

[image: ]















[image: ]




























DEDICATION





To my wife Jane,


an equine veterinary surgeon, horsewoman and horsemaster


whose loving support kept me ‘going forward’


whenever I felt downhearted.



























[image: ]





Preface to the First Edition





My eldest daughter, about to begin primary school, enjoyed being ‘mother’ at coffee breaks in the Practice. She became privy to the ‘shop talk’. The exchange of ideas about ‘what animal’, ‘what was possibly wrong’, ‘who should see to it’, and ‘how to treat it’, were normal subjects, and the language more vernacular than technical. Carolyn started school. Inquiry as to her progress revealed a heart rending Bible story, about a Mr Saul who had been blinded. Our expressions of dismay were dismissed by her saying, ‘Don’t worry. God had seen such a case before – so he knew what to do.’ There is little fundamental change in veterinary (and medical) practice; there will always be students and teachers, and there will always be patients.


ABOUT THIS BOOK


This is a companion volume to the BHS Complete Manual of Stable Management and indirectly to the BHS Complete Manual of Equitation. They are intended primarily for examination students but they should also be seen as essential reading for all who care about and care for the horse – as guidelines for horsemastership and horsemanship.


This manual covers health and disease in, I hope, sufficient depth but without unnecessary technical detail, to enable the reader to better understand and therefore to apply the relevant knowledge, essential and background, for the good of the horse.


It is in four Parts. Today’s horse is but a genetic extension, altered for good (but sometimes for worse) by man, and an understanding of Part 1, particularly Evolution and Behaviour, is in my opinion essential in order to understand the subsequent Parts. The separation of disease from health will require the reader to refer back to Part 1 – good revision.


The book is the product both of many years in horse practice and also, importantly, in communicating with those involved with horses – through discussions, demonstrations, lectures and journal articles. The contents are my sole responsibility, as is my interpretation of the vast amount of information gleaned from my own experience and from that of the many other veterinarians, authors, lecturers and specialists, who over the years have been willing to spread their wisdom and to argue their points of view with me. Just as important were the theories and practices of the many experts in horsemastership who were frequently required to put me straight. Collectively they helped make me a better practitioner, more able to see more clearly – and hopefully, too, a more succinct writer.


All who have dominion over the horse must ‘practise responsibility for it’. I make no claim to do so by original research findings but like to think that my contribution to this responsibility is in explaining ‘the what’, ‘the why’, ‘the whom’, ‘the how’, ‘the where’ and the ‘by whom’ (Kipling’s Six Honest Servingmen), for equine veterinary management.


Throughout the book the use of the hyphen in ‘dis-ease’ is, I believe, vital to understanding the concept of ‘well’ or ‘ill’, at-ease or dis-eased. The horse keeper must be able to recognise the relevant signs of health and disease which are so important in routine husbandry – if one looks for them – and to so interpret them that correct decisions are made. Veterinary science and practice do not stand still and so a textbook cannot always be specifically up-to-date – but the basics do not change. 


Preface to the Second Edition


Horses are still horses despite the ill effects of domestication not only on their behaviour but on their (internal) functioning. Man’s progress in understanding horse keepership in increasing depth has ‘exposed’ some of the unwanted side effects.


Research and development has, fortunately, kept reasonably abreast of functioning (and structural) disorders and learnt how to diagnose in greater detail, how to treat and, particularly, how to minimise the risks.


Whatever the sub-disciplines involved they all, sooner or later, fall within the remit of the veterinary profession and the statutory rules which govern diagnosis and, particularly, treatment.


Complementary medicine has a role but is not within this Manual.


Most readers of this Manual look for information from the cutting edge of research and development which is as up to date as publication at all levels allows. Global warming and its potential consequences of emerging exotic disease is a serious risk: equine veterinary implications must be appreciated and forearmed against.


More locally in Europe and the New World, the physiology and potential pathology of equine metabolism now available has shone a vast new light on Horse Management. Obesity in horses and the afflictions of the geriatric have brought much new thinking about laminitis as well as its predispositions. ‘Loss of performance’ is no longer just a locomotor problem per se and Azoturia – to give it an old-fashioned title – are all now subsets of Internal Medicine.


Fortunately I have a colleague eminently suited to update and co-author those chapters most concerned with this aspect of horse care. Philip Ivens, a Cambridge University Veterinary School graduate of distinction, a post graduate Royal Veterinary College trained Internal Medicine Resident becoming a board certified European Equine Internal Medicine Diplomate, one of the few domiciled in the UK. I am most grateful to him for his masterly work in producing the new chapters on laminitis, equine metabolic syndrome, equine cushing’s disease (including update of the physiology of the equine pituitary gland), recurrent airway obstruction, equine genetic disease, atypical myopathy, biosecurity and strangles required to justify the Second Edition sub-title.
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PART 1


The Healthy Horse: Anatomy and Physiology
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1. Evolution and Behaviour





Evolution of the Horse


Some 60 million years ago in the Eocene period there appeared a small, fox-sized, four-toed quadruped, which was a restricted nomad but not particularly gregarious, and which is now recognised by fossil remains as the first or ‘Dawn’ horse, and given the generic name Hyracotherium (in Europe) and Eohippus (in America). It browsed on soft leaves and flowers and it sought refuge by scurrying, on its short legs, from marshy land into the safety of lush woodland. It was a scansorial browser, i.e. able to stand on its hind legs to feed; consequently a long neck was not essential.


Its relatively soft diet required limited mastication, consequently large grinding molars were not yet evident. Plier-like incisors were essential for seizing and snipping off succulent feeds; its skull was therefore relatively small and pointed and the eyes forward-placed. Fibre content was a minor constituent of its food, and its digestion is thought to have been more like that of the simple-stomached animals (e.g. pigs) than that of the later herbivores (e.g. cows and horses).


Over the succeeding fifty million years changing climates, including the ice ages, brought marked changes in vegetation – and during this immense span of evolution Hyracotherium’s many descendant branches strove to evolve with the changes.


These changes primarily required an animal to be capable of escape from danger in open country by flight over usually firm ground. Its limbs therefore grew longer relative to body size; and the number of toes reduced to one per limb. Moreover, it stood on tip-toe – which also enhanced its height – with the last bone of the digit encased in a horny hoof. In support of this ‘unguligrade’ stance, it developed particularly effective stay and suspensory apparatus. All allowed for greater speed.


The sparse coarse grass had to be sought out by continuous walking and eating in the daily search to satisfy appetite; the evolving horse became nomadic, and for safety reasons moved in groups or herds – it became gregarious.


Above all, Equus, as we now name it, had to grasp with its lips before pinching off the stemmy grass with pincer-like incisor teeth, crushing it between large, strong, abrasive molars set in a relatively large head. The bigger head to accommodate the bigger molars created increased weight at the end of a neck itself grown bigger; the neck required stronger muscles; and the weight and leverage of the combined head and neck had to be matched by improved spinal muscles (see also Chapter 17, THE LOCOMOTOR SYSTEM).


Horses which evolved in arid lands – e.g. the Arab – lived off the fruit of the palm as well as more succulent young grasses, and retained a narrow head with slightly smaller molars.


A changing feature of the increasing skull size was the position of the eye sockets, which now became more laterally placed. This coincidentally was more advantageous to the nomadic equine’s survival requirements. The elongation of the head was not all bone. Rostrally, the nasal bones remained as cartilage. This allowed for a flexible muzzle and upper lip, giving the horse the ability to dilate its nostrils and use the upper lip as a strong and sensitive ‘hand’ – an important ‘feeler’ and manipulator.


These were cursorial grazing herbivores, but they retain – to this day – their browsing instincts. All depended on the energy of food from the microbial fermentation of the masticated cellulose-rich fibres in an extra-large caecum and colon, now occupying a larger abdomen and suspended from a functionally rigid spine. The stomach and the small intestine continued their enzymatic digestion; the stomach itself remained relatively small, being regularly filled, trickle fashion, by a 14–18 hours round-the-clock pattern of grazing.


The one and, as far as is known, only genus to ‘make it’ in evolutionary survival terms was Equus. The present-day horse and pony, and other members of the family, all stem from one species progenitor of some five million years ago.


There are six species within the genus Equus:




Equus asini – the wild ass, the North African forebear of the donkey


E. hemionus – the Asiatic wild ass


E. grevyi – Grevy’s zebra


E. zebra – the Mountain zebra


E. burchelli – the plains or common zebra


E. caballus – the present-day horse
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Compare man’s hand (and middle finger nail) with the horse’s foreleg) and hoof).
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From ‘Dawn’ horse to the present day.








E. caballus is thought to have appeared in three, possibly four, main types. They first became established in various areas of Siberia and Asia, and migrated to the Middle East and North Africa and westward into Europe, Scandinavia and Great Britain. The early changes produced some varia ions in structures and related functions suited to local conditions, but fundamentally their major structures and functionings were similar. These were the basis for all successors. No dramatic structural or functional change has occurred during the past million years, except in regard to size, conformation and variety – all the outcome of natural outcrossings and later domesticated breeding.


Today, when man has invested in the characteristics and attributes of E. caballus, and especially when he has invested in the athletic potential, he invariably has found that those naturally selected locomotor structures and functionings, which served the genus in survival and had, by careful selection and management, served him in successful and continuing use, were often the weak links–the ‘Achilles’ heel’ when the pressure was on in training and use.


And in addition to exaggerating the horse’s physical ability potential, man has also disrupted its gregarious and nomadic instincts. Isolation in stables, confinement in relatively small fields, feeding of different vegetable material in quantities and at times thought correct by man, have all brought many problems, not only of ill-health and disease but also of behaviour.


Simplified Taxonomy












	Kingdom

	Animalia






	Class

	Mammalia






	Order

	Perissodactyla (odd-toed ungulates)






	Family

	Equidae – the ‘Horse’, Rhino and Tapir






	Genus

	Equus






	Species

	E. caballus
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The four types pf Equus caballus.








Civilisation and the Horse


Despite or because of domestication the horse has survived and flourished. When first domesticated and ridden or put to chariot, from 6,000BC, it was a small ll–12hh animal – as depicted in cave drawings and early sculpture. Documented evidence, on stone tablets, has been traced to 2,700BC.


Over the centuries, selective crossing of types produced bigger riding horses. Invading armies introduced ‘foreign’ breeds. Potential progenitors such as the Barb and Arab were purchased to produce the English Thoroughbred and, elsewhere, the ancestors of the warmbloods.


Native British ponies are still relatively unchanged from their origins; and where outcrossed, the progeny have maintained much of the original hardiness and coarse food conversion ability, but have not adapted to the digestion of rich, improved grasses and highly digestible energy concentrates – hence their susceptibility to endotoxaemias such as laminitis, obesity and possibly their intolerance of certain drugs.


Harvested cereals rich in starch, and improved pastures which in their lush growth periods are rich in soluble sugars, are innovations of farming husbandry. Their use dates from late BC for corn and the last 200 years for improved grass pastures.


The larger breeds have not ‘changed’ sufficiently to be free from the risks of these recent improvements. To a varying degree they can cope with rich concentrate diets and improved pastures, but the change must be introduced slowly to give the digestion microbes time to adapt; fibre or roughage is still essential.


BEHAVIOUR


Survival


A horse’s instinctive behaviour is that of fright, fight and flight, which enables it to escape by fleeing from danger.


The newborn stays close to its dam and responds almost automatically to her instinctive behaviour patterns. The foal is born with relatively long legs, capable of producing quick turns of speed and its eyes are prominent and capable of great visual acuity, so it can see possible danger and quickly return to the safety of the dam. Within hours of its birth, from the time it has become secure on its limbs, if touched suddenly on its quarters by other than its dam it will instinctively kick out backwards.


Thus it learns from its mother where and what to graze, where to drink and where to shelter and what paths to follow, as well as when to run away. This is all learned from close bonding with the dam, and from an early age the foal has a good sense of survival. This bonding or imprinting, the result of learning added to innate instinct, is early mental programming, and is believed to be more or less completed within the first few days of life.





The horse evolved to survive at grass where, apart from food, it felt free and was programmed to run from danger. It was not an aggressive animal unless cornered. A stabled horse is cornered: it will try to escape until it is ‘acclimatised’ to being shut in but it never forgets its birth right of ‘flight rather than fight’.


It is equipped to deal with extremes of weather; it has little need for ‘burrowing’ for warmth, or hiding. Above all it needs at least 14 hours grazing per day.


Grazing Patterns


Because of the small size of their stomach, horses in their natural state eat at frequent intervals for, on average, 15 out of 24 hours, interspaced with periods of rest. In cold weather, or when the grazing is poor, grazing bouts will be increased. In a herd of horses, the onset of grazing and resting is dictated by the example of the senior or ‘lead’ mare.


There is no strict pattern to grazing, and it varies according to the season and the weather. Availability of herbage in different seasons will determine the total hours spent grazing. In winter cold, to keep warm, horses will move about day and night, grazing as they do so. In wet, and especially wet cold conditions, they will stand tail to the wind and even huddle together for warmth, day or night; grazing may well be reduced. In summer heat they will seek shelter from the sun at its peak and group together for fly protection; grazing may well be concentrated into the cooler hours. In both situations dry matter intake has priority in determining behaviour; the innate need to trickle feed is constantly present. This feeding programme has certain drawbacks – there is no guideline for how much per day. In poorish grazing, deficiency may occur; so, conversely, will over-eating (especially by ponies) in good grazing or improved pastures.


Stabled horses given ad-lib access to fodder including straw in bedding adopt similar feeding patterns to horses at grass. Behaviour problems may occur if this is not permitted.


Drinking


Horses drink by sucking through partially closed lips, which helps them to filter mud and floating debris. Wild horses do not drink as often as domesticated horses, and herds may roam a long way from a watering hole for grazing, only returning to drink every other day. This is sometimes replicated in stabled horses which may drink only at night or vice versa.


Rest


During rest periods between grazing bouts, horses’ behaviour varies according to the time of year. In summer, they usually rest, standing in the shade or in a windy spot to avoid flies, and indulge in mutual grooming or stand head to tail to swish flies away. In winter, a sheltered spot is preferred, and will depend upon the wind direction.


One of the special adaptations which help horses escape quickly from danger is their stifle joint ‘lock’ (see Chapter 17, THE LOCOMOTOR SYSTEM), which permits sleep or rest while standing and a minimal time lag between awareness and escaping.


In nature, horses spend up to one quarter of the day resting. This is divided into several short periods, but only about 10% of this time is spent actually lying down and most of that is in ‘sternal recumbency’ (i.e. lying upright, not flat out). The lungs become congested if horses lie on their side for any length of time, so they spend only brief periods fully asleep lying in ‘lateral recumbency’ (flat out on their side). Lung congestion is one of the reasons why horses recumbent from disease or injury become a difficult nursing problem, and so too with general anaesthesia.


Although horses do not sleep for long, they do need good sleep. By nature they are light sleepers. In domestication, and particularly in training yards, it helps to have a quiet period of up to three hours during the afternoon, in which there are no stable activities going on. By doing this, all the horses have an opportunity to have an undisturbed rest by day as well as by night: whether standing at rest, or lying down with snatches of deep sleep, seems to be a ‘personal’ decision.


Herding


Horses are herd animals. Herding is a strong instinct and horses are always happier in the company of others. In the wild, a herd normally consists of a stallion, a few mares (usually four or five), their foals and yearlings, and a few two-year-olds. Colts are usually driven away by the stallion when they become mature, at around two years. Herding has many benefits for horses, including mutual grooming and protection from flies and defence against predators. As a group, one or more can be on guard while the others doze or lie down. In flight, their very numbers can make predators’ decisions in isolating individual prey more difficult.


It is difficult for humans to appreciate the importance to horses of the herding instinct. Horses kept in isolation may fret, refuse to eat, or show other abnormal behaviour patterns such as box-walking. These problems can often be overcome by providing companion horses or donkeys, or non-equine companionship such as goats, sheep, rabbits or chickens.


Dominance


Although the stallion will fight for or to retain possession of his mares, he is not dominant over them and, in most instances, follows the herd rather than leads it. Usually, one mare acts as leader. Within a herd, although some animals appear to be more dominant, there does not appear to be a hard and fast ‘pecking order’ in which each animal is able to pick on those ‘junior’ to it, as with poultry. Some animals get on well together, others do not; some will not graze together and may show active hostility to one another. Similar relationships also appear to develop under domestic conditions.


Dominance does not appear to be related to age or size, and the relationships between a group of domestic horses are complex. The most important factor seems to be the length of time an animal has been in the group – at least to begin with, any newcomer is ‘picked on’ by all the established members.


Social Contact


Horses that get on well together are said to show ‘positive affectionate behaviour’. This includes nasal contact, mutual grooming, standing head to tail, tail swishing, and grazing near one another. Those that do not ‘get on’ do not indulge in any of these activities and may even become aggressive. Competition for food will often create aggression between horses which are otherwise normally friendly. This is most frequently seen when hard feed or hay is put out for horses at grass.


Territory


Horses tend to remain in the same extended area (home range), but are not territorial – i.e. they do not defend their area from others. The home ranges of several herds may overlap. The important behaviour is moving away from faeces-contaminated areas to fresh and more abundant grazing, at least for several weeks if not months – an instinctive anti-worm infestation measure. Defaecation in ‘domestic’ fields is usually restricted to one comer or side, but this produces pasture that tends eventually to become horse sick, with less grazing area than soiled (see also Parasitism). Such mis-managed fields lose their effective grazing acreage/hectarage by the subsequent development of unused roughs and over-grazed ‘lawns’, making worm control doubly difficult.


Growth and Maturity


Colt foals will show precocious behaviour towards their dam by ineffectual, innocent mounting play in the box and in the field.


Both sexes become mature at around 18–24 months; the fillies will display oestrus signs, and colts will respond but are unlikely to be fertile before their second birthday. Exceptions are known.


Separation of the sexes in fully domesticated circumstances follows weaning at about six months of age. This separation is mainly to prevent injuries to male or female, from unwelcome male advances.


In wild or feral situations, the group or herd stallion will drive off two-year-old colts, who then form male groups away from the main herd. Three-year-old and older stallions will eventually break back and attempt to steal mares and fillies by cutting some of them out and drawing these away to form their own harem, rather than fight for the whole herd.


In domestication it is of course essential – by selection or prevention – to control unplanned breeding. Castration of colts not destined for stud work is as a rule carried out in their second spring, as yearlings. In some situations the operation is performed at 6 weeks old. It is arguable that long-term differences between foal and yearling age of operation are significant.


In Thoroughbreds, the young ‘go to work’ from one to two years old, to race as two-year-olds. Later castration depends on success on the track or lack of it. As in the wild, 2- and 3-year-old future stallions will yard or graze peacefully if not in contact with females, and will practise not only fright, fight and flight action but also sexual attempts at mounting – all youthful games and essential exercise to prepare them for natural adult life. A 2-year-old colt can prove very difficult to manage especially if incorrectly handled at an earlier age.


Breeding Cycle


The mare’s breeding cycle is, theoretically, all through the year, but they ‘quieten down’ from October to March unless encouraged by extra feeding and artificial ‘daylight’ in January and February.


The cycle is one of approximately 19 to 22 days. The duration of being ‘in season’ gradually reduces from about 10 days down to 5, and in June and July may even be just 2 to 3 days. The Thoroughbred stud world aims for an early foal, and so requires mares to come in season artificially from February onwards. The gestation period is approximately 11 months (336 days), but variations either way are not uncommon; some mares will go 3 weeks overdue with no problems to themselves or to their foals.


BEHAVIOUR AND ITS INTERPRETATION


Horses (foals) learn by habituation, sensitisation, association and observation.


Behaviour is the manner in which the horse interacts with its environment – whether living things or inanimate structures. In the mature animal it is a mixture of inherited and acquired components. Inherited behaviour varies from simple reflexes up to complex patterns, while acquired components are conditioned reflexes, general habits and learned habits, i.e. habits both naturally acquired and taught by man.


Many of the natural needs expressed as behaviour in the wild cannot be met in domestication. Some of the taught responses conflict with the innate, and when this occurs the need to escape from control and revert to the behaviour patterns of the wild – with subsequent loss of trained behaviour – becomes psychologically necessary to the horse and sometimes mentally and physically worrying for the owner.
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Position of the ears.
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Body Language.








Responsive Behaviour


A horse’s behaviour is therefore determined by what its senses tell it.


Take the following example of catching a horse. He will see you moving as you approach the field and will, dependent upon his ‘conditioned responses’, or training, make up his mind whether to stay out of reach or to approach and be caught. If the latter, he has, in fact, recognised and accepted you. At close range he will sniff proffered feed, check you, and begin to eat. His ears will be ‘sweeping’ for approaching ‘danger’, and without leaving the bowl he may pivot on the forehand to gain a better view or to place his hindquarters towards suspected danger. Hearing your voice during this period will reassure him but, unless he really knows you – and your careless habits – he will back off if your hand is inadvisedly raised in front of his face at close range; he cannot accurately see what you are up to, suspects attack from his anterior blind spot, and fears the worst. If, however, your flat hand is placed firmly on his neck, with fairly strong pats, and then tickles up towards mane and withers, contact and reassurance are achieved.
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Aggressive postures.
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Body language – the tail.








In the loosebox, the noise of your approach – and especially the rattle of buckets – will usually attract the horse to look over the door. Again, your voice will augment what he has already heard and seen. If well trained he will back off on command and, from experience, go to the manger and wait for you to put the feed in.


A horse fully engaged in eating or ‘standing asleep’ should be attracted by voice, not by immediate direct hand contact. It is then preferable to pat the neck and shoulders before the quarters. A sudden touch on the quarters, which is a blind spot, is likely to cause a reflex kick. Handling should be confident but slow, with firm flat hand contact. Keep talking soothingly, using his name or other constantly used expression – it is not just what you say but also how you say it (the tone, pitch, speed).


New strong-smelling toiletries, bright materials, ‘noisy’ clothing, or a sudden loud voice, can intimidate the horse. Such breaks in routine handling in the box can upset the horse to the extent that he becomes worried and requires room to manoeuvre – or an escape route at your expense.


When adding a new supplement or a powder medicine to a feed try to camouflage the unusual smell or taste by adding a little salt and/or sugar, or chopped succulents, to a small part of his feed, and stir in an equally small part of the unusual addition. Mix well and dampen, which will prevent the horse nuzzling the unknown food away from the known.


When first dealing with a new horse, careful observation should be made of its behaviour when approached in the stable and field. This is especially important in the close confines of a box.


An animal’s first line of defence is an innate or unconditioned reflex. Such responses are prompt but brief. In a box, the response is likely to be aggressive; in the field, the horse will look for evasive escape. Attack is by teeth and/or hind and/or fore feet. This may be accompanied by vocal aggressive noises, laying back the ears, and baring the teeth – a threat.


Some of this response is complicated by conditioned reactions, when a previous painful experience is recalled – the noise of clippers, or the presence of a particular handler associated with something unpleasant in the past. A warning is often given: ears are laid back tightly, eyes are rolled to ‘show the whites’, and the body is turned to threaten before aggressive reaction is begun. In some animals, their temperament influences these patterns or will come to do so. Consequently, some horses are unfairly branded as bad-tempered, difficult or even dangerous. A handler’s assumption can however be wrong; the defensive horse may have to turn its head to get a better view of the suspected threat and in so doing rotate its head to the extreme – when the near eyeball may gyrate to expose the white sclera ‘unintentionally’. 


Dynamic (Moving) Behaviour


Some aspects of behaviour affect gait; in canter and gallop it is synchronous with respiration. Expiration requires the fixed periods of ground support to facilitate this part of respiration, so the horse begins to exhale as the leading hind leg takes support and finishes when the leading foreleg bears weight – the condensation of the exhaled air’s warm vapour can be seen at the nostrils in cold weather. Inspiration begins and continues through the period of suspension.


Anything which momentarily interferes with respiration, such as ‘tongue swallowing’, will suddenly disrupt the stride. In situations such as obstructive pulmonary disease, the increased duration of expiration will reduce the time for inspiration. This, along with the less effective gaseous exchange, reduces the horse’s performance potential and, in severe cases, will interfere with its stride patterns. Such adverse influences are also seen in a tiring horse which is trying to breathe more deeply and therefore more slowly. Repeated changes of lead occur, and thereafter, in an attempt to reduce the need for oxygen, the horse breaks back to trot.


A horse gets up with its head and forehand first, which allows it more quickly to see over a greater and wider distance and to make rapid decisions regarding its safety.


Getting up is achieved by a progressive response to changes in the position of the balancing mechanism in the middle ear and the nerve endings in the neck. A single or a compound sensory input, e.g. sound or smell or touch or proprioception of being down too long, will begin a reflex chain of events beginning with a conscious lifting of the head which is followed by the reflex movement of the neck which then stimulates placement of one foreleg, then the other, with rotation of the trunk and subsequent bilateral push up by the hind legs. It looks clumsy, and once begun cannot easily be stopped – a human, if too close, may be knocked over. The mare takes care of her foal’s position before getting up.


The effectiveness of ‘sitting on the head’ as a means of keeping a horse down depends on having the head/cheek on the floor with the head and neck stretched horizontally. It is the prevention of the initial alteration of the balancing stimuli that stops the ‘getting-up’ sequence.


Once up, the un-frightened horse will stretch. First, one or other hind leg is fully extended backwards, then the head is flexed at the throat, the neck is arched upwards and the back ‘straightened’ or ‘elongated’, and the tail is elevated and swished. Occasionally, the body is leant back so that one or simultaneously both forelegs are extended. All these movements stretch joints and stimulate muscles. This equates with cat and dog (and some human!) behaviour.


If given the freedom, and reasonable open space, the horse will then proceed to exercise itself. If such kinetic drives or innate behaviours are restricted, anomalous behaviour may follow. Chastising the horse that shows a desire to be natural and do its daily ‘stretches’, even with a rider up, can be counter-productive. Lungeing a fit horse to ‘get the buck out of it’ is logical.


To lie down, the horse will circle the chosen resting area, sometimes two or three times and/or in different directions. It will begin to go down, and may change its mind and get up to start again. On going down, it simply folds or flexes all four legs and collapses rather clumsily into the sternal recumbency position, landing fore-end first followed by the hindquarters. This is usually accompanied by a groan and then a sigh. In this resting position the legs are kept flexed; it then leans to one side or other of the centre line. The legs on that side are tucked under the body; the other two remain folded but unencumbered and can be stretched out.


In this upright recumbent position, shallow sleep or drowsing can occur; the horse may prop his head via his chin (his incisor teeth) on the ground, or bend his neck to rest the head on the uppermost side. The horse may also be able to drowse while standing by means of the unique stay apparatus of the equine hind limbs. In safe situations, perhaps with ‘guards on duty’, he may roll flat over onto his side with head and neck stretched very flat on the ground. Deep sleep (with REM – rapid eye movement – or paradoxical sleep) may occur for short periods in this position of lateral recumbency. SWS (slow wave sleep) is equated with sleep of the mind, while paradoxical sleep is that of the body. Resting and sleep may occupy a quarter of the 24 hours, usually in several short periods.


Anomalous Behaviour


Stereotypes were previously known as ‘stable vices’; ‘vice’ is an unjustified, unfair, derogatory term.


An affected horse is one behaving in a manner regarded as generally unacceptable to the owner. It may seem to be deliberate ‘bad’ behaviour, but it is not an intentional fault. The adjective ‘stable’ is, however, most appropriate, as most if not all such behaviour occurs in a stable, i.e. under the restraints of domestication. This fact was first described in 1839. It is a stress response, in some horses, to inappropriate husbandry which blocks their psychological and physiological needs. The consequent mental pressures are apparently alleviated or redirected by the stereotype. It is believed that these horses have a genetic tendency associated with altered thresholds to their neuro-hormonal levels, which reflect their inability to cope ‘normally’.


A stereotype is described as a displacement activity of a repetitive nature with no obvious ‘goal’. It is not, directly at least, associated with any physical illness. The need-related drives of grazing (natural ingestion) and locomotion (natural wandering or nomadism) are the two basic instincts which domestication interferes with.


If circumstances (such as stabling) block the satisfying of its instinctive behaviour, then a horse may to varying degrees develop stereotypical behaviourisms.


Some horses which do not show clinically may in fact be subclinically ‘suffering’ in other ways, e.g. lowered performance. In the absence of the recognised stereotype patterns it can be argued that normal horses have coped with the strains of domestication, but there is much yet to be learnt.


Those horses which patently cannot tolerate the stresses will react by refining aspects of the natural repetitive functioning into a parody of them, which they monotonously repeat for no obvious gain other than as a possible escape from unbearable anxiety. That they stop a particular episode, often more quickly than an onlooker might appreciate, without any apparent coincidental change in the overt circumstances, would seem to indicate at least a temporary alleviation, or some more exciting distraction.


Some habits unusual to the human onlooker might appear to be a vice, a stereotype, when in fact they are a temporary expedient necessary for survival. For example coprophagia, the eating of dung, by the foal is to populate its bowel microflora with organisms excreted in its dam’s faeces. Soil eating points to mineral deficiency either in the diet or more probably in the horse’s metabolic products, but neither has been proved except where there is a known geographical related problem. Wood gnawing and/or tree barking, whilst annoying for the tree owner, is usually instinctive browsing behaviour.


There are some peculiarities such as hay dipping, door banging and wood chewing and metalwork licking which are thought to be ‘learned’ activities for self-satisfaction and, if noisy, for attention-seeking usually at feed time. Pawing is one early sign of colic and may be pain relieving, or a frustration act when a decision to lie down is, for one reason or another, not reached. It may also be an inquisitive safety act (or could it be fun?) when water is entered.


Aggressiveness is not a stereotype


When stereotypes are suspected it is essential to compile a picture of time, place and occasion, and associated events which could be precipitating features. Horses are not mimics.


It is significant that a marked alteration in domesticated circumstances will often lead to the first exhibition of stereotypes even in an adult horse, such as change of ownership or changed work loads – training and/or competing or reversion to a ‘life of Riley’! Such, when added to other stresses, can tip the balance. Their occurrence can raise warranty of sale difficulties. Generally they lower an animal’s value, not always justifiably.


In general the drawbacks of domestication which are considered of importance are:




• boredom, sees no activity, has no activity


• lack of attention, and handler’s ignorance of the horse’s natural needs


• failure of companionship


• too little forage, less than 8kg daily, in small repeated amounts


• too little space


• restricted exercise hours – stabled for 22–23 hours a total absence of grazing





all of which are accompanied by degrees of anxiety, frustration, fear and – conversely – pleasurable anticipation. The part played by pain is not yet qualified.


Broken expectation of doing things can also be a trigger, for example:




• plaited up but left for several hours before being ridden


• a lorry starts up but drives off without it


• the sound of horn and hounds but it is left behind


• hears feeding activity but is the last stable in the rounds





The first three could well involve box walking and weaving, locomotion-associated ‘blocks’; the last, wind sucking.


Similarly, the ending of pleasurable experiences is known to be a cause:




• a hard feed given – and the bucket then taken away


• feeding of tit bits – and then attention to a neighbour


• a good grooming – and the groom then disappears





Two stereotypes are to do with ingestion – wind sucking and crib biting.




• Wind Sucking


It is conceivable that wind sucking is indulged in because of low grade colic pain. The swallowed air is held in the anterior gullet as a bolus, which seems to give ‘gratification’ or comfort before being returned to the throat for expiration; not a true burp! It is now accepted that this air is not ‘deliberately’ swallowed into the stomach. Ill effects are rare, so fear of colic and condition-losing indigestion is not justified.


• Crib Biting


The affected animal is thought to practise wind sucking and then finds it helpful to arch its throat against an upper incisor dental hold in order more easily to use its strap muscles, whose contractions create the necessary vacuum in the pharynx to suck in air and then into the oesophagus. The snap opening of the oesophageal entry causes an audible in-rush of air which is the characteristic gurgling grunt. Only occasionally does an inconsequential amount of air leak to the stomach, usually if the act follows closely on a feed or if water or feed is ingested between cribbings.





Recent research in yearlings and 2-year-olds suggests that a deficiency of swallowed saliva and consequent gastric mucosal changes may be involved, but whether this is cause or effect has not yet been established.





Crib biting can be discouraged by keeping the horse at grass entirely, or for as many hours a day as are practicable, and ensuring that it is mentally stimulated:


• double or treble exercise periods


• have long fibre available continuously, but avoid more than three small hay feeds a day as this may increase anticipatory problems


• let it see and hear other horses and exercise with them


• provide tactile exposure to other horses


• increase grooming time and frequency and ‘make much’ of the horse afterwards


• bed it well







Since mimicry is not a problem, isolating the affected horse is not only unnecessary but also certainly harmful. Neuropharmaceuticals, under veterinary supervision, can be effective.





There are two behaviourisms once thought to be stereotypes, but not now




• Head Shaking


There is much argument as to the cause of head shaking in the ridden horse. Control through the bit is lost, sufficiently to lose proper collection but rarely to permit bolting. It was said to be self-hypnotic and therefore stress-relieving. The head shaker frequently shows the condition only in months of bright and strong sunlight.


    It is now thought to be a hyper-sensitivity of part of the trigeminal nerve as it enters the base of the skull due to an as yet unidentified allergen or toxic substance. It responds to certain drugs. There is doubt about the photo (light) theory.


• Sourness


The anomalous condition of sourness is associated with prolonged fitness and high-performance work, with the horse ‘going over the top’ so that work ability rapidly fails (see also adrenalin exhaustion, in Chapter 40, FITTENING). In chronic form the horse may be seen as a quiet slow-moving ‘plug’ in a riding school’s repetitive work schedule, especially in older horses with low-grade pain. Such horses seem to produce endorphins which ‘switch them off’ from their environment, and action becomes almost automatic.





In the first type, temperament may change for the worse. Functional ability may also deteriorate. It is important that sub-clinical (i.e. not apparent) disease is considered as an alternative and more serious cause of loss of performance.





Factors Influencing Behaviour


The factors which influence a horse’s behaviour are instinct, breed or type, and subsequent experiences.


Instinct


Instincts are behaviour patterns which are common to all horses. They are automatic responses to certain situations or stimuli – the horse does not have to think or learn to be able to carry them out.


Many aspects of a horse’s life are instinctive. These include grazing and resting behaviour, reproductive and maternal behaviour, and the very strong herding instinct.


A horse’s instinctive reaction to run away from danger, real or imagined, has stood it in good stead in its evolutionary past. This strong instinct for flight, when frightened, is something that must always be borne in mind when handling horses. Likewise, every rider should be aware that any horse can shy, no matter how ‘quiet’ or controlled it appears.


Shying is usually an instinctive reflex defence mechanism to a sudden movement or to an unfamiliar object, close to the horse – and something which it is not immediately able to see clearly. Control of this reflex action is difficult for both horse and rider. It is this which gives the horse the blame for being unpredictable. It may be that it is the rider/handler who cannot sense, and therefore is unable to predict, what a horse may do.


Breed or Type


The horse’s breed or type has a considerable influence on its behaviour – mainly because different breeds have been selected by man for certain characteristics. These include not only speed, strength, or stamina, but also the animal’s willingness to co-operate and to respond to human instruction. The ‘cold-blooded’ breeds, which became established first in Northern Europe, tend to be placid and phlegmatic, whereas ‘warmblooded’ breeds, originating from Southern Asia but settling in Europe, tend to be slightly more spirited – the Arab and the Thoroughbred, as hot-bloods, even more so.


In addition to possessing the general characteristics of its breed or type, each individual horse has inherited characteristics, behaviour patterns from its sire and dam, and to a lesser degree from their progenitors – i.e. familial tendencies. Overall general behaviour is referred to as temperament.


Experience and Learning


Experience and learning influence behaviour because a horse has a very good memory, particularly for unpleasant experiences. These include not only situations in which the animal has been physically hurt, but also when it has had unpleasant experiences with other horses (bullying) or with humans (ill-treatment). Untoward experiences during rearing, weaning, handling and training, can greatly influence a horse’s character and its willingness to respond to human instruction. Mishandling of young horses is the commonest cause of trouble.


The temperament is conditioned for the worse by unpleasant experiences, for the better by good handling. Thus, temperament becomes the product of instinct and learning.


It is, of course, essential that the horse learns by schooling in order to perform to the rider’s wishes. It is therefore imperative that such learning should as far as possible be a pleasant experience. The definition of pleasure is not always similar for man and for horse, for whom in general it is ‘doing what comes naturally’ even if under domestication (riding) conditions.


THE PSYCHOLOGY OF THE HORSE


Although the behaviour traits of horses have been closely studied for many hundreds of years, there have been no wide-scale studies of the mechanisms which determine these traits. Opinions are based on the subjective observations of horsemen, or are derived from experiments carried out in other species.


Intelligence in human beings is assessed as the ability to solve problems by reasoning. Intelligence in animals cannot be assessed in this way. Animals are unable to reason – they do not work out the possible solutions to a problem, but choose the most appropriate one. Reasoning’s equivalent in animals is based entirely upon past experience. This means that learning plays an essential part in their mental processes. Evaluating so-called ‘intelligence’ in animals is a matter of assessing their ability to remember, and how they respond to certain stimuli which ‘jog’ their memory.


Horses appear to be good at learning, i.e. developing instinctive behaviour or satisfying instinctive requirements. They are excellent at ‘remembering’ their way and can find their way home over long distances. The mechanisms involved in this faculty are not known – it could be sight, or smell, or a combination of sight and smell and other unknown factors. Wild horses can remember, for many years, where food and water are to be found. However, if food is placed on the opposite side of a fence to a horse, it will not usually be able to work out that it can walk around the end of the fence to get to the food. However if, by chance, it does walk round the end of the fence, and discovers the food, it will repeat this behaviour again on subsequent occasions – i.e. it learns rather than reasons.


Training


Training involves getting a horse to respond to instructions. This means persuading it to respond consistently to commands, by voice or by sensory ‘aids’, from its rider.


It must be remembered that horses have a limited mental ability – they can only retain and respond satisfactorily to a small total number of instructions (fifteen to twenty in total). If attempts are made to teach any more than this, they become confused and may even forget what they have already learned.


During training, horses learn to associate a given command with a certain reaction or response. This process can be reinforced by reward (positive enhancement) or by punishment (negative enhancement). In time, the horse will learn to know what response is required for a given command. Horses normally respond better to positive enhancement than to negative enhancement. Far more can be achieved by co-operation and reward than by threats and verbal punishment.


Response to any command or aid is mediated via the horse’s nervous system. Repeated stimulation leads to nerve fatigue and so to a dulling of the response. This means that over-use of commands or ‘aids’ may be counter productive, making a horse less responsive. Training sessions should be kept short and intensive – the horse being made to concentrate for a limited period only. If, after a while, the animal is not responding correctly, it is best to stop and begin again another day, rather than persevere and sour or confuse the horse. To finish on a good note is of course ideal.


Many aspects of horse behaviour other than stereotypes are learned from other horses. Orphan foals reared in isolation may think they are human because of exclusively human contact. This phenomenon is known as human imprinting. Such animals can show normal equine grazing and resting behaviour, but may develop altered characteristics, particularly with other horses. They misinterpret their gregarious instinctive stimuli. Too much unnecessary ‘humanising’ is very detrimental to future handling, for instance permitting nibbling and pulling on clothing, or developing a persistent expectation of titbits.


Horses are said to be good at learning bad habits from one another, and for years it has been thought that many stereotypes, including crib biting, wind sucking and weaving, are often acquired in this way. However, the imitator may be merely finding out if the other horse is ‘on to a good thing’; more probably the copier is equally stressed – there is no evidence of mimicry. An exception is the foal of a crib-biting dam, who perhaps because of some as yet unknown inherited tendency, but certainly also from ‘doing what mum does’, will follow suit at least temporarily.


Handler’s Awareness


Instinctively, a horse is suspiciously aware of the possibility of potential predators, even though most are now extinct. Any distant, moving, unrecognised object will stimulate alertness and even apprehension until it is distinguished as friend or foe. A nearby sudden movement will produce instant apprehension, and possible evasion, until its importance is assessed.


Recognition of nearby objects is possible if the horse is free to look; having to reposition its head when encumbered by aids or other restraints may give only partial visual awareness, and evasive behaviour may be the result. New situations require conditioned acceptance behaviour – habituation. Thus the stable cat, yard dog and other farm animals and birds will eventually become part of the horse’s environment, especially if they have been close enough to make smell (and touch) contact.


The horse evolved before man ‘discovered’ fire. In early domestication, horses must have trampled through fire embers, without a burning sensation, because of hoof protection. Had they investigated the hot ashes with their muzzle, a reflex withdrawal would be followed by a conscious acknowledgment of ‘that hurts!’ A lesson would have been learned.


Grazing animals exposed to torment by flies learn to stand in the smoke of a bonfire for protection, yet the same horses would panic if the stables caught fire. Heat and noise from an active fire, and the sight of flames and the associated inability to escape, would be the stressors for ‘fright’, leading to either panic or ‘freezing’ and refusing to be led to safety. It is intriguing to note that some horses will seek the protection of smoke yet have not been ‘taught’ by others of this anti-fly material.


Assessing Temperament


Temperament means, literally, ‘natural disposition’. When applied to horses, this also involves their willingness or otherwise to co-operate. There is no such thing as an overall ideal temperament; an ideal disposition for one type of activity may be unsuitable for another – a placid co-operative temperament, ideal for a child’s first pony, may not be ideal for a racehorse.


Temperament is best assessed by someone who is unfamiliar with that horse, as it is the animal’s response to humans in general that should be assessed, not its response to the person who normally looks after it. The following factors should be assessed.


1 Gender


Some mares are less co-operative and more difficult to handle when ‘in season’. Colts and stallions always need firm handling, but can become even more difficult to handle when they get older. A few become extremely aggressive and can be dangerous, especially when ‘at stud’ and particularly when running with the mares.


2 Expressive Action




Alertness


Is the horse keenly interested and taking notice of everything that is going on around it, or does it appear oblivious to its surroundings? Many can ‘shut off’ and so appear apathetic until engaged in their discipline, especially if that involves fast work.


Movement


Does it stand quietly alert or at rest, or is it continually fidgeting and on the move? This must be interpreted in relation to the amount of exercise and feed the horse is receiving – a fit horse is more likely to be ‘on its toes’ than an animal at grass.


Ears


Are the ears pricked and alert, a sign of good temperament? Ears continually laid back are usually a sign of a bad-tempered animal. There are variations in the pattern of ‘ears laid back’; some indicate abdominal pain.


Exercise


The amount of work a horse is getting can affect its temperament. Horses that are over-fed, especially on starch-rich foods, and under-worked can become difficult to manage; conversely, horses that are over-worked may become sour.


Health


Ill-health, particularly painful conditions such as back and mouth problems, can affect a horse’s temperament and make it less willing to co-operate.





Temperament Changes


Factors contributing to the development of altered behaviour are boredom and lack of normal sensory stimuli. In its natural environment a horse is on the move most of the day, in the company of others. It would spend the majority of its time grazing and chewing, and would have an almost continuing food intake (trickle feeding). By confining a horse in a stable, and feeding it a concentrated diet, it is being deprived for much of the time of the stimuli of movement, grazing and chewing. Increased exercise, and more fibre in the diet, can help to overcome some of these problems. Periods at grass, whenever possible on a day-to-day basis as well as short breaks out all the time and off work, are of inestimable value.


Handling


This is the most helpful guide to a horse’s temperament. A good idea of its temperament can be obtained by watching its behaviour when being approached and caught in a paddock or stable, and how it behaves when being groomed, tacked up, and mounted. Additional guides include the animal’s willingness to co-operate when being loaded into a trailer, when being clipped, or when being shod – all relative to how familiar it is with these activities. When going to look at a horse that is for sale it is not usually possible to assess all of these, nor its behaviour in some traffic.


Feeding and Foodstuffs


Feeding can have a considerable effect on behaviour. A horse that is placid when at grass or when fed only on hay can sometimes become ‘hot’ and difficult to manage when fed large amounts of concentrates or even relatively small quantities of certain cereals, e.g. oats – a complication in metabolism associated with their particular amino acid content. Competition for food can make horses aggressive. Many ponies are spoilt and made ‘nappy’ by continually being given titbits.





The study of behaviour is known as Ethology; practitioners are Animal Behaviourists or Ethologists. It can be seen that all who ride or keep horses should practise the art to some extent – a welfare matter for both man and horse.
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2. The Equine Senses





The five senses of seeing, hearing, feeling, smelling and tasting have direct communication with the brain via the related cranial sensory nerves. The horse ‘feels’ with his mobile muzzle; the whiskers, eyelashes and head skin also pick up contact sensations and direct these to the brain. The various body skin, orifice and other external sensations are routed from the source to the spinal cord and then the brain.


Whilst the horse’s sense organs are basically the same as those in humans, there are important differences. Of these, the horse’s long-distance visual awareness of moving objects is the most active and important. Hearing comes next; then reaction to muzzle/whisker sensitivity. Smell and taste play a significant role; smell plays a big part in signals related to reproduction. The skin stimuli are seen in mutual grooming and sexual foreplay, and are of especial importance in man-to-horse contact as in ‘gentling’, massaging, grooming and in the aids.


‘Proprioception’, a sensory input received normally subconsciously from muscle, tendon and joint nerve endings (see Chapter 11, THE NERVOUS SYSTEM), plays a big part in the horse’s reflex sense of its position in the environment and in its balance and therefore in its safe locomotion. Proprioception is distinct from pain.


The horse apparently does not ‘stop to think’, but rather responds quickly and reflexly, and then ‘asks conscious questions’ from a position of safety. It is very debatable how much intelligence a horse possesses and uses. Whatever the sensory inputs or stimuli, the outstanding feature of the horse is its extraordinary memory of ‘feedback’ information. It is said that horses ‘know’ from sensations reinforced by subsequent inputs, whereas humans ‘know that they know’ and can ‘consider’ such information.


Vision – The Ocular Sense


The horse’s visual system has evolved to function in daylight and in dark conditions for both panoramic monocular horizontal distance vision to detect the movement of predators, and binocular vision for examining items of interest both at long range (a potential predator) or at close range (for recognising grazing).


The equine eye has the largest globe of all land mammals, producing a retinal image 50% greater than that in the human eye. The many structures of the equine eye are more like nocturnal animals’ than man’s.


The eye, well protected in the bony orbit by skull and facial bones, is in a more or less anterio-lateral position, set relatively far up in the head – and this position, and the eyeball’s somewhat bulging contour, permits a wide monocular field of view. The binocular visual field is 65–80°, looking down its nose, but monocular vision is approximately 190° horizontal and 180° vertical. Visual acuity is poor in comparison with man’s.


The horse’s peak acuity, of approximately 16.5 cycles/degree, lies in a horizontal band just below the equator of the retina at the back of the eye, with poorer acuity above and below this visual streak. In bright light, the normal constricted horizontal pupil maximises horizontal vision, and the horse can effectively obtain almost 350° – with a blind field immediately ahead of its nose and another for several metres behind its rump.


Thus when the horse’s head is lowered, for instance to graze, the binocular field is directed towards the ground and the horizontal monocular vision is in position to keep the horizon scanned.


For the rider, it is highly significant therefore that when the horse is on the bit, with nose lowered, i.e. the head on or behind the vertical, it cannot see directly ahead and must rely on the rider. If the horse is to see and judge a fence as it approaches, it must be allowed to raise its nose in order to use its binocular vision.
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The horse’s field of vision.








The earlier belief that the horse needed to move its head vertically in order to see objects at different distances is not now held; that idea is replaced by one of dynamic accommodation, whereby the horse is able to focus on an object by using monocular ‘depth cues’. The distance between the horse’s eye level and the ground under natural grazing conditions requires relatively less accommodation ability than man’s much shorter distance between eyes and, for example, a page of print.


It is suggested that when a horse pricks both ears forward equally he is using binocular vision. When not drowsing or sleeping, the horse constantly uses peripheral vision when on guard. To maintain this visual awareness he behaves like any other look-out. The eyelids periodically blink, momentarily to rest the optic nerves to erase the numbing effect of the fixed stare and the glazed look; the third eyelid may sweep across the eyeball as a ‘wiper’ to initiate a fresh picture. The eyeballs will be gyrated to the left and to the right and downwards and possibly slightly upwards with minimal head movement. Both eyes move synchronously, one obtaining more of the view than the other as required, as described above for monocular vision. The head may be turned left or right and may be elevated for longer viewing. The body can pivot on either fore or hind quarters to enhance the view, when this is necessary.
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Horizontal field of vision.








When a horse sees an unusual object or movement out of one eye it will turn its head to bring it into binocular vision (not, as was previously thought, in order to bring it into focus). If this is prevented by the rider keeping the horse in a straight line, fear may overcome obedience and the horse will attempt to swing its head and body against the restraints even to the extent of a fast evasion. It is then said to be ‘spooking’. It is in fact trying to get away from ‘something’ seen by one eye but not interpreted by both. In the same context defective vision is often blamed for horses being easily startled and so shying when they become aware of nearby moving objects, but it is possible that when something is ‘spotted’ but cannot be brought into full view then an ‘away from danger’ evasion will result even in a normally sighted horse.


When galloping and jumping in company or when driving in traffic or in double harness a horse will try to keep both a forward and a lateral view, and can be distracted or feel threatened by other horses or by traffic to the extent that its lateral vision has to be restricted by blinkers. When trotting up in hand, the runner should for the same reason avoid falling behind the shoulder level, because the horse (particularly if young) may see the runner as a danger or as a ‘competitor’ and strike out with a hind leg. The same behaviour can also be observed in horses turned out together or as playfulness.


What colour vision ‘means’ to the horse, and when this skill is used, are still unresolved questions. Colour perception is understood to be good for yellow, green and blue, but red presents difficulty.


The horse’s good night vision, reputedly associated with poor colour appreciation, depends mainly on noticing movement and on recognising size, shape and positions rather than detail. Such good vision in a dark environment is said to be due to the presence of an extensive tapetum lucidum at the back of the eye, a light intensifying device which reflects light back on to the retinal nerve endings, and is what makes some animals’ eyes ‘glow’ when lit up in the dark.


Adaption to darkness is slow, but when achieved gives the horse better night vision than man. This slowness may well explain the reluctance of the horse to move quickly from light to dark, and vice versa; cross-country riders must be aware of it, and also handlers when loading into a dark trailer.


Very little information is available on the practical aspects of vision and the evaluation of deficits in vision, let alone on the correction of visual defects; testing for ‘sight’ in the horse is an inexact science. There is some evidence that domestic horses tend to have short sight, and also that horses generally become longer sighted with age. The altered behaviour of horses with reduced or even absent unilateral vision varies from nil to profoundly different, and is influenced by temperament and environmental familiarity.


Hearing – The Auditory (Acoustic) Sense


As in all species, the ability to hear is very important. Equine ‘speech’ may not have a large vocabulary but it is an important method of communication, and equine hearing developed in particular to give the horse early warning of predators.





[image: ]

The hearing mechanism of the inner ear.








To obtain almost all-round hearing without the horse having to move its body, the pinna, or funnel shaped ear, is very mobile, controlled by sixteen independent muscles. Each ear can be operated independently.


The pinna directs the sound waves down into the eardrum, where the sound waves pass through the drum and along a chain of tiny bones. These waves of movement transfer to fluid contained in the inner ear, and its subsequent vibrations are turned into nerve signals which go to the brain’s auditory centre.


As well as being highly efficient organs for hearing, the multi-directional ears are also accurate indicators of attention and of body language. When both pinnae are turned to the front there is extreme attention forward. They will be turned to the side when dozing. With the ears half back the horse indicates submission and attention backwards. When the attention is split between different stimuli, or the horse feels anxious or irritated, the ears will move between positions and differently on either side. When the ears are flat back it signifies anger and fear, and this closes the funnel-shaped opening so the horse cannot hear – ‘I am “deaf” to auditory requests or explanations’ – and at the same time helps to protect the ears from foreign material, particularly water and wind-blown sand or dust.


The horse is able to hear a wide range of frequencies, from very low ‘P’ waves (as in an imminent earthquake) to a high frequency of 25KHz, compared to the dog’s 35 KHz, whereas the human’s maximum is approximately 15KHz. Hearing is most sensitive in the range 2–5KHz, which is the level of normal quiet human speech and therefore the ideal communicative pitch for man to ‘speak’ to a horse.


Horses tend to be ‘spooky’ when it is windy. This is thought to be partly because the horse cannot hear so clearly, as noises become distorted and therefore unfamiliar.


Smell – The Olfactory Sense


The main function of smell is to receive messages given out by predators, by other horses and by plants.


Herbivores sniff the air to detect the proximity of predators, but do not track a smell as carnivores do. They ‘read’ messages in faeces and urine. Just as certain chemicals are produced in the body and circulated to other parts as messages requiring action from the receiving organ, so too are certain chemicals produced and secreted from skin glands and via vaginal and other excretions. These are pheromones. They are detected and identified by other horses sniffing up the odour of the particular protein molecules.


In addition to the usual olfactory nerve endings, a special area at the rostral end of the nasal passage and the roof of the mouth is developed into Jacobson’s organ, which specifically deals with pheromones. In the horse, these are directed to this specific location from the external nostrils by an upturning of the upper lip, curling the top lip up over the nostrils and preventing more air entering while the horse ‘reads the message’ and reacts accordingly. This is known as the Flehmen gesture, and it is also used by young horses when first meeting a new smell, to enhance reception and to stimulate memory – learning! It is also seen when a ‘new’ human is being investigated and could be a response to synthetic perfume or natural odour.


It is not fully understood why frightened handlers or riders are recognised as such by a horse. It may be that it is communicated to the horse by it seeing, hearing and feeling agitated human behaviour. However, recent work indicates that fear-induced adrenalin bi-products in the sweat of the less than confident handler or rider are recognised by the horse – which interprets them as a danger signal, and so takes evasive action. A lack of rapport could be attributed to the horse’s dislike of that person’s odour, either actual or cosmetic.


When a horse nuzzles something it is first of all sniffing in order to smell, but it does so at close range as it must coordinate with the other senses, including the tactile sense from the whiskers and muzzle skin – one reason why whiskers should not be clipped off – and also taste.
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The Flehman gesture.








Sharing stables can cause problems with some horses, as they will pick up the previous occupant’s excretory scent and so can become agitated. Ripping of rugs can similarly be due to the rugs having a strange smell.


The areas where urine and faeces are deposited serve as territorial markers. The faeces in particular so taint the grass that horses will not graze there for some time. Territory is not too important to herds, but a stallion will quickly recognise the excretion of another encroaching. A mare’s marking facilitates herd membership identification and also indicates which dam deposited it, for her foal to recognise.


The foaled mare recognises her foal by smell, and this eases bonding. The foal is attracted to the mother by smell, initially from the udder and nearby sebum glands. The mare spends a long time licking the newborn foal and this allows mare and foal to become familiar with each other’s scent. Artificially drying a newborn foal can interfere with this bonding and can even lead to the mare rejecting her foal.


A main function of smell is in sexual awareness. Urine, and to a lesser extent faeces, will carry early warnings of a mare’s impending oestrus, and alert the stallion. His sniffing where his mares urinate, and where utero-vaginal mucus is ejected, home him in on his next mating appointment; the oestral flow is the ultimate message that she is receptive and likely to ‘stand’.


The smell of food is particularly important. Horses offered a new feed will smell it thoroughly before deciding to eat; it may be because they cannot vomit that horses have to be especially careful about what they eat, unlike dogs (regurgitation of ruminai contents for cudding, as in bovines is not a true vomit and does not serve as a safety valve).


Taste – The Gustatory Sense


As a grazing animal, the horse depends on his sense of taste to determine safe and unsafe materials – for instance, ragwort has a bitter taste as well as a warning smell during its growing and flowering periods, and in situations other than absolute starvation the horse will steer clear. (Most ragwort poisoning follows consumption of baled hay containing ragwort which has wilted and so is not detectable by taste.) Not all potentially poisonous plants have such a warning taste or smell.


The four taste sensations that the human recognises – sweet, bitter, acid and salt – are thought to be similar in the horse, and the horse certainly has a highly developed discriminating taste apparatus. The tongue is covered in taste buds, with the highest concentration at the rear.


A salty taste is attractive particularly if the diet is, naturally or otherwise, deficient.


Foals are programmed to recognise their dam’s faeces, and they eat some to populate their digestive systems with specific micro-organisms.


It is well recognised that most horses are attracted to the sweet flavours of fruit and vegetables as well as man-made confectionery, but whether this is the sugar content or the peppermint content has yet to be resolved!


Touch – The Tactile Sense


The human can feel, identify, and analyse with his finger tips, toes and lips – an important ability which sets him above the lower animals, because with the information he can then think over the implications. By definition, all that is felt is consciously received, but where safety is at risk then the reflex response is quicker than ‘knowing’ – e.g. fingers coming near a hot plate. Tactile senses recognise, assess and set in motion reflex actions.


A horse has a true tactile sensory apparatus only in the muzzle skin, whiskers and eyelashes, and these three receivers go direct to the brain, if necessary initiating reflex action before awareness.


Since most of the tactile and other similar sensor nerve endings, including those of pain, are scattered over the skin’s sub-surface and on the internal serous surfaces of the body, most such messages are routed through the spinal cord. The specific immediate spinal reflex is then initiated before the message goes on to higher, but not always conscious, centres in the brain. Pain felt by an animal is a clear message to rest the area to avoid further damage – hence lameness. Pain emanating from internal serous surfaces will also interfere with the function of the related organs – hence bowel stasis (ileus), as in colic.


Special nerve endings, proprioceptors, are present in joints, tendons and muscles, which relate information about pressure and stretch, and which, along with the information from the semi-circular canals of the ear, help maintain posture, balance and limits of muscle stretch. This provides horses with a good sense of the terrain they are travelling over and of how to compensate for any changes in it.


Many of these sensory inputs eventually go to specific centres in the brain including some to the ‘conscious’ cerebrum, where they are recognised. A human might say, ‘I like the look of that’, ‘Isn’t that music delightful’, ‘Oh, what a smell’, ‘This food tastes sour.’ A horse will, by its behaviour, evince what it has become aware of and what it interprets from the sensation; ‘I see grass, so will smell it and taste it and, if satisfied that it is safe, shall eat it’, ‘I hear a horn noise – experience tells me that hounds are running – I must be ready to gallop.’


Only in some situations, for example sexual arousal, defending territory, or warning others, will the horse ‘speak’ its thoughts and back up this vocabulary with facial expression and postures.
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3. Introduction to Anatomy





Anatomy, from the Greek ana (up) and tome (to cut), is the study of the structure of the body and the relationship of its parts one to another within the whole. It is one of the oldest of the biological sciences (4th century BC, Aristotle).


All structures have a biological function, a physiological role, and students of horsemastership and equitation benefit from under-the-skin ‘inside’ information. This should be learnt not just for the sake of remembered knowledge but for a better understanding of what goes on and how the functioning of the parts looks in health and how and why this differs in disease and injury.


Surface anatomy is the visual and tactile appraisal of the skin surface areas and the skeletal promontories or ‘points’ which have long been identified by colloquial names, the horseman’s terms. The points, and the distances and angles between them, are the basis of ‘conformation’.


In the adult horse these parameters are fixed. Although the amount of fat and muscle development also has a genetic basis closely linked to the skeletal map it is an alterable feature reflecting nurture – particularly diet and work – and it is best seen not as conformation but as ‘condition’.


The purpose of this chapter is to consider skeletal anatomy and some related ligamental structures, and to do so with reference to the horse’s evolved features. Some of these are on the one hand evolutionary survival assets and, on the other hand, potential weaknesses. To the nomadic, herbivorous, unguligrade, free-ranging, gregarious, herd animal which evolved over many millennia, and whose athleticism was restricted to ‘fright, flight and fight’ actions and whose life routine was a combination of trickle feeding, of being always in the open air and of being unhampered by confinement, these features were not a problem; but, particularly in many ‘improved’, domesticated breeds, they become ‘Achilles’ heels’.
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Location of the ‘true’ points of the horse – the bony prominences (tuberosites – e.g. tuber sacrale = point of croup).
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Anatomical directions.
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The skeleton.














[image: ]

The superficial muscles.
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Superficial muscles from the front.
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The ventral muscles.
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The deep muscles.











Topographic Surface Identification


‘Front end’ and ‘rear end’ are explicit terms but do not relate well to other scientifically described features. Forehand, referring to head, neck and foreleg, and hindquarters, referring to quarters and hind leg, are well recognised descriptions, but the more advanced student requires more scientific terms.


The body as a whole has the following aspects:




Anterior – towards the head, or cranial


Posterior – towards the back, or caudal


and is divided into planes which have reference to the horizontal or long axis of the head, the neck, and the trunk.


The planes are mapped as imaginary lines, thus:


Median – the primary plane, whose line runs along the skull and the vertebral column from the atlas to the third coccygeal vertebra, sectioning it vertically


Sagittal – secondary sections either side of the median, parallel to it and so never crossing it


Transverse or segmental – sections at right angles to the median and crossing the long axis at varying distances of any cut to produce cross sections


Frontal – at right-angles to both the median and the transverse planes, thus dividing the skull and the trunk into:


Dorsal – towards the topline (the ‘back’)


Ventral – towards the ground portions (the ‘belly’)


The ‘halves’ either side of the median are colloquially referred to as ‘near’ and ‘off but are more correctly ‘left’ and ‘right’.





Specifically for the head, rostral refers to near the muzzle and cranial near the poll.


The Limbs


In the abaxial skeleton (the limbs), the long axes are effectively at right angles to the body’s long axis.




Left or Right (as observed from behind), ‘near’ or ‘off’


The vertical aspects are:


Proximal – towards the top of the leg, from knee or hock upwards


Distal – towards the end of the leg, inclusive of the hoof, from the knee or hock downwards


Medial – on the inside (near the trunk’s median plane)


Lateral – on the outside (further away from the trunk’s median plane)


Anterior – cranial-facing surface down to the knee or hock


Dorsal – anterior surface from the knee inclusive downwards


Palmar – posterior surface from knee downwards


Plantar – posterior surface from hock downwards


Transverse planes are at right-angles to the (vertical) long axis of the limb





The Skeleton


The skeleton provides:




• a general framework for the attachment of tissues


• a beam, the thoraco-lumbar vertebral column from which is suspended many of the internal organs, as well as being a ‘roof


• a protective shell, in particular for the brain (within the skull), for the spinal cord (within the vertebrae), and for the heart and the lungs (within the thorax)


• a site (within long bone marrow) for blood cell formation


• an aid to respiration – the moveable ribcage between the thoracic vertebral column and the sternum or breastbone


• an essential component of locomotion – with the bones acting as rigid levers, especially in the limbs (which are also struts), and the vertebral column





Bone


Bone is a living tissue, a biochemical structure which:




• in response to genetic programming grows in length and in thickness to reach mature dimensions


• in response to normal stresses geometrically adapts inwardly





Bone requires a constant supply of nutrients, not only for its calcium-phosphorus compound (its rigidity) but also for its protein, fat and cartilage maintenance. It therefore has the usual vascular, lymph, and nerve supply.


It can be injured and can mend; its outer skin, the periosteum, as well as its core, can become inflamed and recover or heal to complete resolution or to a chronic state of varying levels of usefulness.


Bones are classified in terms of shape as long, short, irregular, or flat. True flat bones are found only in the skull; these do not develop from cartilage as do all others, but from mineralisation of the facial membranes covering the embryonic brain and other parts of the skull. Some cartilaginous derived bones are flattish in design, but are not true flat bones, e.g. the shoulder blade, parts of the pelvis, and the ribs. Irregular bones are, for example, the vertebrae and parts of the skull


The term ‘a horse’s bone’ is the measurement of the circumference around the fore-cannon just below the knee. This therefore involves not just the cannon bone but also the two splint bones, the ligaments, tendons, blood vessels, nerves and skin. Nevertheless the total circumference is accepted as a measurement of ‘bone’ – an indication of that horse’s weight-carrying ability.


In addition to bone, the skeletal system includes the joints or articulations and the related soft tissues.


Bone Development


All healthy bone is hard. The degree of hardness, the ratio of mineral to the protein complex in which the minerals are deposited, varies. Degrees of hardness can be determined only by scientific techniques, not by manual palpation.


The calcium, phosphorous, other minerals and trace elements are constantly being exchanged with fresh inputs. This flux, and the other living organic constituents, makes bone a remarkably resilient, durable material less likely, in the mature animal, to stress failure than an equivalent mass of inorganic metal.


The architecture of bone consists of the dense cortex of the extremities and periphery of the shaft. Within are less dense areas forming an open framework, cancellous bone – a scaffolding in the spaces of which is the bone marrow.


The long bone’s shaft is hollow in the centre – the cavity is filled with fatty material, the marrow, of which there are four types, dependent on age:
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Development of a long bone.
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Various bone-closure times between the scapula and the foot – indicators of maturity. (*= important clinically)










• in the young horse all bone marrow is red and productive and is known as Type 1


• in bones other than the ribs, sternum and vertebrae (where red blood cell production is continuous throughout life), production slows with age, and the marrow becomes yellow and known as Type 2


• production then stops, and the marrow becomes white and known as Type 3


• in the old horse, where the marrow has become gelatinous, it is known as Type 4





Up to the age of ten years, Type 2 can be re-activated in emergencies; reversion is not possible for Types 3 or 4.
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The thorax.
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The abdomen.








The growing animal requires maximum production of red blood cells, but the healthy adult is sufficiently supplied from the red marrow of the thoracic bones. Immature bone stops growing lengthwise when cartilaginous growth areas become totally ossified. The limb’s long bones stop growing by three-and-a-half years old. The ultimate height of a horse, measured at the highest point of the withers, is a reflection of the ribs’ and the vertebral dorsal processes’ growth as well as the bulk height of the sternal (fused) and vertebral bodies, and is complete usually at about six to seven years old.
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The skull.








The long bone is structured as:




• a shaft, the diaphysis


• two extremities, the epiphyses, which incorporate areas of cartilage or growth plates in the ends and in the shaft extremities


• the area next to the shaft cartilage, i.e. the inner layer of the epiphysis, is the metaphysis. In the immature animal these cartilaginous areas are the scenes of growth. They eventually close with maturity. They are not to be confused with the periosteal hyaline cartilaginous surfaces on articular surfaces





The body is subdivided into:




• the thorax – the thoracic vertebrae, ribs and sternum


• the abdomen – the lumbar vertebrae, the abdominal muscles, and the cavities are separated by the muscular diaphragm





The skeleton is in two main parts:




• axial – the skull, the vertebral column to the tail bones, and the ribs and the sternum


• the abaxial – the limbs, including the pelvis





The Skull


The skull, the heaviest bone in the body, gives protection to the brain. The weight of the skull is lessened by the presence of large air-spaces, sinuses, within the bony shell.


There are sinuses on each side of the skull. They communicate with each other and with the nasal chamber, but not with the sinuses on the opposite side. The largest is the frontal sinus, which lies beneath the bones of the forehead, below and above eye level. Two maxillary sinuses lie below the eye and above the teeth; the roots of some of the upper cheek teeth lie within these.


The long upper (maxilla) and lower (mandible) jaw bones evolved and lengthened to allow room for six large cheek teeth, premolars and molars (see Chapter 8, THE TEETH). 
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Anterior view of the left forelimb.








Vertebral Column and Ribs


The horse has 54 bones in its vertebral column (erroneously called its spine, colloquially called its ‘backbone’), made up as follows:




• 7 cervical (neck) vertebrae


• 18 thoracic (chest) vertebrae


• 6 lumbar (loins) vertebrae


• 5 vertebrae fused to form a single bone – the sacrum (croup bone)


• 18 coccygeal (tail) vertebrae: this varies from 15 to 25 The horse has 18 ribs on each side:


• 8 true ribs attached directly, by individual cartilaginous extensions, to the breast-bone (sternum)


• 10 false ribs attached by cartilage at their lower end to that of the rib in front, joining the posterior sternum as a ‘rope’ of cartilage





The Forelimb


The forelimb has no bony attachment (equivalent to the human collar bone) to the thorax. The scapula, or shoulder blade, articulates distally only with the humerus at the shoulder joint; otherwise it is said to be ‘free’.


The trunk is slung between the left and right scapulae, and is supported by muscles. This allows a sweeping, rather than a pivoting, movement of the upper foreleg on the trunk. This gives three benefits:




• ease of grazing – one leg is flexed, so becoming ‘shorter’, while the other is extended and takes support; the trunk and the base of neck can then sink nearer to the ground


• more agility – with balanced turning at speed


• longer stride length
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Anterior view showing how trunk is slung between the scapulae and supported by muscles.








The forelimb consists of the following bones, down to the knee:


Scapula (The Shoulder Blade)


The two shoulder blades are attached to the chest wall by strong muscles and ligaments. During locomotion, much of the force of concussion is absorbed by these muscles, in which the chest is ‘slung’. The angle of the shoulder blades to the horizontal has a considerable influence on the horse’s action, and is therefore an important feature of conformation


Humerus (The Arm)


The humerus is the bone running between the shoulder and elbow joints.


Radius and Ulna (The Forearm)


The radius is a large bone which runs the whole length of the forearm. The ulna is attached to the upper end of the radius and forms part of the elbow joint. It does not reach to the ‘knee’.


Carpus (Colloquially, The ‘Knee’)


Its bones are equivalent to the human wrist. There are six of them, arranged in two layers, and a seventh bone (the accessory carpal bone) at the back of the knee.





[image: ]

The knee: the carpal bones – left foreleg, posterior view.








The horse’s knee actually contains two joints – one between the lower end of the radius and the upper layer of carpal bones, and the other with a much smaller range of movement between the upper and lower rows of carpal bones. This arrangement allows complete flexion of the knee, allowing the fetlock to come up to touch the forearm near the elbow. There is little if any movement between the lower row and the metacarpal (cannon) bone, but both rows do move nominally in a separating fashion to minimise concussion and to dissipate heat.
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Posterior view of right hind.








The lower limbs of the fore and hind legs have the same structure, and are therefore considered later as one.


The Hind Limb


Down to the hock, the hind limb consists of the following bones:


The Pelvis


The horse’s pelvis consists of three parts – the ilium, the pubis and the ischium. It is jointed to the vertebral column bilaterally to the first sacral vertebra, the sacro-iliac joints. There is no movement in these, but because of their function as the point where hind leg propulsion force is transmitted to the trunk, the supporting ligaments are exposed to great stress and occasional damage. The two halves of the pelvis come together in a short symphisis to form the floor of the pelvis.


Hip Joint


The coxal articulation is at the junction of the three pelvic bones; the acetabulum (‘socket’) articulates with the ‘ball’ of the head of the femur. It has two intrinsic ligaments but depends for security upon the extensive muscular connections which activate it.


Femur (Thigh Bone)


This runs between the hip and stifle joints, and is the longest bone of the body.


Stifle


The stifle joint is the equine equivalent of the human knee. It has two ligaments and two cartilages contained within the joint. The stifle is a strong and stable joint.


Patella


The horse’s knee-cap differs from its human equivalent in that it has three ligaments attaching it to the shin bone (tibia) below, whereas the human knee-cap has only one such ligament.


In the weight-bearing position the inner and middle of these three ligaments, where they form a loop on the distal antero-medial extremity of the patella, are ‘hooked’ over the medial ‘knuckle’ or condyle (a rounded prominence at the medial end of the femur). This helps stabilise the joint and, along with the ligamental structure linking it with the hock joint, forms part of the reciprocal apparatus; the horse thereby has security of stance to permit ‘sleep’, or at least rest, with minimal muscular effort, whilst standing on the weight-bearing hind leg whilst the contralateral (opposite) hind leg rests in a flexed position supported only by the ‘toe’ of the hoof.


This reciprocal system also comes into play in maximising stability for transmitting propulsion at lift-off.


Tibia and Fibula


The tibia is the main leg bone of the second thigh (‘gaskin’), and the very thin short fibula is attached to it. As with the ulna, the fibula has no distal articulation, although it is involved in the stifle joint.


Tarsal Bones (Hock)


The hock joint comprises two layers each of three smallish bones, but unlike the equivalent in the fore there is little or no movement in the joints between them and the head of the metatarsal. The true joint, that is between the distal end of the tibia and the fused upper layer, is capable of considerable hinged flexion and extension.


A dorsal projection of the fibular tarsal bones, the point of the hock, is the point of attachment for the Achilles’ tendon, formed from the gastrocnemius muscle and the superficial flexor muscle.
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The hock: the tarsal bones – left hind leg, lateral view.








The hock is potentially the hardest-worked joint as, being further down the lever system, it absorbs much of the hind propulsion force. The ‘separation’ movement of the small non-articular bones of the joint plays a role in anti-concussion and in heat dissipation.


The Lower Limb: Fore and Hind


Below the knee and the hock, the limb anatomy of the fore and hind is the same, except for the differing conformation of the hooves.




• metacarpal bones – the cannon bone and the two small splint bones on either side. The joint with the long pastern bone (PI) is called the fetlock joint.


• digital bones (phalanges) – the long pastern bone, and the shorter pastern bone (P2) make the pastern joint (the area of these two bones is called the pastern); and the pedal or ‘coffin’ bone (P3), which lies entirely within the hoof, forms (with P2) the coffin joint.


• sesamoid bones – these are the two small inverted pear-shaped bones (the proximal sesamoids) at the back of the fetlock joint, and the single navicular bone (the distal sesamoid) which lies within the hoof capsule, behind the pedal bone and forming that part of the coffin joint known as the podotrochlea.





The joints between the distal limb bones are supported by strong ligaments and, when in extension for support and ‘take off’, their security is enhanced by the stay and suspensory apparatuses.
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The human ‘heel’ and its equine equivalent, the hock.








Anatomically, the foreleg from the ‘knee’ (carpus) inclusive to the ground is the ‘hand’ or ‘mantis’. The hind leg from the hock (tarsus) inclusive down is the ‘foot’ or ‘pedis’.


Failure to appreciate this equine anatomy leads to confusion. We humans talk about ‘standing on our feet’, without too much concern for what skeletal structures under the skin are involved, and that ‘part’ on which a horse stands is best seen as a ‘foot’ even if in reality it is the equivalent to our middle finger or middle toe.


However, in reality the outer structure of the foot is a skin appendage – a very special one, not only in its horn but also in its secure attachment to inner structures. Moreover, this horny skin grows, like our own nails, although in a more complicated way. It is the only aspect of conformation which can be changed during life, by farrier trim and by contact wear. If this does pathologically change, the foot becomes unbalanced and physical forces are involved which have adverse effects on the units of locomotion proximal to it and serious implications for the blood supply to P3, the pedal or ‘coffin’ bone, and the distal sesamoid (the navicular bone).


The Foot


The equine ‘hand’ or ‘foot’ as described above is also known colloquially as the ‘hoof’. Anatomically it consists of the foreleg from the carpus down, and the hind leg from the tarsus down, and the hoof.





The actual functioning hoof consists of:




• the horn, an insensitive structure which forms a capsule (or hoof) in which is:




• the sensitive corium or laminae


• the pedal or coffin bone, P3


• the phalangeal or coffin joint, P2–P3


• the navicular bone, the distal sesamoid





and the associated




• lateral cartilages


• ligaments


• bursa 


• blood and nerve supply





The outer horny capsule is subdivided into:




• the wall


• the sole


• the frog








The hoof is the focal point of contact with the ground reaction forces. It acts as the fulcrum around which the limb arcs, and rotates or torques against ground surface resistance, with resultant stress forces on the foot and the related joints, tendons and other suspensory/stay ligaments.
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The sole.








The horn of the hoof wall is formed exclusively as a specialised layer of skin growing from the coronary band or coronet. It is made up of horny tubules bound together by intertubular horn. This gives the hoof wall considerable strength against compressive forces acting along their axis, but it is relatively weak if excessive sheer or torque forces are directed in a manner which separates the tubules or if shear or torque forces are applied horizontally or obliquely across them as in the unbalanced foot. The wall is weight bearing, as are the bars and the buttresses. It grows down at a rate of about 2.5cm (lin) in two to three months. Therefore, on average, it takes from nine to twelve months for horn formed at the coronet to reach the ‘bearing’ (ground) surface of the wall at the toe (i.e., it takes this length of time to grow a new hoof).


Rings in the surface of the hoof, running parallel to the coronet, indicate variations in the rate of hoof growth. Such nutritionally induced ‘stop and go’ growth rates are most commonly seen in horses at grass for several months. Fluctuation in grass quality interferes with horn growth; the compression of the horn tubules, especially within the unshod fore feet, produces bulges which encircle the wall. The lines of these rings are widest apart at the toe and narrowest at the heel, because the general growth rate is quicker at the toe. (But laminitic rings are the reverse.)


However, recent research describes a common finding in mature horses, at summer grazing especially, of two rings parallel to the coronary band which progress downwards with wall growth. It is suggested that each starts as an elongated ‘blister’ formed at the dermal/epidermal layer junction. It quickly ‘dries out’ to leave a hollow ridge. When the rings reach the ground surface, by the next spring, the weakened wall becomes flexible, especially near the toe; the stress of breaking over at the toe even when shod allows the wall to ‘spring’, with resultant undue forces on the it – a possible start of white line disease.


The hoof wall is divided into the toe, quarters and heels. The hoof wall is thickest at the toe. At the heel there is less distance from the ground surface to the coronet and the horn is therefore ‘newer’ and more pliable than at the toe. This enables the heels to expand when the foot is pressed onto the ground, so helping to absorb shock.


The hoof wall turns inwards at the heels, forming the bars of the foot. There is a deep groove between the bars and each side of the frog. The corner of the wall and the bar is called the hoof buttress. The bar is weight-bearing; the buttress gives added security to the hoof wall and the bars. The bars prevent the heels from collapsing forward.


Bridging the junction between the skin and the hoof wall is a thin layer of soft horn, known as the periople. This extends about 2cm (¾in) down the hoof from the coronet. It has an extra waterproofing function, in both directions.


The hoof wall has three layers – a thin outer water proof layer, a thick central layer (which contains the pigment cells in pigmented hooves), and an inner layer which is folded into laminae; there are six hundred primary laminae, each of which has approximately one hundred secondary laminae branching from it – together forming the insensitive laminae. None of these three layers of the hoof wall has a nerve supply or blood supply – this is why a farrier can drive nails into the hoof wall without causing the horse any discomfort. 
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The structure of the foot.








The insensitive laminae of the hoof wall interlock with a second set of highly vascular laminae – the sensitive laminae (shown opposite). These are firmly adherent to the outer medial surface of the pedal bone, which lies entirely within the hoof capsule. The sensitive laminae have both nerve and blood supply, and this is why pain and bleeding can occur if a farrier drives a nail too deep (‘pricked foot’) or with any other penetrating wound and, to a lesser extent, with bruising of the sole.


This dynamic interlocking of sensitive and insensitive laminae is very important; it is how the pedal bone is attached to the hoof wall, though how the downward growth movement of the horn and its insensitive laminae slide over the fixed sensitive laminae is not fully understood.


The horse takes all its weight secondarily on the pedal bone, not downwards but outwards all round the hoof wall, in effect hanging from the outer wall via the two layers of laminae. It is thus the wall, not the sole or the frog, which is the primary weight bearer. The walls of the hoof capsule are physiologically flexible and make an angle of contact with the ground surface. On weight bearing the downward force on the pedal bone is transformed to the upper part of the wall, and because of its angulation the wall spreads outwards as the load is taken. In the anterior two thirds of the foot this spreading is restricted by the attachment to the pedal bone; in the posterior third the wall has no such attachment and the flexible hoof cartilages, bars, and bulbs of the heel allow the heel to spread. The toe conversely contracts slightly at the coronary band, and the pedal bone rotates downward slightly at the heels, pulling the coronary band back at the anterior aspect and allowing the hoof wall to spread slightly at the quarters. The forward movement of the horse, removing the load, reverses these hoof changes.


These movements help to absorb concussion and assist in the return flow of the hoof’s blood supply. If the walls lose their conical design and become more upright, or fail to flex normally, there is often a significant interference with blood flow which can affect stride length and cause lameness. During the gallop, the whole horse’s weight (and that of its rider and tack – i.e. upwards of 500kg, or 1,000lb) is supported on one front foot (the trailing foreleg), the weight being transmitted via the pedal bone and hoof wall onto a shoe of surface area of approximately 60sqcm (9sqin) – a force of over 7kg per sq cm (100lb per sq in). Appreciating the forces which the hoof attachment to the pedal bone is asked to withstand, makes it easy to understand how painful it is if the laminae become inflamed.


The sole occupies much of the ground surface, and protects sensitive structures above. It is concave, particularly in the hind foot. Except in soft ground, the shod foot’s sole does not make contact with the ground and does not support the weight of the horse. It flexes with the movement of the hoof.
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Thre-dimensional dissection of the coronary region and the hoof wall.








The junction of the sole and the hoof wall appears white, the so-called white line or white zone. This line of horn marks the seal between the constantly elongating wall horn and the horn of the sole, and is the junction of the sensitive and insensitive laminae of the hoof wall which helps the farrier to know where to place his nails to avoid the sensitive layer.


The area of sole between the bars and hoof wall at the buttress is prone to bruising, and is known as the seat of corn.


The horn of the sole is produced by a highly vascular layer beneath it, the sole corium. It is formed at a faster rate than hoof wall horn, and it flakes off at the ground surface rather than being worn away, somewhat similarly to epidermis – skin – elsewhere on the body.


The rubbery, wedge-shaped frog covers the underlying frog cushion and has its apex projecting forward into the sole area. It is composed of softer horn. It has a central cleft. The frog horn is also produced by its own highly vascular layer lying above, the frog corium. Recent research indicates that its primary function is to allow controlled expansion of the heels during weight bearing, with reciprocal action which assists in venous blood return. Other suggestions are that it has anti-slip and anti-concussion properties, and is a pump to aid circulation, but these are unproven. It does have ground contact at full weight bearing on soft surfaces, when it protects the underlying tissues.


The three horny structures of the foot all have a different ‘water’ content: typically, hoof wall 25%, sole 33%, and frog 50%. The water content is not constant.


The lateral cartilages are two ‘wings’ at the edges of the pedal bone. They can be felt just above the coronet at the quarters. Expansion outwards of these cartilages helps absorb concussion. In some horses, especially the heavier breeds, these cartilages become ossified forming side bones.


The digital cushion is an elastic fibrous pad at the heels, beneath the frog. Pressure from the frog during motion compresses the digital cushion, which is squeezed out to spread the lateral cartilages. Compression and decompression  of veins within the hoof helps to ‘pump’ blood back up the leg (see Chapter 6, THE CARDIOVASCULAR SYSTEM).
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The suspensory apparatus showing the support of the joints in both the fore and hind limbs.








The navicular bone is a narrow, elongated bone lying across the foot, immediately above the apex of the frog. It lies behind the pedal bone (P3), and beneath the short pastern (P2) at the corono-pedal joint. It forms part of the coffin joint, but is so attached that on the support phase it moves slightly apart from the short pastern (P2) and the long pastern (PI) – a heat reducing function. The deep digital flexor tendon (DDFT) runs over a bursa on the lower surface of the navicular bone before inserting into the pedal bone.


The corono-pedal joint, between the short pastern bone and pedal bone, lies entirely within the hoof.


The Stay and Suspensory Mechanisms


The following structures (discussed in greater detail in Chapter 17, THE LOCOMOTOR SYSTEM) are not bony ‘skeleton’ in anatomical terms but their functioning is described here in relation to the dynamics of the skeleton.


The Stay Apparatus


The flexor tendons in the foreleg, the ‘deep’ and the ‘superficial’, each have a check ligament, the deep’s coming from the back of the proximal cannon and the back of the lower knee region, and the superficial’s coming from the back of the radius just above the carpus – the distal and the proximal check ligaments respectively.


These, along with the tendons and other restraining ligaments in the muscles of the chest, of the neck, and of the shoulder and upper arm, form what is known as the horse’s stay apparatus which links with the suspensory apparatus.


These unique anatomical designs became necessary with the elongation of the limbs which equipped the horse for survival by flight. They are also essential for the horse’s ability to rest while standing, since they ‘fix’ the forelimb in extension – the ‘hold’ is maintained with minimal muscle action.


The Suspensory Apparatus


The suspensory apparatus consists of a ligament (the suspensory ligament) arising from the back of the knee and running down the limb immediately behind the cannon bone to its mid point, before dividing into two branches. At the sides at the back of the fetlock joint these branches attach to the two proximal sesamoid bones.


From the sesamoids, the two branches of the suspensory ligament run to the front of the pastern, meeting with the extensor tendon to provide a suspensory cradle to the fetlock joint. The back of the fetlock and pastern joints have a trellis of sesamoidian ligaments which help support that area from hyper-flexing.


In the resting, standing horse, the vertical position and fixation of the limbs is assisted by joint design and ligament alignment and some fixation muscles, as well as by the stay and suspensory structures. These, with the sesamoidean flexible ‘trellis’ also enable the fetlock joint to ‘sink’ safely on weight-bearing and, through kinetic energy, then to recoil or ‘spring back up again’. The two main systems – stay and suspensory – also help absorb concussion.


In the hind limb more of the ‘shock’ is absorbed by the ligaments and muscles linking the hock and stifle. This special hind limb arrangement of ligaments makes the hock and stifle joints move together in unison, and is known as the reciprocal apparatus. It also produces a more secure hind-leg action, particularly in propulsion.


The equine hock and stifle must always flex and extend in parallel, in contrast with the human knee and ankle which can be moved independently of one another.
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4. Introduction to Physiology





Physiology means ‘the study of the natural functioning of living animals’, what the systems do individually and in concert. In simple terms it is how static equipment, the anatomical parts, function dynamically; it is how the horse lives and ‘does’, and, most importantly, how that is perceived.


Competent horsemastership requires some understanding of the ‘working’ as well as of the ‘structure’ of the various organs, and of how they inter-relate, and thus of how the horse as a whole lives and moves.


This skill depends upon understanding practicalities rather than upon memorising data. So, for example, to know the capacity of a horse’s stomach and against what other organs it lies is of little use unless also it is under stood that in nature the horse eats little and often, that it is a trickle feeder whose stomach is never completely full nor completely empty, and therefore that, when stabled, the horse is most at ease when munching fibre, such as hay, whenever it chooses and up to its ‘appetite’, as when grazing naturally.


The functioning of some of the structures can be improved by man’s interference of management and training, or it can be upset by mistakes therein – but the structure of the individual horse cannot be altered during its life, though improved type can be selected and bred for.


Physiology is therefore of more practical importance than anatomy, though less easily understood.


Cellular Physiology


The fundamental or elementary unit of all life is the cell. The study of cells is known as cytology, from the Latin cella, a small compartment or chamber. The term ‘cell’ tends to be thought of as referring to the cell’s wall; correctly speaking, ‘cell’ refers to the contents within the cell’s wall. Cells vary in size but mainly in morphology (shape). They are diverse in function.


Life is an organic (biological) means of converting one form of energy into another. This means converting chemical (food) energy into, for example, mechanical (muscle contraction) energy and heat. The bio-organic chemical processes are called vital phenomena and they occur in all body cells.


Heat is an important by-product of energy conversion, assimilation and storage and it is an even greater by-product of energy expenditure, as in locomotion. Heating has to be monitored and controlled, and this is called thermo-regulation; related to it is the production and evaporation of sweat.





All life must fulfil four basic criteria; i.e. all cells, even the individual cells of uni-cellular life, must be able to




• grow to a genetically determined size and shape


• reproduce themselves, to a variable extent


• respond to stimuli from the environment and from within themselves


• effect (bio)chemical conversions within themselves for this growth, reproduction, response to stimulation and staying alive





In higher multi-cellular life there is also the need to




• be able directly or indirectly to pass on stimuli to other cells, i.e. to communicate


• in embryonic development be able to group cells with others to form tissues, organs and systems


• be able to work with other cells in an ordered way to form a functioning whole, i.e.




• conductivity 


• organisation


• integration








The survival of any living tissue depends upon a constant supply of oxygen and essential nutrients into the cells, and unloading of by-products, including waste, from the cells. In a multi-cellular system this requires




• a transport system into, through and out of tissues


• a control mechanism to maintain homeostasis (the maintenance of body fluids at correct pH and chemical composition) to help adherence to a genetically established lifestyle which gives




• a body core temperature, within very narrow limits


• a steady resting respiratory rate


• a steady resting heart rate (pulse)


• an optimal weight for height and type


• grazing/eating and excretory and other behavioural habits essential for the survival of the individual and the reproduction of the species under natural conditions








Domestication should be consistent with the above broad principles as closely as is practicable at all times.
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Structures of the cell.








Virtually all cells are composed of




• the membranous ‘wall’ – the cell’s flexible and selectively porous, or semi-permeable, framework


• the cytoplasm – the protoplasmic jelly-like colloidal intra-cellular fluid which contains


• the nucleus in its membrane, which contains a full complement of DNA, the genetic plan or blueprint, and the central ‘organic batteries’


• the nucleolus – plays a part in ribo-nucleic acid (RNA) and protein synthesis


• the organelles, or components


• mitochondria – thought to be the ‘power packs’ of the cell, from which the cell obtains energy, thus playing a part in the cell’s respiratory requirements. The energy is in the form of adenosine tri-phosphate (ATP)


• ribosomes – particularly in nerve cells


• lysosomes – the digestive apparatus, working by enzymatic action to produce nutrients small enough for the mitochondria


• Golgi apparatus – involved in producing the products of certain cells’ actions, such as mucus, enzymes, and hormones


• storage and excretory units


• vacuoles – cavities within cells


• electrolytes


• processes, in some situations





Cells are microscopic, ranging from 10–100u (1 micron (u) is 1 millionth of a metre). Their small size ensures efficient functioning, as the rate at which oxygen and other nutrients enter a cell and ‘fill’ it when transported to it via blood and intercellular fluid is critical. Such substances diffuse through the membrane into (or out from, as in the case of bi-products of their activity) the cytoplasm.


To better comprehend a mammal’s many cells it is helpful first to consider a single-cell organism, such as Amoeba proteus, which is ‘free living’ in a ‘sea’ of water containing salts in solution which disassociate into separate elements called ions. These ions are electrically charged, and in solution are known as electrolytes.


The amoeba cell’s membrane is flexible and selectively ‘porous’, so that soluble substances are absorbed through it. Oxygen diffuses in; carbon dioxide, and other waste products, diffuse out. The cytoplasmic fluid also contains electrolytes, and microscopic organic material as foodstuff is engulfed through the cell membrane and is metabolised within to liberate energy.
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Amoeba proteus, a single-cell organism.








The ratio of electrolytes in the ‘sea’ is different from that within the cell, and the physical forces of diffusion will tend to equalise the concentration of electrolytes inside and outside. Therefore, the cell must work to pump out unwanted excess ions (typically sodium ions), and to maintain within itself a minimum of such essential ions (typically potassium) which otherwise tend to leak out. This ‘electric’ difference, which must be maintained within miniscule variations, can be looked upon as the potential ‘spark’ of life.
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A single-celled organism reproduces by simple division.








Such single-celled organisms carry out work. This work is to keep it alive, allows it to move, and enables it to reproduce by simple division. The energy expended in doing so comes from the foodstuffs metabolised in the presence of oxygen and electrolytes.


This principle applies to very nearly all mammalian cells, though in a much more complex fashion. In higher animal life, the ‘sea’ is the interstitial (intercellular, i.e. between cells) fluid, and the cytoplasmic fluid is the intracellular fluid. There are, of course, many other constituents.


The single-cell organism depends upon a steady-state ‘sea’, or, within limits, its ability to wriggle to a more suitable concentration of salts, or to adapt its metabolism to change – otherwise it dies.


In multi-cellular animals, each cell is ‘fixed’ as tissue and organs, and depends upon the correct ‘sea’ being brought to it via the blood circulation. If their surrounding ‘sea’ or intercellular fluid does not bathe them consistently in the correct ‘mixture’ of electrolytes, cells will either absorb too much water and burst, or lose too much water and so shrivel and die. The resultant ‘dis-ease’ affects not only the cells but also the ‘sea’ – which in turn will affect other cells in other tissues, organs and systems. Between the lethal extremes, cells become less efficient and so affect local and overall performance of the body. If the cells are those of the vital organs, the brain, the heart and the kidney, the upset can be serious. If the dis-ease is of the muscle cells, where their work load can increase forty-five-fold from resting to high performance, a cellular dis ease, which might be of no clinical significance at rest, can during work involving maximum contraction become an acute and severe illness. Azoturia is an example of this. The higher the athletic performance demands, the greater the need for accurate homeostasis (maintenance of the correct balance in body fluid composition).





[image: ]

Skin/epithellum.
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Gland.
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Bronchial epithelium.











[image: ]

Nerve.








Animals move about primarily to find food and water, and their nourishment must be taken in by eating and drinking (ingestion). Oxygen enters by the respiratory system and is distributed by the blood. Metabolised nutrients are also so distributed internally and unwanted waste or exhaust substances are excreted to be ‘drained away’.


Body Cell Organisation


The various types of cell are organised in layers, to become a particular tissue (eg skin).


Where several tissues are integrated around a transport system, they are called organs (e.g. the kidney); organs have specific metabolic functions.


An integration of tissues and organs related by anatomical position and controlled functioning is called a system.


The systems collectively work so that the animal lives, moves, eats and drinks, and excretes, and so survives to reproduce the species.
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5. The Respiratory System





Mammals quickly die in the absence of oxygen in their cells, especially in the cells of their vital organs – brain, heart and kidney. Removal of carbon dioxide is equally important.


The source of oxygen, and the main disposal of carbon dioxide, is the atmosphere. The respiratory system therefore has two functions




• getting the air in and out


• exchanging atmospheric oxygen for carbon dioxide – the gaseous exchange





As might be expected in an animal whose survival in the wild depended upon fast galloping, the horse’s respiratory system is very efficient and extensive in terms of exchange surfaces. It is estimated that this surface amounts to 2,500m2 (3,000yd2). The cow, of somewhat similar size but of different evolutionary type, has but one quarter of this.





The respiratory system is anatomically divided into an upper and a lower airway or ‘respiratory tract’.


THE UPPER AIRWAY


Upper Respiratory Tract (URT)


The URT, in human terms the ear, nose and throat (ENT), runs from the nostrils through to the end of the windpipe, just inside the chest, although some authorities hold that the trachea (windpipe) ‘belongs’ to the lower airway and at autopsy dissections it is removed with the bronchi and the lungs, colloquially known as the ‘pluck’.


It is a complicated system designed to allow the various intrinsic and extrinsic anatomical movements.


Defects are invariably induced by man in requiring athletic use beyond the natural, discipline requirements of head carriage, and by conformation ‘mistakes’ (genetically programmed).


The two nostrils (or nares) form the entrances. These are kept permanently open by cartilaginous insertions in the soft tissues under the skin. Muscular attachments to these insertions automatically, reflexly, control the extent of the openings.


When there is a need for maximum inlet and outlet of air, further extension of the opening is possible by the lifting of a fold in the nostrils’ structure – the false nostrils. This is seen in strong exercise and during recovery from severe exercise, and also occurs when a disease condition interferes with or requires maximal respiratory effort, e.g. in pneumonia, or in occasions of worry bordering on fear. In the latter instance, respiration is usually increased even when the horse is static, ‘ready to escape’, and the increased intake of air no doubt also enhances the sense of smell.


The airway is continued as the two nasal passages, which run the length of the nose and the face, separated by a thin bony septum. From both sides of this septum, elongated scrolls of even thinner bone curl outwards – the turbinates – thus dividing each passage into several, and so presenting a very large surface area. At the far end of each main passage a small lateral opening leads to two facial bone cavities and one skull cavity. These three cavities intercommunicate, but not across the midline, and are known as the para-nasal sinuses.


All these passages and the sinuses are lined by mucous membrane which is rich in blood vessels. The large surface areas collectively present an efficient warming and moistening system for the inspired air, which is thereby presented at the optimal temperature and humidity for ultimate gaseous exchange.


The nares thus form a double-barrelled airway to open into the pharynx, and they are also equipped to act as a surface filter. A secondary but important function is the direction of atmospheric molecules which stimulate the olfactory nerve endings in the organ of Jacobson, two small tubes from the nasal cavity floor, for which the air is first trapped by the Flehmen posture of the muzzle.





[image: ]

The upper respiratory tract – URT. (Also identified as Areas 1–2 of the respiratory tract.)








The soft palate lies at the end of the hard palate, which is the roof of the mouth and the floor of the nasal passages. It is flexible muscular tissue which, together with the equally muscular pharynx, forms a cuff which encircles the opening to the larynx.


The soft palate is so situated and of such a shape that it prevents a horse breathing in through its mouth, and allows inspired air into the larynx during inspiration. It also plays the important role of directing boluses of food towards the oesophagus during swallowing.


The pharynx is the common chamber lying at the far end of the nasal passages and the oral passage, where the respiratory and digestive systems ‘cross’ one another. The horse’s tonsils cover a large surface area of the pharynx in small collections of lymphoid tissue and in lymph nodules in the roof.


On either side of the pharynx are two slit-like openings into the Eustachian tubes. In the horse, each of these tubes opens into a double-lobed, pouch-like diverticulum – the guttural pouch – before continuing on to end in the middle ear. These pouches, which are in fact cul-de-sacs, lie at the side of the throat about a hand’s breadth below the level of the ear. Their function is not fully understood but they act as air pressure modulators. Their disadvantage as part of the horse’s respiratory system is that they can act as a trap for inspired fungi and bacteria, which can then colonise on their mucosal lining.


From the opening into the larynx to the end of the URT the airway is a single tube, the trachea.


The larynx, or voice box, is a system of cartilages which can move under the action of their related muscles, reflexly to increase the diameter of the air-flow as respiratory requirements dictate. Muscle action can completely close the anterior (i.e. cranial) opening of the larynx, also known as the glottis, and further seal it off by elevating a triangular-shaped flexible soft cartilage, the epiglottis, over the opening, as when the horse swallows. At the glottis, on both sides, is a small diverticulum which incorporates the vocal cords.


This mobile anterior end of the larynx, like the nostrils, is capable of significant opening for maximal inspired air flow and for expiration. The flow volume and rate of expiration can be modulated by alteration of the global size and by its vibratory effect on the vocal cords to produce sound, ‘phonation’. Such air is usually passed out via the nostrils, whose openings can be so altered as to convert the sound still further.
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The working of the larynx.








The trachea’s soft tissues are kept open by almost complete rings of cartilage. The trachea runs down the ventral surface of the midline of the neck, and can be palpated (felt) at the anterior end but gradually disappears behind the ‘strap’ muscles which lie in front of it. These muscles are attached under the jaw and to the hyoid bones, which form a cradle for the larynx and the root of the tongue. Their far ends are attached to the breast bone or sternum.


The trachea enters the thoracic (chest) cavity between the first two ribs.


THE LOWER AIRWAY


Lower Respiratory Tract (LRT)


The bronchi are the two airways which branch out from the end of the windpipe to supply air to the left and right lungs. They are kept open by rings of cartilage.


Their subsequent division and sub-divisions within the lungs into small bronchi, and eventually into bronchioles, sees a change in the cartilage inserts from being semicircular to becoming flat plaques, which continue to maintain some rigidity and so prevent complete collapse.


From the bronchi down to the bronchioles, the lower airways are encircled by smooth muscle which reflexly (autonomically) regulates their diameter.
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Diagrammatic representation of the lower airway – LRT. (Also identified as Areas 3–4 of the respiratory tract.) (Not to scale.)








Beyond that, there is neither cartilage nor muscle, and during breathing these very small bronchioles, which lead ultimately to the alveoli, collapse or become inflated by the physical movement of air.
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Cross section of the thorax.








The alveoli are a collection of closed sacs aggregated in very many groups. Each group of alveoli are branching extensions of the end of one bronchiole. Alveoli do not expand or contract. Ultimate pressure changes are allowed for in the non-muscular bronchioles. The whole of the lower airway and the alveoli are held together in lobules by very elastic connective tissue. The lobules are grouped as lobes, and all are held together by an outer epithelium, an elasticated connective tissue sheet called the pleura, to form the left and right lungs.


This lung pleura, is matched by the thoracic pleura, which extends under the base of the vertebrae, down the inside of the ribs, and over the anterior surface of the diaphragm and the inner surface of the breast bone. The space between the thoracic pleura and the lung pleura has a thin film of lubricating fluid which facilitates the expansion and contraction of the lungs within the rib cage.


The area between the two lungs is called the mediastinum. Through this channel run the major blood vessels, the oesophagus and certain nerves. The channel is widened anteriorly to enclose the heart, which itself has an outer covering – the pericardium. Above and in front of the heart the two walls of the pleura are lace-like in structure, so that the two pleural cavities communicate.





The cells lining the airways from the nostrils to the alveoli are a mucosal epithelium. The outer covering, down to the end of the bronchioles, has a serous epithelium. Only the mucous membrane of the alveoli is capable of gaseous exchange, although it is thought that a small length of the bronchioles adjacent to an alveolus also has gaseous exchange ability. The remainder of both airways are channels for the flow of air in or out; the mucosae also have defensive functions.
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Gaseous exchange in the capillaries.








The blood supply to the lungs is from two distinct sources:




• the normal nutrient arterial supply to, and the venous supply from, the tissues. This is the bronchial system


• the blood which takes carbon dioxide from the heart and thence to the alveoli, where it is exchanged for the oxygen in the airway, travels by the pulmonary system, and the artery (the pulmonary artery) is – in this one special situation – carrying oxygen-poor blood, and the pulmonary vein from the lungs to the left side of the heart is carrying oxygen-rich blood





In the lungs, the capillaries of this pulmonary blood supply form a very close network around each alveolus, so that their single-cell-thick wall is very close to the single-cell wall of the alveolus. This means that oxygen in the lumen of the alveolus is only microns away from the red blood cells in the capillaries, so exchange is assured.


Respiratory Functioning


This system is of the ‘to and fro’ type – air in/air out – oxygen rich air in/carbon dioxide exhaust out. It is not under conscious voluntary control except when using the sense of smell – sniffing – and even this may be an involuntary instinctive act.
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Inspiration (inflation) – the ribs lift and the diaphragm contracts to draw air into the lungs.
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Expiration (deflation) – the ribs drop, the diaphragm relaxes and falls forward allowing the elastic lungs to contract and squeeze the air out. Abdominal muscle contraction comes into play when assistance for expiration is required.








During birth, the supply of maternal blood from the placenta is cut off. The level of oxygen in the foal’s systemic circulation begins to fall and, more importantly, the level of carbon dioxide builds up until it causes a marked change in the pH of the blood. This increasing acidity is ‘recognised’ by the respiratory centre in the brain, which signals a series of reflexes which produce inspiration, and subsequent expiration. From then on, the rate and volume of respiration is controlled mainly from this sensor, through the autonomic nervous system.


Inspiration


Inspiration requires a ‘vacuum’ to form within the chest cavity:




• the ribs are pulled forward and, by slight rotation, outwards


• the diaphragm muscle contracts, and the diaphragm ‘sheet’ is pulled backwards


• in the resulting vacuum, external atmospheric pressure causes the elastic lung tissue to ‘follow’ the movement of the chest walls including the diaphragm, and the alveoli are inflated with air


• at the same time, the abdominal contents are compressed by the flattening diaphragm, against the back and pelvis and onto the abdominal wall, which is ‘visibly’ extended backward, upward and outward





In resting respiration, the mechanics are entirely diaphragmatic; further chest expansion by rib movement (costal breathing) comes into play when the air demand is increased.


Inspiration is adversely affected by upper airway resistances, in the nasal passages, the throat and the larynx, all of which are largely a matter of size. Inspiration is energy expensive.


Resistance can be increased by unnatural (imposed) over-flexion of the head at the poll, increasing the obstruction of air flow 2–5 fold. An important element is the relatively long equine neck and so the relatively long trachea. Exercise requires increased effort to accelerate the air from nostrils to bronchi.


Expiration


Expiration is mainly the result of abdominal musculative contraction on the relaxing diaphragm, but elastic recoil of the pleurae and of the lung interstitial and bronchiolar tissues also play a significant part: 




• the diaphragm, no longer in contraction, is relaxed to fall forward into its most anterior position. (Its dome shape still allows for a space either side for the two posterior sides of the lung)


• the lungs deflate by elastic recoil, and most of the air is ‘squeezed’ out


• the ribs have been pulled back and each has been slightly reverse-rotated to further reduce chest volume


• the abdominal contents are now not under diaphragmatic compression so can extend forward, thus taking pressure off the abdominal wall which retracts inwards, downwards and forwards to complete the signs of respiration


• the rate can be counted and the ‘excursion’ can be described for clinical evaluation of a horse’s breathing at rest or immediately after ‘work’





Respiration Rate


Breathing rate and flow quantity at rest and at work are related to environmental temperature and humidity and to the metabolic demands of living, growing and working.


At rest, there is a momentary halt at the end of inspiration, when no abdominal or other outward signs of breathing are visible. At the slightest increase above the resting rate, this pause is abolished.
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Dorsal view of the lungs and diaphragm.








The resting rate of an adult horse is 10–15 breaths per minute. When the horse is disturbed, even just by being asked to ‘move over’, the rate will accelerate to around 25 breaths per minute. It quickly returns to normal when the horse settles. At such rates respiration is usually inaudible.


Any increased demand for oxygen and subsequent need to eliminate carbon dioxide will increase the rate and depth. At maximum exercise the respiration rate will reach 130. Rates above 25 will invariably produce expiratory noise. In the normal horse, no inspiratory noise is audible.


After exercise, to meet the oxygen debt and continue to assist in thermo-regulation, there is a gradual, sometimes ‘stepped’, return to normal respiration. If the exercise has been extensive, there will be deeper and noisier respirations, and heaving of the abdominal wall for a short period; then over 20–30 minutes there will be a return to normal respiration rate. There may be a nasal drip of clear to cloudy mucus, according to environmental temperature and humidity.


Respiratory Noises


As the respiratory rate increases, the expired air passing through the nostrils produces an expiratory noise. In some horses, the false nostril fold, when not fully dilated, is vibrated and the resultant noise is called high blowing. At very fast speeds, expiration can be heard over a long distance.


The anxious horse, whether it be because of an unidentified object or a strange horse, will often force short bursts of air through its nostrils to produce a snort. This noise is thought to be a signal to other horses as well as a warning to other animals and man.


If a large volume of air is reflexly expressed forcibly through the nostrils, the resultant noise is a sneeze. Its function is to clear the nasal passages of some irritant material.


When an even larger quantity of air is quickly forced out through the mouth, the sound is a cough. A cough is not a disease in itself, any more than is a sneeze – it is an indication or a clue that the horse is attempting to rid its respiratory system of unwanted matter or to enhance expiration when it is temporarily more difficult because of some respiratory disease or difficulty.


Factors other than Exercise which will alter the Breathing Rate




• severe pain


• pyrexia (fever), with or without other classical signs of inflammation anywhere in the system


• changes in the respiratory system, e.g.




• obstruction to inflow


• obstruction to outflow


• interference with gaseous exchange








Pain, fever, toxaemia and other inflammatory reactions, and especially heat stress, will raise the general metabolic rate with consequent further need for more oxygen. All these changes increase the need for more oxygen per minute, to compensate for reduced air-flow and gaseous exchange. The respiratory rate is proportionately increased, although the volume flow may not necessarily equally increase as with ‘shallow’ breathing.


Breaks in Respiration other than at Rest


Temporary cessation is involuntarily induced – for instance when a horse jumps, its diaphragm is held in the contracted position, and its glottis is closed. It is assumed that this inactivity in respiration permits the explosive impulsion of jumping to be concentrated along the axial skeleton, and not partly dissipated through expiratory deflation.


A horse’s breathing may also be held




• during asymmetric gait action, when a complete respiration may be ‘missed’ to allow the horse to swallow saliva without disturbing locomotion


• as an aid to defaecation and urination, and during labour contractions


• on rising and occasionally during post-exercise recovery, a breath will be ‘held’ and then released with an audible sigh – this is presumed to be an extra large expiration to clear out carbon dioxide


• a yawn is a forced deep respiration, reputedly a reflex action to a temporary reduction in cerebral blood flow





Respiration and the Gaits


The respiratory rate is not synchronised with walking and trotting, but at the asymmetric gaits of canter and gallop expiration begins when the leading hind leg makes support, and ends as the leading foreleg lifts off. Thus it will be seen that expiration occurs during the support phase, and inspiration occurs during the suspensory phase – which seems mechanically sensible!


Any defect in respiration which alters the time required – usually expiration against some airway obstruction and the time available for inspiration consequently being shorter – can eventually interfere with gait rhythm.


Supplementary Functions of Respiration




• communication by voice production – ‘phonation’


• recognition by sense of smell


• heat regulation – expired air carries heat away from the inner body. When the core temperature is elevated because of strenuous exercise, the horse continues to breathe rapidly after the exercise has finished. The coincidental increase in inspired oxygen helps repay the oxygen debt of anaerobic work, and the expired air dissipates heat by evaporation of respiratory moisture


• panting is anatomically impossible for a horse but, in cases of heat stress, very rapid and very shallow breathing is often accompanied by attempts at oral breathing. This is a serious sign (see Chapter 40, FITTENING)





Defence of the Respiratory System


This is effected as follows:




• when grazing, the horse’s head is below the base of the neck, so that the trachea slopes downwards. Any mucus drains down into the throat, from which it can be swallowed; if this mucus is excessive, as following exercise, and particularly if it is of an inflammatory nature, it may run down the nasal passages and exit through the nostrils


• the volume and pressure of expired air blows out any unwanted material. The tubes are coated with a mobile but slightly adhesive mucus, which has the ability to trap inspired particles, including micro-organisms and spores. Also, lining the airways are epithelial cells from which grow tiny hairs, called cilia, which automatically beat in an upward direction and so sweep up the mucus-trapped materials towards the larynx, through which they are wafted into the throat to be swallowed


• large numbers of special white blood cells are present on the airway’s surface or in the nearby vascular system, ready to be mobilised in the presence of potentially pathogenic (disease-producing) organisms. The lymphatic system transports lymphocytes from the airway capillaries, with entrapped bacteria, to the regional lymph glands, where they are ‘neutralised’ and specific antibodies produced as required


• if any part of the airway is irritated by noxious gases or materials, or inflammatory reactions and exudates, this will stimulate a reflex explosive expiration – a cough or a sneeze





Air hygiene refers to the number of airborne particles small enough (diameter less than 0.005mm) to reach the alveoli.
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A grazing horse, showing the outflow of fluid and mucus from the lungs.








These are:




• allergens – moulds, fungi, forage mite faeces, pollens


• pathogens – bacteria, viruses


• irritants – plant fragments and other dusts, ammonia and other noxious gasses





Changes in stable management – drainage and bedding and forage – are important, but if ventilation remains poor air hygiene will remain bad. Poor air hygiene increases susceptibility to respiratory disease, increases its severity, and delays recovery from it. Ventilation should bring about 8–10 air changes per hour, mainly by stack effect (i.e. heated air rises), otherwise respirable particles rise to three times the acceptable level. Modern stable designs often fail to produce air stack effect, because




• no ridge outlet – hot air rises, cools and falls, and doesn’t escape


• the only inlet is the stable door – even with the top half open inadequate air comes in and draughts are more likely





Stabling is a significant drawback of domestication, particularly in relation to respiratory disease and especially chronic obstructive pulmonary disorders (COPD).
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6. The Cardiovascular System





Blood is the main transporter through the body of essential water, oxygen, nutrients, chemical regulators and waste products. The blood is propelled along the blood vessels by the pumping action of the heart




• arteries carry the blood away from the heart. They are comparatively thick-walled vessels with a powerful muscular component, the reflexly controlled contractions of which to a great extent determine ultimate blood pressure


• veins – carry the blood back to the heart. The veins have thinner walls and less muscular content. They are thus more readily distensible. They are equipped, in the limbs especially, with non-return valves. Venous bloodflow depends on


• capillary flow pressure


• movement of juxta-positioned structures, e.g.


• skeletal limb muscles


• abdominal organs


• thoracic organs





all of which help to massage blood towards and into the heart, and




• gravity flow, from the elevated head and neck


• ‘cardiac suction’ as the right auricle relaxes and opens





In the centre of this circular system are the capillaries, a vast network of very thin-walled, microscopic tubes which lie within all body tissues. It is in these tubes and only in these that the transfer of water, oxygen, nutrients, cellular products and waste products occurs.





Apart from this ‘exchange’ area the system is a closed one. In certain situations, arterial blood may bypass the capillaries by flowing directly from arteriole to venule, i.e. from the small arteries just before capillaries to the small veins just after capillaries. This is called the A-V shunt. Such by-passing occurs, for example, in the skin during cold weather, to prevent heat loss through the subcutaneous capillaries, and in the distal limbs as part of the physiology of hoof weight-bearing.


The actual transport of the blood fluid is called the circulation.


Circulation


Although mainly water – 60% by volume – in the form of plasma, blood is characterised by its red colour, derived from the iron protein content (haemoglobin) of the red blood cells.


In health, these red cells cannot diffuse through capillaries. Other blood components which do diffuse to become part of the extra-cellular (interstitial) body fluid, and ultimately intra-cellular (cytoplasm) fluid, are consequently not red.


It should be appreciated that, although the blood circulation is described as a closed loop, it is in fact linked, via the capillary transfers, to the other two extravascular body fluid compartments. Altogether, they form by far the bulk of the total body fluid, which is divided thus




• the intravascular fluid – the blood


• the extravascular fluid




• the intercellular ‘water’ – the ‘sea’


• the intracellular ‘water’ – the cytoplasm, the largest component by far








It is estimated that a 450kg (1,000lb) horse has a constant circulation of blood, and ‘water’ derived from it, totalling some 227 litres (50 gallons) per 24 hours.
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The circulatory system.








As will be described elsewhere, much water is lost in sweat and excretions, but this is replaced by drinking 36 litres (8 gallons) on average of water daily, and from metabolism of absorbed nutrients the end point of which is ‘energy’ and carbon dioxide and water.


Blood, in particular its red blood corpuscles and its plasma carrying antibodies and other essential proteins, cannot afford to be ‘lost’, as in bleeding. However, a red cell’s natural life is measured at some 50 days. There is a replacement mechanism within the blood vascular system to maintain this particularly vital red cell content, whether the loss is natural or from pathological conditions.





The blood vascular system comprises four sections




• the systemic circulation, which conveys blood to all tissues of the body


• the pulmonary circulation, which conveys oxygenated blood from the lungs to the heart and carbon dioxide-rich blood from the heart to the lungs


• the portal circulation, which is entirely venous. It carries absorbed nutrients from the stomach and the intestines, antigen elements from the spleen, and hormones from the pancreas, straight to the liver


• the lymphatic system





Blood


Blood comprises about 10% of the total bodyweight. It is somewhat sticky (viscous), because of its protein-containing plasma content, which intentionally slows its passage through the narrow capillaries and thus regulates the efficiency of exchange to and from the body tissues. Its constant red colour is brighter in the systemic arteries before most of its oxygen content is handed over, and it becomes darker in the systemic veins after it has done so. Blood is partly fluid and partly cellular.
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The major constituents of blood.








The fluid element, plasma, is 60% by volume on average and consists of




• serum – the watery content


• fibrinogen – the basis of blood’s ability to clot


• electrolytes


• chemical regulators, which include hormones


• immune substances, which form the bulk of the protein content


• nutrients – sugars, amino-acids (proteins), ‘fats’, other minerals and vitamins


• oxygen and carbon dioxide





The cellular element is 40% by volume and consists of




• red blood corpuscles – the largest component, approximately 28% of the whole blood by volume


• white blood corpuscles (five types) – approximately 7% of the whole blood by volume


• platelets – concerned with clotting





Oxygen is transported entirely by the haemoglobin of the red blood cells. Some of the carbon dioxide is likewise carried, but much of it is in solution in the plasma.


Plasma does not leave the blood flow except when the vessels are disrupted, as in injury and severe inflammation.


Except in the dis-eased situation of inflammations, the fibrinogen and other high molecular weight proteins cannot cross the capillary walls. Low molecular weight proteins such as albumen may do so and become ‘lost’, as there is no local mechanism for their return through the venous capillaries, but they can be ‘picked up’ by the lymphatics for return to the main venous circulation near the right auricle.


All other constituents, including amino acids and water, can and do leave the circulation at capillary level to nourish the tissue cells and carry away specific products and waste materials.


The fluid content of the body is a constant flow. The rate and volume of this flow can vary with environmental and metabolic requirements. For example, at exercise the capillary ‘bed’ of the muscles reflexly opens up many branches which have remained closed during rest, and so a markedly greater volume of blood flows through the muscles. With increasing exercise, the heart accelerates to send blood more quickly to the muscles and under greater pressure. This speed and pressure are levelled out in the increased network of capillaries, so that muscle cells have ‘time’ to absorb the oxygen and other essential nutrients for the energy expenditure of their contractions.


The serum content of the blood, carrying with it those substances already described, leaves the system from the arterial capillaries, into the intercellular fluid and thence into the cytoplasm. A reverse flow also occurs and besides, as described under the lymphatic system, returns through the venous capillaries and so to the heart.


The movement of the three fluid compartments – blood, intercellular and intracellular – maintains the vitality of the tissues and the homeostasis of the body generally.


The blood is, of course, also the source and the transport vehicle for the new material of all those fluids excreted and secreted, from specific glands




• saliva


• gastric digestive juices


• intestinal digestive juices


• transport water for electrolyte movement into and out of these digestive areas and the caecum and large intestines, with unused water in the faeces


• sweat


• expired moisture – breath


• urine





In addition, the following are also derived from the blood




• cerebro-spinal fluid


• the ‘waters’ in the eyeball and in the tears


• the nominal fluid between the protective coverings of the various body systems, e.g. the peritoneal fluid





Blood Samples


Blood is an easily obtained body fluid, and laboratory analysis of it tells much about the healthy or diseased state of the animal. These tests are basically of two groups




• haematology, which counts the numbers of red and white cells, the haemoglobin content, and the relativity of plasma to cells (PCV – the packed cell volume), and red cells to white cells, and the ratio of the various white cells one to another


• the metabolic profile, which measures a vast range of substances such as minerals, proteins, enzymes, and electrolytes in solution, both in the cells but mainly in the plasma or serum. The enzymes and the proteins in particular are indicators of damage to and disorders of the various systems, and pointers to the possible causes





The Heart


The heart is a pump with four compartments, outlet and inlet ducts (arteries and veins, respectively) and its own circulation tract to nourish the constantly contracting and relaxing cardiac musculature. The compartments and ducts are fitted with valves which direct the flow of the blood. The cavities are lined with an endothelium, called the endocardium, which is continuous with the endothelial lining of the blood vessels.


The walls of the heart are almost entirely ‘smooth’ muscle, with a variable degree of fat. The outer cover of epithelium is known as the epicardium. The whole is encased in another sheet of epithelium called the pericardium. The nominal space between this and the epicardium is filled with a lubricating fluid known as the pericardial fluid.


Essentially, in terms of its functioning, the heart is a self-contained organ. It has its own intrinsic cardiac nerve-control mechanism, which institutes its contractions in a predetermined sequence and can function without the aid of the voluntary and involuntary nervous systems. These contractions are always complete, i.e. they obey the law of ‘all or none’.


The control begins at the sino-atrial node situated at the orifice of the pulmonary vein at the top of the right auricle. It is the primary ‘pacemaker’ of the rhythm of the heartbeat. This rhythm is conducted to the wall separating the auricles from the ventricles at a second pacemaker node, which is the auricular ventricular, and the subsequent conduction network passes downward and upward along special cardiac ‘nerve’ fibres (the Purkinje) which then activate the ventricles to contract. The rhythm is determined by the sino-atrial node and is therefore called the sinus rhythm. 
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Diagrammatic representation of the heart.
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The functioning of the heart (diagrammatic).








The associated electrical changes in the cardiac muscles can be detected and a consequent print-out of them is known as an electro-cardiograph. Changes in the wavelengths enable the cardiologist to detect pathologies within the heart muscle.


The sequence is that the left and right atria (auricles) contract as the left and right ventricles relax, and vice versa.


The contractions of the ventricles send the contained blood into the respective arteries, and they occur at regular intervals known as the ‘beat’.


Contraction and relaxation of the ventricles are known as the systolic phase and the diastolic phase respectively. The associated sounds, as heard through a stethoscope, give information about variations in function in health and disease.


The basic or resting heart rate is fixed genetically and maintained by the intrinsic cardiac nervous system. However, the rate is constantly amended by the other nervous systems, and by certain intra-vascular factors including hormones, to meet the blood demands of the body under different conditions. Sensory nerves go to the central nervous system from sites in the heart wall and the wall of the aorta, and these nerves ‘meet’ with chemical messengers in the cardiac centre of the brain. This cardiac centre is sensitive not only to the signals mentioned but also to sensory input signals emanating from other body systems. Three main reflex stimuli are involved




• shock – over-stress, emotional states, gut and other pain, or severe blows to nerve plexuses outside the heart. These indirect stimuli are sympathetic accelerators


• high blood pressure – recorded within the right atrium of the heart. This is a direct parasympathetic decelerator


• low blood pressure – recorded within the aortic arch functions as a direct accelerator via the sympathetics





Autonomous motor nerves reflexly adjust the heart rate according to this information. They are from both of the autonomic nervous system’s two divisions (sympathetic and parasympathetic) and work in conjunction with the intrinsic cardiac nervous system as an ‘override mechanism’




• acceleration of the heart rate is signalled by the messages from the sympathetic division


• deceleration is signalled from the parasympathetic division





The Pulse


As blood is rhythmically pumped down the systemic arterial tree, it flows in short wave formation – beat, pause, beat, pause … The wave distends the elastic muscular wall of the artery. The ‘volume’ of the wave is determined by the heart strength, and the rate at which the wave passes any given point is determined by the heart’s speed. The pulse is taken where the wave can be felt – where a superficial artery passes over a bony underlay, so pushing the wave outwards. The wave is ‘smoothed out’ by the time it reaches the arterioles, but the pressure continues into the capillaries.


The autonomic system also plays a part in controlling blood pressure through the action of the vasomotor nerves, known as vaso-constrictors and vaso-dilators, on the smooth muscles of the arterial walls.





The resting heart rate of an adult healthy horse varies from horse to horse and also breed to breed, but on average it is between 36 and 42 beats (pulses) per minute. At rest, the heart-beat normally runs at the slowest economic speed possible, and some horses will, in addition, regularly miss the odd ventricular contraction.


As an indication of how the whole metabolic system of the athletic horse responds to the demands of strenuous exercise, the pulse will accelerate to 220 to 240 beats per minute.


Veins have ‘no-return’ valves to maintain the blood’s flow in the correct direction, and a horse’s circulation is generally very efficient, with one exception – in its lower limbs. There is a considerable height difference between the hoof and the heart, and very little muscle tissue in the lower legs to help massage the blood back up the limb veins. To overcome this, the horse has a built-in ‘pumping mechanism’ in its feet. Veins inside the hoof are compressed by the digital cushion when pressure is exerted on it, especially during weight-bearing, and blood is thereby ‘pumped’ back up the leg. This remote pump works in conjunction with the arterio-venous ‘shunt’ mechanism which, simultaneously with weight bearing markedly decreases the volume of flow into the hoof.


The cardio-vascular system therefore works best when the horse is able or allowed to move about, as distinct from when it is stabled or in a loose box.
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7. The Lymphatic System





The lymphatic system is a vital and integral part of the cardiovascular system.


Structure


The lymphatic system consists of




• lymphatic vessels


• lymph – the fluid component


• lymph cells – lymphocytes


• lymph nodes (formerly called glands) and related lymphoid tissues


• organic substances in solution or in suspension





The Lymphatic Vessels


These begin as microscopic, open-ended, thin-walled tubes. They arise in the interstitial spaces of most tissues and organs and, in joining up, gradually become macroscopic but still thin-walled tubes, ultimately joining the large veins just before these enter the right auricle of the heart. Throughout the body they parallel the veins.


The lymphatic vessels have no muscle component and, apart from non-return valves along their length, they have no moving parts. The fluid is moved along by other structures’ activity, running in close proximity




• skeletal muscle contraction and relaxation, a form of pumping action


• gut movement, whereby peristaltic activity massages the fluid along the intestinal lymph vessels


• respiration, the ‘in and out’ pressures within the thorax helping to ‘pull’ the lymph towards the heart


• right heart ‘suction’





The lymphatic vessel system has




• its own blood supply to the vessel wall


• sensory nerves from the wall and the glands


• no motor nerves, either voluntary or autonomic





The lymph vessels draining the gut, the pancreas, and the spleen connective tissue, are called lacteals.


Lymph drainage from the brain and spinal cord via the cerebro-spinal fluid, and from the peri-vertebral neural tissues at the foraminae, is of great importance to neural tissue integrity.


The Lymph Fluid


Derived from the blood stream, lymph is a clear alkaline liquid, equating with serum, yellowish-tinged from any protein content. It is 2–3% of the total body fluid. In the lacteals, it carries emulsified fat and some vitamins. This is known as chyle.


The lymph fluid is the ‘siphoned off’ excess interstitial fluid which is the ‘sea’ which bathes the body cells. Lymph flows through the lymphatic vessels and nodes to return to the circulation at the right cardiac auricle.


The Lymph Cells or Lymphocytes


In health, there are no red blood cells in lymph.


Of the white blood cells, the lymphocytes, concerned with antibody formation, are able to squeeze out from the capillaries, enter the interstitial fluid, and return to the venous system via the lymph, or regain the lymph nodes and other lymphoid tissues whence they originated. Here, they have an important function in the immunity manufacturing system.
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The lymphatic system.








A product of this is sensitised lymphocytes, which are ‘attracted’ to body areas under attack by pathogenic micro-organisms. The ability of lymphocytes to get nearly every where in a defensive role means that they are often referred to as one of the ‘fluid’ components and, as such, act as a ‘wandering organ’.


There are also, in times of trauma or infection, macrophages and neutrophils (which attack bacteria), and other white blood cells which are all part of the body’s defence mechanism.
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A lymph node.








The Lymph Nodes, or Glands


Lymph nodes, or glands, are small, ovoid, smooth, pinkish bodies, aggregations of lymphoid cell-containing tissue, positioned in the course of the vessel. Lymph nodes have a soft connective tissue cover, a good blood supply, and sensory nerves.


Those lymph nodes relating to the limbs and the limbs’ skin, connective tissue and muscles, are placed some way up the vessel’s length; those relating to the mucosal surfaces of the three main body systems – respiratory, digestive and uro-genital – are much closer to their respective organs. Some nodes are on the surface of a system’s tract, e.g. the tonsils, on the pharyngeal wall.


Function


The lymphatic system plays a vital role in maintaining general cellular health – through homeostasis by the redistribution of body fluid and its contents to prevent either dehydration or over-hydration (waterlogging), and in transporting lymphocytes and scavenger white blood cells along with small-sized protein molecules, electrolytes, and waste materials.


In traumatised and infected conditions lymph also carries debris and organisms to the lymph nodes, where germs are destroyed and antibodies to them are produced.


In the nodes, micro-organisms ‘marked’ by lymphocytes stimulate cells such as macrophages and neutrophils to engulf and destroy them. This lymphatic activity involves the intra-glandular reticulo-endothelial system which, with the lymphocytes and other white blood cells is, although not fully understood, found in other sites such as bones, spleen and thymus gland. The lymphatic system’s activity has a major role in immune defence stimulation.


In addition to the normal serum contents found in lymph are small-molecule proteins which have ‘escaped’ from the capillaries but physiologically cannot regain entrance to the venous flow. A build-up of these small-molecule proteins in the intercellular fluid can osmotically retain water and oedema develops, with serious effects on tissue activity. The lymph vessels collect this excess protein and return it to the heart for recirculation – an effective conservation as well as a dis-ease preventative!


In Latin, lympha means water; in ‘poetic’ language it suggests ‘pure water’. In some disease situations, infected lymph collects in vesicles or blisters such as are seen in cowpox and human smallpox skin lesions, in the vesicles of foot and mouth disease, and in the vesicles of some venereal diseases in the horse – all virus infections. Focal collections of oedematous fluid can appear under the skin where they are known as weals. A horse ‘marked’ by a whip shows a characteristic weal.


It was the cowpox skin vesicle lymph which was used by Jenner (in 1796, long before bacterial and viral infections were even known, let alone the theory of immunity), to stimulate protection against smallpox in humans. He appreciated that this fluid was the vehicle for transmission of the disease to other cows via the milkmaid’s hand, and therefore must contain the ‘cause’. He had noticed that milkmaids rarely contracted smallpox if, as was usually the case, they had had ‘cowpox’ on their skin. By scratching the cowpox lymph into the skin of humans at risk from smallpox he obtained protection for them. He called the material ‘vaccine’ – ‘from a cow’. Human smallpox showed as a skin vesicle disease as well as a general illness which was, unlike cowpox, usually fatal.
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Position of the spleen.








THE SPLEEN


The spleen is the largest of the lymphoid organs associated with the circulatory system. It destroys old red blood cells, is involved in the formation of lymphocytes, and is concerned with bodily defence.


Although in the abdomen, it is not directly functionally associated with the viscera of the alimentary and urogenital systems in that body cavity.


Structure


The spleen is enclosed in a strong capsule of connective tissue, which extends inwards as a fibrous network for support of the soft functional ‘pulp’. In addition to its copious blood supply there is a well developed lymphatic system which, together with the splenic tissue itself, forms the pulp within the fibrous framework. This framework can be compressed by smooth muscle under autonomic nerve control.


The pulp is clearly demarked as red and white, and is fed by a copious arterial supply. Drainage is through the portal venous system. The red pulp is for blood cell storage and in particular red blood cell storage – when the horse is resting. In exercise or stress, this reservoir of blood, cells and fluid, is reflexly returned by splenic contraction to the main circulation, where the red blood cells, transported by the plasma, play a vital role in meeting the skeletal muscular activity’s increased demand for oxygen.


Recent work confirms that a secondary splenic contraction on reflex demand, when blood pressure falls, will transfer balancing amounts of serum into the main circulation; falling blood pressure concentrates the cell volume at the expense of the plasma volume – the blood becomes ‘thicker’ and so less capable of perfusion into the vital organs.


In the foal, the white pulp is where all blood corpuscles are manufactured. In the adult horse, it is the site for senile red cell destruction, conservation of the liberated iron for new haemoglobin, lymphocyte production, and antibody production.


Paradoxically, the spleen pulp has no lymphatic system, although the connective tissue has.
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8. The Teeth





In Chapter 1, EVOLUTION AND BEHAVIOUR, attention was drawn to the changes in Eohippus (Hyracotherium) as it developed over 50 million years to become Equus caballus.


The ‘original’ small, scansorial, multi-toed, browsing herbivore became a larger, cursorial, single-toed, grazing horse, much as we know it today.


Equus was so structured and functionally programmed that it survived, despite carnivorous predators, in wide open grasslands, as a gregarious, restricted nomad, on coarse, stemmy herbage.





This chapter is concerned with its changing dental features, which are essential for the ingestion and, in particular, for the mastication of the herbage available to it – in preparation for the subsequent digestion of




• the soluble starches, proteins, oil and the minor nutrients of minerals and vitamins liberated by grinding up (masticating) fibrous grass ingesta and by chemical and biochemical (enzymatic) hydrolysis in the stomach and the small intestine


• the hemi-cellulose, mainly in lush grasses – an intermediate carbohydrate, similarly digested to produce soluble sugars, important as a potential excess carbohydrate which can lead to endotoxaemia (see Laminitis) or to upset fermentative digestion if some ‘escapes’ undigested to pass through to the large intestine


• the cellulose, the structural carbohydrate element and the prime source of energy ‘released’ from the masticated fibres by micro-organism fermentation in the large intestine (see Chapter 9, THE DIGESTIVE SYSTEM)


• the lignin, a further structural carbohydrate element which is only variably bio-degradable within the gut and, though of limited nutritive value, has to be masticated





Cellulose and lignin form the bulk, or roughage, from which comes a grazing horse’s (or an entirely hay-fed horse’s) main source of energy, the absorbable volatile fatty acids which after absorption are metabolised in the liver into glucose and glycogen. This roughage also plays a vital role during mastication




• in stimulating salivary flow (needed for digestion) by requiring mastication


• in providing ‘ballast’ to stimulate gut churning and motility – peristalsis


• and incidentally in providing silica salts, of no known nutritive value, but whose crystalline nature is abrasive to dental tissue and, within limits, helps to achieve correct enamel self-sharpening





Unlike the human jaw, in which the semicircular arcades of all teeth form a continuous line which limits sideways movement, the articulation between the equine jaws permits considerable lateral movement and some forwards and backward movement of the lower jaw, enabling the molars to grind food very thoroughly.


As a result of the continual friction between opposing teeth in the upper and lower jaws during the grinding of food, the surface (or table) is worn down by approximately 3mm (1/8 in) each year. And because the lower jaw is narrower from side to side than the upper, the wearing of the cheek or molar teeth tables is incomplete – the inner aspect of the upper molars, and the outer edge of the lower molars, are worn more, to leave narrow irregular points along the less worn edges.


To help withstand the considerable forces placed upon them, adjacent teeth in both the incisor and, more importantly, the molar ‘sets’, are tightly close to one another, with no gaps between them. For the same reason, horses’ teeth have long roots firmly embedded in their sockets in the bones of the upper and lower jaws.
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The production of points on molar teeth.








The part of the tooth that protrudes above the gums is described as its crown but, unlike human teeth, in which the crown is distinct from the root, there is no such demarcation in the horse’s permanent teeth. Equine teeth have, below the gum level, up to the age of 6 years or sometimes earlier (and by which time it extends 80–90mm (3½in) beneath the gums), a growing crown, known as reserve crown.


At the same time as the table of each tooth is being worn down by friction, the alveolar cavity in which the root of the tooth lies gradually fills with bone, slowly pushing the tooth out of the gum line.


This continuous eruption, as distinct from growth, of the horse’s teeth occurs throughout its life, compensating for the erosion of the tables of the teeth by friction and so maintaining a more or less constant amount of tooth (crown) protruding above the gums, and a constant molar table area. Such equine teeth are called hypsodont, in contrast to the brachydont teeth of man.
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Horses’ teeth have long roots embedded in sockets in the bones of the jaws.








In old age, upwards of 20 years, molar teeth can ‘drop out’ – whereas incisors, especially the lowers, tend to be worn down to the gum and held in position by the root and any reserve crown and the cement’s ‘grip’ by the gum. However, at different stages in a horse’s life, it will be first the crown, then the ‘reserve’ crown, and finally (in extreme old age), the by-then inert tooth root itself, that is in wear: it is often a smooth mass of cement. This last is quick to fall out. The rate of wear is not as great in the molars as in the incisors.
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The material that form the tooth. Shown here diagrammatically is a table of an incisor tooth at age approximately 7 years.








The shape and appearance of the tables of the incisor teeth change continuously and considerably with the progress of age, as the teeth wear down.


Since this rate of wear is roughly similar as between one horse and another, the outline and appearance of the tables can be used to give an estimate of a horse’s age although, depending on the horse’s diet, wear can vary by up to about 18 months either side of the expected pattern.


Although the mature horse appears ‘long in the (incisor) tooth’ as more becomes exposed above the gums, its tooth roots and reserve crown become conversely short. The total length of the teeth is greatest when a horse is 5 years old; the incisor teeth stop growing once their table is fully in wear, at around 5½ years old, the molars younger.





Teeth are made of four different materials – pulp, dentine, enamel, and cement




• pulp is a soft material that occupies the pulp cavity in the root of each tooth, in which are the blood and nerve supply to the tooth


• dentine is the yellow-white material that makes up the bulk of the tooth and surrounds the pulp cavity. It is not a ‘dead’ substance, and in that respect resembles hoof wall. It has no nerve supply. From 7 years on, new dentine becomes thicker and harder


• enamel is the very hard shiny blue-white substance covering the exposed parts of the tooth, and which sits on or around the underlying dentine


• cement is connective tissue converted into bone-like material, which covers the tooth roots of many animals but, in horses, also forms on the tables and crowns, where it partly fills in the grooves and infundibulae where the enamel ridge-sides and the dentine are exposed. There is little or no cement on the labial surface of the incisors’ true crowns





For descriptive purposes, teeth have surfaces that are in contact with the tongue (lingual), lips (labial), cheeks (buccal), and they have a masticatory surface (the occlusal surface, or table).


Like most mammals, horses have two sets of teeth during their life. They are born with temporary (deciduous or ‘milk’) central incisors; the other, incisors and premolars emerge through the gums in the first few months of life. All the temporary teeth are replaced by permanent ones between the ages of 2 and 5 years. However, there are some teeth (canines and true molars) which have no temporary predecessors, and which only occur as permanent teeth. The ages at which the various temporary and permanent teeth erupt are shown in the table on page 81.


Blood Supply


The vascular system enters via the apical foraminae. It is assumed that there is an accompanying lymph system draining to the submandibular lymph nodes and to those of the deep neck.


Nerve Supply


The trigeminal nerve and its sympathetic fibre components service the mouth and the tooth apices.


In man, the type and duration of pain on noxious stimulation of the sensory receptors distinguishes between heat and cold and ‘drilling’; in the horse the situation is unclear. Dentine, sensitive in man, is apparently not so in the horse. There is unproven belief that there may be sensitivity at gum level in the tooth; the gum itself is sensitive. 


Dental Formula


Both sides of the jaw contain an identical set of teeth. The adult teeth can thus be represented in a dental formula, as follows:












	   

	Incisors

	upper and lower x 6 = 12







	 

	
Tush (canine)

	upper and lower x 2 =   4







	 

	Wolf

	upper and lower x 2 =   4







	 

	Premolars

	upper and lower x 6 = 12







	 

	Molars

	upper and lower x 6 = 12
















In practice, the total number of teeth varies. This is because many mares do not have canine teeth; and the wolf tooth is usually absent in the lower jaw and in many horses is absent in both jaws. These wolf teeth are evolutionary remnants of the premolar unit (as PMI); they have no function. The maximum number of teeth possessed by an adult male horse is thus 44.





The equine teeth are structured as




• incisors for cutting growing grass close to the soil, and for defence and attack in the female, grooming self and other horses


• tushes or canines for attack, by males, after initial incisor aggression


• molars or cheek teeth for grinding the fibrous constituents and mixing them with saliva with the ‘pestling’ effect of the tongue





The primary need is for efficient molar teeth, set in the jaws so that their tables form a regular, close-packed arcade or ‘battery’ of grinding surfaces, and in which the teeth grow from their apices or true roots until 6 years old and thereafter keep erupting more residual ‘crown’ at a pace of approximately 3mm (1/8 in) a year to meet the attrition loss of the true crowns, so maintaining an occlusal surface against their opposite number.


The molars also need to be able to maintain a self-sharpening enamel, retain (despite diminishing unerupted crown) sufficient hold within the bony alveoli at least until the mid/late 20s, and so function as to keep the formation of enamel points (a natural outcome of mastication) to a minimum size.
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The natural wear of the incisors and the consequent variation in appearances of the table.











Types of Teeth


Incisors or ‘Front’ Teeth


The middle pairs of the six upper and six lower are the centrals. The pair immediately to the outside of these are the laterals. The third pairs are called the corners.


Temporary incisors are smaller, whiter and more shell-like in appearance than the permanents. There is a distinct neck, but this lies beneath the gum.


A feature peculiar to the equine permanent incisor teeth is that the enamel in the centre of the table is infolded to form a large cup or infundibulum which with wear gradually becomes smaller and more shallow to show as a dot known as the mark.


Wear eventually reveals the tip of the pulp cavity, now filled with the yellowish brown dentine; it is called the dental star. The star is near the labial (outer) border; the mark is on the lingual (inner) aspect of the table. The star gradually takes a more central position.


The shape of the incisor table changes with wear, from elliptical to round to triangular to oval, and it becomes deeper from front to back than it is wide. With age, the angle of the incisors becomes more acute.


The curve of the incisor teeth (viewed from the side) varies between pony and horse: horses’ are more convex, ponies’ less so. This is significant for the pony’s normal grazing, which is of short-stemmed and leafed herbage requiring close cropping.


An elongated groove (known as Galvayne’s Groove) may sometimes be seen on the labial surface of the upper corner incisors – first appearing at the gums when the horse is 10 years old, and ‘growing’ slowly down the tooth crown to reach the occlusal surface by the time the animal is 20 years old. When present, this groove can be a useful guide to the age of older horses, but many ponies, and some horses, do not develop it at all. From 20 years onward this line ceases to appear with the erupting incisor and what is there gradually grows out with tooth wear, by 30 years.


Canine Teeth – Tushes


Male horses normally have two of these teeth in each jaw. They are found in the gum-covered bony ridge – the bar – which lies between the front teeth and the cheek teeth and which is the area of bit contact. The lowers are further forward in the mandible than the uppers in the maxilla. Mares may have very small canine teeth or, more often, they have none.


There are no temporary canines, and the permanent canines emerge through the gums when the animal is 4 years old. Equine canine teeth have no useful function, other than ‘weapons’ in fighting. They do not meet with the teeth in the opposite jaw, so they are not worn down. They can become long and vertically sharp edged, a danger to a handler inserting the bit or examining the mouth and, in later years, a cause of self-inflicted wounds to the lips of the horse itself.


Premolars and Molars


Cheek (upper/maxillary) and jaw (lower/mandibular) teeth, numbered to include the wolf, present or not, as PMI.












	 

	 

	Temporary

	Permanent






	   

	Premolar 2

	2-4 weeks

	2½ years






	 

	Premolar 3

	2-4 weeks

	3 years






	 

	Premolar 4

	2-4 weeks

	4 years






	 

	 

	Permanent only

	 






	 

	Molar 5

	1 year

	 






	 

	Molar 6

	2½ years

	 






	 

	Molar 7

	4-5 years
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Cross-section of an upper (maxillary) cheek tooth.
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Cross-section of an upper (maxillary) cheek tooth.








All adult horses have 6 cheek teeth on each side of the mouth and six jaw teeth – i.e. a total of twenty-four grinding teeth.


The first three rostral cheek teeth, known as premolars (PM), have temporary teeth which are replaced by permanent teeth. The cranial three teeth, known as molars, appear only as permanent teeth. The roots of some of the upper cheek teeth lie within the maxillary sinuses, which are covered by a thin layer of bone, below and rostral to the eye.


The enamel is laid down as numerous vertical pillars which protrude on the lateral and medial surfaces of the molar crowns as cusps and are patterned on the table to form ridges of enamel surrounding the cups or infundibulae, thus forming ‘lakes’ of dentine covered with cement. This pattern is more complicated in the maxillary tables than in the mandibular but in apposition they form an inter-relating grinding surface.


The molar teeth occlusal surfaces, or tables, with alternating columns of dental material (enamel, cement and dentine) produce self-sharpening ridges of enamel projecting above the other two substances – so that the consequent irregular spaces, top molar to lower molar, produce two effective grinding surfaces. The tables wear down at 2–3mm (1/8 in) per year, to leave an irregular line of tooth, the points, on the outside (labial) aspect of the upper and on the inside of the lower (lingual) aspect.


Evolutionally, the accommodation for all these teeth was achieved by elongation of the naso-facial region of the skull, enlargement of the vertical height of the posterior area of the mandible (the vertical ramus), to give the leverage necessary for mastication while leaving sufficient dorsal room for capacious nasal passages and a dilatable oral cavity between the lower molars and the separate mandibular bones (or horizontal rami).


Only the tempora-mandibular (jaw) joint lies caudal to the eye socket; all other components are rostral. Section drawings help to demonstrate that the equine head is mainly concerned with teeth and mastication. It looks even more disproportionate when seen in full lateral plan, with its relatively small cranium housing the brain.
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Sequential numbering used in dental records.










[image: ]





Wolf Teeth


In some horses, additional small teeth which are rudimentary premolars (PMI) are present. These are usually found in the upper jaw, one on each side, immediately in front of the first large cheek teeth. Rarely, wolf teeth may also be found in the same position in the lower jaw.


These teeth normally erupt through the gums by the time the horse is 6 months old. They usually fall out at around 2½ years old, with the temporary first large cheek teeth (second premolar – PM2). However, one or more wolf teeth may fail to erupt through the gums, or may not be lost but remain permanently in position in front of the permanent PM cheek teeth. Thus, an adult horse may have between nil and four wolf teeth.


Unerupted wolf teeth cause gum soreness when pressure from the bit produces a gum ulcer over the tooth. If wolf teeth erupt, which they usually do and remain in place, they can become sharp because they do not come into contact with any opposing teeth to wear them down. Their sharp points can cut the tongue. Wolf teeth are frequently associated with equitation problems (failing to take the bit, hanging to one side, and so on). Wolf teeth do not have deep roots, and so are liable to vibrate onto sensory nerves in the gum, which is thought to explain their irritability. They are removed from many horses, as a precaution.


THE FUNCTIONING OF THE TEETH


The jaw articulations permit the necessary lateral/rotary movement of the mandible against the fixed maxilla, and the chewing action stimulates the flow of saliva. Ingestion (grazing) continues at intervals over as many as 16 hours in 24. Incising, tongue-directed placing of this feed, and the automatic salivary flow between the molars, and subsequent mastication, is an almost continuous action stopping only for swallowing.


Although line drawings of the dental arcades imply a close match between incisor tables and molar tables it is now postulated that this presumed ‘ideal’ is maintained only when




• the head and neck are held up, as in reconnoitering, communicating or travelling, and


• the mouth is empty, so not being reflexly stimulated into masticatory action





When the head and neck are down, as for grazing and chewing, the mandible is placed so that the lower incisor arcade projects several millimetres, converting the normal ‘parrot’ mouth into fuller apposition; the molar arcades shift by the same amount, placing their grinding tables into a maximum surface contact area, with optimal grinding surfaces.





In the normal mouth




• the upper (maxillary) jaw is curved outward, caudally


• the lower (mandibular) jaw is curved slightly inwards, and at no time is its arcade as wide as or wider than the maxillary


• the upper and lower incisors can be manually slightly separated, with the upper and lower molars remaining in contact


• the molar tables face each other, jaw to jaw, at an angle of 10–15°; thus the upper molars slope from the lingual line down and out to the buccal line, and there overhang the lower molars


• during on-the-ground prehension and mastication, the mandible moves forward about 6mm (¼in), which puts the molar arcades in proper relationship


• the masticatory movement wears the tables across most of their surfaces but not quite all. Consequently the outer and inner enamel columns or cusps are not exposed to full attrition and so remain always a little higher than their table as points





The proportion of coarse fibre in the feed has an effect on the lateral excursion of the mandible – greatest with straw, less with hay, variable with grass, least with cereal feeds. This reduced traverse tends to result in more of the table being less ground away and greater formation of points.


The attrition does not leave projections at the occlusal inter-dental spaces, so the arcades are free to move. The cross action at the end of the lateral and circular sweep by-passes the points. Chapter 26, DENTAL PROBLEMS, discusses abnormalities of this functioning.


What is important to appreciate is that if a horse is fed from a manger and/or a haynet, rostral or forward displacement of the mandible does not occur and consequently the molar arcades move against each other out of the optimal occlusion necessary for correct mastication – and wear. It is these horses which get dental problems!





The overall dental system has a balance based on three contact areas




• the ‘bite’ or occlusion of the incisors


• the occlusion of the molar arcades as estimated when the horse is neither eating nor masticating. (The mandible should be easily moveable laterally)


• the tempora-mandibular articulation – the jaw joint





Deformation of the contact surfaces will exert undue pressure, causing pain and eventually degeneration of the joint cartilage, thus interfering with good mastication. Osteoarthritis – a permanent condition – may follow.


Horses in the wild must have on occasion lifted their heads to look around – and no doubt continued to chew for a few seconds. If all was well, the head went down to quickly resume eating; domestication interfered with this freedom reflexly to obtain the correct jaw apposition.


One of the important abrasive substances is silica. It is present mainly in herbage – but also in grains (cereals). At one time it was believed that horses constantly at grass did not eat silica whereas horses on hay and cereals – both physically ‘hard’ feed and requiring relatively more mastication – did have to cope with this insoluble element. Therefore, it was argued, stall-fed horses had for this (erroneous) reason more dental abnormalities than free grazers. It would seem more likely however that the free-grazing head was not only natural, but functioning correctly – whereas ‘Johnny Head in Air’ was not, with consequent potential for abnormal wear.





So important are equine teeth for survival that they warrant the adage: ‘No (correct) dentition, no proper digestion, no healthy horse.’


Unlike horses, cloven hoofed herbivores get ‘two bites at the herbage cherry’ – the ingesta is partly masticated and rapidly consumed until ‘appetite’ is sated or until danger threatens. Thereafter, in a safe place, the cow stands or lies down whilst she ruminates, regurgitates and ‘chews the cud’; not for her is there safety in fight and flight.


The horse does ‘flee’ when required, therefore has no guarantee of a quiet time for regurgitating, even if it was capable of regurgitation. The horse’s fermentation vat (as distinct from the bovine’s anterior rumen) is in its posterior intestines, so it depends upon on-going fermentation even on the move. The one-time mastication must therefore be efficiently done.


Mastication aims at splitting (opening and breaking up) the stem and the leaf




• to release the solubles


• to expose more surface area for ultimate microbial action


• to stimulate reflexly the copious flow of parotid saliva which softens and lubricates the bolus and supplies buffering electrolytes


• to produce a suitably textured substrate for this activity – a bolus for swallowing





and maintain a variably constant throughput, with a persisting bulk or ballast, as a basis for stimulating peristalsis, making way in turn for the repetitive trickle input.


Dental Check-ups


Regular dental checks should form part of a horse’s routine health care. All mature horses should have their teeth examined, by a vet or by a licensed dental technician, at least once a year. With youngsters up to 4 years the initial inspection should recognise developmental abnormalities and be carried out twice yearly to deal with excessive points and other projections associated with eruption or ‘in wear’ attrition.


In the UK any person, subject to the Protection of Animals Act, may




• examine a horse’s teeth


• routinely rasp teeth using non-motorised equipment


• remove sharp enamel points and small dental overgrowths such as hooks and spurs


• shape ‘bit seats’


• remove loose deciduous caps and above-gum-level plaques





(This is subject to further agreement and regulation.)





However, there is increasing use of equine dental technicians, trained on validated courses, licensed to do certain procedures which are considered acts of veterinary surgery, such as




• extraction of loose teeth and wolf teeth, via the mouth


• remove dental hooks and large dental overgrowths


• apply techniques requiring dental shears, inertia hammers and powered (motorised) dental instruments


• carry out non surgical orthodontic treatments, e.g. levelling the incisor arcades





Note that only a veterinary surgeon may administer any drugs, e.g. local anaesthetics or sedatives, required for these procedures.





Any horse which is not responding properly to the bit, or is having other equitation problems including vertical or lateral evasion should always have its mouth examined by a vet. Dressage horses are frequent subjects. The twice-yearly inspection early on will help to avoid bit evasion later.


Older horses (over 20 years) also require more frequent attention to their teeth. Six-monthly intervals are usually sufficient but some old horses may need to have their teeth rasped every two to three months. Loss of condition in old age is commonly a result of dental problems such as loose, irregular, or missing teeth, or periodontal disease.


AGEING


The appearance of the incisor teeth, their profile and tables, can be used to estimate the age of a horse. This can be done with some accuracy up to the age of 6; beyond this, only an approximate estimate is possible. For this reason, horses over this age are often described as aged.





To age a horse, the following must be assessed, usually of the lower incisors




• whether the incisor teeth that are present are temporary or permanent. The white shell-like temporary teeth with rounded gum margins must be distinguished from the larger yellow-brown dull-colour, due to the veneer of vegetable juices, and more square-cut appearance of the permanent teeth. It is particularly important to distinguish a 2-year-old (with a full set of temporary incisors fully in wear) from a 6-year-old (with a full set of permanent incisors fully in wear)


• whether the infundibulum or cup is still present or has worn almost away in some or all of the teeth, leaving just a small mark


• whether the brown-stained dental star is present in any or all of the teeth, and whether it is elongated or oval in outline


• the ‘plan’ of the tables of the teeth – whether they are round, oval or triangular in outline


• the angle (viewed from the side) at which the teeth meet and, in the older horse, the length of teeth protruding above the gum


• the appearance of the upper corner incisors. These have a ‘hook’ on their hindmost edge at 7 years until 9 years, and sometimes also again at 11 years remaining thereafter. From 10 years on, they may also have a Galvayne’s Groove


• whether or not canine teeth (tushes) are present; if so, the animal concerned must be over 4 years old





Once all the permanent incisors are fully in wear, determination of age becomes more difficult, and must be speculative. No single feature or sign should be considered reliable on its own, and an estimate of age must be based on careful consideration of all the signs noticed. It is now accepted that individual variations in incisors make ‘ageing’ even more difficult than once thought. Accuracy lessens rapidly from 5 years on.


There may be small variations in the appearance of the teeth of horses of similar ‘age’, especially when they are born at different times of the year. There can be variation of up to three months either side of the normally accepted time of eruption of the permanent incisor teeth, and more in the time when they come into wear (normally about six months after eruption).


Evidence derived from eruption and coming into wear should always have more importance attached to it than that relating to the disappearance of infundibulae and the appearance of dental stars. The disappearance of the infundibulum from a tooth is a particularly unreliable sign because it depends on its original depth, which can vary considerably from one tooth or horse to another. Thus, there may be a difference of a year or more between the time of disappearance of the infundibulum from a particular tooth in horses of exactly the same age. The same applies to the dental star’s appearance times.
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9. The Digestive System





INTRODUCTION


Ingested vegetation (ingesta) cannot be absorbed from within the alimentary canal until it has undergone digestion. This involves a series of physical, biochemical and biological processes along the system from the mouth to the anus. Food takes typically two to four days to pass through the digestive system.


Foodstuffs or nutrients are organic materials which, when digested and metabolised, liberate energy for cellular activity, especially in striated muscle activity, and also in the building and repair of tissues and to regulate body processes.


In simple terms, the digestive system involves a one-way ongoing flow of ingesta, progressively more digesta, during which insoluble material in watery suspension and soluble compound organic ingredients in solution are made ready for absorption directly or indirectly into the alimentary venous and lymph circulation, for distribution for other metabolic processes.


The horse is herbivorous; it is genetically programmed to live off vegetable material and, in particular, off ‘grass’. Its early ancestors fed on leaves, succulent stems, flowers, and the fruit of low bushes and young trees – all parts of which were rich in soluble nutrients, sugars, starches, proteins, minerals, vitamins and lipids (fats), as well as hemi-cellulose. To obtain these it browsed, often standing on its three-toed hind legs, supporting its forequarters, short neck and small head on the bush with its four-toed forelegs. It was a scansorial (standing on its hind legs) browser.


It no doubt also grazed the young succulent leaves of the fine-stemmed grasses common to the marshy land it inhabited between forest and river. It did not require a large head with strong jaws and massive teeth, as fibrous food in its diet was relatively soft; nor, for the same reason, did it require such a capacious large-intestinal complex. It is believed that microbial fermentation of cellulose was not called for, at least not as its main source of energy.


Evolution followed the environmental changes imposed by severe climatic fluctuations. Forests disappeared, to be replaced by wide open spaces of coarse stemmy grasses. The horse evolved a longer neck – to let the bigger head reach the ground to graze – and to support its extra weight, too. The skull now contained grinding molars, and the jaws required greater muscles to crush this ‘new’ ingesta, vegetation high in fibre (cellulose) and low in solubles.


The thorax enlarged to accommodate an athlete’s heart and lungs – for this horse had to flee from predators, and did so on evolved single-toed limbs. More markedly, the digestive organs developed to cope with the now slower microbial fermentation. The enlarged capacity vat-like hind ‘gut’ required a bigger abdominal cavity.


The modern horse is a cursorial (designed for galloping) nomadic grazer.


The wild or ‘feral’ horse had to obtain sufficient dry matter (DM) food to supply the average normal requirement of approximately 2.5% of its bodyweight daily to meet a maintenance diet. In winter this might not supply all the essential nutrients; body condition could become less than ideal, down to the level of starvation.


Both in principle and in practice the horse is a trickle feeder. As such, in the wild it grazed in 15–20 minute spells for up to 18 hours a day – and still does so, under domestication when turned away to grass or when boxed and with access to sufficient fodder replacement.


The stomach is never completely filled, nor allowed to become completely emptied. The ingested food is held in layers in the stomach, not ‘churned up’ as in some other herbivore species. It passes down and through gastric acid and other digestive juices, which are worked into the layers by a kneading and squeezing action of the stomach wall muscles. This acidic and hydrolising digestion, along with the secreted mucus assisted by a limited amount of micro-organism fermentation, gradually converts the ingest into a gruel that is then propelled through the pyloric valve – the valve between the stomach and the duodenum – to the small intestine, while a small amount, digested in the stomach, is absorbed direct. The pyloric valve is stimulated to open by rising acid levels; the opening is consequently intermittent and the gruel trickles through in small amounts at frequent intervals. It is known that a bolus of swallowed food will complete the gastric phase in one hour.


In the duodenum, the acid gruel is made alkaline by the inflow of bile and pancreatic exocrine digestive juices. This digesta is called chyme. It rapidly passes along the small intestine, undergoing further hydrolytic digestion with absorption, before the remainder leaves through the ileo-caecal valve into the caecum.


It should be appreciated that except in very old, stemmy grasses, there is always some sap in the leaf and stem; in this fluid are the soluble nutrients – sugars, starches, protein, ‘fats’ and other nutrients such as vitamins and minerals.


In lush grass, these nutrients are present in dramatically greater quantities in comparison to ‘old’ grass and even to conserved grasses (hay). Concentrates (cereals, etc.) by definition are rich in solubles, especially starch. Equine gastric and small intestinal digestion and absorption had to evolve to become more capable of dealing with these ‘unnatural’ levels of nutrients; in some situations, especially if over-loaded, they fail, with dis-ease consequences.


The chyme passes through very quickly, possibly in minutes. During this time the digesta – now glucose, amino and nucleic acids, fatty acids and glycerol, plus the minerals and vitamins – are absorbed into the portal system, as chyle, to the liver. Fat, along with some vitamins, is absorbed into the intestinal lacteals which, as with other lymphatic vessels, drain into the cardiac inlet of the venae cavae of the venous system.


The remaining chyme passes into the large intestines, where microbial fermentation of the cellulose constituent of the original herbage takes place. The ‘released’ volatile fatty acids are the main source of energy in horses other than for those on ‘hard work’ and related production diets. Even these have a fibre content, both in the grass (if permitted), the hay, and the concentrate’s husk. The fibre (cellulose) in food is necessary irrespective of other feeding levels. It requires mastication, with the co incidental production of essential saliva, and it is the substrate for the eventual microbial fermentation.


The ingesta is moved along the alimentary tract by contraction and relaxation of the smooth muscles in the wall – peristalsis. This is involuntary, being under the control of the autonomic and myenteric systems, to produce




• propulsion, mainly one-way, from a wave effect


• churning or mixing from the muscles’ kneading or squeezing through a torque effect, to mix food, water and digestive enzymes and micro-organisms together and ultimately to present the digesta onto intimate contact with the absorption cells of the mucosal lining


• reverse peristalsis, as in the caeco-colonic area


• the control of stop and start of these, particularly in the stomach





During digestion there is a continuous outflow and re-absorption of water secreted by the intestinal glands. Added to this is the water ‘liberated’, both physically and by hydrolysis, from the digesta, and the water drunk. Differing and variable proportions of electrolytes and chemical buffers are transferred in this lateral to-and-fro flow, through the gut wall from intestinal ‘waters’ to blood plasma and back further down the tract. Vast quantities of this water and electrolytes are ultimately reclaimed via absorption through the distal large colon and the small colon.


The lignous undigested residue of the ingesta, plus other products, mucosal debris and micro-organisms, and variable quantities of water (approximately 40% by weight), is excreted as faeces.





The horse keeper must consider these basic physiological facts in his management generally and in his feeding practices specifically. This is increasingly important, the further away he gets from a horse’s natural lifestyle. For example, to satisfy nutritional and digestive needs and the psychological instincts, long fibre on which to chew must be supplied for as much of the 24 hours as is practicable, with due attention to the horse’s capacity for dry matter. The horse is left to make the fine adjustments of when and how much. 
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The digestive process.








The horse keeper must be aware that a concentrate feed should not exceed 2.5kg (5lb) at a time, and that the estimated 24-hour total should be divided, taking this into account, into the required number of feeds, spaced as equally as possible during the 24 hours, ponies proportionately less. In the same context, where water is offered only by the bucket, it should not be offered before a concentrate feed. There is some scientific dispute about this, but it still could be good practice. There is no evidence that layering of gastric contents is disturbed by watering after food.


The horse keeper must also appreciate that the horse wintered out may, but sometimes does not, obtain the required 2.5% dry matter intake in the grazing offered – and, more unfortunately, what is grazed could be deficient in some energy nutrients. Such possible deficiencies will eventually affect condition and maintenance of body core temperature, ultimately leading to hypothermia in cold weather, especially if wet.


STRUCTURE


The non-digestive regions comprise





The mouth




• the lips – the anterior end of the muzzle





The oral cavity or mouth




• the upper jaw, the bilateral maxillae, foremaxillary and incisive bones – a unified structure


• the lower jaw, the double mandible rami, joined only rostrally


• the incisor teeth


• the molar teeth


• the hard palate – the roof


• the bilateral salivary glands – lingual and parotid and the muscular structures of


• the tongue – tip, body and taste glands (buds)


• the soft palate – the directional ‘door’ posteriorly


• the cheeks – the walls
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The position of the abdominal contents.
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The digestive tract.








The pharynx




• the throat (muscular)





The oesophagus length (muscular)




• cervical


• intrathoracic





The Digestive Areas


The modified and evolved sub-organs of digestion and elimination are





The stomach – average capacity 9–12 litres (2–3 gal)





The small intestine




• the duodenum, 90cm (3ft) long


• the jejunum, 18m (60ft) long


• the ileum, 2m (7ft) long


• the ileo-caecal valve





The large intestine




• the caecum, or ‘blind’ gut, 1m (3ft 3in) long, 35 litre (8 gal) capacity


• the large colon, 4m (13ft) long, 108 litre (24 gal) capacity, ‘folded’ into four sections




– caeco-colonic valve


– right side ventral to the sternal flexure


– left side ventral to the pelvic flexure


– left side dorsal to the diaphragmatic flexure


– right side dorsal to the small colon





• the small colon, 3m (10ft) long, 7.5cm (3in) diameter, variable capacity


• the rectum, a canal, no digestive function


• anus and sphincter, a valve, no digestive function





FUNCTIONING


The two lips form the alimentary orifice. These are very pliable organs of prehension, which have anterior and lateral aspects.


The upper, muzzle, lip is particularly powerful and is able to draw food inwards and to push unwanted material away in a manipulative manner. The lower lip droops beyond the upper, and acts more as a scoop and ‘guide’.


The lips are slackly closed when not prehending food; when drinking, they are tightly closed except for the anterior aspect, the water being sucked in and not lapped as in the dog.





The incisor teeth cut off growing vegetation, which has been directed between the two arcades by the lips. The curve of the incisor teeth (viewed from the side) varies between pony and horse: horses’ are more convex, ponies’ less so. This is significant for the pony’s normal grazing, which is of short stemmed and leafed herbage requiring close cropping. The incisors also grasp loose feed, and in both situations the prehended material is picked up by the very mobile spatulate tip of the tongue. Jaw and tongue action now distributes it between the molar teeth.


The tongue is attached ventrally along most of its length to the soft tissue non-muscular floor of the mouth, and anchored on the framework of the hyoid bones. Its whole bulk is extremely muscular, and consequently very vascular. The tip, anterior to the frenum (a fold of oral mucosa at the beginning of the attached body), is very mobile. As a whole, the tongue keeps food between the molar tables, and then works it back under the twin columns of ridges of the alternating thicknesses of the palate’s epithelial lining, towards the throat where it is moulded into a bolus then guided by the soft palate and passed to the opening of the oesophagus.


The taste buds are situated over the dorsal surface of the tip of the tongue, the dorsum and the root extremity. It is believed that they ‘co-operate’ with the olfactory nerves to give a safety awareness of what is being eaten.


Sweet, bitter, acid and salt are the usual stimuli, but it is argued that the horse only seeks out salty ingesta as the result of ‘feeling the need for it’. Bitter and acid flavours are usually refused.





Mastication is effected by a side-to-side, slightly circular movement of the mandible (the lower jaw), whilst the maxilla, ‘the upper jaw’, is held stationary relative to the lower jaw.





The grinding of the teeth splits open the stem and leaf to liberate the sap and its soluble nutrients. It also lacerates the fibrous material into small pieces, thus presenting a greater surface area for hydrolytic digestion in the stomach and in the small intestine, but particularly for microbial fermentation of its cellular constituents in the caecum and in the large colon.


The process of prehension and mastication and swallowing is ‘on-going’. There is an occasional halt, for deeper respirations and for subsequent swallowing, deglutition. On dry concentrates, some horses will spill unchewed feed out of the mouth as they stop prehension momentarily to reposition the feed in the mouth for effective mastication; this is not necessarily an indication of chewing difficulty. Others will pay too much attention to outside activities, and become sloppy eaters with much spillage.


The flow of parotid saliva is reflexly stimulated by chewing. This saliva has no digestive enzymes. It is, however, rich in minerals and acid-buffering materials and contains much mucin in the secretion which, like all secretions, is water (serum) based. The water, plus this mucin, helps to moisten the food and prepare it for bolus ‘packaging’, and subsequently lubricates it for swallowing.


About 10–12 litres (2–2½ gal) of parotid saliva is produced and swallowed each day. It is alkaline in pH; this helps neutralise the acidity of the gastric secretion. ‘Working on the bit’ will also stimulate salivation, and some of this is swallowed during symmetric gaits. A horse in asymmetric gaits will miss a respiration to swallow; some saliva flows from the mouth, but such loss is not considered significant.


The lingual saliva is a steady secretion to maintain moisture on tongue, gums etc, and also acts as a lubricant to the mucosae and lubricates the ingesta. The quantity is not great; it, too, is swallowed. The equine lips and oral cavity are relatively dry when the horse is not eating. The horse does not reflexly salivate at the sight and smell of food, or at the sound of feeding – though it may kick the door if it thinks the feed is late! It will lick its lips, especially when on the meal-type feeds, but not as spectacularly as the canine or bovine.





The pharynx is the communal passage for air and food and water. Its muscular activity collects and finally moulds the material directed into it by the soft palate. The resultant bolus enters the gullet. Sucked-in gulps of water are likewise individually passed into the gullet or oesophagus.


The soft palate and the pharynx form a muscular cuff which posteriorly encircles the glottis. This directs inspired air from the nostrils into the larynx. During respiration the oro-pharynx, the posterior opening of the mouth into the throat, is shut off by the floor of the soft palate being reflexly kept firmly depressed onto the posterior tongue.


In deglutition (swallowing of water and masticated food) this seal is broken by the reflex lifting of the soft palate, whereby the cuff is dislodged. The glottis is closed and the ‘swallow’ is directed over the posterior top of the larynx into the oesophagus.





The oesophagus is a musculo-membranous hollow tube, with a diameter varying from nil ‘at rest’ to several centimetres as a bolus passes down. Down to the mid-thoracic region the musculature is striped. The first few centimetres are under the control of the pharyngeal cranial nerve supply and thereafter of the vagus nerve. The latter part, of smooth muscle, is autonomically controlled by both sensory and motor nerves.


The oesophagus opening is high in the posterior pharynx, above the larynx; it then veers to the left side and downwards, to lie parallel to and just above the trachea. It becomes central again as it enters the chest, and traverses that through the mediastinum to penetrate the diaphragm; 2–5cm (1–2in) within the abdomen it joins the stomach at the cardiac valve, just caudally to the liver.


The passage of boluses can be seen going down the full length on the left side of the neck. Eating, chewing and swallowing are possible whether the horse is browsing at a hay net, eating from a manger, or grazing, but ‘head on the ground to eat’ is the natural and best posture.


Once a bolus ‘disappears’, the horse keeper knows nothing of what is happening in terms of digestion until defaecation; the alimentary system is out of sight. Careful listening will ‘tell of’ the movement of digesta, air and fluids being propelled along the tract; the degree will vary. Borborygmi is the technical name for the abdominal rumbles.


Eating is such a basic instinct that alterations in the pattern of prehension, ingestion, mastication and deglutition, and especially the absence of ‘eating’, even straw if available, for more than four hours, is a strong indication that ‘all is not well’. Even so, defaecation will continue, albeit in reducing quantities, for several days with diminishing abdominal sounds.


Conversely, the absence of droppings, or sudden changes in amount, consistency, colour or smell, and in comparison with that of other horses on the same regime, are significant clues of ‘indigestion’ of one type or another.


The cardiac valve comprises the folds of mucosal-lined muscular-walled flaps which form the junction between the end of the oesophagus and the opening into the stomach at the cardia. It is so constructed that, although there is a sphincter, or valve, it opens for boluses to enter the stomach but not in reverse for regurgitation, let alone for vomiting, except in certain dis-ease states, e.g. grass sickness. Even then, the escape upwards, even of gas, is so impeded that dilation and eventual rupture of the stomach can occur in advanced cases.


The Stomach


The stomach is a muscular, ‘J-shaped’, hollow organ which lies slightly to the left of the mid-line and in behind the diaphragm and the liver.


It is divided into four areas of different physiological function and size




• the cardiac – mucus, non-enzyme, secretion; the expandable container


• the oesophageal – no secretory glands at all


• the fundic – the principal area


• the pyloric – the lesser secretory area with acid gastric juice





The stomach wall is composed of four layers




• the serosal – the visceral peritoneum, covers the outer surface and is continuous, by reflection, with the parietal (abdominal wall inner surface) peritoneum. The nominal space between, and where they touch other abdominal organs, has a lubricating interface fluid – the peritoneal fluid


• the muscular – smooth muscles in three sub-layers, so arranged to produce powerful propulsive effect on the contents towards the pyloric valve


• the submucosal – with blood vessels, lacteals and nerves


• the mucosal – or inner, apportioned as above





The secretory mucosal glands are primarily in the fundic region. The secretions are of three types, which all produce enzymes, mucus, hydrochloric acid, and an ‘intrinsic factor’.





The pyloric glands produce lubricant, and small amounts of enzyme for protein hydrolysis.


The Pyloric Sphincter


The pyloric sphincter is the valve between the tubular end of the stomach and the origin of the small intestine. It is responsive to chemical messengers for opening and closing, by local reflex stimulation of the intrinsic myenteric nerve structure.


The Small Intestine


The small intestine is suspended in a mesentery which is a double fold of parietal peritoneum, which surrounds the intestine except at one aspect of the serosal coat; it is through this that vessels, lacteals and nerves traverse to spread within the muscular and mucosal parts of the wall.


Mesenteric lymph nodes are spaced throughout this fold, one for several converged branches of lacteals (see Chapter 7, THE LYMPHATIC SYSTEM). The nodes are relatively close to the areas of the intestine being drained.


The duodenum is the short portion quite closely attached to the stomach by a fold of mesentery, so has little ‘freedom’. It is ‘S-shaped’ and encloses the pancreas in one bend of the serosal wall. The pancreatic and bile ducts disgorge their products through ducts in the wall. The jejunum is the major portion; the ileum is a much shorter portion.


The jejunum and the ileum are much freer, being suspended on extensive mesentery. Whilst their coils are usually in the left upper anterior abdomen, they are ‘free’ to move within a considerable area of the abdominal cavity. Apart from the demarcation between duodenum and jejunum, there is no line on the serous coat, or alteration in gut size, to separate the jejunum from the ileum.


There are, however, differences in glandular structure, and function, in the inner mucosal surface. The mucosal surface area is expansive due to its manifold design. In addition to bile and pancreatic ‘juice’, there are the products of three small-intestinal types of secretory cells, each specific to the hydrolytic breakdown – of sugars and starches into glucose, protein into amino acids, triglycerides into fatty acid and glycerol – as well as the preparation of minerals and vitamins for transport through the mucosal wall into venous capillaries and lacteals.


The small intestine is not only the site for absorption of its own digesta but also for that from the stomach, together known as chyme. Most of this absorption is through the ileum into the lacteals.
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The caecum lies obliquely downwards on the right side.








The passage of chyme along the small intestine is very rapid, approximately one hour. On autopsy, it is rare to find the stomach empty but common to find little other than mucoid material in the small intestine, especially the ileum which, in life, empties and contracts between flow trickles. The cubic capacity of the small intestine there fore has little significance. Distension, when it does occur, is due either to short distance impaction, usually with extensive gas production cranially, or to severe marked inflammatory thickening of the wall.


The Large Intestine


In contrast to those of some other herbivores, the equine organs of microbial fermentation of the cellulose content of the diet are not at the fore-end of the digestive system but at the distal part. This necessitates a very marked enlargement of the caecum and colon, in comparison with other single-stomach non-herbivores such as the canine. Not only is the caecum enlarged, but the large colon is enlarged both in circumference and also in length, so much that it has to be ‘folded’ or ‘flexured’ at three points.


The caecum is a cul-de-sac, somewhat comma-shaped and lying obliquely downwards to the right side. The ileum opens directly into the base, through a muscular valve. Just dorsal to it is the caeco-colonic aperture (from the caecum into the large colon), which has a valvular fold of mucosa.


The four lengths of the large colon vary in diameter at the flexures (sharp bends), which are sites for the effects of digestive upsets which result in impaction. The large colon is not suspended by mesentery; it depends upon its constant ballast or bulk of slowly fermenting digesta to keep it in place. Consider therefore the need for constant input of fibrous foodstuff and the traumatic effect of any pathologic condition especially if accompanied by displacement, torsion or incarceration.


Within the large intestine, there is much reclamation of water and of electrolytes and metabolic ‘balancers’, but the main function of the caecum, and of the colon to a lesser extent, is to provide a suitable habitat for the microbial flora to act upon the cellulose to liberate volatile fatty acids (which are mainly acetic, butyric and propionic). They are absorbed into the venous capillaries of the mucosa, along with the B vitamins produced in the caecum and amino acids and other vitamins not absorbed from the small intestine.


The millions of protein-material micro-organisms involved in this digestive process have a short life. When dead, they essentially become amino acids, which are thought to be recycled. Other, live ones, are swept out in the faeces.
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The large colon, showing flexures.








The small colon is a relatively short, tortuous, narrow tube attached to a long mesentery which allows much freedom within the abdominal cavity. Its coils lie in juxtaposition with those of the jejunum; together, their freedom predisposes to volvulus and torsion – twists. It is in the small colon that the undigested residue is formed into faecal balls by the segmented contractions of its wall, and pushed towards the rectum by peristalsis. It is otherwise active in the final water and electrolyte absorption, and there is some fermentation activity as well.


The rectum is a short, straight tube of great elasticity. Its intra-abdominal anterior end has a ‘coat’ of peritoneum, but the pelvic cavity end has not. It is not held fast in these two sites, and can move horizontally to meet the requirements of receiving colonic faeces and expelling them. This also facilitates careful rectal exploration, as in colic diagnosis and genital ultrasonography.


As well as being unable to regurgitate food from the stomach (unless a neuro-muscular disease of that organ develops) or forcibly to return stomach contents by a form of vomiting, the horse is also prevented from breaking wind orally. Gas produced in the intestines is either absorbed or, mainly, passed as flatus through the anus.


Fluid in Digestion


The water content of the faeces or droppings varies considerably. It is a reflection of the amount of water consumed with the food, plus that secreted into the bowel lumen, less that which has been re-absorbed into the blood circulation via the large intestine. It should be remembered that water is a transport system.


Fluid movement within the digestive tract plays an important part in equine digestion. Very large volumes of saliva and gastric and intestinal juices are added to the food at the beginning of the digestive tract. This helps to begin the breakdown of fibrous food, and it also helps to present it to the micro-organisms in the large intestine in an ideal form for them to work on. At the end of the large intestine, much of this fluid has been re-absorbed from the contents. There is a vital movement of fluid, varying in type and amount of electrolytes, to and fro through the digestive tract walls, playing a role in homeostasis generally and intestinal content and pH in particular.


Insufficient fluid intake, both direct and from secretion of juices, can thus interfere with digestion. This, in combination with excessive amounts of dry food in the diet, can mean that the passage of food through the large intestine is slowed down – allowing even more time for water to be absorbed. This results in dry intestinal contents, as shown by hard, compacted droppings. Impaction, not really a constipation, can be a problem in stabled horses with access to straw bedding, with insufficient water intake and too much dry food, and/or too little exercise, especially if such management changes have been made too quickly.


In contrast, on lush pasture the faeces may become sloppy and unformed. Another cause may be damage to part of the large intestine, so that re-absorption of fluid may not be complete. This results in loose droppings. In adult horses a common cause of chronic intestinal mucosal damage ‘scarring’ is from earlier parasitism, but really loose faeces is more likely the result of on-going larval migration.


Diarrhoea is a condition where, due to inflammatory exudates somewhere along the digestive tract, and as a result of the failure of the large intestine to reclaim the water, the excess is excreted mixed with the faeces. Although bowel infections are quite frequently encountered in foals, they are, fortunately, uncommon in adult horses. When they do occur, large volumes of fluid can be lost from the animal’s body in just a few hours, with serious consequences for its health, especially in foals. Affected animals appear very sick, and the rapid fluid loss may lead to circulatory problems and signs of shock. Acute diarrhoea is mainly associated with infection causing enteritis. Salmonella germs are an example. Loss of condition varies with the cause and the degree of damage as well as the duration.


The Liver


The largest of all glands, the liver is essential to life. It has several metabolic functions




• the formation and storage of glycogen (animal starch) for future breakdown into glucose


• the detoxification of poisons


• the breakdown of uric acid from protein metabolism


• the formation of urea – part of the bile salts


• the secretion of bile from the breakdown of dead red blood cells etc


• the de-saturation of fatty acids absorbed from the digesta





The liver lies mainly to the right of the mid-line, just behind the diaphragm and in front of the stomach and parts of the intestine. Its functions are served not only by a normal arterial inflow, but also by the portal vein, which brings absorbed nutrients from the stomach and intestines as well as some of the venous blood from the spleen and the pancreas.


Paralleling the portal vein is the lacteal lymph flow. Together, they form the portal system. The lymph brings fatty solutions direct to the venous system. The portal system also carries foreign material, such as toxins, to the liver. The liver’s exocrine function is the production and secretion of bile through the hepatic (or bile) duct, into the duodenum. A horse has no gall bladder; the flow of bile is continuous to support the trickle flow of digesta. Bile assists in the digestion of fats and oils, and helps to alkalise the intestinal contents.


The Pancreas


The pancreas lies within the first loop of the duodenum. It secretes important digestive juices (enzymes in water solution) into the duodenum. The secretion is regulated by two hormones, produced by stomach and intestinal glands, to meet the required moisture content; and by the presence of foodstuff requiring digestion, which triggers secretion of the messenger hormones.
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