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Introduction





Laminitis is a condition that every horse owner dreads. And yet many owners (and many horse professionals for that matter) know little about either the causes of the condition or what actually happens inside the horse’s foot as a result. The internet, text books and magazines are full of advice and comment, and yet much of this information is contradictory or inaccurate. This book is intended to help guide the horse owner through the process of understanding what laminitis is, what causes it, and what can be done about it.


I first became involved in hoofcare when my partner’s horse Esmé went lame, and no one could find a solution for her problem. Faced with losing a promising young horse to a problem that none of the professionals we had engaged could explain, my scientific curiosity got the better of me and I started reading up about hooves. Having come from a background of physics and electronic engineering, I was shocked by the overall poor quality and paucity of research into the equine foot (although some individual pieces of research are outstanding). Many of my simplest questions about how the foot functioned appeared to be unanswered.


Traditional farriery failed to provide the answers that Esmé needed, and in desperation we turned to the newly emerging discipline of equine podiatry. As I studied the subject more and more, and eventually trained to become an equine podiatrist myself, I began to become excited about a topic of science where some of the basic research was yet to be done. In most branches of science today, little progress can be made without millions of pounds of funding. And yet here was a topic where even some of the basics were yet to be investigated, and there were still opportunities for the kind of low-key science that has historically underpinned so many scientific disciplines. That excitement has only grown over the years as I’ve found myself playing my own very small part in advancing our understanding of the equine foot.


One reason why equine podiatry has had, and continues to have, such an important role to play in this area is that equine podiatrists are typically people entering a second career, often bringing with them a wealth of transferable skills from their previous lives. This has created a culture that is significantly different from that within the profession of farriery. Farriers are craftspeople who are highly skilled in the art of making and fitting shoes, but they do not typically come to their profession with scientific training. In contrast, equine podiatrists in the UK, especially those who form the membership of the Equine Podiatry Association, have taken a far more evidence-based approach to hoofcare. A critical part of this is the practice of taking detailed notes and photographs, which includes data not only on the hooves and the soundness of the horse, but also on its environment, including diet. This has created a vast library of data on how hooves respond to different interventions, and has allowed patterns to be identified, links to be made between the health of the foot and a range of environmental factors, and, arising from this, the development of new approaches to the management of common foot problems such as laminitis. This research has yet to be formally published, but is being used very successfully in daily practice in the UK by the twenty plus members of the Equine Podiatry Association, working with around 2,000 horses. It has also been assimilated into the work of many other hoof-trimming groups around the world, again with good levels of success.


Most cases under the care of an equine podiatrist are unshod. This typically represents two separate subgroups of horses. At one end of the spectrum are the horses with good feet who, often with minor tweaks to their environment, are capable of significant levels of work without shoes. The common myth that horses without shoes cannot do much road work does not stand up in the face of the many cases that are routinely doing tens of miles per week on challenging terrain. Not every horse is capable of working at this level without shoes, but with appropriate management of their environment (and especially their diet), many more can do so than has been traditionally believed.


At the other end of the spectrum are the horses with major foot problems. The traditional approach to these cases has often been ever more complex remedial farriery. This has evolved from the historical position where horses were typically working animals and needed to be kept sound and in work or they had no value. Traditional remedial farriery has understandably been biased towards masking and delaying problems, rather than taking the horse out of work for the significant length of time often needed to resolve them. Today, many more horses are considered to be pets, and even working horses are typically considered more as long-term investments, and hence this approach is less of a good match to need.


A horse shoe supports the horse’s weight primarily via the hoof wall and the laminae, ignoring other structures that the wild horse has evolved to use as well. Given the huge degree of redundancy of structure in the equine foot, this is not generally a significant problem for the healthy horse. But when considering the long-term health of a horse with problem feet, an approach that only utilizes a part of the natural strength of the foot risks being a poor solution. That is not to say that equine podiatrists are somehow anti-shoe – far from it. But a shoe is a tool that can be used to fix certain problems and shouldn’t be seen as the correct solution to every problem. If your only tool is a hammer, then you are going to struggle when faced with a screw. In my experience, shoes are great for otherwise healthy horses that over-wear their feet when worked unshod, but are often less useful as a means of supporting a foot that is failing structurally. It is common for vets and farriers to recommend shoeing such feet to ‘provide support’, but when questioned on exactly how the shoe provides such support, most struggle to give meaningful answers.


In Esmé’s case, remedial farriery failed to resolve her mystery lameness, repeated quarter cracks and frequent abscesses. Indeed, as we employed ever more respected farriers, her problems only got worse. We eventually reached the point where we had nothing to lose, and so in desperation took her shoes off. To everyone’s surprise she showed almost immediate signs of improvement. That was the start of a long road of discovery. A key milestone on that road was my gradual recognition of the role that low-grade laminitis played in her case – but the journey continues.


What has become apparent to me over the years is that the feet are just one part of a complex biological system which is interconnected in a myriad of ways. It is very clear to me now that tackling foot problems in isolation is no more than tilting at windmills. The word ‘holistic’ has been much misused and maligned over the years, but it is the right word to use. Equine hoofcare has to be done within a holistic framework if we are to achieve any degree of success. Every part of the horse’s environment has the potential to impact on the hooves, from the bedding in the stable, to the exercise regime and the surfaces the horse works on, through to (especially) the horse’s diet.


The other thing we have to change if we are to be successful with our horses is the human habit of looking at everything from our own point of view. I hope to show in later chapters that this human-centric viewpoint clouds our thinking and obscures more helpful views of the problem. Reframing the problem of laminitis to put the horse at the centre of it unlocks a viewpoint that is far more useful, whether that relates to the mechanical effects of laminitic rotation in the foot, or to the role the horse’s central nervous system has on posture, gait, and hence the distribution of mechanical forces in the foot. That is the reason why this book is subtitled ‘a horse-centred approach’.


Finally, I must add a few disclaimers…


The information that follows relates to laminitis in the horse. Laminitis in the donkey, mule or hinny (or zebra for that matter) is outside the scope of this book. That said, most of the contents of this book can be made to apply to other species of equid with only minor tweaking.


This book contains many photos, including some of dissected feet, which some people may find distressing.


And perhaps most importantly, laminitis is a condition that can cause significant pain to the horse and should be considered a veterinary emergency, especially in severe or acute cases. This book is not a substitute for professional veterinary involvement, but is rather an attempt to inform readers so that they can have a more productive interaction with the professionals involved in the care of their horses.






Part 1


What is Laminitis?





1Essential Anatomy


It is not possible to discuss the subject of laminitis without first having a reasonable understanding of the anatomy of the equine foot. This chapter attempts, without going into excessive detail, to provide a quick guide to those aspects of basic anatomy that are necessary to understand the remainder of the book. As well as covering the names for the key structures, this chapter also looks at what functions these structures have. This helps to make the rather dry subject of anatomy a little more interesting.







Fig. 1 The bones of the lower foreleg of the horse compared to the equivalent bones in the human hand. The proximal and distal sesamoids are not present in the human hand.





BONES


Horses and humans have evolved from common ancestors and share similar bone structures. The bones of the horse’s lower leg (from the knee/hock downwards) closely map to the bones of the human hand/foot, with the horse having largely lost all but the middle finger/toe. The horse’s knee is equivalent to our wrist, and the horse’s hock is equivalent to our ankle. For that reason the lowest part of the horse’s leg is often referred to as the digit (just as our fingers and toes are digits).


The bones most relevant in the discussion of laminitis are the three phalanges (singular phalanx) – these are the finger and toe bones in a human, but in a horse they provide the underlying bone structure to the pastern and foot.







Fig. 2 A set of bones of a lower foreleg wired into their correct positions.










Fig. 3 The bones of the lower leg in extension (left) and flexion (right).





JOINTS


Between each adjacent pair of bones in the lower leg there is a hinge joint – a joint which can extend (curl forwards) or flex (curl backwards). Those parts of each bone that are involved in a joint are covered with articular cartilage, which is smooth and shiny. This allows the two bones to move in relation to each other. To further minimize friction, the joint is lubricated with an oily liquid called synovial fluid. The entire joint is then encased in a membranous sac called a bursa so as to keep the synovial fluid in place. Where two or more joints are very close together, they sometimes share a single bursa.


The pastern is made up of the long and short pastern bones (often abbreviated to P1 and P2 for first and second phalanges). Between these two bones sits the pastern joint. The technical term for this joint is the ‘proximal interphalangeal joint’ – often abbreviated to PIP joint. The pastern joint can extend and flex but only by very small amounts, which is why most horse owners are unaware that the pastern has a joint in the middle of it. The main role of this joint is to allow absorption of some of the impact of the foot hitting the ground by extending very slightly.


The third phalanx is the pedal bone (sometimes also called the distal phalanx or coffin bone, and often abbreviated to P3). Between P2 and P3 is the distal interphalangeal joint, or DIP joint (sometimes also referred to as the coffin joint). Unlike the PIP joint, the DIP joint can extend and flex through quite a large range of movement.


At the back of the DIP joint, between P2 and P3, sits the navicular bone. This bone is tightly attached to the back of P3 by the impar ligament and so for the most part it moves with P3 as the DIP joint flexes and extends. What little movement there is between P3 and the navicular bone allows the flexor tendon (see below) to pass into the foot at the most advantageous angle as the foot lands on uneven ground.


TENDONS AND LIGAMENTS


Bones alone are not enough to allow a horse to move. To start with, something has to keep the joints from dislocating, and this is the task of ligaments. Ligaments are connective tissues that, in most cases, join bone to bone. They can be thought of as like strong rubber bands. Each of the joints in the lower leg has collateral (on each side) ligaments that hold the joint together whilst allowing it to move. Another important ligament is the suspensory ligament, which passes down the back of the cannon bone, under the fetlock and attaches to the back of the pastern, as well as splitting to form two branches that pass either side of the pastern and attach at the front. The role of this ligament is to support the weight of the horse at rest and prevent the fetlock from dropping to the ground. The horse uses the suspensory ligament rather like a spring, and much of the efficiency of movement in a horse comes from its ability to bounce off the lower legs like a pogo stick. The arrangement of the pastern, fetlock and suspensory ligament works in rather the same way as the running blades used by human amputees.


There are many other ligaments in the lower leg that hold joints together and act as support bandages, keeping important structures where they should be. The end result of all these ligaments, as well the joints being held together, is that the bone column has a ‘neutral’ position that it will adopt when no muscles are brought into play.


For the horse to move around, it needs to be able to flex and extend the lower limb under the control of muscles. But muscles are heavy structures, and having them in the lower leg would make the leg heavier and hence reduce the horse’s ability to run away quickly from predators. So instead, the muscles are located higher up the leg and pull on the relevant bones using tendons. Tendons are similar to ligaments but act more like strings than rubber bands. Each tendon is pulled by a muscle at one end and is attached to a bone at the other, allowing the muscle to move the bone from a distance.


There are three main tendons in the lower leg. The extensor tendon (its full name is ‘common digital extensor tendon’ or ‘CDET’ on a front leg, and ‘long digital extensor tendon’ or ‘LDET’ on the hind leg) sits at the front of the leg and acts to extend the lower leg. The horse typically pulls on the extensor tendon just before the foot hits the ground to lift the toe. Its main role is to ensure that the foot hits the ground with the heel first, with no risk of the horse tripping over the toe.


At the back of the leg are two flexor tendons. The deep digital flexor tendon (DDFT) connects to the back of the pedal bone and has the effect of flexing the DIP joint. The superficial digital flexor tendon (SDFT) – so named because it is closest to the surface at the back of the cannon bone – acts largely to flex the fetlock joint. These two tendons between them have two roles. The first is to fold the foot and pastern up behind the leg while the limb is in flight, so minimizing the risk of catching the foot on uneven ground, vegetation and suchlike. The second is to assist in propelling the horse forwards during breakover (the point at which the heels have left the ground but the toe is still in contact). Much of this propulsion comes from the release of energy stored during the previous impact in the suspensory ligament, but the flexor tendons play an important role in controlling the release of this energy.







Fig. 4 The role of the tendons. LEFT: The limb extended prior to impact as a result of tension in the CDET. CENTRE: The limb at the point of breakover, with the SDFT and the DDFT contributing to propulsion. RIGHT: The limb flexed during flight as a result of tension in the SDFT and the DDFT.





MAJOR FOOT STRUCTURES


Of the bones of the lower limb, two and a half sit within the foot: the pedal bone, the navicular bone, and the lower half of the short pastern bone. The pedal bone in particular gives the front portion of the foot its shape. There is, however, no bone in the back of the foot. Given that a sound horse on hard ground lands heel first, this makes sense – the horse does not want to jar bones by landing directly on to them. Instead, the shape of the back of the foot is formed by two lateral cartilages (each of which controls the shape of one heel), between which lies the digital cushion.


The shape and position of the lateral cartilages in a healthy foot supports the pedal bone such that it is tipped slightly forwards (the optimal angle is believed to be between 3 and 5 degrees), rather than being oriented flat to the ground. The result is that, with the outer horny structures removed, the internal structures of the foot form an arch similar to that seen in a human foot. As the foot hits the ground (heel first), the lateral cartilages flex slightly, which allows the arch to flatten somewhat, so absorbing and storing some of the energy of impact. As the foot leaves the ground again, the arch springs back to its normal shape, releasing much of that stored energy in a way that helps to propel the horse forwards. You can think of the internal arch as a form of spring on the bottom of the foot, with which the horse can bounce off the ground. Although this is a much smaller effect than the bounce the horse gets from the suspensory ligament, it nevertheless contributes to saving the horse energy and making movement more efficient.







Fig. 5 The role of the lateral cartilages at impact, mid-stance and breakover. The internal arch is indicated in red.










Fig. 6 The position of the digital cushion and lateral cartilages (viewed from the back of the foot).





The digital cushion sits between the lateral cartilages, and the top part of it can be felt by pressing down on the foot above the heel bulbs and between the lateral cartilages. Its main role is to absorb the vibration associated with the impact of the foot on hard ground so that this vibration doesn’t reach the bone column (where it could cause inflammation and damage, typically in the form of arthritis in places such as the navicular bone, coffin joint and so on). In a healthy foot, the digital cushion should fill the space between the lateral cartilages such that there is little or no depression in the centre of the back part of the foot. It should ideally also feel like a block of hard rubber. Where it is small and feels more like chicken fat, this suggests that it has atrophied and that it won’t work so well as a shock absorber.







Fig. 7 The major arteries of the foot.





THE BLOOD SUPPLY


The details of the blood vessels in the foot are beyond the scope of this book, but two arteries within the foot are worth mentioning. The terminal arch circles through the middle of the pedal bone approximately half way up, and is the key arterial blood supply to the pedal bone. The circumflex artery of the sole (usually just referred to as the circumflex artery) passes around the rim of the pedal bone just outside and just below the bottom of the bone. The circumflex artery supplies both the lower portions of the pedal bone and the sole. It is important to note that the main way in which blood reaches the sole is via the circumflex artery, as there are no significant channels allowing blood to pass through the bottom surface of the pedal bone to supply the sole directly. As such, any damage to the circumflex artery will have a direct impact on the growth of the sole. The relevance of these two arteries in laminitis will become clear in later chapters.


The other arteries relevant to laminitis are the two palmar digital arteries, which provide the main blood supply to the foot and sit one on each side of the leg towards the back.


THE HOOF


The foot is defined as everything (including the hoof) below the hairline, in addition to the part of the lateral cartilages that protrudes above the hairline. The hoof (sometimes called the hoof capsule because it encapsulates the foot) is defined as all the avascular (not containing blood vessels) structures of the foot – which essentially means everything that is made of horn. The pedal bone, lateral cartilages and digital cushion form the shape of the foot. The external hoof then forms a hard casing around these internal structures. The hoof has a number of important roles, including the following:




•Protection of internal structures from mechanical trauma


•Prevention of infection


•Durability (the foot must not wear away too fast)


•Traction (so the horse doesn’t slip)


•Adaptation to environment (a horse living in a desert needs a different foot from one living in a bog)










Fig. 8 A cut-away dissection showing the structures of the hoof. All hoof horn has been removed on one side of the foot so as to expose the underlying coria that produce the hoof (see below). The damage to the coronary band at the heel and the knife cut along the join between the solar and laminar coria are artefacts of the way the dissection was performed.





The horny hoof is divided into four separate structures: the sole, the frog, the hoof wall and the periople.


The sole: Sits under the pedal bone and the lateral cartilages. In an unshod horse, its main roles are to support the weight of the horse and to provide durability and traction.


The frog: A softer structure that sits between the heels and under the digital cushion. Again, it provides weight support, durability and traction in an unshod horse. It also allows (again where no shoe is applied) the heels to move independently of each other to an extent. This is similar to the independent suspension of a car, and allows the foot to deform to cope with uneven and sloping ground. Finally the frog allows the heels to move apart from each other slightly on impact, which helps the digital cushion absorb the vibration of impact.


The hoof wall: Encases the front and sides of the foot, and turns a corner at each heel to form the bars on each side of the frog. The wall is important in protecting the foot from knocks and scratches, and it also provides additional horn to wear away on the ground, hence contributing to the durability of the foot. The addition of the bars results in a greater amount of wall on the ground at the heels (where impact creates the greatest wear, and hence the need for the greatest surface area of hoof), and also helps to create a strong structure in the heel area whilst contributing to traction.


The periople: The equivalent of the cuticle on a human finger nail. The periople is a covering of skin that protects the hoof wall until it has had time to harden. As the hoof wall is produced, it is initially soft and only hardens after a few days.


In addition to the four sections of the hoof, the white line (which is actually a yellowy grey colour in a healthy hoof) serves as a joint between the rim of the sole and the inside surface of the hoof wall. This joint has to allow the wall to move past the sole as it grows down from the coronary band (as the wall grows faster than the sole) whilst preventing dirt, moisture and infection from getting into the foot. Strictly the white line is not a structure in its own right as it is formed from the combination of the edge of the sole and the inner surface of the hoof wall, but it is often treated as a discrete structure.


THE CORIA


Each of the four horny structures in the foot is produced by a corium. Corium is the vascular tissue that lies directly beneath the hoof. To understand how the hoof is produced, it is helpful to understand that hoof horn is just a modified form of skin. The hoof has no sweat glands or hair follicles, and the horn has a lower moisture content than normal skin, but otherwise it is more or less the same tissue.


Skin is formed of two layers. The inner layer (the dermis or corium) provides the underlying structure of the skin, including nerves and blood vessels. This layer is sometimes called the sensitive layer because it contains nerves. The outer layer (the epidermis) is the external skin we see. Between the two layers is a thin membrane called the basement membrane. Sitting at the bottom of the epidermis is a layer of cells one cell thick called the basal cell layer. These basal cells are responsible for producing the epidermal layer of the skin and exist in small groups of cells centred on a stem cell. The stem cells are responsible for producing more basal cells when required – these are very important when the skin is damaged as they allow any area of basal cells missing due to injury to be recreated from the stem basal cells surrounding the hole.







Fig. 9 A stylized representation of the structure of skin. In reality, with the exception of the basal cell layer, which is always one cell thick, each layer would have more cells in it than shown here.





The basal cells are responsible for creating the epidermal cells that form the layer of external skin that protects the body from infection, moisture, mechanical damage and so on. Each basal cell periodically produces a keratinocyte or skin cell by a process called mitosis – one basal cell divides into two cells, one of which remains as a basal cell, the other becomes a keratinocyte. These keratinocytes gradually migrate outwards towards the outer surface of the skin, pushed there by the production of more keratinocytes below them.


Keratinocytes are so called because they are cells that gradually harden as they migrate towards the surface of the skin through various layers. They do this by manufacturing keratin, a protein which is extremely tough. As each cell keratinizes, it gradually loses its cell nucleus and also flattens until it forms a cell that is more scale-like in shape. These flattened cells are called squamous cells (from the Latin for scale) and they form the outermost and toughest layer of the skin, the stratum corneum (Latin for horny layer). In most cases the stratum corneum is very thin – it is only fifteen to twenty cells thick in human skin, for example. In a horse’s hoof, however, the stratum corneum is much thicker – around 10 to 12mm in a healthy sole.


DESMOSOMES AND HEMIDESMOSOMES


Because skin needs to be tough, infection proof and moisture proof, it is important that the cells of the epidermis are tightly bonded together. A key mechanism for this is the presence of desmosomes between epidermal cells. These desmosomes act like rivets or spot welds, tightly attaching the cells together. The basal cells also need to be tightly attached to the basement membrane, and this is achieved by similar structures called hemidesmosomes (so called because they look like half desmosomes).







Fig. 10 The positions of desmosomes and hemidesmosomes in the deepest portion of the epidermal layer.





THE ARRANGEMENT OF THE EPIDERMIS


If skin cells were constantly produced without being lost, the skin would gradually get thicker and thicker. In reality some skin cells are naturally worn off the surface as a result of day-to-day activity. But where the rate of wear is less than the rate of production (which is usually the case except in high-wear areas of the body), the outermost layer is continuously shed or exfoliated. The exact mechanism by which exfoliation occurs is not yet known, but it is thought that each skin cell activates some form of timer when it is produced, which results in the desmosomes that attach it to adjacent cells self-destructing a set number of days after production.


Of course if the rate of wear is greater than the rate of production then the skin is gradually worn thinner. The skin needs a mechanism to cope with this, or we’d end up with blood everywhere. In fact the skin has two such mechanisms. The first is that repeated pressure on the skin stimulates an increased rate of production of keratinocytes at the basal layer. As a by-product of increased keratinocyte production, the affected area of skin also becomes thicker, so providing more protection to the underlying dermis. This is what is happening when a callus forms. The other mechanism is that when wear becomes temporarily excessive, the epidermal layer becomes thinner and this also stimulates a more rapid production of keratinocytes at the basal layer. Once the skin has achieved a more normal thickness, this increased keratinocyte production tails off again.


Some areas of the skin are subject to dramatically greater wear than normal and need mechanisms that allow for both much thicker skin (to provide protection from damage) and a significantly increased rate of skin production (to compensate for the increased wear). The soles of the feet and palms of the hands in humans are good examples of this. The reason we have finger prints is that the basement membrane (and hence the basal cell layer) is folded into deep ridges and furrows in this part of our skin. This means that, for a given area of skin, there is a much higher number of basal cells than normal. If these basal cells produce keratinocytes at the normal rate, then the increased density means that keratinocytes are produced at a higher rate for a given area of skin. This allows for both an increased rate of production of skin to compensate for increased wear, and the required resources to produce a thicker skin than normal.


The horse’s foot is an example of the above mechanisms taken to extremes. The area of foot in contact with the ground is tiny when you consider the weight of the horse. The total surface area of the bottom of all four feet of a typical thoroughbred (assuming that the whole of the bottom of the foot is in contact with the ground as would be the case on a soft surface) is only about one and a half times that of the two feet of a typical adult male human. And yet the horse weighs six to seven times more. The end result is that the pressure on the feet at rest is around four times higher in a horse than in a human. The horse’s foot has to be tough enough to withstand that pressure. The horse has also evolved to be able to travel at speed on fairly challenging terrain (arid plains strewn with stones and rocks, for example) without injuring its feet, so not only does it need to be able to support a lot of weight, but it needs to be able to do so while running on uneven or even sharp surfaces.


To achieve this, the solar, frog, coronary and perioplic coria in a horse all share the same adaptation. The basal cell layer is formed into myriads of tiny spikes called papillae. These papillae are typically around 2–3mm long, and are spaced every quarter millimetre or so (the exact spacing varies depending on where you look in the hoof, and also on how the hoof is adapting to the horse’s environment). This formation creates a massive surface area of basal cells, roughly twenty times as much for a given area compared to a flat arrangement of basal cells, and hence the ability to produce horn quickly and in a thick layer. In addition, this arrangement of basal cells allows for the production of a non-uniform epidermis. Each papilla in the corium produces keratinocytes in a helical fashion so as to form tubes (more commonly referred to as tubules as they are very small). The basal cells between the papillae produce a region of more homogeneous keratinocytes (referred to as inter-tubular horn), which serves to glue the tubules together. The end result is a horny structure that has hard, fibrous tubules glued together in a softer substrate. This is not unlike glass-reinforced plastic (or fibreglass) and has immense strength. The outermost layer of tubules in the hoof wall can clearly be seen as vertical lines running down the outside of the hoof wall. The tubules of the sole can be seen under a magnifying glass as little dots all over the sole. The tubules of the frog are more difficult to see because they are not as hard and dense as those of the sole and wall, but they can be seen under magnification on a well prepared sample.







Fig. 11 The papillae of the solar corium. LEFT: Solar papillae being exposed as the solar horn is pulled off a section taken from a cadaver foot (the solar horn is at the top, the pedal bone at the bottom). CENTRE: Solar papillae with the horn removed. With the horn removed, the papillae tend to stick together in clumps, but the individual papillae can be seen at the base of each clump. RIGHT: A close-up of the solar horn after removal from the corium showing the holes that are normally filled by papillae.





The laminar corium sits between the inner surface of the hoof wall and the underlying structures of the foot, and is somewhat different from the other coria. This difference is driven by its very different function. Whereas the solar, frog and coronary coria are there to produce horn in large quantities, the laminar corium produces virtually no horn in a healthy foot. The laminar corium’s main purpose is to allow the hoof wall to slide down past the pedal bone as it is replaced by more horn at the coronary corium. It does this by letting go and reattaching the hoof wall in tiny ripples, in rather the same way that a caterpillar moves.


Given that the horn is being constantly detached and reattached, it is important to have in this corium a large area of basal cells for a given area of hoof wall so that there are always enough attached cells to make the attachment strong overall. Papillae would not work in this situation, as spikes pushing horizontally into the hoof wall would prevent it from moving downwards. Instead the corium is folded into vertical fins (primary dermal laminae), which the hoof wall can slide down. To increase the surface area even further, each fin is itself covered with even smaller fins (secondary dermal laminae). The primary and secondary laminae of the dermal layer interlock with mirror-image structures in the epidermal layer (on the inside of the hoof wall) to form an extremely strong bond.


In a healthy horse, the primary dermal laminae are spaced around the hoof roughly every third to half a millimetre, and are typically around 2–3mm long. Each primary dermal lamina has around 60 to 120 secondary dermal laminae, and each of these is 0.1– 0.15mm long. This means the laminar corium has around fifty times as many basal cells for a given area as a flat corium would have.







Fig. 12 A close-up of the underside of a dried hoof sample near the toe showing wall tubules, white line and sole tubules.










Fig. 13 A microscopic view of a horizontal section through the hoof wall, the white line and sole just above ground level, stained with methylene blue and eosin to make the various structures more visible.










Fig. 14 LEFT: A microscopic view of a horizontal section through the laminae. The inner hoof wall is at the bottom – the front surface of the pedal bone is just off the top of the picture. Nine primary dermal laminae can be seen (dark red), interspersed by eight primary epidermal laminae (light pink). Each dermal lamina is surrounded by approximately sixty secondary laminae, which can just be seen. RIGHT: A similar section at the same scale stained with eosin and methylene blue, making the secondary laminae and wall tubules more visible.





As well as providing for a strong attachment as the hoof wall slides down the pedal bone, the laminae provide a huge amount of resources that can be brought to bear in the healing of injuries. If the sole gets damaged, say by an abscess, the solar corium can start producing new solar material fairly quickly (within days), and typically the original solar horn is still in place providing mechanical protection. In contrast, serious injury to the hoof wall can result in the wall being broken or cut away, revealing the laminae. For the laminae then to recover with horn produced in the normal fashion at the coronary band might take as much as twelve months – but the horse cannot afford to wait that long. Instead, the laminae are able to switch on horn production, producing large amounts in a very short space of time. Within a few days, exposed laminae are able to cover themselves with a millimetre or two of horn, and within a few weeks, a hoof wall of almost normal thickness can be produced in this way. This temporary but functional repair then gets pushed down the hoof by more normal wall over time. For obvious reasons, the horn produced in this situation is sometimes termed ‘repair horn’.







Fig. 15 An example of ‘repair horn’ produced by the laminae in response to injury, creating a temporary wall. (Photo: Yvonne Thomas)





ANATOMY OF THE WHITE LINE


The white line is a critical structure because it provides a joint between the sole and the hoof wall that allows for the wall to grow down faster than the sole. As such, it needs to be a flexible joint but a strong one. One half of the white line consists of the epidermal laminae, which remain attached to the inside surface of the hoof wall as it passes off the bottom of the dermal laminae. In order to interlock with that half, the papillae at the edge of the sole (called terminal papillae) need to produce horn that is an exact mirror image (and hence a copy of the shape of the dermal laminae). Detail on exactly how this occurs is sparse in text books and scientific papers – it appears to be an important area of the functional anatomy of the hoof that has been largely ignored.


STIMULUS FOR GROWTH AND PAIN


An important but often neglected area of functional anatomy when considering the feet is the role of pain. Pain exists to tell us that we are at risk of damaging ourselves. If it hurts, the chances are that damage is occurring. Conversely, if it doesn’t hurt, the likelihood is that no damage is being done. Unfortunately we can’t ask a horse whether it is feeling pain, but we can observe its behaviour and deduce a lot about what pain it is experiencing. For example, if a horse is carefully avoiding putting weight into one particular foot, it is quite likely that the foot in question, or some part of the leg above it, is sore. Similarly, if a horse is loading the outside heel of the foot significantly more than the inside one, this might suggest that there is pain associated with the inside heel.







Fig. 16 The relationship between stimulus (pressure and/ or impact) and hoof growth rate. With no stimulus, there is a minimum growth rate. Increasing stimulus increases growth rate. At excessive levels of stimulus, the corium starts to become inflamed and will produce horn at an accelerated rate. Further stimulus damages the corium to the point where horn production tails off rapidly. Once the corium is badly damaged, the stimulus needs to be reduced dramatically before any significant horn production will return.





The description above of how skin is produced touched on the role of pressure in stimulating growth. This is a very important concept when it comes to understanding the equine hoof. Each individual area of corium is separately responsive to pressure. This means that the hoof can adapt by creating increased growth in any part of the hoof that is getting used more.


The opposite side of this is that too much pressure causes damage (and hence pain). There is therefore a range within which increased pressure creates a calloused hoof that is capable of doing more, but also a range beyond which damage is done. Once the corium is damaged, the production of horn tails off fairly dramatically. As such, working ‘through the pain barrier’ when it comes to horse’s feet is largely counterproductive.


Inflamed corium is also more sensitive to vibration than pressure. Anyone who has ever hammered a thumb will know that squeezing it reduces the throbbing sensation (because it reduces the circulation to the area), but that catching the affected area on a hard surface is excruciating. The same is true in the equine foot. For that reason, pain from underlying inflammation is usually more obvious when the horse is working on a hard surface such as tarmac or concrete, as these surfaces create more vibration.


Once the corium becomes damaged, it becomes more easily damaged until such time as it manages to heal again. This means that not only is inflamed tissue more sensitive to pain, but also that any failure to remove the excessive stimulus results in a fairly rapid and ultimately catastrophic escalation in the rate of damage.


THE APPEARANCE OF THE FOOT ON AN X-RAY


An x-ray (more accurately termed a radiograph) is a picture of the internal structures of the body taken by passing x-ray radiation through it. A photographic plate is used to capture the image (or more recently a digital sensor), which turns black when exposed to x-rays. As a result, areas of the body that x-rays pass through easily (such as soft tissues) appear black, and areas that don’t easily pass x-rays (such as bone) appear white. The most common shot used in laminitis is the latero-medial (from the side) shot. This helpfully shows the position of the bones within the foot. Unfortunately, the hoof capsule (and in particular the very outside surface of the hoof capsule) doesn’t usually show up well on an x-ray, so it’s important for markers (anything that won’t pass x-rays and hence will show up) to be placed in key positions on the foot to mark the extent of the hoof capsule.







Fig. 17 A latero-medial radiograph of a healthy equine foot with markers placed on the front surface of the hoof wall and the back of the heel. The ground surface is also marked. (Radiograph: Debra Taylor, Auburn University)





THE DIGESTIVE SYSTEM


As described in later chapters, the digestive tract is an important part of the jigsaw that is laminitis. As such, it is useful to have a brief understanding of the anatomy of the digestive system.


Food is initially chewed by the teeth and mixed with saliva, which is somewhat alkaline. The horse does not salivate in anticipation of food, but relies on chewing to stimulate saliva production. Food then moves down the oesophagus to the stomach, where it is mixed with stomach acid. The acidity of the stomach is reduced to an extent by the alkalinity of the saliva, which is why it is important for horses to eat fibre-based foods that take a lot of chewing so that sufficient saliva is produced.


Stomach acid is important for two main reasons. Firstly, it is strong enough to kill almost all microorganisms in the food, hence sterilizing the food and preventing unwanted infections making it through to the rest of the digestive system. Secondly, the acid helps in the breakdown of foods, especially proteins. In addition to the action of the acid, enzymes are secreted in the stomach to aid digestion, such as pepsin (which aids the breakdown of proteins) and lipase (which starts the process of breaking down fats).


From the stomach, food is passed into the small intestine. This is around 25m long, but is fairly narrow and is coiled up within the abdomen. It is divided into three sections. In the first, the duodenum, further enzymes are secreted that help with the breakdown of fats, starches and sugars. Brunner’s glands in the duodenum also secrete bicarbonate, which helps to neutralize the stomach acid (which has already done its job) so that the rest of the gut isn’t subjected to strong acid. Iron is also largely absorbed in the duodenum. In the middle section, the jejunum, the various enzymes gradually do their work and break up carbohydrates into ever smaller molecules.


Carbohydrates are molecules made of carbon, hydrogen and oxygen atoms. The smallest carbohydrates (which cannot be broken down in the gut to form smaller ones) are called monosaccharides (also called simple sugars), and examples include glucose and fructose. Two monosaccharides can be combined to form a disaccharide. For example sucrose (table sugar) consists of a fructose molecule attached to a glucose molecule. You can make ever bigger carbohydrate molecules by joining multiple monosaccharides together to form polymers called polysaccharides. For example, starch consists of multiple glucose molecules joined together.


Only monosaccharides can be directly absorbed through the gut wall and used by the body, so various enzymes are used to cut up the polysaccharides into ever smaller units until as much as possible of the carbohydrate has been broken down into monosaccharides.


As well as breaking down and absorbing carbohydrates, most minerals and vitamins are absorbed in the jejunum.


The last part of the small intestine is the ileum. More minerals are absorbed here, as well as any remaining vitamins and simple sugars. Further enzymes are secreted in the ileum to break down any remaining proteins and carbohydrates. Fats and oils are also absorbed in the ileum. In order to be absorbed, these fats and oils need to be broken down by bile. Humans are able to store bile in the gall bladder and release it in bulk when a fatty meal is eaten. Horses, however, don’t have a gall bladder and so can only secrete bile at a fairly steady rate. This means that the horse’s gut doesn’t cope well with sudden influxes of fats and oils. For this reason the quantity of oils and fats in any bucket feed should be kept small.


From the small intestine, food makes its way into the large intestine or hindgut. This is made up of the caecum, a large blind-ended fermentation chamber, and the colon. The large intestine is only around 5m long in total but is much wider than the small intestine, and, as a result, has around double the volume.


The horse has evolved to eat a diet containing large amounts of plant fibre (complex polysaccharides) that is not directly digestible. Indeed the majority of the carbohydrates in the horse’s natural diet cannot be broken down by enzymes, and without another way to utilize those carbohydrates, the horse wouldn’t have survived. The hindgut is full of microbes (more than 500 species, mostly bacteria with some fungi and protozoa) which are able to ferment dietary fibre to form useful nutrients such as volatile fatty acids (which the horse can use for energy), and vitamins B and K. There are around ten times as many microbe cells in the hindgut as there are cells in the body of the horse. As a useful by-product, the fermentation process also generates heat, which helps to keep the horse warm. The horse needs a constant supply of fibre to keep these microbes healthy, which is why a fibre-based diet is so important for a horse.


As well as fermenting fibre, the hindgut is responsible for the absorption of water as well as the remaining minerals: sodium, potassium, chloride and phosphate. From the large intestine, food makes its way into the rectum before being excreted.


The entire length of the intestines is covered in microscopic spikes called villi. These increase the surface area of the gut wall and so increase the rate at which nutrients can be absorbed from the gut into the bloodstream. Although it is not immediately obvious, the contents of the gut are technically outside the body. The body can be thought of as a hollow tube with the mouth at one end and the anus at the other. The outside and inside surfaces of the tube are covered by skin. On the outer surface, the skin is thick to protect the animal from injury. On the inside surface, the skin is a single cell thick and covered in villi to aid the absorption of nutrients. As food passes from the mouth to the anus along this tube, it is gradually broken down and useful nutrients are absorbed into the body. Anything that can’t be used is excreted from the anus.







Fig. 18 A stylized representation of the digestive tract of the horse.







2The Established View of Laminitis


This chapter describes the established view of what happens in the equine foot as a result of laminitis, and how to recognize it. The causes of laminitis will be covered in later chapters.


RECOGNITION OF LAMINITIS


Laminitis is defined as inflammation of the laminar corium. It is typically associated with a loss of circulation to the foot. The inflammation (and hence any loss of circulation) tends to be strongest in the toe area. This can be clearly demonstrated by taking a venogram (an x-ray of the foot taken after a dye that blocks the x-rays is injected into a vein, hence making the veins of the foot visible).


Raised Pulses


The heart creates a pressure wave with each beat, which propels blood through the arterial system. As this pressure wave passes through arteries, the artery walls bulge very slightly, and this is what we feel when taking a pulse. If the arterial pressure wave hits a blockage, such as a foot where the blood vessels have closed down due to laminitis, the wave is reflected back, causing pressure to build up locally and the artery to expand more than usual. This can be felt as a stronger than normal pulse. This is an extremely useful diagnostic technique that is used by professionals dealing with laminitis cases, but which can also be used by owners to pick up the early warning signs of a laminitis attack. It is important to note that the pulse rate is not important here (although a faster pulse rate can indicate distress, often combined with rapid breathing): rather it is the strength of the pulse that indicates the severity of the problem.







Fig. 19 Two venograms. LEFT: A healthy foot with the contrast dye filling all the veins. RIGHT: A laminitic foot with loss of circulation in the toe area. Note the lack of contrast dye (and hence the lack of circulation) in the veins at the coronary band and under the tip of the pedal bone, as well as the poor circulation to the laminar corium. (Radiographs: Debra Taylor, Auburn University)





In most horses, the easiest place to take the pulse is on either side of the leg just above the fetlock, between the suspensory ligament and the flexor tendons. There is an obvious groove between these two structures when the leg is weight bearing, and the best place to check pulses is just at the bottom of this groove. The main arteries of the leg are close to the surface in this location and there are convenient hard structures beneath the arteries against which to press them to detect the pulse. Taking the pulse involves applying light pressure to the area and waiting for a few seconds. A light, regular pulse should be felt. There is a corresponding location just below the fetlock (a depression between the flexor tendons and the extensor branch of the suspensory ligament), but this is more difficult to use in horses with feathers. A raised pulse in a leg indicates a problem below where the pulse is taken, so taking the pulse above the fetlock does not rule out a problem with the fetlock itself. Hence the location below the fetlock can be useful when narrowing down the causes of a raised pulse.







Fig. 20 Locations for taking a digital pulse.





The pulse should be taken at rest (preferably at least thirty minutes after any exercise, as exercise can create a raised pulse in a healthy horse) with the leg bearing weight. If necessary, the opposite leg should be lifted to ensure that the leg being checked remains weight bearing. It is helpful to know what is normal for an individual horse, and hence it is good practice for owners to check their horses’ resting pulse regularly. A normal pulse should be almost undetectable (some people can’t find a pulse in a healthy horse), although some people are better at detecting pulses than others. The resting heart rate of a horse (twenty-five to forty beats per minute) is somewhat slower than a human’s (sixty to seventy beats per minute) – which helps to identify if the person taking the pulse is accidentally feeling their own!


A raised pulse does not automatically signal the presence of laminitis. Other conditions such as abscesses, bad sole bruising and bone fractures, can cause a raised pulse. However, these other conditions usually only affect a single foot, whereas laminitis typically affects at least both front feet. As such, a raised pulse in both front feet (or both hinds for that matter) should raise suspicions of laminitis. Of course, bad sole bruising or abscessing can happen on both front feet simultaneously, but in such cases there is almost always some degree of laminitis involved, increasing the risk of the bruising or abscessing (this will be covered in the chapter on low-grade laminitis). It is also possible for a horse to have a raised digital pulse because it is overheating, perhaps due to the use of an overly thick rug, or to standing in the sun on a hot day, so this needs to be ruled out as a cause if a raised pulse is detected.


The typical description in laminitis is of a ‘bounding’ pulse, although less obvious pulses may be significant if they are above the normal level for that horse. In severe cases, especially in thin-skinned breeds such as the thoroughbred, the arteries can be seen pulsing with just the naked eye.


The Presence of Heat


Laminitic feet are typically hotter than normal. This can be difficult to feel because the hoof is a fairly good insulator, but with practice, the temperature of the foot can be gauged, and a raised temperature detected. It’s important to note that measuring the surface temperature of the hoof with an infra-red thermometer isn’t in itself useful in detecting laminitis, because the external temperature of the hoof is so highly affected by factors such as the ambient air temperature, and the temperature of the ground. The temperature also varies significantly over the different parts of the hoof. However, significant differences in temperature between the front and hind feet, or between the mid-wall in the toe and the heel, can be useful indicators of a problem. However, as with raised pulses, it’s important to note that the external temperature of the feet is often raised for some time after exercise, as the horse uses its legs and feet as radiators to ‘dump’ excess heat.


An Abnormal Stance


A horse with severe laminitis tends to stand with a very specific posture. Because the front feet are typically worst affected, and the toes more affected than the heels, the horse modifies its posture so as to take the weight off the front toes. In the classic laminitis stance, the front legs are stretched out in front of the horse with the toes either lightly touching the ground or lifted slightly off the ground. By the time the horse has adopted this stance, it is also usually looking quite distressed. The horse will often shake and shuffle from foot to foot, and may have a pained expression to the face.







Fig. 21 The typical stance of a severely laminitic horse.





Whilst the classic laminitis stance makes recognizing laminitis very easy, it only shows up in more serious cases. The lack of a laminitis stance does not preclude the possibility of laminitis, and some milder laminitics can have counter-intuitive posture problems, as described in later chapters.


An Abnormal Gait


A horse with laminitis will modify the way it moves to avoid pain. Vibration typically causes more pain to the horse than pressure. As a result, gait abnormalities are most pronounced when the horse is moving on hard ground, such as tarmac or concrete. Because the inflammation is concentrated in the toe area, the horse will try to move in a way that minimizes vibration to the toe. A healthy horse working on hard ground lands just heel first so as to make use of the shock-absorbing structures in the back part of the foot. A laminitic horse exaggerates this heel-first landing so as to absorb fully any vibration before the toe hits the ground. The result is an exaggerated heel-first landing that is sometimes described as a ‘toe flick’. It is useful to watch healthy horses in walk and trot to develop an eye for what a normal heel-first landing looks like. This makes it easier to pick up any subtle change towards an excessive heel-first landing.







Fig. 22 The foot at the point of impact. LEFT: A healthy horse with a normal heel-first landing. RIGHT: A laminitic horse with an excessive heel first landing.





Any horse with significant laminitis will tend not to want to trot, and if forced to, will do so in a way that minimizes impact on the feet. The horse typically appears to flatten the trot or even shuffle. In more severe cases, the horse may be reluctant to move at all, and may appear stiff throughout the body as it attempts to hold itself in an unnatural posture to reduce pain.


Other Diagnostic Techniques


Professionals involved in a suspected laminitis case may also use techniques such as hoof testers and nerve blocks to try to determine if the lameness is focused on the feet. Hoof testers apply a known amount of pressure to different parts of the foot, which allows detection of any tender areas. This is not a technique that should be attempted by anyone without appropriate training as it is difficult to be accurate and it is easy to inflict unnecessary pain on the horse if used incorrectly.


Nerve blocks involve injecting anaesthetic into the nerve just above the foot so as to numb the entire foot. If the horse then becomes sound, this indicates that the pain is somewhere in the foot, rather than higher up the leg.
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