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The Equine Foot: Form and Function 
Stephen E. O’Grady, BVSc, MRCVS 

John B. Madison, VMD, Diplomate ACVS † 

e-mail:sogrady@look.net 
 
Introduction 
The foot is interesting not only because it is the dominant site of lameness in performance horses, 
but also because it is a biological entity that follows the laws of biomechanics. The digit is that part of 
the limb distal to the metacarpophalangeal joint. The foot is the part of the distal limb encased by the 
hoof. The hoof (Ungula) is, by definition the integument of the foot. The cornified layer of the epidermis 
of the hoof forms the hoof capsule.  
 
Form 
The gross morphologic differences between distal limb and the rest of the musculoskeletal system cause 
some intimidation. However, to overview the distal limb as a cause of lameness, there are only so many 
structures in the foot and there are only so many pathological processes that may occur in each structure: 
degenerative, anomalous, autoimmune, metabolic, nutritional, neoplastic, inflammatory, infectious, and 
traumatic (DAMNIT). By understanding how these structures function normally and considering all the 
potential processes that occur, a specific diagnosis may become more readily apparent or the diagnostic 
soup can be reduced through the process of elimination.  
 
The proximal and middle phalanxes are structurally unremarkable compared to the long bones of the 
limb. The distal phalanx however is unique. It has three surfaces, one of which is the articular surface. 
The parietal surface forms a large surface area that is remarkably porous - ideally adapted for a broad 
attachment to soft tissue. The solar surface is smooth with no vascular foramina. Attached to the palmar 
process of the distal phalanx are the collateral (ungual) cartilages. These cartilages are flat rhomboids in 
shape that extend proximally from the palmar process of each palmar process so that approximately 50% 
of each cartilage is proximal to the coronary band.  
 
Both interphalangeal joints are ginglymus joints so that motion is primarily restricted to extension and 
flexion in the saggital plane. The distal interphalangeal joint has a much greater range of motion than the 
proximal interphalangeal joint. The distal interphalangeal joint has three separate articulations: 1) 
between the 2 phalanges, 2) between the middle phalanx and the distal sesamoid bone, and 3) between 
the distal phalanx and the navicular bone. 
 
The articular surfaces of the phalanges of both interphalangeal joints are maintained in apposition by 
paired collateral ligament. In the proximal interphalangeal joint the palmar aspect of the joint is 
supported by 2 pairs of palmar ligaments. In the distal interphalangeal joint, the position of the distal 
sesamoid bone is stabilized by the paired collateral ligaments of the distal sesamoid proximally and the 
impar ligament distally. In addition the deep digital flexor tendon supports the distal interphalangeal joint 
palmarly. In addition to these ligaments, there are 5 small ligaments associated with each ungual 
cartilage. 
 
It is the integument of the foot that really separates the foot from the rest of the musculoskeletal system. 
Like the skin, the integument of the foot, that is the hoof, is composed of 3 principle layers: epidermis, 
dermis (corium), and subcutaneous tissue (hypodermis). Like the skin, the epidermis is further 
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subdivided into layers: the stratum basale and the stratum spinosum, which are collectively known as the 
stratum germinativum, and the stratum corneum. The stratum corneum forms the hoof capsule. 
Unlike the skin, which is relatively uniform over the surface of the body, the hoof is divided into 5 
distinct regions based on their gross appearance: coronary band, wall, sole, frog and heel bulbs. 
Underlying the hoof, the germinal layers of the epidermis, the dermis and the subcutaneous tissues are 
highly specialized and are named after the tissues they generate or support: perioplic (limbic), coronary, 
lamellar, solar and cuneate (frog). The terms used to describe the region and epithelial types are not 
necessarily interchangeable because the surface does not necessarily reflect the type of underlying 
epithelium.  
 
The limbus or periople is a narrow band of modified skin that bridges the gap between the skin of the 
pastern and the coronary band, and forms the stratum externum of the hoof wall. 
 
The corona is the band like proximal segment of the hoof frequently called the coronary band. The 
coronal subcutaneous tissue forms the coronary cushion, the coronal dermis follows the curve of the 
coronary cushion from which the dermal papillae project and the germinal layers of the coronary 
epithelium, which follow the contour of the dermal papillae, generate the tubular and intertubular horn of 
the stratum medium of the hoof capsule.  
 
The laminar integument covers the parietal surface of the distal phalanx and the ungual (collateral) 
cartilages. The laminar subcutaneous tissue forms the modified periosteum or perichondrium of the distal 
phalanx and ungual cartilages. The lamellar dermis forms the primary and secondary ridges that run in a 
proximal to distal direction to form lamellae that interdigitate with the epidermal lamellae. The primary 
epidermal lamellae are keratinized, the secondary lamellae are not. The lamellar horn forms the stratum 
internum of the hoof wall. 
 
The solar integument covers the solar surface of the distal phalanx. The subcutaneous tissue likewise 
forms the modified periosteum of the solar surface of the distal phalanx, the dermis forms the dermal 
papillae and the overlying epithelium forms the tubular and intertubular horn of the sole. 
 
The cuneate integument forms the digital cushion from the subcutaneous tissue, the dermis, the dermal 
papillae, and the epidermis, the tubular and intertubular horn of the frog. The cuneate integument differs 
from that of the sole in gross appearance, in texture and because there are occasional adnexal structures 
arising from the epidermis. 
 
The hoof capsule is viscoelastic; that is, when subjected to a sudden high stress, it deforms elastically. In 
contrast, when subjected to a constant stress it deforms slowly in a viscous manner which will reverse 
when the stress is removed. In fact the hoof wall is so resistant to sudden high stresses that it is more 
fracture resistant than bone. 
 
In addition to discussing the individual elements of the distal limb it is necessary to discuss how they 
relate to each other. In order to simplify this discussion the author suggests 2 definitions: Conformation 
describes the size and shape of the musculoskeletal structures and the way in which they are spatially 
arranged. Balance or hoof mechanics on the other hand describes the way in which the hoof capsule 
relates to the skeletal structures of the limb.  
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In the resting horse, these relationships can be examined by viewing the foot form the lateral, dorsal and 
solar aspects. From the lateral aspect, the foot pastern axis should form a straight line. There are ideal 
lengths of for the foot-pastern axis and the ground surface of the foot. In addition, a vertical line that 
bisects the third metacarpal should intersect with the ground at the most palmar aspect of the weight 
bearing surface. When these three are taken together, it is evident that there is a triangular relationship 
between the length and angle of the foot pastern axis, the location of the third metacarpal and the length 
of the foot, that should hold regardless of the size of the horse. This relationship defines static 
dorsopalmar balance and conformation. When viewed form the dorsal aspect the axes of the metacarpus 
and pastern are in the same plane. A vertical line that bisects the metacarpus and pastern should be 
perpendicular to a horizontal line drawn between any 2 comparable points on the coronary band or the 
ground surface of the wall. The medial wall of the foot may be slightly steeper that the lateral wall. 
Growth rings should be equally spaced around the circumference of the foot. This relationship defines 
static mediolateral balance and conformation. 
 
When viewed from the solar surface of the foot, the medial and lateral sides should be approximately 
symmetrical about a line bisecting the frog. The length of the foot should approximate the width. The 
frog width should be at least half as much as the frog length. 
 
Function 
The distal limb is functionally a set of levers and pulleys. The load against which they are working is the 
force (mass x acceleration) down the limb and the equal and opposite force from the ground on the limb. 
At rest, the weight borne by the foot, the position of the structures in the foot and the tension in the 
tendons all remain constant. The mechanisms that allow the feet to bear weight are best understood by 
examining the forces on the distal phalanx which flexes and extends about the distal end of the middle 
phalanx and the phalangeal axis (considering all 3 phalanges acting as one) which flexes and extends 
about the distal end of the metacarpus. 
 
Forces that act on the distal phalanx: Force is transmitted from the ground to the hoof over the area of 
contact. The area of hoof-ground contact varies with the surface the horse is standing on and the 
balance/conformation of the hoof. The majority of the ground-hoof interaction force is transmitted from 
the ground to the wall and then to the distal phalanx through the lamellae; that is, the lamellae suspend 
the distal phalanx from the hoof. The frog and parts of the sole also bear some weight. Combining all the 
forces on the distal phalanx form the lamellae produces a resultant force. Without any other forces on it, 
the position of the distal phalanx on the ground is inherently stable. The weight of the horse from the 
proximal limb is transmitted to the distal phalanx through its articulation with the middle phalanx. The 
resultant vertical force on the distal phalanx is in the opposite direction to the ground reaction force and 
positioned palmar to the ground reaction force. Unless opposed, the distal phalanx would rotate. Through 
the insertion of its tendon on the distopalmar aspect of the distal phalanx, the deep digital flexor muscle 
aided by the inferior check ligament opposes rotation of the distal phalanx. 
 
Forces acting on the phalangeal axis as a single unit (assume the phalanges are all fused): The ground 
reaction force is applied to the distal phalangeal axis through the hoof. The weight of the horse from the 
proximal limb is transmitted to the proximal articulation of the proximal phalanx through the metacarpus. 
Because these 2 vertically opposed forces are not aligned, they create a moment that would rotate the 
phalangeal axis, and the metacarpophalangeal joint would drop to the ground. This moment is opposed 
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by the digital flexor muscles and associated check ligaments through their tendons of insertion, and the 
suspensory ligament (interosseous). Consequently, at rest the distal limb is in an unstable state. 
In motion, the weight borne by the limb, the position of the foot, the joint angles of the phalangeal axis 
and the tension in the flexor tendons are constantly changing. The stride can be divided into 4 phases: 
Impact / Landing, horses usually land heel first or flat footed; Stance / Support phase, the foot is flat on 
the ground; Breakover, the heel is no longer in contact with the ground, but the toe still is; Flight / Swing, 
the foot is off the ground. 
 
During the landing phase and the first part of the stance phase, the mass of the body is accelerating 
towards the ground. To decelerate mass of the body as it descends to the ground (and also breaks forward 
momentum) as the foot lands and bears weight several events occur. The fetlock dorsiflexes, and the DIP 
and PIP joints flex (the latter only slightly), so that the fetlock drops towards the ground as the tendons 
absorb and store energy. The distal phalanx rotates slightly within the foot about its dorsal solar margin 
so that the palmar processes move towards the ground. The articulation between the distal phalanx and 
navicular bone opens up. The hoof expands (the exact mechanism is unknown). 
 
During the second half of the stance phase and the breakover phase the horse must be accelerated 
forwards and the limb lifted off the ground. Contraction of digital flexor muscles and release of stored 
energy in the tendon and inferior check ligament, flex the fetlock, and extend the DIP and PIP joints. The 
hoof acts as an extension of the distal phalanx, the leverage about the DIP joint may change. 
 
During the flight phase, the distal limb flexes and then extends to prepare for landing as it is protracted. 
Proprioceptive receptors appear to determine the angles of the joints in preparation for impact with the 
ground. The way the foot impacts the ground is described as dynamic balance.  A horse is said to be in 
dorsopalmar dynamic balance when the foot lands flat. A horse is said to be in mediolateral dynamic 
balance when the foot lands with both heels simultaneously. 
 
References  
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Proper Physiological Horseshoeing: What is it? How Do We Apply It? 
Stephen E. O’Grady, BVSc, MRCVS 

Authors address: Northern Virginia Equine, PO Box 746 Marshall, Virginia 20116; 
e-mail: sogrady@look.net 

 
Take Home Message  
Proper physiological horseshoeing promotes a healthy functional foot, biomechanical efficiency and 
therefore helps prevent lameness. As the equine veterinarian is responsible for the total care and 
soundness of the horse, a working knowledge of farriery becomes essential. A thorough knowledge of 
physiological horseshoeing enables the veterinarian to interact with the farrier at the farrier’s level; this 
ultimately enhances their professional relationship and promotes quality hoof care. This paper will focus 
on basic fundamental farriery and recognizing subtle changes in hoof conformation that can be used to 
preserve the integrity of the hoof capsule along with the structures enclosed within the hoof and thus 
promote soundness.  
 
Introduction  
The equine foot is unique in that it is a biological entity that follows the laws of physics. The equine foot 
has numerous functions which include supporting the weight of the horse, dissipating the energy of 
impact as the foot strikes the ground, protecting the structures contained within the hoof capsule and 
providing traction. The influence of a strong, functional foot on the athletic career of a performance horse 
and the importance of proper farriery (trimming and shoeing) becomes obvious. Trimming and shoeing 
affects not only the external hoof capsule, but also the internal structures of the foot. Many veterinarians 
and farriers assert that a large proportion of the foot lameness seen in equine practice could be prevented 
or treated through good farriery. In fact, there may be no other routine procedure performed on the equine 
that has more influence on soundness than hoof preparation and shoeing. 
  
Proper physiological horseshoeing promotes a healthy functional foot, biomechanical efficiency and 
therefore should perpetuate soundness.

1 
The term “normal” foot is often described in the recent veterinary 

and farrier literature. However, the concept of “normal” may be misleading as it does not consider 
genetics, breed, foot conformation, environmental influences and the athletic pursuits of the individual 
horse. Thus, the author feels the term “functional foot” may be more appropriate, as this phrase describes 
a foot that comprises: 1) a parallel hoof-pastern axis, 2) a thick hoof wall, 3) adequate sole depth, 4) a 
solid heel base with the heels of the hoof capsule extending to the base of the frog and 5) equal growth 
rings below the coronary band from the toe to the heel.  
 
As the equine veterinarian is responsible for the soundness of the horse, a working knowledge of farriery 
becomes essential. A thorough knowledge of physiological horseshoeing enables the veterinarian to 
interact with the farrier at the farrier’s level which will ultimately enhance and promote quality hoof 
care.

1-3 
This paper will focus on basic fundamental farriery and recognizing subtle changes in hoof 

conformation that can be used to preserve the integrity of the hoof capsule along with the structures 
enclosed within the hoof and thus helps prevent lameness.  
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Structure and Function of the Foot  
 
Anatomy  
 
It may be prudent to briefly review those structures, which are affected by various farriery strategies. The 
distal end of the second phalanx, the distal phalanx and the navicular bone are enclosed within the hoof 
capsule and are referred to as the foot. The structures distal to the metacarpophalangeal joint are referred 
to as the digit.

4,5 
The distal interphalangeal joint is formed by the middle phalanx, the distal phalanx, and 

the navicular bone with the wide attachment of the deep digital flexor tendon lending support to the joint. 
This joint forms the center of articulation over which the entire limb rotates. The navicular bone increases 
the size of the articular surface of the joint and maintains a constant angle of insertion of the deep digital 
flexor tendon on the distal phalanx. The position of the navicular bone makes this region of the foot 
susceptible to a wide range of biomechanical forces and moments.

4 
We can arbitrarily divide the hoof 

complex into epidermal weight-bearing structures which are the hoof wall, the bars, the sole adjacent to 
the sole/wall junction and the frog to some extent and the soft tissue anti-concussive structures which are 
the digital cushion, ungual cartilages, deep digital flexor tendon and the lamellae. The soft tissue 
structures offer an anti-concussive mechanism during weight bearing and effectively dissipate the energy 
received during impact with the ground. The epidermal hoof wall is a viscoelastic structure due to its 
biological nature, it constitutes the bulk of the hoof capsule and forms a perfect counterpart over the 
enclosed dermal structures. The hoof wall is thickest in the region of the toe for stiffness and gradually 
decreases in thickness as it approaches the heels. At the heels, the hoof wall inflicts at an acute angle and 
extends under the foot in a dorsal axial direction to form the bars. The hoof wall, bars and their intimate 
association with the sole form the heel base of the hoof capsule. The decreased thickness of the hoof wall 
at the heels allows for flexibility and expansion of the hoof capsule. The heel base has a dual purpose 
which is to bear weight while allowing the hoof capsule the stability to be flexible and expand. The sole 
of the foot should be concave; the hind feet being more concave than the forefeet for propulsion. This 
concavity appears to agree with the concavity of the solar surface of the distal phalanx which may 
provide evidence that the general surface of the sole is not intended to bear weight. The portion of the 
sole adjacent to the wall is a weight-bearing surface. Soles vary in thickness although a uniform sole 
depth of 15 mm is felt to be the minimum necessary for protection.

6 
 

 
The soft tissue structures comprise the palmar/plantar section of the equine foot. The frog should be 
thick, well developed and its width should equal 60% of its length.

2 
The frog appears to assist in 

expansion of the heels, provide traction when in motion and dissipate the energy of impact through its 
soft, elastic nature.

6 
The digital cushion, which mirrors the frog distally, extends from the toe ventral to 

the deep digital flexor tendon and along the solar surface of the distal phalanx. Finally, paired ungual 
cartilages shaped like an irregular rhomboid plate are attached to the distal phalanx. Approximately 50% 
of the distal border is attached to the palmar processes of the distal phalanx and extends palmarly; 50% of 
the cartilage extends proximal to the hoof capsule.

4 
Along the distal border of the ungual cartilage is an 

axial projection that extends toward the midline and overlies the bars of the hoof wall.
7 

The pressure 
asserted on the bars during weight bearing may assist the outward movement of the ungual cartilages 
during hoof expansion. The deep digital flexor tendon (DDFT) exerts considerable influence on the 
conformation of the hoof complex and its function.

8,9 
A club foot will be present when there is a 
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shortening of the deep digital flexor musculotendoneous unit while a low or under run heel conformation 
will be present with a lengthening of this unit. When any component of the hoof capsule is weakened by 
genetics, overload, injury, disease, environmental factors, or farriery practices, the force of the DDFT can 
cause or exacerbate distortion of the hoof capsule. Any hoof capsule distortion appears to change its 
biomechanical efficiency. 
  
The symbiotic relationship of the osseous and soft tissue structures become obvious if we consider that 
the distal phalanx occupies two thirds of the hoof capsule and the remaining third is occupied by soft 
tissue structures; the deep digital flexor tendon, the frog, digital cushion and the ungual cartilages (Fig. 
1). This relationship provides the functionality of weight bearing combined with support and the anti-
concussive mechanism. When either the osseous or soft tissue component of the foot fail; excess stresses 
are placed on the remainder of the hoof leading to overload.  

 
Figure 1. Illustration shows the relationship between the osseous and soft tissue structures within the hoof capsule (Courtesy 

Dr. Andrew Parks). 
 
Function  
 
Classically, the horse is considered to bear weight on the wall, bars and immediately adjacent sole as well 
as the frog to some extent. This appears true for a horse that is wearing shoes and standing on a flat hard 
surface but if the ground surface is soft and deformable, more of the ground surface of the sole and frog 
will assume a load sharing function. Initial contact with the ground is generally made with the heels first 
but many horses will land flat. Toe first landing is considered to be abnormal and an indication of palmar 
foot pain.

10 
For clarity, the function or physiology of the foot will be considered during the impact and 

stance phase of the stride. The relationship of function to lameness is readily observed during these two 
phases of the stride. As the foot impacts with the ground, the physiologic process involves many 
structures simultaneously. The act of weight bearing is carried out by the hoof wall, adjacent sole, and 
partially through the frog, transferred through the lamina to the distal and second phalanx. The energy 
generated through impact is dissipated by the flexibility of the hoof capsule and the soft tissue structures 
of the palmar foot especially the digital cushion.

5 
Flexibility of the hoof capsule, due mainly to the 

properties of the hoof wall and expansion of the heels, is an interactive effort between the hoof capsule 
and the soft tissue structures in the palmar section of the foot. The exact mechanism by which the heels 
expand still remains to be documented. It is speculated that when weight is placed on the foot, the frog 
will flatten and spread abaxially to assist in absorbing the energy of impact. What actually appears to 
happen is during impact, the second phalanx presses the digital cushion down upon the frog causing it to 
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deform.
5 

The digital cushion expands outwards, pressing against the ungual cartilages, spreading the 
quarters of the foot even more.

5 
Recent research has shown the bar of the heel to be located under the 

axial projection of the ungual cartilage and upward pressure on the bar during weight bearing causes the 
cartilage to be displaced abaxially.

7 
A series of venous plexuses located at the coronet, under the sole and 

adjacent to the ungual cartilages create a hemodynamic effect that contributes to the anti-concussive 
properties of the hoof. To further counteract the concussion associated with impact and weight bearing, 
the distal phalanx descends into the hoof capsule due to the elasticity of the lamina in a distopalmar 
direction, causing the sole to flatten; the palmar margin of the distal phalanx descends distally, pushing 
the navicular bone into the deep digital flexor tendon.

7 
 

 
Conformation of the Foot  
 
An ideal method for a clinician to monitor and preserve foot health is through careful observation and 
evaluation of hoof conformation. Foot conformation can be easily monitored through serial radiographs 
and digital pictures. This documentation can also form part of the horse’s veterinary record. Foot 
conformation (shape) is important because of its relationship to the foot’s biomechanical function. Any 
changes made to the bottom of the horse’s foot will affect the angulation of the hoof, the hoof-pastern 
axis, the ground surface of the foot and the alignment of the hoof capsule under the center of rotation.

2 
A 

review of what is considered to be good or ideal foot conformation will allow the clinician or farrier to 
make appropriate farriery changes when subtle changes in foot conformation are observed. The 
alignment of the digit, consisting of the proximal, middle and distal phalanx, should form a straight line 
with the solar surface of the distal phalanx having a 3-5 degree palmar angle relative to the ground.

12 
The 

hoof capsule should have a thick durable hoof wall, greater than 15 millimeters of sole depth and a well-
defined frog where the width approximates the length. The ground surface of the hoof capsule should be 
basically as wide as it is long. The dorsal surface of the pastern and the dorsal hoof wall should be 
parallel. This is termed the hoof-pastern axis. The coronet should have a gradual uniform slope from the 
toe to the heel. The literature states that the angle of the dorsal hoof wall and the angle of the heel should 
correspond yet this is seldom the case. The hoof wall at the toe is mature, stiff fixed horn whereas the 
hoof wall at the heel is immature, thin and flexible to allow for expansion of the palmar hoof capsule. 
During load bearing, whether shod or barefoot, the heels move abaxially either against the shoe or to a 
lesser extent against the ground when barefoot leading to wear at the heels when compared to the toe. 
This continual abrasion at the heels leads to wear and results in the heel angle being generally lower than 
the toe. A marked decrease in heel angle relative to the toe angle is considered a low or under run heel. 
Finally, the ideal foot has a well-defined heel base consisting of good hoof wall, a solid angle of the sole 
and straight bars (Fig. 2). 



   9 

 
Figure 2. Heel base consists of the buttress of the heel, angle of the sole, bar and hoof wall.  

 
For simplification in allowing veterinarians and farriers to observe subtle changes in hoof conformation, 
three visual references will be used; the hoof-pastern axis, the widest part of the foot and the base of the 
frog. The hoof-pastern axis is correct for an individual horse when the dorsal hoof wall and the dorsal 
surface of the pastern region are aligned in parallel planes

11 
(Fig. 3). This is best observed with the horse 

standing squarely on a flat hard level surface with the third metacarpal bones positioned vertically 
relative to the ground. Changes in hoof-pastern axis such as a broken back or broken forward hoof-
pastern axis are always a reflection of hoof conformation. The other significant guideline that can be used 
to evaluate hoof conformation is the widest part of the foot. In the “ideal” foot, a vertical line drawn from 
the center of the lateral condyle of the distal second phalanx (viewed laterally) to the ground should 
bisect the middle of the bearing surface of the foot.

12 
This line marks the theoretical center of rotation of 

the distal interphalangeal joint and should coincide with a line drawn across the widest part of the foot. 
The widest part of the foot or center of rotation forms a landmark on the solar surface of the foot that can 
be used to access foot conformation and also will be used as a reference point when trimming. Thirdly, to 
accommodate or enclose both the distal phalanx and the soft tissue structures palmar/plantar to the bone, 
the heels of the hoof capsule should extend to the base of the frog (Fig. 4). 
 

 
Figure 3. Parallel hoof-pastern axis. Yellow depicts digital 
alignment.  

 
Figure 4. Black line shows the widest part of the foot . 

Yellow line denotes the base of the frog. Corresponding 
red line from the base of the frog to the toe shows a well 

conformed foot is as wide as it is long. 
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Proper Physiological Horseshoeing  
 
Conventional wisdom on trimming and shoeing horses is that each case should be regarded as an 
individual. Central to our current knowledge of farriery is the interaction of the structures of the hoof and 
the manner in which the foot loads and the surface upon which the horse is asked to perform. Our 
approach to proper physiological horseshoeing should address three parameters: the visual structures of 
the hoof complex, function of the distal interphalangeal joint and the biomechanical forces applied to a 
given foot. Dorsal palmar and medial lateral orientations are dictated by form and placement of the distal 
phalanx within the hoof complex. A decrease in the angle between the palmar margin of the distal 
phalanx and the ground surface results in greater loading of the navicular bone, while differences 
between the toe angle/heel angles has not been correlated to increase in loading of the navicular 
apparatus.  
 
How Do We Apply It?  
 
To implement basic trimming and shoeing, guidelines are established using careful evaluation of the foot 
along with good quality radiographs when necessary. Trimming and shoeing techniques are applied to 
the foot using the biomechanical principles that address the hoof-pastern axis, the center of articulation 
and extending the heels of the hoof capsule to the base of the frog. Prior to trimming the foot, the hoof 
pastern axis is evaluated with the horse standing on a firm, flat surface such that the third metacarpal 
bone is perpendicular with the ground. A straight or parallel hoof pastern axis indicates that the distal 
phalanx is positioned within the hoof capsule such that load is accepted on the entire solar surface of the 
hoof. With a broken back hoof pastern axis, load will be concentrated in the palmar section of the foot 
and with a broken forward hoof pastern axis; the load will be borne in the dorsal or toe section of the 
foot.  
 
Trimming the foot begins with a line visualized or drawn across the widest part of the foot. This line 
corresponds to a vertical line dropped from the center of the distal end of the second phalanx to the 
ground.

13 
This line drawn across the widest part of the foot will approximate the center of articulation. 

Other than excess exfoliating horn material, no horn is removed from the sole surface or frog. Excess 
length of the hoof wall at the toe of the hoof is determined at the sole/wall junction and removed, being 
careful to leave the adjacent sole for protection. Next, the heels are trimmed with a rasp to the base of the 
frog when possible with the intent being to create a solid heel base and including both the osseous and 
soft tissue structures within the hoof capsule. If insufficient hoof wall is present for the end of the heels 
of the hoof capsule to reach the base of the frog, this distance can be lengthened with the shoe. The 
medial or lateral wall can be lowered cautiously relative to the other when changes to the lateral medial 
alignment of the foot are necessary. A line drawn from the existing line across the widest part of the foot 
to the base of the frog should be equal to another line drawn from the widest part of the foot to the toe. 
Excess length of hoof wall can be removed by backing up the dorsal hoof with a rasp from the outer 
surface of the hoof capsule to create the desired distance to approximate the measurement from the 
middle of the foot to the heels. This places the center of articulation in the middle of the foot or in the 
middle of the shoe when shod with approximately equal distances on either side of the widest part of the 
foot. This creates a foot that is basically as wide as it is long which is thought to be biomechanically 
efficient. The foot is shaped by removing excess flares from the outer surface of the hoof capsule to 
concentrate weight bearing on the hoof wall. This constitutes a basic fundamental trim to which a shoe 
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can be applied to compliment the trim, protect what has been trimmed and to change the biomechanics of 
the foot further when necessary. When the shoe is placed on the foot, the line drawn across the widest 
part of the foot will be in the middle or center of the shoe. The shoe should be as light as possible, steel 
or aluminum, with a wide web width (5/8-3/4 inch) attached with as few nails as possible of the smallest 
size.  
 
Hoof Capsule Distortions  
 
Broken Back Hoof Pastern-Axis  
 
A broken back hoof-pastern axis will be a reflection of a hoof capsule where the angle of the dorsal hoof 
wall is lower than the angle of the dorsal pastern (long toe/low or under run heel conformation). This 
type of foot configuration is so common in equine practice that it is thought to be normal. In one study of 
foot related lameness it was found in 77% of the horses

2 
and in another study of normal performance 

horses this condition was found in 52% of the horses.
9 

A low hoof angle causes coffin joint dorsiflexion, 
concentrates weight bearing on the palmar section of the foot and increases strain on the DDF tendon. 
This excess load in turn, may cause increased stresses on the navicular apparatus and the soft tissue 
structures associated with the navicular bone. Excessive toe length is thought to delay the speed of 
breakover. If, as a result of a low hoof angle, the horse begins to experience pain in the heel region, it will 
land toe first; this may lead to subsolar bruising. This abnormal hoof conformation may contribute to 
palmar foot pain, chronic heel bruising, coffin joint synovitis, quarter and heel cracks and interference 
problems. There is also experimental evidence that a low hoof angle will compromise circulation in the 
heel area of the foot.

12 
It may be helpful to make a distinction between a low heel and an under run heel. 

In the case of a low heel, the angle of the heel will be markedly lower than the angle of the dorsal hoof 
wall; however, the structure of the heel is relatively good, in that the buttress, angle of the sole and bars 
are intact forming a base. In the under run heel, the structure of the heels is compromised such that the 
hoof wall at the heels is thin, separated and rolled under in a axial direction, the angle of the sole is 
missing, the bars are destroyed and the heel-ground contact does not reach the base of the frog. As low or 
under run heels progress, this condition can be readily observed both visually and radiographically, 
where the angle that the hoof capsule or the distal phalanx forms with the ground will be lower 
palmarly/plantarly than it is dorsally. A common error in routine farriery is not continually moving the 
ground surface of the hoof wall at the heels to or toward the base of the frog. A negative palmar angle, as 
noted radiographically, basically means that the soft tissue structures (frog, digital cushion) have 
decreased in mass usually due to damage or they have prolapsed palmarly (Fig. 5). This type of hoof 
conformation alters the mechanics of the foot as the compromised heels lose both the ability to accept 
weight and to dissipate the energy of impact.  
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Figure 5. Negative hoof pastern axis which alters digital alignment so weight bearing is moved palmarly. 

 
Broken Forward Hoof-Pastern Axis 
 
A broken forward hoof-pastern axis will be a reflection of a hoof capsule where the angle of the dorsal 
hoof wall is higher than the angle of the dorsal pastern (upright or club foot conformation). A high hoof 
angle leads to coffin joint flexion, promotes toe first landing and increases pressure in the dorsal section 
of the foot. Poor performance and injuries associated with a high hoof angle are thought to include coffin 
joint inflammation, due to abnormal loading of the joint, sole bruising, and increased strain on the 
suspensory ligaments of the navicular bone.  
 
High hoof angles without phalangeal misalignment can be improved by gradually lowering the heels in a 
tapered fashion from the apex of the frog to the heels. This increases the ground surface of the foot and 
attempts to re-establish weight bearing on the entire solar surface of the foot. Breakover is moved 
palmarly at the same time to compensate for any increased tension in the DDFT created by lowering the 
heels.  
 
An extremely high hoof angle with concurrent phalangeal misalignment is often classified as a flexural 
deformity or "club foot". This broken forward hoof-pastern axis or flexural deformity is created by a 
shortened musculotendonous unit (deep digital flexor tendon and associated muscle bellies) causing the 
distal interphalangeal joint (DIP) to be drawn into a flexed position. Flexural deformities have been 
reported as a cause of decreased athletic performance and chronic low grade lameness in the mature 
horse.

13,14 
Hoof abnormalities associated with club foot conformation are thin flat soles, poor hoof wall 

consistency, toe cracks, hoof wall separations and “white line disease”. Flexural deformities that result in 
a marked broken forward hoof-pastern axis have also been associated with chronic distal interphalangeal 
joint inflammation.

14 
Generally, flexural deformities are diagnosed and treated while the horse is 

immature. However, mild flexural deformities may be ignored or treated improperly as a foal. When 
these animals enter training, mild flexural deformities can be exacerbated by the type and the amount of 
exercise, the ground surface, by inappropriate farrier care, such as improper or infrequent shoeing, or by 
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some type of underlying pathology. The treatment of advanced flexural deformities is beyond the scope 
of this paper.  
 
Sheared Heels  
 
Another common variation in hoof conformation is sheared heels. A sheared heel is a hoof capsule 
distortion resulting from displacement of one heel bulb proximally relative to the adjacent heel bulb.

15 

(Fig. 6) This disparity between the lateral and medial heel bulb is generally 0.5 centimeters or more. 
When the weight of the horse is not distributed uniformly over the entire hoof during the landing phase of 
the stride, one focal area of the foot, usually a heel or heel and accompanying quarter, receives a 
disproportionate amount of the total force during impact. This resultant force leads to a remodeling of the 
affected heel bulb. Although a number of sound horses have this type of hoof capsule distortion, 
lameness is often attributed to this condition. This continual disproportionate loading and increased 
compressive stresses on one heel predisposes the foot to hoof capsule distortion, subsolar bruising, corns, 
quarter and heel cracks, fracture of the bar deep fissures within the base of the frog and thrush in narrow 
frogs. This type of conformation is readily observed by picking up the foot and noting the relative 
distances measured from the heel of the hoof capsule to the hairline at the bulbs of the heels between the 
lateral and medial heel.  
 
Inappropriate lateral medial orientation (balance) of the foot or a landing pattern where the foot does not 
land flat has always been associated with improper trimming. However, there appears to be more of a 
correlation between limb conformation from the carpus distally that changes the flight of the limb and 
ultimately the manner in which the foot lands.

16 
Furthermore, there appears to be a correlation between an 

offset distal phalanx and sheared heels. Most commonly the distal phalanx is offset laterally within the 
hoof capsule rather than directly under the first and second phalanges with the ensuing concussive forces 
causing the medial heel to displace. Farriery practices have always advocated trimming the horses with 
sheared heels so the ground surface of the foot is lower on the opposite side from the one that is displaced 
proximally. Intuitively, if the heel is longer on the displaced side (measured ground surface to hairline), it 
is reasonable to lower the affected side. This in fact changes the landing pattern of the horses when it is 
observed in motion following this type of trim. Therefore, when this type of conformation becomes 
apparent, lowering the affected side and fitting a symmetrical shoe is a reasonable approach.  
 

 
Figure 6. Sheared heel conformation. Medial heel is displaced proximally when compared to the lateral side. Note flare on 

lateral side. 
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Radiographs  
 
Radiography can be utilized as both a diagnostic tool and as an aid in assessing all structures of the foot 
when necessary. The radiograph can serve as a blueprint for veterinarians and farriers which can be used 
as a guideline for applying farriery. Considerable information can be obtained from the image of the 
overall shape of the hoof capsule, the soft tissue structures, and the position of the distal phalanx within 
the hoof capsule. It should be remembered that lack of performance or many subtle lameness cases 
localized to the foot are caused by hoof capsule distortions, poor foot conformation, improper landing 
patterns, and soft tissue damage resulting in inappropriate biomechanical stresses being placed on the 
navicular complex and the distal interphalangeal joint. The clinician will be able to use the lateral to 
medial and dorsopalmar views of the foot as a precise guide to implement basic or therapeutic trimming 
and shoeing (Fig. 7). From the lateral medial view we can readily measure the hoof pastern axis, the 
center of articulation, sole depth, the palmar angle of the distal phalanx, breakover, and the placement of 
the shoe. When the solar plane of the distal phalanx shows a negative palmar angle, we can also access 
the need for heel elevation and the amount to apply. The dorsopalmar view will allow the clinician to 
evaluate the lateral medial orientation of the distal phalanx within the hoof capsule, the position of the 
distal phalanx relative to the ground, the effect of the position of the distal phalanx on the joint spaces of 
the digit and then make the appropriate shoeing changes. The need to access the position of the hoof 
capsule relative to the long axis of the digit is often overlooked.  
 

 
Figure 7. Lateral radiograph used to illustrate hoof-pastern axis (yellow), center of articulation (red), sole depth (black), and 

palmar angle of distal phalanx (green), breakover (blue) and the placement of the shoe (white). 
 
Applying Proper Physiological Horseshoeing to the Performance Horse  
 
Shoes are essential for the performance horse not only to protect the hoof but also to preserve the hoof 
complex and the structures contained within the hoof capsule during the rigors of competition. Enormous 
differences exist between different equestrian disciplines, the different breeds of horses used in these 
disciplines, the ground surface on which they perform along with different shoeing materials and shoeing 
styles. But it should be remembered that all horses have the same basic anatomy and physiology and 
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sound farriery principles as outlined previously can be applied regardless of the breed or the discipline. 
Special attention is paid to the mass and heel base present in the palmar/plantar section of the foot as the 
shoe protects the toe of the hoof from wear but not the heels. During weight bearing, the hoof wall at the 
heels move against the shoe leading to wear. This wear is exaggerated during prolonged competition 
where the feet are subjected to repetitive high impact stresses such as those encountered during racing, 
jumping, and eventing. Hoof mass is very important in show jumpers as they continually stress the flexor 
structures within the hoof and the podotrochlear apparatus. It is important to preserve the bars and recruit 
them into weight bearing. A subtle change in heel angle is the first indication of a change in foot 
conformation. Employing the use of leather pads and deformable packing materials such as the pour-in 
pads

a 
will play an important role in preventing excessive wear at the heels and also absorbing concussion 

especially in the horse with an upright or club foot. Wide web aluminum or steel shoes creased at the toe 
but not at the heels (to accommodate stud holes if necessary) are used in most sport horses. The use of 
toe or side clips stabilize the shoes especially when pads and studs are used, thus relieving stress on the 
nails and allowing the use of fewer nails. Strict attention should be paid to hoof wall length and 
breakover in all sport horses. Moving breakover palmarly/plantarly can be accomplished in a variety of 
ways such as rockering the toe of the shoe or creating a rolled toe in the shoe using a hand grinder where 
the breakover begins at the toe quarters (Fig. 8). Another method to facilitate breakover is through the use 
of half round shoes. Moving breakover palmarly/plantarly will decrease the moment applied to the distal 
interphalangeal joint and appears to decrease the maximum tension in the deep digital flexor tendon 
which occurs towards the end of the stance phase at the beginning of breakover.

17 
Bar shoes, especially 

egg bar shoes, are very popular in sport horses. Bar shoes if fitted properly will stabilize a weak hoof 
capsule and increase the ground surface in all applications. Caution should be used when applying egg 
bar shoes to horses with damaged or under run heels. The shoe is usually fitted long extending to the 
bulbs of the heels with the misguided thought that they will support the heels. In reality, egg bar shoes 
will create a moment exerted on the damaged heels creating pressure and consequently stopping growth. 
If bar shoes are indicated or desired, the author prefers straight bar shoes that when fitted properly, follow 
the contour of the hoof capsule and extend a few millimeters beyond the base of the frog (Fig. 9). Egg bar 
shoes or any bar shoes will increase concussion forces on a hard surface but may decrease these forces on 
a deformable surface by providing a flotation effect where as the increased ground surface of the bar does 
not allow the heel to readily sink into the ground.

18 
 

 

 
Figure 8. Picture shows breakover cut into the toe of an 

aluminum shoe extending from the toe quarters dorsally to 
theperiphery. 

 
Figure 9. Straight bar shoe with breakover moved 

palmarly and impression material placed between the 
branches of the shoe to increase surface area.
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Shoes in and of themselves provide traction. Traction is enhanced when a shoe with a crease is used. 
Shoes are often combined with various traction devices such as studs, chalks and borium that are placed in 
or on the shoe to further aid traction, enhance performance and provide safety to horse and rider. The stud 
holes should always be drilled at the end of the quarter crease rather than at the end of the shoe branch. 
This will eliminate the stud’s lever arm effect on the digital joints during sharp turns. Screw-in studs have 
the benefit of being able to be removed when the horse is not performing.  
 
Conclusions  
 
Adherence to the basic principles of proper physiological horseshoeing is essential for maintaining hoof 
health and continuous soundness. Most horses do not require special trimming or shoeing techniques. 
Becoming familiar with a few basic concepts can help the veterinarian recognize when changes in 
trimming and/or shoeing might be expected to help the performance of a sound horse, or might help to 
restore the performance of one that is lame. Sound physiologic horseshoeing can only be achieved by a 
thorough knowledge of, strict adherence to, and the skillful application of basic farriery principles such as 
utilizing the hoof pastern axis, the center of articulation and trimming/shoeing to the widest part of the 
frog. Only then does the art of farriery truly approach becoming a science. There is no question that a 
strong healthy foot will ensure comfort, enhance performance, and increase the longevity of the horse.  
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Diagnosis of Dynamic Upper Airway Disorders 
Dwayne Rodgerson, DVM, MS, Diplomate ACVS 

Hagyard Equine Medical Institute 
Lexington, Kentucky 

 
The high-speed treadmill has greatly enhanced our ability to evaluate the physiologic and 
pathophysiologic disorders of the equine upper airway. Prior to using the high-speed 
treadmill, upper airway disorders were often investigated using the clinical history and 
resting endoscopic examination. The clinical history often includes a complaint of a 
respiratory noise and/or poor performance. The type of respiratory noise can often times 
indirectly predict what type of upper airway disorder we may encounter. Nasal occlusion 
has been shown to mimic airway pressures observed during periods of strenuous exercise 
and can be performed in conjunction to a resting endoscopic examination.1 However, 
respiratory noises can often occur during different periods of strenuous exercise and 
resting endoscopic examination may not accurately identify the primary problem(s) 
causing the noise. Due to the differences in the upper airway dynamics and 
neuromuscular function in horses at rest vs. periods of strenuous exercise, the results of 
such tests during resting examinations must be interpreted cautiously. Resting endoscopic 
examination of the upper airway is an effective diagnostic modality for identifying 
various structural abnormalities. Whereas, video endoscopy during high-speed treadmill 
exercise has been reported to be very valuable in identifying functional abnormalities of 
the upper airway.2  

 
The dynamic scope is a new tool to evaluate dynamic conditions of the upper airway.  
The dynamic scope allows the horse to be evaluated in its normal environment, such as, 
on the track or show ring.  The dynamic scope is basically a video endoscope that can 
record the video of the nasopharynx and larynx during exercise.  The tip of the endoscope 
is positioned within the nasopharynx just rostral to the epiglottis.  The light source and 
camera are housed within a small box, which is secured to the saddle/saddle cloth or the 
rider.  The horse is exercised to evaluate the nasopharynx and larynx. As the technology 
improves, I feel this will be the gold standard for evaluating the upper airway at exercise.  
 

Patient Preparation: Horses presented for upper airway examination using the high-
speed treadmill typically arrive the morning of the exam. The horses are admitted and 
physical examinations are performed on all horses. The horses are then moved to the 
treadmill room where experienced personnel accustomed to both handling young 
racehorses and training them for the treadmill train them. Once the horse has become 
accustomed to the treadmill, the videoendoscope is inserted into the right or left nostril. 
The video endoscope is inserted until the tip is placed rostral to the epiglottis and the 
external portion of the endoscope is secured to the horse’s halter. The horse is placed on 
the treadmill and made to walk and then trot. The horse is then gradually switched into a 
gallop by gradually increasing the speed of the treadmill. The speed is gradually 
increased and the treadmill is elevated to a 3% incline. An exercise program described for 
thoroughbreds has been reported.3 Horses are started at 9 m/s for 800 meters, and the 
treadmill is then elevated to 3%. The speed is increased to 11 m/s for 800 meters, 12 m/s 
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for an additional 800 meters, 14 m/s for 1600 meters, and 12 m/s for a final 800 meters. 
Total distance on the treadmill is approximately 4000 meters. However, differences in the 
speed, distance, and time on the treadmill can occur between horses depending on the 
degree of conditioning, identification of an abnormality, or the particular function of the 
horse. Shoes are not pulled for the examination. 
 
Functional abnormalities of the Upper Airway: Upper airway endoscopy of horses on 
a high-speed treadmill has increased our ability of identifying various dynamic 
pathologic conditions such as laryngeal hemiparesis, dorsal displacement of the soft 
palate, axial deviation of the aryepiglottic folds, pharyngeal collapse, and epiglottic 
retroversion (Table 1).  
 
Laryngeal Hemiparesis - Abnormalities in resting laryngeal function involving the 
corniculate process of the arytenoid have been classically categorized into four grades. 
Grades I and IV represent normal laryngeal function and laryngeal hemiplegia, 
respectively. Grades II and III both show asymmetry in the movement of the corniculate 
process of the arytenoids, but with Grade III, horses can not fully abduct the corniculate 
process of the arytenoid after nasal occlusion or after swallowing. This grading system 
has been found to be inadequate when describing horses exercised on the treadmill. With 
increases in inspiratory pressures during exercise, horses with Grade III laryngeal 
hemiparesis have been found to have varying degrees of dynamic axial collapse of the 
left arytenoid. Based on this finding, three subclasses were purposed to more accurately 
describe this variation (Table 2). In one report, 77% of horses categorized as Grade III at 
rest had Grade III C after evaluation on a high-speed treadmill. Due to the dynamic 
nature of the equine larynx, variation can still potentially exist in regards to grading 
individual horses. The author has actually seen horses that at rest are characterized as a 
Grade II become a Grade III C when exercised to fatigue on the treadmill. The horse’s 
level of fatigue can cause variation in grading laryngeal hemiparesis.  
 
Dorsal Displacement of the Soft Palate: One of the most difficult abnormalities of the 
upper airway to accurately diagnose at resting endoscopy. As stated earlier, nasal 
occlusion has been found to mimic pressures observed during periods of strenuous 
exercise. Horses that displace during nasal occlusion are more likely to displace during a 
high-speed treadmill exam. However, many horses, which do displace during nasal 
occlusion may not displace during a treadmill examination. During treadmill 
examinations, horses that displace can often replace the soft palate and continue without 
displacing. The period of the examination in which horses displace their soft palate is 
typically near the end of the examination, but this is not always the case. Horses, which 
have a very flaccid or small epiglottis, will often displace earlier in the treadmill 
examination. The ones that displace and do not immediately replace are considered 
significant. The author will often immediately repeat the treadmill examination after the 
horse replaces to determine if the displacement reoccurs. The author has also seen horses 
continue to displace despite previous surgical therapy for dorsal displacement of the soft 
palate. One condition that seems to precede dorsal displacement of the soft palate in some 
horses is axial deviation of the aryepiglottic folds.  
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Axial Deviation of the Aryepiglottic Folds: This has been a recently described event 
occurring during high-speed treadmill examinations. The axial deviation of these folds 
can place tension on the corniculate process of the arytenoid leading to laryngeal 
hemiparesis. Axial deviation of these folds often precedes dorsal displacement of the soft 
palate. This may be related to increases in inspiratory pressures which force the 
aryepiglottic folds axially and then the soft palate is pulled dorsally due to these increases 
in pressure. Surgical resection of a portion of these folds has been described, but few 
numbers have been described to get accurate conclusions on the effectiveness of this 
therapy. However, future data may indicate that resection of these folds may be an option 
in minimizing dorsal displacement of the soft palate. These folds are typically resected 
using either a Nd:YAG or diode laser or via sharp dissection through a laryngotomy 
approach.  
 
Other Abnormalities: Pharyngeal collapse is sometimes observed during high-speed 
treadmill examinations. Epiglottic Retroversion is a rare condition that may cause a 
gurgling sound during inspiration. This endoscopic finding is not observed at rest or 
during nasal occlusion. Tracheal collapse is also a rare condition but the author has 
observed this condition in miniature horses. If the endoscopic examination does not 
reveal any significant findings, further diagnostic tests for poor performance can be 
performed to evaluate the lower airway. Trans-tracheal washes, broncho-alveolar lavage, 
and chest radiographs are typically performed after the treadmill examination. Cardiac 
examination using electrocardiogram can be done prior to and after treadmill 
examinations. 
  
Post-Exercise Protocol: After completion of the examination, horses are cooled down 
and washed. A copy of the examination is made for both our records and a copy for the 
owner/trainer. Horses are typically discharged the same day of the examination unless 
they are hospitalized for surgical correction of a particular disorder. 
 
1. Holcombe SJ, Derksen FJ, Stick-JA, et al. Effect of nasal occlusion on tracheal and 

pharyngeal pressures in horses. AJVR, 1996, 57:1258-1260. 
 
2. Parente EJ. Treadmill Endoscopy. In Traub-Dargatz J, Brown CM, editors: Equine 

Endoscopy, ed 2, St Louis, 1997, Mosby;107-116. 
 
3. Hammer EJ, Tulleners EP, Parente EJ, et al. Videoendoscopic assessment of dynamic 

laryngeal function during exercise in horses with grade-III left laryngeal hemiparesis 
at rest: 26 cases (1992-1995). JAVMA, 1998, 212:399-403. 
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Table I: This table represents examples of structural abnormalities, which can be 
observed during resting endoscopic examination. Examples of functional abnormalities 
are listed in the right column. These abnormalities are often observed during high-speed 
treadmill examinations. 
 
Structural Abnormalities Functional Abnormalities 

Epiglottic Entrapment Laryngeal Hemiparesis 

Lymphoid Hyperplasia Intermittent Dorsal Displacement of the Soft 
Palate 

Epiglottic Hypoplasia Axial Deviation of the Aryepiglottic Folds 

Subepiglottic Cysts Pharyngeal Collapse 

Arytenoid Chondritis Epiglottic Retroversion 

Permanent Dorsal Displacement of the Soft 
Palate 

Tracheal Collapse 

 
Table II: This table represents the subclasses of Grade III laryngeal hemiparesis used to 
characterize laryngeal function during high-speed treadmill examinations.3  
 
Grade III A Able to maintain full abduction during exercise 

Grade III B Able to maintain the left arytenoid and vocal 
fold in a fixed position but incompletely 
abducted 

Grade III C Severe collapse of the left arytenoid and vocal 
fold during exercise and the arytenoid assumed 
a position axial to it position at rest 
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Disorders of the Equine Upper Airway 
Dwayne H Rodgerson, DVM, MS, Diplomate ACVS 

Hagyard Equine Medical Institute 
Lexington, KY 

 
The equine upper airway is commonly evaluated both in the field and at referral 
hospitals. Over the last twenty years numerous diagnostic and therapeutic techniques 
have been developed to further help practitioners accurately identify and explain certain 
conditions. In the ensuing pages, recent advances will be described.  
 
EPIDERMAL INCLUSION CYSTS  
An epidermal inclusion cyst (also known as Atheroma) is a subcutaneous sebaceous cyst 
found within the dorsal commissure of the nostril close to the nasoincisive notch. The 
term atheroma is actually a misnomer. An atheroma by definition is a mass or plaque of 
degenerated thickened arterial intima, occurring in atherosclerosis.  
History/Clinical Signs 
• A painless spherical swelling  
• Usually seen in young horses  
• Unilateral  
• May cause upper airway obstruction (rare)  
Diagnosis 
• Visual inspection  
• Digital palpation  
Treatment 
• Usually for cosmetics only  
• Surgical removal  

! Standing under local anesthesia or infraorbital nerve block  
! Surgical approach through the skin of the nose or through the false nostril  
! Debride lining with a ventriculectomy burr 
! Injection of neutral-buffered 10% formalin  

Prognosis – Excellent 
 
WRY NOSE 
Wry nose is a congenital maldevelopment of the rostral skull that results in deviation of 
the premaxilla bone, nasal bone, incisive bone, and the nasal septum. The deviation can 
be about 10 degrees to greater than 90 degrees. The condition is rare and may be 
heritable. 
History/Clinical Signs  
• Foals are born with the problem  
• Decrease nasal air flow  
• May also be affected with congenital abnormalities like cleft palate  
Diagnosis - Visual examination  
Treatment - Difficult  
• Objective is to improve airflow and facial contour  
• Surgery performed on severe cases 
• First described report required 2 separate surgeries  
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! First Surgical Procedure 
! Intra-oral transverse osteotomy of the incisive bone 
! Realignment of incisors 
! +/- autogenous rib graft 
! Stabilization with Steinmann pins  

! Second Surgical Procedure 
! Remove rostral nasal septum and cosmetic nostril surgery  

• Distraction osteogenesis 
• Make a new opening over the collapsed nostril in severe cases. 
Prognosis - Guarded  
• Can produce some improvement but cosmetics not 100% 
• Some residual air flow is likely  
• Expense of surgical options 
 
PRIMARY SINUSITIS 
Seen in all ages of horses and is usually an extension from a previous upper respiratory 
infection. Generally in young animals, the infection is either streptococcus species or 
Staphylococcus species  
Clinical signs  
• Unilateral mucopurulent nasal discharge that increases with exercise  
• Stertorous breathing  
• Facial distortion is unusual except in young horses with chronic sinusitis  
• Epiphora  
• +/- submandibular lymph node enlargement  
• +/- depression, anorexia, fever  
• Rarely extends into cribiform plate to show neurologic signs  
Diagnosis  
• Percussion – generally a muted or dull sound  
• Endoscopy - purulent discharge from nasomaxillary opening  
• Radiology  

! Fluid lines within frontal and maxillary sinus 
! If confined to ventral conchal sinus, may see only a soft tissue density dorsal to the 

cheek teeth numbered 3 to 5. Rule out secondary sinusitis with examination of the 
tooth roots  

• Centesis - Culture and sensitivity  
• Computed Tomography  
• Magnetic Resonance Imaging 
Treatment  
• Systemic antibiotics based on culture and sensitivity  
• Daily lavage through trephine hole  
• Chronic cases require debridement and curettage through a sinus bone flap  
Prognosis is generally fair to favorable  
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SECONDARY SINUSITIS 
Most commonly occurs secondary to cheek teeth problems (fractures, patent 
infundibulum, displaced teeth, dental malposition, and crown defects). The first molar 
followed by the fourth and third premolar -are the most commonly affected teeth in the 
upper arcade.  
Clinical signs  
• Very similar to primary sinusitis but the nasal discharge is more fetid  
• Sinus tracts to the skin of the face. Rarely have difficulties masticating  
Diagnosis  
• Foul smelling odor often times indicate a tooth root problem 
• Radiographs  

! Disruption of the lamina dura  
! Loss of normal root outline over the apex  
! Osteolysis of affected root  
! Negative radiographs do not rule out an apical granuloma  

• Computed Tomography 
• Magnetic Resonance Imaging 
Treatment  
• Tooth removal  
• Irrigation of sinus  
• Antibiotics  
Prognosis  
• Fair only 
• Complications  

! Persistent osteitis  
! Abscesses within the tooth socket, sinus, or alveolar bone  
! Failure to remove all of the tooth  

 
ETHMOID HEMATOMA 
A progressive, locally destructive mass of unknown aetiology located in the paranasal 
sinuses and/or nasal passages. Most arise from the ethmoid labyrinth; however, smaller 
ones may arise from the floor or walls of the maxillary and frontal sinuses.  
History/Clinical signs  
• Usually horse 10 to 12 years of age  
• Mild, spontaneous, intermittent, unilateral epistaxis  
• Respiratory noise may be present and more pronounced at exercise  
• Decreased air flow through the nasal passages  
• Facial distortion rare 
• Rarely displaces the nasal septum.  
Diagnosis  
• Endoscopy  
• Radiographs 
• Computed Tomography 
• Magnetic Resonance Imaging 
• Histology - highly vascular tissue in a capsule of respiratory epithelium and fibrous 
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tissue  
• Differential diagnosis  

! Ulcerative/mycotic rhinitis  
! Nasal polyps  
! Neoplasia of the nasal passages or sinuses  
! Fungal granulomas  
! Trauma to the nasal passages or sinuses  

Treatment  
• Formaldehyde injection (20 to 60 mLs)  

! Monitor for pharyngeal and laryngeal oedema 
• Laser ablation – smaller size hematomas 
• Surgical removal  

! Frontonasal bone flap sinusotomy (+/- cryotherapy) 
Prognosis  
• Generally guarded due to the potential for recurrence  
• Recurrence rate is around 40% 
 
SINUS CYSTS 
Single or loculated fluid filled cavities with an epithelial lining that destroy, distort, or 
replace bone and teeth. Primarily affects the maxillary sinus but the frontal sinus can be 
affected also or maxillary sinus cysts may extent into the frontal sinus.  
History/Clinical Signs  
• Two age groups affected 

! Young horses – Possible congenital aetiology in foals 
! Older horses - Unknown cause or possible trauma or infection in adults  
! Normal nasomaxillary opening does not form or is disrupted by trauma or infection 

• Mild facial swelling  
• Mucoid nasal discharge  
• Partial airway obstruction  
Diagnosis  
• Endoscopy: ventral concha may be enlarged  
• Radiography: 

! Multiloculated densities within the sinuses  
! Fluid filled sinuses  
! Tooth/bone distortion or displacement  
! Deviation of nasal septum or vomer bone  

• Centesis: yellow brown acellular fluid  
• Computed Tomography 
• Magnetic Resonance Imaging 
Treatment 
• Surgery - frontal, maxillary, or frontonasal bone flap  
• Usually easily removed by digital dissection  
• Create opening from the paranasal sinus into nasal passage way 
Prognosis  
• Generally good  
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• Recurrence rate low  
• Facial distortion may improve 
 
WOUNDS AND FRACTURES INVOLVING THE PARANASAL SINUSES 
Clinical signs  
• Painful swellings or depressions  
• Epistaxis  
• Subcutaneous emphysema  
• Less commonly dyspnea and epiphora (discharge from eyes)  
• If trauma is severe may cause ocular or CNS signs  
Diagnosis  
• Radiographs  

! Fracture fragments  
! Fluid filled sinuses  

• Computed Tomography 
• Magnetic Resonance Imaging 
Treatment  
• Reduce swelling with anti-inflammatories, antibiotics, and cold compresses  
• Expose fracture site with curvilinear skin incision  
• Remove clots and fracture fragments devoid of periosteum from fracture site  
• Flush sinus  
• Elevate fracture fragments and fix in place with small gauge (16) orthopaedic wire or 

suture 
Prognosis  
• Acute - Excellent  
• Chronic fistulas can be difficult to close  
Complications  
• Sinusitis  
• Sequestration of bone fragments  
• Deformity of facial contour  
• Nasal obstruction  
• Fistula formation 
 
PARANASAL SINUS NEOPLASIA 
Most common is squamous cell carcinoma, but others include osteosarcoma, 
adenocarcinoma, fibrosarcoma, odontoma, and cementoma. Metastasis is uncommon but 
are locally invasive and may be aggressive  
Clinical Signs  
• Resemble secondary sinusitis but more severe  
• Moderate to severe facial distortion  
• mucopurulent, blood tinges, fetid nasal discharge  
• +/- neurologic signs or blindness  
• Other signs: enlargement of local lymph nodes, anorexia, weight loss, and head 

shaking 
Diagnosis  
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• Endoscopy  
• Oral exams 

! Look for mucosal defects in hard palate  
• Radiographs  

! Osteolysis of nasal, frontal, and maxillary bones 
! Distortion of nasal, frontal, and maxillary bones 
! Proliferation of nasal, frontal, and maxillary bones 

• Biopsy  
• Computed Tomography 
• Magnetic Resonance Imaging 
Treatment  
• Surgical removal:  

! Generally unsuccessful  
! Aggressive local invasion and risk of iatrogenic injury  

• Radiation therapy  
• Cryotherapy 
• Radiographic recheck at 2-3 month intervals 
Prognosis – Poor 
 
SUBEPIGLOTTIC CYST 
Subepiglottic cysts are remnants of embryonic thyroglossal duct. Pharyngeal cysts arising 
from dorsal pharyngeal wall are less common and are remnants of the craniopharyngeal 
duct (Rathke's pouch). 
Clinical signs 
• Respiratory noise 
• Nasal discharge 
• Exercise intolerance 
Diagnosis 
• Endoscopy. 
•  Subepiglottic cysts are often associated with persistent DDSP which renders the cysts 
not visible when the endoscope is passed through the nasal passage. Thus may need to 
evaluate orally 
• Radiology 
Treatment - Involves removing the cyst and cyst lining  
• Surgical removal through laryngotomy 
• Laser dissection and removal 
• Removal using an endoscopic snare 
Prognosis – Generally very good 
 
EPIGLOTTIC ENTRAPMENT 
Epiglottic entrapment is not an uncommon upper airway obstruction. This condition can 
cause exercise intolerance, respiratory noise, coughing, dysphagia and weight loss. As 
well a large percentage of horses can be asymptomatic. The entrapped epiglottis can be 
intermittent or permanent and in some cases can predispose horses to dorsal displacement 
of the soft palate. A hypoplastic epiglottis may predispose horses to epiglottic 
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entrapment. In some cases, epiglottic entrapment may be associated with subepiglottic 
cysts  
Aetiology 
• Hyperplasia of aryepiglottic folds ventral to epiglottis  
Diagnosis  
• Endoscopic examination of the nasopharynx or oral cavity 
• Radiographic examination of the throat latch 
Treatment  
• If asymptomatic in some cases (not sale horses), you can do nothing  
• Surgery 

! Division of entrapping membrane along its midline  
!  Splitting of the aryepiglottic fold using a hooked blade  
! Laser division under endoscopic guidance  
! Splitting of the aryepiglottic fold digitally through the oral cavity.  

! Resection of aryepiglottic tissue through a laryngotomy 
Prognosis  
• Generally good to very good 
• However, some cases can do very poorly after surgery 
 
DORSAL DISPLACEMENT OF THE SOFT PALATE (DDSP) 
Dorsal displacement of the soft palate is a common structural and functional problem 
affecting the horse. The condition had been studied extensively and recently numerous 
studies are focused on the possible aetiology of dorsal displacement of the soft palate. 
Recent work out of Michigan state university has shown that dorsal displacement of the 
soft palate may be related to inflammation within the nasopharynx causing a secondary 
neuritis of local nerves.{26, 21, 16} Research focusing on blocking particular nerves 
within the nasopharynx has reproduced dorsal displacement of the soft palate. Thus horse 
with marked inflammation of the nasopharynx could potentially be predisposed to 
dorsally displacing the soft palate.  
Diagnosis  
• History 
• Characteristics of the respiratory noise – Expiratory noise 
• Endoscopy  
• Treadmill examination 
• Sound frequency analysis 
• Dynamic endoscopy  
Treatment  
• Conservative management  

! Tongue tie- prevents retraction of the tongue and hyoid apparatus  
! Nose band in race horses - prevents opening in mouth during race  
! Device to push larynx forward – only train with these devices 
! Treat inflammation  

! Anti-inflammatory agents 
! Antibiotics  
! Vaccinate against influenza and rhino 

• Surgical treatment  
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! Sternothyrohyoid myectomy 
! Sternothyroideus myectomy/tenectomy  
! Staphylectomy  

! Sharp dissection 
! Laser ablation 

! Tie-forward procedure – recently described 
 
LARYNGEAL HEMIPARESIS/HEMIPLEGIA 
Laryngeal hemiplegia is a common condition affecting the equine athlete which results in 
exercise intolerance and abnormal respiratory noise at exercise (roaring). This condition 
arises due to damage to and subsequent paralysis of the intrinsic musculature 
(cricoarytenoideus dorsalis muscle; damage to the recurrent laryngeal nerve) of the 
arytenoid cartilage. The condition is almost exclusively associated to the left side. The 
exercise intolerance is caused by a decrease in diameter of airway when the flaccid 
arytenoid cartilage is pulled toward midline by the high negative upper airway pressures 
during exercise. An inspiratory noise develops due to the air turbulence within the larynx 
due to the collapsing arytenoid cartilage.  
Diagnosis  
• Clinical signs and history  
• Digital palpation of the laryngeal area 
• Endoscopy   

! Resting 
! Treadmill examination 

• Sound frequency analysis 
• Dynamic endoscopy     

 
Treatment 
• Laryngeal prosthesis ("tie-back" )  

! Success rate: 50-75% race successfully  
• Ventriculectomy  
• Arytenoidectomy 

GRADES OF LARYNGEAL HEMIPLEGIA 
 
Grade I - Normal: symmetrical and synchronous abduction and adduction of both arytenoid 
cartilages.  
 
Grade II - Laryngeal asynchrony: both arytenoid cartilages are able to fully abduct however the left 
arytenoid lags slightly behind the right arytenoid or flutters or tremors during abduction.  
 
Grade III - Laryngeal hemiparesis: full abduction of the left arytenoid cannot be induced by any 
maneuver although some abductor muscle function is retained. 
Subclass for Grade III (this is used when evaluating the larynx during high speed treadmill exams. 

§ Grade IIIA - can maintain full abduction during exercise 
§ Grade IIIB - can maintain abduction at exercise but it is not completely fully abducted 
§ Grade IIIC - the arytenoid collapses during exercise and crosses midline of the rima glottis  
 

Grade IV - Laryngeal hemiplegia: there is a marked asymmetry of the larynx at rest with minimal or 
no movement of the left arytenoid after nasal occlusion.  
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• Nerve pedicle grafts 
 
ARYTENOID CHONDRITIS 
Arytenoid chondritis is progressive enlargement of the arytenoid cartilage leading to 
laryngeal obstruction. The condition is most often unilateral, and incidence is generally 
considered equal between the right and left side being affected. The aetiology is believed 
to be possible trauma and infection.   
Diagnosis  
• Clinical signs - inspiratory noise & exercise intolerance progressing to dyspnoea  
• Endoscopy   
• Radiographs  
Treatment 
• Conservative management 

! Anti-inflammatory agents 
! Antibiotics  

• Surgical management - surgery indicated only when chondritis renders a performance 
horse useless for competition or becomes life threatening to the horse 
! Arytenoidectomy – Method of classification 

! Partial arytenoidectomy – recommended technique  
! Subtotal arytenoidectomy  
! Total arytenoidectomy 

! Laser resection of small granulomas and kissing lesions 
! Permanent tracheostomy 

 
 

 
 
 
 
 
 
 
   

 
Prognosis - Unilateral arytenoidectomy (partial) meets the goal of increasing the cross-
sectional diameter of the rima glottis. I generally give people a prognosis of 50-60% of 
horses being able to return to training or racing. 
 
TRACHEOTOMY 
Tracheotomy is indicated in emergency life threatening upper airway obstructions and 
prophylactically in upper airway surgeries. Tracheotomy may be performed either 
standing or under anaesthesia. An incision is made at the junction of the cranial and 
middle third of neck on ventral midline. The sternothyrohyoideus muscle is bluntly 
separated. The annular ligament between 2 tracheal rings is then incised 1800. Care must 
be taken not to incise or excise a tracheal ring because of the potential for stenosis to 
develop. Also care must be taken not to cut into the neurovascular structures lying on 

SECOND METHOD OF CLASSIFICATION 
§ Corniculoarytenoidectomy (higher complications) 

o Type I  (TOTAL)  Corniculate & Arytenoid 
o Type II (PARTIAL) Corniculate & Arytenoid (retain muscular process) 

 
§ Arytenoidectomy 

o (SUBTOTAL)  Arytenoid body & muscular process 
 
§ Partial Arytenoidectomy 

o Type I   Arytenoid (retain muscular process) 
o Type II   Local protuberances on the arytenoid  
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either side of the trachea. A tracheotomy tube (T-tube, Dyson, J-tube, etc.) is then placed. 
The incision site should be cleaned at least once a day and the tube replaced. A fair 
amount of discharge from the wound is normal due to surface contamination, but the 
wound should be free of pain, with minimal swelling after the initial procedure. These 
problems may indicate infection of deeper tissues. When sufficient upper airway air flow 
is present, the tube may be removed and the wound left to heal by second intention with 
daily or twice daily wound care. Complications of the procedure include wound infection, 
subcutaneous emphysema, pneumomediastinum, and tracheal stenosis.  
 
TRACHEOSTOMY 
Temporary tracheotomy provides short-term relief, because the maintenance of a tracheal 
cannula can be too labor-intensive and the tracheotomy site will gradually close down. 
Permanent tracheostomy provides a long-term solution for horses requiring a diversion of 
airflow due to pathology in the upper airway. The most common disease requiring a 
permanent tracheostomy is arytenoid chondritis. Other problems that could necessitate a 
permanent tracheostomy include nasal masses and nasopharyngeal cicatrisation. The 
approach is performed high on the neck just caudal to the first or second tracheal 
cartilage ring.  
Local anaesthesia of the ventral aspect of the trachea is performed.  A 3 cm by 6 cm 
rectangle section of skin is removed from the ventral surface of the neck. A similar 
section of the sternohyoideus and sternothyroideus muscles are removed to expose the 
tracheal rings. Haemorrhage from vessels with the muscles are clamped and ligated as 
needed. The ventral third of four tracheal rings are dissected from the tracheal mucosa.  
Care should be taken during this step to elevate the section of the cartilage rings to 
prevent puncturing the tracheal mucosa.  The mucosa is incised using a double "Y" 
pattern. A subcutaneous layer should be attempted to minimize overall tension on the 
tracheostomy site.  The edges of the mucosa flap are then sutured to the skin edges using 
an interrupted pattern. The site should be cleaned once to twice daily. Horses can return 
to normal exercise 3 to 4 weeks after surgery depending on how the site heals.  
Obviously, horses with a tracheotomy or tracheostomy are not allowed to swim. 
 
DISEASES AND SURGERY OF THE GUTTURAL POUCH  
Guttural pouches have been described as diverticula of auditory tubes. Medial (largest) 
and lateral compartments separated by the stylohyoid bone. The guttural pouch opens 
into the pharyngeal region through a funnel shaped orifice supported medially by a 
cartilaginous medial lamina. The guttural pouches are believed to cool the arterial blood 
flow to the brain in exercising horse. The following structures are present under a thin 
mucus membrane:  
• Along the caudal wall of the medial pouch  

! Internal carotid artery  
! Cranial cervical ganglion  
! Cervical sympathetic trunk  
! Vagus nerve  
! Glossopharyngeal nerve  
! Hypoglossal nerve 
! Spinal accessory nerve 
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• Along the floor of the medial compartment  
! Pharyngeal branch of the vagus nerve 
! Cranial laryngeal nerve 
! Retropharyngeal lymph nodes  

 
APPROACHES TO THE GUTTURAL POUCH 
Hyovertebrotomy or Dorsal approach 
• Landmarks  

! Vertical ramus of the mandible  
! Wing of the atlas  

• Vertical incision caudal to the ramus of the mandible  
• Access to the caudolateral aspect of the medial compartment  
• Indication - removal of chondroids and inspissated purulent material.  
• Disadvantages  

! No ventral drainage  
! Poor visualization  
! Close proximity to internal carotid artery and  
! Close proximity to the glossopharyngeal, hypoglossal, and vagus nerves  

 
Viborg's approach  
• Landmarks  

! Tendinous insertion of the sternomandibularis muscle 
! Linguofacial vein 
! Vertical ramus of the mandible  

• Incision - dorsal and parallel to the linguofacial vein  
 
Dietrich approach  
• Combination of two approaches 

! Viborg's approach  
! Hyovertebrotomy approach 

• Used for the placement of setons or drains  
 
Whitehouse or Ventral approach 
• Incision - ventral midline  
• Deep dissection between the larynx, muscles, vasculature, and nerves  
• Advantages  

! Ventral drainage  
! Access to both right and left pouches through one skin incision  

• Disadvantages  
! Significant muscle mass to retract  
! Poor visualization  

Modified Whitehouse approach - most commonly used  
• Landmarks - ventral to linguofacial vein  
• Same approach used for laryngoplasty 
• Advantage: less dissection with adequate visualization and drainage  
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DISEASES OF THE GUTTURAL POUCH 
GUTTURAL POUCH TYMPANY 
Non-painful, air filled swelling of one or both guttural pouches. Most cases are unilateral 
and radiographs can help determine if the tympany involves one or both pouches.   
Aetiology  
• Believed to be swelling involving the internal guttural pouch plica 
• Develops in foals shortly after birth  
• May cause respiratory noise, dyspnoea, or dysphagia  
Treatment  
• Placement of long term catheter 
• Surgery - Unilateral cases 

! Surgical removal of internal plica on affected side 
! Removal of median septum between left and right pouches 

• Surgery - Bilateral cases 
! Surgical removal of internal plica on one side 
! Removal or fenestration of median septum between left and right pouches 

• Salpingopharyngeal fistula 
• Fenestration of septum and pharyngeal wall can be performed using laser ablation 
Prognosis  
• Fair  
• But some cases do not respond 
 
GUTTURAL POUCH EMPYEMA 
Empyema is purulent filling of the guttural pouches secondary to previous upper 
respiratory infection. The purulent material may be more of a fluid consistency or form 
firm chondroids within the lumen of the pouch. 
Clinical signs  
• Intermittent nasal discharge that is non-odorous, white, opaque with yellowish-white 

floccules  
• Swelling of adjacent lymph nodes  
• Parotid swelling and pain 
• Extended head carriage  
• Dyspnoea/dysphagia  
Diagnosis  
• Endoscopic visualization of discharge from guttural pouch openings into the pharynx  
• Radiographic evidence of accumulated exudate within the guttural pouch  
• Bacteriologic culture and sensitivity of aspirated sample  
Treatment  
• Irrigation via pharyngeal orifice if acute  
• Surgical drainage if chronic or for the removal of chondroids 
• NSAIDs 
• Antibiotics  
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GUTTURAL POUCH MYCOSIS 
Mycosis of the guttural pouches is most commonly involving the internal carotid artery.  
The external and maxillary arteries can also be affected.  The reason why some horses 
develop a mycotic plaque and others do not is unknown.   Some believe the arterial wall 
gets injured and a secondary fungal plaque develops on the arterial wall.    
Clinical signs  
• EPISTAXIS – generally multiple small episodes before potential fatal episode 
• Dysphagia  
• Parotid pain  
• Nasal discharge  
• Abnormal head posture  
• Head shyness  
• Abnormal respiratory noise h. Sweating  
• Shivering  
• Horner's syndrome  
• Corneal ulcers  
• Facial nerve Paralysis  
Diagnosis  
• Endoscopy - diphtheritic membrane within the guttural pouch  
• Radiographs  
Treatment  
• Topical treatment  

! Vigorous lavage 
! Nebulising fungicidal drugs 
! Transendoscopic debridement 

• Systemic antifungal drugs  
• Ligation of the internal carotid artery at bifurcation  
• Balloon catheter occlusion of the affected artery 
• Coil embolisation – best method of treatment if available 

! Need fluoroscopy to evaluated contrast moving 
! Specialized coils which are relatively inexpensive 

Prognosis  
• Prognosis should initially be guarded  
• The prognosis has improved with the coil embolisation technique 
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How to Treat Severe Laminitis in an Ambulatory Setting 
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Northern Virginia Equine, P.O. Box 746, Marshall, VA 20116; e-mail: sogrady@look.net 
 
Introduction 
Severe laminitis is generally a career ending disease in the horse and is often life 
threatening. It has been stated often by authoritative sources that ‘laminitis remains the 
most controversial disease in equine veterinary medicine with regards to aetiology, 
treatment and prognosis’ a. The challenges faced by the veterinarian and the farrier are 
enormous and include not only treating a disease in which the aetiology is poorly 
understood but also guiding and counselling the owner / trainer throughout the treatment 
process. The owner should be made aware of the difficulties associated with treating 
severe laminitis and the ethical considerations regarding the welfare of the horse1.  The 
goal of the clinician is to relieve pain, prevent or limit further damage to the lamellae and 
improve function of the feet. The clinician is often limited in this respect, as it is the 
extent of the lamellar pathology (damage) that will limit the success of treatment and not 
the treatment regimen itself 2. Treatment is further complicated because there is no 
proven or consistent treatment for laminitis; consequently treatment regimens for both 
acute and chronic laminitis generally remain empiric and are based on the past experience 
of the attending clinician 1. Each horse with laminitis should be approached on an 
individual basis noting the predisposing cause, the amount of instability, the foot 
conformation and the structures of the foot that can be used to change the forces placed 
on the hoof 3.  
Most cases of acute laminitis do not go to a veterinary clinic or referral facility in part 
because the shear act of moving and shipping a horse with unstable laminitis may worsen 
the existing condition. Initially, the necessary expertise, medical care, imaging and 
farriery care can be provided at the farm on an ambulatory basis. Radiography is essential 
for diagnosis, assessment of foot conformation and guide for the initial hoof care. 
Additional benefits of treating the horse as an ambulatory patient are the familiarity of the 
horse’s usual surroundings and the owner / trainer being involved in assessing 
improvement or deterioration of the condition as they will be more aware of the animal’s 
normal behavior. An acceptable outcome in all but the mildest cases of laminitis requires 
a team of dedicated individuals: veterinarian, farrier and horse owner.  This paper 
presents an overview of the treatment options available when treating severe laminitis in 
a non-hospital setting. 
 
The Phases of Laminitis 
The classification of laminitis into phases is both a convenience to enhance 
comprehension and assist in the diagnosis, treatment and prognosis but the disease is a 
continuum. Laminitis is divided into the developmental, acute, and chronic phases, all 
three phases of which are relevant to the treating clinician.  However, the continuum 
varies greatly among cases as they may take different entry points into the disease and 
thus different paths once affected 4.  The developmental stage of laminitis is the initial 
phase of the disease that begins with the original insult to the lamellae and ends with the 
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onset of clinical symptoms such as pain, increased digital pulse, hoof tester pain and a 
laminitic stance. The acute stage begins with the onset of clinical symptoms and is 
frequently cited as lasting 72 hours or until displacement of the distal phalanx occurs, 
whichever is sooner 4. Chronic laminitis has been associated with continuation of clinical 
signs and / or a change in position of the distal phalanx within the hoof capsule; however, 
if the clinical signs of acute laminitis have not markedly improved within 48-72 hours, 
the horse should be considered to be entering the chronic stage.  It should be noted that in 
some horses with equine metabolic syndrome, there appears to be a derangement of the 
lamellae and they remain painful for an extended period of time without displacement of 
the distal phalanx. 
 
The Mechanism 
The anatomic structure of the tissues affected by laminitis has been well documented.  
However, despite considerable advances in our understating of the pathophysiology of 
laminitis made over the two decades, there is still much to be learnt about the initiating 
events and the pathways by which they lead to the clinical disease. The inter digitating 
dermal and epidermal lamellae and their related vasculature are positioned between the 
parietal surface of the distal phalanx and the rigid hoof capsule. The digital circulation to 
the proximal dorsal lamellae is via the coronary artery and the distal dorsal lamellae 
receive its blood supply from branches of the terminal arch that form the circumflex 
artery. Any compromise or instability in the lamellae changes the position of the distal 
phalanx, which in turn creates abnormal pressure on the vessels restricting circulation. 
The inflexible nature of the hoof capsule does not accommodate for the inflammatory 
effects, especially oedema, that occur in the laminar tissue during laminitis – this scenario 
could be considered a type of “compartment syndrome” effect.   
Knowledge of the biomechanics and the forces exerted on the structures of the foot, 
including the lamellae, are critical to the clinicians when formulating a plan to counteract 
these forces. As the lamellae suspend the distal phalanx within the hoof capsule and 
accept weight, this structure is subjected to an array of mechanical forces. The main 
forces are the weight (load) of the animal, which is opposed by the ground reaction force 
and the moments (a moment is the product of the length of a lever arm and the force 
perpendicular to the lever arm) about the distal interphalangeal joint, in which the 
moment generated by the GRF is opposed by that generated by tension in the deep digital 
flexor tendon (Figure 1) 4. These normal mechanical forces exerted on the foot become 
detrimental with laminar compromise. A laminitic horse that is painful will be reluctant 
to move and when not recumbent, the horse’s limbs will be approximately positioned as 
if in the mid-stance phase of the stride.  The load (opposed by the ground reaction force 
(GRF)) is located dorsal to the centre of articulation and just behind and slightly medial 
to the apex of the frog on the ground surface of the foot.5 When the limb is loaded, the 
tensile forces in the DDFT create a moment, which unless opposed by an equal and 
opposite moment, causes rotation around the DIP joint. At breakover the moment created 
by the DDF exceeds that created by the GRF.    The tensions in the DDF is greater during 
the mid-stance phase of the stride than it is at rest, and is further increased at the 
beginning of the breakover phase of the stride.  The opposing moments generated by the 
GRF and the tension in the DDF leads to a distractive force within the dorsal lamellae. 
Dorsal capsular rotation is the most common form of displacement seen in laminitis, and 
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it relates to the inability of the compromised lamellae to accept the load placed on the 
dorsal region of the foot during weightbearing and breakover. Through the action of these 
moments and weight bearing, the lamellae in the dorsal area of the foot are under more 
tensile strain when compared with the lamellae in the quarters and heels, which along 
with the frangible circulatory pattern in the dorsal section of the foot when compared 
with the dual blood supply in the palmar / plantar area of the foot, predispose the dorsal 
lamellae to injury. The GRF determines the load and subsequent compressive and tensile 
stresses that are placed on the dorsal lamellae. The load or GRF on the foot can’t be 
changed but the position of the GRF (centre of pressure) on the ground surface of the foot 
can be shifted away from the affected area or redistributed. Support is a term widely 
used, seldom defined, and often ambiguous. Support usually means to hold a structure in 
place or prevent it from collapsing. In laminitis, it refers to supporting the distal phalanx 
and preventing it from displacing from its normal position within the hoof capsule. 
Attempting to counteract the weight of the horse by any physical means placed under the 
foot makes this concept of support unrealistic. The stresses on the lamellae are greatest 
during weight-bearing and locomotion, and an attempt can be made to redirect these 
forces by recruiting additional parts of the ground surface of the foot to bear weight to 
reduce the load on the lamellae. Decreasing the moment about the distal interphalangeal 
joint reduces the stresses on the lamellae that are greatest during dorsi-flexion of this 
joint. In a horse with acute laminitis, the already damaged lamellae have a greater 
propensity to separate with the stress associated during breakover. Shortening the toe 
decreases the length of the lever arm and elevating the heels decreases the tension in the 
DDFT. 

Finally, the sole needs to be considered. In barefoot horses with a good foot, the 
conformation and thickness of the sole is not only protective but functional and can be 
considered a weight bearing structure. The sole in a shod horse has reduced functionality 
when it becomes suspended above the ground surface of the foot with shoes, plays a 
limited role in weight bearing, lacks stimulation, loses sole depth and is often subjected to 
inappropriate farriery. In the routine practice of farriery, one of the most common causes 
of lameness is excessive sole pressure in the presence of inadequate thickness or depth. 
There are a plethora of pads, devices and materials on the market that are placed on the 
sole or under the horse’s foot to counteract the weight in the early stage of laminitis. The 
rationale of this methodology of creating excess pressure on the ground surface of the 
foot in the face of insufficient sole depth has to be questioned. The most obvious 
limitations of applying physical devices to the foot include the facts that we are limited to 
a relatively small surface area in an attempt to offset profound vertical forces imposed on 
the digit, the thickness of the sole and that the application of pressure through 
compromised tissue may cause additional pain and tissue damage5.   

Assembling the team 
The equine practitioner is responsible for addressing the overall health and welfare of the 
horse. When confronted with a serious case of laminitis, a farrier will also play a 
prominent role in treatment and in most cases of severe chronic laminitis, the 
predominant long-term role. The team is completed with the owner / trainer of the animal 
who will often be the primary care giver, the party who makes the decisions and the one 
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responsible for the financial obligations associated with the treatment. If either clinician 
(veterinarian or farrier) is inexperienced treating laminitis, it is prudent to seek advice 
from or refer the case to an individual who is experienced and treats this disease on a 
regular basis. Current history, clinical impressions and images can be transmitted from 
the farm to a referral center for a consultation. There are a multitude of methods / 
products available, all purported to improve the disease yet none are proven or even 
consistent. There are no controlled studies documenting the efficacy of any one medical 
or farriery procedure. Techniques change rapidly and for the most part, are empirical. 
Thus, laminitis treatment remains anecdotal and is based on the stage of the disease, 
clinical experience of the clinician and the response of the patient. As there is no proven 
treatment that is superior to the other, dialogue is important between both clinicians as 
there will be diverging thoughts, opinions, theories and previous treatment experiences. 
The preferred approach may be to consider the individual case coupled with the 
radiographs and decide on a treatment strategy based on medical and biomechanical 
principles. When communicating with the owner, the treatment plan should always be 
presented in a consensual manner. The clinicians should present a unified approach to 
treatment with neither party questioning the procedures of the other in front of the owner 
/ trainer. Client communication is one of the most important but least discussed aspects of 
case management. A policy of open, honest communication that tempers false 
expectations of success must be used. Owners should be given realistic information from 
the onset, such as; severe laminitis has a poor prognosis, there are no proven treatments, 
any treatment can be extensive, expensive and prolonged, and may result in euthanasia 
1,5. Given the seriousness of severe laminitis, clients will likely look into other sources for 
information or hope such as, the Internet, horse magazines and support groups regarding 
the management of their horse. It is imperative that the attending veterinarian and farrier 
are well versed in the common inquiries that will arise and can be able to address them 
prospectively. Accurately predicting the outcome of horses with laminitis is impossible. 
This is understandable given the number of variables associated with management of 
severe laminitis, which includes not only the feet but the overall health of the patient in 
addition to client constraints. The owner must be warned that if the horse with laminitis is 
insured, it is their responsibility to inform the insurance company immediately. 
 
Assessment 
Accurate assessment of the whole patient with consideration for history, occupation, and 
owner expectations should be considered in every case when attempting to provide 
appropriate treatment as well as prognosis. Diagnostics remain basic for laminitis, but 
thoroughness must be emphasized. A complete physical examination and in particular, 
detailed evaluation of the feet is mandatory. Assessment of the intensity of the digital 
pulse, temperature of the feet and the extent of lameness should be made. The coronary 
band should be assessed for the presence of edema, for depressed areas which indicate 
distal displacement and palpably tender areas that are associated with a possible abscess 
or separation of hoof wall. The shape and position of the sole is observed for degree of 
concavity or protrusion, soft spots, or excessive loss of depth. The size and conformation 
of the feet are especially important when designing a farriery plan for the horse and for 
monitoring subtle changes associated with the progression of the disease. Hoof 
conformation may influence loading patterns and the type of displacement encountered. 
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For example; in the author’s experience, there will generally be more displacement in an 
upright or club foot due to the increased load on the dorsal lamellae caused by the pre-
existing increased tension in the DDFT and corresponding dorsal centre of pressure. On 
the other hand, horses with a long toe–low heel conformation generally have a thin soles, 
which limits the use of the sole in counteracting the weight of the horse.     
In most instances, observation of the stance and gait provide a strong indication of the 
presence of laminitis. The characteristic stilted camped-out front legs are believed to 
redistribute load to the hind limbs5.

 
Variations in stance likely occur due to the presence 

of pain in the rear feet or variations in the location of pain in the front feet. It is not 
necessary to use local anaesthesia in order to diagnose laminitis and should be avoided if 
possible. The Obel grading system for lameness in laminitis can be used to document the 
grade of laminitis and to tract the progression (Table 1)7. 
 
The clinician must determine the reason for and source of pain, its location, and the 
degree of instability (amount of pain) within the foot. The location of pain is important to 
determine from a therapeutic standpoint as any pressure applied under this area in an 
attempt to support the hoof will exacerbate the pain. Hoof-tester evaluation is useful 
when positive, but a negative response does not rule out foot pain or laminitis. It is 
common to have a negative hoof-tester response in a horse with a thick sole and hoof 
capsule. Horses with metabolic syndrome also generally have a negative response. Hoof 
testers are also useful to assess the deformability of the sole, which gives a reasonable 
estimate of sole depth.  Bilateral diffuse solar pain across the toe and dorsal wall is 
considered characteristic for laminitis; however, bilateral foot bruising may yield similar 
symptoms. Focal pain anywhere in the foot is generally associated with sepsis or abscess 
formation, but the horse may assume a “laminitic” gait to unload on the foot.  Hoof wall 
collapse along the medial quarter and heel is another recognized entity associated with 
unilateral distal displacement of the distal phalanx. A marked hoof tester response is 
often present in this area. It is not fully understood whether this is attributable to a greater 
degree of lamellar damage in this region or simply to regional mechanical overload on 
that section of the foot.  Variations of the stance and gait are recognized when pain origi-
nates in areas other than the toe and dorsal wall. Laminitis involving the dorsal hoof will 
generally present with a heel-first landing, whereas a horse with palmar foot pain will 
present with a toe-first gait or flat-footed landing. It is not uncommon for laminitic horses 
to land toe first, possibly because the stride is so shortened that they can't extend the 
digit, or because it is a deliberate action to spread out the duration of loading the foot. 
 The most important determinant of prognosis in the acute laminitic patient, and one of 
the most difficult to access, is the degree of instability between the distal phalanx and 
hoof wall. At present, we have few, if any, means to make this assessment beyond the 
amount of pain, serial radiographs, a thorough clinical evaluation and response to 
therapy. In the first 48 hours of laminitis, pain has been shown to correlate well with the 
degree of histological injury to the lamellae making it a good predictor of instability 8. 
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Table 1 
 
The lameness scale developed by Obel can be used to document laminitis severity 
 
Obel Grade 1                                     At rest the horse will alternately lift the feet or shift 

the    weight. Lameness is not evident at the walk, but a 
short stilted gait is noted at the trot.                 

Obel Grade 11                                  The horse moves willingly at a walk, but the gait is 
                                                          characteristic of laminitis. A hoof can be lifted off 
the ground                                                                                                                                                                                                             
                                                                 without difficulty. 
Obel Grade III                                   The horse moves reluctantly and vigorously resists 
attempts  
                                                          to lift a foot  
 
Obel Grade IV                                  The horse must be forced to move and may be 
recumbent. 
 
Acute Laminitis 
When presented with a case of acute laminitis, three problems are encountered. First; 
there is no practical means to assess the extent of the laminar damage present and if this 
damage will be permanent when the animal first shows clinical signs of acute laminitis. 
The number of horses that suffer a severe laminitic episode that can be treated 
successfully once clinical signs are observed is also relatively small3. The damage to the 
lamellae that occurs during the developmental stage of laminitis precedes the onset of 
pain and lameness noted in the acute stage. Second; there is no practical means to 
counteract the vertical load that is placed on the horse’s feet. Stated differently, we have 
no practical device, product or method that allows us to take the weight off the 
compromised lamellae. Third; the distractive force placed on the lamellae by the deep 
digital flexor tendon (DDFT) is also hard to counteract.  
 
Medical therapy  
Laminitis often originates from an organ system remote from the foot such as the 
gastrointestinal, respiratory, reproductive or endocrine systems. Therefore, treatment 
during the acute stage needs to aggressively address the initiating cause of laminitis or if 
treatment of the cause was initiated before the onset of clinical laminitis, it should be 
continued. Recently, unequivocal evidence confirms an inflammatory response is present 
very early in the disease before other changes are present, suggesting that the vascular 
changes, thrombi formation, and metalloproteinase degradation of the basement 
membrane are “downstream” events 4.  The main pharmacologic agents used to treat the 
inflammatory response in early laminitis are the non-steroidal anti-inflammatory drugs 
(NSAIDs). The analgesic effects of the NSAIDs is important from a humane perspective 
but should be used judiciously so that the clinician is able to accurately monitor the 
clinical signs in the feet. Clinical improvement from the owners’ perception is a decrease 
in pain, therefore the clinician may be inclined to increase the dose of NSAID’s or 
combine NASID’s to appease the client. This practice should be avoided as the analgesic 
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effects of the NSAID’s will increase ambulation and place additional stresses on the 
compromised lamellae. The pharmacologic agents most frequently used to treat 
uncomplicated laminitis are phenylbutazone b, flunixin meglumine c, DMSO d, and 
acepromazine e 4.  Unfortunately, there are no pharmacological agents that are of proven 
benefit once the initiating events have occurred. The purported anti-inflammatory, 
diuretic and oxygen radial scavenging properties of DMSO make it a logical choice. 
Experimentally, acepromazine increases digital and laminar blood flow in normal horses, 
but it has not been tested in horses with induced laminitis 9.  Horses that have developed 
laminitis associated with insulin resistance such as equine metabolic disease may benefit 
from early intervention to increase insulin sensitivity 7. Measures should be taken 
immediately to reduce the weight of obese horses. The use of ice therapy in the acute 
stage of laminitis has been described but its use outside of the developmental stage 
remains somewhat controversial 7. 
 
Radiographs 
Baseline radiographs consisting of a lateral and DP (dorsopalmar 0 degree) view should 
always be taken during the initial examination of acute laminitis if possible 3. The 
radiographs can be used to determine previous damage, assess foot conformation and 
guide initial hoof care. Serial radiographs taken at 2-4 day intervals during the instable 
period are used to follow the progression of displacement and the speed of progression of 
the distal phalanx. Venography can be used to assess the circulatory pattern of the foot, 
but the clinician must be experienced in performing the procedure and interpreting the 
results. 
 
Hoof care 
Physical measures are often applied to the foot by the attending or consulting veterinarian 
during the acute stage of laminitis. The greatest overall stresses placed on the foot are 
associated with weight bearing. To limit the focally increased stresses placed on the foot 
during ambulation, it is imperative that an acute laminitic horse be restricted to the stall. 
When a horse is shod or when the horse stands on a hard surface, the load is concentrated 
around the perimeter of the hoof wall and transferred onto the lamellae. In acute 
laminitis, it is appropriate to remove the shoes, which is readily accomplished by 
removing individual nails with a short handled crease nail puller f (Figure 2). If the horse 
is in extreme pain and reluctant to lift a foot, local anesthesia should be avoided and 
sedation such as detomidine hydrochloride g should be used to allow removal of the 
shoes. Weight can be redistributed toward the palmar / plantar section of the foot by 
applying some type of deformable material to the solar surface of the foot such that the 
sole, bars and frog in the palmar section of the foot become load sharing with the hoof 
wall. This can be accomplished by applying either thick styrofoam, one of the deformable 
impression materials, various pads and boots that are marketed for this purpose or placing 
the horse in sand (Figure 3). The author prefers to use beach sand if available. Caution 
must be used when employing the dorsal area of the sole distal to the dorsal margin of the 
distal phalanx and the adjacent wall to bear weight. It should be noted that recent 
biomechanical research has shown that when the foot is loaded, the hoof expands or 
flares outwards and as a result pulls the sole distally 10. Therefore, applying pressure to 
the sole in a horse with minimal sole depth or one that shows pain when hoof testers are 
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applied may in fact compromise circulation and increase the pain level.  Applying shoes 
in the acute stage of laminitis has not been shown to offer any advantages. In the acute 
stage of laminitis, the moments about the distal interphalangeal joint and the distractive 
force placed on the lamellae by the deep digital flexor tendon (DDFT) can be reduced to 
some extent by moving the breakover in a palmar / plantar direction. A line is drawn 
across the solar surface of the foot dorsal to the frog and a rasp is used to bevel the toe in 
a dorsal direction from this line until it is approximately 25 - 30° to the ground. This 
effectively moves the breakover palmarly, decreases the pressure on the dorsal lamellae 
and may lessen the forces created by the DDFT. Additionally, beveling the toe in this 
manner reduces weight bearing by the dorsal wall at rest.  The center of pressure is 
effectively moved in a palmar direction by extending the ground surface of the foot 
palmarly and applying mild heel elevation.   Raising the heels excessively in the acute 
stage has been advocated but should be done with caution as there is no scientific proof 
of a beneficial effect.  

Laminitis as a consequence of various systemic diseases and/or the administration of 
corticosteroids often results in distal displacement (sinking) of the distal phalanx. In this 
case the entire circumferential lamina interface is damaged allowing the distal phalanx to 
descend or sink uniformly within the hoof capsule. There is minimal involvement of the 
deep digital flexor tendon (DDFT) during this process. The author has not found 
elevating the heels in horses with distal displacement to be effective.  Moving the 
breakover back and placing a uniform layer of a deformable impression material on the 
bottom of the foot or placing the horse in sand may be a better option 4. 

 Recently the author has favored the use of wooden block or shoe in horses with acute 
laminitis that are expected to rotate or sink and the results have been very encouraging. 
The flat solid construction allows the entire ground surface of the foot to be utilized for 
weight bearing without excessive pressure on the sole. The border of the ground surface 
of the wooden shoe can be beveled or cut on an angle, which appears to concentrate the 
load under the digit. They can be applied in a non-traumatic manner and the angle around 
the periphery of the shoe appears to decrease torque on the lamellae in the toe and the 
quarters. Two- inch fiberglass casting tape is used to secure the block and limit expansion 
of the foot (Figure 4).  

An acute case of laminitis should be reevaluated at 48-72 hours for improvement or 
worsening of the condition. If the horse has not shown marked progress, the horse should 
be reassessed by the responsible parties regarding treatment plans, and alternatives. The 
prognosis becomes less optimistic. The client should also be aware that referral facilities 
exist that provide additional options.  

Chronic Laminitis 
Rehabilitation of the horse with chronic laminitis is not a “cookbook” process as affected 
horses with chronic laminitis will vary from case to case and our understanding of the 
disease is still vague. However, the understanding of digital mechanics has improved and 
technological advances in shoe design / materials and techniques continue to expand. 
Chronic laminitis by definition means that the distal phalanx (P3) has displaced within 
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the hoof capsule 11. The distal phalanx can rotate downwards at the toe, rotate to either 
side (laterally or medially) or it can totally displace (sink) within the hoof capsule (Figure 
5). Rehabilitation of the horse with chronic laminitis will depend on the amount of viable 
lamellae that remain intact, the conformation of the foot and the ability to realign the 
distal phalanx within the hoof capsule. The question is often asked as to when to shoe a 
horse with chronic laminitis. The guidelines that may be used are when the horse is 
comfortable (stability), on minimal medication and the foot has stabilized, i.e. there have 
been no further radiographic changes in the foot for a given period of time. The author 
has not been successful nor observed improvement in the laminitic state of any horse 
when having to use local anesthesia in order to lift the horse’s foot and apply a shoe 
before the foot has stabilized. 
 
Radiology 

           The lateral radiograph is often the only film taken for evaluating chronic laminitis but it 
does not allow identification of asymmetrical medial or lateral distal displacement. 
Therefore, the author considers it crucial that a dorsopalmar (DP) radiographic projection 
is included as part of the radiographic study for either acute or chronic laminitis12. High 
quality radiographs are required to visualize the osseous structures within the hoof 
capsule as well as the hoof capsule itself. The radiographic features of chronic laminitis 
are well-documented 13. The following observations from the lateral radiograph are 
important in determining the prognosis and guiding treatment: the thickness of the dorsal 
hoof wall, the degree of dorsal capsular rotation, the angle of the solar surface of the 
distal phalanx relative to the ground, the distance between the dorsal margin of the distal 
phalanx and the ground, and the thickness of the sole. 
The dorsopalmar radiograph is examined to determine the position of the distal phalanx 
in the frontal plane. Asymmetrical distal displacement of the distal phalanx on either the 
lateral or medial side is present if a line drawn across the articular surface of the distal 
interphalangeal joint or between the solar foramens of the distal phalanx is not parallel to 
the ground, the joint space is widened on the affected side and narrowed on the opposite 
side, and the width of the hoof wall appears thicker than normal on the affected side 
(Figure 6). 
Finally, radiology will form the guidelines to be used in realigning the distal phalanx and 
applying any type of farriery (Figure 7). 
 
Farriery for chronic laminitis 
Trimming and shoeing has always been the “mainstay” of treating chronic laminitis and 
is directed at reducing/removing the adverse forces on the compromised lamellae. In 
considering hoof care in horses with chronic laminitis, there are three goals for therapy; 
to stabilize the distal phalanx within the hoof capsule, to control pain, and to encourage 
new hoof growth to assume the most normal relationship to the distal phalanx possible 12. 
Realignment of the distal phalanx to create a better relationship of the solar surface of the 
distal phalanx with the ground is used as the basis for treating chronic laminitis 14,15. 
Realignment of the distal phalanx should promote and produce hoof wall growth at the 
coronet and sole growth distal to the distal phalanx. Using the radiographs as a template, 
the objective of the trim is to reposition the distal phalanx within the hoof capsule and re-
align the ground surface of the hoof capsule with the solar margin of the distal phalanx 
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(Figure 8).  Applying any type of shoe following this procedure should compliment the 
realignment of the distal phalanx and further decrease the forces on the lamellae. The 
shoeing principles applied to all shoeing methods used in treating chronic laminitis are to 
recruit ground surface, reposition the breakover palmarly and to provide heel elevation as 
needed 12,14. The author’s shoe of choice is usually a wide web aluminum shoe with heel 
elevation either incorporated into the shoe in the form of rails or by using a bar wedge 
inserted between the shoe and the solar surface of the foot. Deformable impression 
material h can be applied between the branches of the shoe to increase the surface area 
and redistribute the load. Breakover can easily be placed into the shoe in the appropriate 
place by forging or using an electrical grinder. The middle of the foot is used for accurate 
placement of the shoe on the foot 12. 
 Recently the author has been very successful treating selected cases of chronic laminitis 
using a wooden block cut in the shape of the foot with the border of the ground surface 
cut on an angle of at least 45º (Figure 9)12, 14, 16, 17. The foot is trimmed appropriately to 
address realignment; impression material is used judiciously in the palmar section of the 
foot to create a solid plane between the solar surface of the foot and the wooden shoe. 
Heel elevation can be incorporated into the wooden shoe if necessary and the shoe is 
applied atraumatically using screws and casting tape. With this method, there is flat even 
pressure placed across the palmar section of the foot and all the mechanics are placed in 
the block while preserving the hoof capsule. 
 
Surgery 
Deep digital flexor tenotomy remains a very useful procedure for treating chronic 
laminitis. The author considers this surgery necessary if the margin of the distal phalanx 
has prolapsed through the sole or on those cases that fail to stabilize once they begin 
displacing. As stated earlier, two of the main detriments when treating chronic laminitis 
are the weight of the horse and the distractive force of the DDFT. One of these 
detrimental forces can be removed through this surgery but knowing when to use it poses 
a dilemma. It is often necessary to use this procedure in order to realign the distal 
phalanx. Further indications for this surgery are progressive rotation, persistent pain, 
minimal hoof wall and or sole growth and secondary flexor apparatus contracture. If there 
is a marked flexural deformity involving the distal interphalangeal joint (DIP) present, 
this is an indication of shortening of the musculotendonous unit and a release procedure 
is necessary to accomplish realignment of the distal phalanx. It has to be emphasized that 
if a deep digital flexor tenotomy is utilized, it must be accompanied by realignment of the 
distal phalanx to decrease the adverse forces on the lamellae. Following a DDF tenotomy, 
the middle phalanx will move distally and palmarly relative to the distal phalanx (P3). 
This concentrates the load on the palmar soft tissue structures of the foot rather than 
redistributing the load on the solar surface of the distal phalanx. The author has found it 
helpful to use a shoe or a wedge pad attached to a cuff to extend the ground surface 
beyond the heel of the hoof capsule and add a few degrees of heel elevation. This will 
realign the digital axis and appears to improve the clinical parameters (comfort, hoof 
capsule changes, sole growth, etc.) following surgery 12. 
 
Ethical considerations 
The clinicians should continually discuss the humane issues surrounding a case of severe 
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laminitis from the onset. This is especially important in laminitis cases that have the 
potential or are displaying clinical and radiographic signs of distal displacement (sinking) 
as these cases inevitably have a poor prognosis. From a humane aspect it is irresponsible 
to prolong the life of a chronically painful horse with no chance of recovery or any 
quality of life. The decision for euthanasia is often subjective and the clinician must take 
into consideration the owner’s psychological attachment to the horse. Monetary and 
insurance considerations must be discussed frankly. Convincing evidence can and should 
be presented to the owner such as duration of the current treatment, status of the horse 
(unrelenting pain, recumbency, weight loss), foot conformation (no hoof or sole growth, 
prolapse of distal phalanx through the sole, palpable trough at the coronet) and imaging 
(severe displacement – rotation and or sinking, position of coronet, irreversible damage to 
the hoof capsule) (Figure 10). If a decision is reached to euthanize a horse, the decision 
should be unanimous among all the members of the team. The clinician should 
recommend and encourage the owner to seek a second opinion. The attending or 
consulting veterinarian or farrier should never imply to the owner that had a different 
approach or mode of therapy been initiated at a particular time, the outcome of the case 
would have been different. There is no scientific evidence to support such a derogatory 
statement, it casts doubt on the professionalism of the clinicians involved and opens the 
door for possible litigation. 
 
Discussion  
Unfortunately, many of the treatment regimens, both medical and farriery techniques, 
used to treat acute and chronic laminitis are based on tradition, theoretical assumptions 
that a given treatment should work and anecdotal evidence that a certain type of treatment 
has worked on previous cases. There are no controlled studies confirming or comparing 
the efficacy of the numerous treatments in use nor is there any scientific proof that one 
treatment is superior to another. What is well documented are the forces and mechanics 
applicable to the equine foot. Clinicians (veterinarians and farriers) may be better served 
by a thorough knowledge and understanding of the anatomy, physiology and function of 
the hoof. Understanding the foot in a mechanical sense may allow better application of a 
preferential treatment protocol. 
Treatment of laminitis has to be a team effort equally shared between veterinarian, farrier 
and owner. The intent of this paper is not to discourage treatment of laminitis but to 
create expectations that are realistic, humane and based on the cause of the disease, 
amount of lamellar damage, pain, duration and the financial constraints involved in 
prolonged treatment. At the onset of treating severe laminitis, certain guidelines can and 
should be outlined to indicate the efficacy of the chosen treatment method along with a 
reasonable time frame for improvement. These guidelines could be a change in stance, 
decreased digital pulse, increased comfort, horn growth at the coronet, sole growth, etc. If 
the desired improvement is not observed or the condition gets worse, the overall farriery 
methods should be reassessed and changed where necessary. 
 With severe laminitis cases, we are often unable to rehabilitate the horse to where it has 
an acceptable quality of life. The main reason being that there are insufficient laminar 
structures remaining within the hoof to achieve realignment and accept weight. The 
author feels it is important, from a humane perspective, to know when to discontinue 
treatment that has not been effective. Often we persevere with various treatments, put the 
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horse through much unnecessary suffering, only to achieve an unsatisfactory outcome. It 
is unlikely that this disease can ever be fully eliminated nor is it likely that there will ever 
be a single drug or other line of therapy to consistently treat acute or chronic laminitis so 
our clinical and research efforts should be divided between  prevention and treatment.     
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Footnotes 
a. McIlwraith, CW. Fort Collins, CO. (personal communication) 2010. 
b. Phenylbutazone paste. Schering-Plough Animal Health, Union, NJ 07083 
c. Flunixamine. Fort Dodge Animal Health, Fort Dodge, IA 50501 
d. DMSO. Fort Dodge Animal Health, Fort Dodge, IA 50501 
e. Promace. Fort Dodge Animal Health, Fort Dodge, IA 50501  
f. Lopez crease nail pullers. Lopez Farrier Tools, Santa Maria, CA 93455 
g. Dormosedan. Pfizer Animal Health, Exton, PA 19341 
h. Equilox Pink, Equilox, Int., Pine Island, MN 55963 
 
Figures  

 
       1A                                                            1B 
Figure 1. Figure 1A shows the biomechanical forces (GRF, moments about the DIP joint 
and force of the DDFT) exerted on the equine foot at rest. Figure 1B shows the GRT 
moving into the toe and the moment about the DIP joint at the beginning of breakover. 

 
Figure 2. Creased nail puller with short handles. 
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Figure 3. Schematic representation of a laminitic horse standing in sand. Note the 
properties of sand contour to the solar surface of the foot and allow the horses’ toe to sink 
in the sand and elevate the heel. (Courtesy Dr Andrew Parks) 
 
 

 
Figure 4. Wooden shoe attached to the foot with screws placed around the perimeter of 
the hoof wall and secured with casting tape. 

    
A                                        B                                          C 
Figure 5. A illustrates dorsal capsular rotation, B illustrates mediolateral rotation and C 
illustrates distal displacement. 
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Figure 6. Radiograph of asymmetrical displacement of the distal phalanx on the medial 
side. Note the solar foramens are not parallel with the ground. Also note the disparity in 
the joint space from the lateral to the medial side. 
 
 

 
Figure 7.   A schematic representation of a lateral radiograph of a foot with dorsal 
capsular rotation can be used as a template when trimming.  A line is drawn 
approximately parallel and about 15 mm distal to the solar surface of the distal phalanx. 
A second line is drawn parallel and approximately 15 – 18 mm dorsal to the parietal 
surface of the distal phalanx. The arrow at the intersection of the two lines is the furthest 
dorsal point the toe of the shoe should be set.  The second arrow is approximately 6 mm 
dorsal to the dorsal margin of the distal phalanx and is the approximate location of the 
point of breakover. (Courtesy Dr Andrew Parks) 
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A                                      B                                           C 
Figure 8. A schematic diagram of a horse’s foot with rotation before (A) and after being 
trimmed (B) according to guidelines in figure 7.  Note that diagram (C), the dorsal and 
palmar aspects of the ground surface now form 2 different planes. (Courtesy Dr Andrew 
parks) 
 
 
 

  
 
Figure 9. A wooden shoe applied to the foot with impression material. Note the point of 
breakover on the ground surface of the shoe which corresponds with a vertical line drawn 
from the coronet. 
 
 
 

  
 
Figure 10. Lateral and DP radiograph of a horse with severe laminitis. The displacement 
of the distal phalanx, the position of the coronet, the disruption of the lamellae and the 
solar penetration will prevent recovery. 
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Navicular Disease – Current thoughts and treatment 
Dwayne Rodgerson, DVM, MS, Diplomate ACVS 

Hagyard Equine Medical Institute 
Lexington, Kentucky 

 
Navicular disease or navicular syndrome is a chronic, progressive condition affecting the 
navicular bone and bursa, deep digital flexor tendon, and associated soft tissue structures 
composing the navicular apparatus. Navicular disease is a common condition affecting 
the equine foot. Navicular disease could best be described as a caudal hoof lameness or 
caudal hoof pain. This is the most common bilateral lameness affecting the equine foot. 
Except in very rare instances navicular disease is primarily seen in the forelimb feet.  The 
condition is generally characterized by a slowly developing lameness, and followed by 
pathologic changes in the palmar/plantar aspect of the foot. Initially the lameness is 
intermittent and is aggravated by exercise. When evaluating horses for navicular disease, 
it is important obviously have a basic understanding of the navicular bone and 
surrounding soft tissue.  
 
Navicular bone - This distal sesamoid bone does support weight, which is not normally 
the case for sesamoid bones. The navicular bone is closely associated to the navicular 
bursa, distal interphalangeal joint, and digital flexor tendon sheath. The navicular bone 
has the following surfaces/borders: Articular & flexor surfaces, proximal & distal 
borders, and medical & lateral wings. 
 
Soft tissue (tendon & ligaments associated to the navicular bone) 
Deep Digital Flexor Tendon: Medial surfaces of humerus and olecranon, and caudal 
radius 

Insertion: Semilunar crest of the third phalanx 
Importance: Deep digital flexor tendon passes over the flexor surface of the navicular 

bone and applies compressive forces to the flexor surface when the horse is weight 
bearing on the limb. Low heel conformation and long sloping pasterns increases 
strain on the deep digital flexor tendon. 

" Proximal Impar Ligament (also called navicular suspensory ligament or collateral 
sesamoidean ligament) 

 Origin: Distal dorsal surface of second phalanx. 
 Insertion: Wings and proximal border of the navicular bone 

Importance: This ligament is under tension during the break over phase of the stride. 
The ligament most relaxed during the weight-bearing phase of the stride. 

" Distal Impar Ligament: 
Origin: Distal border of the navicular bone 
Insertion: Flexor surface of third phalanx 
Importance: This ligament is relatively short and thick.  The majority of the total blood 

supply to the navicular bone passes within this ligament. 
 
There are various theories proposing different specific causes for navicular disease, but 
the exact pathogenesis is unknown. As we learn more from the equine foot using 
diagnostic modalities, such as contrast enhanced computer tomography (CECT) and 
magnetic resonance imaging (MRI), we are finding that cases diagnosed as navicular 
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disease are actually a resulted from a primary lesion. Some horses diagnosed as having 
navicular disease show primarily oedema within the navicular bone on MRI.  In other 
horse that respond similarly to local anaesthesia, may show no evidence of oedema, but 
have evidence of tears in the associated deep digital flexor tendon.  Thus, the 
pathogenesis of navicular disease may be different from case to case. The proposed 
theories include the following:  biomechanical, vascular, and degenerative joint disease 
theories.  
 
Biomechanical Theory (Bursitis or increased pressure): Bursitis - This common 
theory by Adams suggests that concussion between the deep digital flexor tendon and the 
flexor surface of the navicular bone caused a bursitis, which, in turn, led to hyperaemia, 
changes in the navicular bone, and alterations of the deep digital flexor tendon. He 
considered concussion, upright conformation, small feet, and improper trimming/shoeing 
as predisposing factors. 
 
Increase pressure - Danish investigators believed that the navicular bone changes were 
the consequences of increased pressure between the deep digital flexor tendon and the 
flexor surface of the navicular bone. This increased pressure caused the remodelling on 
the navicular bone flexor surface and the underlying medullary cavity of the navicular 
bone.  Abnormalities that could increase the load on the flexor surface included broken 
hoof/pastern axis (backward), long toe/low heel, contracted feet, small feet, and under-
run heels. 
 
Vascular Theory: Proposes that thrombosis of arterioles supplying the distal part of the 
navicular bone cause pain and ischemic necrosis. Resorption of the inflamed bone 
accounts for the subchondral bone lysis and bone cysts. 
 
Degenerative Joint Disease Theory: Proponents of this theory believe that the changes 
in the navicular bone are the same changes occurring in degenerative joint disease of 
synovial joints. Excessive and sustained compression forces exerted against the navicular 
bone flexor surface initiate and promote the degenerative changes. The pain associated 
with navicular disease is believed to be due to inflammation and impaired venous 
drainage. 
 
Diagnosis 
Diagnosis of navicular disease can often times be suspected based on the history and 
signalment of the horse.  Middle-aged horses with mild forelimb lameness should have 
navicular disease as a rule out.  American Quarter Horses have an increased prevalence 
over other breeds.  The onset of lameness is generally insidious and primarily affects both 
front feet. Hind feet are very rarely affected. Initially, the lameness is mild and 
intermittent and will respond to rest and conservative management. The lameness will 
generally return when training resumes. Clinically, the horse may stumble or have a very 
short choppy gait at the trot.  In the early stages, some horses will warm out of the 
lameness, but as the disease progresses, the lameness will become more obvious and less 
intermittent. As the degree of lameness progresses, some horses will point the more 
severely affect foot. At this time, one foot usually becomes more prominently affected, so 
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the lameness appears to be unilateral. Some horses will elevate the heel of their feet in a 
stall by dragging bedding (such as shavings) under the heel of the front feet. Chronically 
affected feet may show a small diameter foot and contraction of the heels.  
 
A thorough lameness exam should be performed on every horse presenting with forelimb 
lameness. Horses with navicular disease may show a response to application of hoof 
testers over the heels or frog, but most cases of navicular disease are unresponsive to hoof 
testers. Little or no increase in hoof wall temperature and digital pulse are observed. 
Examination of the horse at the walk generally is unremarkable.  Examination at the trot 
will reveal a unilateral lameness. Examination of the horse at the lunge will generally 
increase the degree of lameness when the horse is circled with the affected limb inside. 
Reverse wedge extension and frog pressure tests may increase the degree of lameness.  
Perineural anaesthesia using a low palmar digital nerve block generally shows a marked 
improvement in the lameness, and classically, horses will typically show a mild lameness 
in the opposite limb.  Alternatively, a coffin joint block can also be used to isolate the 
lameness to the navicular region.  In more rare occasions, a navicular bursa block can be 
performed.  
 
Digital radiology has greatly improved our radiographic technique in regards to imaging 
the equine foot. Radiographic examination of the equine foot should include the 
following three views: (1) lateral to medial (LM), (2) 65o proximodorsal-to-distopalmar 
oblique (65oDP), and (3) proximopalmar-to-distopalmar oblique (sunrise or skyline). The 
upright pedal view (which some people prefer) results in an almost identical radiographic 
image as the 65o DP. Oblique 65o DP views can be taken to evaluate the wings of the 
navicular bone. Radiographic changes in the navicular bone are generally seen in less 
than 50% of early cases. The common radiographic changes observed in the navicular 
bone can be categorized into four groups: 1) Increase in number and size of synovial 
invaginations, 2) Entheseophyte formation on the wings of the navicular bone, 3) Flexor 
cortex erosions, and 4) Calcification or fragments in the distal impar ligament. Other 
radiographic changes can include loss of the corticomedullary demarcation (becomes 
more sclerotic), large cysts, fracture lines, and calcification within the deep digital flexor 
tendon.  
 
Nuclear scintigraphy can be used to confirm inflammation in the navicular bone and 
possibly surrounding soft tissue.  Soft tissue phase of the scan will often show increased 
uptake of the radiopharmaceutical in the heel region of the foot. Bone phase of the exam 
should show uptake of the radiopharmaceutical in the navicular bone. Nuclear 
scintigraphy is generally associated with more expense, but can add valuable information 
in select cases.  
 
Ultrasound examination of the equine foot can be performed. Ultrasound examination can 
be used to evaluate, the deep digital flexor tendon, navicular bone, and impar ligament.  
Description of the techniques used can be found in the proceedings on soft tissue injuries 
of the foot.  
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The best method to evaluate the soft tissue within the equine foot is by using contrast 
enhanced computed tomography (CECT) or magnetic resonance imaging (MRI). These 
diagnostic modalities are associated with more expense, but do provide substantial 
information. Magnetic resonance imaging of the equine foot can be performed using 
standing units, but most facilities favour the units that are set up for the anesthetized 
horse. Image quality is generally better with these units and motion is decreased with the 
horse anesthetized.  However, the risks of general anaesthesia should be considered.   
 
Treatment 
Treatment of navicular disease can be confusing based on the numerous options 
available. I generally group my treatment into conservative, pharmaceutical, and surgical 
management. Conservative management entails corrective shoeing and trimming, 
nutrition changes, and exercise restrictions. I think the most important aspect of treating 
navicular disease is maintaining a good foot and this should be employed in all cases.  
Corrective shoeing is very important and the veterinarian should have a good relationship 
with an experienced farrier. The basic concept with corrective trimming involves 
maintaining an adequate heel and potentially shortening the toe to ease breakover. 
Numerous shoes have been described for navicular disease, but most focus on the same 
principal of elevating the heel and easing the break over at the toe.   Most common 
recommendation is to raise the heels 2o to 4o and use a  "rocker" or "rolled" toe-shoe. 
This shoeing method is intended to decrease the compression of the deep digital flexor 
tendon on the navicular bone and ease breakover. Variations in shoeing can involve the 
use of full bar, rim pad, or full pad. Egg bar shoes have been found to help horses with 
navicular disease. The shoe has a "rockered" toe to ease breakover, and an extended heel 
for heel support. Egg bar shoes can potentially be pulled off from interference during 
exercise. I generally use a simple wide-web shoe that fits the foot adequately and has a 
rolled toe. I generally try to start simple and progress from there. I believe if you do too 
much initially, you do not know what is exactly working. Every case is different and it is 
difficult to standardize the treatment for navicular disease.  
 
In many cases of navicular disease, the horse is overweight and this extra weight can be 
contributing factor for navicular disease developing.   I try to have owners develop a plan 
to manage and decrease the horses weight if needed.  In most cases decreasing the horses 
energy and protein intake is recommended. Exercise should try to be continued to help 
improve body condition and improve blood flow and venous return from the navicular 
bone. Poor venous return in the navicular bone has been theorized to increase 
interosseous pressure within the navicular bone. In some cases, rest and corrective 
trimming may improve the clinical signs of navicular disease.  
 
Pharmaceutical management is an important aspect in the therapy of navicular disease, 
and includes medication given systemically or administered directly into the coffin joint 
or navicular bursa. In many cases, a combination of systemic medications and 
articular/bursa injections are used. Nonsteroidal anti-inflammatory drugs are commonly 
used in acute episodes of pain or during times of increased exercise. Phenylbutazone 
(common recommended dose 4.4 mg/kg twice daily for 4 days, then 4.4 mg/kg once daily 
for 4 days) or flunixin meglumine (1.1 mg/kg twice daily) are commonly used. The 
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minimal dose possible should be used to help prevent gastric ulceration and renal 
toxicity. Recently, selective COX-2 inhibitors have been introduced to help minimize the 
toxic effects.  
 
Isoxsuprine hydrochloride has been purported to be a peripheral vasodilating drug and 
has been used based on the theory that there is reduced blood flow associated with 
navicular disease. The drug is dosed at 0.6 to 1.2 mg/kg orally twice daily until sound, 
and then decreased to once a day for 2 weeks then further decreased to every other day. 
However, the efficacy of isoxsuprine has been questioned based on the poor absorption 
following oral administration.  The drug has also been classified as a blocking agent by 
various associations, which now limits its use in the show horses.  Chondroprotective 
agents (such as, polysulfated gylcosominoglycan and sodium hyaluronate) have also been 
recommended, but the efficacy of these agents is unknown.  
 
Other drugs, such as, pentoxifylline (hemorheologic drug, increases red blood cell 
deformability - 4.5 to 7 mg/kg orally three times daily), propentofylline (hemorheologic 
drug, vasodilatation effects, 7.5 mg/kg, orally, twice daily for 6 weeks), and 
metrenperone (serotonin antagonist - 0.1 mg/kg orally twice daily) have been 
recommended for improving lameness associated to navicular disease. The clinical 
efficacy of these drugs has varied.  
 
Bisphosphonates, such as tiludronate, are used to normalize bone metabolism through 
inhibition of bone resorption. This method of therapy has recently been introduced. Areas 
of increased bone resorption and formation are common on with navicular disease. Some 
investigators have shown that tiludronate reduces bone resorption and prevents long-term 
osteopenia in healthy horses. Several studies have evaluated the dosages (0.1 mg/kg, 
intravenously, once daily for 10 days versus 1 mg/kg intravenously in a single dose), 
bioavailability, and pharmacologic effects of tiludronate in horses. In a clinical trial, 
horses treated with tiludronate (1 mg/kg intravenously in a single dose) showed 
significant improvement in lameness and returned to their normal level of activity within 
2 to 6 months after treatment. Horses can potentially show signs of abdominal pain at this 
dose of tiludronate.  
 
Corticosteroids are used commonly in treating and managing navicular disease. Distal 
interphalangeal joint and navicular bursa injections can be used. Distal interphalangeal 
joint is commonly injected with corticosteroids to alleviate the clinical signs associated 
with navicular disease.  I commonly use betamethasone (total dose of 6 mg to 12 mg per 
foot) for coffin joint injections. Triamcinolone (total dose of 6 mg to 12 mg per foot) can 
also be used but the duration of effect is generally shorter. I used to commonly use 
methylprednisolone (total dose of 20 mg to 40 mg per foot) in the coffin joint, but have 
decreased this due to the potential for articular cartilage damage from the precipitate 
within the drug. I will typically inject the distal interphalangeal joint using a dorsal 
midline approach just proximal to the coronary band.  
 
Navicular bursa injects are performed in horses having pain isolated to the navicular 
bursa or changes within the deep digital flexor tendon or the flexor surface of the 
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navicular bone. Strict attention to aseptic technique is utilized. The technique I use 
involves placing an 18-gauge 3-inch spinal needle with the stylet on midline about 1 cm 
to 2 cm proximal to the coronary band. The 3-inch needle is inserted at a 10° downward 
angle proximal to the ground surface. At a depth of 3 cm to 4 cm a hard resistance is felt, 
which should be the flexor surface of the navicular bone. Fluid from the navicular bursa 
is generally not obtained. Radiographic assessment using a lateromedial projection with 
the needle in place is ensures accurate positioning of the needle within the navicular 
bursa.  I commonly use betamethasone (total dose of 6 mg per foot) or triamcinolone 
(total dose of 6 mg per foot) for navicular bursa injections. Hyaluronic acid, stem cells, 
and platelet rich plasma have been injected into the navicular bursa, but I have not been 
impressed with the results over corticosteroids.  
 
Surgical management of navicular disease is still primarily performed by using a palmar 
digital neurectomy. Many techniques have been descried, but I still commonly perform 
the procedure using the standard guillotine technique.  The standard guillotine technique 
can be performed standing or under general anaesthesia.  I generally try to perform it 
under general anaesthesia to minimize soft tissue trauma.  The technique is very simple 
and straight forward.  During surgery you isolate the nerve from the associated vessels 
and ligament of the ergot.  The nerve is transected distally and then cut proximally to 
remove about a 1 cm to 2 cm segment. Nonsteroidal anti-inflammatory agents are used 
for 7 to 10 days. Horses are kept under a bandage, which is changed every other day, for 
3 to 4 weeks. Horses are confined to a stall for 2 to 3 weeks and then hand-walking can 
begin for a period of 2 to 3 weeks. Horses generally return to work at about 6 weeks after 
surgery. The delay in returning horses to work is to minimize inflammation at the surgery 
site and transected nerve.  Excessive inflammation at the surgery has been the speculated 
in neuroma formation.  
 
Neuroma formation is the reason for the other techniques being described, but I do not 
see neuroma formation as a common complication. The most frequent complication I see 
is the recurrence of sensory perception.  In one year, 74% of horses will still be sound, 
but by two and three years, only 63% and 57%, respectively, of horses will be sound. If I 
have to repeat the neurectomy procedure, I incise the skin just proximal to the previous 
surgery site to transect the palmar digital nerve. 
 
I always try to obtain very good skyline radiographic views of the navicular bone to 
access the flexor cortex.  I do not recommend a neurectomy in these cases. Cases having 
flexor cortical erosions are at risks to rupturing the deep digital flexor tendon if a palmar 
digital neurectomy is performed.  In some cases, horses are shod in full pads to decrease 
the risks of puncture wounds to the solar surface.  Horses should be trimmed and shod on 
a regular basis to ensure the foot is not developing cracks or defects that could lead to 
subsolar abscess formation.  
 
Other methods to block sensation of the palmar digital nerve include neurotoxic agents, 
cryotherapy and extracorporeal shock wave therapy.  These applications do not have a 
long duration of effect and potentially require frequent applications. Examples of 
neurotoxic agents include sarapin and cobra venom. Sarapin is a sterile aqueous solution 
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of soluble salts of the volatile bases from Sarraceniaceae (Pitcher Plant) that is thought to 
alter transmission in type-C fibers. Sarapin and cobra venom should be used cautiously 
due to the severe inflammatory neurotoxic effects and both are often used in combination 
with corticosteroids (such as, isoflupredone – 4 mg to 6 mg).  Extracorporeal shock wave 
therapy has been recommended for navicular disease but the results have varied  
 
Collateral sesamoidean desmotomy is a surgery that has become popular in Europe and 
has been effective on selected cases of navicular syndrome. Cases having inflammation 
or a tear in the collateral sesamoidean ligament may benefit from this procedure. The 
surgical approach is proximal to the collateral cartilages and slightly cranial to the palmar 
digital vein. A 2 cm incision is made, the palmar digital vein is retracted, and the 
collateral sesamoidean ligament visualized as it courses proximally and dorsally over the 
second phalangeal bone. Both medial and lateral branches of the ligament are transected 
at the level of the proximal interphalangeal joint.  A short curved mosquito haemostat is 
used to dissect and elevated the ligament for transection. I have not been impressed with 
the success of this procedure and I do not see it commonly used in North America.  
 
Navicular bursoscopy can be used to access the condition of the flexor cortex of the 
navicular bone, navicular bursa, and the associated deep digital flexor tendon.  In the 
cases of possible adhesions between the navicular bone and deep digital flexor tendon, 
surgical resection may be warranted using bursoscopy. Using an arthroscopic approach, 
surgical drilling of cyst-like lesions within the navicular bone has been described, but no 
follow-up data is available at this time. Some clinicians recommend core decompression 
of the navicular bone in horses with navicular disease. No clinical trials have been 
performed, but early evidence suggests that this could be a treatment option in horses 
with severe bone oedema identified on MRI. Desmotomy of the inferior check ligament 
has been described as a treatment for navicular syndrome in horses with a markedly 
upright foot conformation. 
 
In conclusion, navicular disease or navicular syndrome is better understood than it was 10 
years ago, and this is due to diagnostic modalities like CECT and MRI.  As we better 
understand the exact lesion or the probable site of pain, we can focus our treatment to that 
site. Focusing on maintaining a balanced hoof through proper trimming and shoeing is 
still a very important aspect for managing cases of navicular disease. Our therapies 
should be aimed at addressing pain, but also at trying to give the injury site the best 
chance to heal. 
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Regenerative Medicine Therapy in Horses 
Dwayne Rodgerson, DVM, MS, Diplomate ACVS 

Hagyard Equine Medical Institute 
Lexington, Kentucky 

 
Regenerative medicine in horses is off and running.  The number of horses receiving a 
form of regenerative medicine has markedly increased over the last ten years.  
Regenerative medicine for the horse commonly includes: interleukin-1 receptor 
antagonist protein (IRAP®), platelet rich plasma (PRP), and stem cell therapies.  As a 
profession, veterinarians are declaring success quickly and easily in regenerative 
medicine. If we compare our profession to human medicine, stem cell therapy is much 
more evolved in regards to how human medical researchers culture stem cells and model 
how the cells transform into different tissue types.  In veterinarian medicine, we have not 
attained that level of science in some of our therapies, but are making remarkable claims 
about what stem cells are doing for the equine athlete.  In the ensuing paragraphs, I will 
talk about regenerative medicine therapies in equine medicine and our practice’s 
experience with regenerative medicine.   
 
Interleukin-1 Receptor Antagonist Protein (IRAP) Therapy  
IRAP was originally developed in Europe and has been used extensively in Germany. 
IRAP was developed to counteract the inflammatory protein interleukin-1 that is 
produced in the joint during synovitis and osteoarthritis. It is recommended for the 
treatment of synovitis (inflammation of the joint lining) and mild to moderate 
osteoarthritis. Release of inflammatory proteins, such as interleukin-1 (IL-1) and other 
cytokines, can cause cartilage degeneration by potentiating inflammation. IRAP prevents 
IL-1 from binding to IL-1 receptors on tissues within the joint, and thus, blocks the action 
of and stops the damage caused by IL-1 in the joint.  
 
Commercial kits are available (Orthokine and Arthrex VetSystems) for collection of 
IRAP. The kits provide a 60 ml syringe containing glass beads, which stimulate 
monocyte production of the antagonist protein and anticoagulant. The IRAP procedure 
requires aseptic preparation.  The procedure starts by drawing about 60 mLs of blood 
from the jugular vein. The blood is collected and incubated at 37oC for approximately 24 
hours (± 5 hours) to stimulate production of the antagonist protein. After the incubation 
period, the blood is placed in a centrifuge to facilitate collection of the plasma 
(containing IRAP). A sample of the plasma can be used immediately, and the remaining 
plasma can be stored. The plasma can be stored in multiple aliquots and preferably, 
placed in a minus 80oC freezer for use at another time. The IRAP-rich plasma can be 
slowly thawed and sterilely injected into the affected joint. Prior to injecting into a joint, 
the IRAP plasma can be passed through a 0.2 micro millipore filter.   
 
Different recommendations exist involving the volume of plasma injected and the 
number of joint injections. The joint is usually treated every 7 to 10 days for 3 or more 
treatments with 3 to 8 mLs. Rest is typically recommended for at least 5 to 7 days or 
between treatments following the injection. Preliminary studies show that IRAP improves 
lameness score and can decrease joint swelling. We used IRAP frequently about 3 to 4 
years ago, but have noticed a decrease in the number of cases receiving IRAP.  
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Platelet Rich Plasma (PRP) 
Platelets are a rich source of growth factors, particularly platelet-derived growth factor 
(PDGF) and transforming growth factor β (TGF-β). Both of these growth factors play a 
role in musculoskeletal repair, and adding these recombinant growth factors has enhanced 
repair in many models. These two growth factors play a major role in recruiting 
connective tissue progenitors, stimulating matrix formation, and improving the rate of 
healing. As a result, PRP has been recommended for treating flexor tendinitis, suspensory 
desmitis, bursitis and synovitis, and focal cartilage erosion. Many other factors are also 
found in PRP, and these factors have been shown to be beneficial in vitro.   
 
In the horse, PRP therapy is one of the latest regenerative medicine therapies, and clients 
are now very aware of PRP, due to claims from individuals, various companies and 
veterinarians.  The problem we have is the lack of clinical trials that support the claims. 
This may improve over the ensuing years to come, but we still should be cautious at this 
time. I think we should talk to clients about PRP treatment, and one of the first things that 
need to be mentioned is - “Right now, there's no good evidence to support the treatment”. 
We can compare the results of PRP use in human medicine to assume its efficacy in 
horses. PRP is used extensively in human sport medicine for tendon/ligament injuries and 
osteoarthritis, but recent evidence has not been favourable for PRP. Despite its use 
among famous athletes, the general consensus on the effectiveness of PRP therapy 
in sports medicine remains in question.   
 
Platelet rich plasma or PRP, as the name describes, is plasma that has a higher count of 
platelets than normally found in plasma. Platelet rich plasma (PRP) was initially used for 
skin applications in horses, but has since been used extensively in tendon/ligament and 
intra-articular injuries. PRP is always autogenous and is collected from the animal’s own 
blood. The concept uses blood collected in an acid-citrate-dextrose anticoagulant 
followed by separation in a centrifuge. Collection of the PRP involves separation of the 
platelet rich plasma from the red blood cells and platelet poor plasma. To do this, the 
method generally involves two spin cycles. The first spin cycle is at a slower speed to 
separate the red blood cells from the plasma. The second spin cycle generally involves 
only the plasma and is faster, which promotes separation of the platelets from the plasma.   
 
There are various methods available for collecting PRP and most have been developed 
for humans.  These methods or protocols can be used without modification for horses. 
The sample is collected at the clinic laboratory and can take less than an hour. PRP can 
be collected manually or by automated devices. Manual involves manually determining 
and separating the buffy-coat and red blood cell interface.  The automated devices can 
determine the platelet interface, which generally allows for a more consistent platelet 
concentration.  
 
There are various commercial methods available for collecting PRP.  One method is a 
differential centrifugation technique, which, uses a floating specific density shelf to 
compress and retain the red blood cell mass and decant the platelet rich plasma and buffy 
coat (Harvest Technology Inc, MA, USA). Other simple devices include the filtration 
system using retention filtration for platelets (Acelere™ fPRP - VetCell Biosciences), 
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and the ACP system (Autologous Conditioned Plasma) available through Arthrex. By 
using an autologous source of PRP, the transmission of blood-borne disease is avoided. 
In the final prepared PRP sample, there may have varying amounts of red blood cells and 
white blood cells. The concentration of the platelets in the sample is often depended on 
the method or protocol used for collection. The ultimate concentration of platelets varies 
based on the method used, but generally the concentration should be eight times greater 
than the normal concentration in the bloodstream. The collection process is performed 
sterilely, and 30 to 60 mLs of blood is collected. Sixty milliliters of blood will typically 
yield about 5 to 7 mLs of PRP.  In most situations, one two to three milliliters is all that is 
needed.  The final sample can be used intraarticularly or placed within core lesions of 
tendons and cystic lesions in bone. In some situations, ultrasonography or radiography is 
used to ensure proper placement of the needle.  The injections can be repeated in 2 to 6 
weeks, but there is no specific creditable protocol. The PRP sample can be used in 
combination with stem cells.  
 
Stem Cells  
Stem cell therapy in horses was initially recommended for the treatment of suspensory 
desmitis.  Stem cells were collected from a simple bone marrow aspirate and injected into 
origin of the suspensory. This was purported to improve the prognosis for suspensory 
desmitis cases. Stem cells are being used many different ways, and we now have different 
methods of collecting, harvesting, culturing, and storing the cells.    
 
The classical definition of a stem cell requires that it possess two properties: self-renewal 
(the ability to go through numerous cycles of cell division while maintaining the 
undifferentiated state), and potency (the capacity to differentiate into specialized cell 
types).  There are two broad types of stem cells: embryonic stem cells and adult stem 
cells. Embryonic stem cells are pluripotent stem cells, which means, they are able 
to differentiate into all derivatives of the three primary germ layers: ectoderm, endoderm, 
and mesoderm. Embryonic stem cells are derived from the inner cell mass of 
the blastocyst.  
 
In the horse, we are using adult stem cells collected from various tissues. For horses, we 
are typically collecting autologous sources of stem cells from bone marrow, adipose 
tissue, and umbilical cord blood. Most adult stem cells are multipotent (lineage-
restricted) meaning that the cells have the potential to give rise to multiple, but a limited 
number of cell lineages. In bone marrow both hematopoietic stem cells and mesenchymal 
stem cells are present.  Hematopoietic stem cells have the potential to differentiate into 
all the blood cell types from the myeloid (neutrophils, basophils, 
monocytes and macrophages, eosinophils, erythrocytes, platelets), and lymphoid lineages 
(T-cells, B-cells).  Mesenchymal stem cells have the potential to differentiate into tissues 
of mesodermal origin, such as adipocytes, osteoblasts, chondrocytes, tenocytes, skeletal 
myocytes and visceral stromal cells. Mesenchymal stem cells can be found in both 
adipose tissue and umbilical cord blood.  Proposed advantages of the adipose derived 
stem cells include a readily available source, potentially be collected in far greater 
concentrations than those from bone marrow, and adipose tissue contains a heterogeneous 
mixture of regenerative cells, including mesenchymal stem cells, endothelial progenitor 
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cells, and fibroblasts. But it has been suggested that the adipose tissue derived stem cells 
may have an inferior potential for both osteogenesis and chondrogenesis compared with 
the bone marrow derived mesenchymal stem cells. This cast doubts on the value of 
adipose tissue as a source of mesenchymal stem cells for musculoskeletal injuries.  
 
In our practice, equine mesenchymal stem cells are typically harvested from bone 
marrow aspirates. Common sites used to collect bone marrow samples are the sternum 
(most common site) and tuber coxae. Bone marrow can be collected in other locations, 
but these two sites are associated with the least effort and morbidity to the patient.  
 
Sternum Collection - The horse is sedated and the midline of the sternum is clipped. The 
area is aseptically prepped for a basic needle or Jamshidi needle aspirate. With the horse 
standing squarely, a site on midline just behind the elbow is located.  Using an 18-guage, 
3-inch spinal needle, the needle is positioned perpendicular to the sternum.  The needle is 
slowly advanced till it is about 3 to 5 cm into the sternum.  The needle trocar is removed 
and a syringe is placed on the needle. Aspiration of the syringe should result in aspirating 
blood and bone marrow.  If no blood or bone marrow can be aspirated, the trocar is 
replaced and the needle advanced a little further.  Generally, the needle does not need to 
be advanced more than 6 to 7 cm.  If a second attempt at aspirating is unsuccessful, the 
needle should be removed and inserted 2 to 3 cm cranial or caudal to the initial site. In 
some cases, the needle goes between two sternebrae. Multiple sternebrae can be used to 
harvest the mesenchymal stem cells. 
 
Tuber Coxae Collection - The horse is sedated and the site over the left or right tuber 
coxae is clipped and aseptically prepped.  The dorsal, ventral, cranial, and caudal borders 
of the tuber coxae should be determined. Using the borders to draw an imaginary circle 
around the tuber coxae, an area just dorsal to center is infiltrated with 5 to 7 mLs of 
lidocaine or mepivacaine. Using a #15 scalpel blade, a small stab skin incision is made 
just dorsal to the center of the tuber coxae.  With a moderate amount of rotating force, 
insert an 8-guage x 4-inch Jamshidi needle into the tuber coxae until the end of the needle 
extends to a depth of approximately 4 to 5 cm.  Remove the trocar from the Jamshidi 
needle and attach a 60 mLs syringe pre-loaded with a heparin solution directly to the 
Jamshidi needle. Apply a moderate amount of suction to obtain the desired amount of 
bone marrow.  It may take a few minutes to complete the sample. A method to easily 
maintain suction from the syringe involves creating a hole for a 14-gauge needle through 
the syringe plunger just above the plunger head. The syringe is attached to the Jamshidi 
needle and the plunger is pulled back to the top of the syringe to create suction. The 14-
gauge needle is inserted through the small hole in the plunger to maintain a vacuum 
during aspiration. The needle may have to be redirected to obtain the desired amount of 
bone marrow. The needle is removed and the small stab incision is closed.  
 
Thirty to sixty milliliters of blood is aspirated to harvest the mesenchymal stem cells.  
The blood should be collected in 30 to 60 milliliter heparinized syringes (For each 10 ml 
of anticipated blood/marrow drawn use 3000 units of sodium heparin). Once the cells are 
harvested, the cells can be injected directly into the lesion, maintained in culture, or 
frozen for future use (frozen in a minus 80oC freezer) 
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Clinical Application of Regenerative Medicine 
 
Platelet rich plasma for wounds 
Platelet rich plasma has been used on wounds that are difficult to heal or have the 
potential for delayed wound healing. Platelet rich plasma used for external wounds 
should be activated with thrombin or calcium chloride.  The volume of PRP needed will 
depend on the size of the wound. The PRP gel can be made in either a sterile Petri dish or 
stainless steel dish.  Once the PRP has formed a gel, it is sterilely placed on a sterile 4x4 
and then placed on the wound surface.  The wound should be healthy and all necrotic 
tissue derided prior to application. Once the PRP gel is on the wound the limb or area is 
bandaged and changed in 2 to 5 days.  This application can be repeated multiple times. 
Platelet rich fibrin (PRF) is term used to describe PRP that has been clotted with an 
activator such as thrombin or whole blood that has been centrifuged during the clotting 
process producing a fibrin clot. 
 
Tendon/ligament & bone 
Tendon or ligament injuries are generally treated using a stem cell, PRP, or combination 
of both. The decision on which method to use is often based on surgeon’s preference. 
Tendon core lesions are typically injected within the first 2 to 3 weeks of injury. This 
enables easy and accurate identification of the core lesion.  The volume of PRP and/or 
stem cells required will depend on the size of the tendon core lesion.  Most lesions we 
treat are small and will require 2 to 5 mLs. Larger lesions carry a poor prognosis and in 
most cases, people do not elect to perform PRP or stem cells, due to the costs associated 
with the treatment.  
 
The horse is sedated with detomidine, and the lesion is identified using ultrasonography. 
The skin over the site to be blocked can be anesthetized using local anaesthesia, but this 
is generally unnecessary. The limb is aseptically prepared for intralesional injection. The 
ultrasound transducer is covered with ultrasound gel and placed within a sterile plastic 
sleeve.  Using sterile gloves, the lesion is identified, and with a 20-guage or 18-guage 
needle, the tip of the needle is inserted into the lesion.  The needle is parallel or 
perpendicular to the ultrasound transducer. The direction of the ultrasound transducer is 
often based on the location of lesion or clinician's preference. The amount of PRP and/or 
stem cells injected varies, but is generally 2 to 5 mLs. Most of these intralesional 
injections are performed standing for superficial digital flexor, deep digital flexor, and 
suspensory ligament.  In some situations, the PRP/Stem Cells injection is performed 
while the horse is under general anaesthesia. This is generally due to the behavior of the 
horse or the location of the lesion involved. We have followed a small group of racehorse 
with tendon injuries after mesenchymal stem cell therapy, and we found that these horses 
were still very susceptible to reinjury despite stem cell therapy and a prolonged time off 
from race training. 
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Subchondral bone cysts 
Arthroscopic placement of PRP/Stem Cells can be performed, but generally not needed 
as one becomes more accustomed to using the ultrasound. Subchondral bone cysts can be 
approached using either an articular approach or extra-articular approach. Below I 
describe a few methods of how we placed our sample in certain subchondral bone cysts. 
 
Subchondral bone cyst of medial femoral condyle - The horse is placed under general 
anaesthesia and positioned in dorsal recumbency.  The affected limb is position with the 
stifle flexed so that the tibia is 90 degrees to the femur. The area over the dorsal medial 
aspect of the medial femorotibial joint is aseptically prepared.  The ultrasound transducer 
is placed within a sterile sleeve. The ultrasound is used to identify the lesion based on an 
irregular articular surface of the medial femoral condyle.  In some case, radiographs are 
taken to ensure the position of the cyst.  A 3-inch, 18- gauge needle is inserted into the 
subchondral bone cyst.  The placement of the needle can be confirmed with a radiograph. 
The lesion is then injected with 2 to 5 mLs of PRP/Stem Cells. In our practice, about half 
the horses with this lesion are treated with intralesional injection of PRP/Stem Cells. The 
other half is receiving an intralesional injection of corticosteroids (generally 12 mg to 18 
mg of triamcinolone). Horses are confined to a stall for 5 to 7 days and radiographs are 
repeated in 6 to 8 weeks. 
 
Subchondral bone cyst not amenable to an intra-articular approach - In the pastern, 
fetlock, and elbow, intra-articular access is often not possible.  In these cases, we take an 
extra-articular approach.  A small skin incision is made, and using a 2.5 mm or 3.2 mm 
drill bit, the cyst is entered via an extra-articular approach.  The position of the drill bit is 
confirmed radiographically.  Once the position is correct, the cyst is injected by passing 
needle through the small drill glide hole.  The skin is closed and the limb bandaged. 
Horses are confined to a stall for 5 to 7 days and radiographs are repeated in 6 to 8 weeks. 
 
Adjunct in fracture healing - Stem cell therapy has been advocated for proximal 
sesamoid fractures in young horses. In young horses, I have tried both PRP and/or stem 
cell therapy for proximal sesamoid fractures. The fracture line is identified and injected 
as previously described using ultrasonography or the position of the needle can be 
confirmed radiographically. In some cases, a fibrous union has developed and placement 
of the needle can be more difficult plus the volume of PRP/Stem cells that can be injected 
is very small.  Clinically, I have not been tremendously impressed in the final 
radiographic outcome over conservative management alone. Placement of a bone graft at 
the fracture site has been recommended and shown to improve the outcome in fracture 
repair. Bone grafts have osteogenesis, osteoinduction, and osteoconduction properties. In 
human non-union fractures, mesenchymal stem cells are mixed with a demineralised 
bone matrix that contains osteoinductive and the osteoconductive properties. The same 
principles could be used in horses having nonunion fragments of proximal sesamoid 
fractures. The addition of a demineralised bone matrix may improve our radiographic 
outcome with stem cell therapy for fracture repair.  The other variable that should be 
considered is the appropriate time of therapy.  I would think therapy instituted earlier in 
the injury may give better results than later when a fibrous union has developed.   
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In conclusion, regenerative medicine in horse is now a readily recommended therapy for 
various lesions. As clients become aware of the various claims made by companies, 
internet, and veterinarians, clients will want to try a form of regenerative medicine. I do 
give clients the option of regenerative medicine, but I do tell them that this is an 
unproven treatment modality. The proclaimed results from these procedures should be 
interpreted with caution until more controlled studies are performed. There has been very 
little science behind what is being proclaimed in equine stem cell therapy, and as a 
practitioner; we need to be careful not to be making false claims.  
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Dystocia Damage - Repair of the Mare 
Dwayne Rodgerson, DVM, MS, Diplomate ACVS 

Hagyard Equine Medical Institute 
Lexington, KY 

 
Normal equine parturition or dystocias can result in serious trauma to the mare’s 
urogenital or gastrointestinal tract. An understanding of some of the potential problems 
that can develop is important to consider when doing dystocias. Equine practitioners 
should be familiar with the initial management and treatment options available for 
particular injuries. The following proceedings will describe some of the possible injuries 
that can occur and potential management plan for each injury.  
 
Perineal Lacerations 
Perineal lacerations can occur commonly after parturition or dystocia. 1-3 I describe in 
more depth the surgical techniques in the proceedings on “Reconstructive Surgical 
Procedures to Enhance Mare Fertility”. I included a brief description here to detail the 
initial management of perineal tears. There are three degrees of perineal lacerations.1-3 
First-degree lacerations involve the vaginal mucosa. Second degree of perineal 
lacerations involves the vaginal mucosa and perineal body, but does not involve the rectal 
vaginal shelf. Third degree perineal laceration does disrupt the rectal vaginal shelf and 
there is communication between the vulva and rectum. This classification does not 
include rectal-vaginal fistulas, which involve a communication between the vulva/vagina 
and the rectum, but the anal sphincter is not disrupted. 
 
First and second-degree perineal lacerations are initially treated medically. The laceration 
is gently cleaned daily and very mild antiseptics should be applied. The prognosis is very 
good for second-intention healing. If a second-degree perineal laceration is large enough 
and has healed by conservative management, a Caslick’s technique may be needed to 
repair the perineal body. If the laceration has disrupted the perineal body extensively, a 
Gadd technique may be needed to improve the overall conformation of the perineal 
body.1 A Gadd technique involves closure of the dorsal vestibule after two large 
triangular flaps of mucosa, which connect dorsally, have been removed. Removal of the 
mucosal flaps can be removed using local anaesthesia. The defect created by removing 
the mucosa is then sutured closed to appose the dorsal aspect of the vulva.  
 
Third degree perineal lacerations can be quite extensive initially and be associated with a 
moderate amount of blood loss. As with first and second-degree perineal lacerations, 
these lacerations are initially treated medically. An attempt to immediately surgically 
close third degree perineal lacerations or rectovaginal fistulas can be performed, but I 
have had poor results and most repairs result in dehiscence. Perineal lacerations typically 
respond quite favourably to medical management. Mares should be placed on broad-
spectrum antibiotics and nonsteroidal anti-inflammatory agents for the first 3 to 5 days. I 
have seen a few mares develop severe septic cellulitis in a hind limb secondary to third 
degree perineal lacerations requiring long-term systemic antibiotics. With medical 
management, these lacerations can be gently cleaned daily until there is evidence of 
granulation tissue or second intention healing. The mare’s vagina or uterus can be 
lavaged daily to alleviate a vaginitis or metritis. Within the first 24 to 72 hours, manual 
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evacuation of the mare’s rectum may be required to alleviate rectal impactions resulting 
from pain associated with defecation. Mares with third degree perineal lacerations or 
rectovaginal fistulas may also require nasogastric intubation of mineral oil to potentially 
soften the faeces.  
 
Surgical repair is generally performed after the laceration has healed by second intention. 
Smaller defects can be repaired as early as three to four weeks after the injury. However, 
larger defects may require at least 6 to 8 weeks before attempting the surgical repair. 
Every case is different and close monitoring of the injury is need by the referring 
veterinarian prior to making the decision for surgical repair.  As a surgeon, I like to see 
the tissue with very little oedema or thickening prior to attempting the repair. The 
thickening is usually a result of the oedema in the tissue.  A good indication the defect is 
ready for surgical repair is when the thickness of the defect edge is similar to the 
thickness of the surrounding tissue about 3 to 4 cm from the defect.   For third degree 
tears, I try to digitally palpate the most cranial aspect of the defect to determine tissue 
thickness.  For most rectovaginal fistulas, the full circumference of the defect can be 
digitally palpated. The method of repair can involve one or two stages and this decision is 
generally based on surgeon preference. A one-stage repair involves complete closure of 
the rectal-vaginal shelf and perineal body. In a two-stage repair, the rectal-vaginal shelf is 
repaired initially, and then at least three to four weeks later, the perineal body is repaired 
to complete the second stage. Generally the second stage can be performed using local 
anaesthesia.   
 
Closure of the rectal-vaginal shelve can be performed using either two methods.1-3 In 
both methods, an incision is made to create a rectal shelf and a vaginal shelf on both the 
left and right sides. The incision is generally through the demarcation of the rectum and 
vagina, but should extend more into the vagina as the incision course caudally. This helps 
eliminate tension on the final repair. Shelves are created at the cranial aspect of the defect 
as well. It is important to extend cranially about 2 to 4 cm when creating the shelves in 
the cranial aspect of the defect, and the shelves on the sides should be undermined so that 
there is minimal tension on the closure. The shelves can be closed using a simple 
continuous pattern in a cranial to caudal direction. The vaginal side is closed first in 3 to 
4 layers and then followed by the rectal side. Another method involves moving in a 
cranial to caudal direction using an interrupted six-bite pattern to close both the vaginal 
and rectal layers together.1 In Lexington, the prognosis is generally very good for the 
repair to stay together. However, we have the advantage of good green grass keeping the 
faeces soft in the spring. It is important to keep the faeces soft so that the surgical repair 
does not dehisce. Mineral oil may have to be given daily to help keep the faeces soft in 
some cases. In some cases, I try to decrease the intake of course roughage or I feed a 
predominantly pelleted ration.    
 
Rectal Tears 
Grade IV rectal tears after parturition is uncommon but require immediate intervention. 
The rectal tears are believed to develop when gas is trapped within the descending colon 
and the force of partition causes the bowel wall to become under extreme tension and 
tear. Grade IV (full-thickness) rectal tears that communicate with the peritoneal cavity 
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have a poor to guarded prognosis because of the severe peritonitis from faecal 
contamination of the abdomen. If the tear can be closed efficiently and effectively before 
severe peritonitis develops, the prognosis could potentially be favourable. Initial 
management of a parturition rectal tear is similar to iatrogenic rectal tears following 
palpation.  
 
At Hagyards, we utilize a standing technique to repair the defect within the descending 
colon.4 Upon admission mares are sedated with detomidine hydrochloride (0.01 mg/kg 
IV) and butorphanol tartrate (0.02 mg/kg IV) and restrained in standing stocks. A 
complete physical and rectal examination is performed to evaluate the status of the mare 
and the severity of the tear. All mares should receive broad-spectrum antibiotics prior to 
surgical repair. Caudal epidural anaesthesia is performed between the last sacral vertebra 
and first caudal vertebrae. The rectum is then completely evacuated and the perineal 
region is aseptically prepared. In mares where an intestinal segment is prolapsed, it is 
lavaged with copious amounts of sterile saline solution and inspected for viability and 
traumatic injury, and repositioned through the tear into the abdomen. Once the rectum 
and caudal descending colon is grossly cleaned, cotton packing is gently placed cranial to 
the tear. Care is taken not to enlarge the tear. Stay sutures are placed through the external 
anal sphincter at 2, 4, 8, and 10 o’clock positions. The external anal sphincter is 
transected at the 12 o’clock position to enhance exposure and the rectal tear is retracted 
caudally using either a finger or a stay suture placed through the caudal margin of the 
tear. The margins of the tear are inspected and debrided with sterile saline-soaked swabs. 
Allis tissue forceps are used to accurately appose the margins of the tear then a surgical 
stapling device (TA-90 or TA-55, 4.8 mm staple length; United States Surgical Corp., 
Norwalk, CT) is placed below the tissue forceps and applied. Multiple stapling devices 
may be needed to completely close the defect. The incision in the rectal sphincter can be 
left open or closed primarily. Abdominal exploration through a midline incision is 
generally not required, but in select cases involving further injury to a segment of bowel 
or severe peritonitis may require more aggressive management.   
 
Post-operatively mares are continued on broad-spectrum antibiotics and nonsteroidal 
anti-inflammatory agents.  Fluid therapy may also be required based on the mare’s 
hydration status. The mares are monitored closely for signs peritonitis and abdominal 
lavage may be required in some cases. An abdominal drain is placed using a Foley 
catheter and the abdomen is lavaged using sterile antibiotic solution.  
 
The prognosis varies from case to case and often is based on the degree of abdominal 
contamination. Initially the prognosis should be guarded, but obviously can change based 
on how the mare responds following closure of the bowel defect and medical 
management.  
 
Rectal prolapse 
Prolapse or intussusception of the rectum and/or distal small colon is not frequently 
observed. Sadly it is observed primarily in young maiden mares during parturition and 
often times it is a fatal injury.  In most cases, there is a history of seeing a segment of 
bowel prolapse from the rectum.  In many cases, individuals observing the foaling 
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replace the bowel. If there is a history of bowel prolapse from the rectum, the mare 
should be referred to a surgical hospital for thorough evaluation and monitoring. Mares 
that prolapse the distal small colon or rectum during foaling can seriously injure the 
associated mesentery and blood supply.5 Some cases do not have the history of bowel 
prolapse from the rectum, but follow a similar progression. If the blood supply is 
damaged, the segment of bowel will begin to necrose.  This will affect motility resulting 
in a secondary small colon impaction.   This is an important finding to remember when 
examining a mare for colic 24 to 72 hours after foaling. Sometimes blood will be 
observed in the rectum in these mares. Exploratory celiotomy can be performed to 
evaluate the degree of damage. In most cases, surgical correction is not possible and 
mares are humanely destroyed. A small colon resection and anastomosis can be 
performed in select cases that allow a viable distal segment of small colon for the 
anastomosis. Mares that do not prolapse the distal small colon or rectum, but have 
damaged the mesenteric vessels are potentially the ones amenable for a small colon 
resection and anastomosis. I have seen a mare with extensive small colon prolapse 
survive after a small colon resection and anastomosis was performed through a rectal 
approach. The possibility of performing a colostomy on these mares may be an option.6  
Overall, the prognosis for mares is generally very poor when the rectum and/or distal 
small colon are prolapsed during parturition.  
 
Uterine Prolapse 
Uterine prolapse is not frequently observed in the mare, and the amount of the uterus that 
prolapses can vary. Usually one but rarely both horns of the uterus prolapse, but the 
uterine body may comprise the main part of the everted organ. The everted endometrial is 
bright red and is easily recognized, and should be treated as an emergency.7 Prolapse of 
the uterus can occur after normal parturition, dystocia, or secondary to a retained placenta 
and excessive straining. Following dystocias, it is not uncommon to find an 
intussusception of one uterine horn.  This should be noted and corrected if possible to 
prevent further prolapse of the uterus. The author has seen cases of uterine prolapse with 
abdominal distension from gastrointestinal distension. Prolapse of the uterus can also 
occur in mares undergoing abdominal surgery shortly after parturition.  In our hospital, 
mares undergoing abdominal surgery shortly after parturition have the vulva temporarily 
closed using towel clamps.  
 
Diagnosis is easy if a portion of the uterus is outside the vulva.  The uterus will be bright 
red and congested.  The uterus may prolapse to a level, where it is hanging down to the 
hocks.  Clinically, mares may show no signs of discomfort to severe signs of pain.  In 
cases where the mare is very painful, attempts should be made to provide analgesia and 
prevent further damage to the uterus. Some mares may exhibit clinical signs of shock due 
to hypovolemia or sepsis. The condition of the uterus, and consequently the mare, is 
largely depended on the length of time the uterus has been prolapsed.  
 
Treatment should be aimed at replacing the uterus without damaging the uterus further.  
In Lexington, experienced personnel or veterinarians treat most cases of uterine prolapses 
efficiently at the farms. If the diagnosis is unclear or the uterus cannot be replaced, the 
mare should be transferred to a referral hospital.  If the mare has to be transported to a 
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referral hospital, the uterus should be kept elevated to prevent further injury to the uterus 
and associated vasculature.7 Correction of a uterine prolapse can be performed standing 
in most cases. If possible, the uterus should be gently cleansed with sterile water saline. 
Standing the mare with her hindquarters elevated, such as on a small hill can facilitate 
manual replacement.  I typically will sedate the mare to minimize straining. The uterus is 
then elevated using a flat surface or tray.  An assistant holding and elevating the tray 
facilitates replacement of the uterus.  As the uterus is elevated, the uterus is gently pushed 
back into the pelvic canal with the flat of the hand. This helps prevent tearing or possibly 
rupturing the uterus. If the mare is straining, an epidural can be performed to help 
minimize the straining.  In some situations, anesthetizing the mare and placing her in a 
Trendelenburg position can facilitate correction of a prolapsed uterus. Careful attention 
should be made to ensure both horns are fully corrected to prevent straining and possible 
recurrence of the prolapse. After the uterus is replaced, attempts should be made to 
minimize or stop the straining.  The mare can be kept sedated for a few hours or an 
epidural can be performed. The vulva can be temporarily sutured closed using umbilical 
tap or large suture to prevent a recurrence of the prolapse.7  
 
Mares should be treated with broad-spectrum antibiotics, intravenous fluids, and 
nonsteroidal anti-inflammatory agents for 3 to 5 days. Clinical examination should access 
if the mare has evidence of abdominal haemorrhage or a possible tear in the uterus. The 
lumen of the uterus should be gently lavaged with sterile solution in case there is a small 
hole present in the uterus. The mare should be evaluated closely for 5 to 7 days to ensure 
sepsis does not develop from a uterine tear. Uterine tears can develop at the time of 
replacement or necrosis of the uterine wall following replacement. If a full thickness 
uterine tear is present, surgical repair should be performed either through a midline 
celiotomy or vaginal approach. If the prolapse is corrected quickly, the long-term 
prognosis is good for survival and future fertility.  The longer the prolapse is present; the 
prognosis will obviously deteriorate. Evaluation of 18 mares presented to Hagyard 
Equine Medial Institute from 2001 to 2007, 15 survived to discharge from the hospital.7 
Mares that have had a uterine prolapse can cycle, conceive, and have normal reproductive 
lives, although they may be difficult to get back in foal the same season as the uterine 
prolapse.7  Recurrence of uterine prolapse has not been observed after future parturitions.  
 
Uterine & Vaginal Tears  
Full thickness tears within the mare’s uterus or cranial vagina are serious injuries and can 
potentially be fatal if not managed aggressively and repaired surgically.8 In most cases, 
the full thickness tear is within the gravid uterine horn. Less frequently, the tear is further 
caudal within the body of the uterus or cranial vagina. Diagnosis is often based on the 
clinical signs the mare is exhibiting (fever and depression postpartum) along with 
findings from digital palpation of the uterus or vagina and ultrasound examination.  
Digital palpation of the uterus is very important in every case to help confirm the 
diagnosis and determine the location of the tear. The abdominal fluid can have the 
characteristics of free abdominal blood. In some cases it can be difficult to determine the 
difference from hemoperitoneum due to a uterine tear or uterine artery bleed.  Tears in 
the cranial aspect of the uterus are repaired differently than tears in the caudal uterus or 
vagina.  Cranial uterine tears are easily fixed through a midline celiotomy.  The tear is 
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typically in the gravid horn and closed in two layers using a continuous suture pattern.  It 
is important to check both horns and the body of the uterus for another tear prior to 
closing the abdomen. Ultrasound examination often reveals free fluid within the 
abdominal cavity. 
 
Cranial uterine tears are generally repaired through a midline incision. The tear is closed 
in two layers and the abdomen is lavaged. It is important to check the entire uterus for a 
second tear. An abdominal drain should be placed in the cranial abdomen prior to closure 
of the midline incision. The prognosis is generally good if the surgical repair was 
performed prior to the development of severe septic peritonitis.  
 
Cranial vaginal and caudal uterine lacerations are a potential complication during or after 
parturition in mares.9 Vaginal tears can also occur after breeding accidents when the 
stallion’s penis penetrates the cranial vaginal fronix. In cases associated with parturition, 
immediate clinical signs may include haemorrhage and bowel evisceration. Surgical 
repair is indicated to prevent the development of fatal peritonitis. Caudal uterine tears are 
difficult to reach and adequately repair through a midline celiotomy. Caudal uterine and 
vaginal tears can be repaired with the mare standing, but repair and secure closure can be 
difficult. Other problems associated with standing repair include the inability to retract 
bowel, the complexity in making a multi-layer closure, and the difficulty in securing 
closure against the weight of the uterus. At Hagyards, we utilize a technique with the 
mare placed in a Trendelenburg position to easily and efficiently repair most cranial 
vaginal and caudal uterine tears under general anesthesia.9 Straps are placed over the hind 
pasterns, and the mare’s hindquarters are elevated using a hoist. The mare is elevated into 
a Trendelenburg position (~50°). In the Trendelenburg position, the hindquarters are 
elevated above the level of the head. In this position, gravity allows the intestines to fall 
away from the pelvic area. 
 
In cases involving bowel evisceration in pregnant mares, the bowel is replaced into the 
abdomen after being lavaged with sterile saline, and the fetal position is evaluated. After 
the foetal position is determined and/or corrected, the mare is lowered, and the foal is 
pulled. The mare is then elevated immediately back into Trendelenburg position for 
repair of the vaginal and/or uterine tear. Towel clamps are placed in the vulva margin for 
retraction. To help visualize and illuminate the cranial vagina and caudal uterus, a 
headlight and portable standing light should be used. The margins of the tear are 
identified and retracted toward the vulva using either stay sutures or a finger placed in the 
caudal margin of the tear. Long-handled instruments are needed for secure closure of the 
tears. The tear is closed in a cranial to caudal direction using an absorbable suture 
material in a continuous suture pattern. The repair is oversewn again using a continuous 
inverting pattern to ensure a secure closure. The mare is lowered from the hoist and 
placed on a padded mat for recovery. The mares are routinely treated with systemic 
antibiotics and nonsteroidal anti-inflammatory agents. An abdominal drain is placed with 
the assistance of an ultrasound once the mare is standing.  Tears located on the dorsal 
aspect of the vagina or the dorsal aspects of the caudal uterus are easier to repair. Mares 
that were treated soon after the tear occurred or before extensive contamination of the 
abdominal cavity are more likely to survive after surgical repair of the tear.  



 
 

71 

Ruptured Urinary Bladder / Cystorrhexis 
Rupture of the urinary bladder in postpartum mares is uncommon but should be one of 
your rule-outs in mares that are depressed, febrile, and mild uncomfortable.10 Blood work 
may reveal and elevated or decreased white blood cell count, hyperkalemia, 
hypochloremia, hyponatremia, and metabolic acidosis. Ultrasound examination will 
reveal a significant amount of hypoechoic free abdominal fluid and in some cases may 
identify the defect in the bladder.  Digital palpation through the urethra may reveal the 
defect in the bladder or urethra. Endoscopy of the urinary bladder can be used to confirm 
the presence of a tear within the bladder and/or urethra.  
 
Surgical repair of a bladder tear can potentially be performed standing using a technique 
described at Hagyards.10 Mares are sedated and a caudal epidural is performed. The 
perineal region is cleaned and the vaginal cavity is cleaned using a diluted iodine 
solution. A dorsal speculum is placed and long handled instruments are used. With the 
aid of a head light, a small 3 to 4 cm incision is made into the urethra cranial to the 
urethral sphincter. Using a finger passed through the incision and through the bladder 
tear, the bladder is intussuscepted into the urethra and exteriorized through the urethral 
incision. A stay suture keeps the urinary bladder exteriorized during the repair. The 
defect is repaired using a one to two layer closure. The defect is closed using a 
monofilament absorbable suture material. Once the tear is repaired the bladder is 
repositioned through the urethral incision, and the urethral incision is closed in one to two 
layers. A urinary catheter is placed for 5 to 7 days. Post-operatively, mares are treated 
with broad-spectrum antibiotics and nonsteroidal anti-inflammatory agents. 
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Take Home Message  
Farriery in foals is extremely important during the first six months of life as it will often 
determine the limb and foot conformation that will be present during the foal’s adult life. 
A thorough knowledge of basic farriery and a good working relationship with a farrier is 
essential for success.  
 
Introduction  
Among the many factors that dictate the success of the foal as a sales yearling or a mature 
athlete are decisions and management concerning feet and limbs during the first few 
months of life. This is the period when hoof care helps to produce a strong foundation for 
the animals’ future athletic career while influencing the growth and angulation of the 
limb above the hoof to some degree. Many breeding farms have developed foot care 
programs that utilize the skills of a veterinarian with an interest in podiatry and a farrier 
working together as a team. The veterinarian uses his medical and anatomical knowledge 
while the farrier utilizes his technical and mechanical background. This joint venture 
allows a faster and more accurate diagnosis, treatment and prognosis of foot problems. 
Problem or suspect foals are examined on a monthly basis and followed through weaning. 
Many subtle problems can be detected early, leading to immediate treatment. If this 
program corrects the limb or increases the athletic potential of one animal, then it 
becomes cost effective. This paper will focus on routine farriery in young horses and 
those limb deformities that can be addressed through farriery. Surgery associated with 
limb deformities in the young horse will be covered elsewhere.  
 
Evaluating the Foal  
Good record keeping is important. Records are designed for the individual needs of the 
farm/ owner and should reflect the physical appearance of a foal's feet and limbs at birth 
and any subtle changes that occur during development on at least a monthly basis. Digital 
images (pictures and radiographs) can be taken and added to the foal’s record. Pictures 
are very helpful in determining progress or regression in the foals feet/limbs. Foals 
should always be observed walking each time they are trimmed. The author prefers to 
observe the foal walking before the feet and limbs are examined. Watching the young 
foal walk can be challenging as they seldom walk in a straight line. This can be remedied 
by walking the mare along a fence or wall and let the foal walk alongside or follow the 
mare. The foal is observed as it walks toward and away from the examiner. Here the foal 
is evaluated for any lameness that may be present, the pattern of the foot flight, how the 
foot breaks over at the toe and how the foot contacts the ground. When examining the 
feet and limbs from the front, using an imaginary dot system may be helpful. Starting at 
the ground surface of the foot, an imaginary dot is placed at the toe of the foot, the 
coronary band, the fetlock, proximal MC3, carpus, and distal radius. When these dots are 
connected with an imaginary line, it is easy to see if and/or where an angular limb 
deformity exists. In the ideal situation, the dots should form a straight line. However, one 
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must be careful to rule out the presence of a rotational deformity. In this case, both carpi 
are rotated outward leading to a toe out or splay-footed conformation, yet when the dots 
are connected the axial alignment of the limb forms a straight line. The coronary band is 
observed to see if it is level or parallel with the ground. Examining the feet and limbs 
from the side should note whether the carpus is flexed or hyper extended. The hoof-
pastern axis is evaluated to determine if it is aligned and not broken forward (flexural 
deformity) or broken backward (flexor flaccidity as noted in many thoroughbred foals). 
Any swellings along the limb or involving the physis are noted and recorded. Each 
deformity is noted and scored on a scale of 1-5. Grade one being mild whereas grade five 
is severe. Finally the foot is evaluated off the ground, observing its position relative the 
bones of the digit, symmetry of the foot, and the integrity of the horny structures of the 
foot. The author pays strict attention to the distance of both heels as measured from the 
end of the hoof wall at the heel to the hair line at the bulbs. A disparity in this distance is 
an indication of the weight distribution placed on the foot as it lands. The above 
examination enables the examiner to evaluate the feet, limbs and movement in a 
systematic manner.  
 
Trimming the Foal  
 
Birth to One Month  
At birth, the foal’s hoof is enveloped in a gelatinous perioplic membrane which reduces 
the risk of trauma to the mare’s reproductive tract during birth. Shortly after birth, with 
the first steps of life, the perioplic membrane on the solar surface of the foot wears and 
retracts proximally on the hoof wall, dries out and tends to create a sulcus of varying 
depths just below the coronary band. This depression, which is to be considered normal, 
may cause irregular wear on the ground surface of the foot as it grows distally. The foal’s 
foot will be tapered, being wider at the coronet and becoming narrower distally at the 
ground surface. A foal’s foot does not only grow in a distal direction, it is also expands. 
As the foal’s feet are tapered, expansion occurs proximally and as the ground surface of 
the distal hoof is a relatively small, the weight-bearing area is positioned dorsally. 
Exercise and trimming will enlarge the area on the ground surface of the foot and move it 
in a palmar/plantar direction. The pointed or tapered appearance will gradually disappear 
in the first few months of life. In foals with acceptable limb conformation there is little 
need for trimming during the first month of life.  
 
One Month  
Foals should be presented to the farrier at one month of age for routine trimming. All that 
will generally be necessary at this time is to square the toe of the hoof to encourage the 
foal to break over in the center of the foot. At this age, due to the pointed toe, the foal 
may break over to either the outside or inside of the toe. This first farrier examination 
will also allow the foal to get used to having its feet handled. The farrier should be patient 
and the trimming procedure should be performed as gently and efficiently as possible.  
 
Two Months Onward  
In the first few months of life, attention should be directed toward the structural integrity 
of the foot (foot mass) rather than to cosmetics. The important issues here are to promote 
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the growth of thick, durable hoof wall, to ensure maximum sole depth in order to protect 
the vulnerable sole wall junction and developing distal phalanx and develop the structures 
in the palmar/plantar section of the foot. The structural mass of foot, defined as a strong 
hoof wall, adequate sole depth and a solid heel base, is vital for future soundness. It is the 
author's opinion that a hoof pick, wire brush and a rasp are the only tools necessary to 
trim foals that are kept on a monthly schedule. The goal is to not to have the foal walk 
entirely on the hoof wall but to load all the structures on the bottom of the foot. This 
makes the foot load sharing. Foals that are trimmed frequently and have a lot of horn 
removed, tend to develop weak fragile hoof walls.  
 
The method of trimming foals used by the author may differ from traditional farriery. 
Dirt and debris is removed from the foot using a hoof pick. The bottom of the foot is then 
cleaned vigorously using a wire brush to remove any loose exfoliating horn. Otherwise, 
the ground surface of the foot and the frog are left untouched. This affords the foal ample 
protection on the ground surface of the foot. Exfoliating horn from the sole will be 
continuously shed through an abrasive mechanism with the ground as the foal exercises. 
The sole in the foot of a foal is extremely thin and as much protection as possible is 
necessary to protect the immature developing structures above. Removing excess sole 
with a hoof knife is a primary cause of sole bruising in foals and often leads to flexural 
deformities as a result of the pain response. The health of the foot throughout the animal's 
life is based on a good solid heel area. The heel base includes the hoof wall at the heel, 
the bars and a nice wide frog. The bars are needed to stabilize the hoof capsule and are 
never removed. The heels are rasped gently from side to side until the rasp just comes in 
contact with the frog. The hoof wall at the heels will now be on the same plane with the 
frog. The excess hoof wall at the toe and quarters is then lowered as necessary using a 
rasp placed at a 90

o 
angle just in front of the sole wall junction (white line) (Fig. 1). When 

the desired amount of hoof wall is removed, the outer sharp edge of the angle is removed 
 

 
Fig. 1A. Hoof wall trimmed on an angle dorsal 

to the sole wall junction. 

 
Fig. 1B. Perimeter of hoof wall has a rounded 

edge following trim. 
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Fig. 2. Rotational deformity in a foal. 

 
by running the rasp around the perimeter of the hoof thus creating a nice rounded edge 
(Fig. 2). This will help to prevent cracks and chips in the hoof wall. The method of using 
the rasp on an angle leaves the hoof wall and the adjacent sole on the same plane 
allowing both structures to share the bulk of the weight when the animal moves. This 
appears to stimulate the horn to grow thicker and stronger. Foals do not grow an 
excessive amount of hoof wall in the first few months of life and our ability to influence 
the foot/limb by excessive trimming on one side of the foot in the horizontal plane is 
limited. If it becomes necessary to lower one side of the foot past the point of being level 
due to a developing hoof capsule distortion or to affect landing, it should not be any more 
than 2-3 millimeters at one time. Trimming at two-week intervals may be useful in this 
situation.  
 
The traditional theory of lowering the lateral side of the foot on a foal that stands toed-out 
and lowering the medial side of the foot on a toed-in foal is inaccurate. It in fact may be 
harmful rather than beneficial. The cause of the foal having a toe- in or toe- out stance is 
rarely in the foot. The problem is generally found in the axial alignment of the limb 
above the foot, therefore, when one side of the foot is lowered excessively, the cosmetic 
appearance may be improved but over time leads to distortion of the hoof capsule. This 
practice will place stresses on the physis and overload the joints on the side that is being 
lowered. This can be shown radiographically a few days after trimming.  
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Fig. 3. Medial heel displaced proximally in a foal with a rotational deformity. 

 
Rotational deformities are very common in foals (Fig. 3). For example, the narrow chest 
together with the relatively long limbs cause many foals to adopt a base wide stance in 
front which is often accompanied by outward rotation of the entire limb. This stance, 
which can be considered normal in foals, confers a higher degree of stability and is 
gradually modified as the transverse diameters of the upper body increase with growth. 
As the foal moves, it is quite noticeable that the outside of the hoof wall of the foot 
contacts the ground first as a result of the flight pattern caused by the rotated position of 
the limb. These foals should be trimmed level and not have their feet lowered on the 
outside wall. A base-wide stance in a 3 to 4 month-old foal results naturally in 
asymmetric hoof capsules in the frontal plane with the medial side of the hoof capsule 
slightly lower than the lateral aspect. If this stance is not recognized as physiological for 
the age and an attempt is made to “correct” it by lowering the lateral wall, there is a risk 
of creating an angular limb deformity where none existed previously. In cases where the 
medial heel bulb has been displaced proximally, the medial hoof wall is lowered slightly 
and if severe, composites can be used to address the hoof capsule distortion (Fig. 4). 
Therapeutic trimming does not offer favorable results in the malpositioned limb, as this 
deformity is corrected through growth. As the musculature of the chest increases, the 
elbows are pushed outward, rotating the limbs inward.  
 
Flexor Tendon Flaccidity, Angular Limb and Flexural Deformities in Foals  
 
Flexor Tendon Flaccidity  
Flexor tendon flaccidity or tendon laxity is a relatively common limb deformity seen in 
newborn foals usually involving the hind limbs although all four limbs can be involved.  
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Weak flexor tendons is thought to be the cause which results in digital hyperextension 
where weight-bearing is placed on the palmar/plantar aspect of the proximal phalanges 
and the toe of the hoof is raised off the ground (Fig. 5). The condition often tends to self-
correct within days after birth as the foal gains strength and is allowed moderate exercise. 
However the tendon laxity often persists and it is not uncommon to see a fool that still 
has digital hyperextension at 4 weeks of age. Treatment is sequential depending on the 
severity of the tendon laxity and the response of the foal to treatment. Therapy begins 
with controlled exercise allowing the foal access to a small area with firm footing for 1 
hour three times daily, the toe of the foot can be shortened and the heels can be rasped 
gently from the middle of the foot palmarly/plantarly to create ground surface and a 
palmar/plantar extension can be applied if necessary. This extension which extends 
approximately 3-4 centimeters beyond the bulbs of the heels immediately relieves the 
biomechanical instability (Fig. 6). A cuff-type extension shoe

a 
is commercially available 

or a small aluminum plate extension with clips. In either case, the author feels that either 
type of extension should be attached with adhesive tape rather than a composite if the 
foal is less than 3 weeks of age as this avoids excessive heat being applied to the fragile 
hoof capsule as the composite cures and prevents contracture of the hoof capsule at the 
heels. Regardless of the method of application, the extensions should be changed at 10 
day intervals. Bandaging the limb is contraindicated as this will further weaken the flexor 
tendons.  
 
Angular Limb Deformities  
Angular limb and deformities are common limb abnormalities in foals that require early 
recognition and treatment.

1,2,4 
The pathogenesis of this problem is not clearly understood. 

Angular limb deformities can be classified as either congenital or acquired in the first few 
weeks of life. The primary lesion is an imbalance of physeal growth; for various reasons, 
growth proceeds faster on one side of the physis. Angular limb deformities can be further 
classified into two categories. 
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Valgus (according to Webster’s, it is termed valgus and varus) deformities occur when 
the deviation occurs lateral to the axis of the limb and varus deformities occur when the 
deviation is medial to the axis of the limb. The most common location of valgus angular 
limb deformity is the carpus while varus deformities are most often seen at the fetlock.  
 
Carpal Valgus  
It is apparent that a mild carpal valgus of 2-5 degrees offers the newborn foal a 
comfortable stance while nursing and eating off the ground and is considered acceptable. 
If the deviation exceeds 5-8 degrees then it becomes a concern and should be monitored. 
A few days of stall confinement on firm bedding or limited exercise in a small paddock 
(2-3 times a day) is a rewarding, cost-effective treatment for the early carpal valgus. 
Radiographs should be part of the physical examination in a foal with an angular limb 
deformity. Occasionally osseous abnormalities such as hypoplastic carpal bones will 
preclude correction of the problem without splints or a cast. Radiographs will also reveal 
the site and degree of deviation, and allow comparison at a later date. Conservative 
therapy for the management of many angular limb deformities may be successful in the 
newborn foal. Restricted exercise would be either strict stall confinement or brief periods 
of turnout in a small area with firm footing. This allows the physis to be stimulated but 
prevents stress and compression on the affected side of the growth plate. If the knee can 
be corrected by applying pressure with one hand on the inside of the knee and counter 
pressure with the other hand applied to the outside of the fetlock, then a splint made from 
polyvinylchloride (PVC) pipe fitted from the elbow to the fetlock applied for a few hours 
daily may be useful. A full length bandage is applied to the limb first, and then the PVC 
pipe is placed on the outside of the limb and secured with a bandage. This will distract 
the carpus laterally. The splint is often the most cost effective treatment available but 
must be applied with caution. Acquired carpal valgus deformities can be graded from one 
to four according to severity (Fig. 7). Acquired carpal valgus deformities can occur 
anywhere from a few days onward. Mild to moderate valgus will generally respond to 
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restricted exercise and the use of a composite extension applied to the medial side of the 
foot while the more severe cases require surgical intervention combined with farriery. 
The extension on the medial side and toward the heels appears to redirect the forces on 
the physis on the overloaded side of the limb by moving the plane of weight bearing 
toward the midline

3 
(Fig. 8). The extension also appears promotes centerline breakover. 

The extension is made from a polymethylmethacrylate
b 

mixed with fiberglass strands 
applied directly to the foot and shaped to the desired width. It is trimmed like normal 
hoof as the foot grows distally or additional applications can be applied if necessary. In 
severe cases of carpal valgus where surgery is necessary, a medial extension is combined 
with the surgery. In many cases the surgical procedure may be performed too early before 
conservative therapy is allowed to correct the problem. It appears that valgus angular 
limb deformities involving the carpus will respond to surgery up to four months of age 
with full correction.  
 

 
 
Fetlock Varus 
Varus deformities involving the fetlock are common in either the front or hind limb of 
new born foals (Fig. 9). This deformity can be congenital or acquired within the first few 
weeks of life. A varus fetlock deformity requires early detection and treatment as 
functional closure of the distal physis of the third metatarsal/metacarpal bone is 
approximately twelve weeks of age. Foals with fetlock varus should have their exercise 
restricted and will generally respond to an extension applied to the lateral side of foot. 
The window of opportunity for treatment is small and the extension should be applied at 
2-3 weeks of age. Again, the author is reluctant to apply a composite to a foal’s foot 
before 2-3 weeks of age. In severe cases, surgical intervention will be necessary 
combined with an extension. If the foal is presented for treatment after thirty days of age, 
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treatment becomes difficult and less effective. With both valgus and varus a deformity, 
the earlier treatment is instituted, the better chance of correction.  
 

 
 

Flexural Deformities  
Flexural deformities have been traditionally referred to as "contracted tendons." The 
primary defect is a shortening of the musculotendonous unit rather than a shortening of 
just the tendon portion, making "flexural deformity" the preferred term.

1,4 
This shortening 

produces a unit of functional length less than necessary for normal limb alignment of the 
digit resulting in fixed flexion of the various joints of the distal limb especially the distal 
interphalangeal joint.  
 
Flexure deformities present at birth are thought to result from intrauterine positioning, 
genetics, nutritional management of the mare during gestation and the influenza virus but 
no causes have been proven. The congenital flexural deformity involves a combination of 
joints in the distal limb such that the foal assumes a “ballerina” stance with weight borne 
on the toes. These usually resolve in the first few days of life with repeated intervals of 
brief exercise in a small paddock, physical therapy and full limb bandages to relax the 
muscles in the forearm. If limited improvement is noted by 3 days post foaling, 3-5 gms 
of oxytetracycline is administered intravenously. It is repeated a second time after 
skipping a day if necessary.

5
 Toe extensions made from wood or aluminum taped on the 

feet may be useful. Acquired flexural deformities occur during the first four months of 
life and generally involve the distal interphalangeal joint (Figure 9). Acquired flexural 
deformities are thought to be associated with poor nutritional management in foals 
(increased protein, unbalanced minerals, etc.). It is this author’s belief that this syndrome 
is not part of the developmental orthopedic disease (DOD) but rather an inherited 
condition that can be initiated with some form of pain response. Any discomfort in the 
foot or lower limb will initiate the flexor withdrawal reflex which causes flexor muscle 
contraction and altered position of a joint. The author has seen this scenario on numerous 
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occasions where the feet were trimmed too short with excess sole removed causing toe 
bruising. The first clinical sign one may see during routine trimming is abnormal wear of 
the hoof wall at the toe. A closer look may reveal heat in the feet, increased digital pulse, 
pain on hoof testers, a prominent coronary band and an upright hoof/pastern angle. This 
is the time for conservative treatment: restricted exercise to decrease continued trauma, 
the judicious use of anti-inflammatory drugs to relieve pain, and the administration of 
oxytetracycline which will cause muscle relaxation, leading to normal foot-pastern 
alignment. At the same time, the heels are lowered gently with a rasp and a composite toe 
extension can be applied to the dorsal hoof wall and the fiberglass can be continued over 
the solar surface of the foot to protect that area from further bruising

3 
(Figure 3). This toe 

extension forms part of the foot and places continuous tension on the musculotendonous 
unit. If this condition is allowed to persist, it will result in irreversible changes in the foot 
and joint capsule requiring surgical intervention.  
 
If the acquired flexural deformity is severe showing a marked broken forward hoof-
pastern axis and the heels of the foot are raised of the ground unable to bear weight, the 
foal should be radiographed. The foal’s forefeet are placed on two wooden blocks of 
equal height and the foot is radiographed with the foal as relaxed as possible but not 
sedated. If the radiograph reveals a marked flexural deformity involving the distal 
interphalangeal joint signifying a shortening in the musculotendonous unit, surgical 
intervention in the form of an inferior check ligament desmotomy should be performed. 
This is combined with lowering the heels of the foot from the widest part of the foot 
palmarly and applying a composite toe extension. 
 
Discussion 
 
Foot care in the foal requires a good working relationship between a veterinarian and a 
farrier. A regular trimming program for foals is essential and cost-effective when 
conducted as an examination and maintenance exercise. Any changes in limb angulations 
can be noted during these evaluations and treatment started immediately. The importance 
of detailed records cannot be over emphasized. Foals' feet should be trimmed 
appropriately paying strict to encouraging hoof mass with adequate sole to build a strong 
healthy foot and protect the developing structures enclosed within the hoof. Hoof care in 
the first few months of life is serious business and should never be taken lightly. 
Discussion and management with regard to feet and limbs during this period will dictate 
the success of the foal as a sales yearling or mature athlete. A sound foot care program is 
time-consuming, whereas assembly-line trimming is easy, but the former is much more 
beneficial. 
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Upper respiratory tract (URT) disorders are a common cause of poor performance in 
horses. Dynamic obstructions of the URT cannot be diagnosed accurately during resting 
endoscopic examination and endoscopy during exercise is required to establish a 
definitive diagnosis. Exercising endoscopy may be performed on a high speed treadmill 
or recently in the field using an overground endoscopy system. High speed treadmill 
endoscopy does not reproduce natural exercising conditions and significant differences in 
heart rate, blood lactate, stride frequency and stride length between treadmill exercise and 
field exercise have been reported. Overground (field) endoscopy is preferred as it 
incorporates specific training conditions such as track surface, environment, rider’s 
weight, tack, speed, incline and distance. 
 
The procedure for overground endoscopy with a Videomed system involves placement of 
a short endoscope with the distal end in the nasopharynx. The endoscope is coupled to a 
lightweight processor mounted on a customized halter, and connected via a quick release 
umbilicus to a Xenon light source and laptop computer in a saddle blanket. A remote 
control console allows for real time viewing of the images, adjustment of the endoscope 
tip position, flushing with air/ water and video recording of the images to the onboard 
laptop. Dynamic URT disorders diagnosed in horses presented for poor performance and/ 
or respiratory noise at exercise in South Africa to date include recurrent laryngeal 
neuropathy, dorsal displacement of the soft palate, axial deviation of the aryepiglottic 
folds, vocal cord collapse and dynamic collapse of the apex of the left corniculate process 
of the arytenoid.  
 
The availability of overground endoscopy has allowed more accurate field diagnosis of 
dynamic disorders of the equine URT and the presence of multiple abnormalities. This 
facilitates more evidence-based decisions regarding management and treatment of URT 
disorders in performance horses.  
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Foal Resuscitation on the Farm 
Genevieve Fontaine-Rodgerson 
DVM, MS, diplomate ACVIM 

Lexington, KY 
 
During breeding season, foaling emergencies are probably the most critical and 
potentially life-threatening if not addressed in a timely manner.   In most cases, the time 
frame during which intervention should occur is too short to transport the affected 
animals to a hospital.  Therefore the farm personnel should be trained in recognizing 
problems quickly and taking actions that will increase survival before veterinary 
assistance is available.  In other words, preparation is critical.  Establishing a plan of 
action ahead of time and preparing necessary supplies that will be quickly accessible 
when needed are the first logical steps in achieving good outcomes in emergency 
situations. 
 
1. Recognizing problems 
Before delivery 
Certain cases are at risk of being associated with difficulties around parturition.  They are 
commonly referred to as high-risk pregnancies.  Some owners even elect to have these 
mares monitored in a hospital setting until their due date to ensure that optimal conditions 
are present in case of a critical delivery. Other farms have sufficient staff and resources to 
avoid the potential complications of hospitalization (i.e. exposure to potential pathogens, 
stress of moving to a different environment, and cost) and prefer to monitor the mares in 
their own environment. 
Potential cases of high-risk deliveries: 
• Sick or injured mare (systemic illness, colic, abdominal trauma such as prepubic 

tendon rupture, muscular hernia, musculo skeletal injury limiting the mare’s mobility, 
chronic pain, laminitis) 

• Malnutrition 
• Inadequate vaccination 
• Advanced age 
• Placentitis (premature mammary development, vaginal discharge, evidence of 

ultrasonographic changes in the placenta) 
• Uterine torsion, hydrops 
• Premature colostrum leakage or weak udder development and lack of colostrum 
• History of problems at parturition (uterine artery hemorrhage, dystocia, twins, 

stillbirth, prematurity or dysmaturity, prolonged gestation, neonatal isoerythrolysis) 
These cases can be examined and monitored regularly prior to the due date in order to 
implement treatments that can help improve the outcome.  
 
During delivery 
Other cases do not provide any warning signs and problems arise during parturition or 
soon after. 
• Premature delivery 
• Prolonged labor and or dystocia 
• Twin delivery 
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• Premature placental separation (red bag delivery)  
• Premature rupture of the umbilical cord with excessive bleeding. 
• Foetal diarrhoea 
• Trauma to the mare (perineal laceration, excessive bleeding, uterine artery rupture), 

death of the mare during parturition 
• Trauma to the foal (fracture sustained during delivery, attacked by mare after 

delivery) 
 
After delivery 
Even after a seemingly uneventful pregnancy and delivery, newborn foals can present a 
number of deviations from normal patterns potentially affecting their immediate survival 
A normal healthy foal should: 
• Take its first breaths with both chest and abdominal effort within 30 seconds of 

delivery of the chest. Normal respiratory pattern with fast deep breathing is 
established shortly thereafter. By 15 minutes breathing should be deep and regular 
with a frequency of 40-60 breaths per minute. By 12h rate can be down to 30 

• Have a heart rate of 60-80 bpm in the first minutes, then around 120-160 bpm by 15 
minutes and around 80-120 at 12h 

• If left alone, assume a sternal position with head lifted within 5 minutes, start 
showing suckle reflex. Strong suckle reflex should be present by 20 min after birth 

• Rupture the umbilical cord generally 6-8 minutes after delivery, either by moving 
away from the mare of the mare standing up.  Rupture site is generally 3-5 cm from 
body wall 

• First attempt to stand within 30 min and stand within 1h, search for udder soon after 
gaining some stability 

• Nurse within 2h 
• Within 12h, nurse regularly and follow the mare 
• Wide varieties in the pattern of normal events do occur but as a rule, any major 

departure from the normal pattern should be addressed as it may be related to a 
physical problem. 

 
Indications for immediate intervention are: 
• Absence of breathing, irregular gasping breaths, low respiratory rate (less than 10 

breath per min) 
• Absence of heart rate, irregular and slow heart rate (less than 40 bpm) 
• Discoloured oral membranes such as extreme paleness or bluish tinge 
• Lack of or weak muscle tone, no response to stimulation 
 
Particular case: terminal C-section 
• Foals born after c-section undergo a subset of events that may further compromise 

their condition.  
• They may be premature or dysmature 
• They may not have received the cortisol surge associated with natural birth 
• The amniotic fluid will not be squeezed out of the lungs because of the lack of 

pressure normally experienced during passage through the birth canal 
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• Their cardio-vascular an cerebral responses are depressed due to the presence of 
general anaesthetics used in the mare 

• The umbilical cord does not spontaneously rupture 
• Increased incidence of PDA 
Ideally mares that are candidates for terminal c-sections should be shipped to a hospital in 
the weeks preceding their due dates because the foals will require immediate and 
significant assistance at birth. 
 
2. Intervention 
The traditional order of interventions in cardio-pulmonary resuscitation (CPR) is as 
follows: ABCD 
1. Airway 
2. Breathing 
3. Chest Compressions-Circulation 
4. Drug therapy 
Despite recent changes in the guidelines set forth by the American Heart Association 
recommending the order to be changed from ABC to CAB, neonates and victims of 
respiratory arrest are still supposed to be treated in the original order.  In most neonates 
the cardiopulmonary arrest is primarily caused by asphyxia, therefore ventilation should 
be performed before compressions. However in cases of primary cardiac arrest with 
breathing present, chest compressions should be performed first. 
 
Airway: 
Clear the nose of any amniotic membranes or fluid.  Nasal, pharyngeal or tracheal suction 
may be performed briefly in order to avoid aspiration of any fluid (in particular if 
meconium contamination is present) but care should be taken not to perform this 
procedure for a prolonged period of time as excessive negative pressure within the thorax 
may result in bradycardia and apnoea.  A 60 cc syringe with nozzle tip connected to a 
small tube such as a stallion catheter may be used for this purpose.  Suction for 10-15 
seconds should be followed by oxygen insufflation.  The foal may be briefly lifted by its 
hind legs to let fluids gravitate out of the airways. 
 
Breathing:  
Tactile stimulation such as vigorous rubbing with towels, or tickling the nose and ears 
with straw may help starting the breathing efforts. If no response is achieved within 30-
60 seconds, ventilation should be started.  Ideally ventilation should be performed 
through a 55 cm cuffed nasotracheal tube.  For intubation, extend the foal’s head and 
neck into a straight line.  Naso-tracheal intubation should be attempted first by gently 
pressing the tube ventrally and medially into the ventral meatus.  If resistance is met in 
the pharynx, gently rotate the tube until the larynx is entered.  Always make sure that the 
tube has not been inserted into the oesophagus by palpating the area immediately above 
the trachea in the throatlatch.  If the procedure is unsuccessful after two gentle attempts, 
try the oro-tracheal route.  Repeated trauma to the laryngeal area may result in oedema 
and airway collapse.  Inflate the cuff to secure the tube.  If an endotracheal tube is not 
available, mouth to nose ventilation can be quite effective. Obstruct the lower nostril 
while breathing in the upper nostril and occluding the oesophagus at the same time.  
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Other devices such as the Ambu bag may assist the ventilation through the endotracheal 
tube or through a mask fitted around the foal’s muzzle.  As positive pressure ventilation 
is applied, the oesophagus should be occluded by gentle external pressure in order to 
reduce insufflation of air into the stomach.  Positive pressure ventilation however may 
decrease venous return to the heart by increasing intra-thoracic pressure and should be 
used cautiously.  A rate of at least 8-10 breaths per minute should be the goal, with 
inspirations lasting no longer than 1 second.  Thoracic excursion should be used as an 
indicator of adequate pressure.  When available, oxygen insufflation should be started 
immediately, either alone by nasal insufflation if spontaneous breathing is present, or 
associated with positive pressure ventilation.  A delivery rate of 8-10l/min is 
recommended.  A small bore feeding tube can be used for oxygen delivery: insert it in the 
ventral meatus by a length equivalent to the distance between the nostril and the medial 
canthus of the eye. If long-term oxygen administration is anticipated (over 1h), the tube 
can be sutured to the nostril and the oxygen should be humidified through sterile saline.  
 
Chest compression:  
If a non-perfusing cardiac rhythm is present (absent or infrequent heart beat, no palpable 
pulse, dilated pupils, poor mucous membrane perfusion) or if bradycardia persists despite 
ventilation, chest compressions should be started.  Try to assess the presence of rib 
fractures before starting compressions, and if necessary, place the foal laterally with 
fractured side down.  A rate of 100 compressions/minute is recommended.  The chest is 
compressed with one hand positioned over the heart, palm down and fist closed, with the 
other hand on top of it. The person administering the compressions should kneel behind 
the foal’s spine and keep his or her arms straight. An indication of adequate perfusion is 
pupil size.  If a perfusing heart rhythm is not achieved within a minute of starting chest 
compressions, drug therapy should be initiated.   
 
Drug therapy  
It is preferable to have all emergency drugs located in one container that also contains a 
chart with doses and amounts in order to minimize wasting time during an emergency. 
-Adrenaline (epinephrine) is the most useful drug in CPR.  It increases coronary 
perfusion pressure through stimulation of the α-adrenoreceptors.  A dose of 0.01-0.02 
mg/kg IV every 3 minutes is recommended.  For a 50 kg foal, the volume administered is 
0.5 -1 ml of the 1:1000 (1mg/ml) epinephrin solution.  High doses (0.1mg/kg) have been 
associated with myocardial necrosis and intracranial hemorrhage.  Adrenaline can be 
administered intra tracheally at 0.1-0.2 mg/kg either through the endotracheal tube or 
directly by injection between two tracheal rings.  
-Vasopressin is a potent peripheral vasoconstrictor that helps restoring a perfusing 
cardiac rhythm used alone or in combination with epinephrine.  The recommended dose 
is 0.6 u/kg administered once. 
• Atropine counteracts vagal tone by competitively antagonizing achetylcholine 

receptors.  Its use is contra-indicated because bradycardia and cardiac arrest in 
newborn foals are not due to increased vagal tone but to asphyxia.  By increasing the 
heart rate, atropine increases the myocardial oxygen demand furthering the oxygen 
debt and potentially leading to hypoxic insult to the myocardium.   
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• Doxapram is a CNS respiratory stimulant that is not recommended in neonatal CPR 
because it reduces cerebral bloodflow and is not necessary when mechanical 
ventilation is applied. 

• Fluids administration is contra-indicated in cases of cardiac arrest as it increases the 
venous pressure in the face of a decreased cardiac output. When the cardiac rhythm is 
restored, fluids may be administered to maintain cardiac output and improve 
peripheral perfusion.  Venous access is aided by elevating the central portion of the 
neck by placing a rolled towel underneath it in order to better expose the jugular vein.  
The initial dose is 10 ml/kg of a balanced electrolyte solution (LRS or Normosol) or 
2ml/kg of hetastarch administered as a bolus. Glucose-containing fluids should be 
used only if hypoglycemia is documented. Hyperglycemia is associated with poor 
neurologic outcome. 

• Calcium is contra-indicated as neonatal bradycardia is not vagally mediated.  
Administration of Ca results in higher oxygen consumption and disrupts myocardial 
function. 

• Other drugs such as dopamine, lidocaine, and norepinephrine should be used in cases 
of specific and documented cardiac arrythmias, under close monitoring (ECG, arterial 
blood gas, capnography, central blood pressure measurement) most likely not 
available in the field situation. 

 
3. Monitoring progress 
Ventilation can be discontinued once the foal has recovered spontaneous breathing of 16 
breaths per minute or more.  Palpation of the peripheral pulse can help determine is 
cardiac compressions are effective.  Monitor the heartbeat to check if a regular rhythm 
with a frequency of at least 60 bpm has been restored. Pupil size and response to light is a 
good indicator of cerebral blood flow.  If the pupil is responsive, the heart rate is 60 bpm 
or above and regular, and a peripheral pulse is palpated, CPR can be discontinued. If no 
response is achieved after 15 minutes of CPR, hope to recover a live foal is unlikely. 
However if the resuscitation efforts are successful the foal should receive frequent 
monitoring within the first few days of life as the events around the time of parturition 
may predispose it to pathologies such as hypoxic-ischemic encephalopathy and sepsis. 
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Foal Diarrhoea: Diagnosis and Treatment 
Genevieve  Fontaine-Rodgerson 
DVM, MS, diplomate ACVIM 

Lexington, KY 
 
Diarrhoea is one of the most common disease processes that will require veterinary care 
in foals.  Depending on the age at the time of onset and physical parameters, the 
diagnostic and therapeutic approaches will vary.  The range of severity of the disease will 
dictate the measures necessary to optimize the outcome.  This presentation will cover 
common aetiologies, diagnostics and treatment of foal diarrhoea including fluid therapy. 
 
Infectious versus non-infectious causes 
Non-infectious causes of diarrhoea include: 
• Necrotizing enterocolitis, an asphyxia-related enteropathy that affects neonates who 

suffered from a hypoxic episode around the time of parturition.  Symptoms may 
consist of colic, bloating, or diarrhoea and may be complicated by septicaemia. 
Abdominal ultrasound often reveals the presence of ileus, thickening of intestinal 
wall, or a corrugated aspect to the intestinal mucosa with presence of gas within the 
intestinal wall. These foals are often intolerant to oral feeding and may need to 
receive parenteral nutrition as part of the treatment.   

• Foal heat diarrhoea, which occurs around 1 to 2 weeks of age, is thought to 
correspond to an ongoing modification of the intestinal flora.  The foals remain 
bright, afebrile, and their appetite is normal.  Most cases resolve in a few days 
without any treatment necessary. 

• Nutritional diarrhoea is not commonly seen in neonates. It may be due to milk 
overload, in foals that were restrained from nursing such as orphans, or in foals in 
which a milk replacer is administered.  Foals may develop lactose intolerance after an 
episode of infectious diarrhoea because the lactase-producing cells have been 
damaged.   

• Antibiotic-induced diarrhoea occurs mostly with the administration of tetracycline, 
trimethoprim-sulfa, rifampin and erythromycin.  Treatment consists in discontinuing 
the antibiotic treatment and supportive care. 

• Mechanical diarrhoea is not common in foals, and may be caused by the ingestion of 
sand. A suspicion of sand-induced diarrhoea may arise from retrieving sand from the 
rectum (digital examination reveals gritty material) and confirmed by fecal floatation 
and abdominal radiographs.  Treatment consists of mineral oil and psyllium 
administered by nasogastric tube. 

 
Infectious causes (viral, bacterial or parasitic) affect foals of all ages. 
Viral diarrhoea 
Rotavirus affects foals in the first few days of life.  The virus affects the microvilli of the 
small intestine, causing maldigestion, malabsorption and secretatory diarrhoea, which can 
in turn cause abnormal fermentation and osmotic diarrhoea in the large intestine when 
undigested lactose reaches the immature colon.  Diarrhoea may be preceded by a febrile 
episode.  Other symptoms include poor nursing, dehydration, and temporary lactose 
intolerance.  Some foals may develop a chronic lactose intolerance and malabsorption 
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following the episode of diarrhoea.  The virus is highly contagious. Direct and indirect 
transmissions cause a high rate of morbidity in affected farms, and result in outbreaks 
when strict isolation of affected animals is not implemented, but the mortality rate is 
generally low with adequate supportive care.  Asymptomatic adults may be carriers and 
affected foals may shed the virus up to 2 weeks after recovery.  Shedding is highest in the 
early phase of the disease.  Rotavirus also affects older foals, around weaning age.  In 
these cases it seems that the systemic effects are greater and secondary severe gastro 
duodenal ulcer syndrome is common.  Immunization of pregnant mares, isolation of new 
horses, and disinfection of barns and equipment with phenolic coumponds may help 
prevent rotavirus outbreaks. Diagnosis is based on a commercial immunoassay or 
electron microscopy (EM) performed on faecal sample. Treatment is supportive and aims 
to control secondary bacterial infections. 
Coronavirus and adenovirus are a much less common cause of infectious diarrhoea in 
foals and the latter is generally identified in immunocompromised foals.  Diagnosis is 
based on faecal ELISA or EM.   
 
Bacterial diarrhoea 
Anaerobic organisms 
Clostridium 
Clostridium difficile and Clostridium perfringens type A and C are gram-positive 
organisms that are ubiquitous in the environment and are associated with diarrhoea in 
foals and adult horses, although in the latter the diarrhoea is usually preceded by a 
stressful event or antibiotic treatment.  Clostridial diarrhoea may occur in a single 
individual or as an outbreak.  Clostridium isolates are typed based on the different 
exotoxins that they produce.  C perfringens type A and C difficile are present in faeces 
collected from healthy foals, therefore isolation of the organism on faecal culture alone is 
of questionable significance.  Identification of the toxins by PCR, immunoassays or 
mouse inoculation helps diagnose clostridial diarrhoea.  Toxigenic C difficile secretes two 
important exotoxins: an enterotoxin (A) and a cytotoxin (B). C perfringens also secretes a 
variety of exotoxins as well as an enterotoxin (CPE). The disease is characterized by 
watery, sometimes hemorrhagic diarrhoea, which may be accompanied by fever, 
inapetence, depression, abdominal distension and colic.  C perfringens type C causes the 
most severe symptoms and is associated with a high mortality rate (83%).  Faecal 
samples should be collected in an anaerobic tube.  A presumptive diagnosis of clostridial 
diarrhoea may be based upon the presence of large amounts of gram-positive rods on a 
gram stain, but toxin identification or PCR are needed to confirm the diagnosis.  
Treatment should aim to correct dehydration, acid-base and electrolyte disturbances, 
maintain adequate perfusion and positive energy balance, and include antibiotics such as 
metronidazole.  C perfringens type C&D antitoxin can be administered orally in cases 
where those strains are identified.  Administration of hyperimmune plasma IV and PO 
seems to help foals to recover faster.  Oral absorbent such as Bio-sponge® (di-tri-
octahedral smectite) or bentonite clay (Hagyard anti-diarrhoea paste) have shown in vitro 
neutralization of various exotoxins. Vaccination of pregnant mares with C perfringens 
C&D toxoid (extra-label) may help prevent the disease.  A new vaccine option is an 
experimental C perfringens type A (alpha, beta 2 and CPE toxin) autogenous bacterium 
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administered to pregnant mares at 9&10 months of gestation.   Good hygiene measures 
around foaling are paramount to prevent contamination of neonates. 
Bacteroides fragilis 
An uncommon cause of diarrhoea in foals, this organism is usually isolated along with 
other pathogens.  Only the enterotoxigenic form should be considered a pathogen, 
therefore diagnosis should include identification of toxin producing strains by PCR or 
loop inoculation.  Treatment should include metronidazole.   
 
Aerobic organisms 
Salmonella 
Foals are often affected as isolated cases, but Salmonella is highly contagious and 
commonly causes outbreaks in adult horses and foals.  Foals may contract the disease 
while exposed to a carrier mare that may be asymptomatic.  Increased shedding in 
carriers occurs at times of stress such as parturition. Foals with salmonellosis often 
become septicaemic and display signs of localized infection even after recovery from 
diarrhoea such as pneumonia, peritonitis, meningitis, uveitis, arthritis and osteomyelitis. 
Symptoms of septicaemia may precede the onset of diarrhoea.  The diarrhoea is usually 
profuse and fetid, sometimes hemorrhagic.  Diagnosis is based on faecal culture (5 
cultures are usually recommended) and blood culture.  Treatment is supportive and 
consists of fluids, plasma, anti endotoxin treatment, and antibiotics based upon sensitivity 
results.  Sensitivity patterns vary greatly between strains.  Prognosis is guarded, and strict 
isolation measures should be taken to prevent contamination to other horses or people. 
Administration of hyperimmune plasma to newborns and vaccination of pregnant mares 
at 9&10 months of pregnancy (multi-resistant typhymurium and Newport) may help 
prevent salmonellosis. 
 
E Coli 
Colibacillosis is more commonly a cause of septicaemia than diarrhoea in foals.  Faecal 
culture and identification of virulence factors by PCR support a diagnosis of E. coli 
diarrhoea.  The diarrhoea can be profuse and watery but is typically non fetid.  Treatment 
consists in supportive care and appropriate antibiotics.  Hyperimmune plasma (J5) can 
help control signs of endotoxemia. 
 
Lawsonia intracellularis 
This obligate intracellular gram-negative rod is generally associated with peripheral 
oedema and failure to thrive in weanlings, although colic and or diarrhoea may be 
present. It causes a proliferative enteropathy often associated with a profound 
hypoproteinemia.  The mechanism of transmission in horses is yet unknown but faecal-
oral contamination is likely.  Diagnosis is based on faecal PCR early in the course of the 
disease or serology. Abdominal ultrasound may reveal gross thickening of intestinal 
loops.  Treatment should include tetracyclines or macrolides.  Fluid replacements should 
address hypoproteinemia. A vaccine is currently being developed. 
 
Enterococcus durans 
Also known as streptococcus durans, this gram-positive coccobacillus has been found to 
colonize the mucosal surface of the small intestine in foals with diarrhoea. It is 
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commonly isolated in faecal cultures of young foals with diarrhoea, in association with 
other pathogens.  This organism occasionally causes bacteraemia and subsequently 
infects other organs.  Treatment is supportive and antibiotics are selected based on 
sensitivity.  
 
Rhodococcus equi 
Diarrhoea is usually associated with infectious lesions in other organs and affects older 
foals (over 4 weeks of age).  Extra-pulmonary disease caused by R equi may manifest 
itself before pneumonia becomes apparent, and identification of > 104 organisms/g on 
faecal culture should prompt a careful examination of the lungs.  Treatment consists in 
administration of Azythromycin or Clarythromycin/Rifampin and supportive care.  
 
Fluid therapy of foals with diarrhoea 
In many cases, diarrhoea causes severe dehydration as the result of combined lack of 
intake (inappetence), lack of absorption or excessive losses of fluids.  Neonates are 
particularly severely affected as their reserves are more quickly depleted than those of 
older foals or adult horses.  Dehydration is often accompanied by electrolyte losses (Na, 
K, and bicarbonate) and hypoglycaemia in cases of sepsis or prolonged anorexia. When 
administering fluids to a neonate, consider placing a long-term poluyurethane catheter 
(Mila, Arrow) that will be tolerated for longer periods of time in case prolonged fluid 
administration is necessary.   
 
Correction of dehydration 
Hydration status in neonates cannot be assessed by the same clinical signs or changes in 
laboratory values as the ones observed in dehydrated mature horses. Clinical signs of 
dehydration in foals may include increased skin turgor (pinch eyelids), sunken eyes, dry 
oral membranes, decreased urine output and overall weakness.  A low indirect blood 
pressure measurement (MAP < 60 mm Hg) and high urine specific gravity (>1.008) may 
help determine the presence of hypovolemia.   To rapidly rehydrate a normoglycemic 
foal, use a bolus of non-glucose containing polyionic crystalloid fluids at a rate of 20 
ml/kg (1l for a 50 kg foal) over 10-20 minutes. Up to three boluses can be administered 
with careful reassessments in between each bolus.  Balanced electrolyte solutions such as 
normosol, LRS, Ringer’s, and plasmalyte-A or 148 are designed to mimic plasma 
electrolyte concentrations and can be used in the initial treatment plan.  Blood 
electrolytes should be measured as soon as possible in order to tailor subsequent fluid 
therapy and address specific needs.  Maintenance fluid rates needs in a 50kg foal average 
100 ml/h (2.4l/day).  Higher fluid rates are needed to compensate for ongoing losses and 
lack of intake.  In a field situation, boluses of 500 ml of a balanced electrolyte solution 
can be safely administered every 4-6 h. Indications that hypoperfusion has been corrected 
are restoration of a normal mentation, MAP above 65 mm Hg, and production of urine 
with normal specific gravity.  Persistent hypoperfusion warrants the need for 
vasopressors that should be administered with constant monitoring implying a level of 
care not easily applied in a field situation.  
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Hypoglycaemia 
In neonates, it is helpful to determine if hypoglycaemia is present before starting 
rehydration as hyperglycaemia can negatively affect energy metabolism and brain 
function in particular if a hypoxic event is suspected.  If hypoglycaemia is present (less 
than 50 mg/dl), a bolus of 250 or 500 ml of a 10% glucose solution can be administered 
and followed by a maintenance rate of 2-4 ml/kg/h of 5% dextrose as deemed necessary 
by subsequent evaluations.  The goal is to keep glycaemia between 80 and 110 mg/dl. 
Keep in mind that 5% dextrose or glucose solutions are not a great long-term source of 
energy for foals.  More than 10l per day of either would be necessary to meet the resting 
energy requirements, which correspond to more than the double of the daily fluid 
requirements.  Instead, if the energy requirements are to be covered with fluids because 
of anorexia or withholding milk intake, PPN or TPN should be considered. 
 
Acid-base and electrolyte imbalances 
Foals with diarrhoea often become acidemic, either because of hyperlactatemia due to 
hypoperfusion or electrolyte disturbances.  If acidemia is still present after dehydration 
has been corrected, a dose of isotonic sodium bicarbonate (150 mEq/l of NaHCO3) 
should be administered according to the following formula: base deficit x body weight in 
kg x 0.4.  The calculated deficit should be administered slowly and not mixed with Ca 
containing fluids.  Bicarbonate can also be administered orally to compensate for ongoing 
losses (1g of NaHCO3=12 mEq HCO3). Hyponatremia is also a common electrolyte 
deficit noted in these foals.  Severe hyponatremia may result in neurologic symptoms and 
can be treated with hypertonic saline (7.2%, 2ml/kg) administered as needed for 
symptoms to resolve.  Thereafter, further correction of hyponatremia should be slower 
(no more than 0.5 mEq/l per hour).  
 
Protein losses 
Administration of plasma can be beneficial not only because it provides colloid support 
in the form of albumin, but it also contains immunoglobulins, anti-endotoxin antibodies, 
clotting factors and anti-coagulants. Ongoing losses of albumin and resulting disorders of 
the plasma oncotic pressure may be treated more effectively with artificial colloid fluids 
such as Hetastarch (hydroxyethyl starch) at a rate of 3-10 ml/kg over 30 minutes.  
Volumes of colloids should be deducted from the total volume of crystalloids 
administered.   
 
In conclusion, foal diarrhoea can effectively be managed in the field providing adequate 
support from the farm management and availability of a reliable laboratory for regular 
monitoring are present. 
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Laminitis – Current Thoughts & Treatments 
Dwayne Rodgerson, DVM, MS, Diplomate ACVS 

Hagyard Equine Medical Institute 
Lexington, Kentucky 

 

Laminitis appears to be one of the most painful disorders afflicting the equine species.  
The disease affects the digital lamellae between the hoof wall and third phalanx, and the 
term, laminitis, implies an inflammatory condition.  In acute phases of the disease, 
damage to the supporting soft tissues can be severe enough to actually result in the 
complete separation of the epidermal hoof wall from the underlying dermal lamina.  
However, the typical course of the disease is acute pain followed by a course of (or 
permanent state of) chronic pain with affected horses rarely returning to athletic function.  
The potential debilitating nature of the disease can result in the elective euthanasia in 
chronically affected horses.   
 
Laminitis is predominately a disease afflicting the mature horse, but it can rarely occur in 
the young horse.  The risk of laminitis between males and females is nearly equal, but 
castration of males has been found to decrease the incidence of laminitis by nearly half.  
Ponies appear to be at a higher risk of developing laminitis than horses, but the severity 
of the disease is often less in the pony. As well, the clinical progression of laminitis has 
been observed to advance slower in ponies than in other breeds.  The faster progression 
and increased severity in horses is probably 
related to the differences in body weight. 
 
Laminitis has been associated with many 
primary disease processes involving the 
gastrointestinal, musculoskeletal, and 
urogenital systems. In many of the primary 
disease processes, a pre-existing endotoxemia 
occurs prior to the development of laminitis.  
In the horse, endotoxemia can develop 
secondary to excessive carbohydrate ingestion, 
proximal enteritis, colitis, strangulating 
intestinal lesions, and septic metritis.  
Endotoxin has been implicated as the 
"triggering" mechanism for the release of "vasoactive mediators" that cause digital 
ischemia and compartmental fluid shifts.  
 
Pathophysiology of Equine Laminitis 
The early pathophysiologic mechanisms occurring in equine laminitis, both, locally and 
systemically (within the soft tissue lamellae) seem to be similar to those observed in 
organ damage involving human sepsis. Some newly discovered mechanisms, regarding 
leukocyte activation and leukocyte emigration into the laminar tissues, might provide us 
with new, powerful therapeutic targets. Common proposed mechanisms in the 
pathophysiology of laminitis include toxins from gram-negative and gram-positive 

Summary of Predisposing Factors 
Rations high in carbohydrates 
Post-parturient laminitis  
Retained placenta 
Severe endometritis 
Endotoxemia 
Severe intestinal inflammation & ischemia 
Trauma 
Toxins - Black Walnut shavings 
Stress 
High does of corticosteroids 
Excessive intake of cold H2O 
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bacteria, laminar inflammation, ischemia/reperfusion injury, and platelet 
activation/thrombus formation.  
 
Bacterial Toxins: Gram-Negative & Gram-Positive Toxins - Endotoxemia, commonly 
associated with systemic inflammation, seems to be a prominent feature of the majority 
of disease processes that put a horse at risk 
of laminitis. These can include abdominal 
crises (i.e., colitis, grain-overload cases, 
and ischemic lesions of the large and small 
bowel) and gram-negative infections 
(observed in some pleuropneumonia and in 
acute metritis cases). Despite a strong 
clinical association with endotoxemia in the 
majority of horses at risk of laminitis, the role of endotoxemia in the laminitic process has 
been controversial.  The controversy arises due to the fact that numerous investigators 
have not been able to detect systemic endotoxin in laminitis models, and endotoxin 
administration does not induce laminitis or the same digital hemodynamic changes 
observed in laminitis models. The inability to detect endotoxin levels in the peripheral 
circulation may be a result of certain organs (such as, liver and lung) clearing endotoxin 
from the systemic circulation.  Gram-positive toxins from streptococcal species have 
been suggested as a role in laminitis. However, an animal with a pure streptococcal 
infection rarely develops laminitis. Both gram negative and gram-positive toxins are 
probably involved in initiating the inflammatory cascade that leads to the systemic and 
local laminar changes in the horses at risk of laminitis.  
 
Lamellar Inflammation - Though laminar inflammation was initially not identified in 
the developmental stages of laminitis, recent research does support the evidence of 
marked inflammation in the developmental stages of laminitis.  Studies using the black 
walnut extract model have shown a mark increase in gene expression of pro-
inflammatory cytokines from the laminar tissue. As well, COX-2 mRNA and COX-2 
protein are increased in the developmental stage of laminitis. Interestingly, some of these 
changes in cytokine and COX-2 expression seem to peak in the developmental stage 
(characterized by the onset of leucopoenia), and begin to decrease by the time the horse 
exhibits clinical signs of digital disease. This peak in laminar pro-inflammatory cytokine 
and COX-2 expression occurs when there is no digital pulse and no increased heat in the 
foot.  Thus, treatment with anti-inflammatory drugs may need to be aggressively initiated 
before the onset of clinical signs in the equine foot.    
 
Leukocyte influx into the lamellae has recently been shown to occur in the equine digit.  
Unique to the equine digit was the lack of perivascular leukocytes (i.e., a "marginal 
pool") in the normal lamellae compared with a moderate amount of perivascular 
leukocytes present in normal skin vessels. This difference was explained by the laminar 
interstitum being protected by the hoof wall in contrast to the easily invaded skin. In the 
black walnut extract model, marked emigration of leukocytes into the laminar interstitum 
does occur. Leukocyte emigration occurred simultaneously with large increases in pro-

Equine Laminitis Pathophysiology 
Gram-Negative & Gram-Positive Toxins 
Lamellar Inflammation 
Ischemia/Reperfusion in the Lamellae 
Thrombus Formation/Platelet Activation  
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inflammatory cytokine and COX-2 expression. Thus, it seems that laminar injury may 
have the same initiating factors that are observed in organ injury in human sepsis, in 
which, activated leukocytes emigrate through the vasculature and induce many 
deleterious downstream effects. These deleterious effects are due to the production of 
numerous mediators including oxygen radicals, pro-inflammatory cytokines, and 
possibly, metalloproteases. The equine lamina has been found to have minimal 
superoxide dismutase (SOD) activity when compared to other tissues (such as, liver and 
skin). The lack of this endogenous oxygen radical scavenger probably puts the equine 
lamellae at increased risk of tissue damage by oxygen radicals released by emigrating 
leukocytes when compared to other organs in the horse at risk of laminitis. This may 
contribute to the catastrophic events being limited to the digit (as opposed to multiple 
organs in human sepsis) in most cases of equine laminitis. 
 
Ischemia/Reperfusion in the Lamellae - One of the current controversies concerning 
the pathophysiology of laminitis is whether there is too much or too little blood flow to 
the lamellae in the early stages of the disease. Several physiologic models have shown 
conflicting results, and these discrepancies in blood flow between models are probably 
caused by the presence of arteriovenous shunting, which may allow for increases in 
digital blood flow simultaneously with decreased laminar perfusion.  A black walnut 
extract model looking at the expression of various genes observed in ischemia did not 
support the pattern of expression expected for ischemia.  
 
Thrombus Formation/Platelet Activation in Equine Laminitis - Thrombi formation 
within the laminar circulation has been proposed in the pathophysiology of laminitis. 
Thrombi have been identified in vessels of laminitic digits of both horses in which 
laminitis was induced experimentally and in clinical patients. Additionally, an inhibitor 
of platelet aggregation was effective in reducing the incidence of laminitis in an 
experimental laminitis model. In human sepsis, platelet activation and adhesion to the 
vascular endothelium may promote leukocyte emigration in the equine laminar tissue. 
Thus, platelets are likely to play a role in the early disease process, but the initial role 
may be more associated to promoting leukocyte emigration than the formation of 
thrombi. 
 
The biomechanical forces which contribute to the normal integrity of the foot include: 1) 
the epidermal and dermal laminar attachments, 2) downward vertical load of the bony 
column of the limb, 3) proximal-palmar traction applied by the deep digital flexor tendon 
to the third phalanx, and 4) the proximal dorsal pull of the common digital extensor 
tendon.  Laminitis alters the normal integrity between these biomechanical forces and 
causes the gross and radiographic changes observed with chronic laminitis. 
Clinical signs of acute laminitis most commonly begin within 24 to 72 hours after the 
onset of a disease process. The initial clinical signs typically include increased digital 
pulses and warmth to the hoof wall. Clinically, horses may also be depressed and 
anorexic. The disease generally affects both fore limbs, but can involve all four limbs, 
only the hind limbs, or just one limb. Lameness may occur simultaneously or may follow 
the initial clinical signs. The degree of lameness may vary from a stiff gait to a total 
resistance to move. Laminitic horses may alternate the weight-bearing load between the 
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front feet, and muscle tremors may be observed in the upper limbs. Grading the degrees 
of lameness associated with laminitis is commonly based on a scale developed by Obel, 
who proposed horses fall into four categories - established on the degree of lameness 
associated with the disease.  The only time I really use the Obel Grades is to describe the 
clinical case to insurance companies on select horses.  
 

 
Diagnosis of horses with laminitis is generally made based on the clinical history, clinical 
signs, degree of lameness and radiographic findings.  The characteristics of the horses 
gait is often enough to confirm the diagnosis of laminitis. Classically, the application of 
hoof testers over the toe region generally elicits a painful response in laminitic horses.  In 
cases of acute distal displacement of the third phalanx, a depression of variable depth 
may also be present in the dorsal coronary groove. Perineural anesthesia improves the 
degree of lameness with an abaxial sesamoid nerve block.  Some recommend the use of 
lidocaine instead of carbocaine to minimize the time the perineural anaesthesia lasts to 
prevent further disruption of the laminar tissue. Some discourage the use of local 
anaesthesia in laminitic horses due the same reason of minimizing laminar damage.  
 
Lateral-medial and horizontal dorsal-palmar radiographic views should be obtained 
initially to assess the position of the third phalanx and establish a baseline for future 
comparisons. The lateral-medial radiograph can evaluate the degree of rotation and the 
sole thickness. The horizontal dorsal-palmar radiographic view is assessed for any "gas 
lines" present in the medial and/or lateral quarter, and to assess for the rare instance in 
which P3 sinks unilaterally (medial or lateral). The degree of distal phalanx displacement 
can also be assessed by three methods.   
 
Method 1: Measures the soft tissue thickness dorsal to the third phalanx divided by the 
palmar cortical length (60 mm for a TB). Using these criteria, the occurrence of distal 
displacement of the third phalanx on lateral medial radiographs is based on a 
measurement greater than 28%.  

OBEL GRADES 
 
Grade I Laminitis - the horse lifts his feet incessantly and alternately; no lameness is 
noted at the walk, but at the trot the horse has a shortened and stilted gait.   
 
Grade II Laminitis - the horse is willing to move, but now has the characteristic gait 
of laminitis (front feet placed out front and the hind legs extended up under the body 
to help carry the load); a forefoot may be lifted without difficulty.   
 
Grade III Laminitis - the horse shows a reluctance to move with vigorous resentment 
having a front foot lifted off the ground.  Irreversible laminar changes occur within 12 
hours of the onset of Obel Grade 3 lameness 
 
Grade IV Laminitis - the horse will only move when forced.   
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Method 2: Measures the soft tissue thickness dorsal to the third phalanx and if greater 
than 18 mm then this suggests the occurrence of distal displacement of the third phalanx. 
In most breeds, 18 mm is the reference measurement, but in larger breeds, 20 mm is used. 
 
Method 3: Place a marker on the dorsal midline of the coronary band.  Draw a line 
through the marker and make it parallel to the ground surface. Measure from the extensor 
process to the line and this measurement should be less than 10 mm in horses without 
distal displacement of the third phalanx.  
 
TREATMENT 
It is important to understand that every case is different and every case potentially 
responds differently to therapy. The term laminitis basically encompasses all variations of 
severity, and this I feel is confusing to owners, farriers, and veterinarians.  I personally 
wish we had a common method to categorize the mild cases from the severe cases to help 
clients make a more humane decision involving a particular case. Caring clients are 
continually told about this case or that case that responded to this treatment or the 
services of this veterinarian or that farrier, but in reality, they have a horse that has 
significant laminar damage.  It is important to understand that some cases will not 
respond favourably and will end with the humane destruction of the horse. Both the 
veterinarian and farrier should work closely together during the acute and chronic phases 
of laminitis.   
 
Acute severe laminitis is considered a medical emergency and early and aggressive 
treatment is aimed at minimizing laminar damage. Medical treatment of the acute 
laminitis case has included the use of various drugs to address the different proposed 
pathophysiologic mechanisms. Anti-inflammatory agents commonly used include 
phenylbutazone, flunixin meglumine, and ketoprofen.  These three drugs are all non-
selective COX-1/COX-2 inhibitors and recently COX-2 selective nonsteroidal anti-
inflammatory agents (NSAIDs) are being introduced.  Flunixin meglumine is 
recommended in the acute phase due to the anti-inflammatory and anti-endotoxin effects.  
Higher doses of these agents may be used initially, but close attention should be paid to 
ensure the horse is well hydrated.  The horse should be placed on anti-ulcer medication, 
and laboratory values should be obtained to access renal function every 48 to 72 hours. In 
the horse demonstrating renal compromise or signs of gastrointestinal ulceration, 
ketoprofen may be indicated due to its markedly increased margin of safety when 
compared with flunixin or phenylbutazone. Because of the margin of safety, some will 
give ketoprofen at a dosage of (2.2 mg/kg IV) QID. 
 
Providing analgesia can also be accomplished using Fentanyl patches.  Fentanyl is a 
relatively short acting potent mu agonist opioid that has not been widely used in the 
horse. It is available in a patch formulation for transdermal administration. In horses, 
transdermal fentanyl patches lead to rapid uptake and achieve plasma fentanyl 
concentrations that would be analgesic in other species. Improved pain relief has been 
reported when fentanyl patches were used to supplement previously inadequate NSAID 
analgesia.  
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Analgesia could be enhanced using a recently described "pentafusion" or “MAD-KL 
CRI”, which is a combination of ketamine, morphine, lidocaine, detomidine, and 
acepromazine (Eric Abrahamsen, BEVA Proceedings, 2005). This CRI is given by 
combing the drugs into two bags. The CRI could help minimize the deleterious effects of 
high doses of NSAIDs used for analgesic purposes.  Because some of these drugs can 
also affect gastrointestinal motility, horses need to be monitored closely for 
gastrointestinal problems (such as, impactions of the large colon and cecum). 
Importantly, too much pain relief can potentially cause the horse too stand and move 
more, thus, possibly leading to more laminar damage and separation. 
 
In acute cases of laminitis, digital "cryotherapy" (hypothermia) may help minimize some 
of the deleterious effects of inflammation by decreasing gene expression of pro-
inflammatory mediators.  The affected feet should be aggressively kept cool in the initial 
acute phase of laminitis.  Ice baths can be used two to four times daily using a simple 
method of using old five-litre fluid bags secured to the pastern.  
 
Acepromazine has been described as improving digital blood flow but recent work shows 
that it is only effective if given intravenously (not intramuscularly).  Other drugs that can 
be used, but there efficacy in the horse has been questioned include pentoxifylline, 
dimethyl sulfoxide (DMSO), nitroglycerin paste, and isoxsuprine.  The author does not 
routinely use these medications unless the referring veterinarian requests them.  
 
Venograms can be performed, but I do not routinely perform them. Venograms may 
provide information about the severity of the clinical case, and thus, aid in helping 
determining the prognosis. Some believe venograms provide a short period of analgesia, 
but the exact mechanism is unknown. Some insurance companies may also request a 
venogram in select cases. 
 
Stem cell therapy has been used in cases of laminitis. Regional profusion of the stem cells 
is the recent method of delivering the stem cells. Some individuals are stating tremendous 
success (close to 90%) in cases of circumferential loss of laminar tissue (sinkers), but 
veterinarians in the scientific community who extensively research laminitis are very 
skeptical.   
 
Hoof care during acute and chronic cases of laminitis is critical in preventing rotation and 
distal displacement of the 3rd phalanx. As well, protection of the sole can help prevent 
the possible development osteomyelitis involving the third phalanx. The three general 
principles that most veterinarians recommend for management of the laminitic foot are 
listed below. (1) The sole of the foot should be supported to minimize distal displacement 
of the third phalanx. A general recommendation is to support the entire sole caudal to the 
point of the frog with a somewhat stiff but resilient substance. (2) The breakover point is 
brought caudally to minimize the stress on the dorsal hoof wall lamina. (3) Minimizing 
the tension from the deep digital flexor tendon also minimizes the stress on the dorsal 
lamina and this is achieved by elevating the heel.  
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Methods described for solar support are numerous and have included sand, soft and deep 
bedding, hoof packing with rubber or soft padding, and frog support (rolled gauze, rubber 
pads or heart bar shoes).   In acute cases, management of the foot is very important to 
minimize stress on the laminar tissue.  The feet should be initially treated to minimize the 
inflammation in the foot. Because the feet are being iced frequently, it is better to have 
the feet in pads or support shoes that are easy to remove.  In the initial acute phase, sole 
support pads may be provided using 2-inch high-density industrial Styrofoam insulation 
or commercial support pads. The Styrofoam insulation will need to be changed frequently 
during the first 3 to 5 days.   If the horse has shoes, I do try to remove the shoes in the 
acute phase.  If you do not have access to either of the Styrofoam insulation or 
commercial support boots, then deep bedding will work well.  Sand still works very well 
in providing solar support and helps keep the foot dry.  Other options include peat moss 
or wood shavings.   
 
Foot casts applied only around the sole and hoof wall can potentially minimize hoof wall 
expansion and minimize the shearing forces on the digital lamina. In severe cases, half-
limb cast support has been used to provide relief involving distal displacement of the 
third phalanx. I do not recommend pin cast support for laminitis.  
 
Once a horse moves into the chronic phase of laminitis, the same principles are applied in 
regards to supporting the foot, but very slow correction of the rotation can begin. I 
recommend not doing too much at one time.  Some cases may never have normal 
radiographs and aggressive trimming to achieve this may result in further progression of 
the laminitis.  The methods described for managing the laminitic foot varies as much as 
the numerous medications recommended for laminitis. The farrier plays a very important 
role in this stage of laminitis. During the chronic phase, the sole of the foot should be 
supported and protected and this varies based on sole thickness and potential degree of 
rotation/displacement of P3. The breakover point of the foot is brought caudally to 
minimize stress on the dorsal hoof wall lamina. This can be accomplished by trimming 
and application of various shoes that move the breakover caudally. As in the acute phase, 
minimizing the tension from the deep digital flexor tendon can be achieved by elevating 
the heel by using wedges or shoes with heel elevations.  
 
In select cases, tension from the deep digital flexor tendon can be eliminated by 
performing a deep digital flexor tenotomy. Indications for a deep digital flexor tenotomy 
are horses, which continue to show signs of pain, and are refractory to other pain 
management treatments. Although the surgery can result in dramatic improvement in 
refractory cases, the tenotomy can result in subluxation of the coffin joint. The surgery is 
most commonly performed in the midmetacarpal region, but can also be performed at the 
pastern.  Subjectively, I have seen the use of this procedure decline over the last ten to 
fifteen years. I have seen some develop a distal limb contracture following a tenectomy.  
These horses may require a second tenectomy to alleviate the pain from the contracture.  
The prognosis for horses with laminitis varies considerably. In one report, approximately 
25% of horses affected returned to athletic soundness, and the mortality rate approached 
50%.  Many factors should be considered when assessing a horse’s ability to recover from 
laminitis.  The severity of the initiating cause of laminitis, body weight, degree of pain, 
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degree of palmar rotation or distal displacement of the third phalanx, financial and 
economic commitment of the owner, the clinical course of laminitis, and the 
biomechanical forces acting on the foot are important indicators in determining the 
prognosis for individual animals. Horses that lie down and stay off their feet will 
generally do better than horses that are reluctant to lie down.  
 
The ability of a horse to return to athletic soundness has been shown to be inversely 
proportional to the degree of distal phalanx rotation.  Using lateral to medial radiographs, 
researchers at Michigan State found that horses with less than 5.5 degrees of rotation 
were more likely to return to athletic function. Horses with greater than 11.5 degrees of 
rotation could not be used for performance. In a retrospective study, the degree of distal 
phalangeal rotation was found to be of a minimal prognostic value when considered 
independent of other clinical signs.   
 
Ventral or distal displacement of the third phalanx justifies a poorer prognosis than does 
palmar rotational of the third phalanx.  Horses with distal displacement of the third 
phalanx have a greater than 50% mortality rate. Predicting the clinical course of laminitis 
is difficult, as variations in these parameters, exist between for each case. 
 
 
Pentafusion Protocol: 

 
MAD-KL CRI  
See Abrahamsen EJ (2005) Proc 44th BEVA Congress 195-196, 241-242  
Lidocaine 3mg/kg/hr  
Ketamine 0.6 mg/kg/hr  
Morphine 0.025 mg/kg/hr  
Acepromazine 0.002 mg/kg/hr  
Detomidine 0.004 mg/kg/hr 
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Summary

Introduction

Chronic laminitis is a frustrating and often disheartening
disease for veterinarians, farriers and horse owners to
manage. Our ability to rehabilitate horses with laminitis,
despite the type of farriery employed, is related to the
severity of damage to the lamellae (Hunt 1998). For this
reason, treatment failures with any given methodology are
commonplace. Chronic laminitis is defined by the
presence of mechanical collapse of the lamellae and
displacement of the distal phalanx within the hoof capsule
(Hood 1999). The various forms of displacement of the
distal phalanx recognised are: dorsal capsular rotation,
distal displacement (sinking) medial or lateral
displacement of the distal phalanx or any combination of
the above (O’Grady et al. 2007a; Parks and O’Grady
2008). The most common type of displacement
encountered is dorsal capsular rotation. If dorsal capsular
rotation is severe, the instability of the distal phalanx
combined with the weight of the horse often leads to
prolapse of the sole or penetration of the distal phalanx
through the sole. The wooden shoe has become another
farriery option that has been found to be a consistently
successful method to address dorsal capsular rotation 
(Fig 1) (Steward 2003; O’Grady et al. 2007a). The wooden
shoe allows the distal phalanx to be realigned, has all the

mechanical components of other farriery systems
previously advocated for the treatment of chronic laminitis
yet may possess many additional advantages over
previous methods used. One major advantage may be its
ability to distribute weightbearing evenly over a specified
section of the foot due to its flat solid construction.

Other advantages are:
• Readily accessible materials
• Simplicity of construction
• Mechanics such as breakover and heel elevation can

be fabricated into the shoe
• Nontraumatic application
• Bevelled perimeter of the shoe concentrates the load

under the distal phalanx
• Solid base of shoe allows maximum recruitment of

surface area in the palmar/plantar section of the foot
to accept load

• Solid base combined with an appropriate Silastic
material places even pressure and load across the
palmar/plantar section of the foot

• Heel elevation, when necessary, can be applied in a
uniform manner 

• Easily altered according to the radiographic guidelines
and structural requirements of individual foot
conformation.

Radiology

The lateral radiograph has always been considered the
‘gold’ standard for evaluating chronic laminitis but it does
not allow identification of asymmetrical medial or lateral
distal displacement (O’Grady et al. 2007a; Parks and
O’Grady 2008). Therefore, the authors consider it crucial
that a dorsopalmar (0° dorso palmar) radiographic
projection must be included as part of the radiographic
study for either acute or chronic laminitis. This allows the
examiner to evaluate the distal phalanx in both a dorsal
palmar plane and a medial lateral plane. High quality
radiographs are required to visualise the osseous structures
within the hoof capsule as well as the hoof capsule itself.
Radiopaque markers can be used to determine the
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2 The wooden shoe as an option for treating chronic laminitis

position of the distal phalanx in relation to surface
landmarks. 

The radiographic features of chronic laminitis are well
documented (Redden 2003). The following observations
from the lateral radiograph are important in accessing the
severity, determining the prognosis and guiding treatment:
the thickness of the dorsal hoof wall; the degree of dorsal
capsular rotation; the angle of the solar surface of the
distal phalanx relative to the ground; the distance
between the dorsal limit of the solar margin of the distal
phalanx and the ground; and the thickness of the sole.

The dorsopalmar radiograph is examined to determine
the position of the distal phalanx in the frontal plane.
Asymmetrical distal displacement of the distal phalanx on
either the lateral or medial side is present if an imaginary
line drawn across the articular surface of the distal
interphalangeal joint or between the solar foramina of the
distal phalanx is not parallel to the ground, the joint space
is widened on the affected side and narrowed or
compressed on the opposite side, and the width of the
hoof wall appears thicker than normal on the affected

side. If the position of the coronary band is visible on the
radiograph, then the distance between the coronary
band and the palmar processes of the distal phalanx will
be greater on the affected than the unaffected side 
(Fig  2). The aetiology, diagnosis and management of
asymmetrical distal displacement of the distal phalanx will
be considered in a subsequent paper.

Fig  2: Radiograph of asymmetrical distal displacement of the
distal phalanx on the medial side. Note that the red line drawn
through the solar foramens is not parallel with the ground. Also
note the disparity in the joint space from the lateral to the medial
side (yellow arrow).

Fig 3: a) The basic wooden shoe where the proximal piece is cut
vertical and the thicker piece is cut on a 45° angle. Note the
wedge pad attached to the wooden shoe for heel elevation if
necessary. b) An expanded view of the construction of the
wooden shoe.

a)

b)

Fig 4: Ethyl vinyl acetate (EVA) glued to a 1⁄2 inch section of
plywood and sanded into a dome shape. Note the leather pad on
the foot surface of the wooden shoe, which is cut in the form of a
‘W’ to further unload the toe.

Fig 1: A wooden shoe attached to a hoof model. Note the
mechanics incorporated in the shoe - bevelled perimeter of the
shoe for lateral/medial breakover, extended dorsal to palmar
breakover and heel elevation.

Fig 5: Wooden shoe fabricated from a single piece of plywood.
Note the recess in the foot surface of the shoe created with a
router used to remove pressure from the dorsal aspect of the foot.

Wedge

0.95 or 0.64 cm

1.1 cm



 
 

106 

Goals of treatment for chronic laminitis 

Trimming and shoeing has always been the ‘mainstay’ of
treating chronic laminitis and is directed toward
reducing/removing the adverse forces on the
compromised lamellae. In considering hoof care in horses
with chronic laminitis, there are 3 goals for therapy: to
stabilise the distal phalanx within the hoof capsule; to
control pain; and to encourage new hoof growth to
assume the most normal relationship with the distal
phalanx as possible. Realignment of the third phalanx to

create a better relationship of the solar surface of the
distal phalanx with the ground is used as the basis for
treating chronic laminitis (Redden 1997; Parks 2003;
O’Grady 2006). Applying the wooden shoe following this
procedure compliments the realignment of the distal
phalanx and appears to decrease the forces on the
lamellae due to the bevelled perimeter of the shoe. The
same shoeing principles are applied to the wooden shoes
that are applied to other shoeing methods used in treating
chronic laminitis which are to recruit ground surface,
reposition the breakover palmarly and to provide heel
elevation as needed (Parks 2003; O’Grady 2006).

S. E. O’Grady and M. L. Steward 3

Fig 6: A wooden shoe with the thinner section of plywood cut in the
shape of a ‘W’ to distribute the weight under the palmar area of the
foot and unload the dorsal toe. A wedge pad has also been cut in
the shape of a ‘W’ and added to the shoe for heel elevation.

Fig 7: a) Schematic illustration of a radiograph with dorsal capsular
rotation showing the lines drawn parallel to the solar surface of the
distal phalanx and the line drawn parallel to the dorsal surface of
the distal phalanx (Illustration courtesy of Andrew Parks, University
of Georgia, USA). b) The illustration applied to a radiograph with
dorsal capsular rotation. Black line represents the widest part of
the foot.

a)

b)

Fig 8: Wooden shoe being further secured to the foot using screws
as struts and 5 cm fibreglass casting tape.

a)

c)

b)

Fig 9: a) Application of a wooden shoe with impression material.
Black line is the widest part of the foot. Red line denotes the point
of breakover on the ground surface of the shoe. b) A wooden shoe
fabricated from a single piece of plywood with the same
guidelines as shown in (a). c) Radiograph of foot following the
application of a wooden shoe. Again, note that the black line is
the widest part of the foot; the red line denotes the point of
breakover on the ground surface of the shoe. 
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4 The wooden shoe as an option for treating chronic laminitis

Construction of the shoe

The authors chose wood due to its accessibility, light
weight, the ease with which it can be constructed and
shaped (both before and after application) and its ability
to dissipate energy at impact while remaining rigid (Reid
1994; Steward 2003; O’Grady et al. 2007a). The wooden
shoe can be constructed in 2 ways. A wide web aluminium
shoe with a broad toe that is available in sizes 00 to 5 is
used as a template1. The basic shoe can be made from 
2 pieces of plywood. One piece of plywood is 0.64–
0.95 cm thick and the second piece is 1.91 cm thick. Using
the aluminium shoe as a template, the thinner piece of
plywood is cut out with a vertical border while the thicker
piece is cut out with the border bevelled at a 45° angle
using an angle saw2. As a modification to the basic
pattern, the palmar or heel section of the wooden shoe
can be cut at a 15, 30 or 45° angle or left straight if desired.
The 2 pieces of plywood are glued together with the
thinner portion proximal and two 2.54 cm drywall screws or
wood screws are used to secure the 2 pieces together. A
wood rasp or belt sander is used to blend the cut angles
into a uniform slope (Figs 3a,b). Alternatively, the shoe can
also be fabricated from a single piece of 2.86 cm plywood
(purchased as sub-flooring plywood) using the same
technique as described above. 

Recently, one author (M.L.S.) has occasionally
substituted ethyl vinyl acetate (EVA) for the thicker 1.91 cm
section of plywood and bevelled it in a similar manner. EVA
is an extremely elastic material that can be sintered to
form a porous material similar to rubber, yet with excellent
toughness. The compressibility and wearability of this
material allows ‘selective’ loading on the ground surface
of the shoe which appears to further decrease the stresses
on the lamellae and increase comfort (Fig 4). Additional
layers of plywood, rubber or EVA can be added to
increase the height of the wooden shoe when desired.
Shoe height is dictated by the conformation of the hoof
and the amount of displacement of the distal phalanx
present; i.e. the greater the rotation of the distal phalanx,
the more shoe height is necessary in order to achieve a
more palmar placement of breakover. If the sole is
prolapsed or the distal phalanx has penetrated the sole, a
recess can be created in the dorsal surface of the shoe by
cutting a half moon shape in the thinner piece of plywood
using a router under the prolapsed tissue or a hand grinder
can be used to create a trough in the shoe below the
area of the sole or bone that has prolapsed (Fig 5). 

The same end can be achieved by cutting the thinner
piece of plywood or a leather pad in the shape of a ‘W’
and then attaching it to the thicker section of plywood as
described above (Fig 6). If heel elevation is required, the
heels can be raised accordingly by applying a wedge
pad to the hoof surface of the wooden shoe. The angle of
the wedge is usually 2–4° depending on the amount of
heel horn removed. The wedge pad is attached to the
shoe with 2.54 cm drywall screws or wood screws. An

alternative method to raise the heels is to cut the ground
surface of the wooden shoe itself at an angle to the hoof
surface.

Application of the shoe

A generalised outline will be used to describe the
preparation of the foot and application of the wooden
shoe in horses with dorsal capsular rotation; bear in mind
each case of chronic laminitis must be treated on an
individual basis. The foot must be trimmed appropriately,
and the shoe sized and positioned in relation to the
underlying distal phalanx regardless of the conformation
of the hoof. Therefore, measurements must be made from
a lateral radiograph taken prior to shoeing as a guide. To
use the radiograph for guidance, a vertical line is drawn
from the center of rotation of the distal end of the second
phalanx to the ground. This line should correspond to the
widest part of the foot and can be used as a landmark on
the foot to begin the trim. Next a line is drawn parallel to
the solar border of the distal phalanx, starting 15 mm distal
to the palmar process of the distal phalanx and continuing
dorsally. The hoof wall to be removed in the heel area can
be determined from the mass below this line. A second line
is drawn 15 mm dorsal and parallel to the dorsal surface of
the distal phalanx; this line is used to align the dorsal hoof
wall with the parietal surface of the distal phalanx (Fig
7a,b) (Parks 2003; Parks and O’Grady 2003; O’Grady 2006).

The trim

The initial step is to trim the heels and quarters of the wall
as well as the angle of the sole to coincide with the first line
drawn on the radiograph. Any exfoliating horn is removed
from the frog and the bars are trimmed on an angle to
widen the sulci. If possible, the ideal end product is to have
the hoof wall at the heels and the frog trimmed so that
they are on the same plane. This alone increases the
ground surface in the heel area and thus the ability to
accept load. If the foot can be trimmed to coincide with
the line drawn parallel to the solar surface of the distal
phalanx, the palmar aspect of the ground surface of the
foot will be on a different plane to the dorsal aspect of the
ground surface, which will often unload the dorsal section
of the foot. The dorsal hoof wall is trimmed to approximate
the line drawn parallel to the parietal surface of the distal
phalanx to create a more acceptable alignment
between the dorsal hoof wall and the parietal surface of
the distal phalanx. 

Following the trim, the foot is placed on the ground
and the horse is observed for any additional discomfort.
Additionally, the horse is observed to see whether the heel
of the foot is touching the ground at rest, and whether the
horse lands markedly toe first as the horse moves in a
straight line. If any of these signs are present, heel
elevation will be necessary to compensate for the
increase in tension in the deep digital flexor tendon
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caused by lowering the heels of the hoof capsule. Heel
elevation is generally used if a flexural deformity involving
the distal interphalangeal joint described as phalangeal
rotation is noted radiographically (O’Grady et al. 2007b).
(Capsular rotation describes the divergence of the dorsal
hoof wall from the dorsal parietal surface of the distal
phalanx independent of the relationship of the distal
phalanx with the phalangeal axis whereas phalangeal
rotation describes rotation of the dorsal surface of the
distal phalanx palmarly/plantarly from its normal
orientation and relationship with the first and second
phalanges.) The trim should never violate normal farrier
practices, such as invading sensitive tissue.

Fitting the shoe

A line is drawn across the widest part of the trimmed foot.
Next, the foot surface of a wooden shoe is measured from
dorsal to palmar and then a line is drawn across the
middle of the shoe from lateral to medial. The correct size
of the shoe is determined by superimposing the line drawn
across the foot and the line drawn on the shoe on top of
each other; the appropriate size shoe will extend from the
line drawn across the foot to end of the heel or 0–8 mm
palmar to the heel. Using a 1.98 mm drill, a guide hole is
drilled through the lateral and medial side of the hoof wall
at the widest part of the foot and a 1.5 inch drywall screw
or wood screw are placed in each hole and screwed in
until just visible on the ground surface. To recruit the sole,
bars, frog, and sulci for weightbearing, deformable
impression material3 is applied to the palmar/plantar
section of the foot of the foot. 

The shoe is now set in place on the ground surface of
the foot and attached using the 2 dry wall screws or wood
screws. The foot is placed on the ground and allowed to
bear weight in order for the impression material to conform
between the palmar section of the foot and the shoe in
the optimal form. Two or 3 more holes are drilled through
both sides of the hoof wall and the shoe is secured in
place using additional screws. These holes may be
predrilled from the solar surface of the foot if desired to
ensure accurate screw placement in the wall. If the mass
of the hoof wall is insufficient or if the quality of the hoof
wall is insufficient to hold the screws, screws can be
placed in the wooden shoe against the outer surface of
the hoof wall to act as struts and 5 cm casting tape4 is
used to form an attachment between the hoof wall,
screws and wooden shoe (Fig 8). With the foot on the
ground, a vertical line is drawn from the dorsal aspect of
the coronary band to the ground. The point where the line
meets the ground is where the breakover point of the shoe
should be positioned (Figs 9a,b,c). This point will usually be
just dorsal to the dorsal limit of the solar margin of the distal
phalanx. Setting the breakover to this point in the shoe is
easily accomplished using a hoof rasp with the foot being
held in the farrier position. Deep digital tenotomy has been
the recommended treatment when penetration of the

distal phalanx through the sole has occurred secondary to
dorsal capsular rotation. One author (S.E.O.) has observed
that the wooden shoe has provided an alternative and
often better means to treat this condition without surgery.

Prolapse of the sole or penetration of the
distal phalanx

If the sole bulges distal to the level of the hoof wall or if the
distal phalanx has penetrated the sole, the foot is trimmed
to establish realignment, the wooden shoe is fitted to the
trimmed foot and heel elevation is applied to the shoe to
decrease the forces on the deep digital flexor tendon
(Redden 1997). Before applying the shoe, the wooden
shoe is placed against the solar surface of the foot and
pressed against the sole or the exposed corium of the
distal phalanx. The moisture of the tissue or a suitable dye
applied to the corium will create an impression on the foot
surface of the wooden shoe which can then be cut out
using a router or a trough can be created with a grinder as
illustrated in Figure 5. The shoe is now applied with screws
and fibreglass tape, being sure the impression material is
concentrated palmar to the apex of the frog and not
allowed to migrate dorsally. A window can be created in
the fibreglass tape and the affected area can be packed
with an appropriate antiseptic from the front of the shoe.  

Conclusions 

The authors have used the wooden shoe in their combined
practices for the past 5 years and found this technique
provides another very consistent farriery option when
treating a horse with chronic laminitis. Removing the stress
on the lamellae has always been difficult with traditional
shoes used to treat chronic laminitis as the shoe is placed
under the hoof wall concentrating the load on the
compromised lamellae. The solid plane of the wooden
shoe, combined with the impression material allows load
sharing across the ground surface of the foot especially in
the palmar section of the foot and appears to decrease
the load borne by the hoof wall. This concept of load
sharing is very helpful in horses with foot conformation that
has limited hoof mass in the palmar section of the foot.
Furthermore, cutting the perimeter of the wooden shoe at
a 45° angle around the circumference of the foot is
thought to decrease the lateral/medial torque on the
lamellae especially when the horse turns (Steward 2003;
O’Grady et al. 2007a). Therapeutic shoes used for treating
chronic laminitis are often deficient in providing sufficient
breakover and heel elevation due to the physical limits of
the particular shoe whereas increasing the height of the
wooden shoe allows the desired mechanics to be
fabricated into the shoe. Shoe height enhances
mechanical advantages as it allows dorsal breakover,
lateral medial breakover and heel elevation to be
incorporated into the shoe in a uniform manner. Creating
a recess in the shoe under the distal phalanx in the toe
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6 The wooden shoe as an option for treating chronic laminitis

area relieves the load on dorsal aspect of the foot while
the weightbearing function is concentrated in the palmar
section of the shoe. When displacement of the distal
phalanx within the hoof capsule is severe, the wooden
shoe seems to be an excellent method to as a transient
treatment to build sufficient hoof mass (wall and sole) to
where a more conventional shoe can be applied or the
horse can remain barefoot.

Manufacturers’ addresses

1EDSS Inc, Penrose Colorado, USA.
2Sears, Roebuck and Co., Hoffman Estates, Illinois, USA.
3Equilox International, Pine Island, Minnesota, USA.
43M Animal Care Products, St Paul, Minnesota, USA.
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Summary

The strong association between sheared heels and a
spontaneous quarter crack is hard to ignore. Although
inappropriate farriery may play a role, limb conformation
and the landing pattern of the horse appear to be the
dominant factors causing this type of hoof capsule
deformation. The importance of determining the
underlying cause and implementing the appropriate
farriery cannot be over emphasised when managing a
quarter crack associated with a sheared heel. The repair of
spontaneous quarter cracks will be of little value, and the
defect will have a tendency to recur, unless the cause is
identified and rectified.

Introduction

Sheared heels as a clinical entity and a cause of lameness
were first described in the veterinary literature 35 years ago
(Moyer and Anderson 1975). A sheared heel is defined
as a hoof capsule distortion resulting in a proximal
displacement of one quarter/heel bulb relative to the
contralateral side of the hoof (Turner 1992). The disparity
between the lateral and medial quarter/heel bulb is
generally 0.5 cm or more and is measured from the
coronet to the ground or to the shoe. When the weight of
the horse is not distributed uniformly over the entire hoof
during the landing and/or weightbearing phase of the
stride, one section of the foot, usually a heel bulb and
accompanying quarter, receives a disproportionate
amount of the total load. This repetitive disproportionate
load causes the proximal displacement of the heel/quarter
of the hoof capsule while the increased compressive
stresses placed on the submural tissue in this area
predispose the foot to various injurious conditions including
a quarter crack (O’Grady 2002, 2005). While the diagnosis
of a sheared heel is straightforward, the aetiology of the

condition may be misleading and the farriery employed in
the treatment is often based on opinions. Sheared heels
appear to develop as an adaption-distortion of the hoof
capsule as a consequence of limb conformation that
results in an abnormal strike and loading pattern of the
foot on the ground. Prevention or treatment of abnormal
limb conformation is only possible in the foal; therefore in
mature horses, therapy is directed toward managing the
distortion of the hoof capsule. Spontaneous quarter cracks
are a common cause of decreased athletic performance
in competition horses and frequently lead to foot lameness
(O’Grady 2001a; Moyer 2003; Castelijns 2006) (Fig 1). A true
quarter crack originates at the coronet, extends distally
through the full thickness of the hoof wall into the dermis,
leading to instability, inflammation and/or infection. These
cracks can be painful due to infection or, more commonly,
the ‘pinching’ of the underlying dermis as a result of the
movement of the unstable hoof wall. This ‘pinching’ occurs
due to the vertical movement of the heel bulb and the
outward movement of the entrapped ungual cartilage,
axial to the origin of the quarter crack, during the loading
of the foot. The recurrent nature of quarter cracks involving
performance horses presents a challenging and often
frustrating problem for equine veterinarians, farriers and
horse owners, as these horses often need to continue to
compete.

Many causes of quarter cracks have been described,
such as trauma to the coronet, pre-existing damage to the
dermis from infection, abnormal hoof conformation, short
shoes, inappropriate farrier practices or an abnormal
landing pattern when the foot strikes the ground (O’Grady
2001b). Yet the most consistent finding in all quarter crack
cases is a foot conformation with a sheared heel on the
side of the hoof with the defect and an abnormal strike
pattern observed during the impact and loading phase of
the stride. In fact, it is extremely rare to find a spontaneous
quarter crack (as opposed to a crack due to outside
trauma, such as a wire cut) that is not associated with this
type of hoof capsule distortion. Various materials and*Corresponding author email: sogrady@look.net
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techniques exist for stabilising and repairing hoof cracks,
but none will be successful in the case of spontaneous
quarter cracks, unless the cause of the hoof wall defect is
determined and addressed through basic farriery, as these
originate from the coronet, from the inside outwards
(Moyer 1983; O’Grady 2001b; Moyer 2003; Castelijns 2006;
McKinlay 2009). This paper will discuss the proposed
aetiology leading to the hoof capsule distortion termed
sheared heels and its correlation with quarter cracks, along
with the farriery methods used in the authors’ joint
practices to address sheared heels.

Structural changes to the foot

The equine hoof capsule is a viscoelastic structure that has
the unique ability to deform when weight is accepted
uniformly (Parks 2003). However, if an unequal load is
continually placed on one quarter/heel, over time,
structural changes will become apparent. The increased
load on one side of the foot causes the hoof wall to
assume a steeper angle, i.e. the wall becomes straighter.
This is a predictable response to increased load. Along with
the increased hoof wall angle, other changes such as
contracture of the heel subjected to the greater load will
soon follow. The narrow heel will decrease the ground
surface of the foot resulting in a lack of expansion on that
side of the foot, making the solar surface in the palmar/
plantar section of the foot asymmetrical. Over time, the
hoof wall begins to ‘roll under’ on the affected side, which
further decreases ground surface under that area of the
foot. The side of the foot that first impacts the ground
develops an outward flare due to bending of the hoof
tubules (Fig 2).

Over time, the stresses placed on the overloaded side
of the foot exceed the ability of the hoof wall to deform
and a distortion will occur (Parks 2003). This overload results
in the coronet at the heel quarter and heel to be displaced
proximally. Not only is the coronet displaced proximally but

those structures located axially from the coronet to the
middle phalanx are also displaced proximally and
compressed, and this section of the foot becomes narrow
(Fig 3). The submural tissue on the affected side may be
subjected to excessive compressive forces that lead to
stretching or tearing of the lamellae resulting in
haemorrhage. It is thought that the exudation of fluid in the
submural tissue increases pressure and will eventually
disrupt the coronary corium contributing to the formation
of a defect. Furthermore, a recent study of horses with
quarter cracks, showed the free margin of the ungual
cartilage above the coronet at the site of the crack to be
<15 mm, as a result of the proximally displaced quarter/
heel (Castelijns 2006). This lack of free margin appears to
interfere with the abaxial expansion of the ungual
cartilage when the foot is loaded, leading to increased
pressure in the sheared heel and trauma to the adjacent
coronet.

Mechanism

The presence of a sheared heel indicates a
disproportionate weight distribution over a section of the
hoof that anatomically cannot resist the additional stresses
without distortion or displacement. In this area, there is
dorsal migration of the reflection of the wall at its junction
with the bar and there are densely packed growth rings
below the coronet. On gross dissection, the coronary
groove, instead of being circular on a cross section,
becomes disto-proximally elongated and narrow in the
displaced quarter/heel. The narrower coronet produces a
thinner hoof wall in this area (Fig 4).

The growth rate around the circumference of the hoof
is usually approximately uniform, but regional disturbances
in growth rate can occur that will either increase or
decrease growth. The position of the coronary band is
related to the balance between hoof wall growth at the
coronary band and the rate of migration of the hoof wall

Fig 1: Spontaneous quarter crack. Palmar view shows the sheared heel.
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distally. Furthermore, the rate of migration of the hoof wall
is a balance between an active process occurring in the
lamellae to cause them to move distally and the force on
the wall from the ground reaction force. Clinical evidence
suggests that hoof wall growth is at least in part, if not
predominantly, inversely determined by the force of
weightbearing at the ground surface of the wall (A.H.
Parks, personal communication 2010). If the rate of hoof
wall growth exceeds the rate of migration distally, the
coronary band displaces proximally. This appears to be the
mechanism in horses with sheared heels/quarters. Tightly
placed growth rings below the coronet coupled with slow
hoof growth would suggest that the wall is forced
proximally. Whether or not this is a real phenomenon
suggested by clinical experience has not been confirmed
in a scientific manner.

Aetiology

In order to formulate a rational approach to management,
it is necessary to discuss the aetiology of sheared heels. The
presence of a sheared heel when a spontaneous quarter
crack occurs provides ample evidence that this type of
hoof capsule distortion plays a role in the cause of the
defect. It was assumed for years that inappropriate farrier
practices may lead to this type of hoof capsule distortion
when trimming methods, such as leaving the heels long or
excessively lowering one side of the foot, would result in
excessive forces/stresses being placed on a given section
of the foot. The term used to describe this type of hoof
capsule distortion was a lateral medial imbalance.
Although this may indeed contribute, in the authors’
experience, it does not predominately influence this type
of foot conformation. To substantiate this theory, one
author (S.E.O.) reviewed 50 dorsopalmar 0° radiographs on
horses that had a foot with one heel bulb displaced
proximally !0.5 cm. In all cases, it was clearly shown that
the solar surface of the distal phalanx was approximately
horizontal (parallel) with the ground. There was also an
appropriate amount of sole depth under both the lateral
and medial side of the distal phalanx. This would indicate
that the disparity in heel height was not originating from
the hoof wall and sole located distal to the distal phalanx
(Fig 5). Anatomically, the distal phalanx occupies the
dorsal two-thirds of the hoof capsule while the majority of
the space in the palmar/plantar foot is occupied by soft
tissue (Fig 6). The displacement of the heel thus seems to
occur palmar/plantar to the body of the distal phalanx in
the section of the hoof comprised of soft tissue.

Conformational faults in the upper limb that change
the horse’s flight phase of the stride appear to be the major
factor leading to this type of hoof capsule distortion. When
such faults occur, the altered flight pattern causes the
horse to impact the ground with one side of the foot prior
to full weightbearing on the contralateral side of the foot.

Fig 2: Palmar view of sheared heel. Note disparity between medial
and lateral heel length. Note the medial heel starting to roll under.

Medial

Fig 3: Right fore medial sheared heel. Note the compression of the
structures proximal to the heel bulb.

Toe Quarter

2.54 cm

Fig 4: Difference between the angle of the coronary groove
between the toe and the quarter on a horse with a sheared heel
(courtesy of Michael Savoldi).
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In the conformationally predisposed horse, the horse will
generally have a narrow chest and the carpus will be
rotated laterally. When viewed from the front, although the
entire limb faces outward, or in some instances, inward,
the axial alignment of the limb from above the carpus to
the ground surface of the foot forms a straight line
indicating a rotational deviation of the limb. For example,
with a lateral rotational deformity, the knee faces outward,
this moves breakover to an outward or lateral direction,
thus altering the flight phase of the stride such that the foot
is unable to land under the horse evenly on both heels. As

the limb approaches the landing phase of the stride, this
flight pattern forces the foot to contact the ground on one
side and then sustain excessive load on the contralateral
side. There is a far greater incidence of a sheared heel
occurring on the medial side of the hoof but sheared heels
on the lateral side are not uncommon. Using a slow motion
video camera, one can actually distinguish the point
where the foot impacts the ground on one side and the
point where the hoof loads the surface on the other.
Spontaneous quarter cracks generally occur directly
above the point of maximum load and the largest force
generated within the hoof wall. This point can be readily
observed as there will be a focal proximal displacement in
the coronet located directly above the quarter crack
(Fig 7). Furthermore, there appears to be a correlation
between an offset distal phalanx and sheared heels. Most
commonly the distal phalanx is offset laterally within the
hoof capsule rather than being directly under the proximal
and middle phalanges causing the medial side of the hoof
capsule to assume more load.

Observation

The evaluation of sheared heels begins with visual
assessment of the hoof and limb conformation with the
horse standing on a hard level surface. The gross changes
noted in the foot are proportional to the amount of
continual load sustained, the extent of structural damage
and the duration of the condition. When sheared heels are
present, the heel bulb on the affected side is displaced
proximally and the structures above the heel bulb will be
compressed when viewed from behind the horse. When
viewed from the front, the hoof wall on the affected side is
straighter and, in chronic cases, will begin to roll under the
foot. There is generally a marked flare of the hoof wall
present on the side opposite the affected heel in the toe
quarter. When viewed from the affected side, the coronary
band is displaced proximally above the damaged heel

LAT

Fig 5: Dorsopalmar 0° radiograph of a foot with a sheared heel.
Arrows placed at the coronary band of the heels show the different
heel height while the distal phalanx remains parallel with the
ground.

Fig 6: Illustration shows the ratio of bone to soft tissue in the foot. The
hoof capsule distortion noted in a sheared heel will involve the soft
tissue structures palmar/plantar to the distal phalanx. Dotted line
denotes the junction between the distal phalanx and the soft tissue
structures of the foot. (courtesy of Dr Andrew Parks).

Fig 7: Focal displacement of coronet above the origin of a quarter
crack.
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and will assume a horizontal contour, or a focal
displacement, instead of having a gradual uniform slope
from the toe to the heel. The solar surface of the foot
reflects changes elsewhere in the hoof capsule: the foot
will be less symmetrical; the sole in the quarter and heel
area will appear wider on the side with the flare and
narrower on the side with the sheared heel.

The vertically displaced heel is often affected by
recurrent spontaneous quarter crack. When this occurs,
the free margin of the ungual cartilage is usually
diminished in feet with sheared heels due to upward
displacement of the hoof wall at the heel. This is an
important parameter to keep in mind when addressing a
quarter crack. On palpation and measurement of a foot
with a sheared heel and a spontaneous quarter crack, it
is not uncommon to find the proximal border of the
ungual cartilage at or below the coronary band. When a
quarter crack is present, palpation of the ungual
cartilage and moving the cartilage outwards (abaxially)
by hooking a finger axially to it, tends to elicit pain and
opening of the proximal margins of the crack (Fig 8). The
painful reaction is usually not elicited on the contralateral
side (to the sheared heel) by the same manipulation. The
proximal margin of the quarter crack is always near the
highest point of the vertical distortion of the coronary
band when observed from the side. Measurement of the
free ungual cartilage margin above the quarter crack by
means of metric calipers reveals that when spontaneous
cracks are present, this distance is !15 mm (2–15mm)
(Castelijns 2006) (Fig 9).

It is important to view the horse in motion, again on a
hard level surface from the front and rear. This should be
done at a walk and a trot. When viewed from behind, this
should determine which section of the foot is contacting
the ground initially and which portion of the foot is
receiving the impact. The direction of breakover should be
noted when viewed from the front. As the human eye is
incapable of observing events with a duration of <0.02 s,
and foot landing and loading can be quite different at
different speeds and gaits, slow motion review of high
speed film is highly recommended.

Farriery

Farriery is directed toward unloading the hoof wall and
decreasing the forces on the displaced side of the foot
with the quarter crack. This is accomplished by improving
the shape of the hoof and the landing pattern and the
application of the appropriate shoe. When a horse
develops a full thickness quarter crack, it is advisable to
take the animal out of training to allow healing, but this is
not always an option with competition horses. Constraints
may be placed on the farriery due to the training and
competition schedule of the horse. For example, the
author (S.E.O.) likes to remove the shoes and stand the
horse on a hard surface for 12–24 h prior to trimming and
shoeing. This alone allows the affected side of the foot to
settle into a more acceptable conformation (Fig 10). If a
severe sheared heel hoof capsule distortion is present, the
unshod foot can be stood on some form of frog support
and the foot is placed in a soak bandage for 24 h (Snow
and Birdsall 1990). This results in a profound change in
hoof shape and the distance between the coronet and
the middle phalanx will widen. If a quarter crack is
present, when possible, the authors prefer to perform the
farriery and then wait for the coronet to settle into a more
acceptable position or slope before any type of repair is
considered. If the repair has to be performed
immediately, due to the competition schedule, the
defect will be repaired with the coronet in a displaced
position.

Farriery is initiated by removing the shoes and again
observing the horse walking on a hard surface noting the
strike pattern of the foot. The authors use a double
trimming method in an attempt to improve and unload the
distorted quarter/heel. The foot is trimmed appropriately
using the guidelines of a parallel hoof-pastern axis, the
centre of articulation and heels of the hoof capsule
trimmed to include the base of the frog (O’Grady 2009). To
start, a line can be drawn across the widest part of the foot
with a felt tip pen. The frog is trimmed to where it is pliable

Fig 8: Palpation of the ungual cartilage.
Fig 9: Using metric calipers to measure the free margin of
ungual cartilage.
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and the quarters and heels of the hoof capsule from the
middle of the foot are rasped palmarly so that the heels of
the hoof capsule and the trimmed frog are on the same
plane if possible. An attempt is made to create as much
ground surface under the affected heel as possible, which
will often result in that side being marginally lower than the
other side of the foot. The toe and quarters are reduced
appropriately so when the trim is completed, the surface
area on either side of the line drawn or the widest part of
the foot will approximate each other (Fig 11). Lowering the
heel on the displaced side of the foot is logical as it is the
taller heel and it increases the ground surface of the foot
on that side. Following the trim, the horse is again walked

on a hard surface and some improvement in the landing
pattern should be noted.

It is one author’s opinion (S.E.O.) that, when initially
managing a sheared heel, especially with a quarter crack,
the horse should be placed in a bar shoe if possible. Bar
shoes effectively increase the surface area of the foot,
allow the palmar/plantar section of the foot to be
unloaded, and decrease the independent vertical
movement at the bulbs of the heels. The author’s choice is
a wide web steel straight bar shoe (Kerckhaert Shoes)1

fitted symmetrically to the trimmed foot (Fig 12). Before
applying the shoe, a second trim is performed under the
proximally displaced quarter/heel, which goes from 0 mm
at the ipsilateral toe (e.g. inside toe for medial sheared
heel) to an average of 7 mm at the affected heel. The
amount of heel that can be taken off in the second trim
depends on the sole depth at the seat of corn and on the
severity of the proximal displacement of the coronary
band at the sheared heel. The amount of heel under the
sheared heel that can be taken off with this second trim
ideally corresponds to the difference in length/height
between the 2 heels. Lowering the hoof wall at the
quarter/heel will create a space between the shoe and
the hoof wall on displaced side of the hoof (Fig 13). This
improves the landing pattern, unloads the affected heel
and allows the heel bulb to settle down and assume a
more acceptable position. Feet with a low palmar/plantar
angle rarely have enough sole depth under the affected
heel for the second trim, in these cases the rest of the hoof

a)

b)

Fig 10: Change noted in medial sheared heel of a right forefoot
before removing shoe (a) and after (b) allowing affected heel to
settle for 24 h before trimming and shoeing.

Fig 11: Illustration shows proportions of an ideally trimmed foot.
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wall can be raised with a rim pad or with a full leather pad
and impression material. When a full pad is used,
impression material (Equilox Pink)2 is placed in the palmar
section of the foot from the apex of the frog palmarly
except under the displaced heel where the second trim

was performed. Only the first 2 nails should be placed in
the toe of the shoe on the side with the sheared heel to
effectively allow the displaced heel to settle into a more
acceptable position. After the shoe is attached to the foot,
the affected heel will rapidly descend onto the shoe,
making the original space created by the second trim
between the hoof wall and the shoe disappear. The extent
of the second trim at the heel will determine the increase
of free margin of the ungual cartilage above the coronet
on the affected side of the hoof. This can be observed
visually, palpated and measured with calipers. As most
horses with a sheared heel have a predisposing limb
conformation (e.g., a rotational deformity), these feet
have a tendency to continue to deform the affected heel
proximally and the double trim method usually has to be
applied to some degree at each consecutive shoeing.
Horses with this type of hoof conformation should be reset
at 4–6 week intervals.

Some cases will present with displaced heels with
recurrent cracks and will resist lowering and widening of
the sheared heel with the farriery methods described
above. In these cases, one author (H.H.C.) treats the
distortion of the hoof capsule at the site of the sheared
heel with a full wall thickness sub coronary groove, applied
with a rasp or Dremel3 tool about 20 mm below and
parallel to the coronet. Care must be taken to go all the
way through the wall to the laminar corium, from the end
of the heel forward to the most dorsal part of the hoof
distortion at the coronet. Horses may show discomfort from
this procedure for a few days, especially if the laminar
corium has been reached, which results in tiny pinpoint
haemorrhage being visible. After the procedure, an
antiseptic combined with a compressive bandage should
be applied. The wall growth proximal to the groove will
show a totally new, wider, abaxial direction as it is
disconnected from the stresses being placed on the
straight distal wall.

Discussion

The importance of determining the underlying cause and
implementing the appropriate farriery cannot be over
emphasised when managing sheared heels with quarter
cracks. The strong association between sheared heels and
a quarter crack coupled with limb conformation and the
landing pattern of the horse is hard to ignore. The
debridement, stabilisation and repair of spontaneous
quarter cracks will be of little value, and the defect will
have a tendency to recur, unless the cause is determined
and rectified.

Assessing the limb conformation, improving the foot
shape and applying the appropriate trim/shoe appear to
be as important as the repair technique used to stabilise
the defect. Inadequate attention to these factors may
account for the many failures encountered and the
recurring nature of quarter cracks.

Fig 12: Wide web straight bar shoe.

Fig 13: Hoof wall lowered from toe quarter to the heel on second
trim. Note the space created between the hoof wall and the shoe.
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The heels of the horse’s foot have a relatively large
amount of flexibility in the proximal to distal (vertical) axis.
This can be explained by the anatomical features of the
foot: a discontinuity of the hoof capsule between the
heels with highly mobile structures interposed between
which are the frog, digital cushion, venous and arterial
plexa and fibro-cartilaginous connective tissue. In other
words, although the dorsal wall is intimately attached to
the parietal surface of the distal phalanx, the laminar
attachment or suspension in the palmar/plantar section of
the foot is far less rigid. This provides the flexibility
necessary for function but also allows for proximal
displacement of the heels when these receive excessive
stress or a disproportionate load. Functionally this
arrangement serves the bare-footed horse well as the
hoof capsule at the heels is able to adapt to the uneven
footing, but when shoes are applied this ability to
adapt becomes modified. When trimming or shoeing
modifications in the sagittal plane of the foot are being
contemplated, it is important to be aware of this vertical
mobility, and the tendency for vertical displacement of
the heels. A wedge pad placed under the heels, for
example, will cause proximal displacement of the heels
(Castelijns 2006).

The prognosis for sheared heels is good, provided a
skilled, interested farrier is involved. It is also necessary to
have a committed owner as these cases often require
ongoing maintenance. Theoretically, the prevention and
treatment of lameness and/or quarter cracks, caused
by a hoof capsule distortion such as sheared heels is
simple, but in practice it is often difficult to achieve. Being
aware that there is a strong correlation between sheared
heels and hoof wall problems, such as quarter cracks,
makes prevention and treatment not only logical but
imperative.

Manufacturers’ addresses

1FPD, Shelbyville, Kentucky, USA.
2Equilox Intnational, Pine Island, Minnesota, USA.
3Dremel Tool Co., Racine, Wisconsin, USA.
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A Status Report on the 2011 Outbreak of Contagious Equine 
Metritis in South Africa 

Kate May 
 
Summary 
 
Contagious Equine Metritis (CEM) is a controlled animal disease in terms of the Animal 
Diseases Act (Act No 36 of 1984). It is caused by the bacteria, Taylorella equigenitalis  
 
An outbreak was confirmed on the 3rd May 2011 following submission of samples to the 
Animal Health Veterinary Laboratory Agency (AHVLA), UK. The World Organization 
for Animal Health (OIE) was informed on the 9th May 2011 and South Africa lost its 
CEM free status. The outbreak was initially confined to one property and there was one 
confirmed case of transmission involving two animals (one stallion & one mare).  Several 
other “High risk” mares were also involved, but were subsequently confirmed negative. 
The initial positive mare, appeared to clear herself of the infection and retested negative.  
All “Moderate risk” in contact stallions were tested and an additional 8 positive cases 
were found.  
All “High risk” mares and the initial positive stallion were moved to a quarantine facility 
and tested three times with two day intervals, after which they were treated topically and 
parentally for five days. None of the mares were positive for CEM. The stallion tested 
positive again a month after treatment and was retreated.  
The additional 8 positive stallions were placed under quarantine and were treated and 
have subsequently retested negative. 
A nationwide screening of stallions used for breeding was put in place under order of the 
Director Animal Health and to date 1355 stallions have been swabbed for CEM testing 
using PCR. 
 
Report 
 
CEM was initially suspected in South Africa on the 4th April 2011, associated with the 
importation of a Warmblood stallion. The event was reported to the OIE on 9th May 2011 
as the first occurrence of a listed disease. The UK’s AHLVA, an OIE reference 
laboratory, confirmed a positive submission by real time PCR on the 3rd May 2011  
The stallion had been released from post-arrival quarantine from Kempton Park State 
Quarantine Station on 22nd February 2011 and was transported directly to a private 
veterinary facility in Gauteng Province. He remained at the facility for just over 5 weeks 
and semen was collected to artificially inseminate donor mares for embryo transfer into 
recipient mares.  
Suspicion was first aroused during the second batch of embryo transfer when no embryos 
were obtained and an abnormal mucoid fluid was obtained during the embryo transfer 
procedure. 
The veterinarian became suspicious and took swabs and a semen sample from the stallion 
on the 29th March 2011 and sent these to Idexx laboratories, Johannesburg for culture.. 
No pathogens were cultured according to the Idexx report dated 4th April 2011 
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At the same time, a four year old Thoroughbred mare was test inseminated on the 29th & 
31st March 2011 with semen from the stallion without the addition of semen extender.  
An examination was performed on the 1st April 2011 and there was no vaginal discharge 
noted or uterine fluid seen on ultrasound examination. A uterine swab was taken and sent 
to Idexx laboratories for culture  
The affected mares from the second batch of embryo donors were treated with uterine 
installations for a few days, and then discharged along with the stallion to their owners 
stud. 
On the 4th April 2011, Idexx laboratories contacted the vet involved, concerned that the 
isolates cultured from the mare were suspicious for Taylorella equigenitalis. Idexx 
laboratories proceeded to reincubate and further culture the stallion’s cultures. On the 15th 
April 2011, the culture of the urethral fossa yielded a single colony similar to the isolate 
from the mare.  The mare and the stallion’s isolates were dispatched on the 18th April 
2011 to the Animal Health and Veterinary Laboratories Agency (AHVLA), Bury St 
Edmunds, United Kingdom for PCR conformation of Taylorella equigenitalis. 
The State Veterinarian, Gauteng was informed of the possible outbreak of Contagious 
Equine Metritis (CEM), pending PCR results from the AHVLA. 
Profs Schulman & Guthrie and Dr Adri Grobler (State Veterinarian, Pretoria) visited the 
veterinary facility on the 18th April 2011, and the resident horses were categorized as 
either “High risk” or “Low risk” in contact animals and were held in quarantine. The 
number and identities of other mares and stallions who had been either resident or 
visiting in the interval from the stallion’s arrival on 22nd February 2011 until the facility 
was placed under quarantine on the 18th April 2011 was established. 
It was decided to transfer all “high risk” in contact mares and the stallion to the 
Onderstepoort Veterinary Academic Hospital, Gauteng for testing and treatment under 
quarantine conditions after a period of 3 weeks had elapsed since last treatment.  
The four swabs (2 stallion and 2 mare) submitted to the AHVLA, UK were confirmed 
positive by real time PCR for Taylorella equigenitialis on 3rd May 2011. 
 
Management of High Risk Horses 
 
A total of nine mares, one with a foal at foot and the stallion arrived at the Onderstepoort 
Veterinary Academic Hospital (OVAH) under red cross permit conditions on 13th May 
2011. The horses were transferred to a prepared quarantine facility within the premises of 
the OVAH. This facility was kept locked and sealed to prevent unauthorized access and 
potential for fomite transmission. The horses remained within this facility until 31st May 
2011. 
A diagnostic and therapeutic protocol was decided upon after consulting various 
references, primarily the UK Horseracing Betting Levy Board (HBLB) Code of Practice 
and the protocol reported by Luddy & Kutzler (2008) subsequent to the 2008 USA 
outbreak. 
 
Diagnostic Protocol 
 
A series of three tests within 7 days (17th; 20th  & 23rd May 2011), with a two day interval 
between swabbings was decided on. Each test would consist of: 
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a) Mares: duplicate swabs were taken of the clitoral fossa and clitoral sinuses, using 
paediatric swabs and of the endometrium via a double-guarded endometrial swab. One 
replicate swab of each site was transferred to Amies charcoal medium for storage at 5 °C 
prior to transfer for culture at the Agricultural Research Council – Onderstepoort 
Veterinary Institute (ARC-OVI), Onderstepoort within 2 h of collection. The other 
replicate was transferred to a 5 ml eppendorf tube containing PBS, swirled for several 
seconds then sealed, marked and transferred to the Veterinary Genetics Laboratory, 
University of Pretoria within 2 h for PCR  
 
b) Stallion: After intravenous sedation (to allow extrusion of the penis), duplicate swabs 
were similarly obtained and treated for the stallion from the following three sites: urethra, 
urethral fossa, and lamina interna  
 
Results:  
• PCR : 

o Mares:-  no positive results were obtained from any of the mare swabs (9 
swabs per mare over entire test period).  

o Stallion:- all swabs obtained from the stallion were positive (Srongly +ve 
VALUE) for Taylorella equigenitialis 

• Bacteriology :  
o Mares:- no growth was obtained from any of the mare swabs (9 swabs per 

mare over entire test period).  
o Stallion:-  all swabs obtained from the stallion were phenotypically positive 

for Taylorella equigenitalis 
 
a) Mares : 
Immediately following the final testing (23rd May 2011), all mares were treated for five 
days topically and parenterally. The topical treatment consisted of once daily thorough 
irrigation of the vestibulum, clitoral fossa, glans clitoridis and adjacent tissues with a 4% 
chlorhexidine solution and removal of any accumulated smegma with disposable paper 
toweling. Thereafter the area was dried and a copious application of silversulfadiazine 
ointment was used to pack and coat the area. Parenteral antimicrobial therapy consisted 
of oral trimethoprim sulphamethoxazole (at a dose rate of 30 mg/kg twice daily for five 
days. 
 
b) Stallion 
Immediately following the final testing (23rd May 2011), the stallion was treated for five 
days topically by exteriorizing his penis (after intravenous sedation), thorough irrigation 
with large volumes of 4% chlorhexidine solution and vigorous wiping with disposable 
paper toweling to remove accumulated smegma from the urethra, glans penis, fossa 
glandis and exposed penile and preputial laminae. Thereafter, the area was dried and a 
copious application of silversulfadiazine ointment was used to pack and coat the area. 
Parenteral antimicrobial therapy consisted of oral trimethoprim sulpha 
sulphamethoxazole at 30 mg/kg twice daily for ten days 
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Follow up of Stallion 
Following a period of a month, the stallion was re-presented to Onderstepoort Veterinary 
Academic Hospital along with a gelding companion. Following sedation, swabs were 
obtained from the following three sites: urethra, urethral fossa, and lamina interna on the 
28th June; 1st July & 4th July for PCR. Both horses tested positive. 
 
Follow up Treatment 
 
Following the final testing (4th July 2011), the stallion and gelding were again treated 
topically as described above. They returned home on the 19th July. They have 
subsequently tested negative. A positive stallion once he has been tested negative, must 
be test bred (or AI-ed) to two (2) mares, which are then swabbed (clitoral sinus, clitoral 
fossa and endometrial swabs) 3, 6 and 9 days post breeding and which must all return 
negative results before the stallion may be used for breeding. 
 
Current Legislation 
 
The Directorate of Animal Health has issued a Procedure Manual for the Screening of 
Stallions for CEM. According to this legislation, no stallion is to be used for breeding or 
artificial insemination unless an official clearance certificate has been issued by the 
Faculty of Veterinary Science, Equine Research Centre (ERC) once two (2) negative 
screening tests have been done. 
 
Swabbing Procedure 
 
The stallion needs to be adequately sedated to allow extrusion of the penis.  A plain swab 
is then taken from each of three sites: the urethra, the urethral fossa and the lamina 
interna.  These swabs are packaged with the submission form found on the website, 
www.cemsa.co.za and sent to the Equine Research Centre at the Faculty of Veterinary 
Science. These swabs are screened for CEM using a PCR test. Two (2) sets of swabs 
need to be taken at a weekly interval and submitted. 
 
Results 
 
Following two (2) negative screening tests, the ERC will issue a clearance certificate 
which allows the stallion to be used for breeding or artificial insemination (AI). 
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Pre-Purchase Examination “ A Mine- field in a War Zone?” 
Carla Langley 

 

Over time the VFP examination of the horse has varied considerably as the needs of the 
client and veterinarians have evolved. There are many different ways that one can 
examine a horse and the difference in the way that countries and their veterinary 
associations perform this procedure will be evaluated and discussed. In particular 
ancillary testing such as radiography and the views utilized will be identified and 
examined. It is not the purpose of this discussion to describe or prescribe the only or the 
best way to perform this examination but merely to highlight differences, which may 
allow us to evolve and understand certain requirements worldwide. This may be of 
benefit as the number of horses being imported into South Africa has increased 
exponentially over the years and many veterinarians may be required to advise their 
clients on purchase based on a report from a foreign country. The veterinarian doing a 
purchase examination is employed by the buyer and needs to avoid any conflicts of 
interest regarding the horse or the parties involved. The liability related to purchase 
examinations can be reduced by using complete medical records and a detailed purchase 
examination report. As such a complete understanding of the regulations of the exporting 
country needs to be gained. Only countries for which such information is available will 
be discussed and in particular the value placed on different radiographic views. The 
veterinarian needs to be sure that the owner understands what the examination can and 
cannot do before it is started. Additionally, the findings are as of the day of the 
examination and are not any predication as to any conditions that may occur in the future. 
Claims associated with purchase examinations have been one of the most common types 
of claims presented to the AVMA Professional Liability Insurance Trust. 
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2012/02/06&

1&

Pre*Purchase&Examina5on&
European&Overview&

Dr&C&Langley&BVSC,&MmedVet&(Med)&

VET&FOR&PURCHASE&
&THINGS&YOU&SHOULD&KNOW!&

•  Germany&
•  The&Netherlands&
•  Belgium&
•  France?&
•  The&UK&
•  South&Africa&

&VFP&Germany&

•  Fee&of&veYng&partly&based&on&value&of&horse&
(based&on&economic&risk&for&the&vet&
propor5onal&to&possible&liability*&0.6*0.8%&
fixed&prior&to&VFP)&

•  Seller&statement&ques5onnaire&*&protects&
against&claims&

•  Surgery&disclaimer&in&front&signed&by&seller&
•  Must&s5ck&to&x*ray&manual&
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2&

Germany&&

•  Do&not&report&on&obvious&abnormali5es&
visualised&by&buyer&eg&parrot&mouth,&deviated&
legs,&scars&etc&

Rontgenleiaaden&2007&
Radiology&Guidelines&2007&

•  Radiographs&permanent&documents&
•  Different&vets=different&opinions&
•  Standardised&(1991)&
•  Revised&2007&

Recommenda5ons&

•  Quality&
•  Nomenclature&
•  Interpreta5on&of&changes&
•  Grading&system&I*IV&
•  Clinical&findings&do&not&play&role&in&grading&of&
radiographs&
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3&

Quality&

•  Allow&evalua5on&of&bony&structures,&contours,&
ar5cula5on&lines&&&soi&5ssue&

•  Impera5ve&in&order&to&give&accurate&opinion&
•  advisable&to&look&at&DICOM&images&(&difficult&
to&alter&&&can&be&manipulated&etc.)&

•  &Proper&radiographic&monitor&&(Green&Screen).&
•  DO&NOT&EMAIL&
&(www.wetransfer.com)&

&

Nomenclature&
•  Markers&and&labels&applied'at'the'*me'of'
examina*on'

•  Lable&and&marker&readable&on&every&
radiograph&

•  Abbrevia5ons&LF,LH,RF,RH&acceptable&
•  Marker&always&placed&lateral&to&body&
•  Minimum&info&(owner,&horse,&id,&date,&
radiographer)&

•  Shoe&removal&mandatory&if&causes&coverage&

Clarity&

•  Refers&to&agreement&between&buyer&and&vet&
•  “Standard&views”&(graded)&
•  “Advanced&radiological&examina5on”&(back&
and&s5fle*evaluated&individually&i.e&not&
classified&acc&to&grading&system)&

•  Advancement&or&reduc5on&of&standard&views&
must&be&determined&prior&or&during&
examina5on&
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X*ray&Manual&

•  Germany,&Netherlands,&Switzerland&

• Minimum&standard&that&can&be&met&
by&average&vet&during&VFP&

&

Projec5ons&of&radiographs&in&a&lei&fore&limb&(Zella&et&al.&1975).&&Gradua5ons&at&the&
limb&starts&always&at&the&dorsal&/&cranial&aspect&at&0o&&and&proceeds&laterally&
(counter&clockwise&on&a&lei&limb;&clockwise&direc5on&on&a&right&limb).&

Standard&views&(Germany)&

1)&Toe&90&(stand&on&block)*&4&views&front&and&hind&
– Hoof&capsule&and&apex&(forelimb),&fetlock&joint&and&
Prox&sesamoid&bones&

– Hind&not&on&block&if&predominant&part&of&hoof&
displayed&

2)&Oxspring&view&(nav,&dorsoproximal*palmarodistal&
obl&view)&2&views&
– Nav&distal&half&of&P2.&must&not&overlap&coffin&joint&
–  Incl&coffin&and&pastern&(survey)&
–  Focused&nav&bone&(advanced)&
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Standard&Views&Germany&

3)&Tarsal&Joint&
– 3&views&standard&
–  (0&;&45*70&;&90*135)&=&lat,&DLPMO45,&DMPLO45&
– Devia5on&(owner&permission)&two&views&=&DLPMO&
and&DMPLO&

– Must&display&calcaneous&and&prox&aspect&of&MTIII&

•  12&views&in&total&

Advanced&Radiological&Exam&

•  Agreed&and&Clarified&vendor&and&purchaser&
•  Agreement:&techniques&
•  Clarifica5on:&evidence&poten5al&

Advanced&Examina5on&

1)&S5fle&90*115&and&0/180&
–  Patella&
– Distal&aspect&of&femur&
–  Prox&aspect&5bia&incl&fibula&head&
–  Reduced&quality&at&180&view& & &&

2)&Back&(spinous&processes)&
–  90&and&270&
–  Prox&aspect&spinous&proc&(2x40cm&T4*L4)&
–  Reduced&to&one&on&agreement&(saddle&posi5on&
around&T15)&
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Descrip5on&of&findings&

•  Joint&sketches&(Addendum'1)'
•  Normal&varia5ons&not&drawn&in&
•  Unclear/suspicious=&specific&views&
•  Character&and&structure&eg&radiolucent/
opaque&

&&&&osteoporosis/sclerosis&
&&&&&diffuse/&circumscribed&&

Descrip5on&of&findings&

•  Form&and&contour&(new&bone&or&defect,&
smooth&or&rough,&rounded&or&angular)&

•  Size&and&extension&(length,&width,&diameter&or&
analogy&eg&mustard&seed&or&rice&grain)&

•  Localisa5on&(where&exactly*dorsal,&cor5cal,&
central,&ar5cular,&axial&etc)&

Evalua5on&
•  Class&I&–&findings=&anatomical&varia5on.&Ideal&
condi5on&

•  Class&II*&result&in&clinical&issues&in&<3%&in&an&
indefinite&5me&

•  Class&III*&deviate&from&normal&clinical&5*20%&
(acceptance&condi5on)&

•  Class&IV*&severely&deviated&from&normal&clinical&
issues&likely&>50%&(risk&condi5on)&

•  Intermediate&I*II;&II*III,&III*IV.&No&further&subdiv.&
•  See&guidelines&for&classifica5on&addendum'2'
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The&Netherlands&

•  Top&ranking&on&interna5onal&breeding&index&
•  Economically&important&
•  Standardised&VFP&handbook&and&prescribed&
protocol&

•  Updated&regularly&
•  Vendor&and&purchaser&can&select&veterinarian&
•  Official&register&since&2000&&

Netherlands&
•  Cer5fied&prepurchase&veterinarians&(currently&46&
registered)&

•  Qualify&
•  Independent,&cer5fied&quality&control&organisa5on&
(non*vet)&aided&by&group&of&veterinary&experts&

•  Random&inspec5on&of&previous&veYngs&
•  Clinical&and&radiographic&skills&evaluated&
•  Inspec5on&of&facili5es&

–  Soi&lunge&
–  Hard&lunge&
–  Hard&track&

Netherlands&

•  Overall&organisa5on&and&registra5on&of&
“cer5fied&veterinarians”&supervised&by&
“S5ch5ng&Paard”&

•  Independent&stake&holders&eg&insurance&
companies,&breeding&assoc&and&dealers!&

•  Obliged&to&azend&specific&and&general&CPD&
courses&

•  Advice&of&cer5fied&vets&accepted&without&
further&examina5on&
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Netherlands&PPE&Form&

•  Official&form&(Royal&Netherlands&Vet&Assoc)&
•  Uniquely&numbered&
•  Carbon,&laminated&copy&to&purchaser&
•  Mandatory&storage&for&10&years&
•  Example&addendum'3'

Netherlands&Radiology&

•  Most&horses&also&examined&radiographically&
•  Mandatory&if&insured&>4500&euro&
•  Standardised&flexion&tests&
•  18&standard&views&(changed&slightly&as&
evolves)&

Netherlands&Std&Views&

•  LF&and&RF&feet&(4&views)&LM&and&D55PrPaDO&
(upright&pedal&centered'on'navicular)&

•  LF&and&RF&Fetlock&(6&views)&LM&and&D45LPaMO&
and&D45MPaLO&

•  LH&and&RH&tarsal&(4&views)&Obliques&
•  LH&and&RH&Fetlock&(2&views)&LM&
•  LH&and&RH&S5fle&(2*6views)&Lat*&if&suspicious&
AP&and&Oblique&
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Netherlands&Radiology&
•  Same&grading/classifica5on&system&as&German&PPE&
•  1985&and&1986&data&from&radiographic&screening&
introduced&in&the&breeding&system&for&Dutch&
Warmblood&stallions.&

•  Selec5on&against&GrIV&and&subsequently&GrIII&navicular&
changes&(decreased&17%&1987*&2%&2006)&

•  Major&insurance&company&and&experienced&cer5fied&
senior&equine&clinicians&

•  Grading&system&also&standard&system&accepted&in&law&
suits&

Netherlands&&
•  1.&Good/sa5sfactory:&Acceptable&

2.&Sa5sfactory:&Acceptable,&although&bone&changes&indicate&
increased&risk;&"We&see&more&bone&changes,&but&they&are&
changes&that&are&acceptable&for&compe5ng.&The&horse&has&a&
30&percent&prognosis&for&lameness."&&
3.&Moderate:&Usually&acceptable;&Changes&judged&in&
accordance&with&the&clinical&examina5on&findings.&Seen&on&
older&horses&with&more&training&and&compe55ve&
experience.&
4.&Unsa5sfactory:&Not&acceptable&for&use&

•  Check&for&double&microchips&with&scanner&
•  These&horses&have&been&claimed&against&for&“loss&of&use”&

Belgium&

•  Mainly&warmbloods&
•  Very&few&Thoroughbreds&/&Standardbreds&
•  Endoscopy&of&URT&
•  Radiographic&screening&
•  Stance,&walk,&trot,&canter&
•  Lunged&on&hard&and&soi&(large&number&not&
backed&at&5me&of&veYng)&

•  Stallion&selec5on&shows&
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Belgium&

•  Flexion&test&of&distal&limb&
•  1min&for&10kg&extra&force&
•  Separate&flexion&of&hock&and&s5fle&for&1&min&
•  Insurance&vets&
&

Belgian&Radiographs&

•  Lateral&and&Oxspring&of&front&feet&(4&views)&
•  LM&view&all&four&fetlocks&(4&views)&
•  3&views&ea&hock&LM&and&obliques&(6&views)&
•  LM&ea&s5fle&(2&views)&
•  Standard&16&views&
•  Very&strict&OCD&and&Laryngeal&pathology*&may&
not&breed&with&these&horses&under&any&
circumstances&

France&

•  Show&records&
•  Focus&on&back&and&neck&
•  Rectal&examina5on&std&VFP&
•  Standard&US&of&hind&suspensory&
&
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The&United&Kingdom&

•  5&stage&veYng&
•  No&standard&radiographic&guidelines&
•  Ridden&stage*sufficient&rather&than&strenuous&
•  Flexion&not&mandatory&(safety,relevance)&
•  TroYng&on&circle&not&mandatory&(examined&
under&saddle)&

•  Opthalmoscope&exam&(excl&dila5on)&
•  Use&of&gag&to&examine&mouth&(?)&

The&UK&

•  Iden5fica5on&very&important&
•  L&&loss&of&use&brand&by&insurance&company&
•  Microchip&middle&lei&neck&4*5cm&below&crest*
usually&does&not&migrate&but&cannot&palpate*&
need&scanner&

•  Do&not&need&to&look&for&vices&but&must&report&
if&seen&

The&UK&

•  Different&types&of&veYngs&good&differen5a5on&
•  Limited/&2&Stage&veYng&(hard&vs&soi)&
•  Be&careful&horse&may&slip&
•  Forms&(ppe&form,&form&for&horses&not&
recommended,&stage&2&veYng&addendum'4)&
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Liable&
Most&Frequently&Reported&Causes&of&Malprac=ce&Claims&Filed&With&the&AVMA&
Professional&Liability&Insurance&Trust&

*Purchase&Examina5on&

*Colic&and&Colic&Surgery&

*Rectal&Tears&and&Injuries&

*Anaesthe5c&&Complica5ons&and&Deaths&

*Reac5ons&to&Injec5ons&

*Fractures&

*Wounds&

*Lamini5s&

South&Africa&

How&does&liability&arise?&

•  Arises&out&of&contract&entered&into&with&the&
client&(buyer)&

•  Client&must&be&aware&of&limita5ons&
•  Vet&needs&to&determine&the&scope&of&the&work&
they&are&obliged&to&do&(func5on&of&horse)&

•  What&does&purchaser&expect?&
•  Costs&involved&
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How&does&it&work?&

•  Determine&negligence&out&of&scope&of&contract&
•  Test/expecta5ons&higher&for&vet&(professional)&
than&for&a&lay&person&

•  Vet&judged&against&standard&of&“reasonable/
average&vet”&

•  What&did&actual&vet&do&when&compared&to&
“reasonable&vet”&

•  Care&should&be&taken&re&telcon&“he&said/she&
said”&

Fundamental&Rules&

•  Understand&“the&order”/buyers&wants&and&needs&
•  Document&EVERYTHING&(5me,&date,&place,&
witnesses,&examina5on&and&findings)*permanent&
record&

•  IDENTIFICATION&of&animal&
•  HISTORY&of&animal&
•  Examina5on&
•  Specialised&Techniques&available&

DISCLAIMER&

•  The&informa5on&contained&in&this&document&is&for&
informa5on&purposes&only&and&may&not&apply&to&
your&situa5on.&The&author&provides&no&warranty&
about&the&content&or&the&accuracy&of&the&content&
enclosed.&Any&similarity&to&cases&past&or&present&
are&strictly&co*incidental.&

•  Neither&the&Publisher&nor&Author&shall&be&liable&
for&any&loss&of&profit&or&any&other&commercial&
damages&resul5ng&from&the&use&of&this&guide.&
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Personal&Interpreta5on&
•  Release&form&for&previous&veterinary&history&
•  Opthalmological&informa5on&(exclusion)&
•  Cardiac&murmurs&(classifica5on)&Celia&Marr&Addendum'5'
•  Swea5ng&(NB&Humid&climates)&
•  Standardised&flexion&tests&
•  Standardised&classifica5on&of&limb&devia5ons&
•  Height&
•  Pregnancy&examina5on&
•  Standardised&radiographic&interpreta5on?&
•  Bezer&descrip5on&of&procedures&and&interpreta5ons&for&

buyer/seller&Addendum'6'(BEVA)&

Opthalmological&Exclusion&

•  Within&the&scope&of&a&standard&vet&for&
purchase&the&eyes&are&examined&in&a&darkened&
stable&without&the&benefit&of&chemically&
dila5ng&the&pupil.&While&this&is&a&safe&and&
effec5ve&way&of&examining&the&eyes,&certain&
altera5ons&within&the&internal&structures&of&
the&eye&cannot&sufficiently&be&determined&in&
this&way.&Should&you&require&a&more&extensive&
eye&examina5on&the&exper5se&of&an&
opthalmologist&can&be&brought&in.&
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•  ?&
•  Netherl&

•  Germany&
•  Netherl&
&
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•  Netherl&
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Actual&VeYngs&

•  Horses&sound&
•  Soi,&hard,&ridden,&flexions&

•  ?&
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Röntgenleitfaden 2007 - Anhang 
(Radiology-Guidelines 2007 – Addendum) 

 

German / English:  Dr. Jens Körner, FU-Berlin  1/4 

 
Sketches of the standard views of the toe 
 

  

  

  
 

HL 90° 

FL lat 

HR 90° 

FR lat 

FR 90° FL 90° 
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Sketches of the standard views of the tarsal joint 
 

  

  

  
 
 

HR 0° HL 0° 

HL 90° HR 90° 

HL 115° 
HR 115° 
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Sketches of the stifle views 
 

  

  
 
 
 
 
 
 
 
 
 
 
 
 

HL 90° HR 90° 

HL 180° HR 180° 
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Röntgenleitfaden 2007 - Anhang 
(Radiology-Guidelines 2007 – Addendum) 
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Sketches of the back views 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

T2           T9 

T9                T18 L1 

T18  L1              L6 
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ADDENDUM 1 VET FOR PURCHASE 
(Dr C Langley) 

Röntgenleitfaden 2007 
(Radiology-Guidelines 2007) 

German / English: Dr. Jens Körner, FU-Berlin 6/14 
 

1. Toe 90° Classification 
 
1.1 Hoof-angle 90° 
1.1.1 front 45 – 55°…………………………………………...............I 
1.1.2 hind 50 – 55°……………………………………………..…….I 
1.1.3 front 40 – 45° and 55 – 60°………………………..…….……..II 
1.1.4 hind 45 – 50° and 55 – 60°………………………..…….……..II 
1.1.5 front < 40° and > 60°……...………………………...…………III 
1.1.6 hind < 45° and > 60°………………………………..….……...III 
1.1.7 difference right/left > 5°…………………………………...………...III 
 
1.2 Hoof-pastern-axis 90° 
1.2.1 straight front 45 – 55°……………………………...…...I 
1.2.2 straight hind 50 – 55°……………………………...…...I 
1.2.3 straight front 40 – 45° and 55 – 60°…............................II 
1.2.4 straight hind 45 – 50° and 55 – 60°………………...….II 
1.2.5 straight front < 40° and > 60°…….………………...….III 
1.2.6 straight hind < 45° and > 60°……….............................III 
1.2.7 straight difference right/left > 5°…………………………….III 
1.2.8 broken > 5° at coffin joint as flexion……………………...II – III 
1.2.9 broken > 5° at coffin joint as hyperextension…...………...II – III 
1.2.10 broken > 5° at pastern joint as flexion………...……………II – III 
1.2.11 broken > 5° at pastern joint as hyperextension.…….………II – III 
 
1.3 Hoof wall – pedal bone 90° 
1.3.1 hoof wall – dorsal pedal-bone-contour parallel……………………………….I 
1.3.2 hoof wall – dorsal pedal-bone-contour divergent distal half…...………II – III 
1.3.3 hoof wall – dorsal pedal-bone-contour not parallel ≤	3° (rotation……..II – III 
1.3.4 hoof wall – dorsal pedal-bone-contour not parallel > 3°…………….III – IV 
1.3.5 hoof wall – dorsal pedal-bone-contour not parallel, rotation around a…….III 
1.3.6 radiolucency in the pedal bone……………………………………….III – IV 
 
1.4 Distance hoof wall – pedal bone 90° (warmblood) 
measured in right angle from coffin bone middle 
1.4.1 < 1.5 cm – 2.0 cm………………………………………………..I – II 
1.4.2 > 2.0 cm………………………………………………..………III – IV 
1.5 Pedal bone – solar margin 90° 
1.5.1 smooth in the dorsal half mild irregular contour of the palmar/plantar half……….I 
– II 
1.5.2 fracture including apex”……………………….…….………………III – IV 
1.5.3 new bone at the contour.……………………………………………….II – III 
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1.5.4 severe irregular contour of the palmar/plantar half….....…………………III 
1.5.5 atrophy at the contour smooth…………………………………………….III 
1.5.6 osteolysis in the palmar/plantar half……………………………………….IV 
1.5.7 solar margin – sole angle > 5°…………………………………………...…III 
 
1.6 Dorsal contour – pedal bone 90° 
1.6.1 straight with smooth contour………………………………………………..I 
1.6.2 claw-shaped deformity, mild……………………………………………….II 
1.6.3 claw-shaped deformity, severe……………………………………...…II – III 
1.6.4 new bone at the solar margin………………………………………………III 
1.6.5 new bone at the distal half, smooth contour………………………………..II 
1.6.6 new bone, irregular contour………………………………………………..III 
1.6.7 atrophy of the apex………………………………………………………...III 
 
1.7 Extensor process 90° 
1.7.1 rounded, slender……………………………………………………………..I 
1.7.2 broad, angled, pointy (not rounded), two-summit-contour, smooth………..II 
1.7.3 pointy elongated margin……………………...………………………..II – III 
1.7.4 multi-spiky, irregular, and/or blurred contour…………………………II – III 
1.7.5 isolated radiopacity with variable interpretation………………………II – III 
1.7.6 isolated radiopacity with variable interpretation and mild dorsal new bone 
at pedal bone and distal pastern bone……………………………..III 
1.7.7 radiolucent line at the base…………………………………………………IV 
 
1.8 Palmar/plantar process of the pedal bone 90° 
1.8.1 radiolucent line (interpretation as fissure or fracture)……………………..IV 
1.8.2 isolated radiopacity at the palmar/plantar process………………………….II 
 
1.9 Navicular bone 90° 
1.9.1 medullary sclerosis 
(uncertain finding, additional views are recommended)…………………..III – IV 
1.9.2 medullary osteoporosis……………………..………………………...II – III 
1.9.3 new bone (or isolated radiopacity) at the lateral margin 
or at the proximal border…………………………………………………...II – III 
1.9.4 central depression (flat concavity) at the sagittal ridge…………….………I 
1.9.5 penetrating lesion of the flexor surface (defined defect)…………………...IV 
1.9.6 cyst-like lesion……………………………………………………………...IV 
1.9.7 osteophytes at the coffin joint…………………………………...…….II – III 
1.9.8 distinct difference of findings right – left……………………………..II – III 
 
1.10 Ossification of foot cartilages 90° 
1.10.1 at onset (one or both sided)………………………………………………...II 
1.10.2 moderate to total………………………………………………………II – III 
1.10.3 isolated in cartilages…………………………………………….………….II 
1.10.4 radiolucent line in ossified cartilage………………………….……………III 
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1.11 Coffin joint 90° 
1.11.1 joint space regular…………………………………………………………..I 
1.11.2 contour changes in the surface of pedal bone or small pastern bone...III – IV 
1.11.3 structural changes of the subchondral bone………………………….III – IV 
1.11.4 new bone at the dorsal articular margin of the small pastern bone…...II – III 
1.11.5 new bone at the palmar articular margin and/or the proximal 
of the navicular bone……………………………………………………..…III – IV 
1.11.6 new bone at the dorsal contour of the small pastern bone, irregular, 
rough……………………………………………………………………..…III – IV 
 
1.12 Distal pastern bone 90° Classification 
1.12.1 smooth contoured bulging of distal abaxial ligament insertions…...…..I – II 
1.12.2 dorsal new bone (proximal, extraarticular)…………………...……….II – III 
1.12.3 bony spur at the palmaro-/plantaroproximal aspect…………………...II – III 
1.12.4 palmar/plantar new bone at insertion of the supf. digital flexor tendonII – III 
1.12.5 radiolucency (cyst-like lesion)………………………………………...…..IV 
 
1.13 Pastern joint 90° 
1.13.1 subluxation…………………………………………………………………III 
1.13.2 osteophyte dorsoproximal, small, smooth, at forelimb………………..II – III 
1.13.3 osteophyte dorsoproximal, small, smooth, at hindlimb...……………....…..II 
1.13.4 osteophyte dorsoproximal, large, rough………...……………………III – IV 
1.13.5 new bone periarticular, small with or without soft tissue shadow……II – III 
1.13.6 new bone periarticular, large with or without soft tissue shadow…....III – IV 
1.13.7 isolated radiopacity, forelimb………………………………………...III – IV 
1.13.8 isolated radiopacity, hindlimb…………………………….…………...II – III 
 
1.14 Proximal pastern bone 90° 
1.14.1 enthesiophyte, palmar/plantar, insertion of oblique sesamoidean ligaments….…II 
– III 
1.14.2 enthesiophyte, dorsal (dorsolateral insertion of lateral digital extensor tendon)...II 
– III 
1.14.3 new bone, dorsal, periosteal, periarticular……..……………………..II – III 
1.14.4 isolated radiopacity palmar/plantar of prox. pastern bone 
interpretation as bony fragmentation…………..…………………………………III 
1.14.5 isolated radiopacities palmar/plantar of prox. pastern bone 
interpretation as ossification in the DDFT……………………………..III – IV 
1.14.6 isolated radiopacities palmar/plantar of prox. pastern bone 
interpretation as ossification in the distal sesamoidean ligaments……..III – IV 
1.14.7 radiolucency (cyst-like lesion)………………………………………….IV 
 
1.15 Fetlock joint 90° 
1.15.1 new bone dorsodistal MC III / MT III…………………..…………….II – III 
1.15.2 osteophyte dorsoproximal pastern bone………………………………II – III 
1.15.3 MC III / MT III new bone at insertion of joint capsule, supracondylar ………...II – 
III 
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1.15.4 groove, dorsoproximal at edge of sagittal ridge without fragment…………II 
1.15.5 groove, dorsal sagittal ridge without fragment………………….…….II – III 
1.15.6 groove, dorsal sagittal ridge with fragment………………………………..III 
1.15.7 enlarged periarticular soft tissue shadow………………………………….III 
1.15.8 isolated radiopacity, dorsal or dorsoproximal…………………………II – III 
1.15.9 isolated radiopacity, palmar/plantar…………………………………...II – III 
1.15.10 proximopalmar/plantar concavity at MC III / MT III…….……………..III 
1.15.11 hook shaped deformity of palmar/plantar sagittal ridge……………II – III 
1.15.12 axis buckling of distal MC III / MT III…………………………….II – III 
 
1.16 Proximal sesamoid bones 90° 
1.16.1 osteophyte at distal or proximal articular margin…………….……….II – III 
1.16.2 coarsely meshed structure pattern……………………….……………II – III 
1.16.3 osteolysis or radiolucency (cyst-like lesion)…………………………III – IV 
1.16.4 new bone at palmar/plantar contour (annular ligament), mild…….….II – III 
1.16.5 new bone at palmar/plantar contour (annular ligament), moderate to severe…..III – 
IV 
1.16.6 soft tissue shadow as constriction in the area of the annular ligament.II – III 
1.16.7 new bone at apex……………………………………………………..II – III 
1.16.8 new bone at base, small and smooth………………………………...……...II 
1.16.9 new bone at base, considerable or rough……………………………II – III 
1.16.10 narrow vascular channels…………………………….…………………..II 
1.16.11 structural disintegration surrounding vascular channels, forelimb……...III 
1.16.12 structural disintegration surrounding vascular channels, hind limb...II – III 
1.16.13 isolated radiopacity proximal of apex………………………………II – III 
1.16.14 radiolucent line, fissure/fracture……………………………….......III – IV 
1.16.15 considerable size difference, lateral – medial 
with smooth contours and regular structure..…………………..…….……...II – III 
(consider projection related magnification) 
1.16.16 considerable size difference, lateral - medial 
with irregular contours and irregular structure…………………………III – IV 
(consider projection related magnification) 
1.16.17 increased distance, proximal pastern bone – proximal sesamoid bones…………II 
– III 

1.16.18 loudy or lamellar radiopacities in the run of 
suspensory ligament, flexor tendons and flexor tendon sheath…...……III – IV  
 
2. Oxspring view 0° Class 
 
2.1 navicular bone 0° 
2.1.1 considerable difference of findings right – left, re size………….……II – III 
2.1.2 cons. diff. of findings right – left, re shape of navicular bone………...II – III 
2.1.3 cons. diff. of findings right – left, re shape and no. of vascular 
channels……………………………………………………………………..II – III 
2.1.4 number of distal sesamoidean channels in the central straight part………...I 
2.1.5 location of channels proximal………………………………………….III 



 
 

150 

2.1.6 location of channels distal – central…………………………………….I 
2.1.7 location of channels junction to angled side aspect……...…………..II – III 
2.1.8 location of channels angled side aspect……………………………..III – IV 
2.1.9 length of channels more than ¼ of navicular bone width…………….II 
2.1.10 shape of channels narrow, pointy, wide, conical, cylindrical………I – II 
2.1.11 shape of channels small bulb-like (less than mustard seed size).….II – III 
2.1.12 shape of channels large bulb-like (peppercorn size and more)…...III – IV 
2.1.13 shape of channels branched (Y-shaped)………………………….III – IV 
2.1.14 structure coarsely meshed in total……………………….II – III 
2.1.15 structure coarsely meshed partially………………………..III 
2.1.16 structure osteoporotic (atrophy of structure)…………….II – III 
2.1.17 structure sclerotic………………………………………….III 
2.1.18 structure central radiolucency (cyst-like lesion)…………..IV 
verification views recommended 
2.1.19 structure central radiolucency (collapse)…………………...IV 
verification views recommended 
2.1.20 structure radiolucent lines, interpretation as fracture, 
ossific.-disturbance (exclude artefacts)………...IV 
verification views recommended 
2.1.21 contour – new bone side aspects, pointy……………….………….…..III 
2.1.22 contour – new bone proximal………………………………..………II – III 
2.1.23 contour – new bone distal, at junction to angled side aspect….……..II – III 
2.1.24 contour – new bone isolated radiopacity at junction to 
angled side aspect…………………………………………………………...II – III 
 
2.2 Pedal bone 0° Classification 
2.2.1 radiolucent lines, interpretation as fracture (exclude artefacts)……………IV 
verification views recommended 
2.2.2 radiolucency (cyst-like lesion) verification views recommended…………..IV 
2.2.3 contour – solar margin consistent…………………………………………I 
2.2.4 contour – solar margin irregular…………..……………………………II – III 
2.2.5 contour – solar margin severely irregular……………………………...III – IV 
2.2.6 contour – solar margin central flat indention (crena)……….…………….II 
2.2.7 contour – solar margin large conical or rounded indention…………….II – III 
2.2.8 contour – solar margin with isolated radiopacity……...………………III – IV 
 
2.3 Ossification of foot cartilages 0° 
2.3.1 at onset (one or both sided)……………………………………….………...II 
2.3.2 moderate to total………………………………………………….……II – III 
2.3.3 isolated in cartilages…………………………………….………….……….II 
2.3.4 radiolucent line in ossified cartilage………………………….…….………III 
 
2.4 Distal pastern bone 0° 
2.4.1 indention at mid-surface of the distal joint……..………………………II – III 
2.4.2 radiolucency (cyst-like lesion)……………………………………………..IV 
Verification views recommended at superimposition of 
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distal navicular bone margin and distal pastern bone margin 
2.4.3 radiolucency (enlarged medullar cavity)……………………………………I 
2.4.4 osteophyte proximomedial and/or –lateral…………………………….II – III 
2.5 Proximal pastern bone 0° (if imaged) 
2.5.1 new bone distal at insertion of oblique sesamoidean ligaments………II – III 
2.5.2 new bone distal at insertion of collateral ligaments………………......II – III 
2.5.3 new bone proximal at insertion of collateral ligaments……………….II – III 
2.5.4 osteophytes at fetlock joint……………………………………….……II – III 
2.5.5 fracture or fissure line (exclude artefacts) verification views recommended……...IV 
2.5.6 radiolucency (cyst-like lesion) proximal or distal, central or abaxial……...IV 
Verification views recommended 
 
3. Tarsus 0°, 45-70°, 90-135° Classification 
 
3.1 Tarsocrural joint 
3.1.1 tibia smooth contoured craniodistal new bone........................................II 
3.1.2 tibia flattening in the area of the sagittal ridge........................................II 
3.1.3 tibia indention in the area of the sagittal ridge.....................................II – III 
3.1.4 tibia isolated radiopacity, single fragment, compact............................II – III 
3.1.5 tibia isolated radiopacity, malacic dissecate or multiple …………...III – IV 
3.1.6 tibia radiolucency (cyst-like lesion)........................................................IV 
3.1.7 tibia persistent distal fibular physis…………………………………....I – II 
3.1.8 tibia persistent distal tibial physis............................................................II 
3.1.9 tibia malleoli new bone…..........................................................II - III 
3.1.10 tibia malleoli isolated radiopacity…............................................III 
3.1.11 tarsocrural joint free isolated radiopacity………………………..II – III 
3.1.12 talus distally directed bony exostosis...…………………….…………...II 
3.1.13 talus distally directed bony exostosis with radiolucent line…………..II – III 
3.1.14 talus isolated radiolucency in the tarsocrural joint recess..…………...II – III 
3.1.15 talus isolated radiolucency, dorsal of central tarsal bone……………..II – III 
3.1.16 talus radiolucency (cyst-like lesion)………………………………..…..IV 
3.1.17 talus trochlear, indention, flattening…………………………………….II 
3.1.18 talus trochlear, isolated radiopacity…………………………………….III 
3.1.19 calcaneus new bone proximal and distal at sustentaculum tali………III – IV 
3.1.20 calcaneus talocalcaneal joint space, sclerosis and local lucency…….III – IV 
3.1.21 calcaneus circumscript structural changes……………………………II – III 
3.1.22 calcaneus osteolysis……………………………………………………….IV 
3.1.23 calcaneus radiolucency (cyst-like lesion)…………………………………IV 
 
3.2 Intertarsal joints and tarsometatarsal joint Classification 
3.2.1 distinct continuous joint spaces, even bone structure……………………….I 
3.2.2 distinct synovial fossae, no deformation of tarsal bones……………………I 
3.2.3 blurred or narrow joint spaces……………………………………………...II 
3.2.4 considerable narrowed joint spaces (line-shaped)……………………III – IV 
3.2.5 osteophytes, rounded or pointy up to 2 mm………………………….…II – III 
3.2.6 osteophytes, rounded or pointy more than 2 mm………………………....III 
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3.2.7 osteophytes at MT III up to 2 mm……………………………….II 
3.2.8 osteophytes at MT III more than 2 mm……………………….II – III 
3.2.9 structural blurring and indentions in joint spaces……………………….....IV 
3.2.10 cyst-like lesions (verification views)……………………………………....IV 
3.2.11 closure of joint spaces and synovial fossae……………………...…III – IV 
3.2.12 periosteal reaction flattened; smooth………………………II – III 
3.2.13 periosteal reaction rough and irregular………………..….III – IV 
3.2.14 capsule calcification………………………………………………..III – IV 
3.2.15 inner enthesiophytes with or without ankylosis………………………....IV 
3.2.16 periosteal and desmal new bone at MT III – MT II – MT IV 
3.2.17 (splint, if imaged)…………………………………..…………………II – III 
3.2.18 sagittal radiolucent line in the proximal MT III joint surface (0° view)...III 
3.2.19 irregular sclerosis at proximal MT III (0° view) 
suspensory desmitis at its origin…………………………………………….….III 
3.2.20 hypertrophy of the lateral splint bone head or 4th tarsal bone……………III 
3.2.21 periosteal new bone at the lateral splint bone………………………..….III 
3.2.22 deformation of central or third tarsal bone…………………………III – IV 
3.2.23 smooth bony exostosis at the proximal MT IV…………………………......II 
 
4. Stifle 
 
4.1 Patella (stifle 90 – 115° / LM) 
4.1.1 cranial surface contour changes rounded, smaller 5 mm.............…II 
4.1.2 cranial surface contour changes irregular, rough…......................II – III 
4.1.3 cranial surface contour changes pointy spikes................................III 
4.1.4 cranial surface contour and structural changes….....................................II - III 
4.1.5 cranial surface isolated radiopacity………...…………………………...II – III 
4.1.6 patellar base cranial exostosis at margin, 2 mm and larger……………I – II 
4.1.7 patellar base joint adjacent exostosis, larger than 2 mm………………..III 
4.1.8 patellar base isolated radiopacity……………………………………….III 
4.1.9 patellar base ostephyte at prox. articular surface, smaller 3 mm…......II – III 
4.1.10 patellar base ostephyte at prox. articular surface, larger 3 mm…..….III – IV 
4.1.11 articular surface central contour changes……………………………..…IV 
4.1.12 articular surface radiolucency (cyst-like lesion)…………………………..IV 
4.1.13 patellar apex new bone rounded, smaller 5 mm………….II 
4.1.14 patellar apex new bone pointy spikes, larger 3 mm…..…III 
4.1.15 isolated radiopacity………………………………………………………...III 
4.1.16 radiolucent lines (interpretation as fissure or fracture)…………….III – IV 
4.1.17 radiolucency (cyst-like lesion)…………………………………………..IV 
 
4.2 Femoral trochlea (stifle 90-115°) Classification 
4.2.1 indention, cranioproximal or –distal at the medial ridge…………….…I – II 
4.2.2 smooth flattening of the lateral ridge at its intermediate third………...II – III 
4.2.3 irregular flattening of the entire trochlear contour……………………...….III 
4.2.4 structural changes (oval, spindle-shaped, irregular) 
distal to lateral trochlear contour………………………………..………….........III 
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4.2.5 isolated radiopacity without contour flattening, smaller 2 mm…...…II – III 
4.2.6 isolated radiopacity without contour flattening, larger 2 mm…….......III 
4.2.7 isolated radiopacity with contour flattening………………………..III – IV 
4.2.8 isolated radiopacities two or more…………………………………...III – IV 
4.2.9 isolated radiopacity(ies) in the distal joint region……………………..III – IV 
4.2.10 radiolucency (cyst-like lesion) at trochlear ridge region………………...IV 
 
4.3 Femorotibial joint (stifle 90-115°) 
4.3.1 isolated radiopacity(ies), also blotchy, in the meniscal area (cranial or caudal)…..IV 
4.3.2 intercondylar eminence irregular contour, smooth………….…………..…II 
4.3.3 intercondylar eminence irregular contour, rough…………………….…II – III 
4.3.4 intercondylar eminence spiky and/or edge-like contour changes……III – IV 
4.3.5 intercondylar eminence radiolucent line 
(interpretation as fissure or fracture)………………………………………..….IV 
4.3.6 femoral condyle radiolucency /cyst-like lesion)…………….....…..IV 
 
4.4 Tibial tuberosity (stifle 90-115°) 
4.4.1 contour changes smooth………………………………………....…II 
4.4.2 contour changes pointy / spiky (larger 2 mm)……………..…...….III 
4.4.3 notch-like indention at distal apophyseal junction (older than 4 
years)………………………………………………………………….II – III 
4.4.4 radiolucent line (interpretation as fissure or fracture)…………….IV 
 
4.5 Femorotibial joint (stifle 0° or 180°) 
4.5.1 medial femur condyle contour changes in central joint surface 
Indention with sclerosis…..….II – III 
4.5.2 medial femur condyle contour changes in central joint surface 
Indention without sclerosis…….III 
4.5.3 medial femur condyle ostephyte, bulging at joint margin…………...…II - III 
4.5.4 medial femur condyle isolated opacity, millet-seed – peppercorn size..II – III 
4.5.5 medial femur condyle isolated opacity, hazelnut size…………………...IV 
4.5.6 medial femur condyle radiolucency (cyst-like lesion)…………………..IV 
4.5.7 intercondylar fossa irregular contour, abaxial lateral……………….II – III 
4.5.8 lateral femur condyle smooth, also protruding contour 
of the lateral epicondyle……………………………………………………………I 
4.5.9 lateral femur condyle intersection to condylar fossa 
New bone and/or deformation………………………………………………..II – III 
4.5.10 femorotibial joint lateral and/or medial isolated radiopacity….…III – IV 
4.5.11 tibia radiolucency, intercondylar area…………………………………..I 
4.5.12 tibia new bone, medial condyle………………………………………II – III 
4.5.13 tibia cyst-like lesion, lateral and/or medial…………………………….IV 
4.5.14 tibia intercondylar eminence, radiolucent line………………………III – IV 
4.5.15 tibia intercondylar eminence, deformity by new bone…………………III 
4.5.16 fibula one or more transverse radiolucent lines…………………………..I 
4.5.17 fibula one or more transverse radiolucent lines, 
interpretation as fracture…………………………………………………...III – IV 
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4.5.18 new bone in between fibula and tibia……………………………………...III 
 
5. Back Classification 
 
5.1 Spinous processes, withers 
5.1.1 new bone dorsal……………………………………………..II 
5.1.2 new bone cranial and/or caudal…………………………...II – III 
5.1.3 deformation mild………………………………………………II 
5.1.4 deformation moderate – severe……………………………...II – III 
5.1.5 deformation with pseudo-joint formation ………………….....III 
5.1.6 deformation ankylosis……………………………………...….III 
5.1.7 fractures chronic, healed, with/without dislocation……..III – IV 
5.1.8 spinous process with cyst-like lesion……………………………..….III – IV 
 
5.2 Spinous processes of saddle position and lumbar spine 
5.2.1 interspinous spaces, more than 8 mm without reactive changes………….I 
5.2.2 interspinous spaces, 2 – 8 mm without reactive changes………………...II 
5.2.3 interspinous spaces, smaller 2 mm without reactive changes…………II – III 
5.2.4 interspinous spaces, 2 – 8 mm with reactive changes 
(sclerotic margins, new bone)…………II – III 
5.2.5 contacting sp. processes without considerable changes…………...III 
5.2.6 contacting sp. Processes severe sclerosis and/or new bone…….III – IV 
5.2.7 contacting sp. Processes with cyst-like lesion…………………..III – IV 
5.2.8 spinous process with cyst-like lesion…………………………………III – IV 
5.2.9 over-riding of spinous process summits……………………………...III – IV 
5.2.10 new bone dorsal…………………………………………………...…II 
5.2.11 new bone cranial or caudal contour………………………………..…II – III 
5.2.12 new bone dorsal, cranial and/or caudal directed projection……………….II 
5.2.13 new bone projection with radiolucent line……………………………II – III 
5.2.14 radiopacity, dorsal, cap-shaped………………………………………..II – III 
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BEVA/RCVS Guidance Notes on the Examination of a Horse  
on Behalf of a Prospective Purchaser (amended 2011) 

Supported by the Veterinary Council of Ireland and Veterinary Ireland 

This document has been produced jointly by the British Equine Veterinary Association and the 
Royal College of Veterinary Surgeons. It is intended to provide general guidance for both 
veterinary surgeons and prospective purchasers on what is to be expected of pre-purchase 
examinations of horses. The term “horse” is meant to include ponies and foals. 

The aim of the pre-purchase examination is to carry out a thorough clinical examination on 
behalf of a potential purchaser to identify and assess factors of a veterinary nature that could 
prejudice the horse‟s suitability for its intended use. Each pre-purchase examination is carried 
out on behalf of a specific prospective purchaser so that the opinion can be based on that 
purchaser‟s individual needs and intended use of the horse. Examinations performed on behalf 
of a seller are not advised except in the case of a few specified auction sales. 

Before performing a pre-purchase examination the veterinary surgeon should endeavour to 
ascertain who is selling the horse and the horse‟s identity. If, as a result of such information, the 
veterinary surgeon feels any conflict of interest, which means he/she cannot act wholly in the 
interests of the purchaser, the veterinary surgeon should decline to perform the examination. If 
the veterinary surgeon feels able to act without conflict, the fact that the seller is an existing 
client of the veterinary surgeon‟s practice should be declared to the purchaser in advance of the 
examination. Additionally, if the veterinary surgeon, or his/her practice, have any prior 
knowledge of the horse from any source, permission should be obtained from the seller for full 
disclosure to the purchaser of all such information that might be relevant. If this is not possible, 
for any reason, the veterinary surgeon should decline to perform the examination.  

A standardised clinical examination is performed. Its findings will be assessed by the veterinary 
surgeon, who will form an opinion as to their significance and any possible adverse implications 
for the prospective purchaser‟s intended use of the horse. The findings and opinion may be 
reported to the purchaser verbally at the time of the examination or soon afterwards, as well as 
being documented in a certificate that is issued to the purchaser. If the purchase does not 
proceed a certificate may not be completed unless the purchaser requires one. Certificates are 
not transferable to another purchaser.  

The pre-purchase examination provides an assessment of the horse at the time of examination 
to help inform the potential purchaser„s decision whether or not to continue with their purchase. 
It is not a guarantee of a horse‟s suitability for the intended purpose. 

THE EXAMINATION 

The standard examination is conducted in five stages, although the exact sequence of the 
examination may vary. The stages are: 

Stage 1: Preliminary examination 

This is a thorough external examination of the animal at rest using visual observation, 
palpation and manipulation to detect clinically apparent signs of injury, disease or 
physical abnormality. It includes an examination of the incisor teeth, a thorough 
examination of the horse‟s eyes in a darkened area and auscultation of the horse‟s 
heart and lungs at rest. Examination of the eyes does not include dilating the pupil but 
should include examination of internal and external structures.  
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The examination does not include examination of the inside of the prepuce (sheath), a 
detailed mouth examination with a speculum, a height measurement or any examination 
for pregnancy.  

Stage 2: Walk and trot, in hand 

The animal is walked and then trotted in hand to detect abnormalities of gait and action. 
Ideally this is carried out on firm, level ground. The horse is turned sharply each way 
and is backed for a few paces.  Flexion tests of all four limbs and trotting in a circle on a 
firm surface may be carried out if the examining veterinary surgeon considers it safe 
and appropriate to do so. 

Stage 3: Exercise phase 

The horse is usually ridden and given sufficient exercise to: 

1. Allow assessment of the horse when it has an increased breathing effort and an 
increased heart rate.  

2. Allow assessment of the horse‟s gait at walk, trot, canter and, if appropriate, 
gallop. 

3. Allow assessment of the horse for the purpose of stage five. 

If ridden exercise is not possible for any reason then this stage may be conducted by 
exercising the horse on a lunge, but this fact should be made clear to the purchaser and 
on the certificate. 

Stage 4: Period of rest and re-examination 

The horse is allowed to stand quietly for a period. During this time the respiratory and 
cardiovascular systems may be monitored as they return to their resting levels. 

Stage 5: Second trot up 

The animal is trotted in hand again to look for any signs of strains or injuries made 
evident by the exercise and rest stages. 

Flexion tests and trotting in a circle 

Flexion tests and trotting in a circle on a firm surface are not mandatory parts of the standard 
procedure, but they can sometimes provide useful additional information about a horse. 
There may be circumstances when the examining veterinary surgeon concludes that it is 
unsafe or inappropriate to perform such tests.  

Blood Sample 

A blood sample may be taken for storage (usually for 6 months) for possible future analysis 
to detect substances present in the horse‟s system at the time of the examination that might 
have masked any factors affecting the horse‟s suitability for the purchaser‟s intended use. If a 
blood sample is not taken then the reason should be noted on the certificate.  
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Identification of the horse  

The horse should be identified by recording the horse‟s markings in the form of a diagram 
and written description as well as searching for a microchip and inspecting any available 
documentation. The diagram may be omitted if the presence of a microchip can be confirmed 
by scanner and the diagram of an accompanying passport matches the horse. In this 
instance, both microchip and passport numbers should be recorded on the certificate.  

Variations from the standard examination 

Whilst there is a recognised format for the examination, the examining veterinary surgeon 
may vary it where there are good practical or clinical reasons. In circumstances where it is 
not possible or appropriate to complete all the stages, or where the standard five-stage 
examination is limited to stages one and two at the specific request of the purchaser, the 
variations from the standard procedure should be made clear to the purchaser and on the 
certificate. The results of any additional procedures (e.g. radiography or endoscopy) carried 
out at the request of the purchaser should also be reported and recorded on the certificate or 
in an addendum to it. The original records of these procedures (such as radiographs, 
ultrasonographs, photographs) should be retained by the examining veterinary surgeon. 

THE CERTIFICATE AND OPINION 

The certificate should report the findings of the examination including all significant signs of 
disease, injury or physical abnormality. The certificate should also include the examining 
veterinary surgeon‟s opinion as to whether or not, on the balance of probabilities, those 
findings prejudice the horse‟s suitability for purchase for its intended use. 

This opinion of the examining veterinary surgeon is given in the following format: 

“In my opinion, on the balance of probabilities, the conditions reported above do / do 
not prejudice this horse’s suitability for purchase to be used for …” 

This wording reflects the fact that there may be other reasonable interpretations of the 
findings, but it in no way reduces the responsibility of examining veterinary surgeons to 
examine and observe the horse carefully and to apply to the full their professional knowledge 
and experience. 

If the examining veterinary surgeon considers that the clinical history represents a greater 
than normal risk of the horse developing future problems (i.e. recurrence or delayed 
consequences of a prior condition), or that it may do so, this should be indicated on the 
certificate along with an explanatory note. Despite such observations, the horse may 
nevertheless be suitable for purchase based on a risk/benefit analysis. 

LIMITATIONS OF THE EXAMINATION 

Incomplete examinations 

If any parts of the five stages are omitted for any reason, the opinion given is based purely 
upon those parts of the examination that were completed. The incomplete examination will 
not have identified any clinical signs of disease, injury or abnormality that could only have 
been revealed by a part of the standard procedure that was omitted. 
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If the purchaser requests a limited (two-stage) examination, the examination will be limited in 
its scope and may not detect important clinical factors that could otherwise influence their 
decision to purchase the horse. 

Previous treatments 

The horse may have received previous or concurrent veterinary treatment unknown to the 
examining veterinary surgeon. This may be so even where the examining veterinary surgeon 
is the seller‟s regular veterinary surgeon and has access to clinical records for the horse.  

At the time of the examination the horse may have been subject to some previously 
administered drug or medicament having the effect of masking or concealing some disease, 
injury or physical abnormality that might otherwise have been clinically discoverable. A blood 
sample taken at the time of the examination may be used later to seek to determine this. 

Ownership 

The certificate serves to identify the horse that was examined, but it is not the responsibility 
of the examining veterinary surgeon to ascertain that the declared seller has legal title in the 
horse. It is the responsibility of the purchaser to satisfy themselves as to the ownership of the 
horse before purchase and to verify the records of any microchip with the relevant database. 

Age 

Without appropriate paper records from foalhood it is not possible to confirm the age of a 
horse with accuracy. Estimates of age based on a dental examination are imprecise and 
unreliable and exact ageing using dentition alone should be avoided. In the absence of 
documentary evidence, the term „aged‟ may be used to refer to a horse considered after 
examination to be over 15 years of age. 

Vices 

Vices are objectionable habits, but are not necessarily detectable during the examination. 
However, if vices, or evidence of vices, are observed during the examination they should be 
reported to the purchaser and recorded on the certificate and taken into account in the 
concluding opinion. 

Seller’s warranty 

The opinion provides no assurances in respect of matters that can only be established by a 
seller‟s representations to the purchaser. A seller‟s warranty is a matter between the seller 
and the purchaser and is not the responsibility of the examining veterinary surgeon. The 
purchaser should consider obtaining a written warranty from the seller covering, for example, 
matters such as medical or surgical history, height, freedom from vices, temperament, non-
administration of drugs prior to the examination and the horse‟s previous or existing uses and 
performance levels. 

Height 

For the purposes of this examination, the height of a horse or pony is not the concern of the 
examining veterinary surgeon.  



 
 

166 

 
  

Insurance 

Where possible and if required, the prospective purchaser is advised to confirm that they are 
able to obtain suitable insurance cover before purchasing the horse. 

NB. Pre-purchase examination certificates are suitable for submission to insurance 
companies with a proposal for insurance of the horse. Insurance examinations carried out for 
an existing owner of a horse may follow the same format as the five-stage pre-purchase 
examination, but they will not include an opinion and should not be interpreted as a pre-
purchase examination. Insurance examinations should be recorded using the “Certificate of 
Examination of a Horse for Insurance Purposes”. 
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ASSESSMENT OF CARDIAC MURMURS 
 

Celia M Marr, BVMS, MVM, PhD, DEIM, DipECEIM, MRCVS 
 

Rossdales Equine Hospital, Newmarket, Suffolk, UK. 
 
 

Introduction 
Cardiac murmurs are extremely common, occurring in 65- 80% of athletic horse breeds. 

While cardiac murmurs can be associated with poor performance or even occasionally heart 
failure, most cardiac murmurs are detected when the heart is examined as part of a general 
physical examination, for example in a pre-purchase setting or prior to anaesthesia. In this 
situation, the clinician must decide whether the cardiac murmur is indicative of serious cardiac 
disease, mild sub-clinical cardiac disease or due to physiological processes. In addition, if cardiac 
disease is detected, it is necessary to decide whether this is likely to be progressive or non-
progressive. With careful examination it is possible to characterize murmurs, determine the list of 
differential diagnoses and identify those horses that require further investigation before a 
prognosis can be offered. Echocardiography is extremely useful is assessing the structure of the 
heart and in identifying changes to the chamber dimensions and function that may provide an 
insight on the impact of the heart disease. Electrocardiography allows concurrent cardiac rhythm 
disturbances to be documented but, in horses, provides little information on cardiac chamber size. 

 
Characterizing Murmurs 
Cardiac murmurs are prolonged sounds occurring during periods of the cardiac cycle that 

are usually silent. Murmurs arise when normal laminar flow is disrupted. The criteria used to 
describe murmurs are its timing [fig 1], location (point of maximal intensity [fig 2] and direction of 
radiation) and quality (intensity [table 1] and shape [fig 3]). If all five characteristics of a murmur are 
considered carefully, the clinician is usually able to formulate a differential diagnosis and 
differentiate murmurs which are physiological (functional) from those which indicate that there is 
cardiac pathology and justify further diagnostic evaluation.  

 

 
Fig. 1. The timing of murmurs is determined within the cardiac cycle. 
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Fig. 2. The point of maximal intensity corresponds to the valve area over which the murmur 
is loudest. 

 
 
 
Table 1. Definitions of murmur intensity grades. 

Intensity Grade Definition 
1 A soft murmur audible only after careful auscultation in a localized area of 

the thorax 
2 A soft murmur which is clearly audible after a few seconds auscultation 
3 A moderately loud murmur that is immediately audible 
4 A loud murmur that is immediately audible over a wide area of the thorax 

with no precordial thrill 
5 The loudest murmur that becomes inaudible when the stethoscope is 

removed from direct contact with the thorax, always accompanied by a 
precordial thrill 

6 A loud murmur that can still be heard when the stethoscope is removed 
from direct contact with the thoracic wall, always accompanied by a 
precordial thrill. 

 
Fig 3. Terms used to describe the quality or shape of murmurs 

 
 

 

 

4
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Causes of Murmurs 
 
Physiological Murmurs 
Physiological (functional) murmurs are present where there is no cardiac pathology, 

particularly associated with left ventricular ejection. Whilst often found in normal horses, they also 
occur if blood viscosity is lowered in anemia or hypoproteinemia. However, because cardiac 
murmurs can accompany congenital cardiac disease or valvular insufficiency, it is important that 
physiological (functional) murmurs are distinguished from pathological murmurs. Physiological 
murmurs are quieter (grade 3 or less), soft and localized, do not have precordial thrills and do not 
obscure the heart sounds. Functional murmurs in systole caused by ventricular ejection are 
localized to the heart base in the third or fourth intercostal space; they are usually grade 3 or less 
and have a soft, blowing quality. Functional diastolic murmurs occur in early or mid diastole, they 
are frequently musical or squeaky, and are auscultated over the left heart base or left AV valve 
area. 

 
Valvular Regurgitation. 
Valvular disease in horses can be due to degenerative or inflammatory processes, and 

inflammation of the valve can be further sub-divided into non-septic or septic inflammation, the 
latter being better known as bacterial endocarditis. In all instances, the disease typically leads to 
regurgitation (leaking). It is important to appreciate that since a valve can only leak at a time in the 
cardiac cycle when it should be closed, if a murmur can be localized to one valve area and its 
timing determined, the clinician can often distinguish regurgitation from sounds associated with 
forward flow (physiological murmurs) fairly easily. It has now been well-documented that valvular 
regurgitation occurs in the absence of valvular pathology [1]; this is described as physiological 
regurgitation and may or may not be associated with soft murmurs. Physiological regurgitation has 
no clinical significance.  

 
Congenital defects 
Congenital defects occur less commonly than the other causes of murmurs; typically they 

are very loud and are often accompanied by precordial thrills. Simple defects, such as the 
ventricular septal defect are often well-tolerated and may not be detected until the animal is mature 
(see below) whereas with complex congenital cardiac defects, the foal may present fairly early in 
life and the murmur will be accompanied by other signs of cardiovascular compromise. 

 
Differential Diagnoses for specific murmurs 
 
Systolic murmurs loudest on the left side 
The two most common causes of systolic murmurs loudest on the left side are flow murmurs 

associated with the semi-lunar valves (usually aortic) and mitral (left atrioventricular) valvular 
insufficiency. 

 
Mitral Insufficiency 
Murmurs of mitral insufficiency are present in around 3.5% of the general horse population 

[2]. However, it is the most frequent form of valvular insufficiency referred for further investigation 
and is more likely to be associated with signs of poor performance: 35% of horses presented to the 
author for investigation of valvular insufficiency have mitral insufficiency and in 50% of these there 
is a history of poor performance. Mitral insufficiency is the second commonest location for valvular 
pathology, but it is the most likely form of insufficiency to lead to congestive heart failure or sudden 
death due to pulmonary rupture [3-5]. More often, horses with mitral valve disease develop atrial 
fibrillation that is refractory to treatment with quinidine sulphate, thus ending their competitive 
careers [6]. Horses with severe mitral insufficiency also have a high incidence of ventricular 
arrhythmias [3]. Because of these potentially serious sequelae, investigation of horses with 
murmurs of mitral insufficiency is warranted more frequently. 
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The murmur of mitral insufficiency is holo- or pan-systolic, typically band shaped and is 
loudest over the left fifth intercostal space, radiating caudodorsally if it is severe. The grade of the 
murmur does not necessarily relate to the severity of the disease, and it may reflect the direction of 
the regurgitant jet, frequently being louder if the jet is orientated towards the chest wall. Flow 
mapping can underestimate the severity of mitral regurgitation, because it is difficult to align the 
ultrasound beam parallel to the direction of regurgitant flow. Therefore, care must be taken if a 
small jet is detected in a horse with other signs of severe mitral insufficiency, such as left atrial 
enlargement or left ventricular volume overload. 

 
Echocardiography is an important tool with which to investigate mitral valvular regurgitation.  

Mitral valve prolapse is a fairly common finding [1], often associated with a mid-systolic murmur. If 
there is no or minimal regurgitation, the prognosis appears to be good. Extensive nodular changes 
on the valve, ruptured chordae tendineae and flail cusp indicate more severe pathology [3]. The 
dimensions of the left ventricle, left atrium and pulmonary artery should be carefully evaluated. A 
good prognosis can be offered if the regurgitant jet is small, there are  no valvular structural 
changes and no cardiac enlargement. Pulmonary artery dilatation is a poor prognostic sign [3], and 
care should be taken not to underestimate the importance of mitral insufficiency in horses with 
large regurgitant jets and minimal atrial enlargement, because this may indicate an acute onset 
which may continue to progress. 

 
Myocardial disease may accompany mitral insufficiency [3]. If this has led to severe 

dilatation, the prognosis is poor. These horses should be evaluated during high-speed treadmill 
work to determine their exercise tolerance and ensure that exercise-induced arrhythmias are 
absent. With mild to moderate ventricular dilatation, the horse may experience reduced 
performance but be able to perform light work. 

 
Systolic murmurs loudest on the right side. 
The two most common systolic murmurs on the right side are due to tricuspid (right 

atrioventricular) valvular regurgitation. 
 
Tricuspid Insufficiency 
Pathological changes in the tricupsid valve are uncommon, conversly tricuspid insufficiency 

is frequently encountered, particularly in performance horses [2]. In one survey of 545 horses, the 
overall incidence was 9% but the incidence in Throughbred racehorses was 16.4%. In the author’s 
clinical population, Thoroughbreds are at an increased risk of having tricuspid insufficiency 
compared to other breeds: 22% of Thoroughbreds presented for investigation of valvular 
insufficiency had tricupsid insufficiency, whereas there was an incidence of 8% in mixed pleasure 
horses and 5% in ponies (risk ratio 2.84, 1.24–6.45, P<0.01). Murmurs of tricuspid insufficiency 
are also often found in Standardbreds. It has been proposed that the insufficiency is caused by 
geometric changes in the ventricle in response to hypertrophy [2] but prospective studies have not 
yet been performed to substantiate this theory. Similarly, the tricupsid valve is a common site for 
physiological regurgitation [1,7]. Tricuspid insufficiency is rarely related to clinical signs such as 
poor performance in performance animals, but if it is encountered in breeds in which it is less 
common, it may warrant further investigation. Occasionally, lesions such as rupture of a chorda 
tendinea, bacterial endocarditis and severe degenerative valve disease are encountered. Valvular 
prolapse is seen commonly. 

 
The severity of tricuspid insufficiency can be semiquantitated with Doppler 

echocardiography fairly easily. Signs of right ventricular volume overload include dilatation of the 
right ventricle, rounding of its apex so that the heart appears to have a double apex, and 
paradoxical septal motion. Horses with normal valve structure  or valvular prolapse, moderate 
regurgitation and no signs of right ventricular volume overload generally have a good prognosis for 
continued performance. Tricuspid insufficiency does not appear to predispose to the development 
of atrial fibrillation unless it is severe [6].  
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Ventricular Septal Defect 
The ventricular septal defect (VSD) is the commonest congenital cardiac defect in horses 

[8]. VSDs are also frequently a component of complex defects. VSDs have been documented in a 
wide variety of breeds. The lesion is particularly common in Welsh Mountain ponies. VSDs are 
usually located in the membranous (non-muscular) portion of the septum in the left ventricular 
outflow tract (subaortic) immediately below the right coronary cusp of the aortic valve and the 
tricuspid [8]. Less commonly, defects are found in the perimembranous or muscular portions 
where there may be single, multiple or fenestrated defects or in the membranous septum in the 
right ventricular outflow tract (subpulmonic) [8]. In the left ventricular outflow tract, larger defects 
can lead to moderate to severe aortic insufficiency as the cusps of the aortic valve are sucked into 
the defect and, ultimately, may rupture [8]. The shunt direction is usually left to right with simple 
VSDs. 

 
The VSD is usually associated with at least two murmurs. The shunt itself causes a loud, 

pansystolic band-shaped or coarse murmur with its point of maximal intensity over the right fourth 
intercostal space. There is often also a murmur of relative pulmonic stenosis [8]. The right 
ventricular tract is anatomically normal but, because of the increased volume of blood leaving the 
right ventricle, a loud holosystolic crescendo–decrescendo murmur is auscultated over the 
pulmonic valve area in the left third intercostal space. This murmur of relative pulmonic stenosis is 
typically at least one grade less than the VSD murmur. If there is concurrent aortic insufficiency, a 
holodiastolic decrescendo murmur will be present over the aortic valve area in the left fourth 
intercostal space. 

 
The integrity of the septum is assessed with two-dimensional echocardiography [8]. A 

membranous VSD is typically best visualised in an image of the left ventricular outflow tract. The 
defect should be measured in two mutually perpendicular planes to determine its maximal 
diameter [8]. Colour flow Doppler echocardiography demonstrates the intracardiac shunt and is 
particularly helpful in identifying small VSDs. Continuous wave Doppler echocardiography is used 
to document the maximal velocity of the intracardiac shunt. The maximal shunt velocity reflects the 
pressure difference between the left and right ventricles. If the right ventricular pressure rises, the 
pressure difference will fall and therefore the shunt velocity will be low. The echocardiogram 
should also be assessed for signs of left ventricular volume overload, dilatation of the left ventricle, 
rounding of the apex, right ventricular hypertrophy and dilatation, and concurrent valvular 
insufficiency. 

 
The prognosis in VSD depends on the size and location of the defect and the maximal 

velocity of the shunt. Horses with small defects in the left ventricular outflow tract can have a 
useful career. All horses which had a successful career had membranous or perimembranous 
VSDs with a maximal diameter of less than 2.8cm in one study [8]. Seven of 11 horses with a 
shunt velocity greater than 4m/s performed successfully at maximal types of competition, while the 
remainder were successful at lower levels of activity such as showing or hunting [8]. In smaller 
breeds of horses and ponies, it may be helpful to compare the size of the VSD with the diameter of 
the aortic root. VSDs which are less than one-third of the aortic root are likely to be restrictive and 
therefore carry a more favourable prognosis [9]. Horses with muscular VSD, additional lesions 
such as severe aortic insufficiency or in which the VSD is part of a more complex cardiac defect 
have a poor prognosis [8]. Therefore, the echocardiogram should be evaluated carefully to provide 
accurate prognostic information. 

 
Diastolic Murmurs on the left and/or right side 
The two main differential diagnoses for diastolic murmurs are physiological murmurs 

associated with ventricular filling and aortic valvular regurgtiation. Pulmonic valvular regurgitation 
occurs very rarely. 
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Aortic Valvular Regurgitation 
The aortic valve is the commonest site for valvular pathology, particularly in the middle-aged 

and older horse [10]. Degenerative lesions consisting of nodular or, less commonly, generalised 
fibrous thickenings are seen most often on the left coronary cusp, although any or all of the three 
cusps may be affected [10]. Bacterial endocarditis can affect the aortic valve [10]. All forms of 
congenital valvular lesions are extremely uncommon in isolation but congenital malformations 
have been reported in the aortic valve [11, 12]. Severe aortic insufficiency can accompany 
ventricular septal defects, when the presence of the defect immediately beneath the aortic root 
leads to instability and, in some cases, rupture of the aortic valve (see above).  

 
The murmur of aortic insufficiency is typically pan, holo or early diastolic decrescendo and 

has its point of maximal intensity over the aortic valve in the left fifth intercostal space and radiates 
variable distances ventrally towards the heart base. It may be musical in quality, and in some 
horses it has a bizarre ‘creaking’ quality, which may be due to vibrations of cardiac structures, 
such as the mitral valve and the ventricular septum, rather than turbulent blood flow itself. 

 
The best clinical guide to severity of regurgitation is the quality of the arterial pulses, rather 

than the grade of the murmur. Horses with moderate aortic insufficiency have reduced diastolic 
pressure and in those with severe aortic insufficiency and left ventricular volume overload, the 
systolic pressure and difference between the systolic and diastolic pressures increase, so that the 
pulses become increasingly hyperkinetic. In middle-aged horses, slowly progressive aortic 
insufficiency is common and well tolerated. Aged horses should be investigated if they are to 
continue to be used for riding, and aortic insufficiency may be more important if it is detected in a 
young animal. 

 
Colour flow Doppler echocardiography can readily demonstrate the area occupied by the 

regurgitant jet. Doppler echocardiography can also be used to assess pressure gradients which 
arise as a result of aortic insufficiency. The two-dimensional and M-mode echocardiographic 
features of aortic insufficiency have been described previously [13]. Prolapse of the non-coronary 
cusp is a common finding and is rarely associated with severe regurgitation [1]. In the typical, 
degenerative disease seen in older horses, echogenic foci, representing degenerative nodules, 
are commonly localised to the left coronary cusp. Generalised thickening of the aortic valve, and 
flail cusp, indicate more extensive pathology. Dilatation of the aortic root, diastolic vibrations of the 
mitral valve and septum, and premature closure of the mitral valve, are seen with moderate to 
severe aortic insufficiency but are not necessarily relate to severity [13]. The vibrations arise as a 
consequence of the turbulence created in the left ventricular outflow tract by the regurgitant jet.  

 
Both two-dimensional and M-mode echocardiograms are useful in assessing the degree of 

left volume overload. Left ventricular volume overload is diagnosed if the left ventricular diameter is 
increased, the apex of the ventricle takes on a globoid shape and the ventricle is hyperkinetic. 

 
In the author’s clinical population, there is an apparent association between aortic 

insufficiency and ventricular arrhythmias: horses with aortic insufficiency are more likely to have 
ventricular arrhythmias compared to horses with other forms of valvular insufficiency (risk ratio 
1:87, 1.05–3.31, P = 0.035). Therefore, ambulatory and exercising electrocardiography  are 
recommended as part of the diagnostic work-up in cases of aortic insufficiency, particularly in 
horses with moderate to severe arrhythmias which are being used for riding purpose. 

 
Horses with mild to moderate aortic insufficiency, which is slowly  progressive and is not 

associated with ventricular arrhythmias, can be  used successfully as riding horses for several 
years after the diagnosis is made. A poorer prognosis is warranted with acute-onset,  severe aortic 
insufficiency and severe, advanced degenerative disease, particularly if the degree of left 
ventricular dilatation has caused dilatation of the mitral valve annulus and mitral insufficiency or if 
there are ventricular arrhythmias. 
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Decision Making in the Pre-purchase Exam setting. 
As described above, the first step in rationale decision making is to attempt to characterize 

the murmur and narrow the causes down to a list of one or two possibilities. The age, intended 
use, state of training, intended career length of the animal can all influence the prevalence of the 
various causes of murmurs and impact on their significance. Factors such as insurance status and 
plans for re-sale may also influence the owners’ decision making in some cases. Clinicians have 
the option of advising a potential purchaser not to buy the horse, to buy the horse with a third 
option, of suggesting that further investigations are undertaken and echocardiography is usually 
the most logical next step although ECGs can be helpful in documenting concurrent arrhythmias. 
Horses that undergo further investigations are more likely to be judged suitable for purchase than 
not. Table 2 lists the various murmurs and guidelines for criteria that might prompt further 
investigations prior to making a decision to recommend purchase. 

 
Table 2. Summary of decision making in the pre-purchase setting. 

 
Location and timing Differentials Characteristics causing concern 

Aortic Flow murmur 
If loud, prolonged or audible over a wide 
area, suspect that MI is present rather 
than a flow murmur 

Left, systolic 

Mitral insufficiency 

Grade 3 or louder 
Pre-cordial thrill 
Concurrent Arrhythmia 
Intended for use as top class Eventer with 
long career ahead.  

Ventricular septal 
defect 

A murmur on the left side will also be 
present 
Most often found in non-atheletic breeds 
or juveniles.  

Right, systolic 

Tricuspid insufficiency 

Grade 4 or louder 
Pre-cordial thrill 
Concurrent Arrhythmia 
If found in a non-athelete (which is 
uncommon therefore VSD should be 
suspected) 

Ventricular filling 
(physiological) 

If loud, prolonged or audible over a wide 
area, suspect that AI is present rather than 
a flow murmur 

Diastolic 

Aortic Insufficiency 

Young horse 
Grade 4 or louder 
Pre-cordial thrill 
Concurrent Arrhythmia 
Before arranging referral ensure 
prospective purchaser realizes this is a 
progressive lesion as this may be enough 
to put them off proceeding. 

 
When performing echocardiograms in horses in a pre-purchase setting, it is important that a 

systematic and detailed exam is undertaken. The cause of the murmur should be identified and in 
the case of mitral and tricuspid insufficiency, a favourable prognosis can be offered where there is 
no evidence of enlargement of the cardiac chambers, there are no visible valvular lesions and the 
jets of regurgitation are small. Ideally, an resting and exercising ECG should also be included as 
the present of a concurrent arrhythmia warrants a more cautious prognosis. Aortic insufficiency is 
seen less often in this particular clinical setting as it is a disease of the older horse population who 
are less likely to be subjected to pre-purchase examinations. Aortic insufficiency is invariably 
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progressive although many horses are useful in general riding activities with this disease. Aortic 
insufficiency is assessed by similar echocardiographic criteria. 

 
Summary 
Cardiac murmurs are commonly detected in situations where the clinician is required to 

determine if they are indicative of a cardiac disease that may impact on the horses performance or 
lifespan at some stage. Careful characterization allows a rationale decision of whether further 
investigation is necessary and if investigation is required it should usually include 
echocardiography and electrocardiography.   
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Introduction 
Palmar foot pain is thought to be the most common cause of lameness in the horse1. The 
diagnosis of palmar foot pain using palmar digital perineural analgesia is relatively 
straightforward while diagnosis of the site of injury in the palmar section of the foot is often 
difficult or confusing. Until recently, lameness originating from the palmar section of the foot 
that was positive to hoof tester examination over the navicular area and that became sound 
following a palmar digital nerve block was given an assumptive diagnosis of navicular 
syndrome.  The advent of new and more sophisticated imaging modalities such as magnetic 
resonance imaging (MRI) has shown this assumption to be inaccurate. The source of pain could 
originate from any number of structures enclosed within the palmar hoof or in the hoof complex 
itself. An example of damage to a structure enclosed within the palmar hoof would be navicular 
disease or perhaps a lesion in the impar ligament. On the other hand the pain could arise from the 
hoof complex, which for the purpose of this paper is composed of the hoof capsule, sole, frog, 
digital cushion, ungual cartilages and deep digital flexor tendon. 
 
The horse’s foot is unique as it is a group of biological structures that follows the laws of physics 
(Figure 1, 2). The foot is designed to accept tremendous load (weight) on a very small surface 
area. If the conformation of the foot dose not afford protection and the foot is not 
biomechanically efficient; the stresses placed on the structures of the foot during competition 
will lead to disease. The hoof complex is often subjected to chronic insidious mechanical 
overload as a result of repetitive trauma leading to injury of these structures. To further 
complicate the problem, palmar foot pain may result from a combination of pathology within the 
hoof and the compromised structures of the hoof complex. This creates a dilemma for clinicians 
when trying to manage the lameness and design a shoeing plan. The treatment of palmar foot 
pain through trimming / shoeing remains empiric and is often based on the previous experience 
of the equine clinician rather than careful evaluation of those structures that can be affected, 
improved and protected. In contrast to an empirical approach is an approach that attempts to 
predict where abnormal stresses are occurring within the digit because it is well recognized that 
many conditions, both degenerative and traumatic are related to excessive stress on a given 
structure.  
 
It is rare to find a case of palmar foot pain that is not caused by or accompanied with some type 
of hoof capsule distortion. Examples of abnormal foot conformation would be long toe under-run 
heels, upright or club feet and sheared heels 2. Correcting or improving hoof conformation will 
always be part of the initial treatment plan. With this in mind, it becomes apparent that some 
form of therapeutic farriery will form part or in some cases all of the treatment for palmar foot 
pain.  
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Examination of the foot 
Examination of the foot should attempt to identify both predisposing factors and disease. 
Thorough examination of the foot with hoof testers cannot be over-emphasized. When, through 
the process of examination and diagnostic analgesia, the source of pain is localized to a structure 
and the disease process identified, a specific strategy may be formulated that involves a 
combination of rest, medication and therapeutic farriery. Frequently, the clinician is expected to 
develop a strategy to treat a lameness originating from the foot that cannot be localized to a 
particular structure or process, compensate for a conformational abnormality and correct an 
inappropriate foot conformation.  This necessitates careful examination of the morphology of the 
foot, of the relationship between the foot and the digit, and of the way the foot interacts with the 
ground.  Additionally, radiography is also useful to assess hoof conformation, the relationship 
between the phalanges and the relationship between the phalanges and the hoof capsule. 
 
Examination of the hoof capsule morphology is useful to indicate where the hoof capsule is 
unduly stressed or distorted.   The hoof capsule should be examined from all sides with the foot 
on the ground, and from the solar perspective with the foot off the ground. With the foot on the 
ground the following findings suggest too much stress in the wall in one portion of the foot: 
compression of growth rings, flares at the quarter or toe, under-run heels, proximal displacement 
of one heel bulb relative to the other and proximal displacement of a portion of the coronary 
band.  With the foot held up, the ground surface should be examined for approximate 
mediolateral symmetry, including position of the heels and irregularities in the outline of the 
capsule. Additionally, the ground surface should be evaluated for appropriate width in relation to 
length, and position of the widest point of the foot in relation to the center of the ground surface.    
 
The relationship between the hoof and the rest of the limb is also performed with the foot on and off the 
ground.  With the foot on the ground, the lateral aspect of the digit and the angle of the foot-pastern 
axis are evaluated, and from the dorsal aspect, the pastern (phalanges) should appear to enter the foot at 
the center of the coronary band and not be offset to one side.  With the foot off the ground, the 
relationship between the foot and the axis of the metacarpus and digit is evaluated from the palmar 
aspect.  In an approximately symmetrical limb, the ground surface of the foot is perpendicular to the 
axis of the limb, but any rotation or angulation in the skeletal structures of the limb may cause this to 
deviate from a perpendicular relationship.  The apparent relationship between the foot and the rest of 
the distal limb may be the same when viewed with the foot on and off the ground.  However, when they 
suggest a different relationship, it does not necessarily mean that it is abnormal for that horse, just that 
the difference should be interpreted in the light of the morphology of the hoof capsule.   
 
The phases of the stride are best observed at a walk because landing and breakover occur too fast at the 
trot to make useful observations in most horses without a high-speed analytical technology such as 
videography. The normal pattern of landing at a walk or trot is either lateral heel/quarter first or both 
heels simultaneously.  Toe first landing and medial first landing are both indicative of an abnormality 
in gait when a horse is moving in a straight line.  Excessive lateral landing is also abnormal, but 
determining what excessive landing is more problematic.  However, if a horse appears to be obviously 
landing laterally at a trot, it is usually considered abnormal. An example of this would be a horse with 
sheared heels. 
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Damage to the hoof complex 
The majority of abnormal hoof conformation or hoof capsular distortions originate in the palmar foot. 
The digital cushion and the heel base of the hoof capsule are two major components of the palmar foot 
that are susceptible to overload. The digital cushion forms the bulk of the soft tissue structures and 
shapes the bulbs of the heels but when subjected to excessive stresses, will lose structural integrity and 
decrease in mass 3. The decrease in size appears to occur through three mechanisms: some horses are 
born with genetically weak feet that fail to develop a strong palmar foot conformation. Secondly, recent 
studies describe a period in which the digital cushion adapts or matures and the tissue changes from 
collagen bundles to fibrocartilage 4. This is a logical sequence if we consider young horses entering 
training are often confined to stalls with limited or no turnout. This confinement places constant 
pressure on the supporting structures of the palmar foot and when coupled with limited turnout may not 
provide the stimulation necessary for maturation of the digital cushion. During this period, the horse 
may receive brief periods of excessive training on immature feet compounding the problem. Lastly, if 
the heels of the hoof capsule are allowed to grow forward, this places an excess weight bearing function 
on the soft tissue structures of the foot resulting in abnormal compression. Increased pressure on the 
digital cushion over time leads to a change in the architecture and size of the structure. 

The heel base of the hoof capsule is composed of the hoof wall, heel buttress, bar and the angle of the 
sole 2. A well developed heel base is critical to the health of the hoof. The term low heel or under run 
heel is used interchangeably and denotes the angle of the heel to be 5 degrees or more, lower than the 
angle of the toe 5. This definition may not be viable as there are very few horses that wear shoes where 
the angle of the heel approximates that of the dorsal wall at the toe due to the abrasive nature of the 
heels against the shoe. Under run heels are present when the end of the heel is located well forward of a 
vertical line drawn through the third metacarpal / metatarsal bone and extending to the ground. This 
line denotes the preferred extent of the ground surface of the heel for functional weight bearing. If the 
heel is allowed to grow forward, it decreases the weight-bearing surface of the foot and often precludes 
the heels to collapse. To formulate a rational approach to treating under run or collapsed heels, it may 
be helpful to understand the process in which the heel is damaged thus showing the dilemma 
encountered by veterinarians and farriers when trying to improve this condition. 

The hoof wall at the heel is thin, immature horn making it less rigid and hence more flexible when 
compared to the thick, mature hoof wall in the toe area. This increased flexibility allows the normal 
physiology of the foot in the form of expansion to take place but in turn makes the heels more 
vulnerable to damage. As this syndrome begins, the heels stop growing and over time the horn tubules 
angle forward such that the most palmar extent of the bearing surface of the hoof wall is no longer at 
the base of the frog but has moved forward toward the widest part of the foot. The angle of the heels 
become lower; the horn tubules lose their angle and bend until they reach the point where they are 
parallel (horizontal) to the ground. The hoof wall at the heels becomes thinner, separates from the sole 
and rolls under at the heel (under-run). The rolled under hoof wall at the heel puts pressure on the bar 
which pushes it downward and laterally. This coupled with the lack of growth in the heel area make the 
bar non-functional and basically non-existent which in turn allows the heels to become unstable, 
collapse and begin to contract. As the heels grow forward, the frog and digital cushion move palmarly. 
The heels at this point lose their mechanical strength which prevents weight bearing. The weight 
bearing function is shifted onto the soft tissue structures (frog, digital cushion, deep digital flexor 
tendon) in the palmar portion of the foot. Overload placed on the palmar foot leads to a loss of mass of 
the soft tissue structures that lead to serious condsequences regarding foot function. The loss of mass 
allows the distal phalanx to assume a negative palmar angle, the distal interphalangeal joint is no longer 
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able to descend and press the navicular bone into the deep digital flexor tendon during weight bearing 
and the decreased surface area of the soft tissue structures places the energy of impact directly on the 
bone rather than being dispersed through the tissue3. 

The traditional treatment for under-run heels is to use an egg bar shoe that was often accompanied by 
some form of heel elevation to raise the angle of the heels and correct the broken back hoof-pastern axis 
that is usually associated with this condition. These shoes are fitted back to the bulbs of the heels with 
the thought being that the increased ground surface of the shoe will support the palmar section of the 
foot and the egg bar would support the heels thus correcting the problem. It is questionable how one can 
support compromised structures (heels) that no longer have the ability to accept weight. The egg bar 
shoe places the bulk of the weight bearing on the soft structures of the palmar foot, which over time will 
damage these structures further, and the egg bar shoe further acts as a moment arm or lever on the heels 
creating excessive pressure. This excessive pressure prevents hoof wall growth at the heels.  It has been 
shown that a decrease in the angle between the palmar margin of the distal phalanx and the ground 
surface results in greater loading of the navicular bone yet we have no consistent farriery methods to 
resolve this negative palmar angle once the structures of the palmar foot are compromised. 

Basic Farriery 

It may be prudent to review the guidelines used for basic trimming / shoeing as these landmarks will 
also be used to implement therapeutic farriery. Conventional wisdom on trimming and shoeing horses is 
that each case should be regarded as an individual. Before attempting to implement therapeutic farriery, 
it may be helpful to outline what constitutes basic farriery. Central to our current knowledge of farriery 
is the interaction of the structures of the hoof and the manner in which the foot loads and the surface 
upon which the horse is asked to perform. Our approach to basic shoeing should address three 
parameters: the visual structures of the hoof complex, function of the distal interphalangeal joint and the 
biomechanical forces applied to a given foot. Dorsal palmar and medial lateral orientations are dictated 
by form and placement of the distal phalanx within the hoof complex. Decrease in the angle between the 
palmar margin of the distal phalanx and the ground surface results in greater loading of the navicular 
bone, while differences between the toe angle/heel angles has not been correlated to increase in loading 
of the navicular apparatus.  

To implement basic trimming / shoeing, guidelines are established using careful evaluation of the foot 
along with good quality radiographs when necessary 6. Trimming and shoeing techniques are applied to 
the foot using the biomechanical principles that address: the hoof-pastern axis, the center of 
articulation, the heels extending to the base of the frog. Trimming begins with a line drawn across the 
widest part of the foot that corresponds to a vertical line dropped from the center of the distal end of the 
second phalanx 7. This line drawn across the widest part of the foot will approximate the center of 
articulation. Other than excessive hoof wall, no horn material is removed from the solar surface of the 
foot. The heels are trimmed with a rasp to the base of the frog when possible with the intent being to 
create a solid heel base. If insufficient hoof wall is present for the end of the heel to reach the base of the 
frog; this distance can be lengthened with the shoe.  The medial or lateral wall can be lowered cautiously 
relative to the other when changes to the lateral medial alignment of the foot are necessary. Excess 
length of the hoof wall at the toe of the hoof is determined at the sole /wall junction and removed, being 
careful to leave the adjacent sole for protection. A line drawn from the existing line across the widest 
part of the foot to the base of the frog should be equal to another line drawn from the widest part of the 
foot to the toe (Figure 3). This places the center of articulation in the middle of the foot or in the middle 
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of the shoe when shod. The foot is shaped by removing flares from the outer surface of the hoof capsule 
to concentrate weight bearing on the hoof wall. This constitutes a basic fundamental trim to which a 
shoe can be applied to compliment the trim, protect what has been trimmed and to change the 
biomechanics of the foot further when necessary. When the shoe is placed on the foot, the line drawn 
across the widest part of the foot will be in the middle or center of the shoe (Figure 4). The shoe should 
be as light as possible, steel or aluminum, with a wide web width (5/8-3/4 inch) attached with as few 
nails as possible of the smallest size. 

Radiographs 

Radiography can be utilized as both a diagnostic tool and as an aid in assessing all structures within the 
foot 8. An unknown but commonly encountered situation is identifying the existence of foot pain in the 
absence of demonstrable radiographic changes. Considerable information can be obtained from the 
image of the overall shape of the hoof capsule, the soft tissue structures and the position of the distal 
phalanx within the hoof capsule. It should be remembered that many lameness’s localized to the foot are 
caused by hoof capsule distortions, poor foot conformation, improper landing patterns and soft tissue 
damage resulting in inappropriate biomechanical stresses being placed on the navicular complex and the 
distal interphalangeal joint. With or without radiographic lesions indicating disease, the clinician will be 
able to use the lateral to medial and dorsopalmar views as a precise guide to implement therapeutic 
trimming and shoeing. From the lateral medial view we can readily measure the hoof pastern axis, the 
center of articulation, sole depth, the palmar angle of the distal phalanx, breakover and the placement of 
the shoe. When the solar plane of the distal phalanx shows a negative palmar angle, we can also access 
the need for heel elevation and the amount to apply. The dorsopalmar view will allow the clinician to 
evaluate the lateral medial orientation of the distal phalanx within the hoof capsule, the position of the 
distal phalanx relative to the ground, the effect of the position of the distal phalanx on the joint spaces of 
the digit and then make the appropriate shoeing changes. The need to access the position of the hoof 
capsule relative to the long axis of the digit is often overlooked.  
 
 The concept of therapeutic farriery 
There are only so many basic principles that can be implemented to improve the function of the equine 
foot, and these include shock absorption, moving the center of pressure, easing movement about the 
distal interphalangeal joint (breakover), altering the distribution of pressure, and altering the motion of 
the limb during the flight phase of the stride 9.  However, there is a wide range of methods / shoes that 
can be applied to achieve these principles and the combinations are almost infinite.  Unfortunately, all 
too often the focus is frequently on a given method rather than underlying principle. 
Therapeutic shoeing could be considered the “art and science” of affecting / influencing the structures of 
the foot. The scope of therapeutic shoeing can be somewhat limited if the structures of the foot are 
compromised rendering the foot incapable of accepting the forces placed on the foot by a therapeutic 
shoe 9. Trimming is the “mainstay” of therapeutic shoeing and trimming will be directly influenced by 
the amount of hoof mass present. Shoeing maintains what has been trimmed (protection), compliments 
the trimmed foot and provides additional foot mechanics. The shoe is able to offer protection, increase 
ground surface, move the center of pressure, unload areas of the foot, effect breakover and provide heel 
elevation. Therapeutic shoeing that can be applied to the foot through trimming and or shoeing can 
change the dorsopalmar orientation of the foot, the mediolateral orientation of the foot as well as the 
forces associated with breakover, the forces associated with the deep digital flexor tendon and the 
amount of concussion the foot receives during impact. In the event there is insufficient foot mass present 
to effect a change with trimming, mechanics can be incorporated into the shoe. Breakover, heel 
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elevation in the form of a wedge and a roller motion configuration are some of the mechanics that can be 
built into the shoe. Rails can be added to the shoe for heel elevation and the axial placement of the rails 
may reduce torque on the laminar interface of the hoof capsule in a medial or lateral direction. Various 
forms of bar shoes offer protection, increase the ground surface area of the foot; stabilize the vertical 
movement of the hoof capsule at the heels and in some cases offer support. Silastic materials and various 
anti-concussive pads can be combined with shoes to decrease concussion. 
 
Biomechanics  
Biomechanics is the study of the mechanics of a biological structure10. A working knowledge of the 
biomechanics of the foot as we perceive them is essential for the clinician in order to implement changes 
through therapeutic farriery. Hoof mechanics are used to address the biomechanics of the foot and to 
change the stresses exerted on structures of the foot. Various hoof mechanics are applied to the foot 
through the combination of trimming, shoes, composites and urethane products. Elevation of the heels 
induces flexion of the distal interphalangeal joint, decreases tension in the DDFT, reduces pressure 
applied to the navicular bone, and reduces stress on, and deformation of the hoof capsule 11-13.  Heel 
elevation is also used to change the position of the distal phalanx within the hoof capsule i.e. when the 
angle of the palmar margin of the distal phalanx is negative relative to the ground. It is the authors 
feeling that when possible, heel elevation should be incorporated into the shoe and placed under those 
structures of the foot designed to bear weight. Wedge pads or wedge inserts placed between the shoe and 
the foot are used to elevate the heels but often at the expense of overloading the supporting structures of 
the foot leading to further deterioration of the hoof capsule at the heels. Wedge pads or wedge inserts 
should only be used if there is an adequate heel base present along with a substantial frog.  Moving the 
breakover in a palmar/plantar direction has been shown to decrease the moment arm exerted on the 
distal interphalangeal joint as the foot leaves the ground but it has not been shown to speed up the timing 
of breakover 14. Heel elevation appears to be complimented by moving the breakover back by reducing 
any delay in breakover which exacerbates stress in the distal interphalangeal joint 15. Many commercial 
shoes are available that have heel elevation and enhanced breakover included in their design.  Various 
types of bar shoes are useful in the treatment of palmar foot conditions. They offer protection, an 
increase in ground surface area, the ability to unload areas of discomfort, stabilization of the heels in a 
vertical direction and support. Support is a widely used term, seldom defined and often ambiguous. 
Support often means to hold up a structure or to keep it from collapsing. Support as a concept applied to 
structures within the foot such as collapsed heels due to excessive compressive strain has little overall 
applicability in farriery. On the other hand, supporting the foot with heel pain may be accomplished by 
preventing the palmar aspect of the hoof from descending into the ground surface. This can be 
accomplished by increasing the ground surface area around the periphery of the foot or at the heels. The 
author prefers a straight bar shoe over an egg bar shoe as this shoe can be fitted in close approximation 
to the hoof capsule and the forces can be more concentrated under the foot yet still accomplish the 
floatation effect. With the egg bar shoe, the branches of the shoe will invariably extend beyond the heels 
of the foot creating a moment arm or lever that places excess pressure on the heels of the hoof capsule. 
 
Using principles to apply therapeutic farriery 
 Palmar foot pain is often associated with damage to the navicular bone, the deep digital flexor tendon, 
the distal sesamoidean impar ligament, and the collateral sesamoidean ligaments.  The stress in these 
structures is greatest just before and at breakover.  The pathophysiology of the disease is uncertain, but 
is common in horses with small feet that have an upright conformation and in horses with broken back 
foot-pastern axis.  Based on the occurrence of the disease in horses with these conformations, it is 
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postulated that both tension in the deep digital flexor tendon, which is greatest just before and at 
breakover, and trauma associated with impact may be responsible for the disease.  As damage to the 
navicular bone or navicular apparatus is generally considered to be progressive prolonged rest for a 
competition horse is not usually an option.  Therefore, therapeutic measures are primarily directed 
relieving discomfort.  Moving the point of breakover in a palmar direction by aggressively rolling the 
toe will smooth out breakover. The use of a half round shoe can also be helpful (Figure 5). Increasing 
the ground surface in the palmar half of the foot by using some type of bar shoe or a shoe with a heel 
plate will decrease the descent of the heel into deformable footing and thereby act as mild wedge (Figure 
6).  Therefore, this type of shoeing will move the center or pressure in a palmar direction to decrease the 
tension in the deep digital flexor tendon at rest and in the support phase of the stride.  To move the 
center of pressure in a palmar direction more aggressively the heels may be raised by one of several 
methods such as using a graduated shoe, or a wedge pad.  The compromise made in moving the center 
of pressure in a palmar direction is that the palmar hoof capsule will bear more load, be more likely to 
become deformed and the hoof wall growth at the heel will decrease or cease.  Therefore, the center of 
pressure should be moved as little as possible to produce the desired result. A shoe can be designed in 
which the palmar half of the shoe is flat, but breakover is ground into the shoe at or just dorsal to the 
midpoint of the foot.  Presumably, this shoe acts as a flat shoe for the landing and support phases of the 
stride, but as a wedge during breakover, and appears to eliminate some of the disadvantages of heel 
elevation.  Lastly, impact vibrations can be potentially dampened by switching from a steel shoe to an 
aluminum or synthetic shoe, or by incorporating a viscoelastic pad.   
 
Strains or tendonitis of the deep digital flexor tendon at its insertion on the distal phalanx often 
accompanies navicular disease or it can be a disease entity on its own. However, whereas navicular 
disease is generally considered progressive, the goal of treatment of a deep digital flexor tendon injury is 
to promote repair.  Therefore, the horse should be rested, and the tension in the tendon at rest or in the 
support phase of the stride increases in importance compared to breakover.  Consequently, the center of 
pressure is moved in a palmar direction more aggressively, usually by extending the shoe in a palmar 
direction and by elevating the heels.  Prolonged used of this type of shoe causes marked distortion of the 
hoof capsule by decreasing heel growth, causing the heels to under-run and contract, increasing growth 
at the toe and causing the dorsal wall to assume a marked convex shape.  Therefore, the degree of 
elevation must be reduced as rapidly as is compatible with healing of the tendon. 
 
Desmitis of the collateral ligament of the distal interphalangeal joint are also likely caused by repetitive 
stress.  Stress in the ligament as a whole is greatest when the joint undergoes collateromotion, though 
the dorsal part of the ligament is under greater stress during joint flexion whereas the palmar aspect is 
under greatest stress during extension.  As with lesions of the deep digital flexor tendon the goal is 
healing and the strategy involves reducing the stress in the affected ligament and rest.  The tension in the 
ligament is reduced by moving the centre or pressure towards the side of the injury.  This is most simply 
done by increasing the width of the web of the branch of the shoe or using an extension on the affected 
side.  Elevating one side of the foot induces rotation within the distal interphalangeal joint; therefore, 
consideration should be given to slightly elevating the heel on the affected side.  Once the injury has 
healed, maintaining a wider web on the affected side is feasible once the horse resumes work to limit the 
likelihood of recurrence.  It must be kept in mind that when reducing the stress in one structure, the 
stress in another will be increased, and in this example, it would be the ipsilateral joint surfaces, wall 
and lamellae, and the contralateral collateral ligament. 
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 In this author’s opinion, sheared heels appear to be another common and often unrecognized source of 
palmar foot pain. In this case, a horse will lands excessively lateral wall first placing disproportionate 
load or excessive stress on the medial quarter / heel of the hoof capsule 16. One heel bulb (usually 
medial) is displaced proximally relative to the other heel.  Any action to make the hoof land more evenly 
is likely to increase the stress in the medial hoof capsule.  There is no perfect solution to address this 
type of hoof loading because it is related to both the conformation of the horse and the way the horse 
lands.  Therefore, a rational solution would be to improve the landing pattern and decrease the medial 
wall stress. This is accomplished by lowering the quarter / heel on the displaced side and fitting a 
straight bar shoe that allows the medial wall to be unloaded (Figure 7). 
 
Protection 
Protection to weak, damaged or overloaded areas of the heel can be provided by shoes or shoes 
combined with various silastic or urethane products. Shoes can be forged or metal plates can be attached 
to shoes that cover structures susceptible to damage such as the heel base of the hoof capsule or 
structures overlying the frog. Collapsed or weak heels often represent a source of pain and can be 
effectively protected by modifying the heels of a shoe or by attaching a small plate to the shoe that is 
shaped to fit over the heel base. Impression material can be placed under the wide expanse of the shoe at 
the heels which may decrease the compression placed on the heels during weight bearing and at the 
same time it may load the bars with the thought being to improve the function of the ungual cartilage. 
Horse with pain localized to the palmar foot often benefit from liquid polyurethane being placed in the 
solar surface of the foot. This material forms a soft deformable substance under the solar surface of the 
foot which increases the surface area of the foot, adds protection, decreases compression and may 
enhance the decent of the distal interphalangeal joint during weight bearing.    
 
Composites 
The use of acrylic composites, not only to attach horseshoes, but also to raise, reconstruct or extend the 
ground surface of a weak or collapsed heel are used extensively in therapeutic shoeing 17. The composite 
used to glue on the shoe, when it is placed between the foot and the shoe at the heels, can have the 
following effects: elevate the heels when necessary, add mass to the heels so they can be loaded, the 
ground surface area of the hoof wall at the heel can be extended and it creates an interface between the 
shoe and the foot which will eliminate the movement of the heels against the shoe during expansion thus 
decreasing wear of the heel structures. Glue-on shoes can be useful with horses that have palmar foot 
pain with decreased hoof mass as it allows the hoof mechanics to be incorporated into the shoe and then 
the shoe placed on the foot in the proper position without the need for nails. 
 
Footing 
The footing upon which the horse is worked is paramount to the effect of trimming/shoeing on the horse 
with palmar foot pain and is often disregarded. During weight bearing on a hard surface, load is placed 
entirely on the hoof wall but when weight bearing takes place on a deformable surface, the wall is still 
load bearing while the sole and frog becomes load sharing. Shifting some of the load from the hoof wall 
may reduce the compressive forces placed on the heel during weight bearing. A deformable surface 
allows the hoof to rotate about the distal interphalangeal joint with the premise that the surface does not 
restrain movement. Sand surfaces will reduce loading to tendons and thus the navicular bone and 
perhaps navicular ligaments. The forward rotation of the dorsal hoof into the surface acts as a heel 
wedge to reduce the moment of force about the distal interphalangeal joint and thus relieves stress on the 
navicular bone. Egg bar shoes have been suggested as an effective measure to reduce lameness in horses 
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with palmar foot pain. Egg bar shoes do not reduce stress on the navicular bone on hard non-deformable 
surfaces but may have some effect on horses that perform on a loose deformable surface. Egg bar shoes 
or any bar shoes may provide a flotation effect where as the increased ground surface of the bar does not 
allow the heel to readily sink into the ground 12. Rotation of the foot into a soft deformable surface may 
in fact have the same effect as a rolled toe, rocker toe or natural balance shoe 12. If the horse is standing 
on a soft surface, the toe will be pressed into the soil as the deep digital flexor tendon flexes the distal 
interphalangeal joint. If the horse is standing or working on a hard surface, the toe has nowhere to go as 
the tensile forces are transferred from the distal phalanx to the dorsal hoof wall via the laminar 
attachment 3.  
 
Rest 
Rest or controlled exercise should, but seldom does, form part of the therapy for horses with palmar 
foot pain 5. With advanced imaging, we are able to image structures within the foot such as the deep 
digital flexor tendon, navicular bursa, impar ligament and collateral ligaments. When a lesion involving 
one of these structures is present, enforced rest of 6-12 months is generally required. Although the 
duration of the rest period associated with palmar foot pain is variable, 3-4 weeks of rest or limited turn 
out allows the medical therapy to become effective, the soft tissue inflammation to subside and it 
allows structures in the hoof complex that have been addressed with therapeutic shoeing to improve. A 
recent study showed that when evaluating the effect of shoeing, an adaptation period of 2-3 weeks is 
necessary to achieve pain relief 18. If the lameness has resolved after a period of rest, a gradual increase 
in exercise is recommended before returning the horse to normal use. Although rest may be a beneficial 
part of treatment, owner or trainer compliance may not be forthcoming as the desire to continue with 
competition may take precedent. 
 
Barefoot 
The deleterious effects of shoeing or inappropriate farriery practices have lead to a resurgence of 
interest in maintaining horses barefoot with routine trimming as necessary. Although there are 
unquestionable benefits of keeping a horse barefoot, maintaining a performance horse so that its feet 
are in a condition to withstand the rigors competition without becoming lame can be challenging. There 
is no doubt regarding the physiological benefits to the feet when leaving the horse barefoot but two 
crucial points argue against this practice in a performance horse. First, when wear at the ground surface 
of the foot exceeds growth of the hoof wall at the coronet, some form of protection is required. With 
the demands of management, ground surface, training and competition schedules, it is invariably 
difficult to maintain the integrity and mass of the hoof in order to afford the necessary protection. 
Second, is the necessity of providing traction to the performance horses while competing, which 
ensures the safety of both the horse and the rider. A happy medium can often be found whereas the 
repetitive insidious overload placed on a high level sport horses’ leads to a compromised hoof complex, 
removal of the shoes for a specified period of time will allow many structures to restore and re-grow to 
varying degrees. The amount of improvement in the hoof capsule will be proportional to the amount of 
damage incurred. 
 
Discussion  
Treating hoof disease is the only area of veterinary medicine where another profession needs to be 
involved. A skilled, knowledgeable farrier plays a significant role in treating palmar foot pain. A 
working knowledge of the form and function of the equine foot is essential for equine practitioners and 
farriers in order to formulate and implement therapeutic farriery.  The anatomical and medical 
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knowledge of the veterinarian when combined with the mechanical and technical skills of the farrier, 
provide a comprehensive team that will enhance the treatment of foot lameness. The ambiguity 
surrounding the etiology of foot disease make the successful solution impossible to predict so careful 
trial and error is not only required but essential. 
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Take-Home Message: The incidence of equine canker appears to be more prevalent than 
once thought. The treatments outlined in the literature for this disease are sparse, varied 
and generally ineffective. The authors outline a treatment protocol for canker, that when 
coupled with owner compliance, provides consistent results in resolving this disease. 
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Introduction  
Equine canker is described as an infectious process that results in the development of a 
chronic hypertrophy of the horn-producing tissues.1 Canker generally originates in the 
frog; may remain focal, but has the capacity to become diffuse and invade the adjacent 
sole, bars and hoof wall. Canker can occur in one foot or multiple feet may be involved. 
The disease is commonly seen in draft breeds but can affect any breed or sex. Recently, 
one author (SEO) has seen severe canker in two imported Warmblood horses. The 
aetiology of canker remains elusive but wet environmental or moist unhygienic 
conditions have traditionally been thought to act as a stimulus, however, canker is 
commonly seen in horses that are well cared for and horses who receive regular hoof 
care. One author (JBM) observed a seasonal incidence of canker in Florida as the 
majority of cases presented to his hospital were during the months of July through 
December. The treatments described in the literature have consisted of debridement and 
the application of topical medications including antibiotics, astringents, antiseptics, and 
caustic powders. No treatment to date has been consistently effective in treating this 
disease and the prognosis has always been guarded... 
 
Clinical Signs 
Canker generally originates in the frog and can be mistaken for thrush in the early stages. 
Thrush is limited to the lateral and medial sulci or the base of the frog if a fissure is 
present whereas canker invades the horn of the frog anywhere throughout its structure. 
There is a proliferation of tissue with canker versus a loss of tissue as with thrush. In the 
early stages, canker may present as a focal area of granulation tissue in the frog that 
bleeds easily when abraded. Upon closer inspection a light brown or grey tissue will 
surround this focal area (Fig 1). If left untreated, the disease will become diffuse and 
involve the frog, bars, sole and the stratum medium of the hoof wall in the palmar/plantar 
aspect of the foot. The infection results in abnormal keratin production or dyskeratosis, 
which is seen as filamentous fronds of hypertrophic horn.2 Canker is characterized by 
numerous small finger-like papillae of soft off-white material that resembles a 
cauliflower-like appearance (Fig 2).1 The condition is frequently but not always 
accompanied by a foul odour and is covered with a caseous white exudate that resembles 
cottage cheese (Fig 3). The frog is often undermined with the horny frog covering the 
bulk of the disease. The affected tissue will bleed easily when abraded and may be 
extremely painful when touched. Varying degrees of lameness will be present depending 
on the extent and depth of the infection. Most horses are not lame when the disease is 
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recognized and treated early. The presence of lameness frequently indicates that the 
disease involves more than the superficial horny frog and warrants an aggressive 
approach to resolving the problem. 
 
Diagnosis 
A presumptive diagnosis of canker is based on the gross appearance of the affected horny 
tissue along with a fetid odour; however a definitive diagnosis may be confirmed with a 
biopsy. Biopsy is most useful in recurrent cases or when the lesions do not have the 
characteristic appearance or they appear in unusual locations of the foot. Care must be 
taken to remove the superficial necrotic tissue before the biopsy is taken from the margin 
of the lesion. The biopsy should include both normal and abnormal tissue.3 A 6 mm 
biopsy punch works well. Histologically, the lesion is read as a chronic, hypertrophic, 
moist pododermatitis of the frog. It is characterized by a proliferative papillary 
hyperplasia of the epidermis with dyskeratosis, keratolysis and ballooning degeneration 
of the outer layers of the epidermis. A mixed population of bacterial organisms are 
observed in the stratum germinativum layer of the epidermis of the frog.2 Cultures per se 
are unrewarding as they typically produce an assortment of environmental organisms, 
Bacteroides sp.and Fusobacterium necrophorum. 3, 5 

 

Treatment 
Canker always carries a guarded prognosis but recently these authors have been 
successful with the following approach. Treatment consists of thorough careful 
debridement of the affected tissue followed by a regimen of topical therapy applied daily 
and continued until the disease is resolved. To debride the affected tissue, the horse can 
be placed under general anaesthesia or regional analgesia can be used with the horse 
standing. The horse’s foot is trimmed appropriately removing all loose exfoliating sole as 
well as any excess toe or heel. It is extremely important to trim or lower the hoof wall at 
the heels in an attempt to place the heels and the frog on the same plane. It is difficult to 
treat the diseased tissue if it is recessed between the hoof wall at the heels. The use of a 
tourniquet is essential. Firm pressure is placed across the vascular bundles over the 
abaxial surface of the sesamoids using either an Esmarch a bandage or simply a few tight 
turns of a cohesive bandage. Debridement can be performed in two ways. One author 
(JBM) uses electric cautery with the horse under general anaesthesia while the other 
author (SEO) uses a sharp hoof knife (loop knife) and a number 12 scalpel blade 
followed by cryotherapy with the horse standing. All abnormal tissue is gently removed 
down to normal corium. A clear demarcation will be seen between normal and abnormal 
tissue. This demarcation will a different colour, texture and show pin-point bleeding 
which represent papilla.  It is important not to remove excessive corium as this will retard 
cornification following surgery and may decrease the quality and depth of new sole being 
produced. It may be helpful to remove 1-2cm of normal tissue around the wound margins 
to ensure all abnormal tissue is removed. 6 If the decision has been made to place the 
horse under general anaesthesia, use of a typical cautery handle in the cut mode allows 
accurate excision of hoof tissue including frog and normal horny sole. The handle used in 
this way will rapidly cut through sole and frog leaving only a dry eschar behind. The 
cautery tip may be bent as needed to undermine the base of the mass. Debridement can be 
carried out in the same manner using a sharp hoof knife and is followed by cryotherapy to 
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freeze the area that has been debrided. Liquid nitrogen has always been used for this 
purpose but another practical method is to freeze the debrided area with a coolant spray b 

that is available for electrical circuits. The area of the foot that has been debrided will be 
soft and pliable. Freeze this affected area until the tissue becomes hard (known as hard 
freeze), allow the area to thaw and then repeat the freeze once more. Gauze 4 x 4 sponges    
soaked in a solution of 10% benzoyl peroxide in acetone c and sprinkled with a fine 
powder made by crushing metronidazole tablets with a mortar and pestle or a pill grinder 
are then packed in the defect. In large defects or if the frog is recessed between the heels, 
to help insure contact of the medication in the depths of the wound and to minimize the 
production of exuberant granulation tissue, a putty elastomer material d is used to form an 
insert to fit in the bottom of the foot (Fig 4). The impression material should not extend 
below the weight-bearing surface of the hoof wall as this will create excessive pressure 
and make the horse painful. The foot is then bandaged with a dry bandage. The affected 
area is cleaned daily with surgical scrub, rinsed with saline, dried with a paper towel and 
the topical medication reapplied. Recently, one author (SEO) has begun using 
prednisilone concurrently with the above treatment. Prednisolone is given in a descending 
dose over a three week period starting at 1mg/kg q24hr for seven days, .5mg/kg q24hr for 
seven days and then .25mg/kg q24hr for seven days 4. The use of a corticosteroid 
combined with the surgical treatment appears to be beneficial. It is crucial to keep the 
animal in a dry environment. A shoe with a treatment plate can also be used if necessary 
but the author prefers bandages as it is hard to keep the foot as dry as necessary with this 
method. Small reoccurrences may be managed with the horse standing and local 
analgesia using either laser photoablation or cryotherapy. The use of systemic antibiotics 
such as chloramphenicol or oxytetracycline have been advocated but these authors 
question the use as the cases treated have resolved with local treatment only.5 A 
commitment is necessary from the owners, as aftercare will take several weeks to months 
depending on the stage of the disease until the affected tissue is cornified (Fig 5). 
 
Diagnosis 
The treatment of equine canker has always presented a dilemma for veterinarians and 
farriers due to the poor prognosis. The aetiology of canker remains obscure; however, the 
disease as seen by the authors differs in some respects from the disease that was 
described in the old surgical texts. It does not appear to be a disease of poorly cared for 
horses. In fact most of the horses in the study were well cared for and received routine 
hoof care. While the hindlimbs seemed to be affected more frequently, forelimb 
involvement is common. In the majority of cases, the condition starts on the frog near the 
heel lateral or medial to the sulcus. From that point, it can extend anywhere in the foot 
and even break through the hoof capsule. 
A variety of systemic and topical therapies have been tried for canker. While a given 
treatment protocol would seem to work in some instances, results were inconsistent.3   In 
1997, one author (JBM) began using a topical therapy reported by a Texas farrier 
consisting of benzoyl peroxide in acetone and metronidazole.7 Since that time all horses 
have been managed with surgical debridement followed by this combination of topical 
therapy with excellent success. The combination of thorough surgical debridement 
coupled with topical benzoyl peroxide in acetone and metronidazole have yielded 
consistent predictable results in most treated cases. While the cause of canker remains 
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obscure, there are several principles of therapy for this condition for which the authors 
consider to be important. Thorough debridement of the lesion is essential. The method 
used to achieve this is probably of less importance. Electrocautery or cold steel excision 
followed by cryotherapy both cause tissue necrosis away from the surgical margins 
ensuring complete resection of the mass. It is important that the entire mass be followed 
to its extent wherever it takes you and removed. Lastly, methodical topical treatment is 
important. Cleaning the affected area with an antiseptic solution daily removes surface 
bacteria and provides an environment conducive to wound healing, 10% benzoyl 
peroxide in acetone is an excellent astringent and keeps the tissue dry with no caustic 
effect and finally the bacteria cultured from canker cases are usually anaerobic making 
metronidazole a good choice as a topical antibiotic. Emphasis must be placed on keeping 
the surgical wound clean and dry until the defect begins to cornify. Owner compliance to 
perform the daily foot care is another essential element in the treatment of equine canker.     
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Soft tissue injuries of the equine foot previously encompassed lacerations to the hoof wall 
and surrounding skin to puncture wounds of the equine foot.  With the increased use of 
contrast enhanced computer tomography (CECT) and magnetic resonance imaging (MRI) 
soft tissue injuries now include the tendons and ligaments within the foot.  Cross 
sectional imaging of the equine foot has enabled us to identify injuries in the deep digital 
flexor tendon, collateral ligaments of the distal interphalangeal joint, and the impar 
ligament.  
 
Injuries to the deep digital flexor tendon are the most common identified soft tissue injury 
and this can be present as the only pathology or in conjunction with other osseous or soft 
tissue injuries.  Sport horses used for jumping (hunters, jumpers, and three-day event 
horses) are the most commonly affected, but soft tissue injuries do occur in dressage, 
endurance, racehorse, Western performance horses and occasionally in pleasure horses. 
These horses typically present with a mild lameness that will improve with perineural 
anaesthesia of the palmar digital nerves (at the level of the heels or pastern). Horses with 
lesions in the deep digital flexor tendon typically do not improve with intra-articular 
anaesthesia of the coffin joint. This may also be true with collateral ligament injuries of 
the distal interphalangeal joint if the tear is not involving the coffin joint. Intra-thecal 
anaesthesia will improve some horses with tears involving the deep digital flexor tendon 
with the exception of lesions involving the distal insertion of the deep digital flexor 
tendon.    
 
If the lameness can be thoroughly worked up using perineural, intra-articular, and intra-
thecal anaesthesia, a presumptive diagnosis of a soft tissue injury can be made. 
Diagnostic imaging has routinely included radiographs of the foot, but generally the 
radiographs are unremarkable. The routine series of radiographs are taken of the foot. 
Digital radiography has improved our ability to identify osseous changes. Radiographic 
examination of the equine foot should include the following views:  

- Lateral to medial (LM) 
- 65o proximodorsal-to-distopalmar oblique (65oDP) 
- Medial 45o proximodorsal-to-distopalmar oblique (45oDP)  
- Lateral 45o proximodorsal-to-distopalmar oblique (45oDP) 
- Proximopalmar-to-distopalmar oblique (sunrise or skyline) 

 
Ultrasound examination of the soft tissue within the equine foot can be evaluated using a 
heel bulb, coffin joint/collaterals, and transcuneal/solar approach.   
 
Heel Bulb Approach: Lesion involving the deep digital flexor tendon proximal to the 
navicular bone can be visualized using this method. Ultrasonography using a small 
footprint curvilinear or convex probe is the most useful to allow positioning of the probe 
between the heel bulbs. The examination can be performed in both saggital and 
transverse planes. This is aided by performing the exam with the horse standing on the 
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limb with the limb positioned more under the horse. Visualization and image quality will 
vary from case to case due to conformation of the foot. The deep digital flexor tendon can 
be visualized and is reported to be about 0.84 cm thick at the level of the dorsal margin of 
the navicular bone.  The dorsal margin of the navicular bone can sometimes be 
visualized.  In some cases, the collateral suspensory ligaments of the navicular bone can 
be observed.   
 
Coffin Joint/Collaterals Approach: The proximal portion of the collateral ligaments 
can be evaluated using ultrasonography. The collaterals ligaments can be visualized using 
a 7.5 MHz or higher linear transducer. In larger horses, a lower frequency and/or 
curvilinear probe may be required to allow visualization of the collateral ligaments. Both 
the dorsomedial and dorsolateral areas of the coronary should be clipped from the 
coronary band to 3 to 4 cm proximally. The medial and lateral collaterals originate from 
the respective depressions on P2 and extend below the hoof wall to the respective 
depressions of P3. Thus, only half or two-thirds of the proximal ligament can be 
visualized ultrasonographically. The collateral ligaments are located more dorsally on the 
foot and are positioned on the 11 and 1 positions on a clock (12 o’clock being the dorsal 
midline). The examination should be performed in both saggital and transverse planes. 
The collateral ligaments are round to oval in the short axis, and display the typical fibre 
pattern of other ligaments in the long axis. Critical critiquing your technique and using 
the opposite limb will help to accurately identifying a lesion. Cross sectional area of the 
medial and lateral collateral ligaments has been reported as 0.63 ± 0.05 cm2 and 0.62 ± 
0.04 cm2, respectively (Sage AM, Turner TA. Ultrasonography of the soft tissue 
structures of the equine foot. Equine Veterinary Education, August 2002.).  In one case 
series evaluating collateral ligament injuries diagnosed on MRI, only about thirty percent 
were diagnosed using ultrasonography. Importantly, this may indicate the possibility of 
false negatives and this should be noted when examining the collateral ligaments.  
 
Transcuneal/Solar Approach: This method allows visualization of the deep digital 
flexor tendon insertion, digital cushion, palmar/plantar margin of the navicular bone, 
impar ligament, navicular bursa, distal recess of the coffin joint, and a portion of the third 
phalanx. In this method, the frog should be trimmed and the foot soaked for 30 minutes to 
12 hours. Generally if the frog can be depressed with slight pressure, the foot is amenable 
to an ultrasound exam. The exam can be performed using a 7.5 MHz linear probe or a 3.5 
MHz convex abdominal probe. The examination should be performed in both saggital 
and transverse planes. The impar ligament is found between the navicular bone and third 
phalanx and measure about 2 to 3 mm in the saggital plane. It has a fibre pattern similar 
to other ligamentous structures and generally is easier to identify if the navicular bursa 
has some effusion.  
 
The preferred diagnostic modalities for evaluating the equine foot are contrast enhanced 
computed tomography (CECT) and magnetic resonance imaging (MRI). The expense of 
these units limits the widespread availability and in most instances, the units are typically 
located at large referral clinics and universities.  Both modalities are very reliable in 
identifying lesions in the deep digital flexor tendon, collateral ligaments of the distal 
interphalangeal joint and distal impar ligament. Lesion involving the deep digital flexor 
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tendon (in order of frequency) are located in the distal pastern region (usually just 
proximal to the navicular bursa), at the level of insertion on the third phalanx or finally, at 
the level of the navicular bone. Imaging characteristics included abnormal tendon density 
and contrast enhancement, dorsal enhancement and fibrillation, longitudinal splits, lope 
enlargement, core lesions, mineralization, and adhesions. Collateral ligament injuries can 
occur at the origin or in the middle portion of the ligament.  
 
The management of such injuries can depend on clinician’s preference, lesion severity, 
lesion location, client’s expectations, and client’s financial constraints. In the majority of 
cases, corrective shoeing and a 7 to 9 months rehabilitation program including periods of 
rest and controlled exercise are recommended. In some cases, so called “regenerative 
medicine” therapies can be employed using bone marrow supernatant, fat derived 
mesenchymal stem cells, cultured marrow derived mesenchymal stem cells, or platelet 
rich plasma. Intra-lesional injections can be performed using CT guidance while the 
horse is under anaesthesia, or by ultrasound or radiographic guidance while the horse is 
standing and sedated. Intra-lesional injections into the tendon/ligaments are generally 
reserved for core lesions. Other options include injections of low doses of corticosteroids 
into the coffin joint, navicular bursa, digital flexor tendon sheath. Acoustic shockwave 
therapy has also been used, but results are questionable. Bursoscopy of the navicular 
bursa can be performed in select case to gather more information and potentially debride 
or resect adhesions.  Palmar digital neurectomy may be warranted in select cases based 
on the findings from the diagnostics modalities. In cases having tears involving the deep 
digital flexor tendon and/or erosions in the flexor surface of the navicular bone, palmar 
digital neurectomy is not recommended.   
 
Heel Bulb Lacerations 
 
Lacerations involving the hoof or heel bulbs should be closely inspected to ensure the 
coffin joint or digital flexor tendon sheath are not involved.  The digital flexor tendon 
sheath should always be closely inspected for wounds involving the palmar/plantar 
surface of the pastern.  As well as inspecting the involvement of the flexor tendon sheath, 
the associated tendons should also be evaluated to ensure they are not involved. Heel 
bulb lacerations can vary in their location, size, association to articular and synovial 
structures, tendon and bone involvement, degree of contamination and swelling, and the 
different methods available for repairing them. Primary closure can be performed if the 
laceration is acute and if enough viable tissue is present to accurately suture the wound or 
wire the hoof wall. However, by the time most lacerations are first evaluated, the 
laceration has become severely contaminated and swollen. These factors can potentially 
result in dehiscence of the primary closure, leading to the subsequent management of the 
wound using second intention healing. Second intention healing can be quite prolonged 
and the lacerated hoof wall may not accurately heal resulting in a large defect in the hoof 
wall. The cosmetic result is often poor after second intention healing.   
 
Lacerations, which have a high probability of failing due to infection, motion, or tension 
at the site, are the types of wounds that can benefit from a foot cast.  Typically casts are 
applied under general anaesthesia after the wound has been debrided, lavaged, and 
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sutured.  Cast can be applied standing, but the horse must be sedated and amenable to 
manipulation of the distal limb. 
 
Blunt or sharp trauma associated with lacerations to the distal limb may result in deeper 
lesion involving the bone. Prior to application of the cast, radiographs of the foot should 
be performed to ensure no osseous involvement or fracture fragments exist. 
Ultrasonography of the distal limb should be performed if there is the possibility of a 
tendon injury. The choice and duration of using systemic antibiotics varies between 
cases.  Intravenous antibiotics, such as potassium penicillin and gentamicin, are typically 
used for lacerations, which possibly extend into a joint/tendon sheath. A time course of 5 
to 7 days will be used for these lacerations.  Lacerations not involving theses structures 
are often placed on a shorter time course of antibiotics.  Horses will also receive 
nonsteroidal anti-inflammatory agents and tetanus prophylaxis.   
 
Application of a cast is based on the length and depth of the laceration. Deeper 
lacerations generally entails further inspection of the wound in regards to determining 
involvement of synovial structures. The coffin joint and digital flexor tendon sheath 
should be evaluated prior to closing the wound if the initial laceration is believed to 
involve these structures. The laceration is debrided, lavaged, and the skin sutured using 
an interrupted suture pattern. Three to four interrupted sutures using cerclage wire can be 
placed in the hoof wall to help minimize movement and improve the cosmetic outcome. 
After the wound is sutured, gauze sponges are placed over the wound and gently secured 
in place using short segments of rolled gauze.  Short segments of rolled gauze are used to 
prevent a tourniquet affect from the rolled gauze. A double layer of cast stockinette is 
applied over the foot and up to the level of the mid/proximal pastern. Using 4" or 5" 
fiberglass casting material, the foot is completely covered and the casting material is 
extended proximally 1 to 2 inches above the heal bulbs.  Two to four layers of casting 
material is applied. Elevation of the heel is performed using casting material. Just prior to 
the cast curing the stockinette is pulled distally to roll the proximal edge of the cast.  The 
top of the cast is then wrapped with an adhesive bandage to prevent debris from entering 
between the cast and pastern.  Acrylic is then placed over the sole and toe of the casted 
foot to prevent cast wear.  The horses are monitor and assisted during recovery. The 
horse is hospitalized or discharged with instructions for strict stall confinement.  The cast 
is typically removed in 14 to 21 days depending on how well the horse is wearing the 
cast.  Cast sores can develop in the palmar/plantar aspect of the pastern. Prompt removal 
of the cast is necessary if the horse begins to show an increased lameness in the cast. 
After removal of the cast, the foot may need to be supported with a shoe to minimize 
hoof wall expansion.  In some cases, the heel bulb laceration can be unloaded using 
special shoes.  Unloading the heel laceration also helps prevent motion at the surgical 
repair.  Long term prognosis is generally good for soundness and cosmetics.  
 
Navicular Bursocopy 
Examination of the navicular bursa using an arthroscopic approach has been described. 
Endoscopic evaluation of the navicular bursa allows excellent visualization of the 
associated dorsal surface of the deep digital flexor tendon and the flexor surface of the 
navicular bone.  Two techniques have been described to enter the navicular bursa using 
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the arthroscope: direct and transthecal approach. Both approaches can be performed with 
a standard 4 mm, 30o arthroscope and standard arthroscopic instrumentation.  
 
The direct approach is performed in either dorsal or lateral recumbency. I prefer 
performing the approach in lateral recumbency. The navicular bursa should be distended 
if possible to aid in accurate placement of the arthroscopic trocar/cannula units. A small 
skin incision is made just distal to the level of the proximal interphalangeal joint.  The 
small skin incision is lateral or medial to the abaxial surface of the deep digital flexor 
tendon and palmar/plantar aspect of the neurovascular bundle. With the fetlock and distal 
interphalangeal joints slightly flexed, a blunt trocar/cannula unit is then inserted in a 
slightly axial and distal direction. Special attention is made to keep the trocar/cannula 
unit dorsal to the deep digital flexor tendon. With this approach, the navicular bursa is 
entered close to the ipsilateral suspensory ligament of the navicular bone. An instrument 
portal is then made using a similar approach on the contralateral side of the deep digital 
flexor tendon.  This technique provides good visualization of the distal two thirds of the 
navicular bursa and is generally used for septic conditions of the navicular bursa, such as, 
puncture wounds.  
 
In cases involving a puncture wound to the navicular bursa, the surgeon should try and 
identity the entry site of the puncture wound, foreign material, and the possibility of 
communication with the distal interphalangeal joint. For puncture wounds, synovial fluid 
or a synovial biopsy should be submitted for culture and sensitivity. The navicular bursa 
should then be thoroughly lavaged, foreign material removed, and puncture sites 
debrided. Regional limb perfusion of antibiotics can also be performed. Long term 
prognosis will obvious vary form case to case, but the overall prognosis appears to be 
better when puncture wounds to the navicular bursa are treated with arthroscopic 
debrided than open debridement (such as, with a streetnail approach). Prognosis will vary 
based on the microorganisms involved, the degree of damage to the deep digital flexor 
tendon and navicular bone, communication with the distal interphalangeal joint, duration 
of the navicular bursa sepsis, and presence of osteomyelitis.  
 
The transthecal approach allows very good visualization of the proximal two thirds of the 
navicular bursa and is generally used to examine the navicular bursa in aseptic 
conditions. This approach enters the distal aspect of the digital flexor tendon sheath and 
then exits the distal extend of the sheath by going through a surgically created opening in 
the central portion of the T ligament to enter the navicular bursa. Horses can be 
positioned in dorsal or lateral recumbency, and the fetlock and distal interphalangeal 
joints are slightly flexed. The digital flexor tendon sheath can be distended to facilitated 
placement of the arthroscopic trocar/cannula units. A small skin incision is made at the 
level of the proximal interphalangeal joint. Arthroscope and instrument portals are placed 
lateral and medial to the deep digital flexor tendon. Once the arthroscope and instrument 
are positioned dorsal to the deep digital flexor tendon, a small incision is made through 
the T ligament. This can be created sharply or by using a radiofrequency probe. The 
arthroscope is then passed through the window into the navicular bursa. A more dorsal 
portal in the T ligament will allow entry into the palmar/plantar aspect of the distal 
interphalangeal joint.  
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The transthecal approach has been used to explore the navicular burse for the aetiology of 
lameness isolated to the navicular bursa region. The most common diagnosis appears to 
be defects in the deep digital flexor tendon, with the medial lope being more frequently 
involved.  Arthroscopic debridement of the proximal and distal margin of the tears can be 
performed, but other therapies will be required to potentially alleviate the clinical signs of 
lameness. 
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Equine orthopaedic infections are commonly observed in the foal and adult. In the foal, 
orthopaedic infections commonly develop following bacteraemia or septicaemia, 
lacerations, or idiopathic. In the adult, most infections develop subsequently to trauma or 
iatrogenic causes. The establishment of an infection is determined by the host’s defense, 
virulence of the organism, and local factors. This discussion will focus on types of 
orthopedic infections, diagnostic modalities, treatment options, and potential prognosis 
associated with orthopedic infections.  
 
Septic Arthritis/Osteomyelitis in Foals 
In foals, bacteraemia or septicaemia originating from the umbilicus, respiratory tract, or 
intestinal tract can cause orthopaedic infections just after birth or as late as 30 to 45 days 
after birth. However, it is important to note the rhodococcus infections can occur in older 
foals (60 to 120 days of age). The vulnerability noted in younger foals, is often due to the 
level of maternal protection. Failure of passive transfer (FPT) is the highest risk factor for 
development of septicaemia in foals. In one study, the risk of potential disease as a result 
of FPT is reported to be as high as 78%.  
 
Joint sepsis in the foal has been classified into four general categories: Type E, Type S, 
Type P, and Type T. This classification scheme is based on categorizing the infections 
based on location: Type S (synovial), where a septic arthritis resulting from inoculation 
of the synovial membrane is present; type E (epiphysis) where subchondral bone 
infection is present; type P (physis) where infection of the physis on the metaphyseal side 
of the growth plate is identified; and type T (tarsal/cuboidal) where the infection involves 
the tarsal and carpal cuboidal bones. The most common type observed by the author is 
Type S and Type E, but the other types do occur commonly.  
 
Septic arthritis in foals can often be very obvious to identify, but in some cases the exact 
site can be difficult to identify. An important consideration in young foals is to assume a 
possible lameness is due to sepsis and then try to confirm or rule out this tentative 
diagnosis. Joint sepsis involving the distal limbs often results in appreciable joint effusion 
due to the increase vascular permeability of the joint capsule. However, joint effusion of 
the proximal limbs can be hard to appreciate visually, but digital palpation may elicit a 
painful response. Therefore, carefully palpating the limb for signs of heat, joint filling, 
and pain is very important step in the examination. In foals, osteomyelitis due to 
septicaemia / bacteraemia can potentially be challenging when the involvement is in the 
pelvis and vertebral bodies. To aid further in the investigation and diagnosis of septic 
arthritis, complete blood counts and fibrinogen, and radiographs. A simple test to confirm 
joints sepsis is to collects a synovial sample aseptically. This sample can be collected in 
the standings animal using proper restrained and/or sedation. If this is note possible, the 
sample can be collected under a short acting anaesthesia. This sample should be collected 
for culture and sensitivity and cytology. If the volume of fluid collected is small, the 
sample should be submitted for a culture/sensitivity over cytology. Other diagnostic tests 
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available to help identify the source of infection include ultrasonography, nuclear 
scintigraphy, computed tomography (CT), and magnetic resonance imaging (MRI).  
 
Treatment of septic arthritis in foals is aimed at controlling and efficiently eliminating the 
infection. Systemic antibiotics and antiulcer medication (primarily omeprazole - 
GastroGard) are used in all cases. Anti-inflammatory agents such as, ketoprofen and 
flunixin meglumine, are used in select cases. The type of antibiotics used often depends 
on surgeon’s preferences, stage of disease, organism involved or suspected, and 
sensitivity results.  Common antibiotics used initially include: ampicillin, sodium or 
potassium penicillin, oxytetracycline, gentamicin, amikacin, ceftiofur, cefazolin, and 
enrofloxacin. In select cases, ceftazidime, imipenem/cilastatin combination (Imipenem is 
normally hydrolyzed by dehydropeptidase-1, a renal tubular brush border enzyme. The 
metabolite is nephrotoxic. Cilastatin inhibits the enzyme, and as a result 70-80% of the 
Imipenem dose can be recovered unchanged in the urine), and vancomycin may be used. 
However, these should be used only if antibiotic resistance patterns require the use of 
these antibiotics. (Doses for the above mentioned antibiotics and anti-inflammatory 
agents can be found in the Hagyard Formulary) 
 
In cases of synovial infections, through and through lavage of the synovial structure is 
commonly performed. In performing a synovial lavage it is extremely important to 
collect a sample for cytology and one for culture and sensitivity. Through and through 
lavage is performed using 14 or 16 gauge needles and 1 L of either saline or balance 
electrolyte solution. The number of times to perform a synovial lavage varies in every 
case, but I typically perform one to two flushes. Intra-articular administration of 
antibiotics, regional limb perfusion or intra-osseous perfusion can be performed in select 
cases, which do not respond to systemic antibiotics and require high concentrations of 
antibiotics locally. In cases requiring more aggressive treatment, an arthrotomy may be 
required to help eliminate fibrin from the joint. In severe cases involving sites of 
osteomyelitis, removal of bone sequestrums or necrotic bone may be required. Antibiotic 
impregnated bone cement has been shown to deliver high concentrations of antibiotics 
locally and over a constant period of time. These impregnated beads can be used within 
joints or local soft tissue.   
 
In foals, septic arthritis typically has a favourable prognosis if the infection is identified 
early and the organism is sensitive to initial antibiotics. In cases which the infection can 
not be easily controlled or articular or subchondral bone damage is present, arthritis may 
develop. Extensive osteomyelitis can also lead to pathologic fractures due to the severe 
bone damage.   
 
Septic Arthritis in Adults 
Septic arthritis in adults develops subsequently to trauma or iatrogenic causes. Early 
identification and aggressive antibiotic therapy are important in the management of 
synovial and orthopaedic infections.  Wounds on the distal limb should be evaluated 
closely for involving of a synovial structure(s). These cases should be treated as serious 
injuries. In cases involving wounds over synovial structures, the wound is cleaned and 
gently probed. The limb should be placed under a sterile bandage if the horse is going to 
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be referred. Radiographs should always be taken to provide a base line and determine any 
other pathology. An accurate method to determine if a wound communicates with the 
joint is to infuse the joint with sterile saline and visually examine the wound for 
communication based on fluid exiting the wound. This is typically easier and efficiently 
performed under a short acting general anaesthesia. If the joint communicates with the 
wound, culture/sensitivity and cytology samples should be collected. Through and 
through lavage is preformed and intra-articular administration of antibiotics (most 
commonly gentamicin or amikacin) is performed after the lavage. Regional limb 
perfusion or intra-osseous perfusion can be performed. The tourniquet is applied for 
approximately 30 to 45 minutes. Tourniquet application is easier with horses under 
general anaesthesia. I typically try to close fresh wounds over joints and in some cases 
apply half-limb bandage casts over the affected joint to help ensure my repair holds. In 
these cases, the joint is only lavaged once but the horse is treated aggressively with 
systemic antibiotics. Delayed primary and secondary closure can be performed 
successfully in some open joints using half-limb bandage casts. Sutured wounds over 
joints heal well in casts due to the inhibition of excessive motion. The casts are left on for 
approximately 10 to 14 days. The cast is changed or removed earlier if the horse shows 
increased lameness, the cast cracks (most commonly at the toe), or develops a sore at the 
proximal aspect of the cast. Radiographs should be taken every 7 to 14 days.  
 
In adults, the prognosis for successful return to athletic use varies based on the severity 
and location of the infection. Sepsis of the fetlock joint often results in the development 
of arthritis and long term lameness. Lacerations can often involve the pastern, fetlock, 
carpal, and tarsal joints. Lacerations can also commonly involve the digital flexor sheath 
and carpal canal. Another common site the author has observed is the distal tarsal joints 
and coffin joints due to the common practice of intra-articular therapy.  
 
Septic Tenosynovitis or Bursitis 
Sepsis of a tendon sheath or bursa is treated similarly to septic joints. Horses with tendon 
sheath or bursa infections can be quite sore and their lameness will be quite obvious. 
Sepsis can develop following bacteraemia or septicaemia, lacerations, iatrogenic, or 
idiopathic. The digital flexor tendon sheath is commonly involved with lacerations 
involving the palmar/plantar aspect of the distal limb. Samples of the synovial fluid 
should be collected for analysis and culture/sensitivity. The horse is placed on systemic 
antibiotics and anti-inflammatory agents. Through and through lavage is performed using 
14 or 16 gauge needles and 1 L of either saline or balance electrolyte solution. The 
number of times to perform a synovial lavage varies in every case, but I typically perform 
one to two flushes. Intra-synovial administration of antibiotics, regional limb perfusion or 
intra-osseous perfusion can be performed in select cases, which do not respond to 
systemic antibiotics and require high concentrations of antibiotics locally. Tenoscopic 
exploration of the infected synovial structure may be required in some cases. In severe 
cases that do not respond to systemic antibiotics and to the above-mentioned treatment 
methods, the synovial structure may have to be opened to provide natural drainage. 
Radiographs and ultrasound examinations should be part of the examination of the 
affected synovial structure.  
 



 
 

198 

The prognosis for successful return to soundness varies based on the organism(s) 
involved and the severity of the infection.  Adhesion formation is always possible and is 
believed to be a complication resulting in chronic lameness. Prognosis is generally better 
if the sepsis is treated early and aggressively.  
 
Bone sequestrums 
Bone sequestrums are common in horses and develop following trauma or sepsis.  
Sequestrums can be septic or aseptic. Bone sequestrums are commonly observed on the 
metacarpal/metatarsal bones and phalanxes (commonly the third phalanx). A bone 
sequestrum is formed when a piece of bone loses circulation and cannot be reached by 
osteoclasts. In cases of osteomyelitis, repeat radiographs are very important in the early 
diagnosis of a sequestrum. I will often radiograph a site as often as every 5 to 7 days to 
ensure accurate and early identification. The bone sequestrum can generally be observed 
on radiographs as early as 14 to 21 days after the injury or sepsis. In some cases, earlier 
identification is possible.  Surgical removal of the bone sequestrum can be performed, but 
generally not recommended until the sequestrum is well isolated from the surrounding 
healthy bone. Surgical removal of large sequestrums is recommended to expedite the 
healing processes. In some cases involving septic bone sequestrums, surgical removal 
may not be required because the sequestrum is broken down by the surrounding 
infections. In cases of nonseptic sequestrums, the sequestrum can potentially 
revascularize over time.   
 
Cellulitis 
Cellulitis is an inflammation of the connective tissue underlying the skin and can be 
associated with a bacterial infection. Cellulitis can be caused by normal skin flora or by 
exogenous bacteria, and often occurs where the skin has previously been broken: cracks 
in the skin, cuts, burns, insect bites, surgical wounds, or sites of intravenous catheter 
insertion. The mainstay of therapy remains treatment with appropriate antibiotics. Skin 
over the distal limbs is most commonly affected; though cellulitis can occur on any part 
of the body. Cellulitis may be superficial — affecting only the surface of the skin — but 
cellulitis may also affect the tissues underlying the skin and can spread to the lymph 
nodes and bloodstream. Horses are treated with broad-spectrum antibiotics and anti-
inflammatory agents. The distal limbs are bandaged and can be cold hosed when the 
bandages are removed. Antiseptics and antibiotic ointments can be placed over the 
affected site. Affected horses are placed into a controlled exercise program to improve 
circulation. The affected limb can be also placed in various hydro-therapy boots to help 
promote circulation. Generally horses respond well, but there is always a potential for 
recurrence. In some case, the inflammation within the subcutaneous tissue can damage 
the lymphatics. This damage can lead to septic or nonseptic lymphangitis.  
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TECHNIQUES 
 
Intra-Articular Lavage  
• Can be performed standing or under general anesthesia (easier) 
• Limb is clipped and aseptically prepped 
• Try to inset first needle in the most distended portion of joint 
• Collect sample for culture/sensitivity and fluid analysis 
• Attach fluid line and distend joint 
• Try to insert second needle the farthest distance from the first needle 
• Lavage joint with 500 mLs to 1000 mLs of sterile solution ± antibiotics (gentamicin 

or amikacin) 
• Infuse 3 mLs to 5 mLs of amikacin into the joint 
• Limb then bandaged if below tibia or radius 
• Generally lavaged once to twice (48 hours after first lavage) 
 
Intravenous Regional perfusion 
• USE: non-responding soft tissue infections and bone infections 
• Can be performed standing or under general anesthesia (easier) 
• Tourniquet placed proximal to site of perfusion 
• Limb is clipped and aseptically prepped at site of injection  
• 23-guage butterfly catheter inserted into selected vein  
• Antibiotic is infused through the catheter over 5 to 15 minutes 
• Once the antibiotic has been infused the catheter is removed  
• Tourniquet is left on for about 30 to 45 minutes 
• Antibiotics that I have used : amikacin, gentamicin, ceftiofur, or enrofloxacin 
• Limb then bandaged if below tibia or radius 
• The procedure can be repeated every 24 hours for 3 to 5 days 
 
Intraosseous Regional perfusion 
• USE: non-responding bone infections and possible soft tissue infections 
• Can be performed standing or under general anesthesia (easier) 
• Tourniquet placed proximal to site of perfusion 
• Limb is clipped and aseptically prepped at surgical site  
• 1-cm skin incision and incision is continued through the periosteum 
• A 3.2 mm or 4.0 mm drill bit is used to drill a unicortical hole. 
• A special cannulated screw can be used or the end of the intravenous extension set 
• Antibiotic is infused through the catheter over 5 to 15 minutes 
• Once the antibiotic has been infused the catheter is removed  
• Tourniquet is left on for about 30 to 45 minutes 
• Antibiotics that I have used : amikacin, gentamicin, ceftiofur, imipenem-cilastin 
• The screw or extension set is removed and the skin incision is closed 
• Limb then bandaged if below tibia or radius 
• The procedure can be repeated every 24 hours for 3 to 5 days 
• Procedure gets more difficult to infuse after the 2nd and 3rd times 
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Advanced Diagnostic Imaging Modalities in the Horse 
Ann Carstens 

Section Diagnostic Imaging, Companion Animal Clinical Studies, 
Faculty of Veterinary Science, University of Pretoria, South Africa. 

 
Diagnostic imaging (DIM) modalities are indispensable for evaluating the horse 

with challenging diagnostic pathological conditions.  The musculoskeletal system, 
particularly lends itself to DIM modalities. By means of scintigraphy one can ascertain 
the cause of a vague lameness using 99mTc-bone scans or the focus area of a fever of 
unknown origin by radiopharmaceutically-labelled white blood cells. Computed 
tomography (CT) has been shown to be invaluable in evaluating complex fractures of the 
distal limb and CT angiography in determining the presence of distal limb tendinopathies. 
Magnetic resonance imaging (MRI) is the modality of choice when evaluating soft 
tissues, and specifically of tendinous and ligamentous pathology, but is also becoming 
more useful for the evaluation of bony and cartilaginous lesions. Advances in 
ultrasonography have resulted in increased resolution and contrast in the anatomical 
structures of the limb. 

Evaluation of the horse head and neck by CT has revolutionised the evaluation 
and therapeutic and surgical planning of dental, paranasal sinus, and other conditions, 
having the advantage of superior contrast and removing superimposition of structures. 
Both CT and MRI can be applied to the head and cranial two thirds of the horse neck, as 
well as from the level of the proximal radius and stifle distally. Magnetic RI, particularly, 
lends itself to the evaluation of brain pathology and only limited by the size of the horse, 
can evaluate spinal cord and neck associated pathology. 

Some of these modalities are only available at certain centres, but can be utilised 
by the practitioner to improve the quality of service we provide, and increasing 
everyone’s knowledge in the process. Magnetic resonance imaging is as yet not available 
for the average-sized horse, but should become so within the next 5 years.  
 



 
 

201 

Surgical Disorders of Foals 
Dwayne Rodgerson, DVM, MS, Diplomate ACVS 

Hagyard Equine Medical Institute 
Lexington, Kentucky 

 
The newborn foal presents unique surgical conditions and challenges for equine 
veterinarians. The types of conditions presented are often not encountered in mature 
horses and the treatment and prognosis are often much different.  Both emergency and 
elective soft tissue and orthopedic problems are commonly observed. In the foal, 
emergency cases include: uroperitoneum, abdominal pain/colic, osteomyelitis and septic 
arthritis, and fractures. Common elective cases include patent urachus, umbilical remnant 
infection, umbilical hernia, inguinal hernia, limb contractures/laxities, and angular limb 
deformities.  
 
Uroperitoneum 
Uroperitoneum results in severe uraemia and electrolyte and acid-base imbalances. In the 
foal, rupture of the urinary bladder or urachus is the most common reason for 
uroperitoneum.1 However, uncommonly; tears in the ureter or trauma to the kidneys can 
lead to uroperitoneum. The equine bladder is lined with transitional epithelium and 
composed of two interwoven layers of smooth muscle. The inner layer of smooth muscle 
is oriented in a circular fashion and the outer layer in a longitudinal fashion. However, 
the dorsal aspect of the bladder lacks the longitudinal layer and thus, only has the circular 
smooth muscle layer. The dorsal aspect of the bladder is commonly the location of the 
tear, which may be related to the anatomy of the equine bladder.  
 
Diagnosis of uroperitoneum is based on history, clinical signs, serum biochemical results, 
trans-abdominal ultrasound, dye studies, cystoscopy, and abdominocentesis. The 
incidence is higher in colts than in fillies, probably due to the difference in length in the 
urethra. Foals are typically 1 to 5 days old. Presenting clinical signs include depression, 
progressive anorexia, straining to urinate, and abdominal distension. The classic serum 
biochemical picture of uroperitoneum is hyperkalemia, hypochloremia, hyponatremia, 
metabolic acidosis, and elevations in creatinine and BUN. A diagnosis can be made 
rapidly using transabdominal ultrasound with a 5 or 7.5 MHz transducer. Uroperitoneum 
is usually characterized by the presence of large volumes of free, non-echogenic fluid 
within the abdomen and a small, irregularly shaped and collapsed bladder may be 
visualized in cases of ruptured bladder. A defect in the bladder or urachus can be 
observed in some cases. Abdominocentesis will reveal excessive amounts of fluid and the 
fluid will have an elevated creatinine level. Serum and peritoneal creatinine ratios greater 
than 1:2 are indicative of uroperitoneum. Dye studies using methylene blue and 
fluorescein infused into the bladder and collection of the dye via an abdominocentesis 
can be used to confirm the presence of a tear in the bladder or urachus. Infusion of 
contrast media (Renograffin) into the bladder and a lateral radiograph may also be used to 
this effect.  
 
Pre-operative stabilization is very important in foals with uroperitoneum. Fluid therapy 
should be started using 0.9% or 1.8% to 2.5% sterile saline. Foals with excessive 
abdominal fluid may require placement of a drain to remove the abdominal fluid. Serum 
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levels of potassium should lower following fluid therapy and peritoneal drainage. 
Lowering the potassium levels and supplementation of serum sodium will help prevent 
the arrhythmogenic and cardiotoxic effects of high serum potassium levels. 
Treatment of foals with uroperitoneum typically involves surgery. However, foals with 
small tears in the bladder or urachus may respond favourably to placement of a urinary 
catheter and peritoneal drainage. In cases where surgery is recommended, anaesthesia can 
be induced using low doses of sedatives or by masking the foal down with isoflurane. 
The ventral abdomen is clipped and aseptically prepared. A midline skin incision is made 
cranial to the umbilicus. The abdomen is entered and the umbilical vein is isolated and 
double ligated using 2-0 absorbable suture material. The vein is then transected caudal to 
the suture material. The midline incision is then extended caudally and an elliptical 
incision is made around the umbilicus. The umbilicus is elevated to expose the bladder 
and two umbilical arteries. The defect in the bladder should be identified at this time. The 
umbilical arteries are double ligated using 2-0 absorbable suture material. The arteries are 
sharply transected. Doyen or Carmalt forceps are placed over the cranial aspect of the 
bladder or urachus, which is then sharply transected along the forceps. The entire 
umbilicus can now be removed. The edges of the defect or tip of the bladder are then 
apposed using an absorbable suture material. The bladder should be oversewn at least 
twice.  I typically oversew the bladder defect and tip of the bladder 3 to 4 times using an 
inverting suture pattern. The abdominal cavity is lavaged with sterile saline and then 
closed routinely. A urinary catheter is placed and monitored closely post-operatively.  
The urinary catheter is typically left in place for 48 to 72 hours. Complications include 
abdominal adhesions, septicaemia, failure of the bladder closure, and incisional 
infections.  
 
Abdominal Pain in Foals 
The aetiology of abdominal pain in foals can be a diagnostic challenge. Foals less than 48 
hours old may present with abdominal pain due to meconium impactions, atresia ani or 
coli, congenital gastrointestinal lesions, intussusceptions, small intestinal volvulus, 
inguinal hernias with a ruptured tunic, or enteritis.2,3  The decision to perform abdominal 
surgery on a foal is often a “last resort” option due to potential complications such as 
abdominal adhesions, but performing surgery earlier may potentially decrease morbidity 
and mortality. Evaluation of foals involves a complete history, physical examination, 
abdominal ultrasound, abdominal radiographs, and abdominocentesis. Foals often show 
severe signs of abdominal pain. A nasogastric tube should be passed to relieve any gastric 
dilatation potentially causing abdominal discomfort. Trans-abdominal ultrasound 
examination of the foal’s abdomen is very useful due to the small size of the abdomen 
and may provide information leading to a rapid decision to take a foal to surgery. 
Abdominal radiographs with or without contrast agents can be performed in select cases. 
Contrast studies of the proximal intestinal tract can be useful in diagnosing gastric 
outflow obstructions. Abdominal radiographs using retrograde contrast studies can be 
used to help rule out meconium impactions from cases of atresia coli.  
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Fractures 
Young foals can present with various types of fractures, including physeal, long bone, 
rib, sesamoid, and P3 fractures. The aetiology is often traumatic, but can be the result of 
infections. Diagnosis of fractures in foals is often easily performed by visual examination 
and manual palpation. Radiographs may be necessary to help confirm the diagnosis and 
to accurately assess the fracture configuration.  In cases involving fractures of the limbs it 
is very important to stabilize the limb in question for transport. In foals, stabilization and 
transportation can be more effectively controlled than with adults. The limb should be 
stabilized with a half-limb/full-limb bandage depending on the fracture location, and the 
foal can be transported in a recumbent position. Keeping the foal recumbent can be done 
manually by having someone keep the foal down. However, sedation (xylazine or 
valium) should be used to facilitate transportation. Surgical stabilization of fractures is 
often performed with physeal long bone fractures using internal fixation. However, select 
cases may respond to external support and/or restricted exercise, such as is the case with 
proximal sesamoid fractures and third phalanx fractures.  
 
Surgical treatment of rib fractures has recently been described by Hagyard-Davidson-
McGee.4  This is performed using small reconstruction plates/screws and/or cerclage 
wire. The decision on which foals require surgery and how quickly to repair the ribs can 
be difficult. Foals that have obvious displaced fractures over the heart are candidates for 
surgery. The decision to perform surgery in cases of fractures located more caudally is 
difficult, as these fractures can lead to diaphragmatic hernias and lung lacerations.  
 
Septic Arthritis & Osteomyelitis  
In foals, septic arthritis and osteomyelitis usually occur within the first 30 to 60 days of 
life.5  The development of septic arthritis and osteomyelitis is often associated to failure 
of passive transfer. Septic arthritis/osteomyelitis typically develops following septicemia, 
as a result of other primary infections involving the umbilicus, gastrointestinal, and 
respiratory tract. Foals with septic arthritis, present with lameness, joint effusion, heat 
over the associated joint, and fever. The entire limb in question should be visually 
examined and carefully palpated. Complete blood count often reveals an elevated white 
blood cell count and fibrinogen. Foals can be immediately placed on broad-spectrum 
antibiotics and treated for a response (improvement in the degree of lameness or 
resolution of the fever). Foals should also be placed on low dose of non-steroidal agents 
and anti-ulcer medications.  
  
 
 
 
 
 
 
 
 
 
 

Non-steroidal Anti-inflammatory Agents  
Ketoprofen 2.2 mg/kg IV/IM every 24 hours 
Banamine 0.5 to 1 mg/kg IV every 12 hours 

Anti-Ulcer Medication 
 Omeprazole 4 mg/kg once daily 
 Cimetidine 10 to 20 mg/kg orally every 4 hours 

Ranitidine 5 to 10 mg/kg orally every 6 to 12 hours 
Sucralfate 10 to 20 mg/kg orally every 6 to 8 hours 
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If the source of the lameness is not obvious after examination, it is very important to rule 
out the foot as the source of lameness using perineural anaesthesia. An abaxial sesamoid 
nerve block should be performed in the front limb. In the hind limb, an abaxial nerve 
block is also performed, but it is important to infiltrate the dorsal aspect of the 
pastern/metatarsus to accurately block both the medial and lateral dorsal metatarsal 
nerves. This ensures that the entire foot is blocked. If the foal’s degree of lameness does 
not improve and no obvious source of the lameness is found, the upper portion of the 
limb should be closely evaluated. This may entail anesthetizing the foal and getting a 
synovial fluid sample form either the shoulder or hip joint. Radiographs of the shoulder 
or pelvis should also be taken while the foal is anesthetized.  
 
Treatment of septic arthritis involves through and through lavage of the affected joint 
with the foal anesthetized. I feel the most important aspect of performing through and 
through lavage is getting an initial culture. The first needle inserted is aimed at getting a 
synovial sample for culture/sensitivity and cytology. The joint is then distended with 
sterile antibiotic solution prior to inserting the second or third needle. If there is excessive 
fibrin large gauge needles or arthroscopic trocar-cannula units may be used. In severe 
cases, an arthrotomy may be needed. Through and through lavage is typically performed 
1 to 3 times. The foals are treated with systemic antibiotics for at least 14 to 21 days. 
Prognosis in most cases is favorable if the organism is susceptible to the antibiotics and 
minimal articular/bone involvement is present. 
 
Persistent or Patent Urachus 
Persistent or patent urachus in foals may be due to the failure of the urachus to 
spontaneously close, or to the “re-opening” following excessive abdominal pressure 
during episodes of straining, caused by such conditions as meconium impactions. Patent 
urachus has been shown to be associated to septic arthritis, osteomyelitis, and 
septicemia.1 Diagnosis is made by visual examination of the foal dripping urine from the 
umbilicus. This condition is typically treated medically by using cauterizing agents to 
inflame and potentially scar the urachus closed. Foals with persistent urachus should be 
treated with antibiotics to prevent ascending infections. Foals in which the patent urachus 
persists for 5 to 7 days may require surgical removal of the umbilical remnants. This is 
performed as described for removing the umbilicus in the previous section. In one study 
it was shown that foals treated with surgery and antibiotics respond more favorably than 
foals treated with antibiotics alone.  
 
Umbilical Remnant Infections 
Infections involving the urachus, umbilical vein, or umbilical arteries are not uncommon 
in foals. Foals may have an enlarged umbilicus.1 Digital palpation of the umbilicus may 
reveal heat and pain. Ultrasound examination of the umbilical remnants may reveal 
enlargement. CBC results typically reveal an elevated white blood cell count and 
fibrinogen. Medical management with broad-spectrum antibiotics usually resolves most 
infections. External umbilical abscesses can be sharply opened to promote drainage. 
Foals that do not respond medically or begin to develop septic arthritis or osteomyelitis 
require surgery to remove the primary site of infection. Removal of the umbilicus is 
performed as described in the section on uroperitoneum.  
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Umbilical Herniorrhaphy 
Umbilical hernias are typically repaired using either traditional surgical approaches or by 
placing small elastic bands at the base of the hernia sac. Surgical repair is performed 
using two general methods: open and closed. The open method involves removal of the 
peritoneal sac and the abdomen cavity is opened. The closed technique involves inverting 
the peritoneal sac and the abdomen is not opened. The edges of the hernial ring are 
apposed in both techniques using either interrupted or continuous suture pattern. If 
interrupted sutures are used, pre-placing the sutures makes the closure easier. The skin is 
closed routinely and the incision protected during recovery with an adhesive iodine 
drape. Foals are restricted for 3 to 4 weeks in a small round pen or very small paddock.  
 
Closure of the hernial ring using elastic bands is very easy to perform and is very 
effective for small hernias (less than 4 to 6 cm). The horse is restrained or sedated. Some 
people prefer to anesthetize the foal using xylazine (1.1 mg/kg IV) and ketamine (2.2 
mg/kg IV). The hernial sac is grasped and bowel within the sac is pushed back into the 
abdomen. The elastic band is then placed around the hernia sac and as close to the body 
wall as possible. A second and third band is placed above the first band. Three to four 
bands are applied. The horse is treated with antibiotics for 3 to 5 days and turned out in a 
small paddock.  
 
Inguinal Herniorrhaphy 
In foals, inguinal hernias can be unilateral or bilateral. Hernias of the body wall can be 
congenital or acquired. Most congenital hernias respond favourably to conservative 
management. Conservative management involves replacing the bowel back into the 
abdomen daily until the defect closes. Cloth/cotton bandages can be placed like a diaper 
in children to support the inguinal region. However, if conservative management is used, 
it is very important to ensure the vaginal tunic is not ruptured. Rupture of the vaginal 
tunic can result in intestinal adhesions in the inguinal region.  
 
Surgical repair is generally used when conservative management has failed or for large 
hernias. Some farms in Lexington want all their foals affected with inguinal hernias 
repaired surgically, due to past experiences with conservative management. Traditional 
surgical techniques involved a surgical approach to the superficial inguinal ring and 
removal of the associated testis or testes if the ring cannot be closed adequately. A 
laparoscopic, testis-sparing technique has been described for foals.6 This technique 
involves closing the internal vaginal ring using a laparoscopic stapling instrument. If the 
foal has bilateral hernias, both rings are closed. Foals are given restricted exercise for 2 to 
4 weeks prior to resuming normal turn out. Surgical closure of the external inguinal ring 
with suture material can also be closed using laparoscopic visualization. This helps 
prevent inadvertent incorporation of bowel/mesentery into the closure of the external 
ring.  
 
Tendon Laxity/Contracture 
Tendon laxity or weakness in newborn foals is not uncommon. It is due to 
musculotendinous weakness, which can result from systemic illness, lack of exercise or 
excessively long toes. Clinically, the foal walks on the caudal aspect of the foot and the 
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toe of the hoof "rocks-up". Generally the condition occurs in rear feet or all four legs. 
Treatment is to trim the hooves so that the foal has a flat weight-bearing surface. Exercise 
is to be encouraged in mild causes of laxity in newborn foals.  Severe cases are aimed at 
supporting the hoof with heel extensions and using small bandages to protect the 
palmar/plantar surfaces of the fetlocks. Lightweight fetlock supporting braces may be of 
some benefit.  
 
Congenital flexural deformities are believed to occur due to uterine malpositioning, 
genetic defects, toxic or infectious insults during pregnancy, and recently congenital 
hypothyroidism has been identified as a cause. Clinical signs consist of carpal flexion, 
fetlock flexion, or deep digital flexor tendon contraction (club foot).  Correction in some 
foals is spontaneous with restricted exercise. Moderate deformities may respond to 
oxytetracycline (LA200); 3 grams intravenously, up to 2 to 4 injections 48 hours apart. In 
addition, various types of splints and casts can be used to help correct the contracture. If 
splints and casts are used, frequent changes (every 4 to 8 hours) are needed to prevent 
pressure sores. Surgical intervention is generally not necessary but in some carpal 
contractures, surgical transection of the ulnarus lateralis or carpal fascia has been helpful.  
 
Acquired flexural deformities are frequently related to pain in the affected limb or 
excessive nutrition. Some researchers think that bone growth exceeds tendon lengthening 
but this has not yet been proven. Types of acquired flexural deformities include: i) Deep 
digital tendon contracture (coffin joint flexural deformity) and ii) fetlock contracture.  
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Nephrosplenic entrapment (NE) of the ascending colon (also called renosplenic 
entrapment or left dorsal displacement of the large colon) is when the ascending/large 
colon displaces and become lodged in the nephrosplenic space4.  It has an incidence of 6-
9% of all colic cases admitted to equine hospitals7; 9. 
 
The mainstay of diagnosis of NE is rectal palpation of the entrapped colon in the 
nephrosplenic space, which has been found to be between 61.2 and 72% accurate for this 
condition4.  In addition, percutaneous ultrasonograpy of the nephrosplenic space at the 
left 15-17th intercostal space (dorsally) can be performed.  In cases of NE, a gas echo is 
seen at the dorsal margin of the spleen, which border it might obliterate.  Alternatively, 
the colon can be visualised between the spleen and body wall10.  It should be noted that 
non-specific gas distension of the colon may inhibit the visualisation of the left kidney 
without the presence of NE8. 
 
Medical treatment include analgesia, withholding of food, oral or intravenous fluids, 
exercise with or without phenylephrine and rolling under general anaesthesia, with or 
without phenylephrine1; 4; 6; 7.  Recently, phenylephrine has been associated with severe, 
fatal internal haemorrhage in four horses: three of these cases were treated for NE.  This 
accounted for 4% of the horses administered phenylephrine for NE during an 8 year 
period.  The risk for severe haemorrhage was identified as being 64 times higher in 
horses  ≥15 years old than in those < 15 years3.  
 
Some of the indicators for surgery are abdominal distension, pain, gastric reflux and 
persistent, unresponsive NE.  Surgery is usually performed as a celiotomy under general 
anaesthesia.  Correction of the displacement via a flank incision can be performed 
standing if the veterinarian is certain about the diagnosis and no other concurrent 
pathology is present or suspected.  The surgeon will not be able to explore the rest of the 
abdomen for any additional pathology, which has been reported in 7.5% of cases.5; 6 
 
Overall short term survival rates were reported as ≥ 90%, which includes short term 
survival rates of 80 -  93% after explorative celiotomy6; 7.   
 
Recurrence of NE occurs in up to 21% of cases9.  Preventative surgical measures include 
colopexy, colon resection and nephrosplenic space ablation.  The latter can be performed 
laparoscopically on the standing horse, with reported success rate of 100% to prevent 
NE2; 9. 
In conclusion, NE can be treated medically or surgically, with a high short-term success 
rate.  For recurrent NE, laparoscopic ablation of the nephrosplenic space can be 
performed.  
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Review Article
A fresh look at white line disease
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Summary

White line disease occurs secondary to a hoof wall
separation. Clinical signs may vary from not being lame to
severe lameness with rotation of the distal phalanx
depending on the extent of the disease affecting the inner
hoof wall. The author has found that removal of the hoof wall
overlying the diseased area combined with the appropriate
farriery is the most important aspect of therapy.

Introduction

White line disease (WLD) is a disorder localised to the equine
foot. The problem is widespread, the aetiology and
mechanism of the disease are poorly understood and
treatment is often controversial. White line disease is a term
used to describe a keratinolytic process that originates on
the solar surface of the hoof characterised by a progressive
separation of the inner zone of the hoof wall (O’Grady 2001,
2006; Moyer 2003; Pleasant and O’Grady 2009). The
separation occurs in the nonpigmented horn at the junction
between the stratum medium and stratum internum (Fig 1).
The destruction that occurs in the separation as a
consequence of WLD remains superficial to the stratum
internum and does not invade the dermis.

A separation in the hoof wall is considered to be a
delaminating process potentially thought to originate from
genetic factors, mechanical stress, inappropriate farriery
and environmental conditions affecting the inner hoof wall
attachment (Moyer 2003). The separation, which can
originate at the toe, the quarter and/or heel, appears to
be invaded by opportunistic bacteria/fungi leading to a
type of infection where the organisms digest the horn
allowing the separation to progress to varying heights and
configurations proximally toward the coronet.

The disease has been termed seedy toe, hoof wall
disease, yeast infection, Candida and onychomycosis.
Onychomycosis is a mycotic disease that originates in the
nail bed of man and the dog. By contrast, in WLD the
infection appears to have originated at the solar surface of

the hoof and migrates proximally, approaching the
coronet but never invading it. Keratinophilic fungi are often
isolated from separated areas of the hoof wall; however, in
many cases of WLD, the pathogens cultured are purely
bacterial or a mixture of bacterial and fungal organisms
(Turner 1998). Therefore, until proven otherwise,
onychomycosis may not be the appropriate term when
referring to white line disease in the horse (O’Grady 2006).

Anatomy of the hoof wall

The hoof wall consists of 3 layers which are the:

• Stratum externum (external layer)
• Stratum medium (the middle layer)
• Stratum internum (the inner layer)

The stratum externum arises from the perioplic
epidermis and forms the thin outer layer of keratinised cells
that give the wall its smooth glossy appearance. The
stratum medium, which arises from the coronary epidermis,
forms the bulk of the hoof wall and is the densest part of
the horny wall. It consists of cornified epidermal cells
arranged in parallel horny tubules surrounded by
intertubular horn, which grow distally from the coronary
groove to the basal border. In all hooves the stratum
medium is always nonpigmented in the deepest inner layer
(Fig 2). The stratum internum arises from the lamellar
epidermis, is nonpigmented and, when combined with the
dermal lamellae, is responsible for attaching the hoof wall
to the distal phalanx. Distally at the sole wall junction, the
dermal lamellae end in terminal papillae. These terminal
papillae are lined by a germinal epidermis which
generates keratinised epidermal cells which fills the space
between the nonpigmented horny laminae as they grow
toward the ground surface (Pollitt 2010). This association
forms the bond between the hoof wall and sole known as
the white line or zone (Parks 2003). When observed from
the solar surface, this white line or zona alba is actually
yellow in colour and has a plastic consistency when
compared to the dorsal hoof wall.Corresponding author email: sogrady@look.net
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Aetiology

The aetiology of WLD remains undetermined. The problem
has been described in horses worldwide. WLD can affect a
horse of any age, sex or breed. One or multiple hoofs may
be involved and affected hooves can be barefoot or
shod. One or multiple horses on the same farm may be
affected. It is generally agreed that WLD is a multifactorial
condition that develops secondary to an initial separation
or hoof wall defect (O’Grady 2006; Pleasant and O’Grady
2009). It must be remembered that multiple causes for
white line disease have been proposed but none have
been scientifically proven.

Moisture may play a role as WLD is seen more in wet
humid areas, but it is also seen in hot arid conditions.
Excessive moisture may soften the foot, allowing easier
entry of dirt and debris into an existing separation.
Continual bathing of competition horses, especially during
the warmer months, may contribute to the incidence of
WLD in this population of horses. Excessively dry hooves on

the other hand may form cracks or separations in the hoof
wall, allowing pathogens to invade.

Poor hygiene has been blamed but this is questionable
since WLD often appears in well managed stables.
Keratinopathogenic fungi and bacteria are commonly
isolated from the hoof wall defects of horses with WLD,
particularly those with more extensive lesions. It is generally
believed that these microorganisms are opportunistic,
secondary invaders that enter the hoof wall through a
separation or compromised area and then exacerbate
hoof wall separation by the production of proteases that
degrade keratin. Farms that experience a large number of
cases of white line disease may have predisposing
environmental or management conditions and/or
a ubiquitous population of keratinopathogenic
microorganisms (Pleasant and O’Grady 2009). The fact
that WLD can be resolved with debridement alone further
detracts from infection as a primary cause (O’Grady 2006;
Pleasant and O’Grady 2009).

Mechanical stress placed on the inner hoof wall from
less than ideal hoof conformation may encourage a
separation. Types of abnormal hoof conformation would
include excessive toe length, long toe-low heel, club feet
or sheared heels. Separation at the stratum medium/
stratum internum junction of the inner hoof wall increases
the stress in the intact stratum medium/stratum internum
junction of the adjacent wall. Weightbearing coupled with
the force of the deep digital flexor tendon becomes cyclic
and will increase the distractive forces placed on this area
further weakening the bond (Turner 1998). Routine hoof
care is important because when feet are left unattended,
dirt and debris packs into a hoof defect or separation and
may result in progressive mechanical separation of the
hoof wall.

Vascular damage to the dermal lamellae associated
with chronic laminitis results in a compromised bond
between the epidermal and dermal lamellae and a loss of
integrity (separation) dorsal to the sole/wall junction. White
line disease can also be noted to be a sequel to tracts
created by extensive subsolar or submural abscesses.

Clinical signs

White line disease is a threat to the soundness of the horse
if damage is extensive enough to allow mechanical loss of
the attachment between the stratum medium and
epidermal lamellae, resulting in displacement of the distal
phalanx in a distal direction (rotation). Most commonly,
WLD is noted as an incidental hoof wall separation found
by the farrier during routine hoof care. In the early stages of
white line disease, the only noticeable changes on the
solar surface of the foot maybe a widening of the sole/wall
junction and small powdery areas located just in front of
this junction. The change may remain focal or it may
progress to involve a larger area of the hoof wall. Other
early warning signs of white line disease may be thin,

Fig 1: Classic white line disease with separation at junction of
stratum medium and stratum internum.

Fig 2: Inner section of the stratum medium (hoof wall) that is
nonpigmented (reproduced by permission of Dr Chris Pollitt).
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tender soles as noted with hoof testers, occasional heat in
the feet, and the sole will become increasingly flat. If
separation becomes more extensive and involves the toe
and a quarter, a concavity (‘dish’) may be seen forming
along one side of the hoof and a bulge will be present on
the contralateral side directly above the affected area at
the coronary band. The distal phalanx is suspended
circumferentially within the hoof capsule in the state of
equilibrium. When a substantial separation affecting the
epidermal lamellae is present and the laminar attachment
is compromised, the equilibrium is disrupted and the distal
phalanx will shift toward the separation causing a
concavity in the hoof wall on the opposing side of the foot
thus explaining the change in the hoof wall shape. White
line disease often goes undetected until the horse begins
to show signs of lameness.

Diagnosis

Lameness may not be observed in the early stages of the
disease. Hoof tester examination does not always elicit a
response. The clinical signs along with a thorough
examination of the solar surface of the hoof will confirm the
diagnosis. On the solar surface of the hoof, the sole/wall
junction (white line) will be wider, softer and have a chalky
or waxy texture. Exploring the inner hoof wall, which lies
dorsal to the sole/wall junction, will generally reveal a
separation filled with white/grey powdery horn material.
Further exploration with a blunt probe will give the depth
and extent of the cavitation (Fig 3). There may be a black
serous drainage from the separation. A hollow sound will
be noted when the outer hoof wall over the separation is
percussed with a hammer. If lameness is present, a
thorough lameness examination should be performed
including diagnostic analgesia to localise and confirm the
suspected area followed by radiographs. With extensive
hoof wall damage, WLD accompanied by pain can mimic
laminitis both clinically and radiographically.

Radiographs

Radiology can be very informative and should be
considered necessary. Radiographs will show the extent of
the hoof wall separation and whether displacement of the
distal phalanx within the hoof capsule has occurred.
Radiographs allow the clinician to differentiate between
white line disease and laminitis (Figs 4a and b).
Radiographically, the separation in the epidermal
lamellae will originate at the ground surface of the foot
and extend dorsally in white line disease, whereas in
laminitis, the lucency will originate in the dermal lamellae
and extend distally to the terminal laminar papillae. Pedal
osteitis may be noted in some chronic cases of white line
disease. Finally, radiographs can be used as a guide for
applying the appropriate farriery treatments.

Laboratory investigations

Laboratory findings have been unrewarding and exert
minimal influence with regards to treating this disease.
Cultures are of little value since the samples taken from the
separations are contaminated with dirt and multiple

Fig 3: Extensive hoof wall separation due to white line disease.

Fig 4: a) A radiograph of WLD where separation begins at the
ground surface of foot. b) Radiograph of laminitis where separation
extends distally to lamellae papilla.
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opportunistic organisms. Aerobic cultures usually reveal a
mixed bacterial flora while anaerobic cultures are
generally negative (Turner 1998). Fungal cultures require a
special media and time. The most common fungal species
cultured are Pseudoallsheria, Scopulariopsis and
Aspergillus. A biopsy taken at the junction between the
normal and affected hoof wall shows a mixed population
of microorganisms. These will generally include
coccobacilli, yeast organisms and fungal spores.
Inflammation in the laminar dermis will be seen deep to the
affected area (Turner 1998).

Treatment

Farriery

Improving hoof conformation and correcting any hoof
capsule distortion that may have contributed to the hoof
wall separation is essential. If left untreated, WLD will allow
the separations to become extensive and displacement of
the distal phalanx is a likely sequel. In order to prevent small
lesions from becoming extensive, farriers are encouraged
to examine each foot carefully during routine trimming.
Abnormal areas or separations involving the inner hoof wall
should be explored and debrided down to solid horn
whenever possible. Ignoring or incompletely debriding
early lesions is likely to lead to progression of the
separation. Any cavity that is left after debridement should
be filled with a medicated hoof putty (Keratex)1 before
being covered with a shoe.

Treatment of white line disease is directed toward
protecting and unloading the damaged section of the
foot with therapeutic shoeing combined with resection of
the hoof capsule overlying the affected area. As a
resection disrupts the continuity and weightbearing
strength of the hoof wall, some type of shoe should be
applied for protection, to stabilise the hoof capsule and to
prevent the horse from utilising the sole for weightbearing.
If the separated area of the foot is determined to be
extensive, it is important to plan and perform the farriery
prior to the outer hoof wall being resected. The type of
shoe used and the method of attachment depend on the
extent of the damaged hoof wall. If the defect is small, the
hoof can be shod with an open shoe paying strict
attention to any abnormal hoof conformation. If the
defect is large and the overlying segment of hoof wall
needs to be resected, some type of bar shoe is indicated
to stabilise the hoof capsule. If the separation at the toe
and often a quarter become extensive, it is useful to
redistribute the weight to the palmar/plantar section of the
foot and also move the breakover in a palmar/plantar
direction. A line is drawn across the widest part of the foot
and the foot trimmed from this line palmarly/plantarly in a
tapered fashion. Any excessive toe length is reduced from
the dorsal hoof wall using a rasp. This method of trimming
will create 2 planes on the solar surface of the foot and
thus unload the toe. The shoe is fitted so breakover is

placed just dorsal to the margin of the distal phalanx in an
attempt to remove the ‘lever arm’ effect at the toe. This
will also stop the ‘pinching’ effect that often occurs at the
junction of normal hoof wall and the resection.

If the resection is to be extensive and/or if rotation of
the distal phalanx is present, the foot should be trimmed
according to the radiographs and some form of bar shoe
(heart bar) or shoe with a heel plate should be used. This
type of shoe allows some weightbearing to be transferred
from the hoof wall to the frog (heart bar) or frog, sole and
bars (heel plate) (Figs 5a and b). Alternatively, the foot
may be shod with an open shoe and the solar surface of
the foot between the branches of the shoe is filled with
some type of silastic material. If there is limited hoof wall
available in which to place nails or shoes cannot be nailed
on safely, glue-on shoes may be used. The author attaches
an aluminum shoe directly to healthy horn on the ground
surface of the foot and the outer hoof wall at the heels
using an acrylic composite (Equilox)2, thus leaving the
resected area open to be observed, cleaned and

Fig 5: Shoes used to share the weight from the hoof wall. a) Heart
bar shoe and b) heel plate shoe.
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debrided regularly (O’Grady and Watson 1999). In severe
WLD cases where there is marked rotation of the distal
phalanx, the author has been successful using a wooden
shoe (O’Grady and Steward 2009). Foot casts and various
types of boots have become popular in treating WLD
especially after a resection has been performed but, in the
author’s opinion, should be avoided as casts tend to cover
the affected section of the foot and boots create a
continuous moist environment. Foot casts and boots should
not be used as a substitute for skilled farriery as this author
has not encountered a case of WLD where a shoe of some
form could not be attached to the foot.

Resection

Complete hoof wall resection (removal of outer hoof wall to
expose diseased horn) and debridement of all tracts and
fissures in the affected area is necessary. This can be readily
accomplished using a loop hoof knife and half-round hoof
nippers. The debridement should be continued proximally
and marginally until there is a solid attachment between the
hoof wall and external lamellae (Fig 6). Hemorrhage should
not be encountered by the veterinarian or farrier if the
debridement is performed properly.

Medical or topical treatment in any form is of no value
without resection of the affected hoof wall in the author’s
opinion. A plethora of topical medications have been
described for treatment following hoof wall resection but
there have been no controlled studies on any product and
none in the author’s opinion have been proven effective.
Disinfectants/astringents such as methiolate or 2% iodine
are commonly used but may have the most benefit as a dye
marker to outline the remaining tracts in the stratum
internum (Fig 7). The dye marker will serve as an aid in
making the remaining tracts more visible at subsequent
examinations and as a guideline during debridement. Either
preparation should not be applied more than weekly so as
not to make the exposed lamina excessively hard and
brittle. After thorough hoof wall resection, the affected area
can be left open to grow out with debridement at frequent
intervals. A wire brush is used daily to keep the resected
area clean. Thorough exploration and debridement of any
remaining tracts should take place at 2 week intervals.
When the resection has grown out, a thorough examination
of the sole wall junction is imperative at reshoeing intervals
every 4–5 weeks.

Acrylic repair of the resected area should be avoided if
possible. It should only be considered in selected cases
where the client is unable to treat the resected area and
where cosmetics are a necessity. The composite may hide
and/or foster infection and it tends to weaken the
surrounding solid hoof wall, all of which can encourage
reinfection. Combining an antibiotic with the acrylic has
been described but has not proved to be consistently
effective in the long term (Turner and Anderson 1996). If
repair is performed, there should be an interface such as
clay or some type of foam inserted between the acrylic
composite and surface of the resection.

Aftercare

A change in environment is important. The feet should be
kept as dry as possible throughout the recovery period.
Sawdust or wood shavings appear to dehydrate the feet

Fig 6: Illustrating hoof wall resections. Note the solid margins
around the perimeter of both resections. Figure 6b has a wooden
shoe attached to the foot to address rotation of the distal phalanx.

Fig 7: The application of a dye marker (2% iodine) will reveal any
remaining tracts or fissures in the stratum internum.
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making them the bedding of choice and bedding should
always be kept clean and dry. Limited turnout in rain or
wet weather is helpful. Turnout can be delayed in the
morning until the sun has dried the dew from the pasture.

Commitment from the owner with regards to a
continuous treatment schedule is necessary until all signs of
disease have been eliminated and then the foot/feet must
be monitored monthly until the hoof wall grows out. The
extent of the damage will determine the approximate
amount of time required to complete the treatment
process. However, it is not always necessary for the horse to
be out of work for this treatment period. The amount of
exercise permissible while treating WLD is contingent on
the extent of the damage and presence of sufficient hoof
wall necessary for weightbearing.

Prevention

Prevention of WLD is difficult because the exact cause is
unknown. Discussing the problem with the farrier and
having him/her examine each foot when the horse is shod
is extremely important. Any small abnormal area involving
the sole/wall junction should be noted, explored and
debrided down to solid horn. Proper physiological trimming
and shoeing is essential for creating a strong sole/wall
junction that may prevent separations and offer protection
(O’Grady and Poupard 2003). Equally important is the
necessity to carefully monitor horses that have previously
had white line disease as it may suddenly reappear in
some horses with strong hoof walls that show no previous
signs of a hoof wall separation.

Discussion

White line disease involves the inner, nonpigmented
section of the stratum medium of the hoof wall, not the
sole-wall junction (zona alba, or ‘white line’). Thus, ‘white
line disease’ is somewhat of a misnomer. Nevertheless, it
has become the accepted term used by the majority of
farriers and veterinarians. Certainly it is a more useful term
than onychomycosis, as it does not limit the primary
aetiological organism to a fungal agent.

Treating WLD has created a dilemma for owners,
veterinarians and farriers. Owners have been deluged with
many different proposed causes of WLD and a variety of
treatment protocols. Numerous commercially available
preparations have been marketed for treating WLD, all
claiming success. The internet describes a multitude of
products and methods guaranteed to provide miraculous
improvement. At present, there is no convincing scientific
evidence as to the efficacy of any given product.
Veterinarians are often unaware of the magnitude of this
problem as they only see the severe cases that present for

lameness evaluation and/or when radiographic changes
become apparent. White line disease may be a subtle
contributor to other causes of lameness within the foot.
Farriers are very aware of this disease as they are often
confronted with nailing a shoe on limited or compromised
hoof wall and keeping the shoe on between resets. They
continually search for topical treatments since owners are
reluctant to have resections performed and farriers are
often reluctant to recommend resections that can be a
daunting procedure. Following a hoof wall resection,
farriers have traditionally performed a composite repair,
often to appease the horse owner or allow the horse to
continue performing. This practice should be discouraged
as it prevents careful monitoring of the resection, appears
to harbour organisms under the repair and may impede
resolution of the disease (Pleasant and O’Grady 2009).
Research, owner education and continued farrier
awareness of WLD appears to be the most promising
direction for the future.
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Introduction 
Ultrasonography has become one of the most widespread diagnostic techniques in equine 
practice, primarily used to evaluate the reproductive tract of mares.  Recently, the 
equipment has also become less expensive, and offers more versatility, mainly through 
the use of various types of transducers and of software programs geared towards equine 
practice.  The equipment available in field practices may also be helpful in diagnosing 
causes of colic, in particular in small patients such as foals and ponies where other 
diagnostic methods such as rectal palpation may not be as safe as in large horses. This 
presentation will focus on the applications of ultrasonography in cases of equine acute 
abdominal crises.  
 
Basic principles of ultrasonography 
Understanding a few basic principles may help to interpret ultrasound images accurately. 
The various shades of grey seen on ultrasound correspond to interfaces between tissues of 
different acoustic impedances (densities) that reflect ultrasounds back towards the 
transducer and eventually forms the image displayed on the screen.  Bones and air cannot 
be penetrated by ultrasound and therefore appear as bright, well-defined white 
(hyperechoic) lines.  Fluid is on the opposite easily penetrated by ultrasounds, and 
generally appears dark (hypo- or anechoic), except if numerous particles, such as cells, 
are present.  For instance, pus appears more echogenic than serum.  Attenuation refers to 
a loss of energy (brightness): it increases with frequency and depth. 
 
Transducers 
The transducer (or probe or scanner) makes and receives ultrasounds.  Ultrasounds are 
formed through the conversion of electrical energy into mechanical energy.  Transducers 
vary in frequency and shape: linear and convex scanners are available for most portable 
ultrasound machines.  Sector scanners are compatible with fewer portable systems.  
Linear transducers generally offer a wide footprint that allows a general view of an area 
without distortion, but may not be adapted to some curved areas of the body.  Linear 
transducers produce a rectangular image, whereas the image produced by convex 
transducers is pie-shaped. Convex transducers may be more adequate to obtain images of 
curved areas of the body.    The frequency of a transducer determines the depth at which 
the focal point of the image may be obtained.  For instance, most 5 MHz transducers 
often have a maximal depth of penetration of 12 cm from the skin surface, whereas 3.5 
MHz allow visualizing structures to a distance of 25-30 cm deep to the skin surface.  As a 
consequence, abdominal ultrasonography is best performed with a low frequency 
scanner.  Some transducers offer the possibility to use multiple different frequencies. 
 
 
 
Patient preparation 
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Preparation of the skin consists in eliminating the air interface between the probe and the 
skin.  On short clean hair, liberal application of alcohol may be sufficient.  If hair is long 
or dirty or if the horse is dehydrated or fat, it may be necessary to clip or shave and apply 
acoustic gel.  
 
Ultrasounding the equine abdomen 
Anatomical structures commonly evaluated by ultrasound include the stomach, small 
intestine, and large intestine.  Important parameters to evaluate include position (nephro-
splenic entrapment, diaphragmatic hernia), thickness of GI wall, GI content (gas, sand, 
fluid), degree of distention (enteritis, ileus, obstruction), motility (diarrhea, ileus), 
characteristics of  peritoneum ( presence of fibrin, metastases, adhesions) and peritoneal 
fluid (volume, appearance-blood, urine, GI content, pus- and location of fluid to aid 
paracentesis). 
 
• Stomach 

Being able to determine whether gastric distension is present is often critical 
particularly in horses in which gastric reflux is difficult to obtain.  The greater 
curvature of the stomach may be imaged on the left side of the abdomen, at the 
junction with the thorax, approximately at mid body height.  The image obtained 
often includes the caudal aspect of the lung, the diaphragm and the spleen.  The 
stomach is adjacent to the splenic vein and if not distended, the contact surface with 
the parietal peritoneum is limited.  If the stomach is distended, a large surface of 
contact characterized by a fluid filled structure (generally containing hyperechoic 
particles) may be visualized cranial to the splenic vein. 

 
• Small intestine 

The small intestine may generally be found in caudal aspects of the abdomen 
bilaterally, the inguinal regions, and medial to the spleen.  The duodenum is the only 
fixed part of the small intestinal tract visualized by ultrasound and may be imaged 
medial to the right liver lobe and ventral to the right kidney.  Normal small intestinal 
loops generally have a thickness of 3 mm or less, and are oval to irregularly circular 
in shape. Motility is evident and characterized by movement of fluid and alimentary 
particles within the loops.  Abnormalities include increased thickness (due to edema, 
or cellular infiltration), lack of motility and distension of the loops, which gives a 
characteristic honeycomb pattern, or a juxtaposition of fixed “circles”.  In cases of 
small intestinal obstruction, loops are often visualized in the ventral portions of the 
abdomen.   

 
• Large intestine 

The colon and cecum, due to their content rich in gas, are visualized as bright gas-like 
echoes visible in most of the abdomen, largely in the ventral portions thereof and in 
the right flank (cecum). Since most of the abdominal volume is occupied by the large 
intestine, in normal horses it represents the majority of the ultrasound picture of the 
abdomen. Sacculations may be observed if the bowel is not distended, and the normal 
thickness is also approximately 3 mm or less.  Abnormal images include loss of 
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sacculations due to distension, increased thickness of the intestinal wall due to 
oedema, or cellular infiltration), and fluid content.   

 
• Peritoneal cavity 

A small amount of peritoneal fluid is normally present within the abdomen.  Due to 
the weight of the large intestine, most free fluid is often observed in the caudal aspect 
of the abdomen since the colon occupies most of the ventral and cranial portions 
thereof - it is characterized by a thin dark fluid line surrounding parts of the intestinal 
tract.  Abnormalities include increased amounts to fluid, which may be dark 
(transudate, urine in foals), or various shades of grey (urine in adults, exudate, pus), 
containing hyperechoic particles (bowel rupture or leak, fibrin tags) or “swirly” areas 
(haemorrhage).  Care should be taken not to confuse abdominal fat (hyperechoic with 
more echogenic areas) underlying the parietal peritoneum with abnormal peritoneal 
fluid.  

 
Examples of intestinal pathologies and their ultrasound image 
Ileal impaction: Small intestinal obstruction caused by ileal impaction result in extensive 
distension of small intestinal loops, which often appear maximally dilated and “fill” the 
abdomen.  The stomach may be distended.  Generally the loops do not appear thickened, 
and there is no excess peritoneal fluid. 
Small intestinal obstruction caused by a volvulus: Commonly seen as a cause of severe 
colic in foals, there may be extensive distension of the small intestinal loops, and 
increased bowel thickness, depending on the extent of intestine involved in the volvulus, 
duration of the problem and degree of vascular impairment.  It may be associated with 
gastric distension and increased volume of peritoneal fluid.  
Small intestinal obstruction due to other causes: Strangulated lipoma, diaphragmatic 
hernia, and epiploic foramen entrapment often result in the presence of a segment of 
small intestine in which the walls are thick, the lumen is distended, and the motility is 
absent.  Depending on the duration of the problem, excessive peritoneal fluid and or 
gastric distension may also be present. 
Proximal enteritis: This type of problem has been diagnosed with a variety of different 
ultrasound presentations, often associated with copious amounts of gastric reflux. 
Intusussceptions: Small intestinal or large intestinal intussusceptions often generate a 
“target-like” image corresponding to the various layers of intestine involved. 
Colon torsion: If important vascular compromise is present, the walls may be thickened, 
with loss of sacculation. 
Nephrosplenic displacement: Contrarily to general perception, it is often difficult to 
establish this particular diagnosis based on ultrasound and rectal palpation is generally a 
more accurate method. 
 
Conclusion 
Ultrasound examination of the equine abdomen in cases of colic often helps to determine 
the cause of discomfort when used with other diagnostic methods.  An early accurate 
diagnosis may improve the outcome of these cases and facilitate follow up during 
recovery.  The equipment available in field practice may be used to this effect, 



 
 

218 

particularly in small patients, or if the lesions are visible in close proximity to the 
abdominal wall.  
 


