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Foreword
Veterinarians, farriers, owners and all others 
employed in the equine industry in New Zealand 
recognise the significant negative impacts of laminitis 
on both animal welfare and economic returns.

There is much misinformation and a shortage of up to 
date information available for those dealing directly 
with this debilitating disease process.

The aim of this booklet is to provide a go-to resource 
for people involved at all levels in the equine industry. 
One might argue that a small booklet can never be 
everything to everyone or provide answers for all 
questions pertaining to a vast topic such as laminitis, 
but as a veterinarian directly involved in the daily chores 
of equine practice, it is clear that a central resource 
as a starting point for discussion and rational therapy, 
in the face of such a devastating and misunderstood 
disease, is in order.

With this booklet, the New Zealand Equine Research 
Foundation hopes to provide a deeper understanding 
and a more rational approach to the many aspects of 
a chameleon-like disease such as laminitis.

We are grateful to Professor Pollitt and his team of 
researchers for not just their ground-breaking efforts 
in research, but also for making information available 
to us to publish, for the benefit of all in the New 
Zealand equine industry.

Noel Power MVB. 
July, 2019

STOP PRESS! 
At the end of our booklet the reader will find two updated articles in unabridged 
form from Dr Pollitt. Although there is some technical content in the articles we 
feel that there is an opportunity for readers of all backgrounds to benefit from 
information direct from the horse’s mouth as it were!

FOREWORD
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1. THE PROBLEM OF LAMINITIS
Introduction
In the normal horse or pony the distal phalanx (coffin or pedal bone) is attached to 
the inside of the hoof by a tough, but flexible, suspensory apparatus. The surface of 
the inner hoof wall is folded into leaf-like lamellae (laminae) to increase the surface 
area of this suspensory apparatus. A horse has laminitis when these lamellae 
suddenly fail. Without the distal phalanx properly attached to the inside of the 
hoof, the weight of the horse and the forces of locomotion drive the bone down 
into the hoof capsule. Important arteries and veins are sheared and crushed and 
the blood supply of the coronet and sole is damaged. There is unrelenting pain in 
the feet and a characteristic lameness.

Early clinical signs of laminitis include shifting weight from one foot to the other, 
high hoof temperatures for a prolonged time and bounding pulses in the digital 
arteries. A pain response elicited by hoof tester pressure may not always be present, 
nor marked lameness during a trot-out. After the development of more extensive 
lamellar pathology, foot pain increases and its severity is proportional to the extent 
of displacement of the distal phalanx within the hoof capsule. A characteristic 
stance and gait is adopted by the horse to minimize the pain in its feet (Figure 1-1). 
Chronic laminitis is marked by persistent lameness and anatomical disintegration 
of the hoof that includes changes to the coronary band, the development of a 
dropped sole and deformed hoof growth.

Formulating an effective management plan for a horse with laminitis is one of the 
most difficult tasks a horse owner can be confronted with. The owner, in consultation 
with a veterinary clinician and farrier, will have to decide if the investment of money, 
time and energy is worthwhile keeping in mind the pain that the horse must endure 
during the process. Severe damage to the internal anatomy of the hoof occurs, out 
of sight, within the space of a few hours and the severity and extent of this initial 
damage is the single most important factor influencing the final outcome.

CHAPTER 1
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Figure 11 The gait of a horse with severe laminitis. 
When a horse develops laminitis the front feet are usually the most severely affected. It is extremely painful for the 
horse to load the toes of the front feet.  
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Figure 1-1 The gait of 
a horse with severe 
laminitis.
When a horse develops 
laminitis the front feet are 
usually the most severely 
affected. It is extremely 
painful for the horse to 
load the toes of the front 
feet.

2. ANATOMY AND FUNCTION 
OF THE HORSE’S FOOT
Foot structure and function
Some knowledge of the structure and function of the 
normal horse’s foot is necessary in order to understand the 
complexities of equine laminitis.

The Horse’s Foot
The horse’s terminal finger bone (or toe bone in the rear 
limbs) is called the distal phalanx and is encased in a tough, 
horny capsule, the equivalent of our fingernail (Figure 2-1). 
It is more precise to say that the horse makes contact 
with the ground standing on just four modified finger (or 
toe) nails. This characteristic makes the soliped (single-
toed) horse (and the other Equidae) unique in the animal 
kingdom. The tough, hoof capsule protects the softer, 
more sensitive, structures within and allows the horse to 
gallop over dry, rocky terrain (just like we can if our feet are 
protected in a tough leather or rubber outer casing).
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Having single digits, encased in tough hooves, on the end of relatively lightweight 
limbs, has undoubtedly bestowed speed and versatility to horses. However, 
this ability comes at a price. Immobility and crippling result if the attachment 
mechanism, between the hoof lamellae and the distal phalanx, fails. Considerable 
selection pressure against laminitis must exist among wild equids, as a foundered 
animal would quickly attract the attention of predators. In fact, it can be argued 
that laminitis is a disease resulting from the association of horses and humans, as 
it is commonly the artificial environment under which horses are kept that results 
in the development of the disease. This applies not only to the starch laden grains 
but also to carbohydrate rich pastures, selected to maximize sheep and cattle 
production, that our horses consume.

Figure 2-1 The three bones of 
the digit are viewed obliquely 
from the dorsal surface. 
The proximal phalanx (long 
pastern bone) forms two 
articulations. Above, it 
articulates with the third 
metacarpal bone (cannon 
bone) and the paired 
proximal sesamoid bones 
to form the highmotion 
metacarpophalangeal joint 
(fetlock joint) and below it 
articulates with the middle 
phalanx (short pastern bone) to 
form the lowmotion proximal 
interphalangeal joint (pastern 
joint). The middle phalanx 
articulates below with the 
distal phalanx (coffin bone) 
and the distal sesamoid 
(navicular bone) to form the 
distal interphalangeal or coffin 
joint. TMB = third metacarpal 
bone, PS = proximal sesamoid 
bones, PP = proximal phalanx, 
MP = middle phalanx, DP = 
distal phalanx, EP = extensor 
process, C = cartilage of distal 
phalanx.

 
 
Figure 21 The three bones of the digit are viewed obliquely from the dorsal surface. 
The proximal phalanx (long pastern bone) forms two articulations. Above, it articulates with the third metacarpal bone 
(cannon bone) and the paired proximal sesamoid bones to form the highmotion metacarpophalangeal joint (fetlock 
joint) and below it articulates with the middle phalanx (short pastern bone) to form the lowmotion proximal 
interphalangeal joint (pastern joint). The middle phalanx articulates below with the distal phalanx (coffin bone) and 
the distal sesamoid (navicular bone) to form the distal interphalangeal or coffin joint. TMB = third metacarpal bone, 
PS = proximal sesamoid bones, PP = proximal phalanx, MP = middle phalanx, DP = distal phalanx, EP = extensor 
process, C = cartilage of distal phalanx. 
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Figure 22 Diagram of a sagittal section of the horse’s foot. 
The lamellar hoof of the inner hoof wall is attached via connective tissue to the dorsal surface of the distal phalanx.  
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Figure 2-2 Diagram of a sagittal section of the horse’s foot.
The lamellar hoof of the inner hoof wall is attached via connective 
tissue to the dorsal surface of the distal phalanx.

 
 
Figure 23 Diagram of the anatomy of the hoof wall. 
Tubular and intertubular hoof wall is formed at the top of the hoof by the constant proliferation of the epidermal basal 
cells of the coronary band. The surface area of the inner hoof wall is expanded by the provision of 550600 epidermal 
lamellae. The dermal lamellae interdigitate with the epidermal lamellae and are firmly attached to each other. The 
tough connective tissue of the dermal lamellae attaches to the periostium of the distal phalanx and thus suspends the 
distal phalanx to the inside of the hoof wall. 
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Figure 2-3 Diagram of the 
anatomy of the hoof wall.
Tubular and intertubular hoof 
wall is formed at the top of 
the hoof by the constant 
proliferation of the epidermal 
basal cells of the coronary 
band. The surface area of the 
inner hoof wall is expanded 
by the provision of 550600 
epidermal lamellae. The 
dermal lamellae interdigitate 
with the epidermal lamellae 
and are firmly attached to each 
other. The tough connective 
tissue of the dermal lamellae 
attaches to the periostium of 
the distal phalanx and thus 
suspends the distal phalanx to 
the inside of the hoof wall.
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Figure 24 Diagram of the key structures of the hoof lamellardistal phalanx attachment 
apparatus . 
The lamellae of the inner hoof wall interdigitate with dermal lamellae at the basement membrane 
zone. Connective tissue attaches the distal phalanx (P3) to the inner surface of the basement 
membrane. The basement membrane is shown artificially detached to reveal the living basal cells of the secondary 
epidermal lamellae beneath (Pollitt 2004).  
 
 
Lamellar Anatomy 
 
The lamellae of the inner hoof wall 
The innermost layer of the hoof wall and bars of horses and ponies is named the lamellar layer 
after the 550600 epidermal lamellae (primary epidermal lamellae) that project from its surface 
in parallel rows (Figures 23, 24, 25). 
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Figure 2-4 Diagram of 
the key structures of the 
hoof lamellardistal phalanx 
attachment apparatus.
The lamellae of the inner 
hoof wall interdigitate with 
dermal lamellae at the 
basement membrane zone. 
Connective tissue attaches 
the distal phalanx (P3) to the 
inner surface of the basement 
membrane. The basement 
membrane is shown artificially 
detached to reveal the living 
basal cells of the secondary 
epidermal lamellae beneath 
(Pollitt 2004).

Lamellar Anatomy
The Lamellae of the Inner Hoof Wall
The innermost layer of the hoof wall and bars of 
horses and ponies is named the lamellar layer after 
the 550 - 600 epidermal lamellae (primary epidermal 
lamellae) that project from its surface in parallel rows 
(Figures 2-3, 2-4, 2-5).

.

 
 
Figure 25 Hoof with its contents removed to show the lamellae of the inner hoof wall. 
This pigmented hoof capsule, shown with the contents removed, has a portion of the wall cut away to show the inner 
structures the hoof capsule. 
 
 
The basement membrane 
At the interface of the lamellar epidermis and dermis is a tough, unbroken sheet of connective 
tissue called the basement membrane (Figure 26).This key structure is the bridge attaching the 
basal cells of the lamellar hoof epidermis on one side and the tough connective tissue on the 
upper surface of the distal phalanx on the other (Pollitt 1994). 
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Figure 2-5 Hoof with its contents removed to show the lamellae 
of the inner hoof wall.
This pigmented hoof capsule, shown with the contents removed, 
has a portion of the wall cut away to show the inner structures the 
hoof capsule.

CHAPTER 2
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The Basement Membrane
At the interface of the lamellar epidermis and dermis is a tough, unbroken sheet of 
connective tissue called the basement membrane (Figure 2-6). This key structure 
is the bridge attaching the basal cells of the lamellar hoof epidermis on one side 
and the tough connective tissue on the upper surface of the distal phalanx on the 
other (Pollitt 1994).

 
 
Figure 26  The basement membrane at the dermoepidermal junction. 
At the interface of the lamellar epidermis and dermis is the basement membrane (BM), a tough, 
unbroken sheet of connective tissue that bridges the basal cells of the secondary lamellae (SELs) on one side and 
the tough connective tissue of the secondary dermal lamellae (SDLs) on the other. The dermal connective tissue of 
the SDLs is ultimately embedded on the surface of the distal phalanx. Diagram design: Chris Pollitt. Art: John 
McDougall 
 
 
 
 
Hoof wall growth 
The hoof wall grows throughout the life of the horse. Continual regeneration of the hoof wall 
occurs at the coronary band where epidermal basal cells undergo mitosis, producing 
populations of daughter cells that mature, keratinise and harden, continually adding to the hoof 
wall at the coronet (Figure 27). This is to make good the continual loss of hoof wall occurring at 
the ground surface. The primary epidermal lamellae are part of the hoof wall and grow 
downwards with it. The keratinized axis of each primary lamella slides past the cells of the 
secondary epidermal lamellae that do not move because of their commitment to suspending the 
distal phalanx. The basal cells of the lamellae must remain attached to their underlying 
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Figure 2-6 The basement membrane at the dermoepidermal junction.
At the interface of the lamellar epidermis and dermis is the basement 
membrane (BM), a tough, unbroken sheet of connective tissue that 
bridges the basal cells of the secondary lamellae (SELs) on one side 
and the tough connective tissue of the secondary dermal lamellae 
(SDLs) on the other. The dermal connective tissue of the SDLs is 
ultimately embedded on the surface of the distal phalanx.  
Diagram design: Chris Pollitt.  
Art: John McDougall
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Hoof Wall Growth
The hoof wall grows throughout the life of the horse. Continual regeneration of 
the hoof wall occurs at the coronary band where epidermal basal cells undergo 
mitosis, producing populations of daughter cells that mature, keratinise and 
harden, continually adding to the hoof wall at the coronet (Figure 2-7). This is to 
make good the continual loss of hoof wall occurring at the ground surface. The 
primary epidermal lamellae are part of the hoof wall and grow downwards with it. 
The keratinized axis of each primary lamella slides past the cells of the secondary 
epidermal lamellae that do not move because of their commitment to suspending 
the distal phalanx. The basal cells of the lamellae must remain attached to their 
underlying basement membrane if the hoof distal phalanx attachment mechanism 
is to function properly.

basement membrane if the hoof distal phalanx attachment mechanism is to function properly. 
  
 

 
 
Figure 27 Diagram of hoof wall growth. 
The hoof wall grows throughout the life of the horse. At the ground surface the distal rim of the wall is lost to wear and 
abrasion or, if the horse is shod, by periodic removal by a farrier. Continual loss requires continual regeneration and 
this occurs at the coronary band where the epidermal germinal cells produce populations of new cells which, as they 
mature, are added to the proximal hoof wall.  
IHW = inner hoof wall. PEL = primary epidermal lamella. SEL = secondary epidermal lamella. 
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Figure 2-7 Diagram of hoof 
wall growth.
The hoof wall grows 
throughout the life of the 
horse. At the ground surface 
the distal rim of the wall is 
lost to wear and abrasion or, if 
the horse is shod, by periodic 
removal by a farrier. Continual 
loss requires continual 
regeneration and this occurs 
at the coronary band where 
the epidermal germinal cells 
produce populations of new 
cells which, as they mature, are 
added to the proximal hoof 
wall.

IHW = inner hoof wall. PEL = 
primary epidermal lamella. 
SEL = secondary epidermal  
lamella.

CHAPTER 2
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3. THE PHASES OF LAMINITIS
The Developmental Phase
A 30 - 40 hour developmental phase, during which lamellar separation is triggered, 
precedes the appearance of the foot pain of laminitis. During the developmental 
phase, and prior to the clinical appearance of foot pain, the horse or pony 
usually experiences a problem with one or more of the following organ systems: 
gastrointestinal, respiratory, reproductive, renal, endocrine, musculoskeletal, 
integumentary and immune. The exact nature of the laminitis trigger factors, 
apparently reaching the lamellar tissues via the circulation, has yet to be fully 
elucidated.

The Acute Phase
The developmental phase merges into the acute phase of laminitis when the first 
signs of foot pain appear. The acute phase lasts from the onset of clinical foot pain 
and lameness at the walk and trot, to the time when there is clinical evidence of 
displacement of the distal phalanx within the hoof capsule. Some fortunate horses 
experience the foot pain of acute laminitis, but do not develop distal phalanx 
displacement and appear to make a complete recovery (Figure 3-1).

The Chronic Phase
After the acute phase, if the horse does not die from the disease process 
inciting the development of laminitis, it will develop some degree of downward 
displacement of the distal phalanx within the hoof capsule, the hallmark of chronic 
laminitis. Early displacement of the distal phalanx within the hoof capsule can be 
detected with good quality radiographs. The chronic phase can last indefinitely 
with clinical signs ranging from persistent, mild lameness, continued severe foot 
pain, further degeneration of lamellar attachments, to penetration of the sole of 
the hoof by the distal phalanx, recumbency, hoof wall deformation, osteomyelitis 
of the distal phalanx and even sloughing of the hooves (Figure 3-2, 3-3). With 
increasing chronicity, the hoof wall and the distal phalanx lose their normal parallel 
arrangement and become increasingly separated by a wedge of keratinised 
material called the lamellar wedge. The distal phalanx rotates and is no longer in 
line with the proximal and middle phalanges (the long and short pastern bones).
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Figure 31 A horse with acute laminitis shifting weight from one foot to the other. 
Laminitis usually affects the forefeet more severely than the hind; presumably because the 
forequarters carry a greater proportion of the horse’s weight (about 65%). Often the hind feet appear to be spared 
completely. The shifting weight behaviour of horses with laminitis is undoubtedly performed to relieve pain. The 
common explanation is that when the pain in one foot becomes unbearable the foot is lifted off the ground. Pain then 
mounts in the weightbearing foot until the horse feels compelled to relieve it by shifting weight to the other foot. 
 
 
During the developmental phase, the specific problems of the horse often have to be attended 
to urgently (e.g. colitis, retained placenta, pleuropneumonia and rhabdomyolysis). By the time 
foot pain is apparent, lamellar pathology is underway. In other words, foot pain is the clinical 
sign that lamellar disintegration is occurring. 
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Figure 3-1 A horse with acute 
laminitis shifting weight from 
one foot to the other.

Laminitis usually affects the 
forefeet more severely than 
the hind; presumably because 
the forequarters carry a greater 
proportion of the horse’s 
weight (about 65%). Often 
the hind feet appear to be 
spared completely. The shifting 
weight behaviour of horses 
with laminitis is undoubtedly 
performed to relieve pain. 
The common explanation is 
that when the pain in one foot 
becomes unbearable the foot 
is lifted off the ground. Pain 
then mounts in the weight-
bearing foot until the horse 
feels compelled to relieve it 
by shifting weight to the other 
foot.

During the developmental phase, the specific problems of the horse often have 
to be attended to urgently (e.g. colitis, retained placenta, pleuropneumonia and 
rhabdomyolysis). By the time foot pain is apparent, lamellar pathology is underway. 
In other words, foot pain is the clinical sign that lamellar disintegration is occurring.

Figure 3-2 Prolapse of the 
distal phalanx through the 

sole of the foot.
After giving birth to her foal 

this 17 hand Warmblood 
mare failed to pass the foetal 

membranes and developed 
acute severe metritis (infection 

of the uterus). Two days of 
septicaemia and fever followed 

and the mare then began 
to show the clinical signs of 
laminitis. Within 20 days the 
tip of the third phalanx was 

protruding through the sole of 
the foot.

 
 
Figure 32 Prolapse of the distal phalanx through the sole of the foot. 
After giving birth to her foal this 17hand Warmblood mare failed to pass the foetal membranes and developed acute 
severe metritis (infection of the uterus). Two days of septicaemia and fever followed and the mare then began to 
show the clinical signs of laminitis. Within 20 days the tip of the third phalanx was protruding through the sole of the 
foot.  
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Figure 33 Sagittal section of a foot with severe chronic laminitis and a large lamellar wedge. 
A feeding mistake caused this 2year old Thoroughbred racehorse to founder. The attachment 
between the distal phalanx (DP) and the dorsal hoof wall (DHW) has failed and hoof and bone are now widely 
separated (compare with Fig 2.2). The dotted yellow line shows the original position of the distal phalanx. The solid 
black line shows that the distal phalanx has rotated (in the direction of the curved black arrow) off the normally 
straight axis of the proximal and middle phalanges. The descent of the unattached distal phalanx into the hoof 
capsule has distorted the growth of the proximal hoof wall tubules and caused the sole to become convex instead of 
concave (dropped sole). Two dark haemorrhagic zones (white arrows) show the sites of greatest pressure and 
trauma. 
 
 
 
The Obel grades of lameness 
In 1948, the pioneering Swedish veterinarian Nils Obel graded the lameness associated with 
overt laminitis according to its clinical severity (Obel 1948). Horses with  Obel grade I laminitis 
shift weight from one foot to the other , but will move relatively freely. With  Obel grade II 
laminitis, the lameness is more obvious , especially when turning, and the gait is stilted and 
shuffling. One foot can be lifted without causing extreme discomfort in the contralateral foot. In 
Obel grade III laminitis, the horse is reluctant to move  and resists any attempt to lift a foot 
because of the pain this will induce in the contralateral foot. Obel grade IV laminitis is the most 
severe grade and the horse is immobile and often recumbent. There is a good correlation 
between Obel grade lameness and the severity of lamellar histopathology.  
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Figure 3-3 Sagittal section 
of a foot with severe chronic 
laminitis and a large lamellar 
wedge.
A feeding mistake caused 
this 2 year old Thoroughbred 
racehorse to founder. The 
attachment between the distal 
phalanx (DP) and the dorsal 
hoof wall (DHW) has failed and 
hoof and bone are now widely 
separated (compare with 
Fig 2-2). The dotted yellow line 
shows the original position of 
the distal phalanx. The solid 
black line shows that the distal 
phalanx has rotated (in the 
direction of the curved black 
arrow) off the normally straight 
axis of the proximal and middle 
phalanges. The descent of the 
unattached distal phalanx into 
the hoof capsule has distorted 
the growth of the proximal 
hoof wall tubules and caused 
the sole to become convex 
instead of concave (dropped 
sole). Two dark haemorrhagic 
zones (white arrows) show the 
sites of greatest pressure and 
trauma.

The Obel Grades of Lameness
In 1948, the pioneering Swedish veterinarian Nils Obel 
graded the lameness associated with overt laminitis 
according to its clinical severity (Obel 1948). Horses 
with Obel grade I laminitis shift weight from one 
foot to the other, but will move relatively freely. With 
Obel grade II laminitis, the lameness is more obvious, 
especially when turning, and the gait is stilted and 
shuffling. One foot can be lifted without causing 
extreme discomfort in the contralateral foot. In Obel 
grade III laminitis, the horse is reluctant to move and 
resists any attempt to lift a foot because of the pain 
this will induce in the contralateral foot. Obel grade 
IV laminitis is the most severe grade and the horse 
is immobile and often recumbent. There is a good 
correlation between Obel grade lameness and the 
severity of lamellar histopathology.
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4. WHAT TRIGGERS LAMINITIS?
Laminitis is a Sequel to an Event Remote from the Foot
Laminitis can result from a variety of seemingly unrelated pathological (ie tissue 
damaging) events occurring elsewhere in the body. However, most often, the 
pathology involves the gastrointestinal tract. Excess consumption of grain 
or carbohydrate rich pasture, duodenitis/proximal jejunitis (small intestinal 
inflammation), colitis (large intestinal inflammation), and acute febrile diarrhoea 
can all precipitate laminitis. Nongastrointestinal causes such as retained placenta, 
septic metritis (uterine infection), pneumonia/ pleuritis can also cause laminitis 
and have septicaemia and endotoxemia in common. Horses that severely “tieup” 
(develop severe muscle breakdown known to vets as Rhabdomyolysis) may also 
develop laminitis, for reasons that are currently unexplained. Alimentary (intestinal) 
carbohydrate overload laminitis, commonly called “grain founder,” has become 
one of the better understood mechanisms of laminitis.

Grass Founder
Ponies, and occasionally horses, will develop laminitis or “grass founder” while 
grazing on pasture.

Under certain climate conditions, a soluble sugar called fructan may reach very high 
concentrations in the stem of grass (up to 50% dry matter). When consumed, fructan 
(or oligofructose) is rapidly fermented by hindgut microorganisms, triggering a 
gastrointestinal disturbance that somehow leads to laminitis. Mammals have no 
enzyme to digest fructan, so when consumed it passes undigested into the caecum 
where it undergoes rapid microbial fermentation causing a population explosion of 
hindgut streptococci.

Pony breeds, having evolved metabolic adaptations for survival in harsh, low 
nutrient environments, are particularly prone to laminitis, if given unrestricted 
access to cultivated pasture.

Grain Founder
In field cases, grain founder occurs following the consumption of excessive amounts 
of grain, either from accidental access by the horse or by a misguided, intentional, 
dietary increase by its keeper. Although the amount of grain required to induce 
laminitis varies between individuals, the consumption of 58 kg of wheat grain by 
the average 400 - 450kg horse causes faecal acidity (pH 4-5 instead of the normal 
6.8 to 7.5), lactic acidemia, profuse watery diarrhoea and fever, all of which are 
associated with laminitis.

CHAPTER 4
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The likelihood of laminitis following grain consumption correlates directly with the 
starch content of the grain, the amount which passes undigested to the hindgut 
and the rate at which the undigested carbohydrate is fermented. The type of grain 
and the manner in which it is processed in the stomach and small intestine are 
also important in determining the amount of starch that passes undigested to the 
hindgut. Grains such as wheat, sorghum, corn and barley are considered to be 
most dangerous with respect to the risk of laminitis. Gorging on bread can result 
in significant amounts of readily fermentable carbohydrate passing to the hindgut 
and is also a recorded cause of laminitis.

Dietary Effects on the Equine Gut
The diet of horses in their natural state is grass and legume based and consists 
mainly of complex, structural carbohydrates in the form of cellulose, hemicellulose 
and lignin or nonstructural carbohydrates (NSC) in the form of sugars, fructans 
or starch. The structural carbohydrates and fructans are indigestible to mammals 
without the aid of active microbial hindgut fermentation and a large portion of 
the equine abdomen is occupied by the caecum and colon where complex 
carbohydrates and fructans are fermented to absorbable end products.

Upon mixing with the normally neutral caecal contents, excess starch or fructan 
undergoes rapid fermentation to lactic acid. Unnaturally acidic conditions favour 
the rapid proliferation of the Gram positive bacteria Streptococcus bovis and 
Streptococcus equinus This results in very acidic conditions in the hindgut with 
pH as low as 4. Low pH in the large intestine initiates a series of secondary events 
that often, but not always, culminate in laminitis. One of the most important 
consequences is the death and lysis of large numbers of bacteria and the release of 
the toxic components of their cell walls and genetic material (endotoxins, exotoxins 
and microbial DNA). Toxins absorbed from the gut into the bloodstream during 
developmental laminitis and toxaemia following alimentary carbohydrate overload 
creates a very severe illness for the horse.

About 10 - 15% of horses die from cardiovascular shock after the accidental 
consumption of excess grain. High heart rates, rapid breathing, fever, sweating, 
colic, diarrhoea and depression are the signs of horses battling grain overload. 
Just when the horse turns the corner and responds to treatment and the severity 
of the clinical signs decreases, the signs of foot pain appear; laminitis has arrived 
on the scene.
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5. HOW DOES LAMINITIS DAMAGE  
A HORSE’S FOOT?
Lamellar Blood Flow
Despite decades of research, the exact cause of the failure of the lamellar suspensory 
mechanism is still being debated by veterinary scientists. A common explanation 
is that lamellar blood flow is somehow compromised during the developmental 
phase of laminitis and this causes ischaemic (blood supply failure) necrosis of 
lamellar tissues. Without oxygen and the supply of the energy required to maintain 
adhesion between lamellar epidermal cells and their basement membrane, the 
structure fails.

Vasoconstriction Theories
Studies of horses with acute laminitis, made using Xrays and radiopaque dyes 
(similar to the technique used in humans to determine the amount of tissue 
muscle damage after heart attacks and strokes) showed that the blood supply to 
the lamellar region was indeed compromised (Coffman et al.1970). However, the 
decreased lamellar perfusion observed was based on blood vessel studies made 
when clinical laminitis was already underway. The vessel constriction and reduced 
digital blood flow demonstrated was likely the result of lamellar injury rather than 
the cause of it.

Vasodilation Theories
In contrast to the popular vasoconstriction/ischaemia theories, experiments that 
measured digital blood flow directly during developmental and acute laminitis 
showed that blood flow actually increased (vasodilation) prior to the development 
of laminitis foot pain. Many researchers do not support lamellar ischaemia as 
a primary cause of laminitis. Noninvasive, scintigraphic studies of the digital 
circulation show a statistically significant elevation of sublamellar blood flow prior 
to lameness.

An Enzymatic Theory (Metalloproteinases)
In acute laminitis, the tissue suspending the distal phalanx from the inner hoof wall 
fails, specifically at the junction between the connective tissue of the dermis or 
corium (the bone side) and the basal cell layer of the epidermal lamellae (the hoof 
side). This junction, the basement membrane zone, appears to be the weak link in 
an otherwise robust and reliable structure.

CHAPTER 5
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Destruction and detachment of the lamellar basement membrane are the key lesions 
of acute laminitis. The genes controlling hoof lamellar MMP (Metalloproteinase 
enzyme) activity are significantly upregulated in tissues affected by acute laminitis, 
thus providing firm circumstantial evidence that MMP activation is a pivotal event 
in the development of laminitis. ADAMTS4, an additional enzyme, capable of 
attacking other components of the lamellar basement membrane zone, is also 
significantly upregulated by laminitis (Coyne et al. 2008).

The enzymes that destroy the key components of the lamellar attachment apparatus 
are metalloproteinase -2 and metalloproteinase -14 (MMP-2 and MMP-14). These 
enzymes are also found in a wide range of other remodelling tissues such as 
bone, joints and endometrium, as well as in metastasizing malignant tumours. An 
additional metalloproteinase, MMP-9, is also present in laminitis affected tissue 
but this seems to be derived from white blood cells that have been attracted to the 
lamellar zone during laminitis development (Black et al. 2006).

Lamellar Blood Vessels
Laminitis also affects the anatomy of lamellar capillaries. Blood bypasses the 
capillary bed through dilated arteriovenous shunts, and dramatically changes the 
nature of the foot circulation. A bounding pulse is detectable by finger palpation of 
the digital arteries. The phenomenon of vascular shunting is now placed after the 
triggering of MMP production and occurs as a consequence of it.

The enzymatic theory of laminitis, based on lamellar MMP activation, challenges 
the alternative view that laminitis develops because the flow of blood is impeded 
to cause ischaemic necrosis of epidermal lamellae (KyawTanner and Pollitt 2004). 
There is now strong evidence, from three independent international laboratories, 
that the foot circulation during the developmental phase of laminitis is vasodilated. 
Laminitis does not occur if the foot is in a state of vasoconstriction during the 
developmental phase, suggesting that the trigger factors will only cause laminitis 
if they reach the lamellar tissues at a high enough concentration and over a long 
enough time period.

What are the trigger factors? Since the carbohydrate overload model of laminitis 
is characterised by endotoxin production it would seem a reasonable presumption 
that endotoxaemia should play a key role in initiating laminitis pathology.
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6. UNDERLYING SYNDROMES 
PREDISPOSING TO LAMINITIS
Insulin and Laminitis
All tissues need glucose (sugar) for energy, but most tissues can only take up 
glucose from the bloodstream with the help of glucose transport proteins (GLUTs). 
There are a number of different GLUT proteins, which are not affected by insulin. 
The GLUT4 proteins are switched on by insulin and when they begin to fail, the 
body makes more insulin to try to compensate. Insulin concentrations in the blood 
are a good diagnostic marker (or risk factor) for laminitis.

Equine Metabolic Syndrome
The term Equine Metabolic Syndrome refers to horses with a history of laminitis, 
insulin resistance, cresty necks and increased adipose tissue deposits in the withers 
and dorsal area of the back (Figure 6-1).

Elevated serum insulin concentrations distinguish ponies that are susceptible 
to dietary pasture associated laminitis. Furthermore, insulin concentrations are 
markedly elevated in ponies that develop laminitis after grazing high carbohydrate 
pasture, while glucose, free fatty acid and cortisol concentrations remain normal. 
In contrast to humans, insulin-resistant horses rarely develop pancreatic exhaustion 
and are capable of producing exceptionally high serum insulin concentrations 
(McGowan et al. 2004b; Reeves et al. 2001). Insulin toxicity appears to be a key 
factor in triggering equine laminitis. The onset of laminitis is associated with plasma 
insulin that exceeds 100 μIU/ml [normal range = 8 to 30 μIU /ml].

 
 
Figure 61 Chronically foundered pony showing the typical cresty neck of Equine Metabolic 
Syndrome.  
 
 
Equine Cushing’s disease 
Older ponies and horses sometimes develop a problem with their pituitary gland which is 
situated at the base of the brain. The gland enlarges and becomes dysfunctional, resulting in 
the development of Equine Cushing’s Disease (ECD). The enlargement is sometimes described 
as a tumour (pituitary adenoma), but most are cases of pituitary hyperplasia (an increase in size 
for unexplainable reasons). The region of the pituitary involved is the pars intermedia giving the 
condition its common medical name; Pars Intermedia Adenoma (PIA). The dysfunctional 
pituitary produces an excess of hormones and peptides that control other hormones. A sign that 
horses are affected by PIA is hirsutism; the hair coat grows unnaturally long and is not shed at 
the usual times (Figure 62) 
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Figure 6-1 Chronically foundered pony showing the  
typical cresty neck of Equine Metabolic Syndrome.
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Equine Cushing’s Disease
Older ponies and horses sometimes develop a problem with their pituitary gland 
which is situated at the base of the brain. The gland enlarges and becomes 
dysfunctional, resulting in the development of Equine Cushing’s Disease (ECD). The 
enlargement is sometimes described as a tumour (pituitary adenoma), but most 
are cases of pituitary hyperplasia (an increase in size for unexplainable reasons). 
The region of the pituitary involved is the pars intermedia giving the condition its 
common medical name; Pars Intermedia Adenoma (PIA). The dysfunctional pituitary 
produces an excess of hormones and peptides that control other hormones. A sign 
that horses are affected by PIA is hirsutism; the hair coat grows unnaturally long and 
is not shed at the usual times (Figure 6-2)

 
 
Figure 62 Ponies with Equine Cushing's Disease fail to shed their hair coats (hirsutism). 
A dysfunctional pituitary produces, in excessive amounts, hormones and peptides that control other hormones. The 
hormone imbalance also creates a tissue resistance to insulin and hyperinsulinaemia that disturbs hoof lamellar 
metabolism and causes chronic laminitis. Hirsutism is an additional sign that horses are affected by Equine Cushing’s 
disease. The hormone imbalance also creates insulin resistance that disturbs hoof metabolism promoting an 
insidious, relentlessly developing, chronic laminitis. 
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Figure 6-2 Ponies with Equine 
Cushing’s Disease fail to shed 
their hair coats (hirsutism).
A dysfunctional pituitary 
produces, in excessive 
amounts, hormones and 
peptides that control other 
hormones. The hormone 
imbalance also creates a 
tissue resistance to insulin and 
hyperinsulinaemia that disturbs 
hoof lamellar metabolism 
and causes chronic laminitis. 
Hirsutism is an additional 
sign that horses are affected 
by Equine Cushing’s disease. 
The hormone imbalance also 
creates insulin resistance that 
disturbs hoof metabolism 
promoting an insidious, 
relentlessly developing, chronic 
laminitis.
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Affected horses and ponies often have higher than normal concentrations of 
glucose, ACTH, cortisone and insulin in their blood. The levels of these substances 
vary throughout the day (diurnal or circadian rhythm) and care has to be taken with 
the interpretation of blood analysis.

The clinical signs of ECD are pot belly and wasted top line, bulging supraorbital fat, 
polyuria (excessive urination) and polydipsia (excessive drinking), susceptibility to 
infections and laminitis. The laminitis developed by animals with Cushing’s disease 
is usually refractory (unresponsive) to treatment. However promising results have 
been obtained after the administration of pergolide mesylate (Permax), a drug 
registered for human use. Doses in the range of 1 - 2 mg/horse/day have been 
recommended. The drug mechanism is to reduce production, in the pituitary gland, 
of the hormone (ACTH) that controls cortisol production in the adrenal gland. With 
cortisol under control, insulin responsiveness in hoof lamellae returns and the 
laminitis stabilises. After treatment with pergolide, the ACTH concentration of ECD 
horses decreases within one week.

Supporting Limb Laminitis
Laminitis in the lamellae of a single hoof can occur whenever a horse’s limb is forced 
to bear weight unilaterally for prolonged periods of time. This can occur when an 
injury (bone or joint fracture) or disease process (septic arthritis) in the contralateral 
limb is so painful that weight bearing is impossible. After 2 - 3 days of unrelieved 
weight bearing, the supporting limb develops lamellar pathology, often to a severe 
degree. The case for ischaemia (reduced blood flow) as the cause of supporting 
limb laminitis appears to be clear cut. This form of laminitis may be prevented if the 
supporting limb is firmly wrapped in an elastic support bandage and shod with an 
effective support shoe.

The horse should be provided with a deep bed of wood shavings or sand so that 
it can lie down comfortably and allow blood to circulate through its feet. Deep, 
compliant bedding also allows the horse to find a foot position that promotes 
the circulation. The injured limb should be treated promptly and fitted with a cast 
or splint so that it can begin to take its share of weight bearing. Pain should be 
controlled with analgesics for the same reason.
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7. THE CLINICAL SIGNS OF LAMINITIS
Acute Laminitis
Shifting weight from one foot to the other (paddling) is the first clinical sign that 
lamellar degeneration is occurring (Obel grade I laminitis) and usually occurs in 
the forefeet (Figure 7-1). Occasionally, the shifting weight sign appears in just 
the hind feet. Careful observation may reveal that one foot, already with more 
severe lamellar pathology, is being lifted more frequently, and for longer, than the 
contralateral foot. It is worth spending some time quietly observing sick horses for 
the first appearance of paddling as early institution of treatment can do much to 
halt the progression of further lamellar damage.

The hooves of horses developing laminitis after carbohydrate overload (and 
possibly laminitis associated with other toxic/ septic shock syndromes) are palpably 
warm. If the ambient temperature is cool, hoof temperature can be measured 
using a thermographic camera or a handheld infrared temperature scanner. Hoof 
temperatures of 30 degrees Celsius for more than 24 hours during the developmental 
phase usually indicates impending laminitis. Bounding, exaggerated pulses in 
the digital arteries over the fetlock are invariably present, but may be difficult to 
palpate if there is much subcutaneous oedema (fluid swelling) of the distal limbs. 
A bounding digital pulse is not specific for laminitis, however, and occurs after 
strenuous exercise and in association with a number of other foot conditions, such 
as sole abscessation and fractures of the distal phalanx. Thumb or hoof tester 
pressure over the sole at the toe usually elicits a pain response,but not always, so a 
negative response should not be used to rule out a diagnosis of laminitis. Lameness 
during at the walk or trot may be obvious only when the horse turns sharply.

If the horse is forced to walk or is nerve blocked and made to walk, loading and 
locomotor forces cause the lesions to worsen in the lamellae of the dorsal hoof wall 
of the forefeet. Horses that develop more extensive lamellar pathology will exhibit 
more obvious clinical signs (Obel grade 2 laminitis). They may tremble and sweat 
and appear distressed. The heart and respiratory rates may be increased. They can 
be mistakenly diagnosed as suffering from “tyingup” (rhabdomyolysis), pneumonia 
or even a broken pelvis. Severely affected horses may refuse to pick up a forefoot 
or a hindfoot because full weight bearing on the contralateral foot causes extreme 
pain (Obel grade 3). When standing still, the forefeet will be placed forward of the 
normal position so that the heels are loaded more than the toes. If forced to walk 
the horse will arch its back and place the hindlimbs forward, under the abdomen, 
to shift as much weight as possible to the hindquarters. The horse half rears before 
stepping forward in front (Figure 7-2).



25

 
 
Figure 71 Laminitis stance: forefeet. 
Laminitis usually affects the forefeet more severely than the hind; presumably because the forequarters carry a 
greater proportion of the horse’s weight (about 65%). Often the hind feet appear to be spared completely. In the 
chronic laminitis case pictured, the mare is shifting weight from one forefoot to the other (the right limb is flexed and 
off the ground. 
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Figure 7-1 Laminitis stance: 
forefeet.

Laminitis usually affects the 
forefeet more severely than 

the hind; presumably because 
the forequarters carry a greater 

proportion of the horse’s 
weight (about 65%). Often the 
hind feet appear to be spared 

completely. In the chronic 
laminitis case pictured, the 

mare is shifting weight from 
one forefoot to the other (the 
right limb is flexed and off the 

ground.

 
 
Figure 72 The laminitis gait. 
The forefeet are placed forward of the normal position so that the heels are loaded more than the toes. When the 
hind feet are more severely affected than the fore, the order of the laminitis stance is reversed. The forelimbs are 
placed back under the abdomen and the horse leans over its forequarters, lowering its head and neck as a cantilever, 
to relieve the hind feet of weight bearing. Weight will be shifted from one hind foot to the other. With severe lamellar 
failure in all four feet, horses are immobile and extremely distressed. They frequently lie in lateral recumbency with all 
limbs extended. 
 
Early chronic laminitis 
With the passage of time the hoof begins to display the effects wrought upon on it by the 
pathology of the acute phase. If the initial lamellar pathology is mild the clinical signs of laminitis 
may abate as the distal phalanx lamellar attachment apparatus repairs. If no or negligible 
radiographic evidence of palmar (downward) displacement of the distal phalanx within the hoof 
capsule exists, and the digital pulse is not palpably exaggerated 48 hours after treatment has 
ceased, the horse can be cautiously returned to its usual function. However  if lameness 
persists and worsens and the digital pulse remains prominent this means that there is 
ongoing pathology accompanying displacement of the distal phalanx  within the hoof 
capsule. This process of increasing chronicity after the crash needs to be understood to if we 
are to care for chronically laminitic horses effectively (Figure 72a) 
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Figure 7-2 The laminitis gait.
The forefeet are placed forward 

of the normal position so that 
the heels are loaded more than 

the toes. When the hind feet are 
more severely affected than the 

fore, the order of the laminitis 
stance is reversed. The forelimbs 

are placed back under the 
abdomen and the horse leans 
over its forequarters, lowering 

its head and neck as a cantilever, 
to relieve the hind feet of 

weight bearing. Weight will be 
shifted from one hind foot to 

the other. With severe lamellar 
failure in all four feet, horses 
are immobile and extremely 

distressed. They frequently lie in 
lateral recumbency with all limbs 

extended.

CHAPTER 7



26

Early Chronic Laminitis
With the passage of time the hoof begins to display the effects wrought upon 
on it by the pathology of the acute phase. If the initial lamellar pathology is mild 
the clinical signs of laminitis may abate as the distal phalanx lamellar attachment 
apparatus repairs. If no or negligible radiographic evidence of palmar (downward) 
displacement of the distal phalanx within the hoof capsule exists, and the digital 
pulse is not palpably exaggerated 48 hours after treatment has ceased, the horse 
can be cautiously returned to its usual function. However if lameness persists and 
worsens and the digital pulse remains prominent this means that there is ongoing 
pathology accompanying displacement of the distal phalanx within the hoof 
capsule. This process of increasing chronicity after the crash needs to be understood 
to if we are to care for chronically laminitic horses effectively (Figure 7-2a)

 
 
Figure 72a  Dissection of the dorsal hoof wall affected by severe acute (early chronic) laminitis . 
 
 
 
Coronary band changes 
When the majority of the lamellar attachments fail, as they do in severe cases (“sinkers”), the 
distal phalanx descends deeply into the hoof capsule, taking with it the attached coronary band 
connective tissue.  This creates a deficit in the coronary band and the sharp edge of the 
proximal hoof wall becomes palpable with a finger . Initially the deficit may be palpable only 
dorsally (the front of the foot), over the extensor process of the distal phalanx. If it extends 
around the coronet to the quarters and heels, the prognosis is grave as this is an indication that 
most of lamellar attachment apparatus is destroyed. Sometimes the skin may separate at the 
hairline of the coronet and exude serum (Figure 73). 
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Figure 7-2a Dissection of the 
dorsal hoof wall affected by 
severe acute (early chronic) 
laminitis.
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Coronary Band Changes
When the majority of the lamellar attachments fail, as they do in severe cases 
(“sinkers”), the distal phalanx descends deeply into the hoof capsule, taking 
with it the attached coronary band connective tissue. This creates a deficit in the 
coronary band and the sharp edge of the proximal hoof wall becomes palpable 
with a finger. Initially the deficit may be palpable only dorsally (the front of the foot), 
over the extensor process of the distal phalanx. If it extends around the coronet to 
the quarters and heels, the prognosis is grave as this is an indication that most of 
lamellar attachment apparatus is destroyed. Sometimes the skin may separate at 
the hairline of the coronet and exude serum (Figure 7-3).

 

 
 
Figure 73 Coronary band changes due to severe chronic laminitis. 
The front feet of a mare 3 months after postfoaling retained placenta and metritis. The dorsal, 
proximal hoof wall is deformed. The coronet is exuding serum at the hairline. 
 
 
Sole changes 
Within a few days of the acute episode,  a convex bulge in the sole (the socalled “dropped 
sole”) may appear beneath the descending distal phalanx . Initially, fine cracks appear over 
the bulge in the sole and in severe, deteriorating cases the resultant pressure necrosis (cell 
death) causes the corium (soft tissue) beneath the distal phalanx to prolapse completely 
through the horny sole (Figure 74). 
 
In less severe cases, where descent of the distal phalanx has been slight, the sole may lose its 
normal concave appearance and be flat. Careful shaving of the sole, with a sharp hoof knife, 
may reveal a red,crescentshaped bruise. This is evidence of trauma from within, inflicted on the 
sole by the descending margin of the distal phalanx which is also crescent shaped. 
Haemorrhage from blood vessels in the solar corium, crushed under the distal margin of the 
bone, releases haemoglobin that stains the horny sole. The red stain appears at the ground 
surface of the sole after a period of sole growth.  Bilateral, crescentshaped bruising of the 
sole must not be dismissed as “stone bruising”. 
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Figure 7-3 Coronary band 
changes due to severe chronic 
laminitis.
The front feet of a mare 3 
months after postfoaling 
retained placenta and metritis. 
The dorsal, proximal hoof wall 
is deformed. The coronet is 
exuding serum at the hairline.

Sole Changes
Within a few days of the acute episode, a convex bulge in the sole (the so called 
“dropped sole”) may appear beneath the descending distal phalanx. Initially, fine 
cracks appear over the bulge in the sole and in severe, deteriorating cases the 
resultant pressure necrosis (cell death) causes the corium (soft tissue) beneath the 
distal phalanx to prolapse completely through the horny sole (Figure 7-4).

In less severe cases, where descent of the distal phalanx has been slight, the sole 
may lose its normal concave appearance and be flat. Careful shaving of the sole, 
with a sharp hoof knife, may reveal a red,crescent-shaped bruise. This is evidence 
of trauma from within, inflicted on the sole by the descending margin of the distal 
phalanx which is also crescent shaped. 
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Haemorrhage from blood vessels in the solar corium, crushed under the distal 
margin of the bone, releases haemoglobin that stains the horny sole. The red stain 
appears at the ground surface of the sole after a period of sole growth. Bilateral, 
crescent-shaped bruising of the sole must not be dismissed as “stone bruising”.

 
 
Figure 74 Sagittal section of the foot of the mare in Figure 7.3 . 
There is extensive internal damage due to ongoing chronic laminitis. The sole has bulged downward and the sole 
corium (arrowed) over the tip of the distal phalanx has prolapsed through the perforated the sole. The dorsal surface 
of the distal phalanx (asterix) is extensively remodelled. 
 
 
Hoof wall changes 
After the acute episode of laminitis and the consequent shift in the position of the distal phalanx 
within the hoof capsule, the horse is left with a legacy of deformed hoof growth.  Dorsal hoof 
wall growth is retarded, while growth at the heels usually proceeds at the normal rate.  In 
the normal hoof, minor fluctuations in growth rate produce in the wall a series of concentric 
rings, parallel to the coronet, clearly visible on the surface of the hoof. In a hoof affected by 
chronic laminitis  the growth rings are no longer parallel ; they converge at the toe where 
growth is deformed. In severe cases, the divergent growth between toe and heel produces a 
dramatic upturning of the toe and the hooves take on the appearance described as “Aladdin’s 
slippers” . If neglected, toes affected by chronic laminitis can become unnaturally long and make 
locomotion for the foundered horse or pony extremely difficult. 
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Figure 7-4 Sagittal section of 
the foot of the mare in Figure 
7-3.
There is extensive internal 
damage due to ongoing 
chronic laminitis. The sole has 
bulged downward and the 
sole corium (arrowed) over 
the tip of the distal phalanx 
has prolapsed through the 
perforated the sole. The 
dorsal surface of the distal 
phalanx (asterix) is extensively 
remodelled.

Hoof Wall Changes
After the acute episode of laminitis and the consequent 
shift in the position of the distal phalanx within the hoof 
capsule, the horse is left with a legacy of deformed 
hoof growth. Dorsal hoof wall growth is retarded, while 
growth at the heels usually proceeds at the normal 
rate. In the normal hoof, minor fluctuations in growth 
rate produce in the wall a series of concentric rings, 
parallel to the coronet, clearly visible on the surface 
of the hoof. In a hoof affected by chronic laminitis the 
growth rings are no longer parallel ; they converge at 
the toe where growth is deformed. In severe cases, 
the divergent growth between toe and heel produces 
a dramatic upturning of the toe and the hooves take 
on the appearance described as “Aladdin’s slippers”. 
If neglected, toes affected by chronic laminitis can 
become unnaturally long and make locomotion for 
the foundered horse or pony extremely difficult.
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Figure 75 Kinked, displaced, hoof wall tubules due to severe chronic laminitis. 
Prior to the development of laminitis the hoof wall tubules were straight and parallel. When laminitis occurred the 
distal phalanx descended into the hoof capsule taking with it coronary papillae and the soft, non keratinised, proximal 
hoof wall.  
 
Premature resumption of athletic exercise  and thus greater load and foot breakover strain, 
particularly in the fore feet,  could rupture surviving but weak lamellar attachments . This is 
the likely one of mechanisms behind the notorious exacerbations that plague horses apparently 
recovered from a primary bout of laminitis. 
 
The lamellae that are stretched and elongated allow the distal phalanx to sink into the hoof 
capsule. Initially this results in a small but significant increase in distance, measurable on 
radiographs, between the outer hoof wall and the upper surface of the distal phalanx.  Even a 
small increase in the distance between the hoof wall and the distal phalanx should indicate to 
the practitioner that histopathological changes have occurred.  Early radiographs can be used 
as a yardstick against which to measure any subsequent exacerbation. 
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Figure 7-5 Kinked, displaced, 
hoof wall tubules due to 
severe chronic laminitis.
Prior to the development of 
laminitis the hoof wall tubules 
were straight and parallel. 
When laminitis occurred the 
distal phalanx descended into 
the hoof capsule taking with it 
coronary papillae and the soft, 
non keratinised, proximal hoof 
wall.

Premature resumption 
of athletic exercise and 
thus greater load and foot 
breakover strain, particularly 
in the fore feet, could rupture 
surviving but weak lamellar 
attachments. This is the likely 
one of mechanisms behind 
the notorious exacerbations 
that plague horses apparently 
recovered from a primary bout 
of laminitis.

The lamellae that are stretched and elongated allow 
the distal phalanx to sink into the hoof capsule. 
Initially this results in a small but significant increase 
in distance, measurable on radiographs, between the 
outer hoof wall and the upper surface of the distal 
phalanx. Even a small increase in the distance between 
the hoof wall and the distal phalanx should indicate 
to the practitioner that histopathological changes 
have occurred. Early radiographs can be used as a 
yardstick against which to measure any subsequent 
exacerbation.

Severe Chronic Laminitis
When large scale failure of lamellar attachments 
occurs the distal phalanx descends and drags with it 
the growth zone of the proximal hoof wall (Figure 7-5). 
The growth zone continues proliferation of new hoof 
wall but now in a kinked pattern. In severe chronic 
laminitis the growth zone sinks below the prelaminitis 
hoof wall and in this trapped situation produces hoof 
wall that grows inwards. The ingrowing coronet of 
chronic laminitis feet compresses the coronary cushion 
and exerts unrelenting pressure on the coronary 
vasculature that is probably pathological.
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8. IMAGING
Venography
Venography (injection of the veins with dye which shows on xrays) is a relatively 
simple and practical method for assessing the state of the digital circulation in the 
standing, sedated horse (Figure 8-2).

Severe cases of chronic laminitis develop venogram filling deficits (loss of blood 
supply) and this why venography is valuable; it detects pathology that would 
otherwise escape treatment (Figure 8-1, 8-3). Although insignificant initially, the 
filling deficits become more complete as the weeks go by. After 7 weeks there are 
usually prominent deficits in the coronary band and toe venous circulations.

 
8 Imaging 
 
 
 
Venography 
 
Venography (injection of the veins with dye which shows on xrays) is a relatively simple and 
practical method for assessing the state of the digital circulation in the standing, sedated horse 
(Figure 82). 
 
Severe cases of chronic laminitis develop venogram filling deficits (loss of blood supply) and this 
why venography is valuable; it detects pathology that would otherwise escape treatment (Figure 
81, 83). Although insignificant initially, the filling deficits become more complete as the weeks 
go by. After 7 weeks there are usually prominent deficits in the coronary band and toe venous 
circulations. 
 

 
 
Figure 81 Venogram of foot with severe chronic laminitis. 
The hoof distal phalanx distance is 32 mm and there are venous filling deficits at the coronet and toe (arrowed). 
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Figure 8-1 Venogram of foot 
with severe chronic laminitis.
The hoof distal phalanx 
distance is 32 mm and there 
are venous filling deficits at the 
coronet and toe (arrowed).

 
 
 
 
 
 
 
 

 
 
Figure 82 Lateral venogram of a normal foot made with digital equipment. 
Most of the vessels are large veins. Veins in sole and terminal papillae are visible but not the veins and capillaries 
between lamellae. C = Coronary venous plexus. EP = extensor process of distal phalanx. SLP = sublamellar plexus. 
TA = terminal arch vessels (arrowed). DP = distal phalanx (distal margin arrowed). TP = terminal papillae. CV = 
circumflex vein (arrowed). SP = sole papillae Venogram: Homestead Equine Hospital, MO, USA. 
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Figure 8-2 Lateral venogram 
of a normal foot made with 
digital equipment.
Most of the vessels are 
large veins. Veins in sole 
and terminal papillae are 
visible but not the veins and 
capillaries between lamellae. 
C = Coronary venous plexus. 
EP = extensor process of distal 
phalanx. SLP = sublamellar 
plexus. TA = terminal arch 
vessels (arrowed). DP = 
distal phalanx (distal margin 
arrowed). TP = terminal 
papillae. CV = circumflex vein 
(arrowed). SP = sole papillae 
Venogram: Homestead Equine 
Hospital, MO, USA.
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Figure 83 Computed tomography (CT) arteriograms vs. venograms of the front feet of a horse 
(Case study “Grace”) with severe chronic laminitis. 
Arterial infusion of the right foot (A) with barium sulphate shows that despite a preexisting dorsal 
venographic deficit the arteries are relatively unaffected. However venous infusion of the left foot (B) with barium 
sulphate shows the absence of venous filling of the dorsal half of the foot. 
 
 
The coronary cushion 
The coronary cushion is defined as the space between the proximal hoof wall and the extensor 
process of the distal phalanx. When sectioned in the sagittal plane (down the middle), feet with 
normal venograms, have coronary cushions with broad, triangular profiles and hoof tubules that 
are straight and parallel. Feet affected by chronic laminitis however have flattened, compressed 
coronary profiles, kinked hoof wall tubules and growth zones that are below the level of the 
prelaminitis wall (Figure 84). 
 
 
Radiology of laminitis 
As the histopathology (microscopic evaluation) of laminitis clearly shows, the major feature of 
acute laminitis is  a progressive increase in the distance between the hoof wall and the 
distal phalanx.  The  distal phalangeal distance (HDPD) never varies in normal horses. If the 
HDPD increases, laminitis is the likely cause and it is extremely important to know the rate and 
magnitude of the HDPD increase (Figures 89, 810). 
 
Radiographs of horses or ponies, in the acute/early chronic stage of laminitis, should be 
examined for an increase in the HDPD. An increase of just 23 mm is extremely significant in 
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Figure 83 Computed tomography (CT) arteriograms vs. venograms of the front feet of a horse 
(Case study “Grace”) with severe chronic laminitis. 
Arterial infusion of the right foot (A) with barium sulphate shows that despite a preexisting dorsal 
venographic deficit the arteries are relatively unaffected. However venous infusion of the left foot (B) with barium 
sulphate shows the absence of venous filling of the dorsal half of the foot. 
 
 
The coronary cushion 
The coronary cushion is defined as the space between the proximal hoof wall and the extensor 
process of the distal phalanx. When sectioned in the sagittal plane (down the middle), feet with 
normal venograms, have coronary cushions with broad, triangular profiles and hoof tubules that 
are straight and parallel. Feet affected by chronic laminitis however have flattened, compressed 
coronary profiles, kinked hoof wall tubules and growth zones that are below the level of the 
prelaminitis wall (Figure 84). 
 
 
Radiology of laminitis 
As the histopathology (microscopic evaluation) of laminitis clearly shows, the major feature of 
acute laminitis is  a progressive increase in the distance between the hoof wall and the 
distal phalanx.  The  distal phalangeal distance (HDPD) never varies in normal horses. If the 
HDPD increases, laminitis is the likely cause and it is extremely important to know the rate and 
magnitude of the HDPD increase (Figures 89, 810). 
 
Radiographs of horses or ponies, in the acute/early chronic stage of laminitis, should be 
examined for an increase in the HDPD. An increase of just 23 mm is extremely significant in 
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Figure 8-3 Computed 
tomography (CT) arteriograms 
vs. venograms of the front 
feet of a horse (Case study 
“Grace”) with severe chronic 
laminitis.
Arterial infusion of the 
right foot (A) with barium 
sulphate shows that despite a 
preexisting dorsal venographic 
deficit the arteries are relatively 
unaffected. However venous 
infusion of the left foot (B) with 
barium sulphate shows the 
absence of venous filling of the 
dorsal half of the foot.

The Coronary Cushion
The coronary cushion is defined as the space between 
the proximal hoof wall and the extensor process of 
the distal phalanx. When sectioned in the sagittal 
plane (down the middle), feet with normal venograms, 
have coronary cushions with broad, triangular profiles 
and hoof tubules that are straight and parallel. Feet 
affected by chronic laminitis however have flattened, 
compressed coronary profiles, kinked hoof wall 
tubules and growth zones that are below the level of 
the prelaminitis wall (Figure 8-4).

Radiology of Laminitis
As the histopathology (microscopic evaluation) of 
laminitis clearly shows, the major feature of acute 
laminitis is a progressive increase in the distance 
between the hoof wall and the distal phalanx. The 
distal phalangeal distance (HDPD) never varies in 
normal horses. If the HDPD increases, laminitis is the 
likely cause and it is extremely important to know the 
rate and magnitude of the HDPD increase (Figures 
8-9, 8-10).

Radiographs of horses or ponies, in the acute/early 
chronic stage of laminitis, should be examined for an 
increase in the HDPD. An increase of just 2 - 3 mm 
is extremely significant in the context of early chronic 
laminitis. In the first few days of the chronic phase, the 
hoof wall and the distal phalanx will draw apart, but 
remain parallel. 

Rotation of the distal phalanx relative to the hoof wall 
and/or the phalangeal axis occurs later (after about 
4 - 6 weeks).

CHAPTER 8



32

the context of early chronic laminitis. In the first few days of the chronic phase, the hoof wall and 
the distal phalanx will draw apart, but remain parallel. 
Rotation of the distal phalanx relative to the hoof wall and/or the phalangeal axis occurs later 
(after about 4 6 weeks).  
 
 

 

 
 
Figure 84   The coronary cushions of normal vs. chronic laminitis feet. 
Coronary cushion of normal feet (row A): the profiles are triangular in shape and hoof tubules are 
straight and parallel. Hoof wall growth is normal and in the direction of the arrows. Coronary 
cushion of chronic laminitis feet (B): The profiles are reduced in size because the proximal hoof wall is growing 
inwards (in the direction of the arrows) and compressing the coronary cushion and the veins within it.  
Similar events occur at the toe. When the distal tip of the distal phalanx descends into the hoof 
capsule it not only crushes the sole corium but drags downwards the tubular growth zones of the toe. 
Compared to the dorsal coronet the pathological changes of the toe are more obvious and more serious. Not only are 
veins compressed, as shown by the venogram, the pressure is sufficient to lyse (destroy) much of the distal third 
phalanx and probably contributes to rotation of the distal phalanx . 
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Figure 8-4 The coronary cushions of normal vs. chronic laminitis feet.
Coronary cushion of normal feet (row A): the profiles are triangular in shape and hoof tubules are 
straight and parallel. Hoof wall growth is normal and in the direction of the arrows. Coronary cushion 
of chronic laminitis feet (B): The profiles are reduced in size because the proximal hoof wall is growing 
inwards (in the direction of the arrows) and compressing the coronary cushion and the veins within 
it. Similar events occur at the toe. When the distal tip of the distal phalanx descends into the hoof 
capsule it not only crushes the sole corium but drags downwards the tubular growth zones of the toe. 
Compared to the dorsal coronet the pathological changes of the toe are more obvious and more 
serious. Not only are veins compressed, as shown by the venogram, the pressure is sufficient to lyse 
(destroy) much of the distal third phalanx and probably contributes to rotation of the distal phalanx.
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Figure 8-5 Normal (A) compared to severe, chronic laminitis  
(B) toe and terminal wall tubules.
Normal tubules are straight, parallel and growing downwards in the direction of the arrow. Terminal 
wall and sole tubules of feet with severe, chronic laminitis are displaced and growing inwards, towards 
the distal phalanx, in the direction of the arrow. The unrelenting pressure of the inward growing hoof 
causes lysis of the distal phalanx (asterix). Hoof wall = hw, distal phalanx = dp, sole = s. The band 
of displaced hard, inward growing terminal wall and sole tubules encircles the distal third phalanx 
and applies pressure to everything in its path. Soft tissue, nerves and blood vessels are severely 
compressed and damaged.
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Figure 86 The foot of a chronically foundered horse with the hoof removed. 
The ingrowing toe and terminal wall has severely compressed a band (arrowed) of lamellar corium that extends 
across the dorsal half of the foot.There is extensive remodeling of the bone of the distal phalanx and lysis of this 
magnitude is undoubtedly painful and must contribute to the obvious lameness of chronically foundered horses.  
 
 
Rotation of P3 
The inexorable rotation of the distal phalanx (P3, Coffin bone) may be due to the inward 
growing hoof tubules slowly pushing the tip of the bone backwards and downwards. This 
is contrary to the widely held belief that it is the pull of the deep flexor tendon that 
causes distal phalanx rotation.  Rotation of the distal phalanx is not an acute phenomenon 
and its appearance does not correlate to when the dorsal hoof lamellae are at their weakest; the 
acute phase. Instead distal phalanx rotation first appears around six weeks after laminitis 
development, just when displaced, inward growing terminal wall and sole tubules reach the 
distal margin of the third phalanx.  If left unchecked the inward growing hoof of the proximal 
and distal hoof wall progressively destroys foot architecture eventually leading to 
incurable pathology (Figures 85, 86). 
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Figure 8-6 The foot of 
a chronically foundered 
horse with the hoof 
removed.
The ingrowing toe and 
terminal wall has severely 
compressed a band 
(arrowed) of lamellar 
corium that extends 
across the dorsal half 
of the foot.There is 
extensive remodeling 
of the bone of the 
distal phalanx and lysis 
of this magnitude is 
undoubtedly painful 
and must contribute to 
the obvious lameness of 
chronically foundered 
horses.

Rotation of P3
The inexorable rotation of the distal phalanx (P3, Coffin 
bone) may be due to the inward growing hoof tubules slowly 
pushing the tip of the bone backwards and downwards. 
This is contrary to the widely held belief that it is the pull of 
the deep flexor tendon that causes distal phalanx rotation. 
Rotation of the distal phalanx is not an acute phenomenon 
and its appearance does not correlate to when the dorsal 
hoof lamellae are at their weakest; the acute phase. 
Instead distal phalanx rotation first appears around six 
weeks after laminitis development, just when displaced, 
inward growing terminal wall and sole tubules reach the 
distal margin of the third phalanx. If left unchecked the 
inward growing hoof of the proximal and distal hoof wall 
progressively destroys foot architecture eventually leading 
to incurable pathology (Figures 8-5, 8-6).

With increasing chronicity, the distal phalanx continues to 
sink and move away from the hoof wall. The tip of the distal 
phalanx gradually rotates away from the dorsal hoof wall 
and begins to compress the corium of the sole; the tip of 
the distal phalanx gets closer to the ground. As pressure 
between bone and sole increases, the sole undergoes 
necrosis and the tip of the bone slowly disappears  
(osteolysis) (Figures 8-7, 8-8).
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However it is the severity of pain and lameness at the time laminitis is first detected 
that more reliably predicts the outcome for the horse. Most veterinarians agree that 
the Obel system for grading the lameness of laminitis takes precedence over the 
radiographic determination of distal phalanx rotation for predicting final outcome. 
The good correlation between the extent and severity of histological, lamellar 
damage and grade of lameness supports this view (Pollitt 1996).

In mild, chronic laminitis, where palmar rotation is minimal (<5.5 degrees) the tip of 
the distal phalanx remodels and appears “skitipped” in lateral radiographs. Rapid, 
extensive bone lysis accompanies severe palmar rotation of the distal phalanx 
(>11.5 degrees) and such horses are poor candidates for rehabilitation.

Horses with more than 15 degrees of rotation, accompanied by downward 
displacement of the distal phalanx into the hoof capsule within 4 - 6 weeks of the 
initial episode of laminitis, have a poor prognosis. Such cases will require months 
of expensive supportive care and surgery and although the occasional horse does 
make a surprisingly good recovery, most suffer months of crippling foot pain and 
recumbency, and eventually require euthanasia on humane grounds.

The Sinker
This, the most severe outcome of the laminitis process carries with it the gravest of 
prognoses ,especially if it has occurred in all four feet. It is emphasized that severe, 
lifethreatening laminitis can be diagnosed without palmar rotation of the distal 
phalanx being evident on lateromedial radiographs. Predicting when a horse will 
become a sinker is difficult. 

 
 
Figure 87   The distal phalanx of the same chronically foundered horse in Figure 85 
The band of ingrowing toe and terminal wall has caused extensive lysis of the distal margin of the bone (arrowed). 
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Figure 8-7 The distal phalanx of the same chronically foundered horse in Figure 8-5
The band of ingrowing toe and terminal wall has caused extensive lysis of the distal 
margin of the bone (arrowed).
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Figure 88  The foot of a horse with severe chronic laminitis of long standing. 
There is extensive remodeling of the tip of the distal phalanx (dp). The convex sole is weight bearing. Prolapse of the 
distal phalanx through the sole of the foot is usually accompanied by infection. Osteomyelitis of the distal phalanx and 
abscess formation may cause pus and gas to discharge from the coronet. In chronic laminitis of long standing there 
can be spectacular demineralisation of the distal phalanx and destruction of foot architecture. 
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Figure 8-8 The foot of a horse 
with severe chronic laminitis of 

long standing.
There is extensive remodeling 
of the tip of the distal phalanx 

(dp). The convex sole is weight 
bearing. Prolapse of the distal 

phalanx through the sole of the 
foot is usually accompanied 
by infection. Osteomyelitis 

of the distal phalanx and 
abscess formation may cause 

pus and gas to discharge 
from the coronet. In chronic 

laminitis of long standing 
there can be spectacular 

demineralisation of the distal 
phalanx and destruction of foot 

architecture.

 
 
Figure 89 Severe chronic laminitis: lateromedial radiograph. 
The position of the distal phalanx (P3, Pedal bone) relative to the dorsal hoof wall changes as laminitis allows the 
pedal bone to descend into the hoof capsule. If the distance between the marker on the dorsal hoof wall and the 
dorsal surface of the distal phalanx exceeds 1618 mm this is early, valuable evidence that laminitis has occurred. 
Remedial medical and mechanical support for the foot should begin immediately. In the laminitis radiograph 
illustrated, the distance between bone and dorsal hoof wall is 20 mm. The drawing pin was placed in the tip of the 
frog to act as a reference point for the accurate placement of a heart bar shoe. The sole is convex (dropped sole) and 
there is no rotation, yet, of the distal phalanx, from the axes of either the dorsal hoof wall or the first and second 
phalangeal bones. (Radiology: A van Eps). 
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Figure 8-9 Severe chronic laminitis: lateromedial radiograph.
The position of the distal phalanx (P3, Pedal bone) relative to the dorsal hoof 
wall changes as laminitis allows the pedal bone to descend into the hoof 
capsule. If the distance between the marker on the dorsal hoof wall and the 
dorsal surface of the distal phalanx exceeds 16 - 18 mm this is early, valuable 
evidence that laminitis has occurred. Remedial medical and mechanical support 
for the foot should begin immediately. In the laminitis radiograph illustrated, 
the distance between bone and dorsal hoof wall is 20 mm. The drawing pin 
was placed in the tip of the frog to act as a reference point for the accurate 
placement of a heart bar shoe. The sole is convex (dropped sole) and there is no 
rotation, yet, of the distal phalanx, from the axes of either the dorsal hoof wall or 
the first and second phalangeal bones. (Radiology: A van Eps).
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Figure 810 Radiograph of a foot with severe, chronic laminitis of 4 weeks duration . The HDPD is 27 mm 
(normal=17 mm) and there is slight rotation of the distal phalanx away from the hoof wall. (Radiology: A van Eps). 
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Figure 8-10 Radiograph of a foot with severe, chronic laminitis of 4 weeks duration. 
The HDPD is 27 mm (normal=17 mm) and there is slight rotation of the distal phalanx 
away from the hoof wall. (Radiology: A van Eps).
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9. MEDICAL THERAPY FOR LAMINITIS
Laminitis Therapy
Since laminitis usually develops as a sequel to disease processes in body 
compartments other than the foot, it is of paramount importance that the primary 
disease is treated urgently and effectively. If the duration and severity of the primary 
disease can be reduced by intensive therapy, there is a strong chance that the 
severity of lamellar pathology may also be reduced, thus improving the prognosis 
for the horse. Nevertheless, severe laminitis is sometimes the outcome despite the 
best current therapy. 

When the laminitis process is triggered, there is virtually nothing, by way of drug 
therapy, that will stop its relentless progress. The administration of a nonsteroidal 
anti-inflammatory drug (NSAID) like phenylbutazone, during the developmental/
acute stages, will ameliorate foot pain and create a more comfortable looking horse, 
but the disease continues unabated. This creates an ethical dilemma; balancing 
the need to alleviate pain and suffering against the realisation that most of what 
is administered is only palliative. When NSAIDs are in use, the patient should be 
confined to a stall with deep bedding. Exercise in the critical acute phase, while 
under the influence of painkillers, such as phenylbutazone, is inadvisable.

Cryotherapy (Icewater Therapy)
The profound hypometabolic (drop in metabolism) effect of cryotherapy is 
considered to be the most important mechanism by which cold limits the severity 
of an injury. Tissue metabolic rate and oxygen consumption are inversely related 
to temperature. A reduced requirement of cooled tissue for glucose, oxygen and 
other metabolites enhances the survival of cells during periods of ischaemia. This 
mechanism is thought to protect tissue and is the basis for the use of cryotherapy in 
organ transplant surgery. Enzymatic activity is reduced 50% for every 10°C reduction 
in tissue temperature.

Until the true pathophysiology of laminitis is discovered, the apparent resilience 
of the equine distal limb to prolonged, extreme cold may hold the key to 
successfully preventing the disease. Continuous distal limb cryotherapy during the 
developmental stage of laminitis has the potential to preserve the lamellar tissue 
until the systemic insult, occurring elsewhere in the body, has abated.
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Figure 91 Single limb cryotherapy trial. 
Using a rubber boot (Bigfoot Ice Boots) one forelimb was immersed in ice and water (mean 
temperature 0.51.7°C) for the 48 hour experimental period. The mean internal hoof temperature was 3.50.9°C. 
Laminitis occurred only in the noncooled untreated limbs. The cooled limbs did not develop clinical laminitis and had 
significantly reduced lamellar histological damage. 
 
Application methods 
Any means by which the distal limbs can be continually exposed to temperatures of 0 to 5°C 
is acceptable (Figure 91).  The cooling method should be applied to the entire distal limb . 
This takes advantage of the unique distal limb anatomy of the horse;the major arteries are 
subcutaneous in the fetlock region and the blood they are delivering to the foot can be cooled 
on its way down. Cooling just the feet is not enough. Laminitis breaks through and is not 
prevented when only the feet are cooled.  Ice and water immersion is effective, practical and 
inexpensive.  
 
Continuous distal limb cryotherapy shows considerable promise as a technique for 
preventing acute laminitis. 
 
 
The apparent resilience of the equine distal limb to prolonged, extreme cold can be 
harnessed and holds the key to successfully preventing the disease. 

46 

Figure 9-1 Single limb 
cryotherapy trial.
Using a rubber boot 
(Bigfoot Ice Boots) one 
forelimb was immersed 
in ice and water (mean 
temperature 0.51.7° 
C) for the 48 hour 
experimental period. 
The mean internal hoof 
temperature was 3.50.9° 
C. Laminitis occurred 
only in the non-cooled 
untreated limbs. The 
cooled limbs did not 
develop clinical laminitis 
and had significantly 
reduced lamellar 
histological damage.

Application Methods
Any means by which the distal limbs can be continually 
exposed to temperatures of 0 to 5°C is acceptable (Figure 
9-1). The cooling method should be applied to the entire 
distal limb. This takes advantage of the unique distal limb 
anatomy of the horse;the major arteries are subcutaneous 
in the fetlock region and the blood they are delivering to 
the foot can be cooled on its way down. Cooling just the 
feet is not enough. Laminitis breaks through and is not 
prevented when only the feet are cooled. Ice and water 
immersion is effective, practical and inexpensive.

Continuous distal limb cryotherapy shows considerable 
promise as a technique for preventing acute laminitis. The 
apparent resilience of the equine distal limb to prolonged, 
extreme cold can be harnessed and holds the key to 
successfully preventing the disease.

Currently the most challenging aspect of cryotherapy in 
the clinical situation is the identification of cases that will 
develop laminitis, and subsequently deciding when to 
initiate and cease cryotherapy in these cases. A biological 
marker to identify horses at imminent risk of developing 
laminitis is needed. Such a marker would define the clinically 
silent developmental phase of laminitis in individual cases, 
and greatly improve the potential for prevention of the 
acute disease. Undoubtedly genetic markers exist for the 
early identification of horses developing laminitis.

CHAPTER 9
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Management Practices to Avoid  
Pasture Associated Laminitis
Owners of horses predisposed to laminitis should develop strategies to reduce 
risk. The aim is to reduce the concentrations of water soluble carbohydrate (WSC) 
in pasture and to prevent its consumption by the grazing horse.

Pasture Factors
Some pasture species are notorious fructan accumulators (they are selected and 
bred for this) and if possible should not be fed to horses. The WSC content of grass 
can reach 56% of its total dry matter (DM), of which fructan can be 44%. Grass that 
is actively growing tends to store less WSC. Maintaining soil moisture and fertility 
and keeping grass short by mowing or grazing encourages leaf growth and WSC 
consumption (Watts and Chatterton 2004). WSC accumulation in grass is driven by 
photosynthesis and takes time to occur. It peaks in the afternoon and early evening 
and high WSC intake can be avoided by allowing grazing only in the early morning. 
Likewise, pasture shaded by treelines and windbreaks accumulates less WSC and 
susceptible horses can be strip grazed behind electric fences in these areas. Times 
of risk are conditions of high light intensity and low ground temperatures such 
as in spring and autumn. Particular care is indicated at these times. Under these 
conditions photosynthesis and WSC production is relentless, but growth and 
metabolism is slow; hence WSC accumulation.

Drought or periods of low soil moisture may also drive WSC accumulation and even 
dry looking pasture can have a high WSC concentration. Drought breaking rain 
can also be a trap. WSC accumulated in subsoil roots during dry times is rapidly 
mobilized to new shoots and many a pony has foundered on insignificant looking 
pasture after rain. Another trap is slashed or heavily grazed pasture or stubble 
after harvesting. Most of the WSC of grass is stored, not in the green leaves, but 
in the lower, pale green stems that are the plants WSC reservoir. Grass that has 
gone to seed in summer is usually low in overall WSC content in its leafy tissues 
but could still pose a risk from the starch in the seeds. A yield of starch from the 
seed of perennial ryegrass has been estimated at 360 kg/ha per growing season 
(Longland and Byrdy 2006). Horses will selectively strip seed from standing pasture 
and could conceivably consume sufficient starch to trigger laminitis from hindgut 
fermentation.

Use of Virginiamycin to Prevent Laminitis
The bacteria responsible for lactic acid production, as a result of carbohydrate 
overload are sensitive to a range of antibiotics. The laminitis inducing effect 
following carbohydrate overload does not occur if the activities of the bacteria 
are controlled. Virginiamycin, in the patented formulation Founderguard (Virbac 
Australia), administered at 5g/kg body weight, 4 days before carbohydrate overload, 
prevented laminitis and lactic acid production in all cases (Pollitt 1996). The correct 
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formulation of virginiamycin is important for the active ingredient to enter and mix 
properly with the caecal and colonic digesta. Unfortunately, virginiamycin has to be 
present in the caecum before the arrival of carbohydrate for laminitis prevention to 
occur. When virginiamycin was administered 68h after dosing with carbohydrate, 
laminitis did occur. For this reason Founderguard is considered a useful laminitis 
prophylactic (preventative) for horses and ponies with a high carbohydrate intake, 
but has little value therapeutically.

Horse Factors
Grazing muzzles have been successfully used to limit grass and thus WSC intake by 
horses at pasture. The holes in the muzzle limit intake and confines consumption to 
leafy tops that are lower in WSC content (Figure 9-2).

Use of Virginiamycin to prevent laminitis 
The bacteria responsible for lactic acid production, as a result of carbohydrate overload are 
sensitive to a range of antibiotics. The laminitis inducing effect following carbohydrate overload 
does not occur if the activities of the bacteria are controlled. Virginiamycin, in the patented 
formulation Founderguard (Virbac Australia), administered at 5g/kg body weight, 4 days before 
carbohydrate overload, prevented laminitis and lactic acid production in all cases (Pollitt 1996). 
The correct formulation of virginiamycin is important for the active ingredient to enter and mix 
properly with the caecal and colonic digesta. Unfortunately, virginiamycin has to be present in 
the caecum before the arrival of carbohydrate for laminitis prevention to occur. When 
virginiamycin was administered 68h after dosing with carbohydrate, laminitis did occur.  For this 
reason Founderguard is considered a useful laminitis prophylactic (preventative) for 
horses and ponies with a high carbohydrate intake, but has little value therapeutically. 
 
Horse factors 
Grazing muzzles have been successfully used to limit grass and thus WSC intake by horses at 
pasture. The holes in the muzzle limit intake and confines consumption to leafy 
tops that are lower in WSC content (Figure 92). 
  

 
 
Figure 92 Grazing muzzles limit grass and thus WSC intake by horses at pasture. 
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Figure 9-2 Grazing 
muzzles limit grass 
and thus WSC 
intake by horses at 
pasture.

When horses and ponies have no access to pasture and are yarded or confined 
to dry lots what are they to be fed? The usual solution is grass or forage hay. 
However the haymaking process may not always reduce WSC and sometimes the 
most innocent looking hay may have dangerous WSC levels. If possible choose 
hay made from mature pasture, made in summer, that has gone to seed. Hay 
could still be dangerous if harvested during periods of plant stress such as autumn 
and spring. Analysis of the WSC content of such hay is warranted but not always 
practical. Fortunately soaking hay in fresh water leaches out WSC (but not starch) 
and reduces the WSC content significantly. Sixty minutes of soaking and draining 
removed an average of 31% of the soluble sugars from 15 hay samples (Watts 
and Chatterton 2004). Pony breeds in particular are prone to obesity and insulin 
resistance and obese individuals are at high risk of developing laminitis. The diet 
of obese individuals can be modified so that energy intake is derived from fat and 
fibre rather than from high glycaemic sources. Owners should monitor the body 
weight and learn to condition score their horses aiming for more optimum weights. 
Insulin resistance can be reversed by weight reduction and regular aerobic exercise.

CHAPTER 9
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Endotoxaemia Therapy
Horses diagnosed with toxaemia during enteritis, colitis, strangulating colic, 
pleuropneumonia, septic metritis (retained placenta) and grain overload are at 
high risk of developing laminitis and ideally, cryotherapy, medical therapy and 
mechanical support for the distal phalanx should be initiated before the clinical 
signs of foot pain appear. Addressing laminitis as soon as it appears in a sick horse 
should always be regarded as an emergency procedure. Even then it may be too 
late.

Anti-endotoxin hyperimmune plasma (Equiplas. Plasvacc Pty Ltd, Kalbar Q 4309.  
http://www.plasvacc.com) can be included in the intravenous fluid therapy for 
horses with, or at risk, of developing endotoxaemia (toxins from the gut spilling 
into the blood).

Antiinflammatory Therapy
Apart from vigorously treating the primary inciting disease, attention should 
be paid to reducing inflammation and foot pain by administering nonsteroidal 
antiinflammatory drugs (NSAIDs). Flunixin meglumine (Finadyne) administered 
intravenously at 0.25 mg/kg TID or 1.1 mg/kg BID has a proven antiendotoxin effect 
by reducing prostaglandin production via cyclooxygenase inhibition and is valuable. 
Horses receiving flunixin meglumine and subsequently dosed with endotoxin had 
significantly lower blood prostaglandin and lactate concentrations and reduced 
clinical signs than control horses. However, the effectiveness of flunixin or any 
NSAID as an antilaminitis agent has never been tested. Phenylbutazone (4.4 mg/
kg IV or orally every 12 hours) appears to be a potent NSAID for the control of foot 
pain and is popular with most clinicians. Phenylbutazone and flunixin meglumine 
at the lower dose rate can be used concurrently; the former to control severe foot 
pain and the latter to control the effects of endotoxaemia. Intravenous ketoprofen 
(2.2 mg/kg BID) can be used interchangeably with flunixin. Horses with acute 
laminitis usually require NSAID therapy for at least 2 weeks and, because of its low 
cost, phenylbutazone at the 2.2 mg/kg dose rate is the best choice for maintenance 
therapy.

When NSAIDs are in use, the patient should be confined to a stall with deep 
bedding. Exercise, while under the influence of painkillers, such as phenylbutazone, 
is not advisable.

Vasodilator Therapy
The use of blood vessel dilators and hot water footbaths during the developmental 
phase of laminitis should be avoided. Forced exercise to any horse with acute 
laminitis is not advisable
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A Recommended Treatment Strategy
The list of pharmaceuticals that have been administered to horses with laminitis is 
long and, apart from the NSAIDs, none have achieved particular prominence. Fluid 
and electrolytes, antibiotics and NSAIDs are administered as required. Horses with 
septic metritis/retained placenta also require uterine lavage. The administration 
of 4 litres of mineral oil four times /day may be beneficial in the case of laminitis 
developing from grain overload. It has a laxative effect and its presence in the 
large intestine is said to block the absorption of toxins. Similarly, activated charcoal 
is an effective adsorbent of a range of toxins and may be useful in cases of grain 
overload if administered promptly.

Metalloproteinase Inhibitors
Research in these fields has generated a wide range of chemical agents capable of 
inhibiting enzyme activity both in vitro and in vivo. It is possible that in the future 
drugs may be developed which prevent the damaging activity of enzymes such as 
MMP.

CHAPTER 9
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10. THERAPEUTIC SHOEING
Introduction
The overriding problem of laminitis is failure of the distal phalanx to remain attached 
to the inner hoof wall. Descent and palmar rotation of the distal phalanx, prolapse 
of the bone through the sole of the hoof with its attendant sepsis and osteomyelitis 
(bone infection) and, above all, severe unrelenting pain all derive from this fact. 
Prompt, effective mechanical support of the distal phalanx can spare weakened, 
separating lamellae, give them time to heal and thus improve the outcome of 
horses showing the early signs of laminitis.

Mechanical Support of the Distal Phalanx
Significant mechanical support of an unstable distal phalanx can be achieved by the 
application of a frog/sole support device. Experience with a large number of cases 
by veterinarians and farriers, from around the world, indicates that the severity of 
founder is lessened if some form of frog/sole support device is applied.

Foam Sole Support
Foundered horses derive considerable pain relief from the application of foam 
digital supports (Figures 10-1, !0-2, 10-3). Foam digital support allows horses to 
bear weight on the palmar (back) two thirds of the foot. This spares the painful, 
dorsal (front) third of the foot, where the corium of the sole is being crushed by 
the descending distal phalanx. This easy, economical technique has received wide 
international support and is probably the best, first step to take in the rehabilitation 
of a foundered horse. If the horse responds and stabilises clinically, then proceed to 
more expensive and technically demanding procedures. Foam blocks, 50 - 60 mm 
thick, cut to the size of the foot, supply relief to foundered horses when taped in 
place over the sole. Foam pads can be replaced or modified as governed by the 
response of the horse. They last several days if the environment of the horse does 
not damage the foam. Ideally the horse should be confined to stables covered with 
deep shavings or sand.
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Figure 101 Application of a foam sole support pad. 
The foam is first trimmed to size and then taped to the sole of the foot using PVC duct tape. Initially 2 strips of tape, 
(A&B), are applied to the foam. The foam is then placed on the foot and strips A&B applied to the sides and front of 
the hoof. Tape is then wrapped around the foot to anchor the foam securely to the foot. 
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Figure 10-1 Application of a 
foam sole support pad.
The foam is first trimmed to 
size and then taped to the sole 
of the foot using PVC duct 
tape. Initially 2 strips of tape, 
(A&B), are applied to the foam. 
The foam is then placed on the 
foot and strips A&B applied to 
the sides and front of the hoof. 
Tape is then wrapped around 
the foot to anchor the foam 
securely to the foot.

 
 
Figure 102 Foam sole support pad taped in place to the sole of a foundered foot. 
The duct tape is wrapped high around the heels to keep the pad securely in place. 
Weightbearing by the horse over the next 2448 hours, compresses the first foam block, creating a cast (1520 mm 
thick) of the sole. This foam cast is modified by trimming away all foam that was beneath the descended, rotated 
solar margin of the distal phalanx . 
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Figure 10-2 Foam sole support 
pad taped in place to the sole 
of a foundered foot.
The duct tape is wrapped high 
around the heels to keep the 
pad securely in place. Weight-
bearing by the horse over the 
next 24 - 48 hours, compresses 
the first foam block, creating a 
cast (15 - 20 mm thick) of the 
sole. This foam cast is modified 
by trimming away all foam that 
was beneath the descended, 
rotated solar margin of the distal 
phalanx.

 
 
Figure 103 The foam sandwich that is taped together to form a laminitis sole support pad. 
Weightbearing by the horse over 2448 hours has compressed the first foam block (A), creating a cast (1520mm 
thick) of the sole. This foam cast is modified by trimming away all foam that was beneath the descended, rotated 
solar margin of the distal phalanx and taped to block B to form the sole support cast. The zone that should not be 
loaded is shown shaded. 
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Figure 10-3 The foam sandwich 
that is taped together to form 
a laminitis sole support pad.
Weight-bearing by the 
horse over 24 - 48 hours has 
compressed the first foam 
block (A), creating a cast 
(15 - 20 mm thick) of the sole. 
This foam cast is modified by 
trimming away all foam that 
was beneath the descended, 
rotated solar margin of the 
distal phalanx and taped 
to block B to form the sole 
support cast. The zone that 
should not be loaded is shown 
shaded.
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The Steward Clog
Mike Steward, a veterinarian based in Oklahoma, USA, introduced a cheap, 
effective, rolledtoe, rolledheel, wooden shoe for foundered horses (Steward 2003) 
(Figure 10-4). Easily made and fitted from readily available components the shoe 
requires no nailing and brings relief to the majority of foundered horses. Impression 
material (Coltene LabPutty) is mixed and applied to the sole, bars and frog of the 
cleaned, foundered foot (Figure 10-5). Before the impression material cures the 
clog is quickly taped in place and the foot placed on the ground and allowed 
to bear weight. This compresses the lab putty evenly and creates a firm, silicone 
rubber cast supporting the palmar/plantar (back) half of the foot.

The clog is then removed and the cured rubber cast is trimmed, removing any 
material that may exert pressure to the sole beneath the rotated solar margin of 
the distal phalanx. In severe cases where the distal phalanx has sunk and rotated 
downwards and caused the sole to bulge downwards (dropped sole) it is important 
to sand out a cavity in the plywood to accommodate the bulge to avoid painful 
pressure (Figure 10-6).

 
 
Figure 104 A homemade wooden version of the Steward Clog. 
The plywood was shaped with a jigsaw and attached with screws (Chipboard screws 8G x 3040mm).The front of the 
clog has been bevelled with a rasp to provide easy breakover. Between the sole of the hoof and the plywood clog is 
silicone impression putty. 
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Figure 10-4 A homemade 
wooden version of the 
Steward Clog.
The plywood was shaped with 
a jigsaw and attached with 
screws (Chipboard screws 8G 
x 30 - 40 mm). The front of the 
clog has been bevelled with a 
rasp to provide easy breakover. 
Between the sole of the hoof 
and the plywood clog is 
silicone impression putty.
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Figure 105  The two components of Coltene lab putty,   a silicone dental impression 
material, are thoroughly mixed and while still soft applied to the cleaned sole. 
The bulk of the putty is applied to the heels, bars and frog (avoiding the toe) where support can be safely applied 
without loading the more painful dorsal (front) half of the foot. 
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Figure 10-5 
The two components of 
Coltene lab putty, a silicone 
dental impression material, are 
thoroughly mixed and while 
still soft applied to the cleaned 
sole. The bulk of the putty is 
applied to the heels, bars and 
frog (avoiding the toe) where 
support can be safely applied 
without loading the more 
painful dorsal (front) half of the 
foot.

 
 
Figure 106 The clog showing the surface depression created to accommodate a dropped sole.  A pattern was 
made by placing the foot on a sheet of plywood and drawing around the perimeter of the hoof with a marker pen. The 
clog was cut from the plywood with a jigsaw and the edges bevelled with a sanding disc attached to an angle 
grinder. The sanding disc was used to create the surface depression In cases where the distal phalanx has rotated 
significantly the insertion of a 2030 wedge pad between the heels and the shoe will raise the heels and may bring 
added relief. With the foot weight bearing holes, of similar diameter to the screws, are drilled through the outer hoof 
wall and into the plywood.The pattern of screw placement is similar to a nailedon shoe taking extra care at the heels 
where the wall is thinner. Next the hoof is screwed down (Chipboard screws 8G x 3040 mm) to the wooden clog 
taking care not to exert excessive pressure by over tightening. An advantage of the Steward Clog is that the pain of 
nailing is absent and shoeing can proceed with all four feet on the ground.Foundered horses suffer added pain when 
one foot is held off the ground for long periods so being able to attach a support shoe while the feet are on the ground 
is an advantage. The use of a cordless drill speeds application time. Wrapping fibreglass casting material (DynaCast 
Extra or ScotchcastPlus,100mm wide, code: 4793 from www.sportstek.net/) around the perimeter of the distal hoof 
and the shoe confers extra durability and longevity. Attaching rubber to the sole of the shoe also extends the life of 
the shoe.  
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Figure 10-6 
The clog showing the surface 
depression created to 
accommodate a dropped sole. A 
pattern was made by placing the 
foot on a sheet of plywood and 
drawing around the perimeter of 
the hoof with a marker pen. The 
clog was cut from the plywood 
with a jigsaw and the edges 
bevelled with a sanding disc 
attached to an angle grinder. 
The sanding disc was used to 
create the surface depression In 
cases where the distal phalanx 
has rotated significantly the 
insertion of a 20 - 30 mm wedge 
pad between the heels and the 
shoe will raise the heels and may 
bring added relief. With the foot 
weight bearing holes, of similar 
diameter to the screws, are drilled 
through the outer hoof wall and 
into the plywood. The pattern of 
screw placement is similar to a nailedon shoe taking extra care at the heels where the wall is thinner. 
Next the hoof is screwed down (Chipboard screws 8G x 30 - 40 mm) to the wooden clog taking care 
not to exert excessive pressure by over tightening. An advantage of the Steward Clog is that the pain 
of nailing is absent and shoeing can proceed with all four feet on the ground. Foundered horses suffer 
added pain when one foot is held off the ground for long periods so being able to attach a support 
shoe while the feet are on the ground is an advantage. The use of a cordless drill speeds application 
time. Wrapping fibreglass casting material (DynaCast Extra or ScotchcastPlus,100mm wide, code: 4793 
from www.sportstek.net/) around the perimeter of the distal hoof and the shoe confers extra durability 
and longevity. Attaching rubber to the sole of the shoe also extends the life of the shoe.
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The Heartbar Shoe
A correctly applied heartbar shoe loads the palmar (back) structures of the foot, 
shifts the weight bearing load away from the toe, thus sparing the dorsal (front) 
structures of the foot. The widespread international use of the heart bar shoe and 
the need for veterinarians and farriers to work cooperatively together on cases 
of laminitis has caused a resurgence in the art of farriery. Many modern equine 
practices retain a specialist farrier on either a parttime or fulltime basis. The use of 
the heartbar shoe has enabled veterinarians and farriers to rehabilitate and salvage 
many horses and ponies that, previous to its introduction, would have been lost 
(Figure 10-7).

Moving the breakover fulcrum under the tip of the distal phalanx shortens the lever 
arm of the toe and reduces the shearing stress on the dorsal lamellae. No part of the 
shoe must encroach on the sole or bars. For the horse with minimal displacement 
of the distal phalanx, the shoe can be fixed in place with the tip of the frog bar 
covering all but 10 - 15 mm of the tip of the frog. In all other case it is dangerous 
to apply a heart bar shoe without knowledge of the position of the distal phalanx 
within the hoof capsule. In other words the shoe is fitted to the distal phalanx, not 
the external hoof. The position of the distal phalanx within the hoof capsule can 
only be determined with radiographs. Radiography and fitting the heart bar shoe 
to a foundered foot go together and necessitate vet/farrier cooperation.

 
Figure 107 The heartbar shoe. 
Factory made heart bar shoes are readily available in a range of sizes and can be shaped to fit most horses. As 
supplied, the shoe is flat and must be adjusted so that the frog plate (F) is “set up” above the level of the branches of 
the shoe. The frog plate should be parallel to and 23 mm above the level of the adjacent branches of the shoe. The 
frog support plate of the shoe should apply even pressure over the entire length of the frog. Rolling the toe of the 
shoe (arrowed), eases breakover of the foot during locomotion, and relieves tension on lamellae weakened by 
laminitis. 
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Figure 10-7 The heartbar shoe.
Factory made heartbar shoes 
are readily available in a range 
of sizes and can be shaped to 
fit most horses. As supplied, 
the shoe is flat and must be 
adjusted so that the frog 
plate (F) is “set up” above 
the level of the branches 
of the shoe. The frog plate 
should be parallel to and 23 
mm above the level of the 
adjacent branches of the 
shoe. The frog support plate 
of the shoe should apply even 
pressure over the entire length 
of the frog. Rolling the toe 
of the shoe (arrowed), eases 
breakover of the foot during 
locomotion, and relieves 
tension on lamellae weakened 
by laminitis.
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Heel Elevation
Although the weight of the horse, transferred through the limb skeleton to the 
distal phalanx, is considered to be the primary force causing progressive separation 
of compromised lamellae, additional separation appears to be caused by the 
rotary force exerted by contraction of the deep digital flexor muscle via the palmar 
insertion of its tendon (the deep flexor tendon) to the palmar distal phalanx.

Raising the heels of feet affected by acute laminitis by 12 - 18 degrees, is claimed to 
decrease the biomechanical tension in the deep flexor tendon by 50 - 60%, arrest 
further dislocation of diseased lamellae and to reduce pain. Wedges for elevating 
the heels of horses are available commercially. If the initial radiographs show no 
palmar rotation of the distal phalanx heel, elevation can proceed immediately. If 
rotation of the distal phalanx is present the hoof should be trimmed to normalise 
the position of the distal phalanx, in relation to the hoof capsule, (derotated) before 
heel elevation is performed. Strict rest in a stall with deep bedding is mandatory 
when using heel wedges. The wedge is removed 10 - 15 days after the signs of 
laminitis have disappeared (without analgesia). The principle of temporary heel 
elevation is that lamellar distraction can be prevented, or at least ameliorated, if 
the force exerted on the distal phalanx by the deep flexor tendon is neutralised.

The Equine Digit Support System (EDSS)
Gene Ovnicek, a farrier originally from Columbia Falls, Montana, USA, developed 
the Natural Balance Shoe™ in conjunction with a system of pads, heel wedges, 
frog inserts and silicone impression material (known as the Equine Digit Support 
System or EDSS) specifically for the rehabilitation of foundered horses. The system 
is marketed as a kit and can be purchased from the comprehensive website (Figure 
10-8).

EDSS styrofoam pads are part of the kit and are recommended for horses in the 
early stages of acute laminitis. When the horse has stabilised clinically (this may take 
2 - 3 weeks), support of the foundered feet can progress from foam pad support to a 
shoe based system. Completing the system is a twopart silicone based impression 
material that, when blended together, cures into a rubberlike consistency. A cast of 
the bottom of the foot is made by placing the freshly blended impression material 
over the sole, bars and frog. The impression material is then covered with a hard 
rigid pad that is quickly taped to the foot. The horse is made to stand on the pad 
while the impression material cures. The rubber cast is then trimmed so that only 
the back part of the foot (the palmar sole, frog and bars) is used for support. There 
should no contact between impression material or any part of the pad with the 
painful, descended, corium beneath the solar margin of the distal phalanx. Correct 
foot trimming is essential if the EDSS is to achieve its potential (Figure 10-9).
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Figure 108   The EDSS system consists of the Natural Balance Shoe (A), a plastic pad with a builtin frog plate (B), 
additional frog inserts (C) and wedge rails(D). The plastic pad can be screwed to the shoe firmly via the predrilled 
and tapped in the toe of the shoe (arrowed). Frog support can be increased by the addition of frog inserts of various 
sizes. The EDSS shoe is a version of the Natural Balance Shoe™ with predrilled and tapped holes for the 
attachment of other components of the EDSS (Figure 11.7). The hole at the toe is used to attach the EDSS pad while 
the holes on the shoe branches are for the attachment of heel elevation wedges or “wedge rails”. This ingenious 
system of interchangeable parts allows adjustments of heel height to be made without removal of the shoe. The shoe 
has a rolled, square toe, designed to promote easy breakover during locomotion, thus limiting further mechanical 
separation and tearing of damaged lamellae. A plastic pad with a stainless steel insert embedded into its toe is used 
in conjunction with the Natural Balance Shoe™. When screwed firmly into place (in the predrilled toehole) the pad 
conforms to the seatedout design of the shoe and frog support is provided by a builtin frog plate. Frog support can 
be added to by attaching one of a range of different sized, plastic frog inserts. The amount of heel elevation can be 
adjusted by attaching a pair of “wedge rails” to the shoe utilising the predrilled holes in the shoe and pegs and holes 
in the plastic rails. 
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Figure 109 Fitting the EDSS Natural Balance Shoe. 
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Figure 10-9 Fitting the EDSS 
Natural Balance Shoe.

Figure 10-8 The EDSS system 
consists of the Natural 
Balance Shoe.
(A), a plastic pad with a built-
in frog plate (B), additional 
frog inserts (C) and wedge 
rails (D). The plastic pad 
can be screwed to the shoe 
firmly via the pre-drilled and 
tapped in the toe of the shoe 
(arrowed). Frog support can 
be increased by the addition 
of frog inserts of various sizes. 
The EDSS shoe is a version of 
the Natural Balance Shoe™ 
with pre-drilled and tapped 
holes for the attachment of 
other components of the 
EDSS (Figure 11-7). The hole at the toe is used to attach the EDSS pad while the holes on the shoe 
branches are for the attachment of heel elevation wedges or “wedge rails”. This ingenious system of 
interchangeable parts allows adjustments of heel height to be made without removal of the shoe. The 
shoe has a rolled, square toe, designed to promote easy breakover during locomotion, thus limiting 
further mechanical separation and tearing of damaged lamellae. A plastic pad with a stainless steel 
insert embedded into its toe is used in conjunction with the Natural Balance Shoe™. When screwed 
firmly into place (in the pre-drilled toehole) the pad conforms to the seated-out design of the shoe 
and frog support is provided by a built-in frog plate. Frog support can be added to by attaching one 
of a range of different sized, plastic frog inserts. The amount of heel elevation can be adjusted by 
attaching a pair of “wedge rails” to the shoe utilising the pre-drilled holes in the shoe and pegs and 
holes in the plastic rails.
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Heartbar Support Shoe
A shoe combining the principles of the heartbar, heel elevation, a support pad 
and silicone rubber impression material has been developed by the veterinarian Dr 
Lionel Richards and farrier Craig Jones of Brisbane, Queensland. The shoe is hand 
forged from a single length of aluminium bar stock ½ inch in thickness, 3/4 inch in 
width. The base of the frog plate is welded to the heel of the shoe in the forge and 
the branches of the shoe are fullered and punched. The frog plate is kept level with 
the branches of the shoe. The toe of the 1/2 inch thick aluminium is easily forged 
and rasped into a ski tipped shape to provide ease of breakover (Figure 10-10).

Heartbar Support Shoe 
A shoe combining the principles of the heartbar, heel elevation, a support pad and 
silicone rubber impression material  has been developed by the veterinarian Dr Lionel 
Richards and farrier Craig Jones of Brisbane, Queensland. The shoe is hand forged from a 
single length of aluminium bar stock ½ inch in thickness, 3/4 inch in width. The base of the frog 
plate is welded to the heel of the shoe in the forge and the branches of the shoe are fullered and 
punched. The frog plate is kept level with the branches of the shoe. The toe of the 1/2 inch thick 
aluminium is easily forged and rasped into a ski tipped shape to provide ease of breakover 
(Figure 1010). 
 

 
Figure 1010 Hand forged heartbar support shoe. 
The toe of the shoe has been rolled and the ease of breakover is being demonstrated. Triangular shaped rails have 
been bolted to the underside of the shoe to provide heel elevation  
 
 
A leather pad is cut and riveted to the shoe. Impression material is mixed and applied to the 
sole, bars and frog of the foundered foot. Before the impression material cures the shoe is taped 
or temporarily nailed to the foot (using just 2 nails at this stage) so that weightbearing by the 
horse, compresses the lab putty, thus creating a silicone rubber support cast (Figure 1011). 
The shoe is then removed and the cured rubber cast is trimmed, removing any material that 
may exert pressure to the sole beneath the rotated solar margin of the distal phalanx. The heels 
can be elevated by bolting triangular shaped aluminium rails to the base of the shoe. The shoe 
is fitted and the hoof trimmed in accordance with the anatomical principles outlined previously. 
The combination heartbar support shoe utilises the excellent shockabsorbing qualities of 
aluminium, leather and silicone rubber and is being used by a growing number of vetfarrier 
teams. 
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Figure 10-10 Hand forged 
heartbar support shoe.
The toe of the shoe has 
been rolled and the ease 
of breakover is being 
demonstrated. Triangular 
shaped rails have been bolted 
to the underside of the shoe to 
provide heel elevation 

A leather pad is cut and riveted to the shoe. Impression material is mixed and 
applied to the sole, bars and frog of the foundered foot. Before the impression 
material cures the shoe is taped or temporarily nailed to the foot (using just 2 nails 
at this stage) so that weight-bearing by the horse, compresses the lab putty, thus 
creating a silicone rubber support cast (Figure 10-11). The shoe is then removed and 
the cured rubber cast is trimmed, removing any material that may exert pressure to 
the sole beneath the rotated solar margin of the distal phalanx. The heels can be 
elevated by bolting triangular shaped aluminium rails to the base of the shoe. The 
shoe is fitted and the hoof trimmed in accordance with the anatomical principles 
outlined previously. The combination heartbar support shoe utilises the excellent 
shock absorbing qualities of aluminium, leather and silicone rubber and is being 
used by a growing number of vet-farrier teams.

CHAPTER 10



52

 
 
Figure 1011 Silicone rubber cast of the palmar sole, bars and frog. 
Used in conjunction with special shoes and pads silicone rubber casts spread the task of loadbearing over the entire 
palmar half of a foundered foot. 
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Figure 10-11 Silicone rubber 
cast of the palmar sole, bars 
and frog.
Used in conjunction with 
special shoes and pads silicone 
rubber casts spread the task 
of loadbearing over the entire 
palmar half of a foundered 
foot.

EDITOR’S NOTE: Another very useful technique which is being successfully 
by farriers and veterinarians in New Zealand involves the application of a 
product such as “Equicast” or “Scotchcast” material. This fibreglasstype 
product is used to build a solid, but porous, shoe around the hoof. Impression 
material is used to support the sole and palmar foot. The tape is applied in 
such a way to provide a good breakover well back from the toe. These casts 
provide solid, supportive cases around the hooves and are often left in situ 
for a shoeing cycle (4 - 6 weeks). They have been widely used, in particular, 
to provide relief for some Thoroughbred mares with chronically sore or 
foundered front feet.

 
Editor’s note :   Another very useful technique which is being successfully by farriers and veterinarians in New 
Zealand involves the application of a product such as  “Equicast” or “Scotchcast” material.  This fibreglass type 
product is used to build a solid, but porous, shoe around the hoof. Impression material is used to support the sole and 
palmar foot. The tape is applied in such a way to provide a good breakover well back from the toe. These casts 
provide solid, supportive cases around the hooves and are often left in situ for a shoeing cycle (46 weeks). They 
have been widely used, in particular, to provide relief for some Thoroughbred mares with chronically sore or 
foundered front feet. 
 
 
 
 
 

 
 
Figure 1012 “Equicast” material used to build fibreglass shoes 
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Figure 10-12 “Equicast” material used to build fibreglass shoes.



53

11. SURGICAL TREATMENT
Hoof Wall Resection (Surgical Removal)
Early resection of the hoof wall in a zone corresponding to the ingrowing coronet 
and toe of chronic laminitis appears to release compression of the tissues beneath 
and, depending on the extent of the soft tissue and bone pathology, restore a 
semblance of normal hoof growth (Figure 11-1).

EDITOR’S NOTE: The hoof wall may be removed by a veterinarian with 
the aid of regional nerve blocks but some farriers have become skilled at 
thinning out the dorsal hoof wall until a thin layer remains, allowing serum 
to ooze, reducing the pressure locally, but maintaining a flexible, protective 
and supportive layer. Any decision to remove dorsal hoof wall should be 
taken cautiously with informed and controlled decision making involving a 
veterinarian.

Deep Flexor Tenotomy (Cutting the Tendon)
If, despite the initial therapy, the distal phalanx continues to rotate and descend 
into the hoof capsule and pain is ever present, the option of deep flexor tenotomy 
can be considered. The aim of the operation is to remove the force exerted on the 
distal phalanx (P3) by the deep flexor tendon. Most horses show an initial clinical 
improvement. This supports the hypothesis that the unopposed palmar tension 
exerted by the deep flexor tendon on the distal phalanx contributes to the pain 
of chronic refractory laminitis. If tenotomy is performed before there is significant 
osteolysis of the distal phalanx, most horses recover slowly. However clinical 
improvement is sometimes short lived and many horses require euthanasia within 
12 months of surgery. The prognosis is poor if osteolysis and abscessation of the 
distal phalanx develop.

EDITOR’S NOTE: Many veterinarian’s have had successful outcomes with 
deep flexor tenotomy, bringing about derotation and restoring a more 
normalised anatomical position of P3, even for chronic cases of laminitis. 
Some veterinarians advocate early (aggressive) intervention with deep flexor 
tenotomy where evidence obtained from venograms point to the likely 
imminent rotation of P3. These are difficult decisions often involving referral 
opinions and ongoing failures to resolve pain issues, or valuable horses with 
very acute issues resulting in supporting limb laminitis or severe acute septic 
processes.
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Figure 111  Hoof resection of the coronet and distal toe. 
Improved growth of hooves affected by chronic laminitis occurs after resection of the ingrowing coronet and toe.  
 
 
 

 
Figure 112  10 weeks after coronary band and toe hoof resection. Dorsal and lateral views are shown in A and B 
respectively. The procedure appears to have restored parallel hoof growth below the hairline of the coronet. The 
horse’s gait and demeanour concomitantly improved. 
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Figure 11-1 Hoof resection of the coronet and distal toe.
Improved growth of hooves affected by chronic laminitis occurs after 
resection of the ingrowing coronet and toe.

 

 
Figure 111  Hoof resection of the coronet and distal toe. 
Improved growth of hooves affected by chronic laminitis occurs after resection of the ingrowing coronet and toe.  
 
 
 

 
Figure 112  10 weeks after coronary band and toe hoof resection. Dorsal and lateral views are shown in A and B 
respectively. The procedure appears to have restored parallel hoof growth below the hairline of the coronet. The 
horse’s gait and demeanour concomitantly improved. 
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Figure 11-2 10 weeks after coronary band and toe hoof resection. 
Dorsal and lateral views are shown in A and B respectively. The 
procedure appears to have restored parallel hoof growth below the 
hairline of the coronet. The horse’s gait and demeanour concomitantly 
improved.
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12. PROGNOSIS
Some horses that show the clinical signs of acute laminitis recover completely if 
treated promptly using a combination of rational medical therapy and mechanical 
support. However, horses recovering from even the mildest laminitis should be 
rested and observed closely. If no radiographic evidence of palmar displacement 
of the distal phalanx within the hoof capsule exists, and the digital pulse is not 
palpably exaggerated 48 hours after treatment has ceased, the horse can be 
cautiously returned to its usual function.

If radiographs do show displacement of the distal phalanx, then the prognosis must 
be more guarded. Horses with a mild increase in the distance between the distal 
phalanx and the dorsal hoof wall, with or without rotation of the distal phalanx, 
often make an apparent recovery and remain sound indefinitely. However, horses 
with marginally greater displacement and rotation of the distal phalanx make only 
partial recoveries and often have a history of intermittent lameness, especially after 
exercise.

Horses developing laminitis associated with significant initial lamellar destruction, 
as manifest by radiographic displacement of the distal phalanx and venographic 
evidence of vascular compromise, appear never to make a complete anatomical 
recovery and are prone to recurrent episodes of foot pain.

Ultimately, the prognosis is directly proportional to the severity and extent of 
lamellar pathology. Horses with more than 15 degrees of rotation, accompanied 
by downward displacement of the distal phalanx into the hoof capsule within  
4 - 6 weeks of the initial episode of laminitis, have a poor prognosis. Prolapse of 
the distal phalanx through an already necrotic sole, accompanied by subsolar and 
sublamellar infection, usually occurs. Pus will discharge from the coronet and the 
heels. Osteomyelitis (bone infection) and lysis (erosion) of the distal margin of the 
distal phalanx will develop. Such cases will require months of expensive supportive 
care and surgery and although the occasional horse does make a surprisingly  
good recovery, most suffer months of crippling foot pain and recumbency, and 
eventually require euthanasia on humane grounds.

If the horse is clearly more mobile and comfortable after shoeing, this is a sign 
that the chosen therapeutic technique is working. Over time, the red, necrotic 
solar corium, beneath the displaced tip of the distal phalanx, will reepithelialise; 
turning light yellow in colour as new horn cells colonise the damaged area. The 
reappearance of thick, concave sole is an encouraging development. A return of 
hoof growth parallel to the coronary band especially at the front of the foot is also 
encouraging. Many horses recover to be sound enough for breeding purposes or 
paddock retirement. They will however require prolonged after-care in the form of 
frequent, expert shoeing and perhaps confinement to a personal yard. A few return 
to former athletic soundness.

CHAPTER 12
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Summary
Laminitis should be defined as pathological disintegration of the suspensory 
apparatus of the distal phalanx (SADP). If distal phalanx is not properly attached 
to the inside of the hoof, the weight of the horse and the forces of locomotion 
drive the bone down into the hoof capsule causing unrelenting pain in the feet 
and a characteristic lameness. The lamellar epidermal basal cell (LEBC) is the 
primary target of SADP disintegration and is the weak link in the hierarchy of tissues 
constituting the SADP. LEBCs may dis-attach from their underlying basement 
membrane or they may weaken and stretch leading to lamellar thinning and 
lengthening.  The outcome is the DP pathologically descends towards the solar 
dermis. Dysregulation of the LBEC cytoskeleton and its associated cell adhesion 
complexes including cytolink protein depletion, attachment plaque degradation 
and cytoskeletal collapse explain this sudden LBEC stretching and SEL lengthening. 
Significant decreases in cytolink protein and gene expression and associated 
LBEC cytoskeletal disorganisation are reported in both HI- and CHO-induced 
laminitis. Since the LBEC, the cornerstone of the suspensory apparatus of the distal 
phalanx, is constantly loaded, it is now understandable why LBEC dysregulation 
leads to downwards dislocation of the distal phalanx and its attendant signs of 
clinical laminitis. The attack by laminitis on the LBEC that damages the lamellar 
cytoskeleton and cell adhesion complexes resembles changes occurring in skin 
cancer development. Anticancer drugs, currently in development, may be effective 
in preserving LEBC cell adhesion complexes and in turn the lamellae and the 
integrity of the SADP.

Introduction
Three main forms of laminitis are now recognised: sepsis-associated, 
endocrinopathic and supporting limb laminitis. Pathological disintegration of 
the suspensory apparatus of the distal phalanx (SADP) is the hallmark event 
of all laminitis pathology. Without the distal phalanx properly attached to the 
inside of the hoof, the weight of the horse and the forces of locomotion drive the 
bone down into the hoof capsule – sometimes slightly (with mild clinical signs) 
sometimes grossly (with severe clinical signs). There is unrelenting pain in the feet 
and a characteristic lameness.  
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Developmental phase
Laminitis has a developmental phase during which lamellar disintegration is 
triggered. This precedes foot pain onset (the acute phase). Interestingly despite 
long held historical views to the contrary perturbations in lamellar blood flow 
(ischaemia) play no role in the development of sepsis or HI related laminitis 
(supporting limb laminitis is a different matter). Using microdialysis probes inserted 
directly into the lamellar milieu our recent studies show increased lamellar perfusion 
(hyperaemia) during the development phase [1]. Thus there is no rationale for 
the use of vasodilator drug therapy during the development phase of laminitis.  
Changes in the lamellar epidermal basal cell (LEBC), observed in lamellar tissues 
from experimental and clinical cases of laminitis, show that the LEBC is the primary 
target of SADP disintegration. The LEBC, robust and trouble-free in the healthy 
horse, may be the weak link in the hierarchy of tissues constituting the SADP, an 
intact “chain” counteracting substantial physical forces that will fail should one 
“link” give way.

Lamellar epidermal basal cell pathology 
SADP disintegration begins surprisingly early in the developmental phase of 
laminitis. Initially LEBCs may dis-attach from their underlying basement membrane. 
This well documented mechanism [2] is clearly seen in experimental models (e.g. 
alimentary carbohydrate overload) and in clinical cases of sepsis-related laminitis. 
The second way that LEBC impairment can lead to DP descent is weakening and 
stretching of LEBCs and secondary epidermal lamellae [3-5].This leads to SEL 
thinning and lengthening without wholesale dis-attachment from the BM but with 
the same net result – the DP pathologically descends towards the solar dermis. 
Profound loss of cell/cell and cell/basement membrane attachments destabilises 
the SADP’s ability to counteract the distracting forces of the horse’s weight and 
allows the DP to descend into the hoof capsule.  Dysregulation of the LBEC 
cytoskeleton and its associated cell adhesion complexes including cytolink protein 
depletion, attachment plaque degradation and cytoskeletal collapse likely explain 
this sudden LBEC stretching and SEL lengthening. Significant decreases in cytolink 
protein and gene expression and associated LBEC cytoskeletal disorganisation 
have recently been reported in both HI- and CHO-induced laminitis [6; 7]. The 
LBEC is profoundly changed as laminitis-related pathology casts its shadow over 
the lamellar interface.  Experimental models of equine laminitis and studies in 
other species have confirmed that aberrant cell signalling results in cell junction 
disassembly, loss of cell–cell and cell-matrix contacts and disruption in overall cell 
integrity. Ultimately, all this is due to disorganization of the physical inner framework 
of the cell, the cytoskeleton. Since the LBEC, the cornerstone of the suspensory 
apparatus of the distal phalanx, is constantly loaded, it is now understandable why 
LBEC dysregulation leads to downwards dislocation of the distal phalanx and its 
attendant signs of clinical laminitis [8]. 
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Conclusion
Two seemingly disparate causes of laminitis (sepsis and hyperinsulinaemia) not 
only show similar histologic changes (e.g. stretching of the secondary epidermal 
lamellae), but also growth factor signalling associated with disruption of cell 
adhesion properties in other species [9]. The attack by laminitis on the LBEC that 
leads to loss of the protein components of the SEL cytoskeleton and cell adhesion 
complexes resembles changes occurring in skin cancer development. Anticancer 
drugs, currently in development, may be effective in preserving LEBC cell adhesion 
complexes and in turn SELs and the integrity of the SADP.
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Summary
A typical laminitis affected foot has non-parallel hoof wall growth rings converging 
dorsally and a convex (dropped) sole. Foot pain is bilateral. The horse adopts a 
typical laminitis stance and walks in a characteristic way. Radiographs are important 
to identify if the distal phalanx is dislocated relative to the hoof capsule. Divergence 
of the hoof capsule away from the distal phalanx and sinking and lysis of the 
distal phalanx signify severe, chronic laminitis.  Apart from pain relief nonsteroidal 
anti-inflammatory drugs have no proven therapeutic value.  The aim of support 
shoeing is to encourage healing of the more severely affected dorsal half of the 
foot by utilising (loading) the palmar foot for weight bearing. Distal limb cooling is 
effective at preventing acute laminitis and is the only laminitis preventive/treatment 
strategy, with proven efficacy. It directly inhibits epidermal inflammatory events thus 
protecting the lamellar epidermal basal cell cytoskeleton from disintegration. The 
critical factor causing pasture associated laminitis is hyperinsulinemia particularly 
in insulin dysregulated horses and ponies. Management requires blood insulin 
concentration assessment using the oral glucose test to measure the insulin 
response to glucose absorbed from the foregut. Increasing insulin corresponds to 
increasing laminitis risk.

Introduction
The disintegration of the suspensory apparatus of the distal phalanx (SADP) is 
initially invisible to the naked eye. Clinically however there is bilateral foot pain; 
shifting weight from one foot to the other (paddling) with the forefeet placed 
forward of the normal position. If forced to walk the horse will arch its back and 
place the hind limbs forward, under the abdomen, to shift as much weight as 
possible to the hindquarters. The horse half rears before stepping forward in front. 
As time passes hoof and bone changes occur as internal pathology alters growth 
patterns and distorts hoof shape. If lameness persists and worsens there is likely 
deteriorating displacement of the distal phalanx (DP) relative to the hoof capsule. 
A lateral to medial foot radiograph shows the position of the DP within the hoof 
capsule and enables recognition of laminitis.  Normally the DP dorsal cortex and 
the outer hoof wall are parallel and the DP is in a fixed position relative to the hoof 
capsule. Divergence of the hoof capsule away from the DP and DP sinking and bone 
lysis are typical of severe, chronic laminitis. When the DP descends into the hoof 
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capsule coronary band connective tissue is taken with it.  As a consequence dorsal 
coronary wall growth is displaced inwards, instead of downwards, resulting in non-
parallel growth rings converging dorsally. Additionally, under pressure from the 
dislocated DP, the sole may bulge downwards creating a convex instead of concave 
sole. Ultimately it is the strength of the laminitis affected SADP that determines 
prognosis. Many horses relapse after the acute laminitis episode despite early 
signs of improvement. Premature resumption of athletic exercise and thus greater 
foot break-over strain, particularly in the fore feet, can rupture surviving lamellar 
attachments. 

Interventions
No drug based therapeutic regimen can arrest or block laminitis. It is more the 
extent and severity of the initial lamellar pathology that influences the outcome 
for the horse, not the treatment itself. The administration of nonsteroidal anti-
inflammatory drugs (NSAIDs) during the developmental/acute stages, ameliorates 
foot pain and creates a more comfortable-looking horse, but the disease continues 
unabated [1]. NSAIDs have prognostic value however; a favourable analgesic 
response indicates relatively mild laminitis whereas little or no response means 
a severe case and a poor prognosis [2]. Foot rehabilitation and support shoeing 
should aim to spare (unload) the more severely affected dorsal half of the foot, 
while it heals, and utilise (load) the palmar foot for weight bearing. 

Distal limb cooling
Distal limb cooling (DLC) is effective at preventing acute laminitis in a single cooled 
limb [3], all four limbs [4] or after acute onset [1; 5]. DLC is the only laminitis preventive/
treatment strategy, with proven efficacy. In horses hospitalised and treated for colitis 
the odds of developing laminitis (and thus euthanasia) are significantly reduced 
(10X less odds) if effective DLC is part of the treatment protocol [6].  In the equine 
distal limb the target organ (lamellar tissue) can be cooled selectively, in isolation 
from other tissues.  Profound cooling (3 - 5oC), without apparent side effects, and 
with excellent tolerance from the horse can be applied continuously, to all 4 legs, 
for 3 - 4 days without side effects.  The ice must always be suspended in water; ice 
cubes must NOT make direct prolonged contact with the skin. A range of boots 
and tubs have been developed to maintain distal limb cooling; those that circulate 
cold water directly on the skin from the carpus down, as opposed to gels, wraps 
and pads, are the most successful. DLC directly inhibits epidermal inflammatory 
events (i.e., IL6 and COX-2 expression) in animals developing laminitis [1]. Cellular 
trafficking and receptor activation (de-phosphorylation) is virtually zero at 4oC thus 
protecting the LEBC cytoskeleton from disintegration. 



70

Pasture Associated Laminitis (PAL)
Grasses and legumes make up the diet of horses in their natural state. Horses 
evolved eating complex structural carbohydrates, in the form of cellulose, 
hemicellulose, and lignin, as well as non-structural carbohydrates (NSC) in the 
form of fructans, simple sugars and starch. Domestic horses and ponies sometimes 
ingest excessive quantities of fructan, starch and simple sugars when they consume 
pastures in a sugar-producing phase. The risk of PAL is high in insulin dysregulated 
(ID) individuals. There is a functional enteroinsulinar axis in ponies mediated via the 
gut incretin hormones (mainly glucagon-like peptide-1 or GLP-1). GLP-1 is released 
from the intestine following carbohydrate consumption and works in concert with 
glucose to augment pancreatic insulin release. Thus the critical factor causing PAL 
is hyperinsulinemia originating, not from a failure of peripheral glucose uptake (IR), 
but from other, primarily gastrointestinal, causes. Owners of at-risk ID horses and 
ponies should avoid feeding high NSC pasture and hays, soak high NSC hay to 
reduce the simple sugar and fructan content or to use grazing muzzles. ID can be 
reversed by weight reduction and regular aerobic exercise. To manage HI laminitis 
in the field the blood insulin concentration must be known; current best practice 
is the oral glucose test measuring the insulin response to glucose absorbed from 
the foregut [7]. If the post-glucose insulin is < 50 µIU/mL the pony is unlikely to 
be insulin dysregulated and develop laminitis; if insulin is 50 to 200 µIU/mL there 
is a moderate chance; if insulin is >200 µIU/mL the horse or pony is at high risk of 
developing laminitis. Increasing insulin corresponds to increasing laminitis risk. 
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