s i des e i ther i n  fi bre type or d i s tri buti on . 

Abnorma l l y  l arge groups of AL fi bres have been reported i n  the l aryngeal 
mus c l e s  of horses  by both Gunn ( 1972 )  and Duncan et a l . ,  ( 19 74 ) . I n  
the dorsa l  cri coarytenoi d musc l e s  of three of 1 2  normal horses wh i ch 
Gunn ( 1972 ) exami ned , abnormal l y  l arge groups of AL fi bres  occurred . 
Al though the g roups of AL fi bres  were much l arger i n  the l eft musc l es , 
l arger  than normal groups were a l so present i n  the r i g h t  mus c l es . 
Gunn ( 1973 )  a l s o  s howed that the mean g roup s i ze of AL f i b re s  was 
greater i n  the l eft than the r i ght  dorsa l  cri coarytenoi d mus c l e of one 
of three foeta l  horses and an aged roarer .  In a seri e s  of  normal 
horse s  of vari ous  breeds Duncan . et a l . ,  ( 1974 ) noted that l arge groups 
of AL  fi b res occurred commonl y i n  some of the muscl es  s upp l i ed by the 
l eft recurrent l aryngeal nerve especi a l l y  the l ateral �ri coarytenoi d 
mus c l e .  I n  the musc l es of a roarer they found that fibre . type grou p i n g  
a l s o  occurred i n  the r i g h t  adductor and abductor musc l e s . 

Duncan ( 19 7 5 )  a·l so exami ned some equi ne cri cothyroi d mus c l e s  and d i s ta l  
l i mb mus c l es  a n d  s a i d  that i n  these musc l es  h e  s aw n o  ev i dence of 

· fi b re type g roupi ng . From the work of these authors i t  appears that 
fi b re type g roupi ng was common both in  the l aryngeal mus c l e s  of roarers 
and c l i n i ca l l y  unaffected horses . It was mos t  obv i ous i n  the musc l es  
s uppl i ed by the l eft recurrent l aryngeal  nerve , parti c u l ar ly  the 
l ateral  cri coarytenoi d ,  but  sometimes  occurred i n  the ri ght  muscl e s , 
parti c u l arly those of roarers . 
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5 . 1 . 2 The Sign i fi cance of Fi bre Type Groupi ng 

Metabol i c  properti es and hence h i stochemi ca l  profi l e  
appear to be conferred on a musc l e  fi bre by the characteri sti c s  of 
i ts motor nerve . Bu l l er ,  Ecc l es and E cc l es ( 1960)  demons trated 
that  the speed of contracti on of a s l ow muscl e coul d be i n creased by 
repl ac i n g  i ts motor i nnervati on wi th the motor nerve from a fast 
mus c l e and v i ce versa . Dubowi tz ( 1967 ) demonstrated that th i s  change 
i n  contracti on speed was accompani ed by a change i n  fi bre type ; a 
mus c l e whi ch i ncreased i ts s peed of contracti on a l so i ncreased i ts 
content of myos i n  ATPase .  Thi s change ( s l ow twi tch  to fas t twi tc h ) 
can a l so  be accompl i s hed by chroni cal ly  stimul ati ng a s l ow twi tch 
mus c l e f ibre at  a fi ri ng frequency characteri sti c of a fast twi tch  
moto r  neurone . Changes in  the  reverse d i recti on are a l so  pos s i b l e  
( Bu chtha l and Schmal bruch , 1980 ) . 

Fas t  twi tch mus c l e  fi bres are i nnervated by motor neurones whi ch h ave 

h i g her conducti on ve 1 oci ti es .  and fi.ri ng frequenci es than those 
i nn e rvati ng s l ow twi tch musc l e f ibres . The fi ri ng frequency of i ts 
motor neurone appears to be the maj or factor determi n i ng the contracti on 
t ime of a mus c l e fi bre and th i s  may be medi ated by a 11 troph i c 11 
s ubs tance acti ng on the musc l e cel l membrane ( Buchthal  and Schma l b ruch , 
1 980 ; Harri s ,  1980 ) . 

I f  the motor nerve to a muscl e i s  experimental ly damaged by c rush i ng , 
or  secti on i ng and resuturi ng , f i bre type g roupi ng can be demonstrated 
by the myos i n  ATPase reacti on i n  that musc l e some months l ater ( Ka rpati 
and  Enge l , 1968 ; Edstrom and Kugel berg , 1969 ) . If however the n erve 
i s  d amaged i n  s uch  a way that regenerati on cannot occu r ,  then type 
g ro u p i n g  does not take pl ace i n  the muscl e wh i ch was ori g i nal l y  
suppl i ed by that nerve ( Karpati and Engel , 1968) . 

I t  has  a l so been shown that after rei nnervati on of a musc l e there i s  a 
marked rearrangement of the fi b res of a motor uni t ,  wi th g roups of 
conti guous fi b res bel ongi ng to the same motor un i t  ( Kugel berg et a l . ,  
197 0 ;  Kugel be rg , 1973 ) . Thi s rearrangement i s  a consequence of the 
process genera l l y  known as col l ateral or termina l  sprouti ng . 

When the motor neurone of a motor uni t i s  damaged the fi rst response  
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i s  atrophy of the i nd i v i dual  mus c l e fi b res of that motor un i t .  These 
wi de l y  d i s persed smal l atrophi c  musc l e fi b re s  can pers i st as  s uch for 
months  or years ( Dorman , 1973 ) but i f  there are s urvi vi ng neurones i n  
the v i c i n i ty a response i s  el i c i ted from them , perhaps as  a resu l t of 
a med i ator wh i ch i s  rel eased from degenerati ng f ibres or the i r  end 
pl a te s  ( Hoffman , 1957 ) . Th i s  medi ator supposed ly stimu l ates the 
growth of rea ct i ve s prouts from surv i v i ng axons e i ther from one of the 
termi nal  expans i ons  of an end p l ate or  from nerve fi bres  wi th i n  an  
i nt ramu s cu l ar n erve bund l e ( Coers and Wool f ,  1959 ) . At  the s ame t ime 
regenerati on of the axon prox i ma l  to the s i te of damage beg i ns and both 
the regenerati ng axons and the col l ateral s prouts are gu i ded to 
denervated end p l ates by the Schwann ce l l s heaths wh i ch remai n  after 
degenerati on of ax i s  cyl i nders ( Burke , 1980 ) . 

Col l atera l s prouti ng i s  a rapi d  process and denervated fi bres  can be  
re i nnervated wi th i n  a month , usua l ly wel l before . i nterrupted fi bres  can 
reg enera te back  i nto a musc l e ( Hoffman , 1957 ) . I nnervati on at  the ol d 
end p l ates  i s  thus re-estab l i s hed and once a fi b re i s  rei nnervated i t  
wi l l  usua l l y  not accept further i nnervat ion , a l though occas i onal l y  
duri ng  thi s process i t  i s  pos s i b l e  for a number o f  e n d  p l a te s  t o  become 
estab l i s hed on a s i ng l e  musc l e fi bre ( Buchthal  and Schma l bruch , 1980 ) . 
When regenerati ng  axons arri ve they can al s o  rei nnervate the end pl ates 
so  pers i stent doub l e  i nnervati on i s  pos s i bl e ( Hoffman , 1 957 ) . 

The rei nnervated mus cl e fi b res  re-establ i s h  the i r ori g i na l  s i ze and 
take on the h i s tochemi cal  and phys i o l og i ca l  chara cteri s ti cs  d i ctated 
by the propert i es of the new neurone . H i s tochemi cal convers i on takes 
approx i mate l y  two weeks  a fter funct i onal neuromuscu l ar connecti ons have 
been re-estab l i s hed  ( Burke , 1980 ) . 

As denervated fi bres are l i ke l y  to be rei nnervated by col l ateral 
sprouti ng from · adj acent survi v i ng neurones i t  i s  l i ke l y  that groups of 
h i s tochemi cal l y  s i mi l ar fi bres wi l l  res u l t .  Morri s ( 1969 ) provi ded 
ev i dence to s upport thi s concept when he  demonstrated col l a tera l  
s p routi ng to g roups of fi bres  o f  the s ame h i s tochemi ca l  type . 

I f  fi bre type g roupi ng i s  to occur i t  i s  necessary to damage the 
motor n eurones of a number of motor un i ts whose musc l e fi b re s  are i n  a 
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s imi l ar terri tor_v wi thi n a mus cl e .  I t  i s  then neces sary to rei nnervate 
thos e  mus c l e fi bres wi th a s i ng l e neurone , or neurones of the s ame 
type , otherwi se a mosai c pattern of d i fferent mus c l e fi b re types wi l l  
agai n occur ( Johnson et a l . ,  1973 ) . I t  i s  pos s i b l e  that these cond i ti ons 
wi l l  not a l ways be met and so the process  of denervati on and re i nnervati on 
may be more w idespread i n  a mus c l e than i s  i ndi cated by the i nc i dence of 
fi b re type group i ng i n  that muscl e . 

As i nd i cated i n  Gunn • s  work ( 1973 )  the g roups of mus c l e fi bres of the 
s ame h i s tochemi cal  type wh i ch resul t can be very l arge . A motor neurone 
can s upport approximately four t imes i ts normal number of termi nal end 
pl ates  but peri mys i a l connecti ve ti s sue boundari es  impose l i mi ts on the 
s i ze of g roups ( Burke , 1980 ) . If the motor neurone or neurones s uppl yi ng 
one of  these l arge groups al s o  becomes i nvol ved i n  the denervati on 
process  then atrophy of the whol e group ( grouped atrophy or fasc i cul ar 
atrophy ) i s  the resu l t .  Duncan et al . ,  ( 1974 ) noted that th i s  change 
was common l y  s een i n  severe ly  damaged equi ne  l aryngeal musc l es . 

Thus  the occurrence of fi bre type groupi ng i n  a musc l e whi l e  not 
nece s s ari l y  g i v i ng a di rect meas ure of the extent of the process of 
denervati on and re i nnervati on , i s  a rel i ab l e  i nd i cator of i ts presence . 
Moreover i n  mos t musc l es whi ch  norma l l y  d i spl ay a mosa i c pattern of 
myo s i n  ATPase acti vi ty ,  i ts pre sence concurrent wi th g roup or fasc i cul ar  
atrophy ,i ndi cates .. that� severe motor nerve damage has occurred . 

5 . 1 . 3 F i bre S i ze 

5 . 1 . 3 . 1 Factors I n f l uenci ng the S i ze of Muscl e F i b res  

The  cross  secti onal  a rea of i nd i v i dua l  musc l e fi b res  
i s  a usefu l  parameter to  measure when i nvesti gati ng neu rogeni c musc l e 
pathol ogy as i t  i s  profoundl y i nfl uenced by denervati on . The area of  
a mus c l e fi bre vari es  wi th i n  certa i n l i mi ts  under the  i nfl uence of a 
number of  normal phys i ol ogi c  processes  and i t  i s  agai nst  thi s  background 
that the  i nfl uence of pathol ogy mus t  be  i n terpreted . Factors such as 
the  age , body s i ze ,  work output and the sex of an an i ma l  may i nfl uence 
the  cro s s  secti onal area of i ts musc l e fi bres . 

I n d i v i d ual  mus cl e fi bres i ncrease i n  area i n  proporti on to the i ncrease 
i n  total cross  secti on of a mus cl e  whi ch occurs as an an ima l  grows 
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( Da v i es , 1973 ) . I n  man i t  has  been s hown that the average fi bre 
d i ameter i n  a range of musc les  i ncreases  t i l l  approx i ma te ly  40 years 
of age and then s l owly d imi n i shes  throug h  m i dd l e and ol d age ( Moore , 
Reb e i z  and Hol den , 1971 ) . 

Gauth i er and Padyku l a  ( 1966 ) i n  a s tudy of the musc l e fi bres of the 
d i aphragm of 13 mammal i an s pec i es sugges ted t hat there was a 

d i rect  rel ati ons h i p between fi b re d i ameter and body s i ze a l though 
Dav i e s  and Gunn ( 1972 ) i n  a s imi l ar s tudy were not abl e to s ubstanti ate 
th i s .  

The i ncrease i n  the work output of a musc l e whi ch occurs duri ng tra i n i ng 
wi l l  res ul t i n  an  i ncreas e  i n  the d i ameter of i ts fi b re s , parti cul arly 
i ts Type I I  fi bres ( Brooke , 1973 ; Brad l ey ,  1981 ) .  Convers el y ,  l ack 
of  u s e  of a musc l e wi l l  l ead to a gradua l  reducti on in the s i ze of a l l 
muscl e fi bres ( Adams , Denny-Brown and Pearson , 1967 ) a l though Type I I  
fi b res  are often the fi rst to be i nvol ved ( Dorma n , 1973 ) . The changes 
i n  f i b re shape and s i ze resu l t i ng  from d i s u se  are very s imi l ar to those 
noted early i n  the course of neurogeni c atrophy ( Dorma n , 1973 ) . D i suse  
atrophy however , i s  not a s  profound . as that  produced by denervati on 
( Buxton , 1980 ) . Moreover the  degenerat i ve changes wh i ch  are a featu re 
of denervated muscl e are not obs erved i n  d i suse  atrophy ( Tower , 1939 ) . 

I n  man a sex d i fference i n  fi b re d i ameter has  been recorded . I n  normal 
ch i l dren of both sexes under the age of 14 years , Type I and Type I I  
fi b re s  are a pproxi mately equa l  i n  s i ze .  I n  mal es over th i s  age 
h owever , Type I I  fi bres are l arger than Type I fi bres and the reverse 
i s  true i n  fema l es .  The Type I fi bres  of both s exes are approx imately 
the s ame s i ze ( Brooke , 1973 ) . Thi s d i fference i n  fi bre s i ze may 
represent an  i nate d i fference between mal e  and fema l e mus c l e or i t  may 
ref l ect  Type I I  fi bre hypertrophy res u l t i ng from greater phys i ca l  
act i v i ty by mal es than femal es ( Brooke , 1973 ) . 

Adams , Denny-Brown and Pearson ( 1967 ) descri bed the changes whi ch occur 
i n  l arge l imb musc l es  after removal  of the i r  motor nerve . They found 
that duri ng the fi rst two weeks after denervati on  there was a l os s  of 
mus c l e wei ght  but at that s tage a reducti on i n  s i ze of i nd i v i dual  muscl e 
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fi b re s  was not obvi ous . Soon after denervati o·n ,  
a ffec ted fi b re s  were observed to undergo a trans i tory hypertrophy 
( Z a k , G rove and Rab i nowi tz , 1969 ) and to assume a more s h arpl y  
angu l ated contour ( Dorman , 1973 ) . A month after denervati on there 
was a noti ceab l e  reducti on i n  the s i ze of musc l e fi bres  whi ch a l so 
began to l ose  thei r polygonal s hape and became rounded i n  cross  
s e ct i on . Furthermore an i ncreased vari ati on i n  fi bre s i ze became 
ev i den t .  After two months  mos t  o f  the fi bres were reduced to one 
th i rd or one h a l f of thei r normal d i ameter al though these changes 
were more pronounced i n  s ome fasci c l e s  than in others . After four  
months  the  atrophy progressed l ess  rap i d l y .  The rate of mus cl e 
fi b re atrophy after denervati on , may however , d i ffer between muscl es  
a s  Adams , Denny-B rown and  Pearson ( 1967 ) ci ted the  work of De Buch 
and  De Moor ( 1903 ) who found that after secti on of the recurrent 
l aryngeal  nerve the sma l l musc l es of the l arynx reached an advanced 
s tate of atrophy i n  two week s . 

I n  denervated musc l e  i t  i s  common to s ee l arger than norma l fi bres a s  
wel l as  atroph i c  fi bres . Th i s  i s  thought to b e  a resu l t of hyper­
trophy of heal thy fi bres to compensate for the functi onal i nadequaci es 
of  denervated fi b res ( Dorman , 1973 ) . 

5 . 1 . 3 . 2  F i bre S i ze i n  Equ i ne Laryngeal Musc l es  

The  denervati on of the i ntri ns i c l aryngeal mus cl es 
wh i ch o ccurs i n  i d i opath i c l aryngeal  h emi pl eg i a  i s . parti a l  rather than 
compl ete , i n  that not a l l the motor axons of the recurrent l aryngeal  
nerve a re i nvol ved at  once ( Duncan et a l . ,  1974 ) . As a consequence 
the i n i ti al d i s tri buti on of a troph i c fi b res i s  random , i n  accordance 
wi t h  the normal anatomy of the motor un i t .  Sma l l g roups of atroph i c  
fi b re s  may be s een when adj acent fi bres  bel ong to the s ame motor un i t  
or  when a number of adj acent motor uni ts a re affected s i mu l taneou s l y .  
L a rge g roup a trophy i s  observed ei ther when denervati on i s  wi des pread 
or when a rei nne rvati ng neurone i s  damaged . 

C o l e ( 1946 ) i n  h i s s tudy of equ i ne i ntri ns i c l aryngeal  musc l es  noted 
that  the maj or mi croscopi c change observed i n  these musc l es  was a 
reducti on i n  the d i ameter of i nd i v i du a l  musc l e fi bres wi thout a chanqe 
i n  thei r archi tecture . F i b re atrophy was a l so  a promi nant feature 
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note d in  the  mus c l es studi ed by Duncan et  a l . ,  ( 19 74 ) . There was 
angu l at i on and atrophy of fi b re s  and marked vari ation  i n  fi b re s i ze 
i n  s ome of the l aryngea l mus c l es of many of the horses they des cri bed 
as  s ubcl i n i ca l  cases . Fas ci cu l ar atrophy was s een i n  the more 
severe ly  affe cted mu scl es  and h e re nearl y every fas ci c l e was i nvol ved 
to a g re ater or l esser  extent . Hypertrophy of mus c l e fi bres was a l so  
a common feature . Duncan et a l . ,  ( 1974 )  al so .cons i dered that , i n  
a l l cases  the l ateral cri coarytenoi d mus c l es were more s evere l y  
affected than t h e  dors al  cri coa rytenoi d .  I n  the mus cl e s  o f  the 
l aryngeal  hemi p l egi c hors e s  wh i ch were i ncl uded i n  the i r s tudy the 
atrophy of mus c l e fi b res was more severe wi th the maj o ri ty bei ng 
affe cted and on l y  occas i onal  normal  fi bres remai n i ng .  

Duncan ( 1975 )  fu rther reported observ i ng vari ati on i n  f i b re s i ze i n  the 
i nt ri ns i c  l aryngeal musc l es  and i n  s ome l imb mus c l es of a number of 
aged pon i es and c i ted  Jennekens ( 19 7 1 )  who h ad s uggested that s i mi l ar 
changes may res u l t  from a vascu l a r  i ns u ffi ci ency wh i ch devel ops wi th 
age . B raund ( 19 82 )  a l so  noted t h i s vari ation i n  fi b re s i ze i n  the 
mus c l es  of ol de r  dogs but s uggested that thi s  may res u l t from an 
i n creas i ng l os s  of mye l i n ated fi b res  i n  peri pheral nerves wi th age as 
occurs i n  man . 

Gunn ( 19 72 )  provi ded quanti tati ve i nformati on on the a reas of the mus cl e  
fi b re s  i n  the dorsa l  cri coaryteno i d  mus c l es from a 14  year o l d 
Thoro ughbred mare whi ch was a c l i n i ca l  roarer .  The mean transverse 
secti onal  area of the AH and  AL fi b res  was l es s  i n  the l eft muscl e s  

( 738 �m2 and 99  pm2 respect i ve l y )  than i n  t h e  ri ght  ( 5735 pm2 and 
5 330 pm2 ) .  

The mos t  comprehens i ve i nformati o n  avai l ab l e to date on the cross  
sect i onal  area of the  musc l e f i b re s  of  equ i ne i nt ri ns i c  l aryngeal 
mus c l e s  has been provi ded by Duncan ( 19 7 5 ) . He cal cu l ated an overa l l 
mean fi b re are a  for the l eft and ri ght  dors a l  and l ateral cri coaryteno i d  
mus cl e s  and the l eft and ri ght  cr i cothyro i d  mus cl e  from a sma l l number 
of i nd i vi dual  horses  of d i ffe rent breeds . Some of these horses were 
cl i n i ca l  roarers and some were s ubcl i n i ca l  cases . Duncan d i d not 
separa te Type I and Type I I  f i b re s . He attempted to d i ffe rent i ate 
the amount of fi b re atrophy and hypertrophy o ccurri ng i n  each mus c l e 
by a n a l ys i ng the vari ance of the i r fi b re areas . Hi s res u l ts are 
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s umma ri sed as  fol l ows : -

The  vari ance i n  fi bre c ross  secti ona l  a rea was : -

a ) g reater i n  the l eft than t h e  ri ght  l ateral a n d  dorsa l  cri coarytenoi d 
mus c l es ; 

b ) g reater i n  the l eft l ateral cri coarytenoi d than i n  the l eft dorsa l  
c ri coarytenoi d muscl e ;  

c ) g reater i n  the ri ght l ateral cri coarytenoi d musc l e than i n  the r i ght  
dorsal  cri coarytenoi d  musc l e .  

Ouncan ( 1975 )  a l so  measu red the mean f i bre cros s secti onal a rea i n  some 
equ i ne l aryngeal musc l es  and the resul ts can be summari sed a s  fol l ows : -

a ) I n  s ubcl i n i cal  cases the mean fi bre area was greater i n  the l eft 
and ri ght l ateral cri coarytenoi d mus cl es than in the l eft and ri ght 
dors a l  cri coarytenoi d  mus c l es . 

b ) I n  s ome of the subcl i n i ca l  cases the fi bres  from the l eft cri co­
t hyro i d  musc l es had a g reater cros s secti onal area than the fi b res  
from the ri ght  musc l es . 

c ) I n  a cl i n i ca l  roarer the mean fi bre area was l ess  i n  the l eft l ateral 
than i n  the l eft dorsa l  cri coaryteno i d  musc l e .  

He concl uded that : -

a ) T h e  l eft mus cl es  were more s evere ly  affected than the r i ght  mus c l e s .  

b ) T h e  l ateral cri coarytenoi d muscl e was more . severe l y  affected than 
the dorsa l  cri coarytenoi d muscl e on both the l eft and the r ight  s i de .  

c ) T h e  l ateral cri coarytenoi d musc l e may i n i ti al l y  have fi b re s  of 
g reater cross  s ecti ona l  a rea  than the dorsa l  cri coarytenoi d  mus c l e .  

d ) The  f ibres  o f  the l eft cri cothyro i d  mus c l e  may undergo compensatory 
hypertrophy i n  c l i n i ca l  cases  of roari ng . 

5 . 1 . 4 H i s tol ogi cal Features of Normal and Denervated Musc l e 

5 . 1 . 4 . 1 l�_e _ _ No.!:!!\�1 Hi s tol ogi cal  _Features Observed i n  
Trans verse Secti ons of Skel etal Mus cl� 

Ske l etal  muscl es  s uch as the i ntri n s i c l aryngeal  
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mus c l es are made up of c l osely packed fasci cl es of pol ygonal muscl e 
fi bres of approximately equa l  d i amete r .  The bu l k of each i nd i vi dua l  
mus c l e fi bre cons i s ts of myofi b ri l s  wh i ch are j ust  vi s i b l e w i th the 
l i gh t  mi croscope ( Ham , 1974 ) . These myofi bri l s  are s u rrounded by a 
th i n  l ayer of sarcopl asm wh i ch i s  more abundant at the peri phery of 
the mus c l e  cel l ,  beneath the s a rcol emma . 

Stri a ted mus c l e cel l s  a re mul ti nucl eate and i n  some mus cl e fi b res 
there may be s everal hundred nuc l ei  ( B l oom and Fawcett , 1964 ) . The 
nuc l e i  a re e l ongated in the d i recti on of the l ong axi s of the fi b re 
and i n  transverse secti on they appear oval and fl attened . I n  most 
s tri ated musc l e ,  i n c l udi ng the i n tri ns i c  l aryngeal mu sc l es , they occupy 
a peri pheral pos i ti on i n  the musc l e cel l and l i e  j ust beneath the 
s arcol emma ( Ham , 1974 ) . I n  a representati ve transverse secti on two 
or  three are v i s i b l e  per muscl e cel l ( F i g .  29 ) .  Occas i ona l l y  nucl e i  
may be s een wi th i n  fi bres a l though i n  normal human mu sc l e not  more 
than three percent of fi b res h ave these i nternal  nucl e i  ( Greenfi e l d 
et  a 1 . , 1957 ) . 

W i t h  the  l i ght  mi croscope i t  i s  di ffi cul t to di fferenti a te the  muscl e 
cel l n uc l e i  from those of the s atel l i te cel l s  whi ch share the same 
basement membrane . These satel l i te cel l s  are a ct i vel y  i nvol ved i n  
g rowth and regenerati on o f  mus c l e fi b res s o  that thei r nucl e i  are 
capabl e  of d i v i s i on , un l i ke those of the musc l e cel l s  ( Ham , 1974 ) . 

E ac h  i nd i v i du a l  musc l e fi b re i s  surrounded by a th i n  l ayer of  connecti ve 
ti s sue , the endomys i um .  Th i s endomys i um cons i sts . of a fi ne  network of 
reti c u l a r  fi b res and conta i n s  fi brob l asts and fi xed mac rophages . 
Groups of  musc l e fi bres a re b ound together i n  bund l es o r  fasci c l es  by 
a s eptum of connecti ve ti ssue the perimys i um ,  the e l ements of whi ch are 
cont i nuous wi t h  the endomys i um .  The perimys i um cons i s ts of i rregu l arl y 
arranged col l agenous , reti cu l ar  and e l asti c fi b res and a vari e ty of 
connect i ve ti ssue  cel l s  and fat cel l s .  The perimys i a l  septa conti nue 
to the  s urface of the musc l e to jo i n wi th the epi mys i um ,  a th i ck l ayer 
of connecti ve ti ssue at the peri phery ( Ham , 1974 � Fi g .  29 ) .  

T h i s connecti ve ti ssue stroma serves to conduct e l ements of the vascu l ar  
and nervous sys tem i nto the body of the muscl e to suppl y i nd i v i dual  



FIGU RE 29 A trans vers e s ecti on of the l eft l ateral 
cri coarytenoi d mus cl e from a 1 1 normal 11 horse 
( x260 ) . Secti on s ta i ned wi th haematoxyl i n  
and  eos i n .  The h i stol ogi cal features of 
normal equ i ne i ntri ns i c  l aryngeal mus cl e  a re 
i l l ustrated 

1 .  Sarcol emmal nucl eus  
2 .  Endomys i um 
3 .  Perimys i um 
4 .  B l ood vessel  
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musc l e fi b re s . The  arteri a l  branches subdi vi de i nto arteri o l es and 

then capi l l ari es  a s  they progress  i nto the substance of the mus c l e .  
The capi l l ari es  form a r ich  network around i ndi vi dual  mus c l e fi b res  
( Romanu l ,  1965 ; Ham , 1974 ) . The  l ymphati c system of s tri ated 
musc l e forms a s i mi l ar branch i ng network but i t  i s  confi ned to the 
thi cker connecti ve ti s sue septa ( Ham ,  1974 ) . 

5 . 1 . 4 . 2  The H i s tol ogy of Denervated Mus c l e 

When s ke l eta l musc l e i s  depri ved of i ts motor 
nerve supply  a number of changes take pl ace i n  the mus c l e fi bre , i ts 
nucl e i , i ts surroundi ng s troma and the i ntramuscu l ar nerves and b l ood 
vesse l s .  These changes are addi ti onal to the changes i n  fi bre s i ze ,  
shape and d i s tri buti on al ready descr i bed . 

One of the fi rs t h i s tol og i ca l  changes to be noted i n  denervated muscl e 

i nvol ves the s arcol emmal nucl e i . They l os e  the i r fl attened compressed 
appearance and become enl arged and rounded . The i r  chromati n s ta i n s  
more darkly than u s u al and becomes st i ppl ed so  that they become 
' ti gro i d '  i n  appearance ( Brooke , 1973 ) . These changes have been noted 
as  early as  one week after  experimenta l  denervati on ( Adams , Denny-Brown 
and Pearson , 1967 ) . Many of  the s arcol emmal nucl e i  appear to mi g rate 
from thei r peri phera l pos i ti on and become more numerous among the 
myofi bri l s  ( Brooke , 1973 ) . In experimental denervati on i t  has been 
noted that these central nuc l e i  are s urrounded by an accumu l at i on of 
sarcopl a sm so  that they appear i n  a ha l o or  c l eft { Adams , Denny-Brown 
and Pearson , 1967 ) . 

One month after experimental denervat i on some of the subsarcol emmal 
nuc l ei en l arge s ti l l  further  and become ves i cu l ar but  at thi s  t ime there 
i s  al so  e v i dence o f  sma l l scattered dark s ta i n i ng nucl e i  whi ch appear 
to be regress i ng  ( Adams . Denny-Brown and Pearson . 1967 ) . Brooke ( 1973 )  
stated that  these ves i cu l ar . nuc l ei  were more common in  myopath i c  
condi ti ons whereas ' ti groi d '  nucl ei  tended to be more a feature of 
neurogen i c condi t i ons . A secti on of denervated mu sc l e exami ned at 
th i s  time a ppears to contai n an i ncreased number of s arcol emmal nucl ei , 
however m i toses i nvol vi nq these nucl e i  are not seen . I t  wou l d  appear 
that the apparent i ncrease i n  numbers of  nuc l e i  i s  re l at i ve rather than 

absol ute and i s  due to the decrease i n  fi bre s i ze whi ch i s  occurri ng 
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a t  the s ame t ime .  There i s ,  however , n o  general agreement o n  thi s 

poi nt ( Adams , Denny-Brown and Pearson , 1967 ) . 

Once fi bre atrophy becomes wi despread , the s arcol emmal nuc l ei  remai n 
as  pyknoti c nuc l ear c l umps i ns i de atroph i c  f i bres , and eventua l l y ,  
when the sarcol emma and s arcopl asm degenerate , the nu c l ear c l umps 
remai n  i n  connecti ve  ti s sue . These nucl ear c l umps are characteri st i c 
of denervati on but  may a l so  occur i n  myopath i c  d i sorders ( Dorman , 1973 ) . 
The i n i ti al responses i n  a mus c l e  to parti a l  denervati on are i nd i v i dua l  
f i bre a trophy and  compen s atory hypertrophy of  fi bres retai n i ng thei r 
motor nerve supply . As the process  conti nues , roundi ng and atrophy 
of fi b res  becomes more wi despread and grouped atrophy becomes evi dent . 
I n  peri pheral  neuropath i es parti a l  sp l i tti ng of i nd i v i dual  fi bres  i s  
occas i ona l l y  s een ( B rook , 1973 ) . 

Two months after experimental  denervati on , degenerat ion of  i nd i v i dua l  
fi bres beg i ns ( Adams , Denny-B rown and  Pearson , 1967 ) . The  fi bres 
become g ranu l ar and basoph i l i c and fa t vacuo l es and necros i s  of fi bres  
wi th or  wi thou t phagocytos i s  become evi dent ( Dorman , 1973 ) . As 
f i bre atrophy prog res ses the endomys i a l and peri phys i al connecti ve 
ti s sue  e l ements become more promi nant but i t  i s  doubtful that there 
i s  any i ncreas e  i n  numbe r  and s i ze of fi brobl asts . I t  i s  l i ke ly  that 
the apparent i ncrease in endomys i al and perimys i al connecti ve ti s sue 
i s  rel ati ve and due to condensati on of the pre-ex i s t i ng fi brous network  

( Adams , Denny-Brown and  Pearson , 1967 ; Dorman , 1973 ) .  

I n  experimental  denervati on the i n tramus cu l ar b l ood vessel s ,  parti cul arl y 
the arteri ol es  and capi l l ari es become conges ted and thei r wal l s  become 
thi c kened wi th an apparent i ncrease i n  endothel i al and adventi t i a l  
cel l s  ( Adams , Denny-Brown and Pearson , 1967 ) . I ntramuscu l ar nerve 
bund l es  may show a decrease i n  thei r axon component and an  i nc rease 

i n  thei r col l agen content ( Dorman , 1973 ) . 

Denervated musc l e  f i na l l y  comes to cons i st of nucl ear c l umps , very 
atrophi c  and degenerate fi bres , fa t and connecti ve ti s s ue .  The f ina l  
s tages of  denervation and  severe myopath i c degenerati on produce musc l e  
secti ons wh i ch appear s i mi l ar h i s tol og i cal l y .  I n  fact Dorman ( 1973)  
s ugges ted that  myopath i c di sease may prove to be  neurogen i c i n  ori g i n  
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a s  i t  cou l d  resu l t  from abnorma l i ti es o f  the troph i c  mechani sm exerted 
by nerves on musc l es . 

5 . 1 . 4 . 3  Other Hi stol ogi cal Changes Observed i n  Equ i ne 
I ntri ns i c  Laryngeal Mus cl es 

The process of repeti ti ve denervati on and rei nnervati on 
wh i ch occurs i n  i d i opath i c  l aryngeal hemi pl egi a apparently causes the 
changes descri bed i n  the i mmedi atel y  precedi ng secti on to deve l op more 
s l owly and a l l ows the ful l s pectrum to be seen i n  a s i ng l e ·· 
muscl e ( Duncan , 1975 ) . These changes have been descri bed by Co l e ( 1946 ) , 
Gunn ( 1973 ) , Duncan et al . ,  ( 19 74 )  and Duncan ( 19 75 ) . They i nc l ude , 
the presence of central nucl e i  ( Gunn , 1973 ; Duncan et a l . ,  ( 1974 ) ; 
atrophy and degenerati on of f ibres wi th consequent fi b rous and/or fatty 
repl acement ( Col e , 1946 ; Gunn , 1973 ) ; an i ncreas e  i n  endomys i a l and 
peri phys i a l connecti ve ti s sue ; and occas i onal  necroti c and spl i t  fi bres 
and l ack  of myel i nated nerve f ibres ( Duncan et a l . ,  1974 ; Duncan , 1 975 ) . 
The pathol ogy noted by Duncan et a l . ,  ( 1974 ) was more s evere i n  the 
l eft dors al  and l ateral cri coarytenoi d mus cl es  of l aryngeal hemi p l egi c 
horses . I n  those musc l es  i ntramuscu l ar nerve bundl es  were very rare 
and when present had obvi ous endo�euri al fi b ros i s  wi th onl y  a few axons 
rema 1 n 1 ng .  These workers commonl y  s aw myel i nated i ntramuscul ar  nerves 
i n  secti ons of cri cothyroi d musc l es and ri ght  l aryngeal  muscl es  and 
suggested that th i s  observati on confi rmed that the mus c l e pathol ogy 
they descri bed was neurogeni c rather than myopath i c i n  ori g i n .  

The h i s tol og i cal  changes observed by these workers ( Duncan e t  a l . ,  
1974 ; Duncan , 1975 ) were more severe i n  the adductor  than the abductor  
mus c l e s ; were on ly  observed in  the  r i g ht  musc l es  of  one  c l i n i ca l l y  
affected horse and o n  n o  occa s i on were they present i n  the cri cothyroi d 
musc l e s . 

Th i s  was the s tate of the i nformati on avai l ab l e on the h i s topathol ogy 
of equ i ne l aryngeal  musc l es  at the t ime th i s  s tudy commenced . Many 
questi ons were st i l l  unanswered . For exampl e ,  a l though  some evi dence 
s ugges ted that the earl i est  recogn i sab l e  neurogen i c changes were 
present i n  the l aryngeal mus cl es of very young horses ( Gunn , 1973 ) 
the age of onset of these changes i n  the majori ty of horses was s ti l l  
unknown . I t  was i mportant to attempt to c l ari fy th i s  s i tuati on i n  
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order to gai n further i ns i ght  i nto pos s i b l e  aeti ol og i cal  factors 
i n  i d i opath i c l aryngeal hemi pl egi a .  I t  was a l so  des i rab l e to 
know the normal vari ati on i n  fi b re s i ze and the normal s i ze of 
g roups of fi bres  of the s ame type as thi s i nformati on i s  necessary 
before the earl y changes associ ated wi th neurogen i c di sease can be 
confi dently recogn i sed . I t  was thought  that once an accurate 
d i st i n cti on cou l d be made between normal and abnormal musc l e i t  
may be poss i b l e ,  u s i ng b i opsy techn i ques to categori s e  hors es i nto 

neurogen i ca l l y  affected and unaffected g roups . For these reasons 
a h i s tochem i ca l  and h i s to l og i cal s urvey was carri ed out on the 
musc l es  from horses of vary i ng ages and sexes . Neurogeni c  l a ryngeal 
di sease i s  c l i n i cal l y  and economi cal l y  mos t  i mportant i n  the 

competi ti ve horse so the survey concentrated on a s i ng l e  competi ti ve 
horse b reed , the New Zeal and Thoroughbred � a l though  the musc l es  from 
three pon i es were i nc l uded for comparati ve purposes . 

5 . 2  Materi a l s and Methods 

The musc l e s  exami ned were the s ame as  those used for the 
h i s tochemi cal  s tudy descri bed i n  Chapter 4 .  Tab l es 1 and 2 provi de 
detai l s  of the ages and s exes of the horses used  and Tab l e  1 1 , the 
number of horses from wh i ch each of the musc l es were col l ected . 
The methods u s ed to col l ect  and anal yse the i nformati on presented i n  
th i s  C hapter a re detai l ed i n  Chapter 2 .  I n  add i t i on to measuri ng 
the mean s i ze of g roups of AL fi b res and the mean cross  sectional  
a rea of AH and AL fi bres , each musc l e secti on was  exami ned and any 
h i s topathol ogy present was g raded and recorded . The g radi ng  system 
adopted was a s  fol l ows : -

Subtl e pathol ogy ( F ig .  30 a and b ) i nc l uded : 1 .  Roundi n g  of , and 
an apparent i ncrease i n  the number of s arcol emmal nucl ei .  2 .  The 

occurrence of  a h i gher  than normal n umbe r  of nuc l ei wi th i n  the body 
of mus c l e fi b re s . 3 .  Mi nor vari ati on i n  fi b re s i ze .  4 .  F i bre 
type g roupi ng . 

Moderate path o l ogy ( F i g .  31  a and b ) i nc l uded : 1 .  F i b re atrophy 
and hypertrophy . 2 .  An apparent i ncrease  i n  the amount of 
endomys i a l and  perimys i a l  connecti ve ti s sue . 3 .  The appearance 
of g rouped atrophy . 



F I GURE 30 Subtl e pathol ogy .  Trans verse secti ons of the 
ri ght  dorsal cri coarytenoi d mus cl e of a l aryngeal 
h emi pl eg i c hors e .  

a .  Secti on stai ned wi th haematoxyl i n  and eos i n 
( x260 ) 

b .  Secti on s ta i ned to demonstrate the acti v i ty of 
myos i n  ATPase ( xlOO ) 

1 .  Round i ng of , and an apparent i ncrease i n  the 
number of s arcol emmal nucl e i  

2 .  I nterna l  nucl eus 
3 .  V ari ati on i n  fi bre s i ze 
4 .  F i b re type groupi ng 





FIGURE 31  Moderate pathol ogy . Transverse secti ons of the 
ri ght  l ateral cri coarytenoi d  musc l e of a l aryngeal 
h emi pl egi c horse 

a .  Secti on stai ned wi th haematoxyl i n  and eos i n  
( x260 ) 

b .  Secti on stai ned to demon strate the acti vi ty of 
myos i n  ATPase ( x100)  

1 .  F i bre atrophy and hypertrophy 
2 .  An apparent i ncrease i n  the amount of 

endomys i a l and perimys i a l connecti ve ti ssue  
3 .  Grouped atrophy 



a 

b 



F I GURE 32 Marked pathol ogy . Trans verse secti ons of the 'left 
l ateral cri coaryteno i d  musc l e of a l aryngeal 
hemi pl egi c horse 

a .  The s ecti on i s  s tai ned wi th haematoxyl i n  and 
eos i n  ( x260 ) 

b .  The s ecti on i s  s ta i ned to demonstrate the 
acti v i ty of myos i n  ATPase ( xlOO ) 

1 .  W i despread atrophy and hype rtrophy of f ibres 
2 .  Marked endomys i a l and perimys i a l fi bros i s  





F I GURE 33  Severe pathol ogy .  Transverse secti ons of  the l eft 
dors a l  cri coarytenoi d musc l e of a l aryngeal 
hemi pl egi c horse 

a .  The secti on i s  s tai ned wi th haematoxyl i n  and 
eos i n  ( x260 ) 

b .  The secti on i s  stai ned to demonstrate the 
acti v i ty of myos i n  ATPase ( xlOO ) 

1 .  Fatty and fi b rou s repl acement of musc l e 
fi bres  

2 .  Pyknot i c nucl ear c l umps 
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Marked pathol ogy ( Fi g .  32 a and b ) i nc l uded : 1 .  Wi des pread atrophy 
and hypertrophy of fi bres . 2 .  Marked endomys i a l  and perimys i a l 
f i bros i s .  

Severe pathol ogy ( Fi g .  33 a and b )  i nc l uded : 1 .  Wi des pread fatty 
and fi b rous repl acement of musc l e fi bres . 2 .  Pyknoti c nucl ear 
c l umps . 

I n  the l eft dorsal  and l ateral cri coarytenoi d  musc l es from the o l de r  
a g e  group of  abnormal hors es the pathol ogy was so  severe that few 
of the s ecti ons were s u i tabl e for h i s tochemi s try . Consequentl y mean  
numbers of AL  fi bres per group and  mean f ibre s i zes cou l d  not be 
cal cu l ated for these musc l es . 

The numbers of transverse arytenoi d and ventri cul ar musc l es , and of  
al l mus cl e s  from abnormal horses were too sma l l to  s tati s ti cal l y  
anal yse the di fferences between the means found i n  the d i fferent 
g roups of horses . 

5 . 3  Resu l ts 

5 . 3 . 1  S i ze  of Groups of AL F i b res  

The mean  s i ze of  g roups of AL  fi bres ( as  defi ned by Gunn , 
1 972 ) was cal cu l ated i n  a l l the musc l es s tudi ed . 

5 . 3 . 1 . 1  Dorsa l  C ri coarytenoi d Musc l e 

The number of horses from whi ch mus cl es were 

col l ected and the mean number of AL fi bres per group observed i n  both 
the l eft and ri g h t  musc l es  of  a l l the " no rma1 1 1 hors es and abnormal 
horses th ree years of age and under , are shown i n  Tab l e  1 3 .  

I n  " normal 11 horses the mean number o f  AL f ibres  per g roup was l arger 
in the o l der than the younger group ( P <  0 . 1 ) . 

When the means were separated accord i ng to the sex of the horses 
there was a tendency for the gel d i ngs to have l arger groups than e i ther 
the mares or the enti re mal es . When s i des were con s i dered the 
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tendency was  for the  g roups of AL fi bres  to  be l arger i n  the  l eft 
mus c l es , part i cul ar ly  those of the ge l di ngs . For exampl e ,  the 
mean number of AL fi bres per g roup , i n  the dorsa l  cri coaryteno i d  
mus cl es o f  1 1 norma l 1 1  mares over three years of age was 3 . 28 i n  the 
l eft and 2 . 66 i n  the ri ght  musc l es .  The equ i va l ent fi g u res for 
the s ame g roup of ge l di ngs  were 6 . 32 and 3 . 23 , moreove� the mean 

age of thi s g roup of mares was g reater than the mean age of the 
gel d i ng s . 

TABLE  13  THE  MEAN NUMBER OF  AL  F I BRES PER GROUP OBSERVED I N  
THE DORSAL CRI COARYTENOI D MUSCLES  

�n number of AL fi bres  pe�-

�
� 

group 

" Normal 11 
: horses 

Abnormal  
horses 

a l l ages 

three years 
and under 

over three 
years 

three years 
and under 

Number of 
horses 

46 

28 

1 8  

3 

Both s i des  
3 . 39 

2 . 93 

4 . 01 

1 7 . 42 

Left 
3 . 8  

2 . 89 

5 . 04 

30 . 59 

l 
! Ri ght  

I 

2 . 98 I l 

2 . 97 

2 . 99 

4 . 26 

When the s ecti ons were exami ned and the l argest  groups of  AL f i bres 
observed i n  the l eft mus c l es  were compared w i th the l arges t  g roups 
observed i n  the r i ght  musc l es  the fol l owi ng  conc l u s i ons  were reached : -

1 .  The re was n o  convi nci ng evi dence that the g roups of AL fi b re s  were 
l arger i n  the  l eft mus c l es than the ri ght musc l es  of the horses 

l es s  than 1 . 5  years of age . Groups of 15-20 AL fi bres were not 
uncommon ( even i n  foa l s a s  young as  one day ol d )  but they were 
j u s t  as l i ke l y  to be s een i n  the ri ght  mus c l es as the l eft . 

2 .  The youngest horse wi th marked fi b re type groupi ng i n  the l eft 
mus c l e  was a 1 . 5  yea r  o l d  enti re mal e .  The f ibre type g roupi ng 
was accompani ed by other h i s to l og i cal  s i gns  of rel ati vel y  advanced 
neurogen i c d i sease . The correspondi ng ri ght  musc l e was norma l . 
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3 .  Of the " norma1 1 1  Thoroughbred horses over 1 . 5  years of age 42 . 9% 
had fi b re type g roupi ng i n  the l eft musc l es  and had l arger 
g roups of AL fi bres i n  the l eft musc l es  than i n  the ri ght . I n  
the 1 1 normal " Thoroughbred horses greater than fi ve years of age 
th i s  fi g u re became 6 3 . 6% .  

4 .  The abnormal horses w i th l eft musc l es su i tab l e  for h i stochemi s try 
had marked fi b re type g roupi ng i n  these mus c l es a l ong wi th other 
h i s to l og i cal  s i gns  of neurogen i c d i sease . 

5 .  Of the s i x  horses wi th l aryngeal hemi p l egi a ,  two had marked 
g roupi ng  of AL fi bres i n  the ri ght muscl e .  

5 . 3 . 1 . 2  L ateral Cri coarytenoi d Muscl e 

The mean numbers of AL fi bres per g roup observed 

i n  the l eft and ri ght  mus cl es  of the 1 1 normal "  horses and the abnorma l 
horses three years of age and under are shown i n  Tab l e 1 4 .  

TABLE  14 THE MEAN NUMBER OF AL F I BRES PER GROUP OBSERVED I N  
THE LATERAL CR ICOARYTENOI D  MUSCLES 

Mean number of AL f ibres  per 
g roup 

Number of 
horses Both s i des Left 

a l l ages 49 3 . 36 4 . 25 

1 1Normal " three years 
and under 28 2 . 79 3 . 45 

horses 
over three 
years 21 4 . 1 1  5 . 28 2 . 95 

' 

r Abnormal three years 
horses and under 3 5 . 20 6 . 15 4 . 25 

The mean number of AL fi bres  per g roup i n  the mus cl es  of " norma l " 
horses over three years of age and abnorma l horses l es s  than three 
years of age were s i gni fi cantl y l arger than i n  the mus c l es of the 
younger g roup of " norma l 11 horses ( P< 0 . 05 and P < 0 . 001 , res pecti ve l y ) . 



I n  both the younger and o l der g roup of " nonnal 11 horses  the mean number  
of AL  fi b re s  per g roup was  l arger i n  the  l eft mus c l es than  the  ri ght  
( P < O . l  and  P < 0 . 05 for the  younger group and  o l der g roup respecti ve l y ) . 

When the mean g roup s i zes for the l eft and ri ght  mus c l es were d i vi ded 
accord i ng to the sex of the horses i t  was aga i n  i n  the gel di ngs  where 
mos t  of the s i g n i fi cant d i fferences occurred . For exampl e ,  the mean 
number of AL fi bres  per group i n  the l eft l ateral cri coarytenoi d musc l e 
of a l l the 1 1 nonna l " ge l d i ngs  was 6 . 03 and 2 . 97 i n  the ri ght  mus c l e 
( s i gn i fi cantly di fferent P <. 0 . 02 ) . 

When the musc l e secti ons were exami ned to assess  the l evel  of fi b re 
type g roupi ng  i n  the l ateral cri coarytenoi d mus c l e the fol l owi ng con­
c l u s i ons  were reached : -

1 .  Re l at i vel y  l arge groups of AL fi bres  ( up to 2 5 )  were not uncommon i n  
both the l eft and ri ght  l ateral cri coaryteno i d  musc l es  of foal s .  

2 .  The youngest horse wi th substanti a l l y  l arger groups of AL fi b res  i n  
the l eft musc l e than i n  the ri ght  musc l e was a s i x  week o l d enti re 
mal e and the next youngest was a s even month  o l d fema l e .  

3 .  O f  the 1 1norma l " Thoroughbred hors es over s i x  months  of age , 6 5 . 5% 
had fi bre type g roupi ng  i n  the l eft mus c l es and had  l arger g roups 
of AL fi bres i n  the l eft musc l e than the ri ght . A l most  a l l of 
these , wi th  the excepti on of a few of the younger horses , had  other 
h i s to l ogi ca l  s i gn s  of  neurogen i c  d i s ease  i n  the l eft muscl es . I n  
thi s  group of horses 2 2% h ad l arge g roups of AL fi b res  i n  the ri g h t  
mus cl e .  Al l b u t  one of the horses wi th g rou p i n g  i n  the ri g h t  
muscl e ,  were over s i x  years o f  age . I f  on l y  the o l der g roup  of 
horses { over three years ) was consi dered� a l most  80% of them had 
l arger g roups of AL f ibres  i n  the i r l eft than r i g h t  mus c l e s . 

4 .  O f  the abnormal horses , the t hree younger ones had  marked fi b re 
type groupi ng i n  the l eft musc l e and �wo of these had  obv i ou s  
g roupi ng i n  the ri ght  muscl e .  The l eft musc l es  o f  the o l der horses 
were so  severel y atroph i ed that measurement of f ibre g roup s i ze 
was not pos s i bl e but fi bre type groupi ng was observed i n  the r i ght  
mus cl es  of two of  these ani ma l s .  
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5 . 3 . 1 . 3 Transverse Arytenoi d Musc l e 

The number of horses from wh i ch musc l es  were 
col l ected and the mean numbers of AL fi bres per g roup i n  the l eft and 
r ight  transverse arytenoi d  musc l es  of the 1 1 normal 1 1 and the abnorma l 
horses are shown i n  Tab l e  1 5 .  

TABLE 1 5  

I 
i 
I 
I ' 1 1 Norma l 1 1 
1 horses 

Abnormal 
horses 

THE MEAN NUMBER OF AL F I BRES PER GROUP OBSERVED I N  
THE TRANSVERSE ARYTENO I D  MUSCLES 

I 
! I 

Number of I 
horses I 

6 

I 4 
' 

----·- --·---· - - - - - --- - ·- · 

Mean number of AL fi bres 

Both s i des  Left 

I 

2 . 1 7 I 2 . 58 i 
I 
I 

I 

2 . 46 2 . 63 

· - - - ·--· ·- ----

per group 

Right 

1 .  76 

I 

2 . 28 

There was a tendency for the groups of AL fi bre s  to be b i gger i n  the 

musc l es  from abnormal horses than 1 1 nonnal 11 horses and b i gger i n  the 
l eft mus c l es  than the r ight  musc l es  of both g roups of horses . 

When the mu sc l e secti ons from i nd i v i dual  horses were exami ned i t  was 
noted that there were l arger g roups of AL fi b res  i n  the l eft musc l es 

I I 
I 
i 

than the ri ght musc l es  of the four 11 normal 11 Thoroughbred horses g reater 
than two years of age . In the l eft mus c l es of these four horses th i s  
g roupi n g  was a l ways accompan i ed by other h i s tol ogi cal s i gns of neurogen i c  
di s ease . The l eft musc l es of al l the abnonnal  horses had l arger g roups 
of AL fi b res than the r ight  musc l es except i n  the case of the o l dest 
• roare r •  where the l e ft musc l e was so  severe l y  atroph i ed that f i bre 
typ i ng  was not pos s i b l e .  

5 . 3 . 1 . 4  Ventri cu l ar Musc l e 

The mean number of AL fi bres per group i n  the 
musc l e s  from a l l the 1 1 normal 11 horses was 1 . 56 and that i n  the musc l es 

from a l l the abnorma l horses was 1 . 23 .  The means obtai ned when the 
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horses  we re d i v i de d  a ccordi ng to age and  sex and  when the l eft and 
ri ght mus cl es  we re compared ,  d i d  not vary s i gn i fi cantl y  from these 
va l ues  a l though the number of mus c l es col l ected was smal l .  

When the secti ons we re exami ned i n di v i dual l y  there was no evi dence of 
l a rger groups of AL fi bres  i n  the l eft or ri ght  mus c l es  of the 1 1 norma l 1 1  
or abnormal horses  a l though other h i s to l og i ca l  s i gns  of  neurogeni c 
d i sease were present . 

5 . 3 . 1 . 5  Cri cothyro i d  Mus c l e 

The number of horses  from wh i ch mus cl es  were 
co l l ected and the mean numbers of AL f i b res per g roup observed i n  the 
l eft and ri ght  cri cothyroi d mus cl es  from the di fferent age g roups of 
1 1 normal 1 1  and abnormal horses  are s hown i n  Tab l e 16 . 

TABLE 1 6  T H E  MEAN NUMBE R  OF  A L  F I BRES PER  GROUP OBSERVED I N  
THE C RI COTHYRO I D  MUSCLES 

I 
N umbe r  of ! 
horses  I Both s i de s  Left i 

' 

a l l ages 45 4 . 24 4 . 38 
i ! 

th ree years "Normal " and under 2 7  3 . 19 3 . 1 1  
: horses  

over three 
years 1 8  5 . 4 1  5 . 98 

a l l ages 7 6 . 1 7 7 . 80 

th ree years 
Abnormal and  under 3 5 . 32 6 . 09 
hors e s  over th ree 

years 4 6 . 80 9 . 09 

j Ri_g_ht  

4 . 08 
! 

3 . 48 

4 . 85 

4 . 53 

4 . 56 

4 . 5 1 

The mean number of AL f i bres per g roup was s i gn i fi cantl y g reater i n  the 
mus c l es  from the o l der than younger 1 1 norma l 1 1  horses ( P< 0 . 02 ) . The 

group s i zes  a l so tended to be l arger i n  the l eft mus cl es of  the 
o l de r  1 1 norma l 1 1  horses  than i n  the r i ght  

: 

! 
i 

.. _I 
i 
l 
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mus c l e s . Th i s  d i fference was s i gn i fi cant for the " norma l " gel d i ngs  
( l e ft 5 . 98 ,  ri ght  4 . 26 ,  P < 0 . 02 )  and was marked i n  the  musc l e s  of 
the abnormal enti re mal es ( l eft 10 . 90 right 3 . 51 ) . 

The cri cothyro i d  musc l e was found to have a h i g her proporti on of AL 
fi bres ( AH : AL ,  64% : 36% ) than most  of the other i ntri n s i c  l aryngeal  
mus c l e s . I t  was a l so  noted that the proporti on of AL fi bres  tended 

to be greater i n  the o l der than i n  the younger horses ( Chapter 4 ) . 

I n  the cri cothyro i d  mus c l e the AL f ibre s  were often present i n  rel ati ve ly  
l arge groups . I n  fact , g roups of up  to  22  AL  f ibres occurred i n  both 

the l eft and ri g h t  cri cothyroi d mus c l e s  of mos t of the hors es under one 
year of age .  W i th i ncreas i ng age the group s i ze i n  both l eft and ri ght  
cri cothyroi d mus c l e s  a l so  i ncreased . Groups of up to  40  AL  fi bres  were 
common i n  both the l eft and r ight  mus c l es from the o l der age groups of 
both " normal . . and abnorma l horses . 

5 . 3 . 1 . 6  Hyoepig l otti c Mus c l e  

The mean number of  AL fi b re s  per g roup i n  the 
mus cl e s  of a l l the 1 1norma 1 1 1 horses was 1 0 . 73 .  There was no s i gni fi cant  
vari ati on from th i s in  the mu sc l es of  the  other groups of  horses 
i nc l udi ng  the abnormal horses wi th the excepti on  of the one horse 
exami ned wh i ch  h ad suffered from l aryngo- pal.a.tal d i s l ocat i on .  I n  the 
hyoepi g l otti c mus c l e from thi s horse the mean group s i ze of AL fi b res 
was 2 . 4 1 . 

When the musc l e secti ons were exami ned i nd i v i dual l y  i t  was noted that 
the AL fi b res  were a l l i n  l arge groups . Thi s  occurred i n  the musc l es 
of a l l the d i fferent g roups of horses i nc l udi ng  the abnormal horses . 
The  hyoep i g l otti c mus cl e ,  un l i ke the other l aryngeal mus c l es exami ned , 
had more AL than AH fi bres  ( AH : AL ,  46% : 54% , Chapter 4 ) . 

5 . 3 . 2  F i bre Cros s Secti onal  Area 

5 . 3 . 2 . 1  Dorsa l  Cri coaryteno i d  Musc l e 

The number of horses from wh i ch musc l es were 
col l ected and the mean cross  secti onal  areas of the AH and AL fi bres 
are s hown i n  Tabl e 1 7 .  



TABL E  1 7  

1 1 Norma l 11 

horses 

Abnormal 
horses 

1 0 2  

THE MEAN CROSS SECT I ONAL AREAS ( �m2 ) OF A H  AND AL 
F I BRES IN THE DORSAL CRI COARYTENO I D  MUSCLES 

a l l ages 

three years 
and under 

over three 
years 

three years 
and under 

: Number of 
! h orses 

46 

28 

18 

3 

AH 
AL 

AH 
AL 

AH 
AL 

AH 
AL 

Mean cross  secti onal  

B oth  s i des ; 

. 2006 . 07 
1 945 . 78 

1 448 . 28 
1 337 . 29 

2769 . 34 
2778 . 34 

2527 . 83 
2674 . 92 

l eft 

2097 . 52 
2097 . 2 1  

1 490 . 54 ' 1 406 . 03 
1450 . 27 1224 . 31 

2928 . 13 2610 . 55 
3189 . 87 2366 . 82 

1 86 8 . 67 3 187 . 00 
2381 . 33 2968 . 50 

There was n o  s i gn i fi cant d i fference between the mean cross  secti onal  
a rea  of AH and AL f i b re s  in the musc l es  of any of the horses exami ned . 

As expected the mean  cro s s  secti onal  a rea of both AH and AL fi bres was 
greater i n  the musc l e  of the o l der than younger horses . Th i s i ncrease 
i n  c ro s s  secti onal  area of musc l e fi b res  wi th age is  s hown i n  F i g .  34 
and i t  produced s i gn if i cant d i fferences between the mean musc l e fi bre 

areas from the d i fferent age g roups of horses . 

I n  the " norma l 11 mares and gel d i ngs  the AH fi bres had g reater cross 
secti onal  areas in the l eft mus c l e s  than the r i g h t  ( P< 0 . 05 ) . Th i s 
was a l s o  true for the AL f i bres  of  the " no rma l 11 mares ( P -<. 0 . 05 )  and 
gel d i ng s  ( P <  0 . 01 ) . 

I n  the abnormal horses the number of  f i b re area measurements ava i l ab l e  
were too sma l l for s tati s ti cal  ana lys i s  however the AL and parti cul ar ly  
the AH  fi bres  i n  the musc l es of  the  younger g roup were sma l l er on the 
l eft s i de than the ri g h t .  

P athol ogy was s o  severe i n  the o l der g roup  of abnorma l horses that onl y  



F I GURE 34 

F I GU RE 3 5  

T h e  rel ati onsh i p between age ( years ) and the mean 
cross  s ecti onal areas of the AH and AL fi bres ( �m2 ) 
i n  the dorsal cri coaryteno i d  musc l es from the " norma l " 
horses 

The rel ati onsh i p between age ( years ) and the mean 
cross  secti onal areas of the AH and AL f ibres ( ym2 ) 
i n  the l ateral cri coaryteno i d  mus cl es  from the " nonna l " 
horses 
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one h a d  a l eft muscl e s u i tab l e  for h i s tochemi s try . I n  thi s mus cl e 
there was hypertrophy ( 7543 pm2 ) and atrophy ( 908 �m2 ) of AH fi b res  
and atrophy ( 1430 and  703 pm2 ) of AL  f ibre s . The mean c ross  
secti onal f ibre areas i n  the ri ght  musc l es  from th i s  g roup of horses 
were 3167 . 1 2 pm2 for AH and 2667 . 0  �m2 for AL fi bres . 

5 . 3 . 2 . 2  L ateral Cr i coarytenoi d Muscl e 

T he number of horses from wh i ch mus c l es were 
col l ected and the mean cross secti onal  areas  of the AH and AL fi bres  
from the  l ateral cri coarytenoi d mus c l es are s hown i n  Tab l e  1 8 .  

TAB LE 1 8  THE MEAN CROSS SECTI ONAL AREAS ( �m2 ) I N  THE LATERAL 
CRICOARYTENO I D  MUSCLES 

" Norma l " 
horses 

1 Abnormal 
horses 

Number of 
' horses 

a l l ages 

three years 
and under i 

over three 
years 

three years 
and under 

49 

28 

2 1  

3 

AH 
AL 

AH 
AL 

AH 
AL 

AH 

r:-· Mean cross s ec ti onal  area 

B oth s i des  

2077 . 64 
1788 . 42 

1 532 . 1 5 
1 2 29 . 35 

l eft ri  ht 

2214 . 2  i 1941 . 09 
2028 . 3  : 1 548 . 53 

: 1493 . 3 ' 1 571 . 00 
! 1239 . 02 1 195 . 13 

2824 . 04 i 3200 . 55 2447 . 53 
2553 . 84 l 307 5 . 5 5  2032 . 13 

2801 . 00 
326 1 . 42 

2973 . 5  2628 . 5 
4523 . 67 1999 . 17 

T here was a notab l e  d i fference between the mean cross secti onal  a rea  of 
the AH and AL fi bres i n  the l ateral cri coaryteno i d  mus cl es  of only one 
of the groups of horses exami ned . In  the muscl es  of the o l der g roup 
of " normal 11 hors es  the AL fi bres  were smal l er than the AH f ibres  ( P<0 . 1 ) . 
As was the case wi th the dorsa l  cr i coarytenoi d musc l e  there was an 
i nc rease  i n  t he mean cross  secti onal  area of both f ibre types wi th age . 
Th i s i s  s hown i n  F i g .  3 5  and was res pon s i b l e  for s i gn i fi cant d i fferences 
between the mean cross  secti onal area  of muscl e fi bres from the di fferent 
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age groups of horses . 

I n  the l ateral cri coaryteno i d  musc l e a l s o , the mean cross  s ecti onal  
a rea of the fi b res of some of the l eft muscl es were l arger th an  those 
of the ri ght  muscl es . Thi s d i fference was s i gni fi cant i n  the mus c l es 
of the 11 norma 1 1 1 horses greater than  three years of age ( P < 0 .  02 for 
AH f ibres , and P< 0 . 0 1 for AL f i b res ) and was most pronounced i n  the 
gel di ngs  ( P <  0 . 05 for AH f ibres and P< 0 . 02 for AL f ibres ) . 

Pathol ogy was aga i n s evere i n  the l eft mus c l es of the o l der g roup of 
abnorma l horses and i n  the one mus cl e where the myos i n  ATPase reacti on 
worked a l l the f ibres  appeared to be AH . Both the mean  cross  s ecti ona l  
a rea measurements o f  these fi b res were l es s  ( 1 583 pm2 and 4 1 4  �m2 ) than 
those from the ri ght  mus c l es ( AH ,  2632 . 5  pm2 and AL , 2309 . 5  pm2 ) .  

5 . 3 . 2 . 3  Transverse Arytenoi d Musc l e  

The mean cros s secti ona l  areas of the AH and AL 
fi b res  ( 1 782 . 29 and 991 . 21 pm2 ) of the transverse arytenoi d mu sc l e s  
from t h e  ' norma l ' horses were sma l l er than those o f  the f ibre s  o f  the 

other two muscl e s  prev i ou s l y  d i s cu s s ed . Both  the AH and AL fi bres 
were l arger in the o l der  than the younger 1 1 norma l " horses ( F i g .  36 ) . 

There was a tendency for the AL fi bres to be sma l l er than the AH f i b re s  
i n  the 1 1 normal 11 horses . 

The AH and AL fi b res were smal l er i n  the l eft transverse arytenoi d 
musc l es  than i n  the correspondi ng ri ght  musc l es  i n  the younger age 
g roup of " norma l " and abnormal horses .  I n  the one abnorma l horse 
over three years of age from whi ch mus c l es were col l ected , the l eft 
musc l e was too s evere l y  affected for h i s tochemi s try to be carri ed out .  
The AH and AL fi b res  i n  the r i ght musc l e from th i s  horse were l arger 
than those from the r i ght  musc l es  of s imi l ar aged 11 norma l " horses . 

5 . 3 . 2 . 4  Ventri cu l ar Mus c l e 

The mean cross  s ecti onal areas of the AH and AL 
fi b res  ( 1598 . 7 1  and 1 2 52 . 8  pm2 ) of the ventri cul ar  muscl es of " norma l " 
horses were a l so  smal l er than those  i n  the dorsa l  and l atera l cri co­
arytenoi d mus c l es . 



F I GURE 36 

F IGURE 37 

The rel ati onsh i p  between age ( years ) and the 

mean cros s secti onal areas of the AH and AL 
fi bres ( �m2 ) i n  the transverse arytenoi d 
musc l es from the 1 1 norma l 1 1 horses 

The rel ati on s h i p between age (years ) and the 
mean cross  secti onal areas of the AH and AL 
fi bres  ( �m2 ) i n  the ventri cul ar  mus cl es from 
the 1 1 normal 11 horses  
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Aga i n  the mean  cross  secti ona l a reas of  AH  and  AL  fi bres  were g reater i n  
the musc l e s  of the o l der than those of the younger " norma l 11 horses 
( F i g .  37 ) . 

The musc l e s  of the younger group of abnormal horses had smal l er AH fi bres 
than those of s imi l ar aged 11 norma l 11 horses and the AH fi bre s  from thei r 

l eft musc l e s  were sma l l er than those from the i r  ri ght  musc l es . The AL 
fi b re s  from the l eft mus cl es of th i s  group of horses were l arge r  than 
those from the r i g h t . 

5 . 3 . 2 . 5  Cri cothyroi d Musc l e 

The number of horses from whi ch musc l es  were 
col l ected and the mean c ross  secti on a rea of AH and AL fi bres  from a l l 
the groups of horses are s hown i n  Tab l e  1 9 . 

TABLE  1 9  THE MEAN CROSS SECTI ONAL AREAS ( �m2 ) OF  AH AND AL 
F IBRES I N  THE C R I COTHY RO I D  MUSCLES 

� Number of F i bre I Mean cross s ecti onal j 
horses type a rea 

a l l ages 45 AH 1736 . 96 
AL 1676 . 66 

" Norma l " three years 

• horses and under 27 AH 1407 . 43 
AL 1 1 87 . 66 

over three 
years 18  AH  2167 . 57 

AL 2319 . 80 

three years 
and under 3 AH 2334 . 42 

Abnormal AL 2 572 . 83 

horses over three 
years 4 AH 2636 . 81 

AL 237 4 . 00 

I n  th i s  mus cl e  the mean cross s ecti onal area of the AH and AL fi bres  
was  greater i n  the musc l e s  from the  ol der g roup of  " norma l " horses 



F I GURE 38 

F I GURE 39 

The mean res l ati ons h i p between age (years ) and the 
mean c ros s secti onal areas of the AH and AL 
fi bres  ( �m2 ) i n  the cri cothyro i d  mus cl es  from the 
" norma l " horses , pl otted aga i nst  the i r ages (years ) 

The rel ati ons h i p between age (years ) and the 
mean cross  secti onal areas of the AH and AL 
fi bres  ( �m2 ) i n  the hyoepi g l otti c mus cl es  
from the  " norma l 1 1 horses 
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than i n  those from the younger group . Thi s i s  s hown i n  F i g .  38 and 
produced s i gn i fi cant  d i fferences between the mean fi bre s i zes from 
the di fferent age g roups of horses . 

One s i gn i f i cant i nteracti on wh i ch d i d not appear to be due to thi s  
i ncrease i n  fi bre s i ze w i th age was noted i n  the musc l es from the 
o l der g roup of abnormal  horses where the AH and AL fi b res  were l arger 
than those i n  the mus c l e s  of the s ame g roup of " norma l " horses ( P ( 0 . 05 ) . 

I n  most of the g roups exami ned the sex of the horse or the s i de from 
wh i ch the muscl e came d i d not appear to i nfl uence the mean s i ze of AH 
or AL fi bres . There was however a tendency for the AH and AL fi bres 
from the l eft mus cl e s  of " normal " and abnormal horses to be l arger than 
those from the r i g h t .  Thi s trend was mos t  marked i n  the musc l es from 
the gel d i ngs and was s i gn i fi cant for the AL fi b res from the o l der  " norma l " 
horses ( P <. 0 . 02 ) . 

5 . 3 . 2 . 6  Hyoepigl otti c Mus c l e 

The numbers of horses  from wh i ch mus c l es  were 
col l ected and the mean  c ross  secti onal  areas of the AH and AL fi b res 
from a 1 1  the g roups of " norma 1 "  horses and the ab norma 1 horses are 
s hown i n  Tab l e  20 . 

TABLE  20 THE M EAN CROSS SECT I ONAL AREAS ( �m2 ) OF AH AND 
AL F I BRES I N  THE HYOE P I GLOTT I C  MUSCLES 

' i 

" Norma1 11 
horses 

a l l ages 

three years 
and under 

over th ree 
years 

A l l abnormal horses 

Number of 
horses 

1 5  

8 

7 

4 

I 
I ' 
·' ' 
' 

: 

Fi bre 
type 

AH 
AL 

AH 
AL 

AH 
AL 

AH 
AL 

i 

Mean cross  s ecti onal 
area  

1928 . 30 
1986 . 03 

1385 . 44 
1 428 . 50 

2 548 . 70 
2623 . 21 

2 1 50 . 50 
2 107 . 1 3 
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Agai n  i n  the hyoep i g l otti c mus cl e the AH and AL f i bres were l arger i n  
the mus c l e s  from the o l der than those from the younger horses 

{Fi g .  39 ) .  Th i s age i ncrease agai n caused s i gn i fi cant di fferences 
between the mean cross secti onal  a reas of the fi bres  from the musc l es  
of the d i fferent age  groups of horses . 

The  s ex of the horses appeared to have no effect on fi b re cros s 
sect i onal  a rea . 

5 . 3 . 3  H i s to l og i ca l  Features Noted i n  Thi s  Study 

5 . 3 . 3 . 1  H i s tol ogi ca l  Features of Juven i l e  Mus c l e 

The h i s tol og i ca l  characteri s ti cs of the musc l es 
from foa l s appeared to be  somewhat di fferent from those of the adu l t  
horses ( F i g .  40 } .  The f i bres from j uven i l e  mus cl e were round i n  
cross  secti on rather than pol ygonal  and there was more vari ati on i n  
f i bre s i ze than was usu a l l y  seen i n  adu l t  mus c l e .  The round c ross 
secti on of the fi bres  gave the endomysi a l  and peri mys i a l connect i ve 
ti s sue  s epta a more promi n ant a ppearance so  that i n  j uveni l e  musc l e 
the connecti ve  ti s sue components appeared to occupy a h i gher proporti on 
of the total c ross  secti ona l area th an i n  the mus c l e of  adu l ts .  

The popu l ati on of s a rcol emmal nucl e i  appeared h i gher i n  juven i l e  
musc l e  than i n  adu l t  mus cl e and the occurrence of these nucl e i  w i th i n  
the body of the fi bres  was not uncommon . 

There was no  apparent s i de d i fferen ce i n  the h i s tol ogi cal  features of  
the mus cl e s fromhorses l es s  than  one  year of age . By the t ime the 
horses reached a pprox i mate l y one year of age the h i s to l og i ca l  features 
of thei r musc l es  were as s umi ng  adu l t  characteri s ti cs .  The apparent 
number  of  s arcol emmal nuc l ei was decreas i ng and the connect i ve ti s sue  
components were l es s  promi nant and  present on ly  as  thi n  bands between 
pol ygonal  fi bres . 

5 . 3 . 3 . 2  H i s topathol og i cal C hanges Ch aracteri s ti c of 
Denervati on Noted i n  Thi s Study 

A l l the h i s to l og i cal  features  a l ready descri bed 
as bei ng  characteri s ti c of  denervati on and re i nnervati on were noted 
i n  s ome of the musc l es  col l ected duri ng  thi s  s tudy .  An attempt was 



F I GURE 40 Transverse secti ons of the l e ft dorsa l  cri coarytenoi d 
muscl es from foa l s ,  ( a )  two hours and ( b )  two days 
o l d ( x260 ) . Secti ons s tai ned wi th h aematoxyl i n  and 
eos i n .  The h i s tol og i cal features of j uveni l e  
equ i ne i ntri ns i c  l aryngeal musc l e are i l l u s trated 

1 .  Nucl ear popu l ati on greater than that observed i n  
normal mature muscl es 

2 .  I nternal  nuc l eus  

3 .  F i b res round i n  cross  secti on and varyi ng i n  

cross  secti onal area  

4 .  Promi nant endomys i um 

5 .  Promi nant  peri mys i um 
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made t o  g rade these featu res  noted i n  the i nd i v i dua l  mus c l es  o f  adu l t  
horses accord i ng  to the severi ty of the pathol og i ca l  process present 
so tha t s ome wi thi n  a nd between horse compari sons cou l d  be made . 

5 . 3 . 3 . 2 . 1  Dorsa l  C ri coarytenoi d Musc l e 

I n  the musc l es  from horses up to 1 . 5  
years of age there was no conv i nci ng evi dence of h i s tol ogi ca l  changes 

c haracte ri st i c of denervati on and rei n nervat i on . The youngest horse 
wi th  obvi ous  pathol ogy i n  i ts dorsa l  cri coarytenoi d mus c l e was a 1 . 5  
year o l d enti re mal e .  The changes noted were c l assed as  marked and 
the l eft musc l e onl y  was i nvol ved . Th i rty-ei ght  percent of the 

.. normal .. T horoughbred horses over 1 . 5  years of age had s ubt l e to marked 
pathol ogy i n  thei r l eft dorsa l  cri coarytenoi d mu sc l es . On ly  one hors e 
( 0 . 05% ) from thi s group h ad evi dence of h i s topathol ogy i n  the ri ght  
dorsa l  cri coarytenoi d mus c l e  and  th i s  was  cl ass ed as  subtl e .  

The h i s to l og i ca l  changes observed i n  the " normaP horses were not as  
wel l devel oped a s  those  i n  the  l aryngeal h emi pl eg i c  horses . I t  
appeared that there may h ave been a n  age after wh i ch there was a 
decrease i n  the percentage of horses s howi ng h i s topathol ogy i n  thei r 
l eft dors a l  cri coaryteno i d  mus cl es . There were 1 3  "norma l " Thorough­
bred horses  between 1 . 5  and s ix  years of  age . Of thes e , 10  were 
mal es and h i s topatho l ogy was observed i n  the l eft dors a l  cri coarytenoi d 
musc l e of seven of these horses . The musc l e s  from the three fema l es  
i n  thi s g roup s howed no s i gns  of h i s topathol ogy . There were e i ght  
1 1norma l 1 1 Thoroug hbred horses over s i x  years of age , three ge l d i ngs  
and fi ve mares . The on ly  h orse in  thi s group wi th h i s topathol ogy i n  
i ts l eft dorsa l  cri coarytenoi d musc l e was a 1 2  year o l d  gel d i ng and 
in thi s  ani ma l  the pathol ogy was c l a ssed as  marked . 

Of the l aryngeal hemi pl eg i c horses the younges t had moderate changes 
and the others h ad marked to s evere changes i n  the i r l eft dorsa l  cri co­
arytenoi d musc l e s . They a l l had subtl e to moderate changes i n  the i r  
ri ght  dorsal  cri coaryteno i d  mus cl es  except the ol dest where the changes 
were marked . The  horse whi ch had suffered from l a ryngo- pal atal  
di s l ocat i on had subtl e changes i n  i ts l eft dorsa l  cri coarytenoi d musc l e 
and i ts r ight  mus c l e was normal . 
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N one of t h e  h i s topatho l ogy a ssoci a ted w i th denervati on and rei nnervati on 
was obs erved i n  the musc l e s  of the three poni es . 

5 . 3 . 3 . 2 . 2  Lateral Cr i coarytenoi d Musc l e 

Apart from fi b re type g roupi ng , h i s to­
l og i ca l  evi dence of denervati on and rei n nervati on was not apparent i n  
the muscl es  from hors es l es s  than one year of age . A one year o l d 
enti re mal e was the youngest  horse i n  wh i ch h i s topathol ogi cal changes 
were observed i n  the l eft l ateral cri coarytenoi d musc l e .  The changes 
i n  the l eft mu sc l e were c l a ssed a s  moderate and the r i g h t  musc l e was 
normal . Of the " norma l " horses over th i s  age 68% had subtl e to severe 
h i s topatho l og i ca l  changes i n  the i r  l eft mus c l es and 24% h ad subtl e or 
mode rate changes i n  thei r ri ght  mus c l es . It appeared that the changes 
observed were more severe and occurred more frequently than i n  the 
dorsa l  cri coarytenoi d  musc l es . 

I n  the l ateral cri coarytenoi d  mus c l e there d i d not appear to be an age 
at wh i ch the i nc i dence of  pathol ogy was g reatest  as  the maj ori ty of 
horses over one year of age were affected . Most of the 1 1 norma 1 11 mal es 
between one and s i x  yea rs of age exhi b i ted pathol ogy i n  the i r l eft 
mus c l e s  whereas on ly  one of the s i x  fema l es i n  thi s group was affected . 
The pathol ogy observed i n  thi s  group was often more s evere than that 
s een  i n  the horses over s i x  years of age . 

The l aryngeal  hemi pl egi c horses a l l had marked or s evere changes i n  
the i r  l e ft mus c l es and 6 6 . 6% of the i r r i g h t  mu sc l es  had s ubtl e or  
moderate changes . The horse whi ch had s u ffered from l aryngo-pa l atal 
d i s l ocati on h ad marked changes i n  i ts l eft musc l e whereas the r i ght  
mus c l e was  norma l . 

No h i s topatho l ogi ca l  changes were noted i n  the musc l e s  of the pon i es . 

5 . 3 . 3 . 2 . 3  Transverse Arytenoi d Mus c l e  

On ly a rel at i vel y  sma l l number o f  
transverse aryteno i d  mus c l e s  were ava i l ab l e for h i s topathol og i cal  
exami nati on (Tab l e  1 1 ) . The one foa l  i nc l uded ( 24 hours o l d )  had 
normal l eft and right transverse arytenoi d musc l es . 
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The mus c l e s  from fou r 1 1 norma l 1 1 Thoroughbred horses over one yea r  of age 
( one  - four years ) we re avai l ab l e .  The l eft t ransvers e  aryteno i d 
mus c l e from the youngest horse i n  th i s  g roup was normal and the other  
three had  s ubtl e to  marked h i stopatho l og i ca l  changes . The  ri ght  
mus c l es from these hors es were a l l normal . 

The l eft transverse aryteno i d  mus c l e s  from th ree l aryngea l h emi p l eg i c  
horses were exami ned and a l l had  ev i dence of moderate to marked 
h i s topatho l og i ca l  change . Thei r ri ght  mus c l es a l l exh i b i ted s ubtl e 
changes . 

The mus cl es  from the horse  whi ch had  s uffe red from l aryngo-pal atal 

d i s l ocati on showed ma rked change on the l eft s i de and subtl e change 
on the ri ght  s i de .  

5 . 3 . 3 . 2 . 4  Ventri cu l ar Mus cl e 

The ventri cu l ar mus cl es  from the only 
foal  ( 24 hours ) exami ned were found to be no rma l . Seven other pai rs 

of ventri cul a r  mus cl es from 11 norma l " Thoroughbred horses over one year 
of age ( one year to greate r than 20 yea rs ) were avai l ab l e  for exami n­
at ion . Th ree ( 42% ) of the l eft mus cl es  from these horses showed 
s ubtl e to marked changes and onl y  one ( 14% )  of the ri ght mus cl es  
( from an aged mare ) showed any h i stopathol og i cal  changes and these 
we re g ra de d  as  s ubtl e .  Al l the l eft ventri cu l ar mus cl es of the 

l aryngeal  hemi p l e g i c horses showed mi l d  to marked h i s topathol ogi cal  
changes but 75% of the i r r i ght  mus c l e s  we re norma l , the remai nder 
s how ing  on l y  s ubt l e changes . 

The horse wi th l aryngo-pal atal d i s l ocat i on h ad normal l eft and ri ght 
ventri cul ar mus cl e s . 

5 . 3 . 3 . 2 . 5  Cri cothyro i d  Musc l e 

The cri cothyro i d  mus c l e s  from a l l the 
horses  were s i mi l ar i n  thei r h i s tol ogi ca l  featu res and there was no 
evi dence of any s i de di ffe rence or d i fferen ces  between the mus c l es 
from normal  and  abnormal horses . 

The on l y  h i stol og i cal changes noted were i n  the mus cl es  from s ome of 
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the o l der horses w here there were occa s i onal  i so l ated areas wi th an  
i nc reased nuc l ear popu l ati on , endomys i al f i bros i s  and  s ome central 

nuc l ei  and sp l i t  f i bre s . These were just  as  l i ke l y  to occur i n  the 
l eft or r i g h t  mus c l es  of  " norma l " or abnormal horses . 

5 . 3 . 3 . 2 . 6  Hyoepi g l otti c Musc l e 

The h i stol og i ca l  feature s  of the 
hyoepi g l otti c mus c l e from adu l t  horses appeared to be somewhat d i fferent 
from the other adu l t  muscl es  so far descri bed . The mus c l e f i bres  had 
a round rather than pol ygonal  cross  secti on and there was more vari ati on 
i n  fi bre s i ze than was u sua l  i n  the other adu l t musc l es . The popu l ati on 

of s a rcol emmal nucl e i  a ppeared h i gher i n  thi s mus c l e  than i n  the other 
adu l t  musc l es  exami ned , as  d i d the proporti on of  the total musc l e  c ros s 
secti onal  a rea  occupi ed by fi brous t i ssue e l ements so  that the endomys i a l  

and perimys i a l  connect i ve ti ssue  septa were promi nant ( F i g .  41 ) .  

The musc l es  of a l l the h orses , i nc l udi nq the foal s ,  the l aryngeal  
hemi p l eg i cs and the horse wi th l aryngo-pal atal d i s l ocati on. were s i mi l ar 
i n  appearance and , wi th one pos s i bl e excepti on , h i s topatho l og i ca l  changes 
characteri st i c of  denervati on and rei nnervati on were not seen . 

The musc l e from an  aged Thoroughbred mare ( horse 54 ) , had a b i gger 
vari ati on in  f i bre s i ze than the other hyoep i g l otti c musc l e s  and the  
presence of  i ntern a l  nuc l e i  and s ome fi bre sp l i tti ng was  noted . 

5 . 3 . 3 . 3  Other Features Noted Duri ng H i s tol ogi cal  Exami nati on 
of Musc l e s  

T h e  onl y  other h i s to l ogi ca l  feature wh i ch w a s  noted 
duri ng  i ndi v i dua l  exami nati on of  the musc l e s ecti ons was the occa s i onal  
appearance of s arcocysts . When these occurred there was norma l l y  onl y  
one per sect i on and they appeared a s  c i rcul ar membranous capsu l es 

wi th i n or between the mus c l e fi b res  ( F i g .  42 ) . They were s een i n  the 
l eft and ri ght dorsa l  cri coaryteno i d , l atera l cri coarytenoi d ,  c i rca­
thyroi d and the hyoep i g l otti c musc l es  of both " norma l " and l aryngeal  
hemi pl egi c horses over three years of age .  They were not observed i n  
the mus c l e s  of the younger group of horses . I n  s ome horses subtl e to 
marked h i s topatho l og i ca l  changes were evi dent i n  the s ame muscl es as 
the s arcocysts , but other musc l e s  where sarcocys ts occurred were h i s to­
l og i ca l l y  norma l . 



F I GURE 41  

F I GURE 42  

A transverse secti on of the  hyoepi g l otti c 
musc l e from a 11 norma l 11 horse . Secti on s ta i ned 
wi th haematoxyl i n  and eos i n  ( x260 ) 

A trans verse s ecti on of the cri cothyroi d  
musc l e from a 11 norma l 1 1 hors e .  Secti on s ta i ned 
wi th haematoxyl i n  and eos i n  ( x260 ) . A 
s arcocyst i s  evi dent 
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5 . 4  D i s cuss i on 

5 . 4 . 1  S i ze of Groups of AL F i b res  

The presence of  l a rger than normal g roups of AL  fi b res  i n  
some equ i ne l aryngeal mus cl es  has been cons i dered to p rov i de ev i dence 
of the p resen ce of denervat i on and rei nnervati on i n  that mus c l e .  The 
resu l ts of the p resent study however i ndi cate that there are other 
factors wh i ch may i nfl uence the s i ze of g roups of AL fi b res  i n  
l aryngea l mus c l es . I n  add i ti on to the presen ce of di sease wh i ch 
resu l ts i n  denerv at i on and re i nne rvat i on , fi b re type g roupi ng appears to 

be i nfl uenced by the proporti on of AL to AH fi b res , age , s ex and b ree d .  

An i mportant i nfl uence o n  the s i ze o f  groups o f  AL f i bres  i n  the musc l es  
of "norma 1 11 horses i s  the proporti on of AL  to  AH fi bres present . In  
mus c l es whi ch h ave a h i gh p roport i on of AL  fi b res the  average g roup s i ze 
of these fi b res  wou l d  be expe cted to be l arger .  Such i s  the case i n  
the hyoepi g l otti c and cri cothyroi d mus cl es . The hyoepi g l otti c was the 
only mus cl e s tudi ed i n  " norma l " horses wh i ch h ad a fi b re popu l ati on 
cons i sti ng of p redomi nantl y AL fi b res  and the average g roup s i ze ( 10 . 73)  
was much l arger than that from the other mus cl es  exami ned .  In the 
cri cothyroi d  mus cl e  where the percentage of AL f i bres was h i gher than 
in other i ntri ns i c  l aryngeal mus cl es , it was common to observe g roups 
of 20-40 f i bres  i n  both l eft and ri ght musc l es . Th i s  was not the case i n  
other  i nt ri n s i c  l a ryngea l  musc l es  of " normal 11 adu l t  horses . Convers e l y  
i n  mus c l es  s u ch as  the ven tri cul ar  wh i ch conta i ned comparat i ve l y  few AL 
fi b res , no l arge groups were observed i n  any of the horses exami ned . 

Age apparent ly  h ad an i mportant effect on the s i ze of groups of the 
fi b res  i n  some i nt ri ns i c l aryngeal musc l es . In i mmature an ima l s 
rel ati vel y  l arge g roups ( 1 5 or more ) of AL fi b res were observed i n  s ome 
i ntri n s i c  l aryngea l  mus cl es from both the l eft and r ight  s i des . Gunn ( 19 73 )  
h ad observed re l ati vel y  l arge groups o f  A L  fi b res i n  foa l s and cons i dered 
that they cou l d i nd i cate the presence of denervati on and rei nnervat i on . 
However as  Ouncan ( 19 75 )  noted , Gunn ' s  observati ons we re made on a sma l l 
n umber  of an ima l s and the apparent d i ffe rence i n  g roup s i ze on the l eft 
and ri ght  s i des  was not eval uated stati st i cal l y .  Moreove r Guth and 
Samah a  ( 19 72 )  questi oned the re l ati ons h i p  between the h i s tochemi cal 

reaction for myos i n  ATPase and the b i ochemi cal  l evel of th i s  enzyme i n  
very young musc l e fi b res . They cons i dered that the rel ati ons h i p may be 
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d i ffe rent from that i n  the adu l t .  I f  th i s  i s  the case , re l ati vel y  
l arge g roups of AL fi bre s  cou l d  occur i n  immature mus c l e wi thou t 
necessari l y  bei ng a ss oci ated wi th denervat i on and rei nnervati on . I n  
the present s tudy the frequent observance of l arge groups o f  AL f i bres  
i n  some i mmature i ntri ns i c  l aryngeal  musc l es  ( i nc l ud i ng the cri co­

thyroi d )  wi th approxi mate l y  equal  i nc i dence on l eft and r i ght  s i des 
seems to i nd i cate that these groups are not necess ari l y  associ ated 
wi th the proce s s  of denervati on and re i nnervat i on .  Thei r s i gn i fi cance 

i n  very young ani ma l s i s  therefore conj ectura l . 

Notwi ths tandi ng th i s ,  the observati on of l arger g roups of AL fi b res  
in  the  l eft than i n  the  r i ght  l ate ral cri coarytenoi d  mus c l es  of three 
of the 16  horses l es s  than one year of age , cou l d  i ndi cate the 
occa s i ona l  occu rrence of denervati on and rei nnervati on i n  these mus c l es . 
The fi ndi ngs  i n  very young an ima l s however d i d not provi de evi dence i n  
support of Gunn • s  ( 19 7 3 )  theory that denervati on and rei nnervati on were 
present i n  the l aryngeal  mus cl es of the horse at bi rth . I n  fact 
l arger l eft than ri ght  AL fi b re g roups were not observed i n  any of the 
10  an ima l s l es s  than s i x  weeks of age . 

Age a l s o  appeared to h ave some effect on g roups of AL fi bres  i n  some 
i ntri ns i c  l aryngeal  musc l e s  of more adul t an ima l s .  The average g roup 
s i ze of these fi bres  was l arger i n  the dorsa l  cri coarytenoi d ,  l ateral 
cri coa rytenoi d and cri cothyroi d musc l es  of the o l der horse s . I n  the 
case of the l atter musc l e s  thi s i s  cons i stent wi th the i ncrease  i n  
proport i on of AL fi b res  wi th age d i s cu s s ed i n  Chapter 4 .  I n  the other 
two musc l es the l arge r  g roup s i ze was probab l y  re l ated to the presence 
of denervati on and rei nnervati on as  these g roups were more obvi ous  on 
the l eft . 

Sex seemi ng l y  i nfl uenced the s i ze of groups of AL f ibres  i n  s ome of the 
l aryngeal musc l es  s tudi ed . On  these occas i ons  i t  was i n  the dors a l  
cri coarytenoi d ,  l ateral cri coarytenoi d a n d  cri cothyroi d musc l e s  o f  the 
ge l di ng s  where the l arger g roups of AL f ibres  occu rred . In the dors a l  
and  l ateral c ri coarytenoi d mu sc l es  the  l arge AL  fi bre g roups were 
probabl y rel ated to denervati on and rei nnervati on as they were l arger 
on the l eft s i de and affected musc l es  conta i ned other evi dence of 
neurogeni c  di sease . The fi ndi ng of l arger groups of AL fi bres  i n  the 
cri cothyro i d  mus c l es of ge l d i ngs  than i n  those of mares was s u rpri s ing . 
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These  g roups were a l s o  l arger on the l eft s i de but were not a s soci ated 
wi th  other h i s topathol ogi ca l  evi dence of neurogeni c  d i seas e . A pos s i b l e  
expl anat i on o f  th i s  occurrence was provi ded by Davi es  ( 1973 )  who 

con s i dered that AL fi b re g roup s i ze i ncreased as  a musc l e performed more 
work . I f  the i ntri ns i c l aryngeal musc l es  s uppl i ed by the l eft recurrent 
l aryngeal nerves became damaged by neurogeni c  d i sease , and i f  th i s 
occurred more often i n  ge l d i ng s , then i n  these an ima l s the l eft cri co­
thyroi d mus c l e acti vi ty may be i ncreased i n  an  attempt to s tabi l i se the 
l eft s i de of the l arynx . 

Breed may a l so  i nfl uence AL fi bre g roup s i ze i n  horses . As  on ly  a sma l l 
n umber of pon i es were i nc l uded i n  the present s tudy no accu rate compari son 
cou l d  be made between the s i ze of AL fi bre g roups i n  the i r  musc l es  and 
those of T horoughbreds . It was i nteresti ng to note , however , that 
abnorma l l y  l arge g roups of AL fi b res  were not found i n  any of the musc l es  
from the poni e s . Th i s cou l d s uggest that  the proces s  of denervat i on and 
rei nnervati on wh i ch was apparentl y occurri ng i n  some of the 1 1 normal 1 1  

Thoroughbreds was not obvi ou s  i n  the i ntri ns i c  l aryngeal musc l es  of the 
smal l er b reed of horses . 

The  presence of abnorma l l y  l arge g roups of AL f ibre s  i n  s ome i ntri n s i c  
l aryngeal  musc l es  o f  c l i n i ca l l y  normal horses was noted by Duncan e t  a l . 
( 1974 ) who attri buted the i r presence to the i nfl uence of denervati on 
and rei n nervati on . These au thors found g roup i ng to be mos t  obv i ous 
i n  the l eft musc l es a l though i t  was occa s i ona l l y  observed on the ri ght 
and approximate l y  30% of the horses they exami ned were affected . The 
present s tudy however has  revea l ed a much h i gher i nc i dence of abnormal 
AL f i bre g roup s i ze .  I n  fact the maj ori ty of adu l t horses had evi dence 
of the presence of abnorma l l y  l arge groups of AL f ibres  i n  s ome of 
the i r l eft i ntri n s i c  l aryngeal musc l es . Th i s was mos t  obvi ous i n  
the l ateral cri coa ryteno id mus c l es  where a l most  80% of an ima l s over 
three years of age had evi dence of l arger AL fi bre groups i n  thei r 
l eft than i n  the i r ri ght  musc l es . The dorsa l  cri coaryteno i d  musc l e 
appeared to be not qu i te so  commonl y  affected a l though 6 3 . 6% of horses 
over fi ve years of age had l arger groups on the l eft s i de .  As d i s cuss ed 

earl i er i n  thi s  Chapter the l evel of fi bre type groupi ng may wel l  
underestimate the i nc i dence of denervati on and rei nnervati on wh i ch i s  
actual l y  occurri ng i n  a musc l e .  Consequent ly  i t  cou l d  be postul ated 
that a l mos t ,  i f  not a l l ,  adu l t Thoroughbreds may have the effects of 
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denervat i on and rei nnervati on i n  one or more of thei r l eft i ntri n s i c 
l aryngeal  mus c l e s . 

Duncan et  a l . ( 1974 ) found that when fi b re type g rou p i n g  occurred , i t  
mos t  often i nvo l ved the l eft i ntri ns i c l aryngeal musc l es .  Occas i ona l l y  
however , i t  appeared to a l esser  extent i n  the ri ght  musc l es  of 
affec ted an ima l s .  A s i mi l ar s i tuati on exi s ted i n  the pre s ent s tudy where 
abnorma l l y  l arge AL fi bre g roups were detected i n  some ri ght  i ntri n s i c  
l aryngeal mus c l e s  of abnormal horses and i n  22% of the ri ght  l ateral  
cri coarytenoi d  musc l e s  of " norma l " horse s  over 6 months of age . When 
fi bre type g roupi ng  of AL f ibres  was observed i n  a ri ght musc l e there 
was a l ways more obv i ous g rou p i ng i n  the l eft . 

The fi b re type groupi ng measurements conducted du ri ng thi s present s tudy 
have provi ded support for the observati ons of earl i er workers ( Duncan 
et a l . ,  1974 ; Duncan , 1975 ) that the adductors of the l arynx are 
affected wi th abnorma l l y  l arge AL g roups sooner and to a g reater extent 
than the abductors . I n  the l atera l  cri coaryteno i d  musc l es exami ned , 
fi b re type g rou p i n g  was observed at an  earl i er age , i n  more horses , 
and more often i n  the ri ght  musc l e ,  than was the case i n  the dorsa l  
cri coarytenoi d mus c l e .  The numbers of trans verse a rytenoi d mu sc l es  
exami ned i n  th i s s tudy were too sma l l to  a l l ow accurate compari s ons  o f  
the i nc i dence of fi b re type g roupi ng in  thi s musc l e to  be made wi th 
others . The i mpres s i on ga i ned however was that dene rvati on and 
rei nnervati on occurs commonly i n  the l eft trans verse a rytenoi d mus c l e 
of horses wi th  no  h i s tory of upper respi ratory d i s ease . 

5 . 4 . 2 F i b re Cross Secti onal Area 

Th i s s tudy d i d  not produce any evi dence to suggest  that 
there was a d i fference between the mean cross secti onal areas of AH 
and AL fi bres  i n  the i ntri ns i c  l aryngeal mus c l es of " norma l " 
Thoroughbred horse s . The d i fference between the s exes i n  the cross  
secti onal a rea  of Type I and Type I I  fi bres whi ch i s  seen  i n  human 
s ke l etal  mus cl es  ( Brooke , 1973 ) was not observed i n  equ i ne l aryngeal 
mus c l e s . I t  has  been postul ated that thi s d i fference i n  fi bre area  
i n  humans may resu l t  from mal es  bei ng more phys i ca l ly  acti ve than 
fema l es  ( B rooke , 1973 ) .  Thi s  pos s i b l e  s ex d i fference i n  acti v i ty 
s eems un l i ke ly  to occur i n  the al most conti nuou s l y  mov i ng i ntri n s i c 
l aryngeal  musc l es  of horses . 
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I n  a l l the mus c l e s  s tudi ed the mean cross sectional  area of the fi bres  

was  g reate r  in  the  o l der than the  younger g roup of " norma l " horses . 
Thi s  i s  cons i stent wi th the i ncrease i n  cross secti onal a rea  of 
i nd i vi du a l  fi bres and the whol e mus c l e  whi ch occurs as an  anima l  g rows . 

The mean  c ross secti onal a reas of the fi bres of the d i fferent i ntri ns i c  
l aryngeal  mus c l e s  i nc l uded i n  thi s study were approx imate l y  the same 
magn i tude , except for the transverse a rytenoi d  and ventri cu l ar  musc l e s  
where the fi b res were sma l l er .  I n  t he  case of the  trans verse aryte no i d  
mus c l e  thi s  may have been due to the fact th i s  mus cl e was col l ected 
mai n ly from young  horses . The ventri cul ar  musc l es of young and o l d 
horses however , were i nc l uded , so i t  i s  poss i bl e  that the fi bres of th i s  
musc l e may i n  fact be sma l l er than those of the other i ntri ns i c l aryngeal  
musc l es  s tudi e d .  

Most o f  the d i fferen ces whi ch were noted between the mean cross secti onal 
areas of fi b res  of di fferent groups of horses and d i fferent musc l es cou l d  
b e  expl a i ned i n  terms of the h i gh i nc i dence of neurogen i c  atrophy whi ch 

was occurri ng i n  some of these musc l es . When denervati on i s  i n i ti ated 
in  a mus c l e  there wi l l  only be a rel ati ve l y  sma l l number of fi bres 
i nvol ved and they wi l l  begi n  to atrophy . The maj ori ty of the fi bres 
i n  that mus c l e  wi l l  i n i ti al l y  retai n  thei r normal i nnervati on and may 
i nc rease the i r cross secti onal a rea  to compensate for the l os s  of functi on 
of the denervated fi bres . 

The present study has s hown that denervati on of some fi b res of the l eft 
l ateral and dorsa l  cri coaryteno i d  muscl e i s  common i n  Thoroughbred 
horses . Compensatory hypertrophy of the remai ni ng fi b res possi bl y  
exp l a i ns the observati on that the fi bres o f  these l eft musc l es h a d  a 
g reater cross  secti onal a rea  than those i n  the ri ght  musc l es  of " norma l .. 
h orses . 

The fact that the l ateral cri coarytenoi d mus c l e  has a h i gher i nc i dence 
of denervati on and re i nnervati on than the dorsa l  cri coarytenoi d mus c l e 
as  evi denced by the l evel of fi bre type g roupi ng and g ross pathol ogy 
noted i n  thi s  s tudy , cou l d  i ndi cate that compensatory hypertrophy i s  
more marke d  i n  thi s  musc l e .  Thi s may h ave been the reason for Duncan ' s  
( 19 7 5 )  observati on that the fi b res  of the l ateral cri coaryteno i d  musc l e 
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were l arger than those of the dorsal cri coarytenoi d  musc l e ,  a f i nd i ng  
not supported by the present s tudy .  

Where a d i fference occurred between the s i ze of fi b res  i n  the l eft 
and ri ght mus cl e i t  was often i n  the gel di ngs whe re th i s  was mos t  
marked , agai n perhaps a refl ecti on of  the h i gher i nc i dence of denerv­
ati on and rei nnervati on i n  ge l d i ngs . Hypertrophy of a l l the fi b res  
i n  a muscl e to  compensate for l ack  of functi on of i ts contra l a te ra l  
partner may a l so  occur .  C hanges of thi s  nature were noted i n  the 
r i g ht  dors a l  cri coaryteno i d and transve rse a ryteno i d  mus c l es  of abnormal 
horses . In the c ri cothyroi d musc l es i t  was i nteresti ng  to note that 
the f i b res from the o l de r  g roup of abnormal horses were l arger th�n 
those from the s ame group of 11 norma l 11 horses and that they tended to 

be  l arger i n  a l l the l eft cri cothyro i d musc l es than the ri ght .  Duncan 
( 1975 ) a l so noted thi s  d i fference . Thi s  may occur i f  the cri cothyroi d  
mus c l e e i ther i nc reases i ts stab i l i z i ng acti vi ty o r  becomes to s ome 
extent i nvol ved i n  w i deni ng the l aryngeal adi tus when the l eft dorsa l  
cri coarytenoi d musc l e fai l s .  

As the process  of  denervati on and rei nnervati on becomes more wi despread 
i n  a musc l e i t  wou l d  be  expected that fi b re atrophy woul d  be  more 
pronoun ced . Duri ng the present study thi s  change was observed . The 
fi b res  from the l eft musc l es  of abnormal horses were smal l e r  than those 

from the r ight  musc l es  but i t  was not possi b l e  to be certa i n  whether o r  
not the s peci fi c atrophy of Type I I  fi bres observed i n  man ( Brooke , 
197 3 )  was occurri ng . 

Duncan ( 19 7 5 )  s tated that when measurements o f  fi b re a rea  were made i n  
secti on s from d i fferen t  b l ocks obtai ned  from the same musc l e ,  l arge 
vari ati ons cou l d  resu l t .  When denervat i on  and rei nnervati on were 
occurri ng  i n  a musc l e ,  Duncan { 19 7 5 )  suggested that counti ng  rel ati vel y  
sma l l n umbe rs o f  fi bres  i n  a l oca l i sed  a re a  o f  a secti on made from that 
musc l e cou l d  g i ve res u l ts whi ch were not representati ve of_ the secti on 
as a whol e .  The sma l l number of fi b res counted cou l d b e  i nnervated 
by the  s ame motor neurone , and so  they cou l d  a l l be  l arger or  smal l er 
than fi b res from another area of the secti on . For th i s  reason Ouncan 
( 1975 ) suggested that e i ther a l arge number of fi b res  ( approxi mate ly  

1 500 ) s hou l d  be  counted per  secti on , or that a smal l er number  of fi b res  
shou l d  be counted from a l arge number of d i fferent a reas of the secti on , 
these a reas bei ng  sel ected i n  a random fas h i on .  
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I n  the present s tudy the b l ocks wer.e a lways cut from the s ame part of  
the  body of  each  of the mus c l es and  i n i ti al l y  attempts were made to 
use  a random system to se l ect the a reas of a secti on to be  counted . 
However ,  the need to fi nd  an  a rea su i tab l e  for traci n g  i n  th ree seri a l  
secti ons , each s ta i ned wi th a di fferent h i stochemi cal s tai n ,  pl a ced 
severe l imi tati ons on the number of a reas whi ch  cou l d  be  counted . I t  
was dec i ded t o  l imi t the n umber o f  a reas counted to two , to se l ect 
these from d i fferent a reas  of the sect i on , and to count a pproxi mate l y  
200 f i b res  i n  total . When a musc l e was obvi ous l y  i nvol ved i n  the 
process  of denervati on and rei nnervati on , an affected a re a  and a 
rel at i vely normal area  were counted . Th i s  had the effect of l evel l i ng 
the mean val ues measured and so  on occas i ons not g i v i ng a true i nd i cati on 
of the extent of pathol ogy present . For th i s  reason the whol e s ecti on 
was a l s o  exami ned and an  a ttempt made to g rade the pathol ogy observed .  
I t  was cons i dered that the i ncl u s i on of a l arge  number of horses i n  

the survey wou l d ,  to a certa i n  extent ,  overcome the i nherrent e rrors 
i n  thi s  s ampl i ng system . 

5 . 4 . 3  H i s to l og i cal _ Features , o f  Juveni l e  Musc l e 

The  h i s to l og i ca l  featu res  of j uven i l e  equ i ne  musc l e noted 
duri ng thi s  s tudy were s i mi l ar to those  descri bed by other workers i n  
young musc l es of other s pec i es .  B raund ( 1982 ) noted that neonatal 
can i ne musc l e had  l oose  faci cl es ,  promi nant endomys i a l  and perimy si al 
connect i ve ti s s ue and fi b re s  wh i ch were round or  oval i n  c ross  s ecti on . 
I n  the present s tu dy vari a ti on i n  the cross  secti onal a re a  of mus c l e 
fi b res  was noted , however the l arge central fi b re s  s urrounded by 
smal l er peri.pheral fi bres whi ch  a re a feature of s ome human (Adams 
et a l . ,  1977 ) and can i ne ( Braun d , 1982 ) neonatal musc l e  were not obs erved 
i n  j uven i l e  equ i ne l aryngeal  mus c l es . Duri ng the devel opment of human 
mus c l e the musc l e cel l nuc l e i  m i g ra te from a central pos i ti on i n  the 
musc l e f ibre to occupy thei r fi n a l  subsarcol emma l  pos i ti on s o  tha t ,  i n  
the  newborn , central nucl e i  as  wel l as  s ub sarcol emmal nucl e i , a re 
rel ati vely more n umerou s  than i n  l ater l i fe . I n  fact i t  has  been 
s tated that neonatal  mus c l e fi bres  res emb l e those of a matu re mus c l e 
undergoi ng  atrophy (Adams et  a l . ,  1967 ) . 

The present i nvesti gati on has  s hown that  h i s to l ogi cal  evi dence of  neuro­
gen i c mus c l e  d amage i s  rel ati vely rare i n  the i ntri n s i c  l aryngeal  mus c l es  
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of horses l es s  than one year of age .  I ndeed , apart from the three 

ani mal s i n  whi ch l arger AL fi bre g roups were observed i n  the l eft 

than i n  the ri ght l ateral cri coarytenoi d muscl e ,  no cl ear evi dence 

of mus cl e damage was found i n  any of the 16 foal s stud i ed .  

5 . 4 . 4  H i stopathol ogy 

Thi s  study has prov.i ded evi dence that h i stopathol og i ca l  

damage rel ated to nerve dysfuncti .on i s  extremel y  common i n  some 

i ntri ns i c  l aryngea l muscl es of adu l t New Zeal and Thoroughbred horses 

whi ch have no hi story of u pper respi ratory tract di seas e .  Thi s damage 

was not observed i n  16 horses l es s  than one year of age al though ,  as  

menti oned , fi bre type groupi ng was  noti ced in  three . The  i nci dence 

of h i stopathol og i cal damage i n  the i ntrins i c l aryngeal mus cl es appears 

to change dramati cal ly i n  early adol escent l i fe as the majori ty of 

horses ( 68% ) over one year of age exh i b i ted s i gns of  thi s damage i n  the 

l eft l ateral cri coarytenoi d muscl e .  Both Col e ( 1946 )  and Duncan et al . 

( 1974 ) had previ ous l y  reported that a proporti on of " normal " horses had 

evi dence of pathol ogi cal changes i n  the i r l eft i ntri ns i c  l aryngea l 

muscl es . However i n  nei ther report were the maj ori ty of animal s 

affected . The h i gher i nci dence of muscl e pathol ogy observed i n  

adol escent and adu l t  ani mal s i n  the present s tudy pos s i b l y  resul ts from 

the mai n breed of horses i nvesti gated . I n  Col e ' s  ( 1946 ) and Duncan 

et  a l . ' s ( 1974 )  seri es vari ous breeds were exami ned , whereas i n  the 

present study , w i th the excepti on of three. poni es., a 1 1  -the animals were 

Thoroughbred . 

As reported by Dun can et a l. ( 1974 ) the l eft 1 atera 1 cri coaryteno i d  

muscl e appeared t o  be affected more corrmonl y  and more severe ly  than 

the dorsal  cri coarytenoi d .  It was al so i nvol ved at a s l i ghtly earl i er 

age . I n  addd i ti on to these musc l es the damage was a l so observed i n  

al l the other i ntri ns i c  l aryngeal muscl es suppl i ed by the l eft recurrent 

l aryngeal nerve . 

Duncan et a l . ( 19 74 )  found no evi dence of damage to the cri cothyroi d ,  

the onl y  i ntri ns i c  l aryngeal muscl e not suppl i ed by the recurrent 

l aryngeal nerve . The present s tudy supports thi s  fi ndi ng as the few 

pathol ogi cal changes observed i n  these musc l es occurred i n  o l d horses 

and appeared to be rel ated to age . 
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I n  a ffected an ima l s ,  a s  i n  the .. norma l " horses , the l eft l ateral 

cri coaryteno i d  mus c l e was mos t  s evere l y  i nvol ved . I n  the l aryngeal  
h emi p l eg i c  horses s ome neurogeni c  musc l e damage was  observed i n  a l l 
the  musc l es i nnervated by the l eft recurrent l aryngeal nerve . 
Moreover s i mi l ar changes , a l bei t l es s  s evere , were present i n  the 
r ight  l ateral cri coarytenoi d ,  dorsal  cri coaryteno i d  and transverse 
a rytenoi d mus c l es . As cons i derab l e  d amage to the l eft dorsa l  
cri coaryteno i d  musc l e i s  requi red before c l i n i ca l  s i gns  of  l aryngeal  
h emi p l eg i a  become obvi ous , horses  s howi n g  these  s i gns  represent the 
11 ti p of  the i ceberg " . 

Th i s s tu dy prov i des  the fi rst h i s topathol og i cal  evi dence that the 
d i s ea s e  process  whi ch i n i ti ates the neurogeni c  musc l e damage occurs more 
frequentl y i n  mal es than fema l es . I n  the musc l e mos t  commonly affected , 
the l eft l ateral cri coarytenoi d ,  most ado l escent and young adu l t  ma l es 
exhi b i ted pathol ogy whereas the fema l es  i n  thi s  age group were not s o  

common l y  affected . 

Some evi dence i s  a l s o  provi ded i n  s upport of the bel i ef that the 

neurogen i c  mus cl e  d amage more commonly a ffects the l arger b reeds of 
horses as i n  the three a du l t  poni es exami ned none of the s i gns  of 
denervat i on and rei nnervati on were noted . Gou l den and Anderson { i n  
Press )  i n  a pre l imi nary endoscop i c s urvey of New Zeal and C lydesda l e  

hors e s , commonl y  found ( 50% o f  horses exami ned ) reduced o r  absent 
abducti on of the l eft arytenoid c arti l age  duri ng q u i e t  respi rati on . 

Thi s  fi ndi ng may refl ect a very h i g h  i nc i dence of i d i opath i c l aryngeal  
hemi p l eg i a  i n  thi s  b reed . Other factors , however , s uch  a s  b reed 
i nfl uences cou l d be  respon si bl e  for these a pparent d i fferences i n  
i nc i dence of the d i sease  i n  horses  of d i fferent stature . 

The  occurrence of neurogeni c d i sease  i n  s ome of  the l eft intri n si c  
l aryngeal  mus c l e s  i n  the three year o l d enti re mal e  wi th  l aryngo�pa l atal  
d i s l ocati on i s  of i nterest i n  v i ew of Cook ' s  { 1981 )  hypoth es i s  that 
thi s  d i s order may occur as  a resul t  of i neffi c i ent abductor functi on . 

Cook pos tu l ated that i n  a ffec ted horses the a i rti ght  sea l  norma l l y  
present a t  the osti um i ntrapharyng i um i s  not kept under ten s i on by 
b i l atera l abducti on of the arytenoi d carti l ages , and consequentl y a i r i s  
permi tted to l ea k  i nto the oropharynx . When thi s  happens the s oft 
pal ate may become e l evated and hence l aryngo- pal atal  d i s l ocati on can 
occur .  
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5 . 4 . 5  Sarcospori di os i s  

I t  appeared that s arcocysts were a n  i nci denta l  f i ndi ng 
i n  the equ i ne l a ryngea l musc l es exami ned duri ng th i s  s urvey .  They 
were not parti cu l arly common and d i d  not appear to be associ ated wi th  
a l oca l react i on i n  the  musc l es  whe re they occurred . I n  man they 
have been associ ated wi th musc l e weaknes s , impai red tendon refl exes 
and peri a rteri ti s (Adams , Denny-Brown and Pearson , 1967 ) . I n  the 

mus cl e secti ons exami ned in th i s s urvey they d i d not necessari l y  occur 
i n  the musc l es exh i b i ti ng h i s topathol ogi ca l  changes . 

5 . 4 . 6  Conc l ud i ng Comments 

Duri ng  th i s  study the presence of fi bre type g roupi ng and  
other  h i stopathol og i cal  evi dence of denervati on and rei nne rvati on were 
exami ned separate l y .  Neverthe l ess  there was a very c l os e  rel ati onsh i p  
between the two .  Al though fi b re type groupi ng d i d  occur i n  the l eft 
l ate ra l cri coarytenoi d  musc l e at a younger age than other h i sto l og i ca l  
s i gns o f  denerv ati on a n d  rei nnervati on thi s  was not the case i n  the 
other musc l es . In thes e , fi bre type g roupi ng  and the other h i sto­
pathol og i cal  s i gns of neurogen i c d i sease most often o ccurred concurren tl y .  
I n  th i s  study conventi onal  h i stol og i cal  techn i ques such a s  h aematoxyl i n  
and  eos i n preparati ons revea led  the presence of s i gn i fi cant neurogen i c 
di sease i n  l aryngea l  musc l es a l most as accurate l y  as the  more soph i st i ­
cate d  techn i ques of enzyme h i stochemi stry .  The  l atter tech n i ques , 

part i cu l arly myos i n  ATPase preparat i ons , d i d  however provi de usefu l 
add i ti ona l  and s upport i ng  i nformati on . 

One of  the features of th i s  study was that the dorsa l  cri coaryte no i d  
musc l e ,  the i neffi c i ent fun ct i on o f  whi ch i s  res pons i bl e  for the 
c l i n i ca l  s i gns of roari ng , a ppears to become suddenl y  and d ramat i cal l y  
i nvol ved i n  neurogeni c d i sease duri ng the ado l escent o r  earl y  a du l t 
l i fe of Thoroughbred horses . Th i s  fi ndi ng  corresponds cl osel y  to the 
cl i n i ca l  observati ons on the age i nc i dence of i d i opath i c  l aryngeal 
h emi p l eg i a reported i n  these animal s by Goul den and Anderson (Append i x  
9 ) . 

Another  i nterest i ng observati on on neurogeni c pathol ogy i n  the dorsa l  
cri coaryteno i d  musc l e was  that , wh i l st the  i nc i dence of fi b re type 

g roup ing  i ncreased wi th age , the severi ty of the other h i stopathol og i ca l  
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s i gns  o f  neurogen i c d i s ease  was g reatest  i n  11 nonnal "  horses between 
1 . 5  and 5 years of age . Th i s may h ave been rel ated to the d i s proport­
i onate l y  h i gh number of ge l d i ngs i n  th i s  age g roup or i t  cou l d  i nd i cate 
that i f  a horse i s  to deve l op severe neurogeni c  d i sease  i t  i s  l i ke l y  
t o  d o  s o  i n  i ts adol escent o r  young adu l t l i fe .  

The  d i s pari ty between the c l i n i ca l  and patho l og i ca l  i nc i dence of dorsal  
cri coaryteno i d  mus c l e d i s ease  i nd i cates that the damage to thi s  musc l e 
i s  i nsuffi c i ent  to produce overt c l i n i ca l  s i gns  of l aryngeal dysfuncti on 
i n  many horses . Neverthel es s  i t  i s  pos s ib l e that the competi t i ve 
performances of s ome of these ani ma l s may be compromi s ed because  
neurogen i ca l l y  damaged mus c l e i s  probabl y  not  capab l e of s u sta i ned , 
effi c i ent  abducti on . Consequently  th i s  d i sease may be far more 

important i n  restri cti ng performance , especi a l l y  over l ong d i s tances , 
than i s  genera l l y  appreci ated . 

Th i s s tudy has  demonstrated that the effects of s evere l eft s i ded musc l e 
atrophy can l ead to hypertroph i c  changes of the ri ght  mus cl e s . Th i s  

cou l d  cause  hyperabducti on of the r i ght  a ryteno i d  carti l age  i n  l aryngeal 
h emi pl egi c horses . Movements of thi s  natu re a re commonl y  observed 
duri ng  endoscopi c exami nati on of these an ima l s .  

The cause  of the neurogeni c  damage wh i ch , when s evere , i s  respon s i bl e  
for l aryngeal h emi pl eg i a ,  appears to exert i ts i ni ti al i nfl uence early 
i n  the l i fe of a hors e . The mus c l e changes whi ch res u l t a ppear to 
i ncrease i n  severi ty duri ng  ado l escence and early adu l t  l i fe .  They 
occur  more often and more s evere l y  i n  s ome of the l eft mus c l es  of  
ge l d i ngs . The  nerve s upplyi ng the  severe l y  affected mus c l e s , the  
l eft recurrent l aryngea l , i s  the l ongest i n  the  hors e ' s  body (Ouncan 
and Gri ffi ths , 1 9 73 ) . I ts ri ght  counte rpart , a l though s horte r , i s  the 
s econd l ongest equ i ne nerve . The musc l es  i t  s uppl i es a re affected 

but l es s  often and l es s  severe l y .  A s  i t  a l s o  a ppears that the l arger 

horses a re more s u s cepti b l e ,  at  l east  to the more s evere mus c l e pathol ogy 
rel ated to recurrent l aryngeal nerve damage ,  i t  s eems l i ke ly  that the 
d i s ease  i s  i n  some way rel a ted to nerve l engths . For thi s  reason 

further exami nati on of the recurrent l aryngeal nerves and other l ong  
peri pheral nerves of young gel d i ngs , parti cul ar ly  those  s ufferi ng  from 
l aryngeal  h emi p l eg i a ,  s eems i nd i c ated . Th i s approach wou l d  appear to 
offer the best opportun i ty of prov i d i ng u seful i nformati on about the 
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natu re of the nerve damage respons i b l e  and perhaps eventua l l y  the 
cause of the d i s eas e .  Whatever the process whi ch l eads to the 
mus c l e d amage descri bed i t  occurs i n  the majori ty of Thoroughbred 
horses and must  be one of the commonest patho l og i cal  syndromes yet 
descri bed i n  thi s breed of hors e .  



1 24 

CHAPTER 6 THE PALATAL MUSCLES  

6 . 1  I ntroducti on 

One of the earl y hypotheses concern i ng the aeti ol ogy of l aryngo­
pal atal  d i s l ocati on was that the muscul ature of the soft pal ate i s  
i nvol ved i n  a neurogeni c  myopathy s i mi l ar to that whi ch occurs i n  the 

musc l es  of  the l arynx ( Qu i n l an e t  a l . 1949 ; Cook , 1962 ; Johnson and 
Merri am , 1975 ; Rake r , 1975 ) . Thi s s ugges ti on resu l ted from the 
bel i ef that the maj or motor nerve s upplyi ng the pa l atal  musc l es of  
the  horse  was  the  pharyngeal branch of  the vagus ( Qu i n l an , 1957 ; 
Cook , 1962 ) . The i dea  was supported by Qu i n l an ( 1957 ) who had 
desc ri bed uni l ate ra l l eft s i ded atrophy of the soft pal ate i n  horses  
wi th l aryngo-pa l atal  d i s l ocati on . He a l s o  found that some a n i ma l s 
wi th thi s  cond i ti on had concurrent i di opath i c l aryngea l  hemi p l egi a 
and so  suggested that both the pharyngeal and recurrent branches of 
the vagus cou l d be i nvol ved i n  the s ame degenerati ve proces s .  Cook 
( 1965 )  a l so  observed the s imul taneous occurrence of  l a ryngo-pa l atal  

di s l ocati on ( or soft pal ate pares i s  as  he  then ca l l ed the cond i ti on ) 
and i d i opath i c  l aryngeal hemi pl egi a  i n  horses . 

Thus  i t  appears that there i s  s ome associ ati on between the two cond i ti on s  
but  bas i ng th i s  associ ati on o n  the fact that t h e  pal atal  a n d  l aryngeal 
mus c l es  are s uppl i ed by the s ame cran i a l  nerve i s  i n  fact erroneous . 
There i s  s ti l l  confus i on i n  the l i te rature regard i ng the motor nerve 
supp ly  to the pal atal musc l e s  of  the horse but cran i al nerves other 
than the vagus  a re i nvol ve d .  

T h e  pal ati ne  tens or musc l e o f  the V ervet monkey ( C l eaton-Jones , 1 977 ) , 
man ( Domi nech-Ratto , 1977 ) , the cat ( Ke 1 1 e r  e t  a l . 1983} , and the 
horse { Heffron and Baker , 1976b ; Sha Ban , pers . comm . ) ,  i s  s uppl i ed 
by the mand i bu l a r  d i v i s i on of the tri gemi na l  n erve . 

I n  man the pa l ati ne  l evator mus c l e i s  s uppl i ed  by the g l ossopharyngeal 
nerve ( Domi nech-Ratto , 1977 ) but i n  the horse Heffron and Baker ( 1976b ) 
con s i der that the pharyngeal branc h  of the vagus provi des the motor 
s upply  for th i s  musc l e whi l e  Sha  Ban ( pe rs . comm . ) contends that i ts 
motor f i bres  a re deri ved from the maxi l l ary d i vi s i on of  the tri gemi na l  
nerve . 
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T h e  pal atopha ryngeal  musc l e  of man i s  s uppl i ed by motor fi bres from 
both the g l ossopharyngeal and vagus. nerves ( Dominech-Ratto , 1977 ) . 

Th i s appears to apply to the horse a l so  as both Heffron and Baker 
( 1979b ) and Sha Ban ( pers . comm . ) have s tated that the pharyngeal 
branch of the vagus i s  i nvol ved and Sha Ban added that the g l osso­
pharyngeal nerve a l so  provi des motor fi bres v i a the pharyngeal p l exus . 

I n  man the pal ati ne  or uvul a r  musc l e i s  suppl i ed from the vagus nerve 
( Domi nech-Ratto , 1977 ) as i t  i s  i n  the hors e ( Heffron and Baker , 1979b ) . 
Sha  Ban however has  s tated that the accessory pal at i ne nerve , a branch 
of the maxi l l a ry d i v i s i on of the tri gemi nal  provi des the motor s uppl y 
for th i s  mus c l e .  

The i mp l i cati ons of th i s  i nformati on are , that i n  the horse , those 
musc l es wi th d i rect attachments to the soft pal ate may be provi ded 
wi th motor fi bre s  from the tri gemi na l , g l os sopharyngea l  and vagal 
nerves . I t  a l s o  appears that un l i ke the recurrent l aryngeal nerves 
thes e  c ran i a l  nerves and thei r b ranches i n  the hors e , s hou l d have 
b i l ateral l y  symmetri cal  anatomi ca l  rel at i ons h i ps . The characteri st i cs 
of the motor i nnervati on of the pal atal  musc l e s  therefore , appear to 
be con s i derabl y  di fferent to those of  the i ntri ns i c  l aryngea l mus c l es 
where denervati on and rei nnervat i on are so  common . 

When thi s  s tudy was undertaken there was no patho l og i cal  evi dence 
avai l ab l e  to s upport the concept that l aryngo-pa l atal  d i s l ocati on was 
associ a ted wi th neurogeni c  di s ease  of the pa l atal muscl es . For th i s  
reason i t  was deci ded to apply to s ome of the pal atal mus c l es the s ame 
techn i ques u s ed for i nvesti gating the i nc i dence of denervati on and 
rei nnervati on i n  the l aryngeal mus c l es . 

No previ ou s  i nformati on was avai l ab l e on pal atal musc l e we i gh ts . B l ythe 
et  a l . ( 1980 ) made patho l og i ca l  and h i s tochemi cal  observati ons on the 
termi na l  fi bre s  of pal ati ne musc l e s  whi ch  were obtai ne d  by removi ng 
a porti on of the free border of the soft pal ate duri ng  the s taphyl ectomy 
operati on i n  horses wh i ch had been d i agnosed as  hav i ng " e l ongated soft 

pal ates " .  They a l s o  exami ned a s e ri es  of s i mi l ar s amp l e s  from control 

horses . Accord i ng to these authors the mus cl e abnorma l i ti es they 
observed were c haracteri s ti c of a l ow-grade , degenerati ve . non-s peci fi c ,  
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myopathy rather than a neuropathy . The  abnorma l i ti es were more 
frequent i n  the musc l es  from horses wi th  e l onga ted soft pal ates and 

from control horses g reater than e i ght  years of age . Apart from 
thi s l i mi ted s tudy , no i nformati on was avai l ab l e  on the h i stochemi cal  
features  of equ i ne pal atal mus c l es . In  fact there appeared to be 
very l i ttl e i nformati on on the h i stochemi s try of the pal atal  mu sc l es 
of any s peci es a l though Orv i s and Card i net ( 1981 ) exami ned the 
can i ne pal ati ne tensor mus cl e and found that i t  was compos ed of Type 
2C myofi bres and a vari ant of the Type I myofi b re .  

Leeson and Leeson ( 1969 ) i n  a s tudy of the s ke l eta l musc l e s  of the 
soft pal ate of the rat found that they had a h i gh mi tochondri a l  
popul ati on and  that the  mi tochondri a had  morpho l og i ca l features 
suggesti ve of a h i gh degree of metabol i c  acti v i ty .  Nakach i and 
Oota ( 1978 ) l ater provi ded support for th i s  observati on when they found 

that the s ucci nate dehydrogenase acti v i ty of the fel i ne pal ati ne 
l e vator , pal ati ne and pal ati ne  tensor musc l es  was rel ati vely h i g h .  

Agai n ,  apart from B l ythe e t  a l ' s .  ( 1980 ) observati ons, no i nformati on 
was ava i l ab l e  on the h i s topathol ogy of equ i ne pal atal  mus c l es . 

6 . 2  Materi a l s and Methods 

Detai l s  of the ages and s exes of the horses used i n  the study 
are shown i n  Tab l e  1 and Tab l e  2 1  s hows the number of horses from 
whi ch each of the pal atal  musc l e s  were col l ected . 

TABLE  21  THE  NUMBER OF  HORSES FROM WH ICH  PALATAL MUSCLES WERE  STUDI E D  

" Norma l " horses Abno-rma1 horses 

Musc l e three years i over three three years , over three ' Total 
and under i years and under years 

pa 1 atopharyngea 1 1 I 2 
! 

4 ! 2 3  1 7  ! 

pal ati ne l evator 2 5  2 1  3 ' 4 
f 

pa l ati ne  20  : 1 6  3 4 

pal ati ne tensor 24 19 3 3 
! 

l I j 

The methods u sed for process i n g  these musc l es , and col l ecti ng  and 
analys i ng the data were the s ame as  descri bed i n  C hapter 2 .  Only the 

46 
53  
43 
49 
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pal ati ne  l evator and pal at i ne  tensor musc l es  were i n c l uded i n  the 
wei g ht s tu dy a s , of  the mus c l es wi th  d i rect a ttachments to the soft 
pal ate these were found to be  the onl y  two wi th  d i s crete enough 

attachments and i ns erti ons to ensure cons i s tently accurate di s s ecti on . 

The secti ons made from each musc l e were used to measure the proport i ons 
of  the d i fferent fi b re types present ; the s i ze of g roups of  AL f i b res ; 
and the cross secti onal a re a  of f i bres . The secti ons were a l so  
exami ned i ndi vi dual l y  and the  presence of any other h i s to l og i ca l  s i gn s  
of  denervati on a n d  rei nnervati on were noted . As was the case wi th  
the  i ntri ns i c  l aryngeal  musc l es , the numbers of pal atal musc l es 
avai l ab l e from the two age g roups of  horses wi th a known h i s tory of 
upper resp i ratory tract abnorma l i ty ,  were too sma l l to  be s tati s t i cal l y  
analysed wi th confi dence . 

6 . 3  Resu l ts 

6 . 3 . 1  Pa l atal  Musc l e Wei gh ts 

The mean musc l e we i ghts  ( grams ) of  the d i fferent age g roups 
of  " norma l " horses are s hown i n  Tab l e 22 . 

TABLE  22  THE MEAN WE I GHTS ( GRAMS ) OF EQU I NE PALAT INE  LEVATOR AND 
PALAT I NE TENSOR MUSCLES  FROM HORSES  W ITH NO H I STORY OF  
U PPER RESP I RATORY TRACT ABNORMAL I T I ES 

pal ati n e  pal ati ne  
l evator tensor 

a l l ages 2 . 49 I 5 . 18 

t hree years and under 1 . 86 I 3 . 59 
.l ! 

ove r  three years 3 . 50 l 7 . 48 

6 . 3 . 1 . 1  Pa l ati ne  L evator Musc l e 

The pal ati ne l evator musc l e l i ke the other musc l es  
wei ghed duri n g  thi s  s tudy was  heav i er i n  the  o l der than  the younger 
horses . Th i s  i ncrease  i n  wei g h t  w i th age i s  i l l u strated in  F i g .  43  

and  was  respons i b l e  for the  only s i gn i fi cant d i fferences noted between 



F I GURE 43 

F I GURE 44 

The rel ati onsh i p  between age (years ) and the mean 
we i ghts of the l eft and ri ght  pal ati ne l evator 
mus c l es ( grams ) of the " norma l " horses 

The we i ghts of the l eft pal ati ne l evator musc l es  

{ grams ) p l otted aga i n s t  the  we i gh ts of the  
ri ght mus c l e s  

0 = "norma l " horses three years and under 
+ = 11 11  over three yea rs 

0 = abnonnal  horses three years and under 
-t = 11 11 over three years 



5 

4 

(f) 
::::E 
a: 
0::::: 
� 3 

f-
I 
� 
,_., 
w 
3: 2 

z 
a: 
w 
::L 

6 

5 
()) 
2::: 
a: 
0::::: 
CJ 

4 

f-
I 
CJ 
,_., 
w 

3 3: 
w 
_j 
u 
()) 

2 ::::J 
2::: 
f-
LL 
w 
_j 

0 

0 

0 

0 
0 
0 

0 0 
0 

0 
0 

o o 0 

OJ 
0 0 

0 

Oo 
0 

I 

0 1 2 3 4 5 6  7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 20 2 1 22 23 24 25 

RGE ( YERR S l 

R I GH T  M USCLE WE I G H T  ( G RRMS l 



1 2 8  

the mean musc l e  wei ghts  from the d i fferent g roups o f  horses . The s ex 
of a hors e , the s i de of i ts pharynx from wh i ch the mus c l es  came or 
whether the horse was 1 1norma l " or abnormal d i d not appear to have a 
s i gn i fi cant i nfl uence on the wei ght  of i ts pal ati ne l evator mus c l e .  
The s imi l ari ty between the we i ghts of the l eft and ri ght  pal ati ne 
l evator musc l es  from the 1 1 norma l " and abnormal horses i s  i l l u s trated 
i n  F i g .  44 . 

6 . 3 . 1 . 2  Pa l ati ne  Tensor Musc l e 

The ana lysi s of pal ati ne tensor musc l e wei ghts 

prov i ded res u l ts s imi l ar to those a l ready descri bed for the pa l ati ne 
l evator musc l e .  The i nc reas e  i n  the wei gh t  of the pal ati ne  tensor  
musc l e w i th age  i s  i l l u strated i n  F i g .  45 . The s i mi l ari ty of the 
wei ghts  of the l eft and ri ght  pal ati ne  tensor mus c l es  from 1 1 norma l 1 1 
and abnormal horses i s  i l l u s trated i n  F i g .  46 . 

6 . 3 . 2  The Predomi nant F i b re Types Found and Thei r Proporti ons 

The predomi nant fi b re types and the i r proporti ons found 
i n  the pal atal  mus c l es from the " normal " hors es a re s hown i n  Tab l e  2 3 . 

TABLE  23 THE PERCENTAGES OF F I BRE TYPES PRESENT IN THE PALATAL 
MUSCLES FROM HORSES W ITH NO H I STORY OF UPPER 
RESP I RATORY TRACT ABNORMAL I T I E S  

j Muscl e l 

. ' 

AH : SH : PH 
Fibre. type % 
l AL : SH : PH AL : SH : PL 

pal atopha ryngeal  92 7 1 

pal ati ne  l evator 86 1 0 . 6  3 . 4  

pa l at i n e  9 1  ' 8 1 
' 
' 

pal ati ne  tensor 57  35  I 8 I 
I 

I J 

The maj ori ty of the fi bres i n  the pa l atal  musc l es  s tudi ed were h i g h l y  
reacti ve for ATPase , SDase and GPase ( F i gs .  47a ,b a n d  c ) . On ly  a 
smal l proport i on of the fi bres , except i n  the case  of the pal ati ne 



F I GURE 45  

F I GURE 46 

The rel ati ons hi p between age (years ) and the 
mean wei ghts of the l eft and ri ght pal ati ne 

tensor musc l es  ( grams ) of the " nonnal " horses 

The wei ghts  of the l eft pa l at i ne  tensor musc l es 
( grams ) pl otted agai nst  the wei ghts of the 
ri ght  mus cl es  

o = " normal " horses th ree years and under 
+ = " " over three years 

o = abnormal horses th ree yea rs and under 
+ = " " over three years 
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FI GURE 47 T rans ve rs e  seri a l  sect i ons  of the pal ati ne 
musc l e of a 1 1 norma l 1 1 horse ( x260 ) . Secti ons 
stai ned to demonstrate the acti vi ty of : -

a .  Myos i n  ATPase 

b .  SDase 

c .  GPase 
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tensor musc l e ( F i g .  48a ) were c l assed a s  AL and as  was the case  wi th 
the i ntri n s i c  l aryngeal  mus c l e s  only a rel ati vely smal l proport i on of 
these fi b res  were PL . 

I n  the myos i n  ATPase secti ons  made from the pal ati ne tensor musc l es 
the mosa i c pattern of AH and AL fi b res characteri sti c of the other 
musc l es , was not a l ways present . Sometimes  the whol e secti on was 
composed of fi b res  wi th a l ow reacti vi ty for myos i n  ATPase . I t  was 
found that secti ons made from the med i a l  s i de of the mus c l e tended 
to show the c harac teri st i c mosai c pattern ( F i g .  48a ) whi l e  those from 
the l ateral s i de tended to be predomi nantly AL . 

There were few changes i n  the proporti ons of fi bre types present i n  
each of the pa l a ta l  muscl es  from the di fferent groups of horses . 
Where s i gn i fi cant di fferences d i d  occur they were i nfrequent and 
i so l a ted cases a nd u n i fy i ng trends d i d not appear to be  present .  The 
only pos s i b l e excepti on to th i s  was the tendency i n  s ome groups for 
the proport i on of PH fi b res  to be h i g her i n  the mus c l es  from ol der 

horses and from those whi ch were i n  tra i n i ng . 

6 . 3 . 3  Other F i b re Types 

As  was the case wi th the l aryngeal  musc l es  the on ly  other 
fi b re type wh i ch occurred w i th any frequency i n  the pal atal  musc l es  
was  the AH : SH : PL type . Agai n ,  th i s  fi b re type appeared more frequent ly  
i n  the  musc l e s  from the  younger horses . I t  was present i n  at  l east  
one  pal atal  mus c l e  from a l l the  horses l es s  than one  yea r  of age but  
onl y  i n  the  musc l es of  approx imate l y  ha l f the  horses  over one  year of 
age . Th i s fi bre type appeared wi th approxima te l y  equal  frequency 
( 30-40% of the  musc l es exami ned ) i n  the pal atopharyngeal ,  pa l ati ne 
l evator and pa l at i ne tensor mus c l e s  but  l es s  frequentl y  ( 16% of the 
mus c l es  exami ned ) i n  the pa l ati ne musc l e .  In each of the mus c l e s  
where i t  occurred thi s fi b re type accounted for approx imate l y  2-3% o f  
t h e  fi bre s  counted except i n  the pal ati ne tensor musc l e where a mean 
of 6 . 6% of the fi b re s  counted were of thi s type .  

6 . 3 . 4  Other Stai ni ng Characteri st i cs and Changes i n  F i bre 
Arch i tecture 
A l l the fi bres  of the pal ata l musc l es s tud ied  took u p  the 



F I GURE 48 T ransvers e  seri a l  secti ons of the pa l at i ne 

tensor musc l e of a 1 1 nonnal 11 horse  ( x260 ) . 
Secti ons stai ned to demonstrate the a cti vi ty 
of : -

a .  Myos i n  ATPase 

b .  SDase 



a 

b 
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b l ue d i formazan depo s i ted duri ng  the SDas e  react i on to a g reater or  
l es s er exten t .  Where there was vari ati on i n  s ta i n i ng i ntens i ty 
between fi bres  wi th i n  a muscl e th i s  was u sua l l y  not di s ti nct enoug h  
to a l l ow for rel i ab l e  s eparati on of fi bre types u s i ng thi s reac t i on . 
Thi s vari ati on between fi bres was most evi dent i n  the pal ati ne 
tensor mus c l e ,  whe re rel ati vel y  l arge numbers of fi b re s  s ta i ned wi th  
a l ower i ntens i ty of b l ue d i formazan were present ( F i g .  48b ) . 

I n  some of the o l der horses , pal e  or  mottled fi b res  appeared occas i on­
a l l y ,  and  one  tangeto i d fi bre was noted in  the  l e ft pa l ati ne l evator  
musc l e of  a 20 year o l d stal l i on whi ch had s uffered from i d i opath i c 
l aryngeal  hemi pl eg i a .  

I n  most cases the g l ycogen phosphoryl ase reacti on s ta i ned pal atal  
mus c l e fi bres  wi th the dark b l ue col our whi ch i s  con s i stent wi th a 

h i g h  content of thi s  enzyme ( F i g .  47c ) . There were u su a l l y  a few 
PL fi b res present and these were mos t  n umerous i n  the pal ati ne tensor 
mus c l e .  Thi s pattern of g l ycogen phosphoryl ase  s ta i n i ng was con s i s t­
ent i n  the pal atal  musc l es  s tudi ed from mos t  of the horses . I n  s ome 
of the o l der horses l arge d i ameter fi bres  wh i ch were PL were noted 
i n  the pal ati ne l evator and tensor mus c l es . 

6 . 3 . 5  S i ze of  Groups of AL F i b re s  

The  mean n umbers o f  AL fi b res p e r  g roup observed i n  the 
pal atal  mus c l es  from " norma l " horses are s hown i n  Tabl e 2 4 .  

TABLE  24 THE MEAN NUMBER OF AL F I BRES PER GROUP IN THE PALATAL 
MUSCLES FROM HORSES W ITH NO H I STORY OF U PPER RESP I RATORY 
TRACT ABNORMAL IT I ES 

Mus c l e Mean n umbe r  of AL 
fi b re s  per g roup  

pal atopharyngeal 1 . 02 

pal ati ne l evator 1 . 60 

pal ati ne 1 . 17 

pa l ati ne  tensor 4 . 55 
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The d i fferences  between the mean number o f  AL fi bres  per g roup i n  
the musc l e s  from the d i fferent categori es of horses were i n  most 
cases  not s i gn i fi cant .  Where s i gn i fi cant d i fferen ces d i d occur 
they were i so l ated cases and un i fyi ng trends d i d  not a ppear to be  
presen t .  

6 . 3 . 6  F i b re C ross  Secti onal  Area 

The mean cross  s ecti onal areas  of the AH and AL f i b re s  
measured i n  the pal atal  musc l es  from t h e  " norma l " horses a re shown 
i n  Tab l e  25 . 

TABLE 25  THE  MEAN CROSS SECT I ONAL AREAS ( �m2 ) O F  THE AH  AND 
AL F I BRES IN THE PALATAL MUSCLES OF  HORSES W ITH NO 
H I STORY OF  UPPER RESP I RATORY TRACT ABNORMAL IT I ES 

Muscl e F i b re Type Mean cross 
s ecti onal a rea 

pal atopharyngeal  AH 1796 . 52 
AL 1018 . 66 

pa l ati ne l evator AH 1980 . 40 
AL 2 1 2 5 . 42 

pal ati ne  AH 1 1 40 . 95 
AL 1 1 38 . 31 

pa l at i ne tensor AH 1401 . 09 
AL 1 309 . 95 

I 
I 

I n  each of  the pal atal mus cl es  the mean cros s secti onal areas  of  both 

fi bre types were l arger  i n  the o l der groups of " norma l " and abnormal 
horses than i n  the younger groups . These d i fferen ces were s tati s t i c­

a l l y  s i gn i fi cant i n  most  cases . Th i s i n crease  i n  fi bre cros s 

s ecti onal are a  wi th age i s  shown i n  F i gs . 49- 52 . 

I n  mos t  of the musc l es  exami ned the mean c ross  secti ona l area of AL 
fi bre s  tended to be  l es s  than that of the AH fi b res . Th i s di fference 



F I GURE 49 

F I GURE 50 

The rel ati ons h i p between age ( years ) and the 
mean cros s secti onal areas of the AH and AL 

fi bres ( pm2 ) i n  the pal atopharyngeal  mus cl es  
from the  " nonna l " horses 

The rel ati ons h i p  between age (years ) and the 
mean c ross  secti onal a reas of the AH and AL 
fi bres ( pm2 ) i n  the pal ati ne l evator musc l es  
from the  " normal " horses 
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F I GURE 5 1  

F I GURE 5 2  

T h e  rel ati onsh i p  between age (years ) and the 
mean cross sect i ona l  areas of the AH and AL 
fi b res ( �m2 ) i n  the pa l ati ne musc l es  from 
the 1 1norma l 1 1 horses 

The rel ati onsh i p between age (years ) and the 
mean c ross  secti ona l  areas of the AH and AL 
fi bres ( pm2 ) i n  the pal ati ne  tensor mus c l es 
from the 11 norma l 11 horses 
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F I GURE 53 

F IGURE 54 

A transverse secti on of the pal ati ne l evator 
muscl e from a 11 normal 1 1 horse ( x260 ) . 
Secti on s tai ned to demons trate the acti v i ty 
of myos i n  ATPase 

A trans verse s ecti on of the pal ati ne musc l e 

from a 11 normal 11 horse ( x260 ) . 
Secti on s ta i ned wi th haematoxyl i n  and eos i n  
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however was usua l l y  not s i qn i fi cant . 

The pal atal mus c l es from the horses s ufferi ng from i di opathi c l aryngeal 
h emi p l egi a h ad l arger AH and AL f ibres than those from the normal 
horses . However , when the fi bres of l aryngea l hemi pl egi c horses were 
compared wi th those from norma l horses of a s i mi l ar age the d i fferences 
i n  the i r  cross s ecti onal  a reas  were not s i gn i fi cant except i n  the case  
of the  pal atopharyngeal  musc l e .  The mean c ross  secti onal  area of AH 

fi bres from these musc l es  of the l aryngeal  h emi pl egi c horses g reater 
than three years of age was 302 5 . 50 pm2 wh i l e  that from the s ame group 
of norma 1 horses was 2433 . 52 JJm2 ( P ( 0.  0 1 ) .  

6 . 3 . 7  H i s tochemi ca l  and Hi s to l ogi cal  Features of Pa l atal Mus c l es 

The g enera l h i s to l ogi cal  features  of the pal atal musc l es  
s tudi ed were s i mi l ar i n  mos t  respects to  those of  the j uveni l e  and  
mature l aryngea l mus c l es  a l ready descri bed ( Ch apter 5 ) . The  most 

notab l e  d i fference was the absence of the fi bre type g roupi ng whi ch 
was so  common l y  demons trated i n  many of the l aryngeal  musc l es  by the 
myosi n  ATPase  s ta i n .  

I n  the pal atopharyngeal  and pal ati ne musc l e s  the AL fi bres were pre sent 
e i ther s i n g l y  or in  sma l l g roups of two or three ( F i g .  47a ) . Groups 
of 1 0- 1 6  AL fi bres were s omet imes  seen i n  the l eft or r i ght  pa l ati ne 

l evator mus c l e a l though .most . groups of AL fi b res  i n  th i s  mu$cl e were 
smal l er than thi s  ( Fi g .  5 3 ) . I t  was onl y  i n  the pal ati ne  tensor 
mus cl e that l arge r  g roups of AL fi bres were present and they were 
observed i n  both the l eft and ri g h t  musc l es  of many of the horses 
( F i g .  48a ) . 

I n  the haematoxy l i n  and eos i n  s ta i ned s ecti ons of the pal atal musc l e s  
s tud i ed i t  was not uncommon t o  observe certa i n o f  the featu res wh i ch 

were con s i dered to be  associ a ted wi th denervati on and rei nnervati on 
when they occurred i n  l aryngeal  musc l e s . Marked vari ati on i n  fi bre 
s i ze and wel l devel oped endomys i a l connecti ve ti ssue  appeared to be 

a feature of a l l the pa l ati ne  musc l es ( F i g .  54 ) . 

I n  most  of the pa l at i n e  l evator musc l es  and not i nfrequently i n  the 
other mus c l es , there were areas of the secti ons wh i ch were very 
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nuc l ear  and had occas i onal  fi b res wi th  central nucl e i  ( F i g .  5 5 ) . 
These a reas often exh i b i ted vari ati on i n  f ibre s i ze and promi nant 
endomys i a l connecti ve t i ssue . Except i n  the case of the pal ati ne 
tensor musc l e these h i stol og i ca l  features were not accompan i ed by 
g roupi ng  of AL f i bres i n  the correspondi ng secti on stai ned to demonstrate 
the acti v i ty of myos i n  ATPase . These h i stol og i ca l  features were j ust  
as  l i ke l y  to be  present i n  l eft or  r ight  musc l es  and were seen i n  the 
mus c l es  from horses of  a l l ages . 

6 . 3 . 8  Sarcosporid i os i s 

As was the case wi th the i ntri n s i c l aryngeal musc l es , 
sarcocys ts occurred i n  the pal atal musc l es studi ed . They were not 
observed i n  horses under two years or over 15 years but were seen i n  
the musc l es o f  horses between these ages . The pa l ati ne tensor was 
the musc l e  most  often i nvol ved and the cysts were observed i n  the 
l eft or  ri ght  or both musc l es .  The cysts  were l es s  frequent ly  
observed in  one  or  both  s i des of the  pal ati ne l evator , pal atopharyngea l  
and pal at i ne musc l es . 

6 . 4  D i scuss i on 

6 . 4 . 1  Pa l atal  Muscl e Wei ghts 

The  i nc rease i n  wei gh t  wi th  age of  the pal at i ne l evator 
and pal ati ne tensor mus c l es , fol l ows a s i mi l ar g rowth curve to those 
p l otted for the i ntri n s i c  l aryngeal  musc l es , and the wei gh t  of these 
pal atal  mus c l es  peaks when a horse  is approximatel y  three years of 
age . I d i opathi c  l aryngeal h emi pl eg i a  had no apparent i nfl uence on 
pal atal  musc l e wei ghts and a d i fference between the wei ghts of  the 
l eft and r i ght  mus c l e s  was not present i n  the pal atal  musc l es stud i ed .  
Thus the u n i l a teral  atrophy whi ch was s o  common i n  s ome of the 
i ntri n s i c l aryngea l  musc l es was not present i n  e i ther of the pal atal  
mus c l es  stud i ed .  

6 . 4 . 2  The F i b re Types Observed i n  Pa l atal Muscl es 

The  fi b re types observed were those whi ch wou l d be expected 
i n  terms of what i s  known of the functi on of these musc l es . The 

pal atopharyngeal  musc l e  whi ch had the h i ghest proport i on of AH fi bres 
wou l d  be expected to be a very rap id ly  contracti ng musc l e as i t  i s  



F I GURE 5 5  Trans verse secti ons o f  the l eft pal ati ne 

l evator musc l e s  from a 1 1 normal " horse ( x260 ) . 
Secti ons s tai ned wi th  haematoxyl i n  and eos i n  
and i l l u strate : -

1 .  F i bres  wi th numerous s arcol emmal nucl e i  

2 .  I nterna l  nucl e i  

3 .  Promi nant endomys i um 
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important i n  c l os i ng the nasopharyngeal sphincter and perhaps open i ng 

the osti a of  the audi tory tube duri ng swa.l l owing  ( Heffron and Baker , 

1979a) . The h i gh proportion of AH fi b res observed i n  the pal ati ne 

muscl e suggest  that i t  i s  al so rap id ly  contracti ng . I ts act i on i n  

shorteni ng the soft pal ate i s  probabl y  i nvol ved i n  the rapi d movements 

made by the soft pal ate duri ng swal l owi ng . The pal ati ne l evator 

musc le  a l so had a rel at i vely h i gh proporti on of AH fibres and thi s  i s  

cons i s tent w i th i ts functi on i n  cl os i ng the nasopharyngeal s ph i ncter 

duri ng swal l owi ng  ( Heffron and Bake r ,  1 979c ; Cook , 1981 ) . Only the 

pal ati ne tensor musc l e had approx imate l y  equal proporti ons of AH and 

AL fi bres and thei r di s tri buti on as noted duri ng thi s study i s  

i nteresti ng i n  terms of what i s  known o f  th i s  muscl e i n  other s pec i es . 

Doyl e and Rood ( 1980 ) have shown that i n  man and the Rhesus  monkey 

the pal at i ne tensor muscl e can be d i v i ded i nto two fi bre bundl es . 

The l ateral bund l e  proceeds as a tendon around the hamu l us  of the 

pterygoi d bone and onto the pal ati ne bone and aponeuros i s .  The 

medi al bund l e i s  attached to the pos teri or th i rd of the l ateral 

membranous wal l  of the eustach i an tube and. i s  respons i bl e  for i ts 

acti ve d i l ati on ( Honj o et al . ,  1980 ) . I n  the horse the mu scl e does 

not appear gross ly  to have two separate d i v i s i ons but the attachments 

of i ts vari ous aspects are simi l ar to those descri bed i n  other s peci es . 

The l atera l aspect of the muscl e probably contai ns the fi bres  whi ch 

acti vate the tendon around the hamu l u s  of the pterygoi d bone and so 

tense and depress the rostral thi rd of the soft pal ate . The med i a l  

fi bres whi ch  attach t o  the l ateral cartHagenous l ami na of the 

eustachi an tube are probabl y  the fi bres  whi ch are i nvol ved i n  tuba l  

d i l at i on duri ng swal l owi ng . I t  wou l d b e  expected that the l ateral 

fi bres  wou l d  be capabl e  of sustai ned ton i c acti v i ty and as  demonstrated 

by thi s  study they were i n  fact predomi nantly AL . The medi a l  fi bres 

woul d be expected to be faster contracti ng and i t  was i n  the med i a l  

aspect of the mus c l e  that the characteri sti c mosai c o f  A H  and AL 

fi bres was noted . 

I t  was not pos s i b l e to compare the f i bre types found i n  the equ i ne 

pal ati ne  tensor muscl e duri ng thi s  s tudy wi th those observed i n  the 

dog by Orv i s  and Cardi net ( 1981 ) as ac id  prei ncubati on of ATPase 

secti ons was not performed for the reasons outl i ned i n  Chapter 4 .  
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The SDase and GPase reacti ons of the fi bres of the muscl es studi ed i n  

th i s  survey i nd i cated that the pal atal muscl es of the horse are 

capab l e  of both aerob i c  and anaerobi c metabol i sm .  I t  was onl y  i n  

the muscl e s  of some of the ol der horses that occasi onal pal e mottl ed 

fi bres were demonstrated by the SDase reacti on and occas i onal l arge 

pal e fi bres by the GPase reacti on . These fibres are probab ly  s i mi l ar 

to those exh i bi t ing the agei ng changes previ ous l y  noted i n  some of the 

l aryngeal muscl es . Thi s  study d i d  not provi de evi dence that the 

changes i n  fi bre proportion and archi tecture wh i ch appeared to resul t 

from neurogen i c  di sease i n  some of the l aryngeal muscl es , occurred i n  

the pal atal muscl es . 

6 . 4 . 3  Fi bre Type Groupi ng i n  Palatal Muscl es 

I t  i s  pos s i bl e that fi bre type groupi ng as a resu l t of 

denervati on and rei nnervati on may not be parti cu l arly obvi ous  i n  

muscl es s uch as  the pal atopharyngeal and pal ati ne whi ch have predomi nantly 

AH fi bres , or the pal ati ne tensor where l arge areas of AL fi bres 

normal l y  occur .  I f  an AH muscl e fi bre was denervated i n  the fi rst two 

muscl es i t  wou l d  mos t  l i kely be  rei nnervated by one of the axons 

suppl yi ng another AH fi bre ,. the most  numerous type . A change of fi bre 

type wou l d not occur unl ess the rei nnervati ng axon came from one of the 

AL f ibres  whi ch make up l ess than 10% of the total fi bre popu l ati on .  

The proporti on of AH : AL fi bres observed i n  the pal ati ne l evator muscl e 

was c l oser to that of the i ntri ns i c l aryngeal muscl es where fi bre type 

group i ng of AL fi bres di d occur .  Large g roups of AL fi bres however 

.were not observed i n  the equi ne pal ati ne l evator muscl es exami ned . 

6 . 4 . 4  F i bre C ross Secti onal Area i n  Pal atal Muscl es 

The i ncrease in mean cross secti onal area of pal atal 

muscl e f i bres wi th age , noted duri ng  th i s  s tudy i s  cons i s tent wi th the 

changes whi ch occur i n  muscl e as an an imal  grows . Simi l ar changes 

were noted i n  the i ntri nsi c l aryngeal muscl es . The only s i gn i fi cant 

i nteracti on whi ch was probabl y  not due to thi s age effect was noted i n  

the pal atopharyngeal muscl e .  The mean cross secti onal area of the 

fi bres from the muscl es of the l aryngeal hemi pl egi c horses over three 

years of age (mean age 11 . 25 years ) was greater than that of the fi bres 

from s i mi l ar aged normal  horses ( mean age 12 years ) . Thi s trend was 
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present but not si gn i fi cant i n  the other pal atal muscles from the 

l aryngeal hemi pl egi c horses . Whi l e  the l aryngeal hemi pl egi c horses 

were not o l der than the normal horses they may have been l arger as 

a rel ati ons h i p  between l arge body s i ze and l aryngeal hemi pl eg i a  has 

been demons trated by Goul den and Anderson ( Appendi x 9 ) . The 

poss i bi l i ty al so  exi sts that the l arger cros s secti onal area of the 

fi bres of th i s  muscl e may have been a response to l aryngeal hemi pl egi a .  

6 . 4 . 5 H i stol ogi cal Features of Palatal Musc les 

The hi stol ogi cal features descri bed i n  the pal atal muscl es 

woul d ,  i f  they were accompan i ed by f ibre type groupi ng , have been 

cl assed as  subtl e pathol ogy usi ng the grad i ng system dev i sed to describe 

the changes produced by denervati on and rei nnervati on i n  the l aryngeal 

muscl es . They were however extremel y common i n  the pal atal muscl es 

from both the l eft and ri ght s i des of  young and o ld  horses . They were 

not apparentl y  accompani ed by fi bre type groupi ng , at l east  i n  the 

muscl e where groups of AL fi bres wou l d be expected to be seen i f  they 

occurred . The s i gns of advanced neurogen i c  atrophy , for exampl e ,  

marked fi bre atrophy and hypertrophy , fasci cul ar atrophy and fi brous 

repl acement of mus c l e  fi bres , were not observed i n  any of the pal atal 

muscl es s tudi ed .  

Some of the hi stol ogi cal features observed duri ng the present study 

may have been s imi l ar to the mi nor myopathi c  changes such as randomly 

pl aced nucl ei , descri bed by B lythe e t  a l . ( 1989 ) . The more severe 

h i stopathol ogy whi ch they descri bed , such as myonecrosi s  and phago­

cytos i s  was not observed i n  the pal atal muscl es exami ned . B l ythe 

et a l . ( 1980 ) commented that the myopathy they observed was more 

severe i n  horses w i th 11 e l ongated s oft pal ates .. and control horses 

greater than ei ght years of age . Whi l e  only one of the horses i ncl uded 

i n  the present s tudy coul d perhaps be consi dered s imi l ar to those 

horses wi th 11 e l ongated soft pal ates 11 , a consi derabl e number of horses 

were over eight years of age . 

6 . 4 . 6  Sarcospori d ios i s  

As was the case wi th the l aryngeal muscl es the occurrence 

of s arcocysts i n  pal atal muscl es d i d  not appear to be rel ated to 

h i s tol ogi cal  abnormal i ti es and was probabl y  an i nci dental fi ndi ng . 
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6 . 4 . 7  Concl udi ng Comments 

The resu l ts of thi s  study of equi ne pal atal musc les  s uggest 

that i f  neurogen i c  atrophy of these muscl es does occur it i s  not as 

common as , or necessari ly associ ated wi th , the neurogeni c atrophy of 

some of the i ntri ns i c  l aryngeal mus c l es whi ch resu l ts in i d i opath i c  

l aryngeal  hemi pleg i a .  I f  l aryngo-pal atal d i s l ocati on and i di opath i c  

l aryngeal hemi pl egi a have a common aeti ol ogy i t  does not mani fest 

i tsel f nearly as frequently in the motor nerves of the pal atal muscl es 

as it does i n  the l eft recurrent l aryngeal nerve . 

One of the maj or probl ems i n  attempting to understand the pathol ogy of 

the soft pal ate and pharynx of the horse is a l ack of rea l  knowl edge 

about normal pharyngeal functi on .  E l ectromyography has been a s i gn i fi ­

cant a i d  i n  understandi ng the b i omechan i cs of the equ i ne l arynx and i t  

i s  used extens i ve ly  to i nvesti gate pal atal prob l ems i n  man . For 

exampl e ,  the pal ati ne tensor musc l e fi res duri ng i nspi rati on i n  man 

( Hai rston and Sauerl and , 1981 ) and th i s  i nspi ratory fi ri ng has been 

shown to cease j us t  pri or to pharyngeal obstructi on i n  a case of 

obstructi ve s l eep apnoea (Anch et  a l . 1981 ) , a syndrome duri ng whi ch 

snori n g  and sterterous respi rati on occur .  I f  the di ffi cu l ti es 

associ ated wi th e l ectromyography of equ i ne pal atal muscl es cou l d  be 

overcome th i s  approach may be very reward i ng . Access to these muscl es 

for the pl acement of need le  e l ectrodes cou l d  be poss i b l e  v i a  the 

guttural pouches . I t  woul d a l so  be necessary to record e l ectromyograms 

from these mus cl es i n  consc i ous  horses as some are probab ly  most acti ve 

duri ng  swa l l owi ng . As cl i n i ca l  l aryngo-pal atal di s l ocati on onl y  occurs 

i n  exerci s i ng horses i t  may al s o  be necessary to consi der the use of 

tel emetry .  

The poss i b i l i ty rema i ns that l aryngo-pal atal d i s l ocati on i s  not di rectly 

associ ated wi th the pal atal muscl es at a l l .  Cook • s  ( 1981 ) suggesti on 

that d i s l ocati on of the soft pal ate may resul t from overacti v i ty of the 

stern othyrohyoi d  muscl e ,  sti l l  requi res further i nvesti gati on . The 

di fferent h i stochemi cal features of the hyoepi g l otti c muscl e of the 

horse wi th l aryngo-pal atal di s l ocati on ( Chapter 4 )  when compared wi th 

the other horses i n  thi s  seri es ,  al so  warrants further s tudy . I n  

add i t i on i t  i s  concei vabl e that the common pathol ogy of the l aryngeal 
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muscl es may i ndi rectly contri bute t o  l aryngo-pal atal d i s l ocati on . 

I f  the aryteno i d  carti l age i s  not ful l y  abducted .duri ng i nspi rat ion , 

due to parti a l  denervati on of the dorsal cri coarytenoi d musc l e i t  i s  

l i kely that l ess than maximal tens i on may be exerted on the cunei form 

process  of the epi g l otti c carti l age v i a  the ventri cu l ar l i gament .  

Thi s  cou l d  l essen the forces depress i ng the epi g l otti s and perhaps 

faci l i tate l aryngo-pal atal di s l ocati on . Whatever the cause of thi s 

di s l ocati on i t  wi l l  probably not be clari f ied unti l normal pharyngeal 

and pal ati ne functi on i n  the horse i s  more compl etely  understood . 
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7 .  CONCLUS I ONS 

7 . 1  The i ntri ns i c l aryngeal musc l es of the New Zeal and Thoroughbred 

reached the i r mature wei ght when the horses were between three 

and four years of age . 

7 . 2  Atrophy of s ome of the i ntri ns i c  l aryngeal mus cl es su ppl i ed by 

the l eft recurrent l aryngeal nerve was very common i n  11 nonnal 1 1 

horses and more severe i n  l aryngeal hemi pl egi c horses . 

7 . 3  At l east one of the adductor mus c l es was more severe ly  affected 

by neurogeni c  di sease than the abductor musc l es studi ed . 

7 . 4 The fi bres of most of the i ntri n s i c  l aryngeal mus cl es were 

predomi nantly fast twi ch and capabl e of aerob i c  and anaerob i c  

metabol i sm .  

7 . 5  Neurogen i c  di sease appeared to have an i nfl uence on the proportion 

of AH f ibres i n  affected mus c l es and on the l evel of one of 

thei r enzymes of aerobi c and anaerobi c metabol i sm .  

7 . 6  F ibre type groupi ng o f  AL fi bres was very common i n  some o f  the 

l eft i ntri ns i c  l aryngeal musc l es from 11nonnal 11 horses . I t  

tended t o  be more ma rked i n  some of the muscl es o f  the ol der 

horses but i t  appeared as earl y as s i x  weeks of age . 

7 . 7 The mean cross sect ional  area of the fibres of equ i ne i ntri ns i c  

l aryngeal muscl es i n creased ti l l  the horse was approximate l y  

three years o f  age . 

7 . 8  There was no apparent di fferen ce between the areas of AH and 

AL fi bres in the i ntri n s i c  l aryngeal musc l es studi ed .  

7 . 9 Neurogeni c  di sease appeared to al ter the mean cross secti onal 

area of fi bres both di rectly i n  affected mus cl es and i ndi rectly 

in mus c l es rel ated to them . 

7 . 10 The h i s tol og i cal  s i gns of neurogen i c  di sease demonstrated by 

haematoxyl i n  and eos i n  preparati ons appeared i n  some of the 

i ntri ns i c  l aryngeal muscl es a lmost as frequently as the fi bre 

type g roupi ng demonstrated by enzyme h i s tochemi stry . They were 

not present i n  the muscl es of horses l ess  than one year of age 

and were more severe i n  some of the muscl es of the l aryngeal 

hemi p l egi c horses . 

7 . 1 1 Evi dence of neurogen i c  di sease may be present i n  one or more 
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of the i ntri ns i c l aryngeal muscl es  of the maj ori ty of New 

Zeal and Thoroughbred horses . No evi dence of neurogeni c  

di sease however , was observed in any of the i ntri ns i c  

l aryngeal mus cl es of the three pon i es studi ed . 

7 . 12 There was no evi dence of uni l ateral atrophy of the pa l atal 

muscl es studi e d .  F i bre type group ing as a resul t of 

denervati on and rei nnervati on was not observed i n  these 

muscl es , nor were h i stol ogi cal  s i gns of severe neurogeni c 

di seas e .  
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APPENDI X  1 

Davi es • and Gunn • s  modi fi cati on of the cal ci um-cobal t method of 

Padyku l a and Herman for demons trati ng the acti v i ty of the enzyme 

myos i n  ATPase i n  transverse frozen secti ons of muscl e .  

Reagents 

1 .  Substrate : 

1 . 0M tri s
_

( hydroxymethyl ) 
( M . W .  - 121 . 14 )  

ami nomethane 12ml 

0 . 1 8M cal c i um chl ori de hexahydrate ( 2g/100ml ) 6ml 

adenos i ne tri phosphate d i sodi um sal t 90mg 

d i s ti l l ed water 45ml 

adj ust pH to 9 . 5  wi th 0 . 1N hydrochl ori c aci d 

di s ti l l ed water to 60ml 

2 .  Cacodyl ate buffered formal dehyde ( pH 7 . )  

2 . 14g sod i um cacodyl ate 3H2o i n  50ml di sti l l ed 
water 

0 . 2M hydrochl ori c aci d 

40% formal dehyde 

d i sti l l ed water 

3 .  2% cobal t chl ori de 

4 .  1% ammoni um sul phi de 

Method 

to 

6 . 3ml 

20ml 

200ml 

1 .  Fresh frozen secti ons , cut at 10 JJm mounted on c 1 ean mi croscope 
s l i des 

2 .  P l ace i n  sol uti on ( 2 )  for two mi nutes 

3 .  Wash i n  two changes of di sti l l ed water 

4 .  I ncubate i n  sol uti on ( 1) for 20 mi nutes at 37°C 

5 .  Wash i n  two changes of di sti l l ed water 

6 .  Sol uti on ( 3 )  for three mi nutes  

7 .  Wash in  two changes of d i s ti l l ed water 

8 .  Sol uti on ( 4 )  for 30 seconds 

9 .  Wash and mount i n  g l yceri ne je l l y .  



1 5 5  

APPEND I X  2 

Nachl a s  et  a l . ' s method for demonstrati ng the acti v i ty of the enzyme 

SDase . 

Reagents 

1 .  Substrate 

0 . 1M phosphate buffer pH 7 . 6  l lml 

0 . 2M sodi um s ucci nate l lml 

n i trobl ue tetrazol i um ( 1mg/ml ) 22 . 5ml 

2 .  Phos phate buffer ( Cu l l i ng , 1974)  

potass i um d i hydrogen orthophosphate 

0 . 9g i n  100ml d i sti l l ed water 10ml 

d i sodi um hydrogen orthophosphate 

0 . 94g i n  100ml di sti l l ed water 90ml 

3 .  10% formol . 

Method 

1 .  Fresh frozen secti ons cut at 10 �m and mounted on c l ean 
mi croscopi c s l i des 

2 .  I ncubate at 37°C . i n  sol uti on ( 1 }  for 20 mi nutes 

3 .  Wash i n  two changes of d i sti l l ed water 

4 .  Fi x i n  sol uti on ( 3 }  for 10 mi nutes 

5 .  Wash and mount i n  g l yceri ne je l l y .  
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APPEND I X  3 

Takeuch i ' s  ( 1956 ) modi fi cati on of the method of Takeuchi and Kuri aki 

( 1955 ) to demonstrate the acti v i ty of the enzyme GPas e .  

Reagents 

1 .  Substrate 

g l u cose-1-phos phori c aci d 

adenos i ne-5-monophos phori c aci d 

d i s ti l l ed water 

0 . 1M acetate buffer pH 5 . 9  

protami ne z i nc i nsu l i n  

absol ute ethanol 

2 .  acetate buffer pH 5 . 9  

0 . 1M sodi um acetate 

0 . 1M aceti c acid 

3.  absol ute ethanol 

4 .  Lugol ' s  i odi ne 

i od i ne 

potas s i um i od ide 

d i s ti l l ed water 

Method 

to 

1 50mg 

30mg 

45ml 

30ml 

2 I . U .  

1 5ml 

190ml 

10ml 

1g 

2g 

100ml 

1 .  Fresh frozen s ecti ons mounted on cl ean mi croscope s l i des 

2 .  I ncubate 
.
i n  sol uti on ( 1 )  for three hours at 37°C 

3 .  Wash i n  d i sti l l ed water 

4 .  Dry i n  an oven a t  37°C 

5 .  Sol uti on ( 3 ) for two mi nutes 

6 .  Dry i n  ai r 

7 .  Sol uti on ( 4 )  for three mi nutes 

8 .  Mount in  glyceri ne  je l l y .  

The b l ue col ourati on i nduced by i odi ne stai n i ng o f  the polyg l ucose chai n 
tended to fade wi th time . Consequently i t  was necessary to repeat the 
i od i ne stai n i ng i mmedi atel y  before subsequent use of the secti on . 



APPEND IX  4 . 1 EXAMPLE OF THE DATA COLLECTED FROM THE CRI COTHYROI D  MUSCLE OF HORSE 12 , I LLUSTRATING ITS ARRANGEMENT FOR 
ANALYS I S  

Horse Number 

12 

Heal th Sex Age 

! = normal l = enti re d' i n  

2 = abnormal 2 = femal e Years 

3 = · ge l di ng 

1 2 0 . 25 

Wei ght of · wei ght of 
l eft mus cl e ri ght muscl e 
i n  grams i n  grams 

1 . 6  1 . 27 

Total Number Number Number Number Number Mean s i ze 
number of of AH of AL of AHSHPH of ALSHPH of ALSHP L of groups 
fi bres fi bres fi bres fi bres fi bres fi bres of AL fi bres 
counted 

Bundl e 
A l eft 114 
muscl e 

Bund l e 
B l eft 129 
mus c l e  

Bundl e 
A ri ght 107 
mus cl e 

Bundl e 
B ri ght 143 
mus cl e 

69 45 

79 50 

69 38 

109 34 

69 34 11  3 . 2 1 

79 29 21 3 . 33 

69 22 16 2 . 38 

109 19 15 2 . 1 3 

Standard 
dev i ati on of 
s i ze ,  of 
groups of 
AL fi bres 

4 . 02 

2 . 89 

2 . 09 

1 . 4 

Number of 
groups of 
AL fibres 
wi th more 
than 10 
fi bres per 

1 

0 

0 

0 

Mean area 
of AH 
fi bres 

pm2 

865 

1077 

829 

592 

Mean a re a  
of AL 
fibres 

pm2 

763 

897 

631  

538 

AH = myos i n  ATPase h i gh ;  AL = myos i n  ATPase l ow ;  SH = succi nate dehydrogenase h i gh ; �H = g lycogen phosphoryl ase h i gh ; 
P1L = g 1 ycogen ph os phory 1 as e 1 ow .  
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Appendi x 4 . 2  

The data from the dorsal  cri coarytenoi d ,  l ateral cri coarytenoi d ,  

t rans verse arytenoi d ,  ventri cul a r ,  cri cothyro i d ,  hyoep ig l otti c ,  

pa l atopharyngeal , pal at i ne l evator ,  pal ati ne and pal ati ne tensor 

mus cl es from 56 horses , arranged as in Appendi x 4 . 1  



159 

Do r sa l  c r i c oa r ytenoid musc l e .  

1 1 2 - . 1 6  . 69 . 84 
1 62 1 47 1 5  1 42 1 5  0 1 . 07 . 27 0 326 1 8 1 
2 88 253 35 243 35 0 1 .  46 • 72 0 286 269 
2 97 271 2 6  271 24 2 1 . 04 . 2  0 200 1 60 
1 55 1 42 1 3  1 42 1 3  0 1 . 44 1 . 0 1 0 1 75 1 6 1 

2 1 1 . 00 1  1 . 3 9 1 . 47 
1 1 6  86 30 80 2 1  9 2 . 3 1  2 . 1 0 776 693 
1 86 1 44 42 1 33 2 3  1 9  1 . 68 1 . 03 0 550 4 92 
1 25 80 45 63 3 1  1 4  3 2 . 42 0 503 532 
1 65 1 1 7 4 8  1 1 6  14 3 4  1 . 66 1 . 0 1 0 827 5 3 8  

3 1 1 . 002 . 6  . 58 
1 76 1 46 30 1 46 30 0 1 . 3  . 56 0 2 70 2 0 6  
1 1 1 75 36 7 5  3 6  0 1 . 8  1 . 06 0 372 3 3 7  
1 64 1 24 40 1 07 2 9  1 1  2 . 35 1 . 5  0 4 82 5 7 3  
1 06 8 1  25 8 0  1 9  6 2 . 08 1 . 78 0 584 5 4 0  

4 1 1 . 00 3  1 . 56 1 . 55 
1 37 1 1 0 27 56 6 2 1  1 . 23 . 43 0 7 1 2  562 
1 47 1 1 7  30 7 1  4 26 1 . 36 . 58 0 596 5 2 3  
3 5 1  244 1 07 206 1 0 1  6 2. 06 1 . 65 0 4 2 1  366 
2 64 1 90 74 1 48 1 8  56 1 . 4 1 . 7 1 0 696 506 

5 1 1 • 003 1 : 33 1 .  3 
3 6 7  300 67 2 98 3 0  37 1 . 6  1 . 35 0 3 1 2  325 
3 3 9  282 57 2 82 25 32 1 .  43 • 64 0 3 84 3 8 1  
1 84 1 54 30 1 53 1 0  2 0  1 . 43 . 68 0 4 72 4 2 9  
2 6 3  2 1 9  4 4  2 1 9  20 2 4  1 . 42 . 67 0 3 0 3  356 

6 1 2 • 003 * * 
2 5 1  1 85 66 1 84 2 9  37 2. 44 3 . 92 1 3 82 320 
2 35 1 74 6 1  1 72 3 58 2. 35 2. 59 1 793 75 1 
2 2 7 1 7 1 1 56 1 69 8 4 8 1 . 7 1 . 1 0 4 98 501  
1 85 1 4 6  3 9  1 45 8 31  1 . 56 1 . 08 0 3 77 344 

7 1 2 • 005 1 . 4 1 .  3 
4 1 8  350 68 330 68 0 1 . 5 1 . 89 0 2 72 204 
2 76 2 1 1  65 1 86 65 0 2 . 03 1 . 45 0 257 232 
223 1 81 42 1 48 42 0 1 . 4  . 72 0 2 4 0  223 
2 3 3 201 32 1 58 32 0 1 . 23 . 59 0 2 74 250 

8 1 2 . 00 5  1 . 75 1 . 8 1 
1 90 1 2 9 6 1  1 02 4 3  1 8  3 . 2 1  2 . 78 1 6 4 1  65 1 
1 89 1 44 45 1 24 40 5 1 . 88 1 . 4 8 0 638 605 
1 91 1 3 1  5 9  1 09 5 1  8 2 .  45 2. 64 1 645 588 
1 37 1 00 3 7  81 29 8 2 . 64 1 . 1 5 0 479 504 

9 1 1 . 0 1 1 . 75 1 . 75 
1 97 1 48 4 9  1 46 1 6  33 1 . 88 1 . 34 0 4 87 4 2 5  
2 62 2 1 2  5 0  2 1 2  37 1 3  1 . 43 . 8 1 0 347 3 1 7  
1 67 1 35 3 2  1 2 7  28 4 1 . 39 . 66 0 60 1 569 
1 25 1 05 21  95 18  3 1 . 3 1 . 4 8 0 637 594 

1 0  1 * . 08 1 . 78 1 . 64 
1 64 1 07 57 1 07 57 0 4 . 07 3 . 89 2 5 90 607 
1 1 0 69 4 1 69 4 1 0 3 . 73 3 . 4 1 1 72 1 783 
1 65 1 07 5 8  1 07 58 0 5 . 27 8 . 36 1 698 6 5 3  
1 1 5 75 4 0  75 40 0 3 . 08 3 . 28 0 8 8 0  880 

1 1  1 1 • 1 2 . 1 9  2 .  15 
1 4 9 1 07 4 2  1 06 20 22 2 . 63 1 . 96 0 887 7 9 1  
1 78 1 30 4 8  1 30 3 1  1 7  2 1 . 69 0 854 6 3 9  
* * * * * * * * * * *  
* * * * * * * * * * * 

1 2 1 2 • 25 2 .  1 3  2 
1 07 74 33 74 1 9  1 4  2 . 2 1 . 93 0 1 255 1 1 2 9  
1 8 1 1 22 5 9  1 22 4 1  1 8  2 . 4 6  1 . 67 0 1 04 0  87 1 
1 67 1 20 47 1 1 8 25 22 2 . 24 2 . 5 1 1 7 5 3  743 

1 3 1 2 . 5 4 . 12 4 
79 48 3 1  48 3 1  0 4 . 4 3 3 . 95 0 2329 2400 
1 34 83 51  83 5 1  0 4 . 25 3 . 59 1 1 84 0  1 84 9  
1 33 1 05 2 8  1 05 2 8  0 1 . 1:5 1 . 1 1 0 1 34 5  1 2 0 1  
1 1 8 9 3  2 5  9 3  25 0 1 . 79 1 . 25 0 1 662 1 1 62 

1 4 1 2 • 5 3 .  72 3 .  28 
1 56 1 1 1  45 1 1 1  39 6 1 .  96 1 .  4 0 1 07 3  682 
2 06 1 42 64 1 42 24 40 2 2. 06 1 1 397 1 24 6  
1 86 1 03 8 3  1 00 77 6 4 . 88 5 . 68 3 1 057 8 4 9  
1 80 97 8 3  8 8  70 1 3  5 . 1 8  8 . 3 8 2 9 2 2  829 

1 5  1 2 . 66 5 . 24 4 . 98 
1 4 5 86 59 86 57 2 2 . 68 2 . 83 1 2596 1 54 6  
1 86 1 22 64 1 2 3  57 6 2 . 37 2 0 1 693 1 3 3 4  
1 67 9 9  68 9 9  68 0 3 . 23 2 . 96 1 1 872 1 525 
99 45 54 4 5  54 0 9 1 o. 1 4  2 1 992 1 92 8  

1 6 1 2 • 6 6  4 .  45 4 .  8 
1 28 7 1  57 7 1  27 30 3 . 35 3 . 79 1 1 702 1 2 93 
1 3 4 75 59 75 10 4 9  3 . 69 3 . 98 1 1 63 8  1 270 
1 1 8 7 9  3 9  7 9  28 1 1  3 . 27 1 . 95 0 1 668 1 44 6  
1 27 9 0  37 9 0  1 5  22 2 . 06 1 . 47 0 1 254 1 1 4 0  

1 7  1 1 1 9 . 1 7  8 . 57 
83 55 28 55 28 0 5 . 6 7 . 54 1 1 992 1 799 
44 24 20 24 2 1  0 3 . 3 4 . 32 1 1 856 2066 
7 6  5 4  22 54 22 0 1 . 69 . 95 0 3 394 2463 
1 28 79 49 79 4 8 1 2 . 22 2 . 1 8  0 2735 1 54 9  

1 8  1 2 1 7 . 79 6 . 67 
1 2 1  76 45 73 3 7  4 4 . 5  5 . 89 1 2 685 3 1 0 1  
1 50 96 5 4  96 5 4  0 6 5 . 1 1 1 986 2252 
1 2 1  84 3 7  84 3 7  0 2 . 85 2 . 7 3 0 1 62 1  1 9 1 6  
7 9  64 1 5  64 1 5  0 1 . 67 . 87 0 1 692 1 83 0  

1 9 1 2 1 7 .  1 4  7 .  0 6  
1 3 3 8 0  5 3  76 2 9  2 4  2 . 79 1 . 96 0 2 78 9  2527 
6 5  3 7  2 8  3 7  9 1 9  4 2 . 94 0 1 90 8  1 6 1 5  
7 8  4 9  2 9  4 8  1 2  1 7  2 . 42 1 . 24 0 2 388 1 685 
1 05 56 49 55 22 2 7  4 . 45 3 . 36 1 1 665 1 39 3  

2 0  1 2 1 8 . 97 8 . 84 
6 9  5 1  1 8  5 1  1 8  0 1 . 8  1 . 23 0 3 9 1 1 4 32 6  
9 0  66 2 4  6 6  24 0 1 . 85 1 . 1 4 0 3296 3 4 1 4  
7 9  5 2  2 7  5 2  2 7  0 1 . 93 1 . 94 0 2396 2 8 1 1 
7 9  55 24 55 24 0 1 . 4 1 . 87 0 4 460 4 7 4 2  

2 1  1 1 1 . 25 8 . 36 7 . 65 
96 70 26 7 0  1 7  9 2 . 1 7  1 . 59 0 2224 2097 
1 05 78 2 7  78 27 0 2 . 25 2 . 05 0 2276 2035 
6 7  4 3  24 43 22 2 2 . 4 2 . 37 0 2 1 46 1 59 5  
1 09 80 2 9  7 9  2 9  0 1 .  81  1 .  2 2  0 2 4 4 0  1 67 0  

2 2  1 1 1 . 5  3 . 1 7  5 . 84 
1 80 1 1 6  6 4  1 1 6 64 0 4 3 . 2 1 1 429 905 
1 02 59 43 5 9  4 3  0 6 . 1 4  5 . 87 2 390 652 
8 6 5 1  35 5 1  35 0 3.  89 4.  89 1 1 84 9 1 4  3 8 
1 1 8 85 3 3 85 3 1  2 1 • 65 • 88 0 1 50 4 1 1 1  6 

2 3 1 1 2 1 0 . 1 6  9 . 8  
7 5  4 1  34 4 1  3 4  0 8 . 5 1 2 . 48 1 2675 3 83 3  
8 8  6 8  2 0  6 8  2 0  0 2 . 86 2 . 1 2  0 2 4 8 1  2 6 7 5  
6 8  2 0  4 8  2 0  4 8  0 2 4  3 2 . 53 1 2 6 9 4  2 1 92 
7 5  44 3 1  4 4  3 1 0 3 . 1 2 . 8 1  0 1 788 1 22 5  

2 4  1 1 2 7 . 84 7 . 26 
88 67 2 1  67 7 1 4  2 . 1 1 . 2 0 1 75 9  207 1 
1 00 74 26 7 1  7 1 9  1 . 73 1 . 58 0 1 4 8 9  1 93 0  
9 6  6 8  2 8  6 8  2 2 6  1 . 65 . 93 0 2 1 89 2 0 0 7  

2 5 1 3 2 8 . 7 9 . 4 
1 3 1  1 02 2 9  1 02 4 25 1 . 53 . 9  0 2 3 3 3  8 4 1 
85 55 30 55 1 5  1 5  3 3 . 68 1 3 1 63 2 95 0  
1 05 7 3  3 2  7 3  1 5  1 7  3 . 56 2 . 74 0 2 5 2 3  2564 
1 2 8 85 4 3  83 2 3  20 4 . 3  4 . 32 1 1 84 6  2 0 6 1  

2 6  1 2 2 6 . 38 6 . 26 
1 1 6 72 44 72 38 6 4 . 89 3 . 92 1 2 3 3 3  2 9 1 3 
7 6  3 6  4 0  36 40 0 8 1 2 . 4  1 22 1 3  2 95 7  
1 35 9 1  44 9 1  34 1 0  4 3 . 87 1 1 1 4 2  1 075 
95 62 33 62 3 3  0 3 2 . 4 1 0 2 57 3  2295 

2 7  2 2 2 5 . 79 7 . 1 6  
1 88 1 5 1 3 7  1 5 1 3 7  0 1 . 6 1 . 84 0 1 0 3 9  1 25 6  
1 04 64 4 0  64 40 0 6 . 67 7 2 1 1 93 1 80 9  
1 07 6 1  4 6  6 1  4 0  6 4 . 6  5 . 54 1 20 1 6  2 1 90 
1 4 3 1 0 1  42 1 0 1  40 2 1 . 91 1 . 63 0 2 2 3 6  20 1 8  
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2 8 1 1 2 .  5 9 .  12 8 .  85 
87 50 37 5 0  23 14 4 . 63 5 . 5  0 3303 2 72 7  
6 6  4 1  2 5  4 1  1 6  9 2 . 78 1 . 64 0 33 1 2  3204 
1 34 76 5 8  76 51 7 4 . 83 6 . 1 8  3 2036 2055 
9 1  56 35 5 6  35 0 2 . 92 3 . 85 1 2 1 63 2 1 1 6  

2 9  2 1 3 * * 
1 2 6 6 1  65 6 1  6 1  4 1 3  25 . 73 1 2 1 0 9  2 4 4 0  
8 4  5 0  34 50 32 2 4 . 25 3 . 33 0 3 1 03 3 4 1 9  

1 1 8 76 4 2  74 42 0 6 5 . 9 1 2 2 8 1 2 2256 
1 0 3 53 50 5 3  50 0 6 . 25 7 . 6 1  2 3730 2 965 

3 0 2 2 3 5 • 94 1 1 • 12 
1 6 9 57 1 1  2 57 1 1 2 0 1 1 2 0 1 1 1 7 1  20 1 7 
57 1 1  46 1 1  46 0 46 0 1 2597 3 347 
7 1  52 1 9  5 2  1 9  0 2 . 1 1  1 .  3 6  0 3 80 7  3 0 8 1  
7 4  4 6  2 8  4 6  2 8  0 4 . 67 8 . 02 1 4 52 1 5 3 0 1  

3 1  1 3 3 . 5  1 1 . 2 9 1 0 . 96 
92 5 8  3 4  5 8  34 0 2 . 83 3 . 07 1 3887 2726 
1 03 73 3 0  73 30 0 3 3 . 4 6 1 2 72 3  260 9 
8 3  54 2 9  54 29 0 2 . 07 1 . 59 0 3 1 58 2 0 1 6 
9 5  64 3 1  6 4  3 1  0 2 . 58 1 . 68 0 265 1  1 74 6  

32 1 3 4 7 .  5 1  1 1 . 64 
52 4 4 8  4 4 4  0 44 0 1 3 647 6 3 8 4  
62 55 7 55 7 0 1 . 4  . 89 0 5 56 6  6452 
6 8  5 6  12  5 6  1 2  0 1 . 5  1 . 07 0 2 785 23 1 6  
4 5  3 4  1 1  3 4  1 1  0 2 . 2 1 . 1  0 3 075 2 860 

33 2 1 4  3 . 37 1 0 . 38 
2 1  1 8  3 1 8  2 1 1 0 0 7 54 2  1 4 3 0  
9 5  9 2  3 92 3 0 1 0 0 908 703 
8 5  4 6  3 9  46 3 9  0 4 . 33 5. 22 1 1 94 6  1 3 3 9  
9 6  3 9  57 3 9  5 7  0 1 4 . 25 22 . 67 1 1 90 1  1 60 0  

3 4  1 2 4 8 . 35 8 . 96 
86 55 3 1  54 3 28 2 . 38 1 . 56 0 2 1 60 2 1 60 
8 1  63 1 8  6 3  7 1 1  1 . 5 . 67 0 3 1 73 2280 
1 2 3 94 2 9  94 5 24 1 . 93 2 . 25 0 2 1 4 1  2 1 82 
1 1 7 90 2 7  90 5 22 1 . 93 1 . 07 0 1 97 3  2056 

3 5 1 3 4 9 • 54 9 • 17  
1 57 1 06 51  1 06 41  10  5 . 1 4 . 07 2 1 56 3  1 3 83 
1 3 3 94 3 9  94 3 9  0 3 3 . 8 3 1 2 1 5 1  2 1 58 
1 2 1 9 1  30 9 1  24 6 3 . 3 3 3 . 24 1 2056 2 3 37 
1 27 80 47 80 47 0 4 . 7  5 . 08 1 1 0 1 6  1 62 9  

3 6  1 3 5 8 . 89 1 0 . 64 
72 44 28 44 28 0 5 .  6 5 .  4 1  1 5834 1 0 1 3 1 
6 7  60 7 60 7 0 1 0 0 6 2 78 1 3020 
73 55 18 5 5  1 8  0 2 1 . 5 0 2 1 20 2 3 8 1  

67 4 2  25 4 2  2 5  0 2 . 7 8  2 . 54 0 3 1 82 2 87 0  
3 7 1 3 5 1 0 .  3 1 1  • 6 5  

4 7  22 2 5  22 25 0 2 5  0 1 4 1 00 3 9 1 8 
8 0  5 6  24 5 6  24 0 2. 6 7  2 . 35 0 254 3 2 6 9 1  
8 0  42 3 8  4 2  3 8  0 4 . 75 5 . 57 1 2650 2403 
95 56 3 9  5 6  39 0 3 . 55 4 . 59 1 2260 2 1 3 1 

3 8  1 3 5 9 . 09 1 0 . 40 
80 39 4 1  3 9  4 1  0 5 .  86 5 .  30 1 2262 2 1 0 1  
1 04 76 2 8  7 6  28 0 2 . 33 1 . 6  0 2098 1 47 8  
7 7  27 50 2 7  5 0  0 8 . 3 3 1 7 . 4 8 1 2 4 5 9  2287 
1 1 8 67 5 1  67 5 1  0 7 . 29 6 . 7 3 2 2 3 98 2506 

3 9 1 3 6 1 0  8. 26 
97 46 5 1  46 51 0 8 . 5 1 4 . 58 1 2 2 87 2 1 26 
8 9  70 1 9  70 1 9  0 2 . 38 1 . 77 0 2 4 75 2258 
9 1 56 35 56 35 0 3 . 5  4 . 4 9 1 2 8 4 4  2828 
8 7 57 30 5 7  3 0  0 3 .  75 3 .  2 0 1 92 4  2000 

4 0 2 3 6 * 9 .  67 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0  
82 50 32 5 0  1 6  1 6  4 2 . 45 0 3285 3264 
5 5  2 8  27 2 8  1 9  8 5 . 4 3 . 1 3  0 4 508 3732 

42 1 2 10 5 . 57 5 . 54 
86 60 26 60 23 3 2 1 .  53 0 2 1 70 1 4 1 6  
7 1  42 2 9  4 2  23 6 1 1  4 . 1 5  1 2 305 2243 
7 0  35 35 3 5  25 10  4 . 38 7 . 6 1 2256 2 3 70 
7 2 48 24 4 8 1 5 9 2 .  1 8  1 .  54 0 2206 1 790 

4 3 1 2 12 9 .  57 1 0.  1 3  
7 0  5 3  1 7  5 2  0 1 7  2 . 1 3  1 .  7 3  0 3 7 1 7 4 0 92 
5 6  38 1 8  37 1 1 7  2 . 25 1 . 28 0 3700 3783 
53 36 17 3 6  1 16 2 . 1 3  1 .  36 0 4038 3 1 66 
5 7  37 20 37 0 20 5 2 . 3 1 0 3 7 5 1  2 1 1 4  

4 4  1 3 1 2  1 0  1 0 . 6 
7 1  5 1  20 50 1 1  9 4 5 .  1 1 2623 2893 
57 42 1 5  42 1 1  4 7 . 5 . 7 1 0 4 87 8  5799 
9 1  7 3  1 8  73 12 6 1 . 2 9 . 6 1 0 3 1 44 3 1 6R 
3 8 2 4 1 4  2 3 1 1 3  3 .  5 3 .  1 1  0 3 897 4 1 88 

4 6 1 3 1 4 7 . 25 ? . 1 0  
9 6  7 0  2 6  70 2 6  0 1 . 86 1 . 7  0 1 4 30 1 450 
9 9  66 33 66 33 0 3 2 . 37 0 1 98 8  23?3 
1 24 99 25 99 25 0 1 .  5 6  1 .  15 0 1 982 2272 
1 1 5 83 22 83 22 0 1 • 3 8  • 72 0 1 735 1 922 

47 2 2 1 5  4 . 2  1 1 . 54 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 

62 42 20 42 1 1 9  3 . 3 3 2 . 58 0 2629 2 4 83 
1 1 5 78 37 78 1 4  23 4 . 63 4 . 03 0 2790 2 77 0  

4 8 1 3 1 9 1 2 .  1 9  1 1 . 65 
6 8  4 6  22 4 6  13 9 3 . 6 6 4 . 23 1 2309 2 1 08 
97 86 1 1  86 2 9 1 . 83 . 98 0 1 725 1 84 4  
1 03 7 2  3 1  7 2  1 6 1 5  1 . 72 . 96 0 2 3 5 9  1 98 1  
1 23 99 2 4  99 2 3  1 1 . 4 1 . 79 0 2752 2 1 4 3  

4 9 2 1 20 3 .  58 1 1 . 7 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
1 04 50 54 50 54 0 6 7 . 63 1 2 860 2850 
1 08 68 4 0  26 3 6  0 4 4 . 4  1 5 4 1 8  3298 

5 0  1 2 25 9 . 65 9 . 5  
5 5  35 20 35 2 0  0 5 4 . 9  1 267 1 259 1 
8 1  50 3 1  50 3 1  0 3 . 1 2 . 42 0 2555 1 895 
7 2  4 3  2 9  43 1 6  1 3  2 . 9  2 . 38 0 4088 3583 

60 4 0 2 0  40 14  6 2 . 5 2 . 1 4  0 4 2 1 9  4093 
5 1  1 2 25 1 0 . 38 9 . 2  

1 1 6 84 35 8 4  35 0 2 . 5 2 . 2 1 0 3574 3 352 
7 0  4 0  30 40 3 0  0 3 . 75 3 . 75 1 3 1 1 6  2855 
80 5 8  22 5 8  22 0 2 . 2  2 . 1 5  0 359 1 2 85 8  
1 1 2 66 4 6  6 6  4 6  0 3 . 83 3 . 46 1 324 1 2 9 1 5 

5 2  1 2 25 8 . 24 8 . 59 

90 65 24 6 5  9 1 5  4 2 . 83 0 3054 2456 

1 1 5 8 3  32 82 9 2 3  5 . 33 7 . 42 1 3508 3 0 3 5  
1 20 88 32 8 6  9 23 2 . 9 1 3 . 5 1 1 1 804 2068 
1 34 1 03 31  1 03 3 28 1 . 72 . 89 0 1 80 8  1 79 6  

5 3  1 2 25 4 . 5  4 . 6 1 
1 3 1  97 34 97 34 0 2 . 1 3  2 . 28 0 1 697 1 70 8  
1 06 7 8  2 8  7 8  28 0 2 . 1 5  1 . 52 0 1 57 9  1 67 8  
9 4  66 2 8  6 6  2 8  0 2 . 33 1 . 67 0 1 794 1 03 8  
1 54 1 1 2 4 2  1 1 2 4 2  0 2 . 33 2 . 5  0 1 500 1 40 1  

5 4  1 2 2 5  * * 

7 1 62 9 62 9 0 2 . 25 . 96 0 2 996 2462 
6 4  63 1 6 3  1 0 1 0 0 2532 2 3 0 9  
1 22 93 2 9  9 3  2 9  0 2 . 07 1 . 07 0 2 2 6 1  1 6 1 6  
9 0  67 23 67 23 0 2 . 3 1 . 83 0 2 6 4 3  1 84 5  

5 6 1 3 1 0 6 . 7 1 6 . 74 

1 4 1  1 0 1  40 1 0 1  40 0 2 . 86 2 . 6 0 2 4 8 5  2 5 1 6  
1 1 7 90 2 7  90 27 0 1 . 59 1 . 1 8 0 1 9 1 0  2482 
1 62 97 6 5  97 51 1 4  3 . 42 2 . 63 1 2 6 4 6  2 5 9 7  
1 02 54 4 8  54 4 3  5 4 . 36 4 . 0 1 0 2 7 9 4  2 4 6 7  
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1 1 2 - . 1 6  . W( . 46 
1 1 3 1 02 1 1  1 02 1 1  0 1 . 22 • 44 0 368 3 1 7  
9 0  8 3  7 83 7 0 1 . 4  . 55 0 4 1 1  287 
1 9 1 1 56 35 1 5 1 31 4 1 . 59 . a o 3 5 5  3 oa 
3 1 0  240 70 2 37 67 3 1 . 89 1 . 3 9 0 � 3 3  3 5 1  

2 1 1 . 00 1 . 83 . 8  
1 4 3 95 48 9 3  35 1 3  3 3 . 98 1 7 4 8  3 8 3  
1 90 1 09 8 1  1 08 64 1 7  5 . 4 8 . 47 3 7 2 2  4 92 
1 2 1  64 57 63 36 2 1  5 . 1 9  8 . 95 2 6 1 6  4 35 
1 2 1  89 32 87 23 9 2 . 67 2 . 6 1 0 599 4 5 7  

3 1 1 , 002 . 24 . 23 
1 3 2 92 40 92 40 0 2 . 22 1 . 8  0 353 2 6 8  
1 67 1 1 7 5 0  1 1 7 50 0 4 . 1 7  5 . 25 1 5 1 2  3 3 6  
2 79 1 75 1 04 1 75 1 0 4  0 4 .  7 3  9 .  7 7  2 3 32 2 3 0  
1 75 1 08 6 7  1 08 6 7  0 5 . 1 5  9 . 4 �  1 3 1 1 2 3 2  

4 1 1 . 0 0  3 1 . 1 2  • 90 
1 2 4 95 2 9  55 28 1 1 .  93 1 .  1 0 796 6 8 3  
1 35 1 1 4 2 1 9 3 1 7  4 1 . 5 . 76 0 904 7 4 5  
2 75 206 6 9  1 70 60 9 1 . 82 1 . � 1 0 5 4 4  1152 
1 57 1 08 4 9  75 48 1 2 . 4 5  2 . 35 0 5 9 8  4 3 8  

5 1 1 . 00 3  . 68 . 72 
2 6 3  2 1 7  4 6  2 1 7  1 5  3 1  1 . 77 1 . 58 0 5 1 8  3 3 7  
1 98 1 54 4 4  1 54 1 5  2 9  1 . 83 1 . 3 7  0 5 1 0 383 
1 4 1 1 2 2  1 9  1 22 13  6 1 . 1 9 . �  0 4 4 3  221  
2 03 1 73 30 1 73 1 1  1 9  1 . 25 . 44 0 625 4 1 2  

6 1 2 • 005 * * 

2 3 9  207 3 2  207 32 0 1 . 23 . � 3  0 4 2 6  1 93 
1 4 9 1 28 2 1  1 28 2 1  0 1 . 3 1 1 . 0 1  0 4 98 227 
323 2 62 61 262 6 1  0 1 . 42 . 70 0 4 1 1  253 
2 93 234 59 234 59 0 1 . 3 1 . 56 0 464 2 84 

7 1 2 • 005 • 64 • 8 
1 59 1 1 2 47 1 05 47 0 2 . 1 4 1 . 73 0 5 1 7  3 9 1  
1 87 1 44 4 3  1 34 4 3  0 1 . 59 . 89 0 4 7 4  3 1 1  
1 70 1 35 35 1 35 35 0 1 . 52 . 66 0 8 5 9  2 96 
1 50 1 2 6  24 1 1 4 24 0 1 . 6  . 8 3 0 6 1 4  4 4 6  

8 1 2 • 0 0  5 . 9 6  • 97 
1 8 4 1 34 50 1 2 9 3 1  1 9  2 . 27 2 . 4 7  1 596 387 
2 82 208 7 4  208 42 32 2 . 7 4  2 . 6 1  1 5 82 362 
1 87 94 93 94 66 27 3 . 88 4 . 38 1 1 4 3 8  6 4 1  
1 1 9 7 3  4 6  6 6  26 20 2 .  0 9  2 .  2 1 1 268 720 

9 1 1 • 0 1 1 • 22 1 . 27 
* • * * * * • • * * * 
* * * * * * * * * * * 
1 60 1 22 3 8  1 22 35 3 1 . 9  1 . 68 0 977 535 
1 82 1 42 4 0  1 42 29 1 1 2 1 . 3  0 8 1 1 4 7 1  

1 0 1 * . 0 8  1 • 3 1 
9 1  64 27 64 27 0 2 . �5 2 . 66 0 1 1 1 2  7 � 3  
1 88 1 52 36 1 52 36 0 1 . 64 1 . 29 0 1 054 7 8 1 
1 57 1 03 24 1 0 3  1 8  6 1 . 4 1 . 87 0 786 523 
99 8 4  1 5  82 1 1  4 1 . 25 . 62 0 889 575 

1 1  1 1 • 1 1 . 1  1 .  04 
1 7 5 1 1 3  62 1 1 3  2 7  35 2 . 82 2 . 84 0 8 6 1  453 
1 64 1 09 5 5  1 0 9 3 4  21 5 9 .  69 1 763 463 
2 3 9  1 92 � 7  1 9 1 41  6 1 . 68 1 . 28 0 670 3 4 9  
1 62 1 3 3 2 9 1 33 1 6 1 3  1 . 32 . 48 0 8 6 1  4 5 4  

1 2  1 2 . 25 1 . 07 1 
1 4 3 1 02 4 1  1 02 33 8 2 .  05 2 .  06 0 1 03 2  6 1 3 
1 1 2 83 29 83 1 7  12 1 .  8 1  • 91 0 1 309 6 92 
1 65 1 30 35 1 30 2 0  1 5 1 .  75 1 .  27 0 1 23 3  63 1 
1 49 1 1 7 32 1 1 7 12 2 0 1 . 23 . 4 3 0 1 1 98 6 3 8  

1 3 1 2 • 5 2 .  3 4  2 .  3 9  
94 6 7  2 7  6 7  2 7  0 1 • 9 3  1 .  3 8  0 1 756 1 1 30 
1 1 5 81 34 8 1  34 0 1 . 55 . 8  0 1 54 1  1 1 52 
7 1  4 7  24 4 7  24 0 2 . 1 8  2 . 011 0 2 1 6 1  1 4 89 
1 08 7� 3 4  7 4  3 �  0 2 . 62 2 . 02 0 1 99 8  1 730 

1 4 1 2 • 5 2 . 1 3 2. 34 
1 27 91 36 70 28 8 2 . 0 1 . 53 0 1 56 9  764 
1 47 1 07 4 0  1 04 3 8  2 3 .  64 5 .  21l 1 1 20 1  829 
1 82 123 5 9  1 1 4 55 4 1 . 97 1 . 73 0 1 52 3  8 5 3  
1 53 1 1 8  3 5  1 07 2 4  1 1  1 . 46 . 66 0 1 40 1  1 0 9 1  

1 5  1 2 . 66 2 . 51l 2 . 42 
1 6 1 4 /l 1 1 7 4 4 1 02 
1 1 1  98 1 3  98 1 0  3 
1 30 1 06 24 1 06 24 
1 04 66 3 8  6 6  35 3 

1 6 1 2 . 66 2 .  3 7 2 .  96 

1 5  1 6 . 7 1 
2 . 6 1 . 67 
0 1 .  71 1 
2 .  0 1 .  67 

4 1 .  1 1 
0 2023 
0 1 694 
0 2 3 3 8  

2 350 
1 6 1 5  
1 085 
1 4 90 

53 4 0 1 3  4 0  6 7 1 . 44 . 73 0 3 870 1 3 4 3  
1 1 3 88 2 1  8 8 1 7  4 2 . 1 1 . 79 0 1 293 1 04 8  
1 0 7  8 3  2 4  7 2  1 9  5 1 .  2 • 5 2  0 1 1 9 1  1 2 4 8  
1 2 8 9 0  3 8  8 6  3 1  7 2 . 0  1 . 76 0 1 27 4  1 2 3 1  

1 7  1 1 1 5 .  2 4 .  1 2  
7 2  3 9  3 3  3 9  3 3  0 2 . 54 2 . 93 1 3 0 1 8  2 3 85 
7 8  55 23 3 7  22 0 2 . 88 5 . 3 1 2 62 7  2 4 37 
1 03 77 26 77 26 0 1 . 63 . 62 0 234 9 1 7 1 6  
1 00 75 2 5  75 25 0 1 . 92 1 . 1 2 0 1 95 8  1 268 

1 8  1 2 1 2 . 89 2 . 4 9 
8 9  50 39 5 0  39 0 4 . 88 7 . 2  1 996 1 1 3 0  
9 5  65 3 0  6 5  3 0  0 5 9 . 32 1 1 87 4  1 50 8  
8 1  60 2 1  60 2 1  0 1 . 75 1 . 06 0 1 386 6 6 9  
7 2  4 9  2 3  4 9  2 3  0 1 . 92 1 . 1 6 0 354 6 H i 1 2  

1 9 1 2 1 2 . 69 2 .  9 

1 22 3  

1 4 0 8 3  5 7  7 9  1 3  4 4  3 . 56 3 . 3 9 
8 9  58 3 1  58 0 3 1  3 . 4 4 3 . 6 1  0 
9 5  68 27 65 4 23 2 . 25 1 . 54 0 
8 3  58 25 55 6 1 9  2 . 27 1 . 27 0 

1 1 80 3  1 3 82 
1 62 3  1 53 7  
1 4 6 1  1 05 6  
1 376 1 0 1 3  

2 0 1 2 1 3 .  25 3 .  35 
1 1 8 78 40 78 40 0 2 . 5 2 . 37 0 1 1 74 5 2 1 5  
1 05 47 58 4 7  5 8  0 4 , 46 4 ; 58 2 4 0 6 3  2 1 35 
1 46 1 07 39 1 07 3 9  0 1 . 86 1 . 0 1  0 2 304 1 72 7  
8 7  6 6  2 1  6 6  2 1  0 1 . 5  1 . 1 6 0 2634 2 42 5  

2 1  1 1 1 . 25 4 . 1 6 4 . 67 
7 4  59 1 5  59 1 5  0 1 . 36 . 92 0 2 0 6 1  1 87 4  
8 1  6 3  1 8  6 3  1 8  0 1 . 64 . 92 0 2 3 87 2063 
1 4 9 1 1 6 3 3  1 1 6 33 0 2 . 06 3 . 53 1 2 1 78 2042 
7 1  49  22 4 9  22 0 2 . 4 4 1 . 59 0 2 7 9 8  1 84 6  

2 2  1 1 1 . 5  1 . 3  3 . 29 
1 3 9 86 53 86 29 24 1 0 . 6  1 0 . 92 2 5 4 4  2092 
6 7  5 1  1 6  5 1  1 6  0 2 . 2 9 1 . 98 0 607 1 60 9  
1 24 7 8  4 6  7 8  4 2  4 2 . 88 1 . 93 0 2066 1 1 47 
1 36 98 3 8 98 38 0 2 .  1 1  1 .  28 0 2 077 1 270 

2 3 1 1 2  4 . 1 7 5 . 1 2  
* * * * * * * * * * * 
* * * * * • * • * * * 

5 7  4 1  1 6  4 1  1 6  0 2 . 67 2 . 66 0 2 93 5  2554 
7 7  54 2 3  5 4  23 0 2 . 56 1 . 8 1 0 334 1 3036 

2 4 1 1 2 3 • 35 3 • 4 1 
1 84 1 45 3 9  1 45 3 1  8 1 . 44 . 75 0 1 577 1 2 7 1  
9 5  6 9  2 6  6 9  2 6  0 3 . 25 2 . 76 0 2 1 2 9  2 02 5  
1 30 1 02 2 8 1 00 1 5  1 3 1 .  75 2 .  2 7  0 1 842 1 6 0  1 
1 1 7 9 9  1 8  99 1 8  0 1 . 1 3  . 34 0 1 77 3  1 1 3 8 

2 5  1 3 2 3 . 4 9 3 . 62 
1 0 1  56 45 54 29 1 6  9 8 . 0 9  2 2 1 93 1 94 1  
8 1  67 1 4  5 8  1 1  3 5 6 . 93 1 2 085 2085 
86 66 20 5 8  5 15 2 . 5 1 . 93 0 2226 1 67 0  
1 1 1 89 22 8 3  7 1 5  1 . 47 . 64 0 282 5  2 4 6 1  

2 6 1 2 2 2 .  55 3 .  65 
8 9  5 8  3 1  5 8  3 1  0 2 . 58 1 . 98 0 1 81 3  1 53 8  
9 6  6 2  3 4  6 2  3 4  0 2 . 27 1 . 28 0 2 89 3  1 97 5  
8 7  72 1 5  7 2  1 5  0 2 . 1 4  1 . 4 6 0 255 4 3 2 82 
5 1  25 26 2 5  26 0 5 . 2  9 . 3 9  1 3 32 1  4 3 4 9  

2 7 2 2 2 2 • 5 3 .  32 
1 4 3 62 81 62 81 0 1 1 . 57 1 4 . 64 3 1 1 4 9  1 8 1 0  
1 3 1 98 3 3  98 3 3  0 2 . 06 2 . 1 1  0 1 1 85 2 0 3 1 
7 4  4 8  26 4 8  26 0 4 . 33 6 . 74 1 1 87 9  1 54 2  
1 06 58 4 8  5 8  4 8  0 2 . 82 4 . 1 1 2 1 8 1 9 9 4  
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2 8  1 1 2 .  5 5 . 2 6 5 . 53 
62 4 9 1 3 4 6 1 0 3 1 • 6 3 . 92 0 2 8 1 2  2 4 4 4 
1 37 63 74 58 52 22 1 4 . 8 2 4 . 9  1 2 95 2  2 1 64 
7 1  47 24 47 24 0 2 . 67 3 . 94 1 3 1 0 1  2747 
1 2 3 81  4 2  77 35 7 3 2 . 45 0 240 1 2047 

2 9  2 1 3 • •  
8 6  48 38 4 8  3 8  0 5 . 4 3 8 . 7 1 3 807 3 0 1 2  
85 5 9  26 5 9  26 0 2 . 89 2 . 42 0 2 478 2472 
1 1 4 72 42 72 42 0 3 . 82 3 . 87 1 2 985 2 1 1 8  
7 8  47 3 1  47 3 1  0 2 . 2 1  2 .  6 1  1 2 92 8  1 605 

3 0 2 2 3 1 .  62 5. 03 
1 90 1 1 9 7 1  1 1 9 70 1 1 0 . 1 4  1 2 . 2  2 1 558 9585 
2 1 0 1 3 3 77 1 33 77 0 4.  81  9.  6 6  1 7664 82 32 
1 24 66 58 6 6  57 1 9 . 67 1 � . 6 1  1 2 962 2 892 
8 8  5 9  29 59 29 0 2 . 64 1 . 75 0 2836 2844 

31  1 3 3 . 5  5 . 9 4 . 76 
1 1 1 82 2 9  82 29 0 2 . 07 1 . 82 0 2 682 2 3 65 
6 1  45 1 6  4 5  1 6  0 2 1 . 85 0 3 566 3 1 1 3 
1 1 4 94 20 94 20 0 1 .  4 3  . 86 0 2 435 2 1 97 
75 4 9  26 4 9  26 0 1 . 86 1 . 23 0 2440 2042 

32 1 3 4 2 . 74 4 . 79 
4 7 4 43 4 4 3  0 1 0 1 6285 6 93 6  
4 8 4 1  7 4 1  7 0 1 0 0 8783 6255 
46 32 14 3 2  14 0 2 .  3 3  1 .  7 5  () 3 954 32 1 0  
1 00 64 3 6  6 4  3 6  0 3 . 27 3 . 7 7 1 2 990 2400 

3 3 2 1 4 1 .  23 5 .  05 
1 4  7 1 47 0 1 47 0 0 0 0 0 1 583 * 
6 9  6 9  0 6 9  0 0 0 0 0 � 1 4 * 
8 0  5 1  29 5 1  2 9  0 4 .  1 �  3 .  98 1 2474 270 1 
6 5  60 5 6 0  5 0 1 . 25 . 5  0 3 047 2548 

3 4  1 2 4 5 . 3  5 . 32 
1 1 4 8 1  33 77 20 1 3  2. 2 2 . 5 1 1 3029 1 50 1  
8 2  5 7  2 5  5 5  1 1  1 4  1 . 7 9  1 . 1 2 0 2 252 1 47 9  
1 3 9 92 4 7  92 27 2 0  2. 7 6  2 . 97 1 1 83 3  1 374 
8 3  5 3  30 53 9 21  2 . 5  1 . 88 0 3 2 4 9  20 1 6  

3 5  1 3 4 3 . 86 3 . 9 
1 08 5 1  57 5 1  4 9  8 1 � . 25 1 2 . 6 2 1 93 9  2706 
7 2  3 7  35 3 7  2 3  12  7 6 . 2  2 2727 2463 
1 4 1  84 57 84 57 0 5 . 1 8  7 . 0 1 2 1 886 1 65 5  
1 4 4 1 0 1  4 3  1 0 1  4 3  0 3 . 07 3 . 22 1 2 3 5 5  1 80 8  

3 6  1 3 5 2 . 52 4 . 37 
66 5 9  7 5 9  7 0 1 . 5  . 58 0 3 9 1 8 8770 
1 0 9 1 08 1 1 08 1 0 1 0 0 2522 1 96 9  
7 7  6 3  1 4  6 3  1 4  0 2 .  3 3  1 . 86 0 2 94 2  2 1 35 
70 54 1 6  54 1 6  0 1 . 78 . 97 0 1 77 8  1 44 9  

3 7  1 3 5 1 . 36 4 . 47 
4 7  22 25 22 25 0 25 0 1  4 1 00 3 9 1 8 
8 0  56 24 56 24 0 2 .  6 7  2 . 35 0 254 3 2 6 9 1  
8 0  4 2  3 8  4 2  3 8  0 4 .  7 5  5 .  57 1 2650 2 4 0 3  
9 4  56 3 9  5 6  3 9  0 3 . 54 4 . 59 1 2260 2 1 3 1 

3 8  1 3 5 4 . 03 4 . 2 6 
80 3 9  4 1  3 9  4 1 0 5 .  86 5 .  3 1 2262 2 1 0 1  
1 04 76 28 7 6  28 0 2 . 33 1 . 6 1 0 2098 1 478 
77 2 7  5 0  27 5 0  0 8 .  33 1 7 .  4 8  1 2 4 5 9  2 2 87 
1 1 8 67 5 1  67 51 0 7 . 29 6 . 7 3 2 2 3 98 2506 

3 9 1 3 6 4 .  03 4.  4 1  
1 1 4  54 60 54 60 0 1 2 1 6 . 2 1 2 1 80 9 1 785 
8 4  66 1 8  66 1 8  0 2 . 25 2 . 05 0 1 55 3  1 303 
90 6 3  27 63 27 0 3 .  38 3. 85 1 2036 1 765 
1 27 84 43 84 �3 0 1 . 79 1 . 4 1 0 1 888 1 47 1  

4 0  2 3 6 * 5 .  7 9  
0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0  
1 09 8 1  2 8  80 1 4  1 4  1 . 87 1 . 25 0 1 83 9  1 46 3  
9 5  6 5  30 6 5  20 1 0  3 . 33 3 . 08 1 2 4 2 4  2 1 25 

4 1  1 3 7 4 . 29 4 . 6 1  
1 0 5 74 3 1  7� 3 1  0 3 . 44 3 . 4 1 2 5 1 4  2098 
8 1  6 3 1 8  6 3 1 8 0 4 . 5  4 . 36 0 3 990 2 4 4 7  
8 6  6 1  2 5  6 1 2 5  0 2 . 27 2 . 1 5  0 2667 1 82 9  
6 3  4 3  2 0  4 3 2 0  0 2 . 86 2 . 85 0 2432 1 82 9  

4 2 1 2 1 0  2 .  0 9  2 .  24 
64 44 20 44 20 0 1 . 4 3 0 3 3 1 0 2090 
38 2 9  9 2 9  9 0 1 . 2 9 0 2883 1 65 1  

8 2  6 4 1 8  6 4  1 8  0 1 . 64 0 2 2 3 1  1 32 1  
5 7  2 5  3 2  2 5  3 2  0 6 . 4  1 4 0 0 9  2579 

4 3 1 2 12 3.  84 4.  74 
66 39 27 3 9  4 23 3 . 86 5 . 0 1  1 5 985 4 94 0  
7 5  4 9  26 4 9  0 2 6  2 . 36 2 . 0 6  0 4 98 1  3754 
9 7  6 8  2 9  68 6 23 1 .  8 1  1 .  22 0 747 676 
9 2  6 5  27 6 5  4 23 2 . 45 1 . 8 1 0 4006 3 0 1 6  

4 4 1 3 1 2  3 .  58 4 . 28 
68 34 34 34 22 1 2  1 7  2 1 . 2 1 1 5 1 89 7580 
73 2 9  44 2 9  25 1 9  1 1  1 6 . 25 1 1 622 2335 
1 1 2 85 27 85 6 21  3 . 38 4 . 44 1 1 99 3  2273 
1 03 75 26 75 7 21  2 . 8  3 . 3 9  1 2067 2540 

4 5  1 2 12  • * 
go 57 33 55 30 3 2 . 54 2 . 9 1 2038 1 882 
8 1  5 6  25 50 25 0 3 . 57 5 . 53 1 2 1 69 2 1 08 
7 5  4 9  26 4 9  26 0 2 . 6  1 . 9  0 2 65 3  2452 
6 5  4 9  16 4 8  16 0 2 1 . 6  0 2275 2 684 

4 6 1 3 1 4 2. 86 3 • 1 
1 7 1  1 50 2 1  1 50 2 1  0 1 . 1 7 0 1 888 1 257 
1 2 7 89 3 8  89 3 8  0 2 . 7 1  1 2206 1 4 8 9  
9 2  68 2 4  6 8  24 0 1 .  7 1  0 1 742 1 1 92 
1 08 83 25 83 25 0 1 . 47 0 1 57 9  982 

47 2 2 1 5  1 5 . 06 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
7 6  69 7 65 1 6 2 . 3 3  . 58 0 2840 1 92 1  
1 00 78 22 72 2 20 2 . 44 1 . 88 0 244 9 2 1 24 

4 8  1 3 1 9  5 4 . 62 
1 38 1 1 1  27 1 1 1  27 0 2 . 25 2 . 1 4  0 2 1 1 1  1 68 4  
6 6  50 2 1  5 0  1 7  4 7 7 . 8 1 1 2 82 4  2293 
1 1 3 89 24 8 9  2 4  0 1 . 4 1 . 1 8 0 2 1 4 0 1 63 4  
93 85 8 85 8 0 1 .  1 4  . 3 8  0 2387 1 4 93 

4 9 2 1 20 1 .  33 6 .  1 1  
0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 

79 62 1 7  62 1 7  0 1 . 7  1 . 06 0 281 6 2 1 3 8 
6 3  62 1 62 1 0 1 0 0 3 1 7 1 3456 

5 0  1 2 25 2 . 6 3 . 47 
93 5 1  42 5 1  42 0 7 1 3 . 25 1 3023 2566 
71  37 34 37 34 0 6 . 8 5 . 07 2 2 63 3  2 1 78 
6 1  34 27 3 4  25 2 9 6 . 24 1 2 225 2558 
58 25 3 3  2 5  32 1 4 . 7 1 5 . 5 9 1 3342 2655 

5 1 1 2 25 3 . 92 4 . 1 6  
3 6  1 5  2 1  1 5  2 1  0 7 6 . 93 1 5 2 1 1  5323 
7 5  60 1 5  6 0  1 5  0 5 6 . 93 1 3689 3938 
83 47 36 4 7  3 6  0 3 . 6 6 . 2 6 1 3002 2 4 4 9  
6 3  3 6  2 7  5 6  2 7  0 2 . 7 2 . 87 0 2 89 4  2 1 45 

5 2  1 2 25 2 .  1 3 .  92 
5 9  35 24 32 3 2 1  1 2 . 0 1 4 . 1 4  1 3735 6 6 2 0  
7 9  3 9  40 3 3  2 4  1 6  6 . 67 1 0 . 46 1 2 362 3 1 1 0  
1 1 2 85 2 7  83 1 1  1 6  1 . 5  . 86 0 3206 2 6 1 2  
9 7  8 1  1 6  8 1  2 1 4 1 . 6  . 7  0 2553 2 1 4 3  

5 3  1 2 2 5  2 . 45 2 . 5 
1 32 9 1  42 9 1  42 0 3 . 23 2 . 52 0 1 82 8  767 
1 1 5 88 2 7  88 2 7  0 2 . 7  3 . 33 0 1 990 1 3 84 
1 1 5 78 3 7  7 8  37 0 1 . 76 1 . 22 0 1 66 1  955 
1 3 8 1 1 1  2 7  1 1 1 2 1  6 1 . 35 . 59 0 1 592 8 1 7  

5 4  1 2 2 5  3 . 77 3 . 98 
7 1  62 9 62 9 0 2 . 25 . 96 0 2 996 2 4 62 
6 4  63 1 6 3  1 0 1 0 0 2 5 3 2  2 3 0 9  
1 22 93 2 9  9 3  2 9  0 2 . 07 1 . 07 0 2 2 6 1  1 6 1 6  
90 67 2 3  6 7  23 0 2 . 3 1 . 83 0 2643 1 84 5  

5 5  1 * 2 5  • * 
62 27 35 2 7  35 0 1 8 . 1 5  2 4 7 4 2  4 2 1 1 
6 8  2 1  47 2 1  47 0 1 5 . 67 1 9 . 4  1 5 7 7 6  4 3 2 7  
7 5  44 3 1  44 3 1  0 2 . 2 1 3 . 1 7  1 5 4 3 8  2 5 2 5  
9 3  60 33 60 3 3  0 2 . 36 1 . 82 0 2 997 2 2 96 



1 6 3  

5 6  1 3 1 0  3 . 74 3 . 87 
8 3  55 28 55 24 4 2 . 8 4 . 3U 1 2 958 2 1 56 
8 1  4 8  33 4 8  29 4 2 . 75 2. 93 0 3 1 73 2 1 04 
7 4  6 1  1 3  6 1  9 4 1 . 63 1 . 4 1 0 2 425 2 11 4 9  
1 02 8 4  1 8  8 4  1 4  4 1 . 5  . 9  0 2282 1 70 2  

T r a n v er se a r yt e n o i d  m u sc l e .  

6 1 2 • 005 * * 
1 86 1 4 1  45 1 4 1  45 0 1 .  8 1 • 1 5 0 4 1 9  3 1 2  

2 34 1 46 8 8  1 46 8 8  0 3 . 26 3. 54 2 4 1 7  238 
2 09 1 57 52 1 55 3 9  1 5  1 . 4 1 . 9  0 522 1 78 
1 7 1 1 26 45 1 26 45 0 1 . 55 1 . 09 0 4 83 1 77 

2 0 1 2 1 2 . 1 2 . 1 9  
1 1 2 93 1 9  9 3  1 9  0 1 . 46 . 66 0 1 32 8  7 4 6  
1 02 6 2  40 6 2  40 0 1 . 9  . 83 0 2 5 0 4  1 0 36 
66 41  25 4 1  25 0 2. 78 3 0 2 354 1 00 9  
6 0  44 1 6  4 4  1 6  0 1 . 78 1 . 09 0 2 8 1 0 1 465 

2 6 1 2 2 2 . 8 2 . 3 9  
9 7  4 3  5 4  4 3  5 4  0 6. 75 1 0. 75 2 1 223 1 096 
72 54 18 54 1 8  0 2 . 57 2. 9 4  0 2202 1 73 5  
7 6  42 3 4  42 2 8  6 2 . 62 2. 9 3  0 2 1 77 1 5 3 8  
7 7  4 4  3 3  4 4  2 9  4 3 . 3  2 . 9 1  0 2 874 1 562 

2 7 2 2 2 2 . 4 2 . 4 1  

9 6  7 1  2 5  7 1  2 5  0 1 . 92 1 . 44 0 1 324 1 1 6 1  
1 1 2 8 4  2 8  8 4  2 8  0 1 .  47 • 8 4  0 890 936 
9 1  62 2 9  6 2  26 0 2. 2 3  1 . 3  0 1 689 1 04 4  
6 3  35 28 3 5  25 3 2 . 8 2 . 53 0 3248 1 69 7  

2 9  2 1 3 * * 
84 4 9  35 4 9  3 0  5 3 . 8 9  3 . 98 1 2476 1 90 9  
8 5  5 2  3 3  5 2  2 9  4 3 2 . 5 3 0 2 2 1 4  1 84 6  
1 24 8 3  4 1  83 4 1  0 2 . 05 1 . 73 0 2 2 3 3  2 5 7 4  
7 6  46 30 4 6  30 0 2 . 73 3 . 85 1 4605 4 5 95 

30 2 2 3 1 . 57 3 . 26 

92 73 1 9  73 1 6  3 3 . 8 11 . 38 1 1 1 82 2276 
65 47 18 4 7  1 7  1 1 . 64 1 . 03 0 1 42 7  2 87 8  
7 5  5 8 1 7  5 8  1 7  0 1 . 7 1 . 06 0 2 3 1 6  1 63 1  
6 9  4 8 2 1  4 8  2 1  0 2 . 1 1 . 85 0 2 1 77 1 1 69 

3 4  1 2 4 1 . 8 2 . 4 9  

4 8  3 0  1 8  30 4 1 4  2 . 57 2 . 64 0 1 84 7  1 327 
6 7  55 12 55 0 1 2 1 . 7 1 . 95 0 2 452 1 2 4 5  
1 03 73 30 7 2  1 3  1 7  1 . 88 1 . 3 1 0 2 0 7 7  1 3 92 
1 02 85 1 7  85 4 1 3 1 . 55 . 69 0 1 92 0  8 9 1  

3 5  1 3 4 1 . 9  2. 26 

97 7 1  26 71 23 3 2 1 . 1 5 0 2061 1 382 
72 58 1 4  58 14 0 4 . 67 2 . 08 0 1 64 0  1 20 9  
9 1  75 1 6  75 1�  0 1 . 07 . 2 6 0 2200 9 0 9  
8 2  65 1 7  65 1 7  0 1 . 1 3 . 35 0 2526 1 04 8  

4 0  2 3 6 * 3 .  76 
* * * * * * * * * * * 
* * * * * * * * * * *  
6 4 4 9 1 5  4 9 1 3  2 1 . 5 • 85 0 3 3 90 2 75 8 
6 6  4 1  25 4 1  23 2 3 . 1 3  2 . 03 0 3 050 2 1 3 1 

5 6  1 3 1 0 2. 35 1 • 83 

5 3  46 7 46 7 0 1 0 0 1 832 793 
5 0  4 5  5 4 0  5 0  1 . 25 . 5 0 2052 1 1 52 
1 0 1 93 8 93 8 0 1 0 0 1 43 9  8 4 4  
7 9  7 2  7 72 7 0 1 0 0 1 43 9  5 0 5  

Ventr i c u l ar mu s c l e .  

6 1 2 • 005 * * 
* * * * * * * * * * * 
* * * * * * * * * * * 
1 77 1 0 1  69 1 0 1  6 9  0 4 . 3 9 4 . 29 2 563 3 95 
1 05 86 1 9  86 1 9  0 1 . 9  1 . 52 0 4 77 322 

20 1 2 1 2 . 65 3 . 77 
6 9  5 1  1 8  5 1  1 8  0 
9 0  66 24 66 24 0 
7 9  52 27 52 27 0 
7 9 55 24 55 24 0 

2 6  1 2 2 2 . 5  2 . 1 8  

1 .  8 1 . 23 0 
1 .  84 1 .  1 4  0 
1 .  93 1 .  94 0 
1 .  4 1  • 87 0 

972 734 . .  
1 0 1 5  772 
2362 1488 
2169 1310 

9 3  76 17  76 1 E  1 1 . 89 1 . 89 0 1 899 1 72 4  
8 9  75 1 4  7 1  1 4  0 1 .  7 5  1 .  75 0 2 4 0 9  1 4 9 1  
7 2  6 4  8 64 8 0 1 . 6  . 55 0 2059 1 625 

72 64 8 64 8 0 1 . 86 . 9  0 1 2 98 723 
2 7  2 2 2 2 . 56 3 . 28 

92 80 1 2  80 1 2  0 1 . 2  . 42 0 1 4 86 1 1 0 9  
1 78 1 57 2 1  1 57 2 1  0 1 . 1 . 46 0 6 1 8  7 92 
7 7  64 1 3  64 1 3  0 1 .  3 . 4 8 0 2277 1 0 90 
1 1 7 88 29 88 29 0 1 .  45 . 69 0 1 1 4 8  6 7 8  

2 9 2 1 3 * *  
92 8 1  1 1 8 1  1 1  0 1 . 38 . 52 0 1 7 1 8  1 342 
8 2  77 5 77 5 0  1 0 0 1 9 1 3  2376 
1 34 1 1 8 1 6  1 1 8 1 6  0 1 . 33 . 49 0 743 8 4 8  
1 0 9 9 5  1 4  9 5  1 4  0 1 . 4  . 7  0 1 4 96 1 06 8  

3 0  2 2 3 1 . 32 3 . 0 1  
1 1 3  1 08 5 1 08 5 0  1 0 0 847 892 
73 66 7 66 7 0 1 0 0 1 1 84 3 1 63 
1 1 5 1 02 1 3  1 02 1 3  0 1 . 1 8 . 6  0 1 57 4  1 1 88 
1 00 86 1 4  86 1 4  0 1 . 4  . 7  0 1 564 9 9 3  

3 4  1 2 4 2 . 93 2 . 7 9  
1 64 1 57 7 1 57 7 0 1 . 75 . 96 0 777 4 6 3  
1 03 97 6 97 6 0 1 0 0 8 3 0  4 8 5  
1 99 1 87 1 2  1 87 9 3 1 . 33 . 5 0 1 5 1 5  1 24 9  
8 9  7 6  1 3  7 6  9 4 4 . 3 . 95 0 1 1 60 6 3 5  

3 5  1 3 4 2 . 3 1 . 94 
1 0 1  98 3 98 3 0 1 0 0 25 1 4  1 1 1 6  
1 50 1 47 3 1 47 3 0 1 0 0 1 567 3 1 02 
7 0  64 6 64 6 0 1 . 2  . 45 0 1 62 4  975 
1 2 1  1 1 9  2 1 1 9 2 0 1 0 0 1 1 6 1  8 1 7  

4 0  2 3 6 1 . 1 8 3 . 47 
* * * * * * * * * * * 
* * * * * * * * * * * 
8 3  83 0 83 0 0 0 0 0 2 1 99 0 
8 8  8 8  0 88 0 0 0 0 0 1 38 1  0 

4 5  1 2 1 2  • • 
1 1 3 1 1 2 1 1 1 2 1 0 1 0  0 1 357 2 3 32 
1 05 1 04 1 1 04 1 0 1 0 0 1 327 2 457 
7 4  71  3 7 0  2 1 1 0 0 2063 1 67 4  
1 1 1  1 05 6 1 05 6 0 1 .  2 • 45 0 1 75 0  1 025 

53 1 2 25 2 . 4 1 2 . 26 
79 76 3 76 3 0 1 
4 9 4 8  1 48 1 0 1 
96 93 3 93 3 0 1 
8 6  84 2 84 2 0 1 

5 6  1 3 1 0  1 . 6  1 . 69 

0 0 2 32 8  
0 0 1 8 1 (: 
0 0 1 8 1 1  
0 0 1 723 

1 59 8  
1 362 
1 32 2  
1 02 1  

5 5  55 0 55 0 0 0 0 0 2 79 3  0 

7 1  7 1  0 7 1  0 0 0 0 0 1 5 1 4  0 

9 1  88 3 88 3 0 1 0 0 1 884 1 3 35 

91  8 8  3 8 8  3 0 1 .  5 • 7 1  0 1 74 9  1 52 6  
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C r i co th yr o i d  musc l e .  

1 1 2 -. 1 6  . 6  . 6 1  
1 9 1 1 47 4 4  1 42 35 9 2 .  4 4  1 .  38 0 4 4 3  560 
1 95 1 55 1 4  1 54 35 5 1 . 6 1 . 1 5 0 404 557 
1 20 1 20 0 1 20 0 0 0 0 0 2 70 0 
7 8 74 4 74 4 0 1 . 33 . 58 0 2 83 297 

2 1 1 • 00 1 • 93 1 
1 1 2 97 1 5  95 1 3  2 1 . 1 5  . 38 0 694 500 
1 54 129 2 5  1 27 20 5 1 . 47 . 8  0 784 532 
1 1 7 92 2 5  85 1 4 1 1  2 . 08 1 . 1 6 0 801 807 
1 37 123 1 4  1 1 6 1 1  3 1 . 56 . 88 0 925 693 

3 1 1 , 002 . 54 . 53 
87 80 7 80 4 0 1 0 0 2 3 9  203 
8 4  8 1  3 81 3 0 1 0 0 2 4 1  221 
1 75 1 62 1 3  1 60 1 0  3 1 . 08 . 29 0 365 2 4 9  
1 8 6  1 76 1 0  1 74 9 1 1 .  1 1  . 3 3  0 3 0 0  2 1 1  

4 1 1 • 00 3 1 • 22 1 . 25 
1 63 1 35 28 74 1 9  9 1 . 4  . 68 0 532 506 
1 4 1 1 22 1 9 7 8 9 1 0 1 .  1 2  • 3 3 0 4 32 3 8 1  
1 25 7 0  5 5  6 1  1 2  43 4 . 23 5 . 9 1 1 075 7 3 3  
1 58 1 02 56 80 1 8  3 8  4 . 3 4 . 07 1 9 4 0  8 2 9  

5 1 1 • 003 1 1 
* * * * * * * * * * * 
* * * * * * * * * * * 
1 8 1 1 63 1 7  1 63 1 1  6 1 . 1 3 . 35 0 4 47 3 96 
1 57 1 36 2 1  1 36 1 1  1 0  1 . 33 1 . 22 0 3 86 355 

6 1 2 . 005 * * 
2 03 1 54 4 9  1 5 1 2 9  20 1 . 58 1 . 48 0 523 403 
1 87 1 47 4 0  1 47 33 7 1 . 82 1 . 05 0 3 89 307 
1 8 1 1 47 3 4  1 40 3 0  4 2 . 1 3  1 . 54 0 4 00 271  
2 5 6 1 94 62 1 92 4 8 1 4  2 . 3 1 . 75 0 3 1 3  239  

7 1 2 , 00 5  . 89 1 
1 06 95 1 1  77 1 1  0 1 . 22 . 44 0 4 84 464 
1 08 96 12 85 12 0 1 . 2  . 63 0 3 1 7  3 3 9  
1 63 1 2 8  34 95 3 4  0 1 . 48 1 . 1 6 0 4 62 4 1 9  
1 73 1 24 4 9  1 1 2 4 9  0 2 . 04 1 . 4 9 0 4 7 7  3 93 

8 1 2 . 00 5  1 . 3 9 1 . 4  
9 5  84 1 1  82 6 5 1 .  1 • 32 0 1 204 5 9 4  
1 55 1 25 3 0  1 25 1 9  1 0  1 . 76 1 . 6  0 896 563 
* * * * * * * * * * * 
* * * * * * * * * * * 

9 1 1 • 0 1  1 .  84 1 .  93 
1 4 4 1 03 1 1  1 00 6 5 1 . 22 . 4 4 0 888 347 
2 60 245 15 245 15 0 1 . 25 . 45 0 55 1 275 
2 02 1 83 1 9  1 80 1 9  0 1 . 27 . 46 0 5 96 452 
1 34 1 20 1 4 1 2 0 1 4  0 1 . 1 7 . 39 0 4 90 271  

1 0  1 * . 08 2 . 08 1 . 76 
8 1  40 4 1  40 4 1  0 6 . 83 8 . 3 2 8 96 7 6 1  
1 02 6 6  36 66 36 0 4 . 63 4 . 1 4  1 8 6 6  5 7 1  
1 34 79 5 5  7 9  55 0 2 . 62 2 . 2 7 0 1 074 703 
77 67 10 6 7  1 0  0 1 . 67 1 . 03 0 1 087 672 

1 1  1 1 • 1 2 2. 1 4  
1 74 1 4 0  3 7  1 37 1 7  1 7  1 .  7 9  2 . 1 0 904 542 
1 99 1 53 4 6  1 52 18  2 8  2 . 56 2 . 0 1 0 908 82 7 
2 58 208 50 208 39 1 1  2 . 5 1 . 4  0 452 484 
1 8 1 131  5 0  1 3 1 3 7  13  2 . 5 3 . 56 1 526 5 4 0  

1 2  1 2 • 2 5  1 .  6 1 .  2 7  
1 1 4 6 9  45 6 9  3 4  1 1  3 . 2 1 4 . 02 1 8 6 5  7 6 3  
1 2 9 7 9  5 0  7 9  2 9  2 1  3 . 33 2 . 89 0 1 077 8 9 7  
1 07 69 3 8  6 9  22 1 6  2 . 38 2 . 09 0 829 6 1 1  
1 43 1 09 3 4  1 0 9  1 9  1 5  2 . 1 3  1 . 4  0 592 583  

1 4  1 2 . 5  2 . 57 2 . 39 
1 3 0 72 58 67 26 32 5 . 27 4 . 67 2 1 40 1  9 3 5  
1 75 9 2  8 3  9 2  5 0  33 4 . 6 1 6 . 43 2 1 277 9 0 9  
2 1 2 1 1 2 1 00 1 1 2 82 1 8  5 . 5 6  6 . 59 4 1 267 8 4 0  
1 73 1 22 5 1  1 20 25 2 6  2 . 1 3  1 . 39 0 776 6 3 1  

1 5  1 2 . 66 3 . 97 4 . 0 1 
1 1 9 8 0  3 9  80 39 0 1 . 63 1 . 0 1 0 1 508 1 06 6  
1 09 70 3 9  7 0  3 9  0 2 . .  44 1 . 9  0 1 855 1 04 8  
1 26 7 0  56 7 0  56 0 3 . 47 3 . 42 1 1 74 2  9 1 8 
1 04 42 62 42 62 0 6 . 89 1 3 . 4 9 1 1 1 92 908 

1 6 1 2 • 66 4. 35 4. 1 5  
8 9  5 1  3 8  5 1  8 2 9  2 . 64 1 . 95 0 1 360 1 25 4  
6 2  2 5  35 2 5  2 4  1 1  9 9 . 76 2 85 1 1 680 
1 3 1 65 66 62 55 1 1  6 . 6 5 . 7  3 1 24 7  1 2 42 
9 6  52 44 5 2  22 22 4 . 4  4 . 9  2 1 1 97 1 62 1  

1 7 1 1 1 5 .  67 5 .  29 
1 0 1  63 3 8  4 2  3 8  0 2 1 . 4 9 0 2 4 06 1 53 8  
9 9  56 4 3  4 8  43 0 3 . 58 2 . 39 0 2 3 5 9  1 3 74 
7 5 34 41 1 6  41 0 4. 1 4. 41 1 2672 1 1 56 
1 2 9 85 44 8 3  44 0 4 . 89 4 . 5 1 1 2 1 6 1  874 

1 8 1 2 1 4 . 22 4 . 7 
6 3  3 7  2 6  37 26 0 2 . 6 2 . 99 0 1 567 8 2 7  
8 1  4 6  35 46 35 0 3 . 5 5 . 84 1 1 24 9  7 7 9  
7 6  4 7  2 9  4 7  2 9  0 2 . 9 2 . 77 0 2 1 05 1 3 77 
82 4 9  33 49 33 0 1 . 94 2. 1 9  0 1 87 3  1 085 

1 9 1 2 1 4 . 06 4 . 4 1 
58 30 28 30 1 0  1 8  5 .  6 3. 9 1  1 1 54 3  2 3 5 4  
8 0  3 3  4 7  3 3  7 40 9 . 6 9 . 94 2 1 720 2 3 9 1  
6 9  36 3 3  36 7 2 6  8 . 25 1 4 . 5 1 1 5 1 2  1 508 
66 37 2 9  3 7  0 29 3 . 5  4 . 1 7  0 1 81 5  1 905 

2 0 1 2 1 5 • 07 6 • 02 
7 3  5 5  1 8  55 1 8  0 1 . 29 . 47 0 2 2 1 2 1 54 4  
6 9  5 1  1 8  5 1  1 8  0 2 1 . 8  0 2 375 1 57 9  
6 3  3 2  3 1  32 3 1  0 5 . 1 7  3 . 1 9  1 4 4 1 4  3086 
99 5 6  43 56 4 3  0 3 . 58 4 . 64 1 2889 2 1 95 

2 1  1 1 1 . 25 5 . 6 1  5 . 05 
86 5 1  35 5 1  35 0 4 . 38 7 . 96 1 1 5 1 0  1 1 47 
6 9  34 35 34 35 0 8 . 75 7 . 5 1 1 396 1 5 35 
8 4  47 37 4 7  37 0 4 . 1 1  3. 22 0 1 44 1  1 6 1 2  
1 2 7 96 3 1  96 20 1 1  2 .  36 1 .  45 0 1 525 1 890 

22 1 1 1 . 5  3 . 86 4 . 3 
1 1 3 68 45 68 45 0 3 . 75 2 . 67 0 2000 1 1 5 3  
7 5  4 2  33 4 2  33 0 5 . 5  9 . 59 1 1 895 1 1 05 
9 2  41 51 4 1  44 7 7 . 29 10 2 2 93 4  2577 
8 1  3 1  50 3 1  50 0 1 0  1 3 . 1 5  2 2429 2087 

2 3  1 1 2 5 . 64 5. 78 
7 5  54 21 54 2 1  0 1 .  75 1 .  71 0 1 75 9  1 3 67 
5 1  23 28 2 3  2 8  0 5 . 6  8 . 65 1 2036 2 2 0 5  
5 8  4 6  1 2  46 1 2  0 1 . 2  . 42 0 1 68 9  1 55 7  
5 8  30 28 30 2 8  0 3 . 5 4 . 47 1 1 82 8  2 4 98 

2 4  1 1 2  4 . 1 1 4 . 1 
98 67 3 1  67 1 6  1 5  2 . 38 2 . 06 0 1 93 4  2 2 1 1 
7 3  50 23 50 8 1 5  2 . 3 1 . 83 0 1 84 8  2 0 8 1  
8 3  5 0  3 3  50 1 5  1 8  3 .  6 7  3 .  9 4  1 2 9 1 1 3889 
58 4 8  10 43 1 9 2 0 0 2007 2 02 7  

2 5 1 3 2 6 .  3 1  6 .  2 
73 3 1  42 1 9  2 6  1 6  4 . 2  6 . 05 1 2285 2307 
8 4  55 2 9  5 4  2 3  6 3 . 63 3 . 2 0 2 94 0  2456 
74 50 24 3 6  24 0 1 . 85 . 99 0 2 1 42 2052 
86 5 5  3 1  4 3  31  1 3 . 1 2 . 3 8 0 2540 25 1 7  

2 6  1 2 2 4 . 83 3 . 6 1 
60 35 25 35 25 0 2 . 08 2 . 02 0 4267 2558 
8 1 4 4  37 4 4  37 0 4 . 1 1  4 . 1 1 2 3744 2 768 
98 6'( 31 6 7  2 6  5 2 .  58 2 . 1 5  0 2689 2 7 3 9  
9 7  4 2  5 5  4 2  55 0 7 . 86 7 . 84 2 2 3 0 5  1 82 3  

2 7 2 2 2 5 . 29 5 .  36 
1 0 1  59 42 59 42 0 4 . 2  3 . 7  1 1 585 1 57 0  
7 6  40 3 6  4 0  36 0 1 8  1 5 . 56 1 2 1 45 2 1 5 9  
6 2  2 4  3 8  2 � 3 3  5 1 2 . 67 8 . 3 3 1 2556 2 3 5 3  
1 1 5 80 35 80 2 6  9 2 . 1 9  1 0 1 75 8  2 1 35 

2 8  1 1 2 . 5 3 . 85 5 . 85 
8 9 44 45 44 45 0 9 1 2 . 3 1 1 2 93 6  2 8 1 6 
5 1  34 1 7  34 1 7  0 2 . 83 1 . 6  0 2 76 1  37 1 9  
1 1 8 64 54 6 1  5 0  4 3 . 38 3 . 5 1 2002 1 278 
89 43 46 4 2  44 2 9 . 2  1 0 . 69 1 1 967 1 92 0  
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2 9  2 1 3 * • 
8 4  4 9  35 4 9  30 5 3 . 8 9 3 . 98 1 2476 1 90 9  
8 5  5 2  3 3  5 2  2 9  4 3 2 . 53 0 2 2 1 4  1 84 6  
1 24 83 4 1  8 3  4 1  0 2 . 05 1 . 73 0 2233 2574 

76 4 6  30 4 6  30 0 2 . 73 3 . 85 1 4605 4595 
30 2 2 3 5 . 75 7 . 24 

8 5  51 34 5 1  34 0 3. 4 2. 59 0 2325 25 9 1  
1 08 5 1  57 5 1  57 0 4 . 07 6 . 07 1 32 1 1  3233 
1 06 65 41  65 4 1  0 2 .  56 3.  42 1 2 72 3097 
7 8  42 36 4 2  36 0 5 .  14 4 .  63 1 2633 2 8 1 2  

3 1  1 3 3 .  5 7 .  6 6  7 .  89 

4 3 24 1 9  24 17 2 6 . 33 9 . 24 1 2 1 04 25 1 7  
1 47 1 07 4 0  1 07 30 1 0  2 . 35 1 . 4 9 0 1 455 1 52 3  
9 8  6 2  3 6  6 2  3 6  0 2 . 77 1 . 92 0 1 622 1 75 1  
1 1 5 75 4 0  75 40 0 3 . 08 3 . 3 1 1 5 1 2  1 95 3  

3 2 1 3 4 7 • 3 8  7 .  9 8  
9 4  53 4 1 5 3  4 1 0 4 . 1 7 . 74 1 1 851 2 1 57 
5 6  3 3  23 33 23 0 3 . 83 4 . 45 1 3007 3 87 8  
8 4  56 2 8  5 6  28 0 3 . 5  4 . 1 7  1 1 56 1  2 1 99 
8 3  5 1  32 5 1  32 0 2 . 9 1  4 . 4 4 1 1 98 1  1 ?97 

3 3  2 1 4 4 . 3 1 6 . 32 
1 3 6 44 92 44 92 0 46 5 �. 57 1 1 793 1 997 
84 5 9  25 5 9  25 0 5 5 . 24 1 2633 2894 
8 5  35 50 35 50 0 1 0  1 6 . 3  1 2 655 2 3 4 3  
8 6  4 7  3 9  47 3 9  0 3 . 54 5 . 34 1 32 1 2  22 1 8  

3 4  1 2 4 6 . 02 5 . 73 
1 2 6  89 37 89 1 5  22 2 . 1 8  1 . 85 0 1 33 5  1 3 3 0  
6 6  37 2 9  3 7  2 27 4 . 1 4  3 . 53 1 2 0 5 6  2504 
1 1 1 67 4 4  6 6  27 1 7  3 . 38 3 . 52 1 1 83 6  2280 

8 4  4 4  4 0  4 4  16 24 1 3 . 33 1 7 . 9  1 1 875 2 4 3 3  

3 5  1 3 4 5 . 69 6 . 35 
74 4 9  25 4 9  1 6  9 4 . 1 7  7 . 2 8  1 2 1 30 4 0 1 9  
9 5  5 2  4 1  5 2  1 6  25 8 . 2  6 . 1 4  1 1 704 3595 
1 06 65 41  65 16  25 2 . 73 1 . 67 0 2080 2 1 99 
1 3 8 70 68 70 45 2 3  6 . 1 8  5 . 38 2 1 5 1 8  1 83 9  

3 6  1 3 5 11 • 

75 4 6  2 9  46 2 9  0 3 . 6 3  3 . 78 0 1 688 1 36 4  
6 5  3 1  3 4  3 1  3 4  0 1 1 . 33 1 5 . 37 1 255 1 2242 
7 1  1 4  57 1 4  57 0 1 0 1 1 83 8  1 66 4  
6 3  34 29 3 4  2 9  0 5 .  8 5 .  89 1 1 864 23 1 3  

3 7 1 3 5 6 . 03 6 .  87 
62 24 3 8  24 38 0 1 2 . 67 1 9 . 35 1 3429 3 8 1 2  
5 8  2 8  30 2 8  30 0 5 6 . 6  1 2 93 3  3 3 4 1 
1 00 56 44 56 44 0 7 . 33 5 . 68 2 1 6 1 8  1 742 

65 35 30 35 3 0  0 5 2 . 8 3  0 1 87 8  2 0 4 3  
3 8 1 3 5 7 . 1 7 6 . 6 9  

1 0 9  23 8 6  23 8 6  o 2 G . 67 4 1 . 88 1 2 1 10 2799 
6 7  35 32 35 32 0 8 8.  04 1 1 42 6  1 2 5 1  
1 05 4 1  6 4  4 1  6 4  0 1 0 1 2 34 3  2 0 4 6  
7 1  42 2 9  42 2 9  0 2 . 9 2 . 28 0 2 402 1 587 

3 9 1 3 6 5 .  35 6. 77 
1 02 67 35 6 7  35 0 2 . 92 2 . 4 3  0 1 35 4  1 370 
63 41  22 41  22 0 2 .  75 2.  1 9  0 1 40 5  1 5 1 7  
1 09 4 0  6 9  4 0  69 0 3 4 . 5  4 3 . 1 3  1 1 752 2064 
9 4  72 22 72 22 0 1 . 69 1 . 38 0 1 50 9  1 50 8  

4 0 2 3 6 5 .  37 7 .  8 1  
99 55 44 55 3 6  8 6 . 29 7 . 1 8  1 3 2 0 0  3 4 87 
1 05 6 1  44 6 1  40 4 4 . 89 4 . 65 2 2046 2 1 86 
1 23 73 50 73 4 6  4 4 . 54 5 . 24 2 2 4 84 2387 

9 2  45 47 4 5  42 5 1 1 . 75 1 3 . 57 1 2463 2 32 3  
4 2  1 2 1 0  3 . 1 3  3 . 05 

6 7 42 25 4 2 25 0 
7 6 36 40 3 6 4 0  0 
8 3 48 35 4 R 35 0 
6 9  46 23 4 6  23 0 

2 . 0 8  1 . 98 0 1 525 1 4 62 
6 . 6 7  7 . 1 2  1 1 73 3  1 995 
4 . 3 8 5 . 9 1 3437 2586 
1 . 92 1 . 24 0 30 1 2  2 6 6 6  

4 3  1 2 1 2  • * 
6 3  2 8  35 2 7  
5 9  23 36 2 3  
6 9 3 3  3 6  3 3  
4 4  2 1  22 2 1  

9 2 6  1 7 .  5 1 7 . 7 7  
1 0  2 6  1 8  2 . 83 2 
8 2 8 1 2  1 9 .  05 1 
7 1 5  5 .  5 4 .  36 1 

1 2937 4 2 1 4  
2 731J 3 2 6 0  
2 5 3 6  2 9 1 7 
35 1 4  31J 1 4  

4 4 1 3 1 2  7 .  0 9  7 
72 45 27 45 9 1 8  3 . 86 3 . 02 0 1 93 6  2030 
6 2 39 23 3 7  3 20 3 . 29 2 . 43 0 3 1 1 4  35 1 3  
7 8  45 3 3  IJ 5 2 1  1 1  IJ . 1 3 IJ . 82 1 2021J 2 1 34 
7 6  5 1  25 50 7 1 8  2 . 5  2 . 59 0 1 71 8  2 76 1  

IJ 6 1 3 1 4  4 . 72 4 . 73 
74 3 9  35 3 9  35 0 8 . 75 9 2 2 84 4  3 1 93 
92 50 42 50 42 0 6 9 . 42 1 1 74 1  3286 
83 57 2 6  5 7  26 0 1 . 73 . 88 0 1 5 1 7  1 03 7  
1 2 1 9 1  3 0  9 1  3 0  0 1 . 88 1 . 54 0 1 28 1  1 422 

47 2 2 1 5  6 . 6 6 . 94 
4 6  32 1 4  27 3 1 1  1 0 1 272 1  3 1 7 1 
9 0  70 20 69 7 1 3  2 1 . 49 0 1 32 7  1 06 9  
5 9  4 9  1 0  4 3  5 5  1 . 67 . 82 0 1 770 1 4 5 9  
2 5 1 6  9 1 6 3 6 1 .  8 1 .  3 0 2 9 8 0  1 55 3 

4 8 1 3 1 9  6 .  38 6 .  52 
70 57 1 3  49 1 0  3 1 . 86 . 3 8 0 2 1 50 1 53 1  
2 6  2 0  6 20 6 0 1 . 2  . 45 0 2 90 3  1 89 1  
1 27 9 3  34 92 2 4  1 0  2 . 27 1 . 87 0 1 75 6  1 666 
9 7  7 4  2 3  74 1 5  8 1 . 77 1 . 1 7 0 2 1 75 2225 

4 9 2 1 2 0  7. 45 7 .  59 
89 52 37 52 37 0 2 . 85 2 . 3 8  0 343 1 2778 
7 4  4 6  28 4 6  2 8  0 4 . 67 5 . 68 1 2 75 6  2 307 
73 5 8  15 58 1 5  0 1 . 25 . 62 0 3 1 00 2 5 3 0  
4 9 4 0 9 4 0 9 0 1 .  5 1 .  22 0 3 6 1  8 3 2 82 

50 1 2 25 5 . 25 5 . 32 
56 32 24 32 21J 0 3 . 4 3 2 . 57 0 227 1 2 82 1 
6 7  42 25 IJ2 25 0 2 . 5 1 . 9  0 3227 3 2 6 3  
7 8  5 5  2 3  55 23 0 1 . 92 1 . 41J 0 2 3 3 9  2 7 7 1  
IJ 6 3 4  1 2  3 4  1 2  0 1 . 5  1 . 07 0 2 62 9  2 6 3 3  

5 1  1 2 2 5  7 . 05 7 . 2  

7 0  4 0  3 1  IJ O 3 1  0 6 . 2 8 . 67 1 2254 353 9 
5 0  23 27 2 3  27 0 1 3 . 5  1 7 . 68 1 1 80 6  1 65 8  
5 8  2 9  2 9  2 9  29 0 9 . 33 1 3 . 58 1 1 22 4 1 65 0  

8 0  3 8  42 3 8  42 0 1 0 . 5  1 7 . 69 1 3569 1 91J 1 
5 2  1 2 25 • * 

1 0 1  69 32 69 7 25 3 . 2 3 . 3 9  1 1 86 0  2 4 0 4  
7 5  41J 3 1  4 0  2 2 9  4 . 1J3 5 . 5 3  1 2 1 1 2  2 IJ59 
1 52 96 56 96 27 2 9  3 . 29 4 . 1JIJ 1 1 61J4 1 798 
80 37 IJ 3 3 7  1 9  2 4  6.  1 1J  5 . 5  2 1 832 1 75 0  

5 3  1 2 25 4 . 08 3 . 1J 9 
1 3 9 1 1 9  20 1 1 9  20 0 1 . 33 . 62 0 1 30 6  1 1 73 
6 1 1J4 1 7  41J 17 0 1 . 89 1 . 05 0 2IJ58 1 5 1 0  

8 4  41J IJO IJ 4 37 3 IJ . 44 3 . 4 7  1 1 92 8  1 99 1J  
6 1  3 9  22 3 9  20 2 3 . 67 3 . 2 0 1 885 1 96 6  

5 4  1 2 25 11 * 
5 8 4 1 1 7 1J 1 1 7 0 1 . 8 9 1 . IJ 5 0 254 9 2 3 75 
6 9  42 27 IJ 2 27 0 2 . 7 1 . 89 0 2 790 2 1 99 
6 8  3 9  29 3 9  2 9  0 3 . 63 4 . 53 1 2805 23 1 5  
6 7  45 22 4 5  22 0 2 1 . 6 1 0 2 6 6 3  2535 

5 6  1 3 10 5 . 42 5 . 1J3 
74 4 4  30 44 25 5 2 . 5 2 . 2  0 2 528 2652 
63 42 21 42 20 1 4 . 2 2 . 3 9  0 2 1 82 280 1 
8 3  64 1 9  6 4  1 6  3 1 . 58 . 67 0 2503 3 2 1 3  
5 9  4 9 1 0  4 9  7 3 1 . 1 1  . 33 0 3 997 3 0 1J 5  
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Hyo e p i g l o t t i c  musc l e .  

3 1 1 • 002 
1 22 57 65 55 56 9 9 . 1 4  6 . 2  4 5 1 8  5 3 3  
1 30 G O  7 0  57 65 5 1 0  20. 4 4  1 3 93 3 R2 

6 1 2 . 005 
1 3 9 67 72 67 50 2 1  1 4 . 2  2 1 . 1 4  2 757 7 7 9  
8 6  6 1  2 5  5 6  1 4  1 1  !J . 1 7  3 . 6 1  1 8 2 5  7 90 

7 1 2 • 00 5 
1 1 4 62 52 62 52 0 4 4 . 4 2 524 6 5 7  
1 2 7 7 1  5 6  7 1  56 0 4 . 67 2 . 74 0 5 5 1  5 3 6  

1 9  1 2 1 
92 24 68 24 29 3 9  2 2 . 67 8 . 33 3 2 708 2907 
5G 1 9  37 1 8 1 6  2 1  1 0 1 2652 2572 

20 1 2 1 
80 33 47 3 3  47 0 1 1 . 75 1 2 . 2  2 1 966 2 4 9 9  
6 7  33 34 3 3  34 0 8 . 5 7 . 1 9  1 1 8 1 3  1 825 

2 2  1 1 1 .  5 
1 7 1 1 03 68 1 03 68 0 3 . 09 2 . 9 1  1 1 372 825 
1 02 4 1  6 1  4 1  61 0 3 0 . 5  4 0 . 3 1 1 205 8 1 1 

2 4  1 1 2 
99 4 1  58 40 35 23 2 9  3 9 . 6 1 1 522 1 8 1 6  
7 4  34 4 0  3 0  1 5  25 1 0  1 3 . 04 1 2 1 03 2620 

26 1 2 2 
1 03 53 5 0  53 49 1 7 . 1 4  7 . 08 2 1 4 1 1 1 55 4  
7 7  45 3 2  45 3 2  0 3 . 55 3 . 7 8 0 1 84 7  1 75 0  

2 7  2 2 2 
60 1 3  47 1 3  47 0 1 0 1 2 2 1 1 2 9 1 8 
7 6  3 1  45 3 1  45 0 9 8 . 77 2 2 1 50 255 8 

2 9  2 1 3 
1 1 6 7 1  45 7 1  39 6 2 . 37 1 . 98 0 2 3 1 0  2250 
1 5 1 97 54 97 4 9  5 2 . 45 1 . 74 0 2 1 2 4  2 77 9  

3 0  2 2 3 
1 0 9 4 9  60 4 9  60 0 20 32 . 9 1  1 1 552 5 2 4  
7 2  22 5 0  2 2  50 0 25 2 9 . 7 1 203 1 2 9 1 4 

3 4  1 2 4 
57 25 32 25 1 1  2 1  1 0 1 2 1 60 2 5 3 9  
8 1  35 4 6  3 5  2 0  2 6  9 . 2  1 2 . 3 1 2432 2 347 

3 5  1 3 4 
1 79 70 1 0 9 69 9 1  1 8  1 5 . 57 2 6 . 98 2 1 1 42 1 72 1  
7 8  32 46 3 2  3 1  1 3  2 3  2 9 . 7 1 1 2 1 8  2 896 

40 2 3 6 
7 4  27 47 27 3 9  8 1 5 . 7  1 9 . 66 1 293 8 23 1 0  
9 8  52 46 52 4 4  2 5 . 1 1  4 . 76 2 1 888 604 

4 3  1 2 1 2  
6 3  2 7  3 6  2 7  1 4  2 2  1 2  1 6 . 53 1 3 93 5  1 767 
73 30 4 3  3 0  2 9  1 9  7 . 1 7  1 2 . 75 1 2523 3 1 64 

4 5  1 2 1 2  
7 0  3 5  3 5  3 5  3 5  0 4 .  3 8  4 .  2 1  1 3279 3208 
7 4  27 47 27 47 0 2 3 . 5 3 1 . 82 1 2 4 3 1  2778 

53 1 2 25 
88 26 62 26 62 0 3 1  42 . 4 3 1 244 0  2285 
8 9 32 57 32 57 0 1 0 1 1 869 1 8 3  8 

5 4  1 2 25 
55 28 27 2 8  20 7 3 3 . 2  1 3064 2665 
5 5  30 25 2 9  1 G  9 3 . 1 3  1 . 8 1 o 3 1 88 3084 

56 1 3 10 * 
5 4  1 8  36 1 8  27 9 1 2  1 7 . 35 1 2 983 4036 
66 3 9  27 39 27 0 2 . 7 2 0 3 0 1 8  2397 

P n l 2toph � r yn g e a l  musc l e . 

1 1 2 -. 1 6  . 4 1  • 90 
1 1 2 1 1 0 2 1 1 0 2 0 1 0 0 2 95 266 
69 64 5 64 5 0 1 0 0 3 3 1  283 
86 69 17 6 9  10 7 2 . 1 3  1 . 56 0 691 4 1 7  
7 7  7 4  3 7 4  3 0 1 0 0 7 2 1  597 

2 1 1 • 00 1 * * 
220 2 1 1  9 2 1 0  5 4  1 . 29 . 76 0 457 3 98 
1 3 3 1 27 6 1 27 5 1 1 0 0 700 7 8 1  
1 7 1 1 50 2 1  1 50 5 1 6  1 . 1 7 • 3 8  0 5011 5 2 9  
1 34 1 1 8 1 6  1 1 7 1 1  5 1 . 23 . 44 0 5 6 0  5 1 5  

3 1 1 . 00 2  . 42 . 5 3 
1 3 6 1 2 6  1 0  1 1 9 1 0  0 1 . 43 . 79 0 420 4 92 
1 32 1 2 1  1 1  1 2 1  4 2 1 .  38 • 74 0 406 3 99 
1 68 1 54 1 4  1 54 1 4  0 1 . 08 . 28 0 3 3 8  2 92 
1 3 9 1 2 3  1 6  1 20 1 3  0 1 . 78 1 . 09 0 352 3 3 3  

4 1 1 . 00 3  . 87 . 89 
1 3 4 95 3 9  72 36 3 2 . 44 1 . 5  0 4 84 4 6 8  
1 63 1 28 35 1 1 3  2 2  1 3  2 . 33 2 . 12 0 626 5 97 
2 1 7  1 50 67 1 2 6  53 1 4  2 . 9 1  2 . 63 1 569 5 4 7  
1 4 4 9 5  4 9  7 1  4 3  6 3 . 77 4 . 83 1 6 0 6  6 0 3  

5 1 1 • 0 0 3  * * 
2 3 2 229 3 229 3 0 
1 80 1 78 2 1 78 2 0 
1 4 1  1 37 4 1 37 4 0 
1 0 6 1 05 1 1 05 1 0 

7 1 2 . 005 * * 

0 0 
0 0 
0 0 
0 0 

356 5 1 8  
3 39 5 3 6  
3 32 3 80 
324 805 

226 224 2 224 2 0 1 0 0 . 281  320 
1 2 7 1 27 0 1 27 0 0 0 0 0 474 0 
3 1 0  275 35 275 35 0 1 . 0 9 . 3  0 4 5 1  365 
1 80 1 60 2 0  1 60 20 0 1 . 05 . 23 0 4 1 7  342 

8 1 2 . 005 * * 
1 70 1 38 32 1 22 27 5 2 . 67 4 . 85 1 680 765 
1 63 1 46 1 7  1 46 5 1 2  1 . 1 3 . 35 0 6 7 8  4 84 
7 8  71 7 7 1  5 2  1 . 1 7 . 4 1 0 7 2 4  55 1 
60 57 3 57 3 0 1 . 5  . 7 1 0 7 6 3  529 

9 1 1 . 0 1 • * 
1 60 1 52 8 1 5 1 8 0 1 0 0 7 7 1  4 99 
1 75 1 65 1 0  1 65 1 0  0 1 .  1 1  • 33 0 726 460 
1 55 1 44 1 1  1 44 8 1 1 0 0 4 1 9  3 72 
8 1  75 6 75 2 0 1 0 0 575 646 

1 0 1 * . 08 1 • 75 1 . 25 
1 30 1 1 2 1 8  1 1 2 1 8  0 1 . 2  . 4 1 0 1 463 937 
9 5  87 8 87 8 0 1 0 0 1 4 90 9 1 6  
1 06 92 1 4  92 1 4  0 1 . 1 7 . 39 0 1 454 7 1 9  
1 00 9 3  7 93 7 0 1 0 0 1 27 1  6 7 9  

1 2  1 2 • 2 5  • •  
9 3  82 1 1  8 1  7 3 1 .  38 • 74 0 1 406 1 1 56 
73 61  1 2  6 1  1 2  0 2 . 89 0 1 4 35 990 
1 47 1 27 20 1 27 20 0 1 . 54 . 78 0 1 0 99 803 
1 23 1 03 20 1 03 20 0 1 . 25 . 77 0 1 244 864 

1 4 1 2 • 5 2 .  99 1 • 95 
1 2 1  1 09 1 2  1 0 9 2 1 0  1 0 0 1 654 796 
1 1 0 94 16  94 6 10  1 . 33 . 4 9 0 1 45 1  7 9 6  
7 3  60 1 3  6 0  9 4 1 . 3  . 48 0 2 406 1 7 1 2  
6 9  5 6  1 3  5 6  6 7 1 . 63 . 74 0 1 82 3  8 4 6  

1 5  1 2 . 66 2 . 04 2 . 22 
go 79 1 1  79 1 1  o 1 . 1  . 32 o 2 1 30 1 85 7  
9 5  80 1 5  8 0  1 5  0 1 . 07 . 27 0 2 0 1 7 1 1 67 
9 3  78 1 5  7 8  1 5  0 1 . 1 5 . 3 8 0 1 688 1 4 95 
65 54 1 1  54 1 1  0 1 . 22 . 44 0 1 97 1  1 62 9  

1 6 1 2 • 6 6  2 .  28 1 .  9 3  
7 7  7 1  6 7 1  2 3 1 0 0 1 6 5 7  889 
1 1 3 1 02 1 1  1 02 1 1  0 1 . 1  . 32 0 226 1 42 0  
7 8  6 8  1 0  68 3 7 1 . 25 . 46 0 1 825 1 24 9  
* • * * • * * * * * * 



1 7  1 1 1 * * 
94 94 0 94 0 0 0 0 0 1 723 0 
1 05 1 05 0 1 05 0 0 0 0 0 1 93 8  0 
1 00 9 1  9 9 1  9 0 1 0 0 2293 1 4 6 1  
6 9 6 1  8 6 1  8 0 1 0 0 2 354 1 1 1  0 

1 8  1 2 1 3 . 87 2 . 1 2  
64 6 2  2 62 2 0 1 0 0 1 1 75 1 257 
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8 8  6 9  1 9  6 9  1 9  0 1 . 73 1 . 0 1 0 826 7 9 1  
6 2  5 7  5 5 7  5 0 1 0 0 1 3 86 897 
67 5 9  8 59 8 0 1 0 0 2323 1 4 4 0  

1 9  1 2 1 1 . 6  1 . 4  
68 5 0  1 8  50 1 0  8 1 . 5  . 8  0 2 92 7. 3 1 52 
4 4  30 1 4  26 1 2  2 1 . 56 1 . 0 1 0 3 987 3 4 3 9  
7 3  6 7  6 6 7  6 0 1 . 2  . 45 0 1 703 1 1 35 
53 4 3  10 4 3  10 0 1 . 4 3 . 53 0 225 1 1 1 55 

2 1  1 1 1 .  25 4 . 0 3  2 . 97 
1 1 4 1 1 2 2 1 1 2 2 0 1 0 0 2 3 1 0  1 73 1  
6 4  5 9  5 5 9  5 0 1 0 0 1 878 1 05 6  
1 00 82 1 8  82 1 8  0 1 . 2  . 4 1 0 1 395 1 067 
1 4 1 1 34 7 1 34 7 0 1 . 1 7 . 4 1 0 1 287 1 1 0 7  

2 2 1 1 1 . 5 2 .  58 1 • 92 
1 03 9 1  1 2  9 1  1 2  0 1 . 09 . 3 1 0 1 26 1  987 
9 9  87 12 87 12 0 1 . 09 . 3 1 0 1 076 676 
97 86 1 1  86 1 1  0 1 . 22 . 44 0 1 395 997 
9 4  81 13 81 1 3  0 1 . 3  . 67 0 1 56 9  1 357 

23 1 1 2 * * 
67 65 2 65 2 0 1 0 0 1 74 8  9 1 9 
5 0  50 0 50 0 0 0 0 0 1 97 3  0 
62 61 1 6 1  1 0 1 0 0 2 302 1 2 77 
48 47 1 47 1 0 1 0 0 1 82 3  823 

2 4  1 1 2 • * 
5 0  4 8  2 48 2 0 1 0 0 2 2 6 1  22 1 3  
6 6  66 0 66 0 0 0 0 0 2 0 0 9  0 
7 8  72 6 72 6 0 1 0 0 1 93 6  1 597 
4 1  37 4 3 7  4 0 1 0 0 2 1 93 2004 

2 5  1 3 2 * * 
86 83 3 83 3 0 0 0 2 4 3 0  1 94 8  
8 8  84 4 8 4  4 0 1 0 0 2 389 1 95 7  
1 4 8 1 29 1 9  1 29 1 9  0 1 0 0 1 2 67 7 92 
1 22 1 06 1 6  1 06 1 6  0 1 . 33 . 49 0 2 1 2 3  1 63 1  

2 7  2 2 2 2 . 1 3  2 . 27 
7 9  65 1 4  65 1 4  0 1 . 4  . 84 0 2 1 1 9  1 35 7  
4 5 3 4  1 1  34 1 1 0 1 .  2 2  • 67 0 1 95 6  1 1 58 
7 1  5 6 1 5  56 1 5  0 1 . 67 . 7 1 0 265 3 1 65 0  
8 4  7 0  1 4  7 0  1 4  0 1 0 0 2 342 1 67 1  

2 8 1 1 2 .  5 4 .  35 5 .  1 6  
86 76 1 0  7 6  1 0  0 1 . 1 1 . 3 3 0 2 7 1 9 1 765 
8 5  78 7 7 8  7 0 1 . 1 7  . 4 1 0 264 1 1 4 3 6  
1 0 6 95 1 1  9 5  1 1  0 1 . 22 . 44 0 1 85 3  1 07 0  
1 06 9 0  1 6  8 8  1 3  3 1 . 07 . 26 0 1 73 9  1 28 1  

2 9  2 1 3 * * 
6 4  64 0 64 0 0 0 0 0 2 4 3 2  0 
5 6  55 1 55 1 0 1 0 0 1 86 9  1 04 9  
9 3  8 1  1 2  8 1  1 2  0 1 . 2  . 42 0 2 4 6 1  1 426 
71  67 4 67 4 0 1 0 0 1 98 4  , 3 5 9  

3 0  2 2 3 1 . 92 2 . 84 
1 50 1 30 20 1 30 20 0 1 .  33 • 62 0 1 90 3  1 248 
7 1  56 15 5 6  15 0 1 . 5  . 7 1 0 2 4 3 1  1 94 0  
5 2  47 5 47 5 0  1 . 25 . 5 0 3 0 7 4  1 604 
85 74 1 1  74 1 1  0 1 . 57 . 79 0 2402 2 1 02 

3 1  1 3 3 .  5 * • 
7 8  74 4 74 4 0 1 0 0 1 844 1 67 2  
7 6  74 2 74 2 0 1 0 0 2 2 6 3  1 302 
6 1  56 5 56 5 0 1 .  67 1 .  15 0 1 986 2500 
65 58 7 58 7 0 1 0 0 1 742 1 98 3  

3 2  1 3 4 * * 
9 4  93 1 93 1 0 1 0 0 1 7 1 9  1 078 
47 45 2 45 2 0 1 0 0 2 1 0 1  2 1 62 
6 4  62 2 62 2 0 1 0 0 3590 2763 
5 5  55 0 55 0 0 0 0 0 2 4 1 3 0 

3 3 2 1 4 3 5 .  08 
64 63 1 6 3  1 0 1 0 0 350 1 2462 
6 6  62 4 62 4 0 1 0 0 1 94 0  1 35 6  
7 6  7 3  3 7 3  3 0 1 0 0 3 3 87 1 974 
71  68 3 68 3 0 1 0 0 3 2 9 1  2230 

35 1 3 4 3 . 04 2 . 26 
1 1 4 1 08 6 1 08 6 0 1 0 0 1 483 1 1 67 
5 4  50 4 50 4 0 1 . 3 3 . 58 0 1 997 1 2 82 
3 3  33 0 33 0 0 0 0 0 1 758 0 
4 1 4 1 0 4 1 0 0 0 0 0 1 66 1 0 

3 6  1 3 5 • * 
8 1  76 5 76 5 0 1 0 0 2267 1 4 1 5  
9 2  8 3  9 8 3  9 0 1 0 0 2474 3295 
1 0 9 1 08 1 1 08 1 0 1 0 0 2332 5 3 3  
6 9  6 2  7 6 2  7 0 1 . 1 7 . 4 1 0 3 0 4 6  1 58 9  

3 7  1 3 5 3 . 92 2 . 68 
75 72 3 71 3 0 1 . 5  . 7 1 0 2233 1 65 8  
1 04 1 02 2 1 02 2 0 1 0 0 1 54 9  2 1 1 3  
5 7  45 1 2  45 1 2  0 1 . 5  1 . 07 0 2875 2 72 4  
7 7  77 0 7 7  0 0 0 0 0 2588 0 

3 8 1 3 5 5 • 7 4 .  08 
1 1  0 1 0 1 9 1 0 1 9 0 1 .  1 3  . 35 0 1 84 1 1 2 1  9 
5 4  53 1 53 1 0 1 0 0 1 73 8  334 
9 3  90 3 go 3 o 1 o o 24 1 6  7 4 3  
9 7  97 0 97 0 0 0 0 0 1 705 0 

3 9  1 3 6 1 . 72 2 . 79 
6 9  69 0 69 0 0 0 0 0 1 898 0 
7 3  73 c 73 0 0 0 0 0 2 1 4 5 0 
6 3  59 4 5 9  4 0 1 0 0 2 776 2 1 32 
6 4  62 2 62 2 0 1 0 0 2 9 1 1 1 4 6 1  

4 0  2 3 6 4 .  9 4 .  6 
64 62 2 62 2 0 0 0 2 74 5  1 1 4 3  
4 5  42 3 4 2  3 0 0 0 2 356 1 30 9  
7 3  6 9  4 6 9  4 0 0 0 2 742 1 24 8  
5 2  4 7  5 47 5 0 1 . 25 . 5 0 4060 2 1 3 8 

4 2  1 2 1 0  3 . 04 2 . 87 
1 07 99 8 72 8 0 1 . 6  0 1 44 0  1 4 67 
5 2  50 2 5 0  1 1 1 0 2 6 9 3  2 996 
35 33 2 3 3  2 0 1 0 2 468 1 084 
5 4  50 4 50 4 0 1 . 33 0 2246 1 5 99 

43 1 2 12 • * 
3 1  2 9  2 29 0 2 1 0 0 3 822 1 64 8  
5 5  4 9  6 4 9  1 5 1 . 5  1 0 2587 1 08 1  
3 8  3 8  0 3 8  0 0 0 0 0 2365 0 
4 8 4 3 5 4 3  5 0  1 . 25 . 5 0 1 857 1 55 4  

4 4  1 3 1 2  • •  
1 2 7 1 27 0 1 27 0 0 0 0 0 1 722 0 
83 83 0 83 0 0 0 0 0 3 84 3  0 
1 08 1 08 0 1 08 0 0 0 0 0 2 80 1  0 
7 1  7 1  0 7 1  0 0 0 0 0 2 3 84 0 

4 6 1 3 1 4 4 .  04 3 .  45 
66 6 1  5 6 1  5 0  1 0 3078 1 640 
3 5  34 1 33 1 0 1 0 3548 1 322 
8 0  74 6 7 4  6 0 1 0 3 1 3 3 1 386 
44 3 8  6 38 6 0 1 . 2  0 3656 1 34 4  

4 7  2 2 1 5  2 . 5  3 . 3 
4 3  37 6 33 5 1 1 . 5  1 0 3 772 2 83 7  
6 4  57 7 5 4  5 2  1 . 75 . 96 0 2 79 5  2 4 4 0  
4 3  4 0  3 40 0 0 1 0 0 3 784 2858 
62 56 6 56 0 0 2 1 . 73 0 3 90 4  3 4 2 9  

4 8 1 3 1 9 * *  
7 3  7 0  3 70 3 0 1 0 0 2 1 7 1  7979 
74  71  3 71  3 0 1 0 0 1 79 1  707 
1 07 1 07 0 1 07 0 0 0 0 0 1 96 1  0 
1 66 1 62 4 1 62 4 0 1 0 0 1 60 9  6 5 0  

4 9  2 1 2 0  4 . 05 4 . 03 
42 40 2 40 2 0 1 0 0 3 0 3 0  5224 
5 0  5 0  0 50 0 0 0 0 0 2 994 0 
87 87 0 87 0 0 0 0 0 1 9 1 1  0 
84 8 1  3 8 1  3 0 1 . 5  . 7 1 0 2 1 96 1 20 3  



5 0  1 2 25 5 . 87 4 . 92 
58 57 1 57 1 0 1 0 0 2 875 24 1 8  
5 4  54 0 5 4  0 0 0 0 0 2 706 0 
66 66 0 66 0 0 0 0 0 2 1 05 0 
73 73 0 73 0 0 0 0 0 2 75 3  0 

5 1  1 2 25 3 . 2  3 . 12 
3 3  28 5 28 5 0 1 
36 33 3 33 3 0 1 
57 55 2 55 2 0 
57 56 1 56 1 0 

52 1 2 25 * * 

0 0 5 34 8  1 035 
0 0 5 8 96 976 
0 0 3 1 62 1 075 
0 0 2 888 925 

5 9  5 0  9 4 9  2 7 1 . 5  . 84 0 3447 1245 
6 0  55 5 55 3 2 1 0 0 3 0 92 1 82 1  
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1 0 9 9 9  1 0  9 9  1 0  0 1 . 25 . 7 1 0 3508 1 2 3 1  
5 0  4 5  5 4 5  5 0 1 . 25 . 5  0 3 360 1 3 94 

5 3  1 2 25 1 . 68 2 . 37 
1 54 1 54 0 1 54 0 0 0 0 0 1 1 67 0 
65 65 0 65 0 0 0 0 0 1 950 0 
1 1 2 1 02 1 0  1 02 1 0  0 1 . 1 1  . 33 0 1 767 1 0 9 1  
7 8  7 0  8 7 0  8 0 1 . 33 . 82 0 1 92 6  1 2 85 

56 1 3 10 * * 
60 60 0 60 0 0 0 0 0 1 1 4 7  0 
1 1 5 1 1 5 0 1 1 5 0 0 0 0 0 653 0 
4 3  4 1  2 4 1  2 0 1 0 0 3 6 3 5  2 5 6 7  
7 5  7 2  3 7 2  3 0 1 . 5  . 7 1 0 2 362 1 3 46 

P a l a t i n e  l ev ator musc l e .  

1 1 2 -. 1 6 . 29 . 4 8 
1 85 1 65 20 1 64 3 1 7  1 . 1 8 . 3 9 0 3 1 6  4 0 6  
1 7 1 1 56 1 5  1 55 8 7 1 . 1 7 . 58 0 3 84 5 1 4  
1 1 2 1 04 8 1 04 8 0 1 . 6  1 . 34 0 288 3 2 7  
8 9 8 1  8 8 1  8 0 1 .  3 3  • 5 2  0 3 1 5  354 

2 1 1 • 00 1 • 85 • 95 
1 88 1 79 9 1 77 5 4 1 0 0 7 1 7  7 7 3  
1 1 5 1 08 7 1 06 1 6 1 0 0 754 794 
1 5 3 1 42 1 1  1 42 1 1  0 1 . 1 . 32 0 773 7 5 0  
8 8  8 5  3 8 5  3 0 1 0 0 7 67 752 

3 1 1 . 002 . 56 . 54 
1 42 1 32 1 0  1 06 9 1 2 . 5 1 . 29 0 7 9 1  8 92 
1 2 9 1 1 5 1 4  1 1 0 1 2  2 1 . 4  . 52 0 626 6 4 4  
1 6 5  1 59 6 1 55 6 0 1 0 0 5 2 4  887 
1 2 1  109 12 1 09 1 2  0 1 . 09 . 30 0 745 1 1 20 

4 1 1 . 00 3  . 9 1 . 86 
1 1 1 97 1 4  97 4 1 0 1 . 27 . 65 0 5 80 4 3 6  
1 2 3 1 0 1 22 97 1 3  9 1 . 38 1 . 02 0 5 2 9  475 
1 7 1 1 4 1  3 0  1 25 1 5  1 5  1 . 67 . 97 0 808 804 
1 6 1 1 32 29 1 1 7 1 0  1 9  1 . 6 1 1 . 1 4  0 665 7 4 4  

6 1 2 . 0 0 3  * * 
7 8  36 42 3 6  24 1 8  1 4  22 . 52 1 4 2 5  547 
8 0  44 36 43 17 1 9  7 . 2  9 . 1 2  1 3 7 4  47 1 
9 8  85 1 3  85 2 1 1 1 . 63 1 . 4 1 0 1 2 1 4 1 76 3  
7 8  65 1 3  6 5  9 4 1 .  6 3  1 . 06 0 6 4 3  1 28 9  

7 1 2 . 00 5  . 56 . 8  
* * * * * * * * * * * 
* * * * * * * * * * * 
1 32 1 1 5 1 7  1 1 5 1 7  0 1 . 55 . 82 0 608 7 4 4  
1 26 1 2 3  3 1 23 3 0 1 0 0 658 5 99 

8 1 2 . 00 5  . 89 . 80 
1 59 1 43 1 6  1 4 3 9 7 1 . 07 . 26 0 695 560 
1 35 1 1 3 22 1 1 2 1 3  9 1 . 29 . 69 0 5 3 0  4 3 5  
1 42 1 1 9  2 3  1 1 9 4 1 9  1 . 1 5 . 37 0 6 7 2  667 
1 48 1 27 2 1  1 27 7 1 4  1 . 3 1 . 4 8 0 861 907 

9 1 1 • 0 1 • 84 • 88 
* * • * * * * * * * * 
* * * * * * * * * * * 
1 05 98 7 94 6 1 1 .  1 7  • 4 1  0 8 42 850 
1 1 0 99 1 1  97 2 9 1 .  22 . 44 0 891 654 

1 0  1 * . 08 . 83 • 9 1  
8 7  7 5  1 2  7 5  1 2  0 1 0 0 1 296 1 692 
1 0 8 90 1 8  90 1 8  0 1 . 5  . 67 0 1 036 1 0 99 
1 75 1 53 2 2  153 22 0 1 . 22 . 43 0 1 1 97 1 26 1  
6 5  5 6  9 5 6  9 0 1 . 29 . 76 0 1 3 97 1 602 

1 1  1 1 . 1 • 9 1 
80 72 8 72 5 3  1 . 3 3 . 82 0 1 266 82 4 
96 83 1 3  83 8 5 1 0 0 9 5 1  1 0 1 2  
1 4 1  9 9  4 2  98 3 3  9 2 . 63 2 . 3 9 0 . 1 6'4 1  1 255 
86 7 1  1 5  71  9 6 1 . 1 5 . 38 0 1 684 1 3 70 

1 2 1 2 • 2 5  • 68 • 67 
1 1 8 1 1 3  5 1 1 3 5 0 1  0 0 1 305 1 788 
8 1  7 3  8 73 8 0 1 . 1 4 . 38 0 1 552 1 57 1  
* * * * * * * * * * * 

' 

* * * * * * * * * * * 
1 4 1 2 • 5 1 .  32 1 . 23 

1 1 0 1 00 1 0  1 00 5 5  1 . 25 . 46 0 1 40 9  1 468 
1 50 1 3 8 1 2  1 38 2 10 1 . 2  . 63 0 1 1 1 5 1 1 89 
98 86 1 2  86 1 1 1  1 . 2  . 42 0 1 94 8  1 4 32 
1 99 1 8 1 1 8 1 79 7 1 1  1 . 5 . 9  0 1 23 5  1 1 1 6 

1 5 1 2 • 66 2 .  1 8  1 . 93 
1 89 1 47 42 1 47 42 0 1 . 75 . 99 0 1 4 1 1 1 586 
1 1 3 87 2 6  87 26 0 1 . 53 1 . 0 1 0 1 7 1 4  204 1 
9 6  70 26 70 26 0 1 . 86 1 . 46 0 2 1 84 2 89 3  
1 1 0 8 0  3 0  80 30 0 2 1 . 65 0 2 2 0 0  2 1 67 

1 6 1 2 • 66 2. 36 2 .  94 
1 05 9 1  1 4  90 0 1 4 1 . 4 . 97 0 1 34 4  1 350 
7 5  73 2 72 0 2 1 0 0 1 5 1 8  1 87 2  
8 0  6 8  1 2  68 1 2  0 1 . 5  . 53 0 1 586 1 75 5  
3 8 35 3 35 3 0 1 0 0 2 1 54 2088 

1 7 1 1 1 3 . 1 1  3 . 1 4  
9 1  7 9  1 2  7 9  2 1 0 1 . 7 1 . 95 0 1 476 22 1 8  
6 5  6 1  4 6 1  0 4 1 . 33 . 58 0 1 7 1 2  1 73 1  
8 7  80 7 8 0  7 0 1 . 4  . 55 0 3 1 73 3 6 1 3 
92 84 8 84 8 0 2 2 0 1 897 2 3 6 9  

1 8 1 2 1 2 .  8 8  2 .  4 9  
4 9  3 8  1 1  38 1 1  0 1 . 57 . 79 0 1 87 3  3044 
6 7  5 9  8 5 9  8 0 1 .  33 . 82 0 2 1 5 1  3098 
7 9  64 15 64 15 0 1 . 5  1 . 08 0 1 852 2670 
5 2  46 6 46 6 0 3 2 . 82 0 2096 3 1 37 

1 9 1 2 1 1 • 84 2 • 2 
76 62 1 4  59 5 9  1 . 75 . 89 0 3045 3 1 37 
5 7  43 1 4  42 1 2  2 1 . 56 1 . 0 1 0 2 95 9  2 4 3 4  
7 9  67 1 2  65 7 5 1 . 2 . 42 0 2 442 1 35 1  
6 7  5 7  1 0  5 7  1 0  0 1 . 1 1  . 33 0 3 354 1 94 0  

2 0 1 2 1 3 • 54 2.  9 
8 0  54 26 54 23 3 3 . 25 5 . 1 8  1 3606 5599 
63 4 4  19 4 4  17 2 2 . 1 1  1 . 62 0 3222 4 855 
1 1 7 99 1 8  99 1 8  0 1 . 29 . 6 1 0 1 93 1  291 0 
7 7  57 20 5 7  20 0 2 . 86 2 . 1 2  0 2026 3063 

2 1  1 1 1 . 25 2 . 7 1  2 . 64 
1 0 1  70 3 1  70 3 1  0 2 . 58 1 . 73 0 873 1 208 
1 63 1 47 1 6  1 47 1 6  0 1 . 23 . 44 0 844 993 
54 44 1 0  4 4 1 0  0 1 . 1 1 . 33 0 2283 1 865 
8 4  72 1 2  72 12 0 1 . 33 . 7 1 0 1 8 1 4  1 90 4  

2 2  1 1 1 .  5 2 . 79 2 . 34 
1 03 83 20 83 20 0 1 . 25 . 58 0 2 2 1 1 2 1 4 8 
8 8  75 1 3  75 1 3  0 1 . 44 . 73 0 1 83 3  1 97 0  
1 6 1 1 44 1 7 1 44 1 5  2 1 . 2 1 . 43 0 1 1 04 1 3 83 
87 74 1 3  7 4  1 2  1 1 . 7 1 1 . 25 0 1 33 3  1 47 3  

2 3 1 1 2 2 • 8 1  3 • 22 
75 63 12 62 1 2  0 1 . 5  . 76 0 1 66 8  2456 
9 7  88 9 88 9 0 1 . 29 . 4 9 0 1 798 2 9 1 6 
5 5  48 7 4 8  6 1 1 . 75 . 5 0 1 92 8  261 4 
80 77 3 77 3 0 1 .  5 • 7 1  0 1 842 1 956 

2 4 1 1 2 2 . 1 1 2 . 7 
1 2 7  1 1 7 1 0  1 1 7 1 0  0 1 . 25 . 46 0 1 602 225 
7 3  69 4 67  1 3 1 0 0 1 7 1 3  2575 
68 65 3 64 0 3 1 0 0 1 82 6  2733 
9 3  8 4  9 84 6 3 1 . 29 . 4 9 0 2459 2077 
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2 5  1 3 2 3 . 52 3 . 26 
6 9  56 1 3  56 3 1 0  1 .  63 1 . 06 0 2294 2 3 8 1  
7 5  6 1  1 4  6 1  4 1 0 1 . 27 . 65 0 1 986 2 1 38 
1 3 5 1 1 0 25 1 1 0 1 4  1 1  1 . 32 . 58 0 3 2 1 7  2 965 
74 62 12 62 5 7  1 . 5  . 76 0 3 4 3 8  2 7 3 3  

2 6  1 2 2 2 . 1 1  2. 09 
9 0  74 16 71  1 6  0 1 . 6  . 7  0 1 59 1  2 1 1 0 
1 25 1 03 22 1 03 22 0 1 . 83 1 . 47 0 1 560 22 96 
76 66 10 66 1 0  0 1 . 1 1  - 33 0 1 76 1  2 1 32 
1 1 2 9 3 1 9 93 1 6 3 2. 1 1  1 • 27 0 1 64 1 1 95 7 

2 7 2 2 2 3 • 75 4 • 0 1 
97 7 1  26 7 1  26 0 2 . 1 7  1 . 7  0 2375 2 9 1 4 
5 0  40 1 0  II Q 1 0  0 1 . 67 . 82 0 2 1 64 4 7 3 1 
1 05 83 22 83 22 0 1 . 38 . 8 1 0 2788 2 3 97 
1 0 1 85 1 6  85 1 6  0 1 . 1 4 . 36 0 1 76 3  2098 

28 1 1 2 . 5 2 . 9 3  3 . 09 
83 74 9 74 9 0 1 . 1 3 . 35 0 1 936 1 70 8  
9 1  80 1 1  8 0  1 1  0 1 . 1 . 32 0 1 94 8  1 754 
7 6  58 1 8  5 8  18 0 1 . 8  1 . 4 8 0 2 234 2673 
8 5  77 8 7 7  8 0 1 . 1 4 . 38 0 1 92 0  2427 

29 2 1 3 * * 
7 9  75 4 75 4 o 1 .  33 . 58 o 2 2 92 H l5 1  
6 0  56 4 56 4 0 . 1  0 0 2526 1 97 7  
4 8  46 2 4 6  2 0 1 0 0 2 6 4 3  2 2 8 9  
8 5  8 2  3 82 3 0 1 . 5  . 7 1 0 1 08 5  9 6 6  

3 0  2 2 3 5 . 63 5 . 32 
5 9  4 3  1 6  4 3  1 6  0 2 . 2 9  2 . 2 1  0 2 636 3 905 
53 4 4  9 44 9 0 1 . 8  . 84 0 2 5 4 5  3664 
1 1 5 85 3 0  85 30 0 1 . 88 1 . 5 0 2 452 264 1 
62 5 3  9 5 3  9 0 1 . 5  . 84 0 2 1 1 8  274 4 

3 1  1 3 3 . 5 3 . 03 3 . 0  
1 07 1 00 7 1 00 7 0 1 . 1 7 . 4 1  0 2 4 1 2  2 1 53 
4 8  30 1 8  3 0  1 8  0 4 . 5  7 1 2 93 1  402 1 
73 66 7 66 7 0 1 . 1 7 . 4 1 0 4 23 9  3032 
55 49 6 46 4 2 2 1 0 2 1 69 2488 

3 2  1 3 4 3 4 .  22 
76 68 8 68 7 1 . 1 7  . 4 1 0 2 924 2 94 7  
4 5  4 3  2 4 3  2 0 1 0 0 282 4 4823 
5 4  4 8  6 4 4  6 0 1 . 5  . 58 0 2 808 2363 
69 6 8  1 6 8  1 0 1 0 0 2 4 4 1  2 4 9 1  

3 3  2 1 4 3 . 59 3 . 62 
5 1  38 1 3  38 1 3  0 1 . 44 1 . 33 0 3047 2207 
6 1  5 9  2 5 9  2 0 1 0 0 2 065 1 600 
84 8 3  1 83 1 0 1 0 0 3 66 6  1 625 
1 23 1 1 8 5 1 1 8 5 0  1 . 25 . 5 0 1 63 4  771  

34 1 2 4 3 . 42 3 . 98 
69 62 7 62 7 0 1 . 75 . 5  0 2632 1 5 1 6  
6 0  5 1  9 5 1  9 0 2 . 25 1 . 5  0 3 387 23 1 3  
9 0  76 1 4  72 7 7 1 . 56 . 73 0 2 65 7  2033 
95 75 20 73 1 7  3 1 . 67 1 . 23 0 2545 2028 

3 5 1 3 4 3 • 73 4 .  96 
84 7 1  1 3  7 1  1 3  0 1 . 63 1 . 06 0 2536 3 1 74 
5 6  5 1  5 5 1  5 0 1 0 0 2 3 07 3 1 30 
8 1  7 1  1 0  7 1  1 0  0 2. 5 1 . 73 0 3 3 97 4 3 5 0  
5 5  47 8 47 8 0 2 . 67 2 . 89 0 2 84 1  3205 

36 1 3 5 * * 
95 84 1 1  84 1 1  0 1 . 57 . 98 0 3474 3 3 9 3  
6 2  57 5 57 5 0 1 0 0 4 060 46 1 7  
6 6  4 9  1 7  4 9  1 7  0 2 . 4 3 1 . 9  0 3756 4 5 6 3  
3 9  35 4 35 4 0 2 1 . 4 1 0 472 9 3 885 

37 1 3 5 3 . 9  3 . 66 
6 9  5 1  1 8  5 1  1 8  0 1 . 5  1 . 1 7 0 3 7 1 0  1 732 
6 6  54 1 2  54 12 0 1 . 5  1 . 4 1 0 2 4 1 1 3 34 9  
7 6  66 1 0  66 1 0 0 1 . 67 1 . 2 1 0 2 1 05 2297 
6 3  44 1 9  4 4  1 9  0 2 . 7 1 2 . 06 0 2608 2593 

3 8 1 3 5 3 • 68 3.  27 
1 0 7 97 10 9 7  10 0 1 . 1 1 . 33 0 2 98 8  3059 
69 66 3 66 3 0 1 . 5  . 71 0 2 632 2 0 8 0  
1 3 1 1 2 3  8 1 22 7 1 1 . 33 . 82 0 1 58 9  2206 
78 70 8 7 0  8 0 1 • 33 • 82 0 1 93 4  1 758 

3 9 1 3 6 3 .  35 3. 59 
74 62 1 2  62 1 2  0 1 . 2  . 42 0 2689 2 3 3 6  
86 7 1  1 5  7 1  1 5  0 1 . 88 1 . 25 0 203 1 1 782 
87 78 9 78 9 0 1 . 1 3  . 35 0 2299 24 1 9  
9 3 85 8 85 8 0 1 .  1 4  • 38 0 1 475 1 570 

40 2 3 6 3 . 78 3 . 29 
88 80 8 80 7 1 1 .  6 1 .  34 0 2508 2670 
78 7 0  8 7 0  8 0 1 . 6  . 55 0 2 1 64 2459 
67 52 1 5  52 15 0 1 . 88 1 . 1 3 0 252 1 34 1 9  
7 5  60 1 5  6 0  1 5  0 1 .  36 • 81 0 2585 2 962 

4 2  1 2 10 2.  19 2.  1 
59 52 7 52 7 0 1 . 1 7 0 3388 3 3 8 1  
4 8  4 1  7 4 1  7 0 1 . 1 7  0 2334 2 7 98 
6 7  55 12 55 1 2  0 1 . 3 3 0 2 4 3 1 2378 
47 42 5 4 2  5 0  1 . 67 0 261 2 2521  

43  1 2 12  4 4 
56 4 8  8 48 0 8 1 . 33 . 52 0 2 72 1  22 1 
1 0 1 87 1 4  87 3 1 1  1 . 27 . 47 0 1 888 1 54 1  
1 07 89 1 8  87 8 1 0  1 . 8 1 . 1 4 0 2566 2273 
6 2  47 1 5  45 5 1 0 1 . 88 1 . 1 3 0 2 977 2 1 66 

4 4 1 3 1 2  4 .  77 4 .  9 1  
6 0  54 6 5 1  1 5 3 2 . 83 0 208 1 2665 
57 5 1  6 49 1 5 2  1 . 73 0 1 9 1 2  2404 
6 0  58 2 58 1 1 1 0 0 2556 3 5 3 5  
5 2  5 1  1 4 9  1 0 1 0 0 3 0 2 8  2574 

45 1 2 12 * * 
87 70 1 7  70 1 5  2 1 . 2 1 . 4 3 0 2 92 8  2562 
1 1 8 99 1 9  9 9  7 12 1 . 46 . 66 0 1 83 6  1 992 
7 6 62 1 4 6 2 1 3 1 1 .  75 1 .  3 9 0 1 81 9 1 52 3 
7 5  70 5 6 9  1 4 1 . 25 . 5 0 3 1 32 1 950 

46 1 3 14 3 . 48 2 . 5 1  
6 9  6 3  6 6 3  6 0 1 0 1 982 1 43 0  
6 9  65 4 6 5  4 0 1 0 1 56i 1 55 4  
7 8  66 1 2  66 1 2  0 1 0 2 303 1 5 1 7  
5 8  5 4  4 5 4  4 0 1 0 2 3 1 8  1 32 1  

4 7  2 2 1 5  3 . 22 3 . 1 8  
8 4  7 9  5 7 2  1 4 1 . 25 . 5  0 3096 2204 
40 34 6 3 1  3 3 2 0 0 3 342 2200 
1 08 1 03 5 9 7  2 3 1 0 0 2 80 8  2 4 1 4  
3 7  36 1 34 1 0 1 0 0 3 7 96 3 3 5 9  

4 8 1 3 1 9 2 . 73 2 . 52 
62 60 2 60 2 0 1 0 0 2635 
4 1  40 1 4 0  1 0 1 0 0 2 87 0  
7 4  68 6 65 0 6 1 0 0 2 672 
7 8  72 6 7 1  4 2 1 0 0 1 998 

49 2 1 2 0  4 . 37 4 . 5 1 

1 54 1  
1 458 
3 3 1 0  
3063 

88 7 9  9 7 9  9 0 1 . 1 3 . 35 0 1 89 4  2366 
5 5  49 6 4 5  6 0 1 . 2  . 45 0 1 332 1 866 
61  5 3  8 5 1  8 0 1 . 1 4 . 38 0 2454 3 1 37 
58 5 3  5 53 5 0  1 . 25 . 5 0 2740 2 4 4 8  

5 0  1 2 25 3 . 3 1 3 . 6 1  
5 2  47 5 47 4 0 1 0 0 3 0 4 2  4 1 06 
6 9  56 1 3  56 1 3  0 2 . 6 1 . 82 0 2268 3 1 25 
9 8  92 6 92 6 0 1 . 2  . 45 0 2023 2408 
84 75 9 75 9 0 1 . 1 3 . 35 0 2268 1 680 

5 1  1 2 25 3 .  1 2  3 
67 60 7 60 7 0 1 . 1 7 . 4 1 0 255 1 3 3 4 1  
8 3  7 1  1 2  7 1  1 2  0 1 . 09 . 3  0 3558 2 3 6 4  
7 5  6 8  7 6 8  7 0 1 0 0 1 94 7  1 1 07 
7 4  68 6 68 6 0 1 . 2 . 45 0 2 3 1 4  1 3 4 4  

5 2  1 2 2 5  * * 
75 67 8 66 2 6 1 . 6  . 55 0 2 1 08 3 2 1 8  
1 04 88 1 6  88 3 1 3 1 . 33 . 78 0 1 64 4  2 6 4 9 
1 00 84 1 6  81 7 9 1 . 33 . 65 0 264 1 4 2 3 1  
6 2  54 8 5 2  4 4 1 . 3 3 . 52 0 3086 3 6 9 9  

5 3  1 2 2 5  2 .  7 8  3 .  1 4  
63 54 9 5 4  6 3 1 . 5  1 . 22 0 3 1 80 4 8 9 8  
7 1  55 1 6  55 1 6  0 1 . 6  1 . 07 0 3 3 84 3 972 
6 0  47 13 47 1 3  0 3 . 25 2 . 06 0 2 3 4 8  3 4 94 
5 8  50 8 50 8 0 1 . 6  . 55 0 2286 4 7 0 9  



1 70 

5 4  1 2 25 * * 
63 52 1 1  52 5 6  1 . 83 . 75 0 3576 4 2 9 4  
1 04 9 3  1 1  93 1 1  0 1 . 57 1 . 1 3 0 1 942 3 1 05 
3 9  35 4 3 1  1 3 1 0 0 3289 3 3 78 
7 1  64 7 58 5 2 1 . 1 7 . 4 1 0 2 4 1 7  2 97 1 

55 1 * 25 2 . 4 9  2 . 22 
4 9  45 4 45 3 1 2 0 0 3242 3677 
54 47 7 47 5 2 1 . 1 7 . 4 1 0 3 450 3 95 9  
7 3  63 1 0  63 8 2 1 . 4 3 . 53 0 1 795 1 65 0  
7 3  6 4  9 6 4  8 1 1 . 1 3  . 35 0 1 587 1 42 8  

5 6  1 3 1 0  2 . 04 2 . 46 
6 9  58 1 1  5 8  1 1  0 1 . 22 . 67 0 2 5 3 0  2 8 6 4  
6 6  54 1 2  5 4  1 2  0 1 . 2  . 42 0 2 730 1 83 1  
4 4  35 9 35 9 0 1 . 8  1 . 3  0 3035 2 300 
7 1  56 1 5  5 6  1 5  0 1 .  5 • 7 1  0 2 372 2 3 02 

Pa l a t i n e  musc l e .  

1 1 2 - .  1 6  
1 00 1 00 0 1 00 0 0 0 0 0 2 82 0 
87 87 0 87 0 0 0 0 0 1 90 0 

2 1 1 . 00 1  

1 72 1 72 0 1 66 0 0 0 0 0 5 3  4 0 
1 26 1 26 0 1 1 0 0 0 0 0 0 5 1 0  0 

4 1 1 . 00 3  
1 2 7  1 09 1 8  1 07 1 6  2 1 . 64 1 . 03 0 2 4 8  223 

1 32 1 1 0 22 1 1 0 1 6  6 1.  8 3  • 94 0 246 260 
5 1 1 • 003 

1 67 1 60 7 1 60 7 0 1 . 1 7 . 4 1 0 696 425 
1 3 1 128 3 1 28 3 0 1 0 0 4 59 5 1 2  

8 1 2 • 005 

1 50 1 36 1 4  1 36 14 0 1 . 27 . 65 0 377 304 
* * * * * * * * * * * 

1 0 1 * . 08 

1 00 88 1 2  88 1 2  0 1 . 0 9 . 3  0 5 56 463 
1 34 1 2 1  1 3  1 2 1  1 3  0 1 . 3  . 67 0 362 3 4 9  

1 1 1 1 • 1 
1 60 1 22 3 8  1 22 3 8  0 2 . 92 2 . 72 0 365 242 
90 71 1 9  7 1  1 9  0 1 . 46 . 78 0 520 3 6 1  

1 2  1 2 • 2 5  

1 05 1 02 3 1 02 3 0 1 0 0 5 7 9  4 7 4  
9 6  96 0 96 0 0 0 0 0 4 25 0 

1 4  1 2 • 5 
92 71 2 1  71 2 1  0 1 . 62 . 77 0 678 4 3 9  
2 5  2 0  5 2 0  5 0 1 0 0 6 98 504 

1 5  1 2 • 66 

93 80 1 3  80 1 3  0 1 . 08 • 29 0 653 575 
58 4 8 1 0  4 8  1 0  0 1 . 25 . 46 0 671 591  

1 6  1 2 • 66 
99 8 6 1 3  8 1 7 1 1 . 1 7 . 4 1 0 1 047 3065 
* * * * * * * * * * * 

1 7  1 1 1 
66 63 3 6 3  3 0 1 0 0 1 1 511 1 3 8 1  

7 0  63 7 6 3  7 0 1 . 1 7 . 4 1 0 8 5 5  675 
1 8  1 2 1 

48 39 9 3 9  6 3 1 . 8 1 . 79 0 1 53 6  1 2 1 0  
7 0  57 1 3  5 7  1 3  0 1 . 63 1 . 4 1 0 1 954 1 067 

1 9  1 2 1 
55 51 4 5 1  4 0 1 0 0 2059 7 1 36 
1 0 1  98 3 9 8  3 0 1 0 0 8 4 1  406 

2 1  1 1 1 .  25 
1 1 1 1 08 3 1 08 3 0 1 0 0 1 302 1 070 
* * * * * * * * * * *  

2 2  1 1 1 .  5 
1 4 1  1 34 7 1 34 7 0 1 0 0 1 036 1 08 9  
1 4  3 1 36 7 1 3 6  7 0 1 .  4 • 89 0 869 85 1 

2 3  1 1 2 
83 73 1 0  73 1 0  0 2 1 0 1 1 47 1 3 1 8  
8 4  72 1 2  7 2  1 2  0 1 . 33 . 5 0 1 263 1 22 8  

2 4  1 1 2 
57 54 3 54 3 0 1 0 0 1 52 3  985 
3 1  31 0 3 1  0 0 0 0 0 2287 0 

25 1 3 2 
1 55 1 3 9 1 6  1 36 1 6  0 1 . 1 4 . 53 0 1 08 8  8 5 6  
1 1 8 1 1 1  7 1 0 8  7 0 1 • 1 6  • 4 1  0 1 268 94 1 

2 7  2 2 2 
1 32 1 2 8 4 1 28 4 0 1 0 0 509 420 ' ,  
62 5 1 1 1 5 1  1 1  0 1 • 1 • 32 0 9 1  8 1 0 1 2  

2 8 1 1 2 . 5  
65 4 7  1 8  47 1 8  0 1 . 64 1 . 29 0 1 208 1 6 1 7  
8 1  6 1  20 6 1  20 0 4 4 .  64 1 1 1 52 1 58 5  

2 9  2 1 3 
1 1 4 1 00 1 4  1 00 1 4  0 1 . 4  . 52 0 1 00 1  7 6 8  
7 4  63 1 1  6 3 1 1 0 1 . 22 . 67 0 1 470 1 1 92 

3 0  2 2 3 
1 67 1 44 23 1 4 4  23 0 1 . 64 . 93 0 1 72 6  1 60 9  
8 1  68 1 3  6 8  1 3  0 1 . 86 1 . 86 0 1 4 88 1 4 9 1  

3 1 1 3 3 . 5  
2 9  2 9  0 29 0 0 0 0 0 2 1 87 0 
3 7  37 0 37 0 0 0 0 0 2 802 0 

3 2  1 3 4 
88 83 5 83 5 0  1 . 25 . 5 0 1 43 1  1 705 

5 5  54 1 54 1 0 1 0 0 1 4 1 5  970 

33 2 1 4 
1 02 98 4 98 4 0 1 . 33 . 58 0 1 1 9 1  896 
87 7 2 1 5  72 15 0 1 . 99 1 . 73 0 1 58 3  1 974 

35 1 3 4 
69 54 1 5  54 1 5  0 2 . 1 4  2 . 6 1  0 1 74 9  2 1 57 
7 6  59 1 7  5 9  1 7  0 2 . 1 3  2. 1 0 1 22 7  1 352 

3 6  1 3 5 
66 61 5 6 1  5 0  1 . 25 . 5 0 1 255 1 2 66 
72 71 1 71 1 0 1 0 0 1 4 54 1 1 06 

3 8  1 3 5 
1 06 1 02 4 1 02 4 0 1 0 0 1 00 3  7 9 1  

9 2  8 8  4 8 8  4 0 1 0 0 7 6 3  94 9 

3 9 1 3 6 
1 1 4 1 0 9  5 1 09 5 0 1 . 25 . 5  0 1 02 9  2 8 4 9  
9 9  9 4  5 9 4  3 2 1 . 25 . 5  0 806 2782 

40 2 3 6 
7 6 63 1 3  63 1 3  0 1 . 08 . 29 0 2282 2 60 5  

9 1  70 2 1  7 0  2 1  0 1 .  75 1 .  7 1  0 1 699 1 782 
4 2  1 2 1 0  

52 4 9  3 4 9  3 0 1 0 1 52 8  1 32 6  
4 3  4 2  1 4 2  1 0 1 0 1 8 1 2  766 

4 3  1 2 1 2  
66 5 3  1 3  5 3  5 8  1 . 63 . 92 0 1 760 1 53 7  
7 4  66 8 6 3  2 6 1 . 1 4  . 38 0 1 357 1 405 

4 4  1 3 1 2  
74 6 7  7 6 7  7 0 1 . 1 7 . 4 1 0 1 1 23 1 32 3  
4 6  3 9  7 3 9  7 0 1 . 4  . 55 0 1 2 86 1 22 9  

4 6  1 3 1 4  
59 5 4  5 5 4  5 0 1 . 25 0 1 67 3  1 476 
29 2 8  1 2 8  1 0 1 0 4 7 4 9  1 373 

4 7  2 2 1 5  
3 8  3 1  7 2 9  0 7 1 . 75 . 96 0 1 35 8  1 6 1 9  
3 9  27 1 2  2 6 1 1 1  2 . 75 2 . 87 0 1 3 1 0  1 93 1  

4 8  1 3 1 9  
7 1  70 1 7 0  1 0 1 0 0 1 602 3 1 1 0  

9 6  95 1 9 5  1 0 1 0 0 1 58 1 4 36 

49 2 1 20 
1 08 1 00 8 1 00 8 0 1 . 1 4 . 38 0 1 8 1 8  24 1 2  
7 8  7 4  4 7 4  4 0 1 0 0 1 989 1 4 1 9  

5 0  1 2 25 
63 57 6 57 6 0 1 . 5  1 0 1 580 1 425 
6 0  60 0 60 0 0 0 0 0 1 853 0 



5 1  1 2 25 
74 72 2 72 2 0 1 0 0 864 64 1 
4 9  4 8 1 4 8  1 0 1 0 0 1 06 4  1 4 76 

52 1 2 25 
6 3  55 8 55 8 0 1 . 6  . 89 0 2327 2578 
44 42 2 42 2 0 1 0 0 749 324 0 

53 1 2 25 

1 7 1  

6 4  4 1  2 3  4 1  23 0 2 . 88 2 . 64 0 1 34 8  1 52 7  
1 1 0 98 1 2  9 8  1 2  0 1 . 5  1 . 07 0 9 1 2  8 9 9  

5 6  1 3 1 0  * 

7 4  7 1  3 7 1  3 0 1 0 0 1 89 7  1 3 97 
4 9  47 2 47 2 0 1 0 0 1 98 7  1 79 3  

P a l a t i n e  ten sor musc l e .  

1 1 2 -. 1 6 * *  
1 0 4 1 04 0 1 04 0 0 0 0 0 3 1 8  0 

1 40 1 40 0 1 40 0 0 0 0 0 905 0 
2 4 4  244 0 244 0 0 0 0 0 401 0 
1 1 7 1 1 7 0 1 1 7 0 0 0 0 0 480 0 

2 1 1 • 00 1 • 86 1 
1 89 1 3 9 50 1 36 32 1 8  1 . 79 1 . 03 0 3 2 1  329 
2 89 2 1 5  74 208 50 2 4  1 . 9 1 . 54 0 2 60 272 
2 89 208 8 1  1 85 59 22 3. 12 2.  39 0 307 3 62 
2 47 1 44 1 0 3  1 39 77 2 6  4 . 1 6  3 . 86 2 285 327 

3 1 1 • 002 • 59 . 56 
2 0 6  1 64 42 1 63 27 1 5  2 . 47 2 . 67 0 2 3 4  270 
1 90 1 60 30 1 59 23 7 1 . 58 1 . 1 7 0 2 3 9  300 
2 0 1  1 59 42 1 57 27 1 5  2 . 47 1 . 74 0 2 85 362 
2 3 7 1 71 66 1 69 49 1 7  3. 3 2 . 58 1 3 1 9  4 1 2  

4 1 1 . 00 3 1 • 1 1  1 • 04 

220 1 67 53 1 65 27 26 1 . 58 . 86 0 3 8 1  344 
2 3 1  1 71 60 1 65 31 29 1 . 94 1 . 26 0 3 02 2 9 1  
1 1 1 8 1  3 0  77 23 7 3 2 . 58 0 4 1 9  6 4 3  
1 4 3 8 9  5 4  8 2  40 1 4  3 . 38 3 . 26 1 4 2 8  242 

5 1 1 • 003 1 1 
2 5 8  250 8 250 8 0 1 .  33 • 52 0 2 90 350 
1 76 1 71 5 1 7 1 5 0  1 . 25 . 5 0 2 6 1  438 
50 1 50 0 1 50 0 0 0 0 0 3 98 0 
2 1 8  2 1 8  0 2 1 8  0 0 0 0 0 3 96 0 

6 1 2 • 003 * * 
1 2 8 1 06 22 1 0 6  1 0  1 2  1 . 57 . 85 0 4 7 1  534 
1 5 1 1 22 2 9 1 22 26 3 1 . 53 . 84 0 344 338 
1 53 1 1 8  35 1 1 8 1 7  1 8  1 . 46 . 93 0 2 87 328 
1 52 1 32 20 1 32 20 0 1 . 33 . 62 0 258 301 

7 1 2 . 005 1 .  1 6  1 .  3 
1 82 1 36 46 1 25 1 4 6 0 2 . 42 2 . 1 4  0 308 3 3 6  
1 59 1 20 3 9  1 1 4  3 9  0 1 . 63 1 . 1 3 0 2 70 3 3 6  
1 45 1 1 0 3 5  1 1 6 3 5  0 2 . 1 9  1 . 6  0 3 88 4 1 8  
1 30 1 08 22 1 08 2 2  0 1 . 22 . 55 0 3 4 4  332 

8 1 2 • 005 1 1 
1 6 1 1 36 25 1 32 22 3 2 . 72 1 . 35 0 3 35 3 82 
1 59 1 0 1  58 1 00 42 1 6  4 . 1 4 5 . 33 3 !J56 4 36 
1 3 9 87 52 85 47 5 2 . 89 2 . 93 1 3 7 1  3 92 
1 91 1 23 67 1 22 5 9  5 2 . !J 8  1 . 28 0 402 !J28 

9 1 1 . 0 1 1 . 22 1 . 27 
2 0 9  1 7 1  38 1 53 3 0  8 02 . 53 1 . 68 0 332 36 1 
1 36 1 06 30 1 02 2 8  2 1 . 88 1 . 36 0 324 367 
2 1 2  1 65 47 1 59 3 2  1 5  3 . 92 2 . 4 3 0 2 88 3 !J O  

2 4 7  2 1 5  32 2 1 1  2 9  3 2 . 5  2 . 2  0 2 84 3 !J 1  
1 0 1 * . 0 8  1 .  5 1 .  6 1  

8 9  44 45 4 4  45 0 5 5 . 72 2 1 006 7 4 !J  
1 5 3 9 6  5 9  9 4  5 9  0 4 . 54 8 . 94 1 624 5 1 4  
1 2 3 3 5  8 8  3 5  3 3  0 2 9 . 33 3 8 . 1 2 94!J 804 
1 03 68 35 68 35 0 5 5 . 92 1 1 04 6  1 0 1 5  

1 1 1 1 . 1 2 . 5 2 . 2  
1 3 !J 1 34 0 1 34 0 0 0 0 0 640 0 
1 00 1 00 0 1 00 0 0 0 0 0 597 0 
1 68 1 68 0 1 68 0 0 0 0 0 6 04 0 
1 1 9  1 1 9 0 1 1 9 0 0 0 0 0 6 3 4  0 

1 2 1 2 • 25 1 • 65 1 .  65 
1 08 1 08 0 1 08 0 0 0 0 0 798 0 
92 92 0 92 0 0 0 0 0 7 9 4  0 
1 1 5 73 42 73 42 0 3 . 82 4 . 7  2 1 0 4 9  907 

69 3 9 3 0  3 9  30 0 5 3 . 52 0 9 1 6  908 

1 4 1 2 . 5 3 . 28 3 . 1 7  
1 99 95 1 011 8 8  8 8  1 6  1 3  1 1 . 65 4 1 295 8 4 8  

2 0 6  9 5  1 1 1  9 2  9 5  1 6  1 0 . 09 1 2 . 48 3 1 309 8 1 3  

1 02 45 57 4 5 5 6  1 8 .  1 4  1 3 .  04 1 1 208 806 
9 2  31 61  3 1  6 1  0 1 2 . 2  20 . 6  1 1 05 1  8 6 1  

1 5  1 2 . 66 3 . 95 3 . 74 
93 23 70 23 70 0 1 0 1 1 61 3  1 3 77 
7 7  2 75 2 7 5  0 1 0 1 1 220 1 65 7  
1 0 1  27 74 2 7  74 0 37 5 0 . 9 1 1 1 345 1 24 3  
5 3  0 5 3  0 5 3  0 1 0 1 0 1 4 96 

1 6 1 2 • 66 4 .  55 5 .  1 
1 0 1  74 27 47 0 0 2 . 7 2 . 36 0 1 5 1 2  1 3 3 7  
7 3  55 1 8  3 7  0 0 2 1 . 58 0 1 450 1 07 3  
90 6 7  23 4 4  0 0 1 . 92 1 . 38 0 1 82 1  752 
96 70 26 44 0 0 2 . 1 7  1 . 47 0 1 82 5  1 3 4 6  

1 7 1 1 1 5 • 9 1  6 .  32 
1 2 1  57 64 3 64 0 1 5 . 75 2 9 . 5 1 1 78 8  1 922 
97 45 52 1 50 0 7 . 29 7 . 87 2 1 93 8  2002 
98 49 4 9  2 43 0 1 2 . 25 20 . 55 1 1 9 1 8  2205 
65 2 6  3 9  4 37 0 1 0 1 2 1 68 2 0 1 3  

1 8 1 2 1 5 . 8 1 5 . 1 
1 1 5 4 1 1 1  1 1 1 0 1 55 . 5  74 . 3  1 206 3 1 1 2 9  
1 05 4 1 0 1  4 1 0 1  0 1 0 1 1 300 1 24 7  
1 22 3 9  8 3  3 9  8 3  0 4 1 . 5  57 . 3  1 1 275 1 1 65 
6 7  0 67 0 67 0 1 0 1 0 1 3 1 7  

1 9 1 2 1 4 • 06 3 . 4 3 
6 6  62 4 58 0 0 1 . 3 3 . 58 0 2 88 4  3226 
9 1  9 1  0 0 0 0 0 0 0 2439 0 
6 8  68 0 68 0 0 0 0 0 2 1 58 0 
9 1  9 1  0 9 1  0 0 0 0 0 1 88 1  0 

2 1  1 1 1 . 25 6 . 65 6 . 74 
1 2 6 1 00 2 6  1 00 2 6  0 1 . 44 . 78 0 1 93 0  1 30 8  

* * * * * • * * • • • 
3 8  35 3 35 3 0 1 . 5  . 7 1 0 1 735 1 00 6  
6 8  0 6 8  0 60 8 1 0 1 0 1 79 8  

2 2  1 1 1 . 5  5 . 3 5 . 08 
1 26 1 2 6  0 1 26 0 0 0 0 0 1 2 1 7  0 
7 0  70 0 70 0 0 0 0 0 1 4 89 0 

• • • * • • • * • * * 

* • * * * • • * * * • 

2 3 1 1 2 7 6 . 9  
6 9  4 6  23 4 6  2 3  0 1 .  92 1 .  24 0 1 61 3 1 360 
6 2  3 7  25 3 7  25 0 3 . 57 2 . 94 0 1 786 1 69 9  
8 0  4 9  3 1  4 9  3 1  0 6 . 2  8 . 98 1 1 072 1 08 9  
8 3  50 33 5 0  3 3  0 3 . 3 4 . 1 1  1 1 288 1 252 

2 4 1 1 2 5 . 63 5 . 7 
7 6 2 9 4 7 2 9 3 7 1 0 9 .  4 1 4 .  72 1 1 72 4 1 4 5 1  
8 4  2 8  5 6  2 6  5 1  5 2 8  2 1 . 2  2 1 72 3  1 7 1 8 
6 9  58 1 1  47 0 0 2 . 2 . 84 0 1 95 6  1 682 
9 4  83 1 1  72 0 0 1 . 57 . 98 0 2066 1 54 0  

2 5  1 3 2 5 . 23 5 . 75 
1 02 72 30 42 0 0 2 1 . 6 0 1 67 9  1 254 
9 7  69 2 8  41  0 0 2 . 55 2 . 66 0 1 58 3  1 1 0 9  
7 9  79 0 7 9  0 0 0 0 0 2 0 4 1 0 

98 98 0 9 8  0 0 0 0 0 1 78 9  0 
2 7  2 2 2 7 . 44 6 . 3 1 

99 0 99 0 99 0 1 0 1 0 1 900 
1 1 5 0 1 1 5 0 1 1 5  0 1 0 1 0 1 76 3  
1 20 0 1 20 0 1 20 0 1 0 1 0 1 83 7  
7 4  0 7 4  0 7 4  0 1 0 1 0 1 897 



1 72 

2 8  1 1 2 . 5  8 . 22 7 . 73 
1 03 57 46 57 46 0 5 . 1 1  8 . 37 1 2524 1 597 

8 7  45 42 45 42 0 4 .  2 4 .  1 3  1 288 1 1 725 
8 7  4 1  46 4 1  46 0 5 . 1 1  6 . 27 1 3 1 69 2233 
88 39 49 39 4 9  0 8 . 1 7  1 5 . 6  1 2 996 1 77 6  

2 9  2 1 3 • •  
5 3  0 53 0 5 3  0 1 0 1 0 2 759 
55 0 55 0 55 0 1 0 1 0 2 0 97 
1 1 8 0 1 1 8  0 1 1 8 0 1 0 1 0 2 1 7 1  
4 2  0 42 0 4 2  0 1 0 1 0 2 4 9 1  

3 0  2 2 3 7 . 46 7 . 99 
9 3  0 93 0 93 0 1 0 
5 7  0 57 0 57 0 1 0 
9 0  0 90 0 90 0 1 0 
4 3  0 43 0 4 3  0 1 0 

3 1  1 3 3 . 5  9 . 44 7 . 98 

0 1 8 1 0  
0 2 289 
0 2022 
0 2 308 

7 3  43 30 43 25 5 6 5 . 57 2 2595 2588 
1 07 64 4 3  64 43 0 3 . 3 1 2 . 9 0 2 4 9 1  2 1 3 1 
6 1  45 1 6  4 4  1 0  6 1 . 6  1 . 07 0 3474 2500 
57 47 1 0  4 6  5 5  1 . 4 3 . 79 0 3447 2 0 6 1  

3 2 1 3 4 1 0 • 8 5  1 0 . 22 
* * * • * * • • * * * 
* * * * * * * * * * *  
8 4  20 64 20 64 0 2 1 . 33 3 1  1 2 1 53 1 842 
7 7  1 76 1 76 0 1 0 1 2 1 73 2046 

3 4  1 2 4 6.  13  6 .  09 
9 0  0 90 0 0 90 0 0 1 0 2 0 1 1  
1 1  4 0 1 1 4 0 0 1 1 4 0 0 1 0 1 68 0  
7 2  0 7 2  0 0 72 1 0 1 0 1 937 
1 0 6 0 1 06 0 0 1 06 1 0 1 0 1 650 

3 5  1 3 4 6 . 48 6 . 3 
70 0 70 0 70 0 1 0 1 0 3 756 
85 0 85 0 8 5  0 1 0 1 0 3 4 36 
9 3  o 93 o 93 o o 1 n 2022 
75 0 75 0 75 0 0 1 0 1 91 5  

3 6  1 3 5 * * 
6 4  22 42 22 42 0 1 0 . 5 1 5 . 84 1 354 8 2772 
8 6  27 59 27 59 0 2 9 . 5 4 0 . 3 1 3 494 2756 
7 9  22 57 2 2  59 0 2 8 . 5  3 8 . 9 1 3685 2 95 9  
6 3  2 61 2 6 1  0 1 3 1 2 5 3 1 3 8 5 3  

3 7  1 3 5 5 . 05 4 . 83 
86 32 54 32 54 0 1 3 . 5 2 2 . 37 1 2371  1 4 90 
9 0  36 54 3 6  54 0 1 8 2 6 1 25 1 7 1 589 
9 0  47 4 3  4 7  4 3  0 3 . 07 2 . 8 9  1 1 892 1 266 
8 3  49 34 4 9  34 0 3 . 4  5 . 5 8  1 1 640 1 354 

3 8  1 3 5 7 . 1 6 8 . 1 6  
8 9  5 4  3 5  5 4  3 5  0 3 .  1 8  3 .  2 2  1 2 1 26 1 2 1 5  
1 27 67 6 0  67 60 0 4 . 62 4 . 63 1 224 6 1 08 1  
1 2 1 54 6 7  5 4  67 0 6 , 09 6 . 1 6  3 2 1 97 1 2 3 1  
8 4  4 6  3 8  4 6  3 8  0 2 . 24 1 . 52 0 2 4 97 1 45 1  

3 9 1 3 6 8 • 96 8 • 62 
1 3 2 24 1 08 24 1 08 0 1 0 1 2674 2 3 94 
6 7  1 9  4 8  1 9  48 0 7 . 6  1 0 . 9 1 2596 2052 
87 2 8  59 28 59 0 1 9 . 67 2 1 . 39 2 1 9 1 7 2 1 20 
7 5  4 3  32 43 32 0 4 . 57 5 . 22 1 ?.860 2566 

40 2 3 6 9 . 62 8 . 63 
82 0 82 0 82 0 1 0 
5 5  0 55 0 55 0 1 0 
9G 0 96 0 96 0 1 0 
68 0 68 0 65 3 1 0 

42 1 3 1 0  3 . 79 3 . 76 

0 1 700 
0 1 600 
0 1 896 
0 22 1 3  

7 6  1 5  6 1  1 5  6 1  0 1 1 2524 243 1 
3 9 0 39 0 3 9  0 1 1 * 3 3 7 9  
7 0  26 44 2 6  44 0 1 4 . 67 1 3650 2427 
4 3  0 43 0 4 3  0 1 1 * 2 5 4 6  

4 3  1 2 1 2  * * 
66 25 4 1  25 4 1  0 5 . 86 7 . 6 9 1 3034 1 93 1  
4 9  2 0  29 2 0  29 0 5 . 8  9 . 62 1 371 0  2024 
60 1 6  44 1 6  22 22 1 0 1 4060 3069 
7 7  3 7  40 3 7  17  23 5 . 71 6 . 75 2 3 80 5  4 0 1 0  

4 4  1 3 1 2  1 0  1 0 . 3 
1 1 6 1 1 6 0 1 1 6 0 0 0 0 0 2 1 79 0 
92 92 0 92 0 0 0 0 0 2 6 3 7  0 
77 77 0 77 0 0 0 0 0 2 322 0 
8 3  83 0 83 0 0 0 0 0 2246 0 

4 6  1 3 1 4  u . e4 4 . ': 3 
42 30 1 2  30 1 2  0 1 . 5  0 2583 1 72 8  
5 1  3 8  1 3  3 E  1 3  o 1 . 63 o 200 1 1 374 
8 5 4 9  36 49 36 0 4 . 5  1 24 1 2  3 1 52 
25 1 8  7 1 E  7 0 1 . 75 0 2579 1 73 8  

4 7  2 2 1 5  5 . 05 7 . 09 
57 42 1 5  27 0 0 2 . 1 4  1 . 2 1 0 2 1 63 1 9 1 9  
4 7  37 1 0  2 4  0 0 1 . 67 1 . 6 3 0 2 1 20 1 526 
5 2  34 18 1 6  0 0 2 1 . 66 0 2 4 2 3  1 50 1  
6 9  60 9 5 1  0 0 4 . 5 3 . 54 0 3423 3028 

4 8  1 3 1 9  8 . 2  7 . 9 1 
1 0 0 52 48 52 37 0 6 7 . 43 1 2 1 00 1 322 
1 1 6 51 65 5 1  48 0 1 6 . 25 25 . 28 1 2366 1 4 77 
73 27 46 27 41  0 1 1 . 5 21  1 2993 2003 
5 1  4 9  2 4 9  2 0 1 0 0 2581 3873 

4 9  2 1 20 9 . 63 1 0 . 1 1  
6 3  24 3 9  24 3 9  0 1 3  20 . 78 1 2 802 2289 
69 35 36 35 36 0 5 . 1 4  3 . 3 9  0 255 1 1 9 1 4  
6 5  35 30 35 30 0 6 4 . 9  1 2 1 5 1  1 864 
6 0  30 30 30 30 0 6 5 . 39 1 2529 2424 

5 0  1 2 25 6 . 72 5 . 42 
65 28 37 2 8  37 0 9 .  25 1 2 . 0 1  1 2 4 8 1  1 54 0  
5 2  0 52 0 5 2  0 1 0 1 0 2209 
6 2  22 40 22 40 0 2 0  2 6 . 87 1 2666 1 905 
52 0 52 0 52 0 1 0 1 0 1 93 0  

5 1  1 2 2 5  9 . 94 8 . 8 1 
6 3  0 63 0 6 3  0 1 0 1 0 3605 
7 8  0 48 0 4 8  0 1 0 1 0 3 835 
7 6  1 75 1 7 5  1 0 1 0 2 4 86 1 82 3  
5 3  0 53 0 5 3  0 1 0 1 0 1 68 3  

5 2  1 2 2 5  * * 
6 1  58 3 55 3 0 1 . 5  . 7  0 2 1 86 1 772 
99 99 0 99 0 0 0 0 0 2 1 59 0 
9 6  86 1 0  76 1 0  0 2 1 0 2 1 84 1 60 7  
9 3  8 0  1 3  6 7  1 3  0 1 . 3  . 67 0 2 1 2 3  1 57 1  

5 3  1 2 25 4 • 79 3 .  57 
6 9  0 69 0 57 12 1 0 1 0 1 522 
1 03 0 103 0 92 1 1  1 0 1 0 1 577 
1 1 0 0 1 1 0 0 1 07 3 1 0 1 0 1 1 54 
1 1 4 0 1 1 4  0 1 1 4 3 1 0 1 0 7 4 9  

5 4  1 2 2 5  * * 
82 74 8 69 0 3 1 . 33 . 52 0 1 70 3  3278 
8 1  71 10 66 0 5 1 . 25 . 46 0 2 398 4623 
5 4  4 3  1 1  3 9  2 5 1 . 22 . 44 0 3206 4 5 8 4  
45 3 1 1 4  2 4  0 7 3 . 5  3 . 79 0 3 3 3 0  4 4 96 

5 6  1 3 1 0 5 .  93 6 .  23 
45 36 9 36 0 1 . 28 . 4 9 0 2 4 3 9  1 525 
5 0  36 1 4  1 6 1 4  0 1 . 56 1 . 1 3 0 2585 1 36 8  
4 9 4 1  8 4 1  8 0 2 • 8 2  0 2779 1 55 8  
5 1  44 7 44 7 0 2 . 33 1 . 53 0 254 1 1 4 6 9  
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APPENDI X  5 EXAMPLE OF THE GENSTAT ANALYSIS USED DURI NG TH I S  STUDY , 
I N  TH I S  CASE THE ANALYSIS  I S  OF THE AREA OF AH F IBRES 
FROM THE LATERAL CRI COARYTENOID  MUSCLE OF 11 NORMAL 11 
HORSES OVER THREt YEARS OF AGE 

Anal�s i s  of Vari ance 

VAR I ATE : AREAHX 

SOURCE OF VARIATION OF ss 

HORSE STRATUM 

HLTH SX 1 2751 

RES IDUAL 17 50290840 

TOTAL 18  50293584 

HORSE S I DE STRATUM 

S I DE 1 10773924 

S I DE . HLTH SX 1 162938 

RES I DUAL 17  22898516 

TOTAL 19 33835376 

HORSE . S I DE . SAMPLE 
STRATUM 38 25609124 

GRAND TOTAL 75 109739080 

GRAND MEAN 2824 . 04 

TOTAL NUMBER OF OBSERVATIONS 

Tabl es o f  Means 

VARIATE : AREAHX 

GRAND MEAN 2824 . 04 

HLTH SX ENTIRE NM 

76 

FEM NF  

SS% 

0 . 00 

45 . 83 

45 . 83 

9 . 82 

0 . 1 5 

20 . 87 

30 . 83 

23 . 34 

100 . 00 

REP NO NORMAL MALES 
OVER 3 YEARS OF 
AGE 

2831 . 09 
32 

MS 

2751 

2958285 

2794088 

10773924 

162938 

1346972 

1780809 

673924 

GELD NG 

2818 . 9 1 
44 

VR 

0 . 001 - N . S .  

4 . 390 

4 . 146 

7 . 999 S i gn i fi cant 
p <  0 . 025  

0 . 121  

1 . 999 

2 . 642 

NOT S I GN I F ICANTLY D I FFERENT 



S IDE 

HLTH SX 

S IDE 

LEFT 

LEFT REP 

R IGHT 

RI GHT REP 

LEFT 

3200 . 55 

1 74 

RIGHT 

2447 . 53 

S I GN I FICANTLY D I FFERENT 

ENTI RE NM FEM NF  

3 153 . 31 

16  

2 508 . 88 

16  

p < 0 . 025 

GELD NG 

3234 . 92 ( x
1 ) 

22 

2402 . 9 1  ( x
2 ) 

22 

NOT S I GN I F I CANTLY SIGN I F I CANTLY D I FFERENT 
D I FFERENT P <  0 . 05 

t = x
1 - x

2 di vi ded by the standard error of the di fference of the means 
wi th the same l evel  of heal th and sex and maximum repl i cati ons 
i . e .  ( 6 )  i n  the s tandard error tab l e .  The degrees of freedom 
are the res i dual degrees of freedom i n  the horse s i de s tratum 
of the anova tab l e  above . 

Standard Errors of Di fferences of Means 

TABLE HLTH SX S IDE S I DE 
HLTH SX 

REP UNEQUAL 38 UNEQUAL 

SED 518 . 72 8  MIN REP ( 1 )  

399 . 600 266 . 258 . 482 . 064 MAX-M I N  ( 2 )  

442 . 372  MAX REP ( 3 )  
EXCEPT WHEN COMPARI NG MEANS WITH SAME 
LEVEL ( S )  OF : HLTH SX 410 . 33 1  MIN REP ( 4 )  

381 . 329  MAX-MI N  ( 5 ) 

349 . 931  MAX REP ( 6 )  

T o  test  the s i gn i fi cance of the d i fference between the g rand means of 
d i fferent age g roups and heal th g roups ( i . e .  normal or abnormal ) the 
fol l owi ng  formul a  was used : 

t = x
1 - x

2 

J 
2 2 ss 1 ..- ss2 

-- --

n1 n2 

- - 2 2 Where x1 + s2 are the two grand means ss 1 & ss2 are the res i dual  mean 

squares from the horse strata 1:>f the two anova tabl es and 
n1 and n2 are the two total numbers of observati ons . 

Degress of  freedom = n1 - 1  + n2 - 1 .  
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