Contrasting Structural Morphologies of
‘Good’ and ‘Bad’ Hoofs
by Anya Lavender
There are two main considerations with regard to the development and morphology of hooves; the first is evolutionary and natural development and the second is external stimuli. The latter means environmental factors such as management, diet, exercise, etc. 

A ‘good’ hoof  is one that is strong and able to function effectively and comfortably to support and protect the horse’s ‘landing gear’ as it has evolved to. It allows the horse to live without any chronic foot problems well into their 20s or 30s. (Bowker 2003, p.1)

A ‘bad’ hoof  has a combination of factors which compromise it’s function and therefore weaken it. ‘Bad hooves’ lead to significant chronic lameness and hoof problems, often relatively early in the life of the animal and are a frequent cause of early ‘retirement’ and euthanasia. These structures are unable to function as effective protection and shock absorbtion and so tend to lead to further damage throughout the hoof and entire body. 

In this essay I will explain the differences in structure and composition between ‘Good’ and ‘Bad’ hooves, including the evolutionary development and environmental development / morphology. I will draw upon the research I have studied, along with my own experiences as a hoof care practitioner. This will demonstrate sound reasons for my premise, that the fundamental differences in the structure of horse’s hooves that correspond to health and soundness are related predominantly to external stimuli rather than nature and genetics. That is, ‘Good’ or ‘Bad’ hooves are a question of ‘deed’, not so much of ‘breed’ or of  ‘nurture’ over ‘nature’.

I will classify three main areas of the hoof, for the purpose of this essay, that I will elaborate on in order to explain what these structural morphologies mean and how they take place. They are; the caudal hoof, comprising the lateral cartilages, digital cushion and frog; bone density and development including ossification processes; and the dermis and epidermis, including walls, laminae, coriums and coronary border. While the outer frog is actually epidermis, for ease of explaination I am classing it as a section of the caudal hoof. Blood vessels, ligaments and tendons will be discussed wherever they are relevant within those three areas.

I will explain in detail how particular structures and their composition naturally develop and function, including evolution. Next I will explain the composition/ morphology of a ‘Bad’ hoof. Lastly I will further discuss factors and effects that influence that morphology, which will support the premise that environmental factors are the major effect on the hoof, to the benefit or detriment of the horse.
Evolutionary Development of the Equine Distal Limb
Horses are ungulates. This means hoofed mammals. Included in this group are bovines, goats, pigs, rhinoceroses and giraffes for example. The Equidae family of single toed ungulates includes species such as horses, donkeys and zebra. 

It is generally accepted the family equidae evolved from small browsers, built for living in marshy tropical forests of North America. These Hyracotherium walked on padded, splayed toes; four toes on the front feet and three toes on the rear. As the environment changed and they evolved into Miohippus, then Parahippus and Merychippus, before Equus. 

Among the evolutionary changes, they then had only three toes on their front feet, but their weight was carried mostly on the middle digit, the third metacarpal(metatarsal on hind foot; for simplicity I will only refer to metacarpal) which became stronger and longer. These animals were somewhat like tapirs, which are regarded as a likely close relative of horses. As further environmental changes led to the animals moving from forest to the plains, they adapted by becoming longer legged and faster to outrun predators. Their middle toes became stronger and longer still, to completely support the animal’s weight and the first and third toes dwindled further. 

By two million years ago Equus, the modern horse family appeared. The lower limbs had become further elongated, the third metacarpal stronger still and the nail became a hoof. The first and third toes have disappeared but remnants of them remain as the ‘splint’ bones or second and fourth metacarpals. The pad of the main toe became the frog. (Davies 2005, p.3-5)
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(AMAZING FEETS:Living Relatives of the Horse, p.11)

No other ungulate animal, including other species & genera of equidae, & even wild or feral Equus cabellus supports itself mostly or completely, on it’s hoof walls or toe nails, instead having a very well developed caudal foot. Every other animal, equidae or otherwise, has evolved to have the 'pad' and majority of the base of the foot being the primary 'support'. There seems to be no evidence or logical reason that equids, domestic or otherwise, would have evolved to support themselves on their toenails either. 
Equus cabellus
Function of the Modern Equine Hoof
The entire base of the foot is built to share weight distribution and support, with the central load bearing point being somewhere around three quarters of an inch or so caudal(back from) to the apex of the frog.(Bowker, 2011) The caudal hoof, or heels have evolved to cope with the primary impact of the stride. The strong, thick lateral cartilages, full of veno venoanastamoses are effective hydraulic energy dissipators, as are the fibrocarilaginous digital cushions. The soles allow ground support and also protection. 

The walls, while also taking a role in support, appear to be primarily built for impact protection to the dorsal hoof – ie, kicking rocks or such. The structure of the tubular and intertubular horn appears stronger at right angles to the tubules and the tubules are “three times more likely to fracture than the intertubular horn” (Pollitt, 2008, p.7) which would be logical if it has evolved for protection in this way.  The dermal lamina are fed by the coriums and the growth of the walls originates at the coronet where horn tubule cells are produced, then continue to be distributed by the Secondary Epidermal Laminae throughout the length of the capsule.(Bowker, 2011)   

Different Theories and Models

I believe the above explanation of function is most sensible, after examining other theories on the function and purpose of different parts of the hoof, or otherwise concluding they are dubious, for reasons I will explain below. I will describe two of those now, including the reasons I think they are erronous. 

The Lamellar Sling / Load supported by hoof walls model

This commonly held theory describes the hoof walls as the sole or major loadbearing structure of the foot, with the sole playing little or no part in support and weight distribution, and the frogs being only ‘passive’ assistance in support. This model holds that the entire load of the horse is ‘suspended’ within the hoof capsules by the lamellar connection to the distal phalanx.  Pollitt, among others considers that hoof wall is built for primary weight bearing. He states the horse stands on “just four modified finger (or toe) nails.” (Pollitt, 2008, p.3) But I have been unable to find any research or data to substantiate this belief.
Firstly evolutionary evidence from the horse family tree and other ungulates shows that equus would be the only animal in history to support itself in this manner(as also acknowledged by Pollitt) and that there seems no evidence of environmental pressures, differing for this one part of a species, that should lead to this change. It also seems unlikely that evolution would leave something on the bottom of the hoof that was not capable of assuming an active role in support.

Secondly when we look at wild horses we can see that the load is spread over the entire base of the hoof. The walls are often very short in relation to the periphery of the sole. Further more, natural environments rarely consist of hard, flat surfaces, so even when hoof walls are long &/or soles very concaved, there is still ground pressure to the distal(bottom) surface of the hoof.

Thirdly, intertubular material appears to be much stronger than the actual tubules and this material forms a matrix of strength which makes walls vastly stronger across the width of the wall rather than vertically, (Pollitt 2008, p.7) as would be likely if the material had evolved to support the weight of the animal.

Yet another point that suggests there is a problem with the above hypothesis is as Bowker has found, that the areas of damage and separation also are the areas with the most laminae. For eg. at the toe of a laminitic or toe clips of a shod horse, the laminae grow tighter together(they divide so there are more in that area). (Bowker 2011) If the laminae were there primarily to attach the wall to the distal phalanx, it would seem more logical that there would be a greater density of laminae in the areas of greatest attachment and it would be areas of fewer laminae that would break down.

Lastly, when we look at horses who have been unnaturally peripherally loaded, from working on hard, flat surfaces such as paved roads, and horses who are shod, we see the soles flatten and the frogs and bars often ‘drop’ to a lower position also. I have personally found this to be common during my career as a hoof care practitioner. These horses are– or become - weak hooved and unsound. As stated by McLaughlin(2010), “…there is no reason to believe that, as the primary (or singular) weightbearing mechanism, this soft tissue connection is able to withstand the repetitive forces generated by a moving horse…” The same hooves given sole and frog stimulation however, can become healthy, strong and concave. This has been evident in my own work, as in countless other examples, by Bowker, McLaughlin, Ramey and many others. Even Pollitt(2008) who espouses the lammelar sling model says “…using frog/sole support devices….improve the outcome…” of the disease laminitis.

The Frog/ Digital Cushion as circulatory pump – the ‘Five Hearts’ theory

This model sees the primary function of the frog and digital cushion as necessary help for a heart that would otherwise struggle to effectively circulate blood around the extremities.

One theory is that blood from the arteries fills the hoof, or particularly the digital cushion, when the hoof is in mid stride, not bearing weight, and the blood is pushed back up the leg through the veins due to compression to the digital cushion/frog when the hoof is weighted. Conversely, the ‘hoof pump’ has also been said to work in the opposite fashion; the hoof expands on ground contact, creating a vacuum which draws in blood, then is squeezed out of the hoof and up the leg when the hoof capsule contracts upon raising the foot. Whichever the perspective, the assumption is that the blood returns to the heart by the “pumping action of loading and unloading the foot.”(Rooney, 1998, p.125)

There are a number of reasons that I believe this model is unlikely. One is that the blood vessels in the ungular cartilages of well developed hooves consist of a number of veins, with a multitude of tiny vessels called veno veno anastamoses exiting and re-entering the same veins. This very  effectively slows down the blood pressure, rather than assisting in it’s journey back to the heart. Also in unhealthy hooves, it is suspected that due to lack of vasodilation in the caudal hoof and raised blood pressure, there is actually a reduction in negative pressure, so less blood is ‘pumped’ through the caudal region. The veins of a horse’s distal limb, unlike ours are surrounded by smooth muscles that pulsate in order to aid the blood’s return to the body.(Bowker, 2011)  If the actual hoof and frog acted as a circulatory pump, those veinous muscles would be unnecessary.

Constitution, Function & Development

of the ‘Good’ Hoof
The caudal hoof
Through effective use, the caudal section of the hoof matures to become an effective shock absorber, to support the impact of the horse and protect the muscoskeletal system from undue wear and tear. The biochemistry and composition of the tissue is different between young, mature & aged animals. When a horse nears maturity – from around four to five years of age – with good hoof function, this tissue begins to become more fibrous. 

Whilst it appears the greatest factors by far in development of fibrocartilage are environmental, it is interesting to note that breeds such as Arabians, Standardbreds and draft types tend to develop fibrocartilage and thicker lateral cartilages earlier than other breeds. (Bowker 2003)
The caudal part of a ‘good’ foot is at a ratio of around 2:1 to the length of the distal phalanx.(Bowker, 2011) 
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‘Good’ caudal hoof ratio(Lavender 2011)

The lateral cartilages and associated vasculature appear to be the major structures for energy dissipation. They are formed from white hyaline tissue and begin as thin, disklike extensions from the wings of the distal phalanx. They are thin and vertical with blood vessels running up the axial surface. With maturity and good hoof function, they develop into much larger, thicker cartilages – up to one third the width of the heel in healthy, robust feet. Fibrocartilage extends axially to encompass the veins and ‘bazillions’ of tiny veno-veno anastamoses which develop to enable energy dissipation through a “hemodynamic flow mechanism”. (Bowker Wulfen & Springer 1997) The lateral cartilages also develop horizontal sections which also develop axially to form a ‘floor’ of fibrocartilage. Lateral cartilages without this horizontal section are lacking in strength and not able to function effectively in the supporting the animal. (Bowker 2011)

A lot of blood passes through the hoof capsule, but the majority is not used in perfusion, but rather for energy dissipation.(Bowker Wulfen & Springer 1997) There is a great amount more vasculature in a healthy hoof, which also slows down the blood, reducing blood pressure. Exercise causes the blood vessels to dilate and moving over comfortable, conforming surfaces allows the blood pressure to stay low, which allows blood to travel through the anastamoses, allowing for greater capacity for energy dissapation through hydraulic action. 
Incidentally, Bowker has also found that in ‘good’ bare feet, the circumflex artery which runs around the distal border of the third phalanx is situated approximately 3-5mm out from the bone, rather than under it, as is pictured in textbooks (Bowker 2011)

It is important to note that while the lateral cartilages of a ‘Good’ footed animal have many vessels and anastamoses passing through it, cartilage and ligaments do not have a blood supply for perfusion at all. If cartilage or ligaments become damaged however, blood vessels may begin to invade the tissue and this leads to ossification. (Bowker 2011)
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a) Caudal hoof showing thick lateral cartilages encasing blood vessels (Bowker n.d.)

b) Diagram of veno-veno anastamoses of a ‘Good’ foot.(Lavender 2011)

The digital cushion is initially formed from collagen fibre bundles and adipose tissue – a soft, fatty mass comprising of proteoglycans. Over time the fibrous tissue becomes firm fibrocartilage and becomes yellow in colour. This fibrocartilage is the best material for shock absorbtion. The chondropulvinale ligaments that attach on the distal surface of the third phalanx and spread up and out to join to all parts of the lateral cartilage begin as a weblike, collagen bundles, but with good development they coalesce into thickened strings. (Bowker 2003)
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Palmer hoof showing well developed lateral cartilages

and fibrocartilaginous digital cushions(Bowker 2011)

The frog is large and rather flattened, covering a large amount of the ventral surface of the hoof capsule. It is tough and rubbery and is what remains of the pads of earlier evolutionary stages of the horse. It is also full of nerve sensors not far beneath the surface for ‘proprioception’ which allows the horse to feel and react accordingly to what he’s stepping on. Sweat glands in the frog also allow for communication through scent. (Bowker 2011)

Bone density and development
Bone development of the weight bearing bones develop by endochondral ossification. This means they start out first with cartilage which ossifies and is gradually replaced with bone. (Rooney 1998, p.42)  The long bones of the body and distal limb grow in this way. Foals have epiphyseal(growth) plates of cartilage on the proximal ends of the bones, which gradually lengthen & harden through endochondral ossification as the foal matures. (Davies, p.66-67)

Bones are all solid and dense on the outer compact layer, which is the strongest material which supports the body of the animal. A smooth ‘periosteum’ layer covers the surface. The inner cancellous bone near the ends of the long bones is porous and spongey in appearance.(Davies p.66)  The better the circulation, the denser the bone becomes. 
Bones also respond to stress and osteoblasts lay down more bone where it is needed, while osteoclasts remove bone from where it is not in use. Therefore the ‘use it or lose it’ clause applies to bones as with muscles and hoof epidermis. The inner cells of the bone are made up of trabacular cells which allign themselves perpendicular to the force they are subject to.   Therefore a well balanced distal phalanx has trabacular cells which are vertical in relation to the distal border, whereas a hoof that is high heeled or otherwise imbalanced has trabacular cells that are on more or less of a diagonal plane in relation to the distal border of the bone. 
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Diagram showing trabacular allignment in distal phalanx related to direction of force on the hoof.( Lavender 2011)

One reason not to dramatically lower the heels a high heeled horse, or otherwise change balance quickly is that the trabacular cells take more than a few months to realign themselves with changes in direction of force. Therefore to greatly and suddenly change hoof ‘balance’ means that the strength of the bones are reduced.
The distal phalanx has a relatively solid exterior that is coated by a layer of periosteum, as are other bones. It should be uneffected by osteoporosis. It is interesting to note that it has often been accepted however, that the distal phalanx of Equus Cabellus does not have a periosteum and is 'porous', unlike every other bone in the horse's, or other animal's body.
************************************

P3 sits in a balanced position, both medial/laterally(side to side) and also cranial/caudally(front to back), with the distal borders close to ground parallel, the caudal section of the bone only slightly higher inside the hoof capsule(around 3-5 degrees, typically). The proximal(top) point of P3 – the extensor processes should sit within 10mm of the coronary border. The bone is well supplied with blood that enters the distal phalanx primarily at the terminal arch. Dr Bowker has observed, in the feral (Good) hooves he has studied, a lack of palmer processes, as are commonly seen in domestic specimens.(Bowker 2011) The distal sesamoid is not loaded and is well supplied with blood, mostly through the impar ligament and the surface is smooth without ossification of ligaments impeding it’s function.

Dermis and epidermis
The walls and sole are thick and able to protect the inner foot from concussive damage. The walls are short and straight, from coronary border to ground surface without deviation or breakdown in integrity. The distal portion of the walls wear to be rounded, with the outer wall bevelled, which helps ‘breakover’ and prevents undue leverage forces from tearing it apart. Wall length in healthy feet tends to be within a few milimeters of the sole plane at ground surface, to prevent the hoof being peripherally loaded on hard surfaces.( Hampson Connelley de Laat Mills & Pollitt n.d.)  ‘Dirt plugs’ may also build in the sole, which further reduce peripheral pressure. (Bowker 2011)
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Sagital view of dissected hoof showing relatively thick, concave sole and large caudal foot (Lavender 2005)

Despite the implications of a healthy, well stimulated/conditioned hoof growing more quickly, ‘Good’ feet have been seen to have uniformly short hoof capsules and solar concavity. (McLaughlin 2010)
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Back hoof of a healthy horse conditioned to long rides in granite high country.

(Lavender 2004)
Walls are built from cells produced at the coronary corium and also distributed from the Secondary Epidermal Laminae throughout the hoof capsule. They are made up of tubules and inter tubular horn. The intertubular horn of the stratum medium includes malanin and it is this material that is pigmented. (Bowker 2011)

Pollitt asserts that “There was no evidence of basal cell prolification in the majority of the lamellar region…(sic)…growth zones are confined to the top…and bottom… of the hoof wall…”(Pollitt 2008, p.5)  This appears to be in contradiction with Bowker’s findings, although perhaps it is explained because while Bowker has found that a large amount of the cells are distributed throughout the entire lamellar region, they are produced at the coronary corium. 
Horn tubules migrate out from the stratum internum(inner wall) at the laminae where they are large and possess a central nucleus and are rather fluid. As they age and move through the stratum medium closer to the stratum externum, they lose their nuclii, dry up and contract. They become less fluid until the ones growing at the stratum externum are very compacted and rather rigid.(Bowker 2011) The stratum externum forms a largely impervious layer, which prevents the moisture from the inner wall being lost and also prevents excess water from damaging the walls.(Bowker 2011)
It appears that only the hoof wall corium, including the bars, which have laminae to distribute tubules. The solar corium does not appear to produce the sole epidermis, but these tubules grow out and forward from the bars. (Bowker 2011) The solar corium(dermis) is thick and consisting of collagen, quite rubbery, elastic material which aids in energy dissipation. 

The study on sole depth and weight bearing carried out by Brian Hampson & Co on Australian brumbies of different environments shows dermal, as with the epidermal sole is not uniform in thickness, but is thicker around the periphery of the sole than it is towards the centre. Mean sole epidermal depth also increased from the dorsal to the palmer foot. (Hampson Connelley de Laat Mills & Pollitt n.d.) On hard, rocky ‘substrate’, the peripheral sole has been shown to be level with the walls. It is actively weightbearing in a healthy hoof and a much greater area of the sole and frog share the load than hooves of horses on conforming or soft footing. This whole distal surface weightbearing is backed up by Bowker’s data which indicates that only 5-20% of the load is placed on the hoof walls(Bowker/Jackson 2009, p.6) The sole is also thicker on feral horses living on hard substrate than that of ‘Good’ footed horses living in softer environments. This implies that ‘biomechanical feedback mechanisms’ are in effect, causing the rate of growth to correspond to the rate of wear.(Hampson Connelley de Laat Mills & Pollitt n.d.)

Constitution and Implications 

of a ‘Bad’ Hoof
The caudal hoof of a large proportion of domestic horses is not well developed and/or is damaged due to inefficient function and shock absorbing capacity. While the caudal part of a ‘good’ foot is at a ratio 2:1 to the length of the distal phalanx, ‘Bad’ feet generally have a ratio closer to 3:1  

It appears there are two major factors which contribute to this state. The first is little stimulation/exercise, which is necessary to provide good circulation and build the hooves well. Horses who spend the vast majority of their lives living either in stalls or soft, cushy pasture with little exercise will not develop the strong, fibrocartilaginous digital cushion. The second is incorrect function and too great degree of shock when the horse is exercised. 

The second factor above may be solely related to the first; due to lack of development and associated sensitivity in the rear of the hoof, the horse makes toe first impacts, which does not provide for good function and circulation for further developing the caudal hoof. This toe first impact also means the shock absorbing capacity of the hoof is greatly inhibited and the mechanical and vibrational stresses on joints, tendons, bones and other tissue are greater.

Incorrect function may also directly result from laminitis, incorrect or insufficient hoof trimming, lack of support and weight distribution under the hoof and from shoes, particularly metal rims. Given the general acceptance of the ‘lamellar sling’ theory, peripheral loading and conventional shoeing which provides protection to the base of the walls without consideration of protection or support for the rest of the distal surface of the hoof is an extremely prevalent cause of problems. 

Even well trimmed barefoot or booted horses can suffer the effects of peripheral loading if worked too much on hard, flat surfaces without support for the base of the hoof, as the majority of the sole is not supported. However shod horses additionally have the great vibrational damage due to the metal hitting the hard surface. Also when shod, the horse has reduced circulation in his feet and therefore it seems less feeling, so he will frequently blunder over damaging surfaces without feeling the damage done. (Bowker 2011)

Lateral cartilages in ‘Bad’ footed horses, especially those diagnosed with ‘navicular disease’ tend to be very thin and flimsy, lacking most or all of the horizontal section. They are unable to support the horse or provide effective energy dissipation. The entire caudal hoof tends to have reduced vasculature compared to a ‘Good’ hoof and in regards to the lateral cartilages, this vascualture is also predominantly running alongside the lateral cartilages rather than encased inside them, as in a healthy hoof. Lateral cartilages also lack veno veno anastamoses.
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a) Unhealthy caudal hoof showing thin lateral cartilages with blood vessels running axially to cartilage. Similar composition & Structure to an immature hoof. (Bowker n.d.)

b) Lateral cartilage with vein running beside, lacking anastamoses(Lavender 2011)

Lateral cartilages when damaged become invaded by capiliaries which begin to ossify the cartilage. This ossification can be seen as ‘tide marks’ of calcified tissue. In humans three to four ‘tidemarks’ are considered to be clinical signs of osteoarthritis. Nine or more tidemarks are commonly seen in ‘navicular’ horses. (Bowker 2011)  When lateral cartilages ossify this is known as ‘sidebone’. However, according to Dr Rooney, gradual ossification is considered normal and it is only considered sidebone when ossification progresses quickly or at a young age. (Rooney 1998, p.129) 
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‘Sidebone’ ossification of the lateral cartilages. 

Also evidence of severe osteoporotic distal phalanx

(Butler Colles Dyson Kold & Poulos 1999, p.51)
Digital cushions in old domestic horses have been commonly found to be little different in constitution to immature healthy horses who have yet to develop fibrocartilage. That is, the digital cushions comprise of soft, fatty tissue and little else. This tissue has little capacity for absorbing shock and protecting/supporting the other structures. As explained above, this may be due to complete lack of development or damage due to incorrect function and vibration levels through the hoof. Chondropulminvale ligaments remain in fine threads or sheets of tissue in damaged feet, providing no strong base structure to the caudal hoof.(Bowker 2011)

The frog may be contracted and atrophied, being narrow, soft and rubbery with infection present in the closed central sulcii and the lateral sulcii. There is reduced capacity for stimulating circulation and may be nerve damage.
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Two examples of dysfunctioning frogs with serious infection present, further inhibiting function and healthy growth. (Lavender 2004, 2009)

Bone density and development
Bone development may be damaged or inhibited by excessive force or imbalance to young, growing bones(Epiphysitis). This can be seen mostly in hard working youngsters such as racehorses and QH futurities. While the epiphyseal (growth) plates of the first and second phalanxes ‘close’ by around one year of age, the third metacarpal plates may not close until around one and a half years. (Bennett 2008, p.16) (Rooney 1998, p.42)  
Osteoblasts lay down bone in areas, while osteoclasts remove bone tissue from areas that loading and balance tell the body it’s not needed. Inhibited circulation and therefore perfusion also contributes to bone loss. Lack of weightbearing to the distal phalanx, due to peripheral loading for eg, leads to P3 becoming erroded and porous. The distal border may be jagged with many holes. The surface of the bone loses it’s periosteum layer and the bone becomes lighter. This is so commonly seen in domestic specimens that it is considered normal. It does not appear that age, breed or weight are contributing factors. (Bowker & Jackson 2009, p.7)  In any other animal and in any other bone in the horse’s body, this porous bone state is known as ‘osteoporosis’. It is only labled as ‘osteitis’ when the horse exhibits clinical symptoms, such as lameness or fractures to the distal phalanx.

[image: image17.wmf]
Bone loss of P3 indicated by radio-opaqueness. (Weaver, Barakzai 2010, p.33)

The distal phalanx may be displaced cranial/caudally, medial/laterally, and/or ‘sunk’ to a lower position in relation to the epidermal capsule, with the coronary border significantly higher than the extensor processes. Reduction of circulation through the hoof leads to P3 bone loss(Fischer n.d. p.12), with the surface losing it’s layer of pereosteum and particuarly the distal edge becoming rough and jagged. Peripheral loading, which inhibits circulation through the coronary artery or other dysfunctional support such as medial lateral imbalance leads to osteoclasts causing bone loss in some areas and osteoblasts laying down bone in other areas in order to adapt. In chronic laminitic cases, bone may be lost at the anterior distal tip of P3, but osteoblasts may also produce an addition of a ‘ski tip’.
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‘Ski tip’ ossification on a laminitic. Also showing ‘rotation’. (Farrow 2006, p.41)

Bone ‘spurs’ and ossification may happen on the palmer processes of P3, ligaments, the distal sesamoid and on other phalanges and joints further up the limb. When effecting bones it can be articular - on/in the joint - or nonarticular – on the surface of the bones.(Rooney 1998, p. 106, 107)
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Examples of a) non-articulate and b) articulate ‘ringbone’ or arthrosis of the fetlock

(Farrow 2006, p.80, 81)

‘Navicular disease’ is arthrosis of the fibrocartilage on the dorsal surface of the distal sesamoid.(Rooney 1998, p.113)  In cases of navicular disease, the distal phalanx can be very porous and 2/3 lighter than a ‘good’ specimen.(Bowker 2011) The distal sesamoid may have ‘spurs’ of ossification to the attached ligaments, due to hoof form forcing it into load bearing and a reduction of blood supply. Unfortunately radiographs can only show the chronic results of the ‘disease’, while it is actually a disorder of the entire caudal region of the hoof and soft tissue damage has been going on long before this is evident.(Bowker 2011) It has been erronously held that vasculature channels in the distal sesamoid enlarge and change shape in the early stages, but postmortems have shown no correlation of this. Rooney states that it is an incureable disorder and that claims of ‘cures’ only reflect incorrect diagnosis. (Rooney 1998, p. 115, 119) 

Dermis and epidermis
Weaker walls and deviations of growth from coronary border to ground surface in the form of flares, cracks and rings may be present. The walls may also be significantly overgrown in relation to the sole plane. 

Wall length of ‘Bad’ footed horses, particularly when shod are usually substantially longer, indicating ‘distal descent’. Alternatively this could be, perhaps more accurately, interpreted as the hoof walls, due to loadbearing forces are raised  higher around the second phalanx. Shod horses display this effect to varying degrees, but it appears to be virtually universal among them, at least based studies of endurance and show horses.(McLaughlin 2010) Distal descent, resulting in the distal interphalangeal joint sitting inside the hoof capsule therefore reduces the movement of this joint. This shows one clear form of damage resulting from peripherally loading the hoof to allow the walls to be the primary support.
Flaring and laminitis in the hoof walls allow infection to enter the hoof capsule. Lack of circulation and blood supply, along with damage to the lamellar connection also lead to less nutrients as well as new cells being distributed to the growing inner hoof wall. This leads to the walls becoming thinner and weaker, cracking and becoming ‘shelly’.
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Photo of a horse with serious toe crack and ‘seedy toe’ infection (pre trim).(Lavender 2011)
Epidermal soles are thinner and flatter. In the Hampson study on sole thickness and weight bearing, one group in the study were ‘managed’ horses. These horses had substantially thinner soles than ‘hard substrate’ feral hooves. Also consistently thinner soles than ‘soft substrate’ feral hooves.( Hampson Connelley de Laat Mills & Pollitt n.d)  
Interestingly, the above study also found that soft substrate feral horses had a prominent arch to their quarters, whereas hard substrate feral hooves had little to no noticable arch and the distal surface of the wall was rather flat from dorsal to palmer(front to back) sections. Soft substrate horses had the smallest sole bearing area *on hard, flat surfaces*(mean bearing surface for hard substrate hooves was 184% higher), tending toward a ‘3 point’ pattern.( Hampson Connelley de Laat Mills & Pollitt n.d) That further suggests peripheral loading is not what horse's hooves 'want'.
The sole is often very thin at the toe and heels may be high, especially in animals suffering from laminitis, when horn growth tends to grow ‘fast forward’. There may be a thickening of tubular material, known as ‘lamellar wedge’, particularly at the toe, particularly in horses with ‘rotation’ of the distal phalanx. This effect gives the impression of a hoof being ‘longer’ with the length of the frog being less than 2/3 the length of the foot.  The laminae are unevenly spaced, with more, longer and more fragile primary epidermal laminae present in areas of higher stress or damage. The sole corium can also become very thin and lacking in colagen so therefore inelastic.
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Flat soled horse(same one as above post trim) (Lavender 2011)
Blood vessels throughout the hoof, as already discussed, are fewer in ‘Bad’ hoofed horses. The lack of tiny anastamoses also means that due to lack of resistance, blood pressure is greater. The circumflex artery which runs just outside the distal border of P3 is actually squeezed under the border of the bone in contracted and shod hooves because the sole is squeezed upwards at the periphery as illustrated in my diagram below.
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Diagram showing position of circumflex artery of shod horse. 

Also shows periphery of sole curled up due to contraction.(Lavender 2011)

Coronary arteries are compressed when the hoof is peripherally loaded, which reduces circulation for perfusion and shock absorbtion. It also inhibits feeling and thermoregulation within the foot. (Bowe 2011)

The coronary corium and laminae of shod horses, particularly those with longer hoof capsules(and assumed distal descent) are actually much higher in temerature (around 9C increase) after exercise compared to bare or booted healthy hooves (around 2C increase). The temperature pattern is also more uniformly hot throughout the hoof wall, compared to distinct bands of temerature change seen in healthy feet. This temerature increase suggests lack of energy dissipation and inflammation throughout the coronary and lamellar coriums. (McLaughlin & Easycare 2011, p.3, 5, 7)  
Neurosensory Aspects of the Hoof.
The frog and sole corium are full of sensory nerves, which allow for the horse to feel his feet and sense how to place his feet in order to move over any terrain without damage. This is known as ‘proprioception’. In addition these sensory nerves aid circulation. Therefore it is not at all necessarily a bad sign when a horse slows down when about to move across hard/rough surfaces, when a horse minces across rough going or when they take an ‘ouchy’ step or few when treading on a sharp rock. They are not necessarily doing it because of damage to their feet, but in order to avoid damage. (Bowker 2011)

Lack of circulation, frog being atrophied or severely damaged by trimming, thrush or chemicals can damage or kill nerve cells. In addition, the entire hoof being damaged by the high frequency vibrations (which in a shod horse can exceed that of a jackhammer), also causes damage to nerves. This effects the neurosensory ability of the hoof and therefore the biomechanical feedback mechanism. The horse can therefore no longer feel his feet, or feeling is inhibited and changed to such a degree that he may not feel damage that is being done. Eg. a shod horse will happily blunder over any surface without hesitation. They are not necessarily doing it because their feet are sound and strong enough to cope with it. (Bowker 2011)

Conclusion

Environmental Causes of Effect; Management Implications
I have discussed the evolutionary and modern structure and development of the natural horse. I have gone on to explain both the composition and function of the parts of a healthy ‘Good’ hoof and the differences in an unhealthy ‘Bad’ hoof. In explaining the differences in function, due to environment and management theories and practices I have endeavored to explain how the hoof morphs into these different forms. 

It has been shown how factors such as too little movement, soft ground, imbalance and shoeing effect the lower limbs of the horse. Conventional practice of loading the hoof walls not only inhibits hoof function, circulation and causes distal descent, but due to those factors it also prevents the hoof from adapting to it’s environment effectively. So these practices are all contraindicative in producing a sound, healthy ‘Good’ hoof. 

In addition to the above which has been covered in this essay, diet is another major factor that has not been discussed. This is yet another environmental factor. I have also not discussed the possibilities and practices of changes in management in order to bring about changes from ‘Bad’ hooves to ‘Good’, but to a large degree, from my experiences and other’s case studies this has certainly been shown to be possible. This demonstrates another reason for the hypothesis that it is external stimuli rather than genetic or innate characteristics that are the main causal factors in the differences between ‘Good’ and ‘Bad’ hooves. Obviously these subjects are also very important points to study.
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Feet of the same horse; a) around four years old shod  b) same age, newly deshod and trimmed  c) around seven years old, given more natural management; good trimming, diet, free movement with lots of exercise over firm but conformable surfaces(trails through rocky country) (Lavender 2004)
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