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Abstract 

Foot lameness in horses remains the most significant cause of musculo-skeletal problems; 

despite this there is little evidence-based literature to identify the cause of lameness in the 

horse’s hoof. The structures of the palmar hoof capsule have received little attention, despite 

the association with lameness in this area of the hoof, and the association with asymmetry.      

The study aimed to determine if the hoof capsule, in particular the heel angle and palmar 

collateral groove height and angle, had the potential to affect the health of the corium layer, 

and whether the health of the corium was likely to contribute to lameness and a decrease in 

performance. The characteristics of the continually growing external hoof were examined, 

including the scaling properties.  A loading test compared the hoof wall displacement of the 

untrimmed and trimmed hoof shapes. The corium appearance was observed and quantified. A 

case study series provided examples of applied theory in a practical setting. The results 

showed that the hoof capsule scaling is unequal, and is different in small ponies <120cm 

compared to all other horse sizes. The scaling properties of the continually growing hoof 

describe two distinct hoof capsule shapes defined by the heel angle. The untrimmed hoof 

shape is described as converging with a shallower heel angle, which is different to the freshly 

trimmed hoof shape, which is described as diverging with a steeper heel angle. The 

displacement of the two hoof shapes differed in a loading situation, where the heel angle and 

palmar collateral groove angle of the two hoof shapes displaced in opposite directions, 

resulting in the weight-bearing length of the loaded converging hoof wall becoming shorter 

than that of the diverging hoof wall, which became longer. A higher heel angle was 

associated with improved appearance of the dorsal lamellae corium. All sample hooves 

showed that corium appearance was altered, which was not expected. A case study series 

showed all horses’ study key indicators of change improved from regular movement and 

intervals between trimmings of 4-21 days. The study concluded that there are benefits to 

performance and welfare by maintaining a steeper heel angle. The hoof has a quicker 

response time to changes in heel angle than previously quantified, requiring more frequent 

trimming than currently recommended. This study shows that the angle of the heel is a more 

important factor in hoof shape change than may have been previously understood. 

Furthermore, researchers must quantify the continually growing hoof shape more accurately 

to define hoof shape in comparative studies to reduce bias; including structures of the palmar 

hoof.       
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List of Abbreviations 

Term Meaning 

≈ Approximately equal to 
°C Degrees Celsius 
2D Two dimensional 
3D Three dimensional 
4D Four dimensional 
A Arabian  
AAEP American Association of Equine Practitioners 
ACEC Animal Care and Ethics Committee  
AP Australian Pony 
BLC Bar lamellae corium  
BLCLL Bar lamellae corium length lateral 
BLCM Bar lamellae corium length medial 
BHHL Bar horn height lateral 
BHHM Bar horn height medial 
BHLL Bar horn length lateral 
BHLM Bar horn length medial 
C Compression 
CBA Coronary band angle 
CCD Coronary corium dorsal 
CCL Coronary corium lateral 
CCM Coronary corium medial 
CD Compact disc 
CGA Collateral groove angle 
CGH Collateral groove height 
chi pr Chi probability value 
CHS Converging hoof shape 
CoM Centre of mass 
CoP Centre of pressure 
CoR Centre of rotation 
CSU Charles Sturt University  
CT Computerized Tomography  
D Deep digital flexor tendon in tension 
DDFT Deep digital flexor tendon  
Dev on 1 df Deviation on 1 degree of freedom 
DHS Diverging hoof shape 
DHWA Dorsal hoof wall angle 
DIP Distal interphalangeal (joint) 
DLCS Dorsal lamellae corium score 
E Modulus of Elasticity (Young’s modulus) 
FCA Frog corium apex 
Fx Horizontal force 
Fy Vertical force 
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Term Meaning 

Fz Transverse force 
G Gelding 
GRF Ground reaction force 
GMM Geometric morphometrics 
H₀ Hypothesis 
H₁ Null hypothesis 
HA Heel angle  
HAL Heel angle lateral 
HAM Heel angle medial 
HCHAL Hoof capsule heel angle lateral 
HCHAM Hoof capsule heel angle medial 
HCHHL Hoof capsule heel height lateral  
HCHLL Hoof capsule heel length lateral 
HCTQ:HQR Hoof capsule toe quarter height to heel quarter height ratio 
HL:HH Heel length to heel height calculated as a ratio 
HP Hoof placement score 
IH Intertubular horn 
K Kurtosis 
km Kilometres 
LCD Laminar corium dorsal 
LCHHL Laminar corium heel height lateral 
LCHLL Laminar corium heel length lateral 
LCL Laminar corium lateral 
LCM Laminar corium medial 
LCTQ:HQR Laminar corium toe quarter to heel quarter ratio 
LF Left fore 
LH Left hind 
LST Lameness score at the trot 
M Mare 
Mini Miniature breed 
mm Millimetres 
MxAP Miniature cross Australian Pony 
Mya Millions of years ago 
NHMRC National Health and Medical Research Council  
NSAIDs Non-steroidal anti-inflammatory drugs 
O Oldenburg 
P1 Proximal phalanx 
PA Palmar angle  
PCG–PNBD Linear distance from the proximal collateral groove to palmar 

navicular bone distance 
PHL Palmar hoof loading score 
QH Quarter horse 
QR Quarter relief 
REML Restricted maximum likelihood  
RF Right fore 
RH Right hind 
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Term Meaning 

S Sample standard deviation 
SB Standardbred 
SC Solar corium 
SCD Solar corium dorsal 
SCL Solar corium lateral 
SCM Solar corium medial 
Se Standard error of variance  
SED Standard error of difference 
SI Stratum internum 
Sk Skewness 
SLT Stride length score at the trot 
SLW Stride length score at the walk 
SM Stratum medium 
t    Tension 
TB Thoroughbred 
TQ:HQ Toe quarter height to heel quarter height calculated as a ratio 
Var Variance 
W Weight 
WBL Weight-bearing length 
WL Work load score 
Yrs Years 
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Glossary of Terms 

Aetiology cause of a disease or condition. 

Allometric changes shape in response to size changes (i.e. does not 
maintain geometric similarity). 

Anisotropy the property of being directionally dependent, which 
implies different properties in different directions. 

Attenuate weaken, dilute, thin, reduce or decrease vitality. 

Axial skeleton central part of the skeleton consisting of the skull, vertebral 
column and rib cage. 

Bifurcation the division of something into two branches or parts; either 
of two branches into which something has divided. 

Biotensegrity the application of tensegrity principles to biologic structures 
such as muscles, bones, fascia, ligaments and tendons, or 
rigid and elastic cell membranes, are made strong by the 
unison of tensioned and compressed parts. The muscular-
skeletal system is a synergy of muscle and bone. The 
muscles and connective tissues provide continuous pull and 
the bones present the discontinuous compression. 

Converging hoof shape a hoof viewed in lateral aspect with parallel lines describing 
the dorsal and palmar limits of the hoof at the coronary 
band tending to move closer together as they progress 
distally. 

Corium dermis layer e.g. covering the parietal surface of the distal 
phalanx (coria – plural). 

Compression pressing together the particles of a material, tending to 
shorten the dimension in the direction of its action. 

Continuum mechanics analyses the kinematics and the mechanical behaviour of 
materials modelled as a continuous mass rather than as 
discrete particles.  

Differential diagnosis alternative conditions that may show similar symptoms. 

Digitigrade  stands or walks on its digits or toes e.g. dog. 

Diverging hoof shape a hoof viewed in lateral aspect with parallel lines describing 
the dorsal and palmar limits of the hoof at the coronary 
band tending to move further away as they progress 
distally. 
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Feral reverted to the wild state after domestication. 

Force any interaction that, when unopposed, will change the 
motion of an object. Force has both magnitude and 
direction. 

Frustum the portion of a cone or pyramid that remains after its 
upper part has been cut by a line parallel to its base. 

Histology study of the microscopic structure of tissues. 

Homogeneous uniform in structure or composition throughout.  

Ipsilateral belonging to or occurring on the same side of the body. 

Ischaemia   a decrease in the blood supply to a bodily organ, tissue, or 
part. 

Isometric the shape does not change in response to size change, e.g. a 
triangle where each angle is equal in quantity. 

Isotropy the properties of a material are the same in every direction. 

Laminitis inflammation of the laminae of the foot - the soft tissue 
structures that attach the distal (third) phalanx of the hoof 
to the hoof wall. 

Lenticular shaped like a lentil, especially by being biconvex. 

Moment arm the length between a joint axis and the line of force acting 
on that joint. 

Navicular disease or syndrome, is a chronic forelimb lameness associated with 
several structures inside the palmar hoof capsule, such as 
the podotrochlear apparatus. 

Neurectomy surgical severing of a nerve. 

Neuroma a usually benign tumour or growth on a nerve, often 
occurring at the site of a neurectomy. 

Osseous  composed of, containing or resembling, bone. 

Paired t-test is used to compare two population means where two 
samples, in which observations in one sample, can be paired 
with observations in the other sample 

Parietal of, relating to, or forming the walls or part of the walls of a 
part or cavity.  

Pathognomonic refers to a symptom that is characteristic of a disease or 
condition. 
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Photogrammetry taking measurements from photographs, to recover exact 
positions of surface points e.g. to create 3D images. 

Plantigrade  stands or walks on the soles of the feet e.g. humans. 

 
Podotrochlear apparatus     includes the navicular bone, impar ligament, collateral 

sesamoidean ligament, navicular bursa and deep digital 
flexor tendon. 

 
Point load a load applied to a single, specific point on a structural 

member. 
  
Power analysis  to determine the sample size required to detect an effect of 

a given size with a given degree of confidence. 
 
Residual maximum likelihood  is a statistical test where maximum likelihood does not base 

estimation on likelihood fit of all the information, but uses 
likelihood function calculated from a transformed set of 
data so that nuisance parameters have no effect. 

Scalene triangle a triangle that has three unequal sides, so that each angle 
differs from the other. 

Single regression analysis where the relationship of only one independent or 
explanatory variable is modelled against a scalar dependent 
variable y.  

Stress  force per unit area. 

Strain   proportional deformation, i.e. a geometrical measure of 
deformation representing the relative displacement 
between particles in a material body. 

Thoracic limb limb attached to the thorax or trunk. 

Unguligrade  describing the gait of ungulates (any mammal with hooves), 
in which only the tips of the digits (hoof) are on the ground 
and the rest of the digit is off the ground. 

von Mises stress is used to predict yielding of materials under any loading 
condition from results of simple uniaxial tensile tests.  

Young’s modulus  or modulus of elasticity measures an object’s or substance's 
resistance to being deformed elastically (i.e. non-
permanently) when a force is applied to it. 



25 
 

Preface 

While working in the horse industry in 1986, a diagnosis of navicular disease in the author’s 

own horse gave them the original interest for the present study. Conventional treatment, to 

relieve pain in the palmar aspect of both front hooves, was unsuccessful. From this example, 

the author could appreciate that hoof lameness created significant welfare and productivity 

issues. The mare bred five foals, none suffered from navicular disease. The simple 

observation that the offspring were not lame stimulated the author’s curiosity to the apparent 

lack of continuity in the literature between lameness cause and effect of navicular disease. 

The subsequent change in approach to referring to navicular disease as a syndrome, 

recognising multiple possible causes for pain in the palmar hoof, suggested to the author that 

there was a continued need for research regarding the causes of equine hoof lameness. To 

better understand such a dynamic structure it was clear that a mental approach to hoof 

research must be unbiased, leading to objective observations and evidence based results.  

Two decades later, serving in the field as a hoofcare specialist, observation by the author of 

the apparent sensitivity of the internal hoof to changes in the external hoof shape was 

noticeable, by the repeated adjustment of posture of the digit by horses at various times 

during their trimming cycle. Changes in hoof shape appeared to change hoof loading, stride 

length, upper body posture, and hoof lameness. It led the author to believe there existed a 

specialised and intimate relationship between the internal and external hoof structures, which, 

when altered, appeared to have the potential to affect hoof mechanics and functional output. 

From these field observations it was realised that the hoof was a complex structure, 

challenging to quantify. 

The experiences with the author’s own horse and from the accrued eight thousand hours of 

field observations, led to a series of questions about the treatment of chronic hoofcare 

problems. Scientific literature showed many investigations into the negative effect of metal 

horseshoes, and suggested the negative effect of certain hoof capsule distortions. However, 

the underlying principles behind the changes in hoof shape that were occurring in these cases, 

and the effect on hoof function and hoof health, were not well described. From this view 

point, the author considered the question of whether ‘The effects of hoof shape on the health 

of the equine hoof’ was a suitable research question worthy of a formal study. 
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1 LITERATURE REVIEW AND STUDY AIMS 

1.1 Introduction 

The foot of the horse is frequently the cause of lameness (Barrey 1990; Pollitt 1992a; Wilson 

et al. 1998; Wilson et al. 2001b; Stashak 2002; Dyson et al. 2005; Dyson et al. 2007; Davies 

et al. 2007; Holroyd et al. 2013). Pain is typically associated with hoof lameness (Obel 1948; 

Dyson et al. 2005; Collins et al. 2010; Dyson et al. 2011a), reducing the usefulness of the 

horse and creating welfare issues (Doughty 2008). Hoof health is commonly regarded as a 

significant factor contributing to the overall structural integrity and function of the horse’s 

hoof, evidenced in the public arena by the popularity and large quantity of commercial hoof 

care products, by lay literature, and by the emphasis of pre-purchase veterinary examinations 

(van Hoogmoed et al. 2003), especially on high value performance horses. Within the 

scientific research literature, it is generally accepted that pain-free, healthy hooves allow free 

movement in horses, creating an impression that healthy hooves promote soundness, whilst 

unhealthy hooves contribute to lameness (Wright and Douglas 1993; Kane et al. 1998; van 

Eps and Pollitt 2009; Dyson et al. 2011a; Holroyd et al. 2013). 

Hoof health is an important factor for maintaining soundness. Despite the importance of hoof 

health, it is not defined well by current veterinary literature. Instead, veterinarians tend 

towards ‘productivity’ as an indicator of health, rather than referring to the health of the 

internal tissues (Gunnarson 2006). This can in part be attributed to the high level of difficulty 

in seeing beyond the hard keratinous hoof capsule, and to the economic restrictions 

associated with researching the underlying aetiology, limiting treatments to strategies based 

on clinical signs.  

The horse’s hoof is a complex, specialised structure, and to fully understand the highly 

dynamic functional characteristics is a laborious and expensive process.  Currently, while 

many horses are lame in the hoof, the underlying cause is often not yet able to be identified 

(Bartel et al. 1978; Wright 1986; Wilson et al. 2001a; Dyson et al. 2011a), leading to 

lameness treatment plans that do not necessarily result in a reversal of the underlying 

pathology (O’Grady and Poupard 2003). The understanding about the structures of the hoof 

and the way these structures function with each other, and with the entire organism, and our 

beliefs about the cause of disease, have been extensively studied, but lameness in horses due 
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to foot problems still remains the most significant cause of horse musculo-skeletal problems 

(Turner 1986; King and Mansmann 1997; Trotter 2004).   

Lameness affects domesticated (Equus ferus caballus), free-roaming or feral (Equus ferus 

caballus), and undomesticated or wild horses (Equus ferus przewalskii) worldwide. The 

results of a British field study of 273 domesticated military horses showed an annual rate of 

lameness of 25.4 cases per 100 horses (Putnam et al. 2014). Parkes et al. (2013) stated that, of 

the 4618 horses assessed at a UK-based referral centre, 1132 had foot pain (24.5%). High 

levels (40% – 93%) of hoof pathology indicative of the hoof disease laminitis were found in 

herds of feral brumbies in Australia (Hampson et al. 2013b). Feral Kaimanawa horses in New 

Zealand and the hooves of wild Przewalski horses in Hungary displayed hoof distortion 

associated with hoof dysfunction (Hampson et al. 2010; Hampson 2014 [unpublished]). 

1.2 Current Knowledge 

The literature reviewed in this section allows for a better understanding of the current 

knowledge of the equine hoof relative to the study topic. Included are sections on the 

evolution of the horse, and the functional anatomy. The functional anatomy sub-sections 

include: quantifying hoof shape and hoof health, the variability in hoof shape, hoof 

biomechanics, hoof shape and the health of the hoof and hoofcare interventions and the 

health of the hoof.  The anatomical directional terms for the front digit, and the segmentations 

relative to the front hoof that are used in this study, are shown in Figure 1.1 



28 
 

Figure 1.1: Front digit (lateral and palmar views) 

 

(a) 

 

 

 

 

 

 

  

   

(b) 

         

                    

 

Figure shows: (a) lateral view schematic of equine fore-digit anatomical directional terms; and (b) a 
photograph of a pony’s hoof palmar view showing the sections of the hoof used in this study. 
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1.2.1 Evolution of the equine hoof 

1.2.1.1 The ancient equine hoof 

Palaeontological evidence of the architectural design of the modern horse’s hoof shows that it 

has changed shape and function gradually over time; although the underlying rationale for 

hoof function for the horse has remained fundamentally the same for over fifty-five million 

years – namely to protect the internal structures of the hoof and to help provide energy 

efficient locomotion to survive predation (MacFadden 1985; MacFadden 2005). The most 

noticeable changes include the increase in limb length, extension of the hoof wall to be fully 

weight-bearing, and steepening of the hoof angle. Through the millennia, the evolutionary 

process of the horse’s hoof appears to have followed natural selection, with hoof shape 

adapting to the changing environment. During the horse’s long history, as hoof shape 

changed, it caused changes in hoof-mechanics and function (MacFadden 1985; Guthrie and 

Stoker 1990; Thomason 2009). Such changes appear to follow the principle that ‘form 

follows function’ (Sullivan 1896; Lidwell et al. 2003), in that the need to adapt to the 

changing environment causes functional adaptions of the extremities closest to the changing 

environment, including the shape of the hoof (Eisenmann et al. 1987).  

The major changes in digit morphology appeared to have been stimulated by lifestyle 

adaptions from the soft terrain, forest dwelling, fox-sized ancient horse Hyracotherium 

(55Mya) with a canid style digitigrade, multi-dactyl foot. Equine digit reconstruction from 

fossil evidence, suggests that the pad of this four-toed browsing ‘dawn horse’ was weight-

bearing, with the nail not weight-bearing (MacFadden 1985; Eisenmann 1987). It was not 

until the Early Miocene (23-15Mya) when Merychippus roamed the grasslands that the nail 

was thought to encapsulate the hoof and contact the ground.  It was assumed this adaption 

was in direct response to the need to manage the transition from the softer forest floor to the 

harder terrain of the open grasslands (MacFadden 1985; Hermanson and MacFadden 1996). 

Hoof morphology changes were also thought to be stimulated by a performance crisis, so that 

faster horses survived by balancing energy output with energy intake, as the evolving horse’s 

size increased. The speed that protected the predated fox-sized, ancient horse needed to be 

maintained in the larger grazing Equids in order for it to continue to escape predation.  This 

requirement called for specialisation to an energy efficient unguligrade, monodactyl 

locomotory system, which included the elastic recoil of the flexor tendon system (Camp and 
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Smith 1942; Wilson et al. 2001b; Franzen 2010), providing an effective adaption from the 

more bulky, energy-less-efficient system of the multi-dactyl digit. 

The reconstructions of the digitigrade foot of the browsing Miohippus (32-25Mya) shows 

how weight was distributed over the digit pads, with the ‘hooflet’ type nails playing a minor 

weight-bearing role; whereas the foot of the unguligrade grazing Protohippus (14-6Mya) 

shows the hoof has taken a major role in weight-bearing (Figure 1.2). It appears at this stage 

in evolution when horses transitioned to a dryer, harder substrate, that the hoof wall folded 

under (or was pushed) at the heels to form the bar horn of the palmar hoof. By doing so, the 

bar horn may have begun to play a more active functional role in providing support to the 

palmar hoof, preventing over-expansion of the heels on the harder ground at high impact 

paces, which appears to be a major role in the modern hoof (Bowker 2003). 

Figure 1.2: Hoof reconstructions based on fossil evidence 

 
 

Figure shows drawings from reconstructions based on fossil evidence ‒ the ancient equidae digits of: (a) 
Miohippus (37-33Mya), lateral view, depicting foot morphology of a digitigrade; (b) palmar view of (a); (c) 
Protohippus (14-6Mya) lateral view, depicting foot morphology of an unguligrade; d) palmar view of (c) with 
black arrow indicating a likely site of the bar horn; adapted after Bennet 1992. 

The increase in intensity of load the hoof was subjected to, brought about by the changes in 

the more vertical phalanges and hoof, and the absence of side toes, appears to be balanced by 

the change in morphology of the flexor tendon. The increased length and dimension of the 

flexor tendon, working with the flexor muscle, aided energy efficient movement through the 

tendon’s elastic recoil (McGuigan and Wilson 2003). The position of the flexor tendon within 

the hoof has the potential to affect the distribution of load to the hoof (Wilson et al. 2001a); 

Bar horn 
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previously the role of the side toes seen in the multi-dactyl ancient horse. The evolution of 

the pad and nail of the horse, as well as the transition to a longer flexor tendon, is shown in 

Figure 1.3. 

Figure 1.3: Evolution of the hoof from Hyracotherium to the modern horse 

 

Figure shows drawings of reconstructions of equine digits based on fossil evidence, from the ancient 
Hyracotherium (55Mya) to the modern horse Equus (5Mya), depicting the transition of weight-bearing 
structures from the pad to the hoof capsule. As the body size increased and the need for energy efficiency 
increased, the development of a longer flexor tendon occurred to balance the larger size with speed; adapted 
after Camp and Smith 1942, in Franzen 2010. 

Although it is difficult to accurately assess from fossils and reconstruction, the bar horn 

structure does not appear to be formed in the Miohippus ‘hooflet’, but may be present in the 

Protohippus hoof.  In this hoof, proportionally the bar horn length may have been 

approximately less than half that of the total length of the pad/frog, whereas commonly seen 

in the modern hoof the bar horn length may vary from approximately half the length, to 

almost equal length to that of the frog; depending on the wear pattern and trimming methods 

(Figure 1.4). 
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Figure 1.4: Bar horn length in front hooves (palmar view) 

 

(a) 

 

 

(b) 

 

 

(c) 

 

Figure shows drawings and photographs comparing bar horn length in front hooves palmar view of: a) the 
reconstructed drawing of Protohippus (after Bennet 1992); b) and c) modern equines of a similar height 
(≈150cm) – where the bar horn length (black arrows) is shorter relative to the frog in (a) Protohippus and the 
freshly trimmed hoof (b) and is longer relative to the frog in the untrimmed hoof (c).  

1.2.1.2 The modern equine hoof 

In the single toed hoof of the modern horse Equus (5Mya) the pad is retracted, so that the 

single terminal phalange combined with the external hoof capsule, bears the weight of the 

horse, evidenced by the bulb no longer bearing weight. As body mass increased, the 

appendicular skeleton increased in overall length and became more vertical, so as the pads of 

the hoof retracted and the hoof capsule increased in angle (Thomason 2009). The distal 

phalanx of the modern horse’s hoof, compared to its ancient relatives, is defined by its greater 

size, steeper angle of the dorsal cortex and by the extension of the palmar processes. The 

distal phalanx of the extant horse has formed into the shape of a triangular pyramid, and has 

created a stable platform for the external hoof shape (Cruz 2006). The solar surface of the 

bone is vaulted, forming a dome shape. In the human foot the semi-dome or arch of the foot 

allows it to support the weight of the body in the erect posture with the least structural weight 

(Ricola and Palma 2001). Compared to the plantigrade human foot morphology that allows 

weight to be distributed over the phalanges and tarsus which are flat to the ground, the 

distribution of weight in the unguligrade horse’s hoof is concentrated to a single phalange. 

The distal phalanx of today’s horse manages the greater load demands of the increased body 

mass over a smaller surface area.   

Unique to the modern horse and the other members of family Equidae, only the hard 

keratinous nail of the external hoof contacts the ground, so that the toe nail alone bears the 

full load of the horse as it interacts with the varying ground surfaces (Forstèn 1973, Bertram 
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and Gosline 1987). Such a configuration of hoof horn may create a vulnerability toward 

disease. According to MacGregor (1984) navicular disease or palmar hoof pain is a disease 

specific to the family Equidae, including horses, donkeys, asses, and zebra; the only hooved 

mammal to have the continuation of the hoof wall located on the palmar surface of the hoof.  

The weight-bearing hoof is positioned obliquely to the limb (Thomason et al. 1992), with 

movement facilitated by the flexion and extension of the distal interphalangeal (DIP) joint 

located in the proximal third of the hoof.  As the hoof wall grows, the angle of the growing 

hoof may differ (Dyson et al. 2011a) and may be dependent on the amount of growth versus 

the amount of wear/trimming, which is also affected by the ground surfaces on which the 

hoof interacts and the horse’s nutrition uptake.  In this position to the limb, when the hoof 

grows in a proximal to distal direction (Pollitt 1995), there is also a dorsopalmar influence, 

which appears to be influenced by the shape of the underlying distal phalanx (Thomason et 

al. 1992). The bar horn, due to its relative location and extension of the hoof wall, may also 

grow in this fashion, but its growth trajectory has not yet been quantified. The direction of 

growth of the hoof wall and bar horn tubules may be an important aspect in an investigation 

of the relationship of hoof shape and hoof health.   

1.2.2 Functional Anatomy of the Equine Hoof 

The equine hoof, positioned at the distal end of relatively long limbs, forms a single-toed 

unguligrade foot posture found in mammals specialised in running (Rafferty 2011). 

1.2.2.1 Anatomy and Histology of the Hoof  

1.2.2.1.1 Anatomy of the external hoof  

The external hoof is characterised by the hard alpha keratin epidermis (Bragulla & 

Homberger 2009), forming a protective layer encapsulating the sensitive structures of the 

internal hoof.  The epidermal hoof wall forms so that the dorsal hoof wall is orientated 

parallel with the dorsal cortex of the distal phalanx (Linford et al. 1993). The concavity of the 

palmar surface of the distal phalanx is repeated by the sole horn which is convex relative to 

the bone, and concave relative to the ground. The tubules of the sole are arranged at a 45° 

angle to the ground surface and consequently parallel to the tubules of the dorsal hoof wall 

(Wissdorf et al. 2002). Located on the solar surface and dorsal to the bulbs, the cunate (frog) 

is full and fleshy in a healthy hoof, and weight-bearing in the palmar portion (Lungwitz 

1891).  Reflecting back on the heel laterally and medially is the bar horn, which is continuous 
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with the hoof wall (Floyd and Mansmann 2007). The pericunate groove (collateral groove) is 

an air space formed by the junction of the solar vault and the frog, and terminates to form the 

proximal collateral groove; it is partially filled by the bar horn in the palmar half. The 

collateral groove height can vary, and may be used as a predictive tool for assessing the 

palmar angle of the distal phalanx (Strasser 2001; Rouben et al. 2012). This suggests that as 

the collateral groove height increases, the distal phalanx angle (palmar angle) may also 

increase, and when the collateral groove height is lower, the palmar angle may also be lower.  

The hoof wall at the toe is thicker than at the quarters, and increases in thickness as the bar 

horn is formed (Bowker 2003). Hoof wall thickness is correlated with its flexural properties; 

so that the toe wall is stiffer than the more flexible quarters (Goodman and Haggis 2008).The 

hoof wall’s stiffness is inversely related to hydration, so that a gradient of stiffness exists 

throughout the wall’s thickness (Leach and Zoerb 1983; Hobbs et al. 2004). The stratum 

medium of the outer hoof wall is stiffer than the stratum internum of the inner hoof wall, 

which may be attributed to the differing roles of weight-bearing (outer hoof wall) and 

allowing some protection of the softer internal tissues (inner hoof wall) (Leach 1980; Bertram 

and Gosline 1987).  

The material properties of the hoof wall, sole, and frog, calculated as the Young’s modulus 

(modulus of elasticity), have been quantified (Douglas et al. 1996; Hinterhofer et al. 1997; 

Bongatz 2001). The modulus of elasticity quantifies how much force per unit area it takes to 

deform a solid material, expressed as the coefficient of stiffness and measured in Pascals. The 

hoof wall was stiffer than the sole and the frog. For the in vitro samples measured, Douglas et 

al. (1996) found the hoof wall to be approximately 1004MPa; while the samples of 

Hinterhofer et al. (1997) measured approximately 703MPa; and the samples of Bongatz 

(2001) measured approximately 722MPa.  Hinterhofer et al. (1997) also measured samples of 

sole to be approximately 230MPa, and the sample frog was markedly less stiff measuring 

approximately 100MPa. Although assumed to be constitutionally the same as the hoof wall, 

elasticity of the bar horn, was to the author’s knowledge, not quantified. In contrast to the 

hoof capsule, the distal phalanx is stated as measuring 10,000MPa (Thomason et al. 2005), 

although it was not cited if the bone was wet or dry; a sample of femur (wet compact) 

measured 9,400MPa (Pal 2014).   

The elasticity of the hoof capsule and the configuration of the tubules mean that the hard 

alpha keratin of the hoof wall behaves as a multidirectional composite, capable of tolerating 

its usual operating strains in any direction (Thomason et al. 1992). This means that unlike 
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bone the hoof capsule is insensitive to fracture, it is stiff enough to resist being deformed in 

loading, while not being so stiff that it fractures (Bertram and Gosline 1987). The elastomeric 

property of the hoof wall is formed by the interaction of the horn tubules, which are arranged 

in a complicated series of spring like rods of intermediate filaments known as alpha helicals, 

and the intertubular horn.  The horn tubules increase in number and density as they progress 

inwards to outwards (Reilly et al. 1996). Despite the hollow nature of the horn tubules, and 

likely because of the toughness created by the bundling of intermediate filaments, the horn 

tubules are somewhat stiffer than the intertubular horn, acting like reinforcing (Bertram and 

Gosline 1987; Bolliger 1991; Thomason et al. 1992; Kasapi and Gosline 1998). Despite this, 

it is thought that the intertubular horn is responsible for much of the mechanical behaviour 

(Leach 1980). The plane of the intermediate filaments changes from perpendicular to parallel 

orientation in the outer layer of the hoof wall, and it is this arrangement that is likely to 

prevent the propagation of cracks, but results in mechanical anisotropy (Thomason et al. 

1992; Goodman and Haggis 2008). The variation in tensile stiffness with hydration level, 

however, may be more important than its anisotropy (Thomason et al. 1992). 

The complex arrangement of the hoof wall structures may contribute to its sensitivity to load, 

so that the orientation of the horn tubules from their source at the coronary corium can 

change (Strasser 1998), which was noted by Dyson et al. (2011a). The hoof capsule tissues 

are adaptive (Bowker 2003), with the hoof wall changing angle dependent on the 

environmental substrate (Strasser 2001; Hampson 2011).   

The total replacement of the hoof capsule takes 200‒300days (Pollitt 1990), so that the 

average monthly growth rate of a horse’s hoof is 6‒10mm, (Adams 1974; Butler 1985). 

Growth rate may be cyclical so that growth rate is higher in the spring and summer, 

compared to the winter (Frackowiak and Komosa 2006) depending on nutritional values. The 

hoof growth rate appeared more rapid in the heels compared to the toes of laminitic horses 

(Karikoski et al. 2015; Pollitt and Collins 2015), but may be parallel in a normal hoof; 

although the flexural properties of the toe and quarters may also influence their growth rate 

due to changes in bloodflow. The hoof capsule to distal phalanx interface is formed by the 

laminar junction (Pollitt 1992a). The parts of the external hoof are shown in Figure 1.5.  
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Figure 1.5: Cadaver pony hoof (lateral and solar views) 

 

(a) 

 

 

(b) 

                                                

 

Figure shows photographs of a cadaver pony hoof to show the external structures of the equine hoof, (a) 
lateral view, and (b) solar view. 
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1.2.2.1.2 Anatomy of the internal hoof  

The distal end of the middle phalanx, the distal phalanx, and the distal sesamoid (navicular 

bone) comprise the bones of the hoof. The middle phalanx is approximately half the length of 

the proximal phalanx, and has a higher strength per cross sectional area compared to the 

curved long bones of the upper limb (Bertram and Biewener1988). The distal phalanx has no 

medullary cavity (Butler et al. 2008) or bone cortex (Pollitt 2016), and yet this terminal bone 

must survive the impact collision with the ground, provide a stable platform for the hoof 

(Cruz 2006), and be the lightweight structure at the end of the inverse pendulum of the limb 

required for energy efficient movement (Clayton 2004; Harrison et al. 2010).  

It appears that the distal phalanx has undergone specialized bone adaptation compared with 

the other bones of the equine skeleton (Thomason 2009). The bone shape is of a triangular 

pyramid, with large surface area to the bearing border so that load intensity to any one area 

may be minimised. The parietal surface is convex possibly to reduce fracturing, common in 

load bearing bones which are also needed for manoeuvrability (Bertram and Biewener1988).  

The extensive vascular network flowing through the micro-foramina within the distal phalanx 

creates a damping effect to aid shock absorption (Bowker 2003).  The lightweight, highly 

permeated bone shares its load-bearing role with the laminar junction, and the deformable 

hoof capsule; and visa-versa (Thomason et al. 2005). So that the geometrical relationship of 

the combined unit is analogous with a four-dimensional hypercube,  

 

Figure 1.6.  
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Figure 1.6: Tesseract – a four dimensional hypercube  

 

Figure shows a diagram of a perspective projection of the geometrical shape Tesseract, describing a four 
dimensional hypercube analogous with the shared load-bearing of the structures of the horse’s hoof where: 
(a) is the hoof capsule; (b) is the laminar junction; and (c) is the distal phalanx bone. 

 

Such geometrical relathionships that are found to exist between the soft and osseous tissues 

of the equine hoof, arguably providing and example of biotensegrity, which provides an 

explanation of the ability of the distal phalanx to manage the high magnitude of load of the 

upper body over a relatively small load bearing area.                                                                       

The boat shaped distal sesamoid or navicular bone is thought to provide a constant angle of 

insertion for, and maintenance of, a mechanical advantage of the deep digital flexor tendon 

(DDFT) (Wright and Douglas 1993; Wilson et al. 2001a). The navicular angle is thought to 

be beneficial to hoof function when it is lower (Meyers et al. 2011). The position of the 

navicular bone means that its articular surface contributes to increasing the surface area of the 

distal phalangeal (DIP) joint, which is also made up from the distal, rounded end of the 

middle phalanx, and the distal phalanx (Goody 2000). The increased surface area is thought 

to increase the moment arm of the DDFT around the distal interphalangeal (DIP) joint, thus 

reducing the force in the DDFT (Wilson et al. 2001b). The navicular bone, its ligaments, 

bursa, and the DDFT form the podotrochlear apparatus, pathology of which is associated with 

navicular disease (Wright 1986, 1993; Pool et al. 1989; Hickman & Humphrey 1989; Leach 

1993; Trotter 2001). Compared to the proximal interphalangeal (PIP) joint, the DIP joint, 

which is not supported by ligaments, can be moved slightly allowing the hoof and limb to 

twist or move from side to side to adjust to uneven ground.  The joint is stabilised by the hoof 

capsule and lateral cartilages (Davies et al. 2007). The proximal portion of the lateral 

(a)  Hoof capsule 

(b) Laminar junction 

(c) Distal phalanx 
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cartilages can be palpated below the skin in the palmar hoof; between the distal portion is the 

fibro fatty/cartilaginous soft tissue of the digital cushion.  

The thoracic (fore-limb) deep digital flexor tendon (DDFT) arises from the deep digital flexor 

muscle (DDFM),  which courses from its two attachment points on the ulna and humerus, 

palmar to the radius of the antebrachium (forearm), where it transitions to the deep digital 

flexor tendon just proximal to the carpus (knee) (Budras et al. 2012). The DDFT travels 

distally palmar to the metacarpus (cannon bone), palmar to the interphalangeal (fetlock) joint, 

past the palmar surface of the navicular bone, to its insertion point on the palmar surface of 

the distal phalanx.  The deep digital flexor tendon works with the flexor muscle, and as a unit 

is responsible for the passive elastic recoil needed for energy efficient movement (Camp and 

Smith 1942; Wilson et al. 2001b; McGuigan and Wilson 2003; Wilson et al. 2003; Harrison 

et al. 2010; Harrison et al. 2012). The tendon and muscle unit represents the distal portion of 

the flexor suspensory apparatus or ‘spring foot’ (McGuigan and Wilson 2003). The length of 

the DDFT can be adjusted by tensing or relaxing the flexor muscles of the upper limb, but in 

the main the tendon is stretched by the passive action of the compression brought about by 

weight-bearing, stretching the tendon by as much as 127mm at a gallop (McGuigan and 

Wilson 2003). The action is analogous with a ‘catapult’ as the attachment and insertion points 

fix the tendon, while the palmar flexion of the metacarpophalangeal (fore-fetlock) joint create 

tension (moderated by the inferior check ligament), powering the flight phase of the stride 

forward (McGuigan and Wison 2003).  

Lesions and other pathology of the deep digital flexor tendon are not uncommon in the 

performance horse (Dyson et al. 2005; Blunden et al. 2006; Dyson et al. 2007; Cillán-Garciá 

et al. 2014). The modelled maximal von Mises stress levels located medially and laterally of 

the intersection of the DDFT to the distal phalanx stated by Collins et al. (2009) (Figure 1.7), 

are consistent with common sites of DDFT pathology (Nagy et al. 2008).  

On the opposing side of the digit, the common digital extensor tendon (CDET) arises from 

and is grouped with the extensor muscles of the forearm, with its insertion at the extensor 

process of the distal phalanx. The common digital extensor tendon and the deep digital flexor 

tendon work as opposing forces to act as joint moment arm levers to rotate the DIP joint. The 

structures of the internal hoof are shown in Figure 1.8. 
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Figure 1.7: Modelled hoof constructed from CT images of the right front digit 

 

Figure shows an image of a finite element modelled hoof constructed from CT images of the right front digit of 
a freshly trimmed (O’Grady and Poupard 2003), live Appaloosa-cross gelding, 400kg, measured in quasistatic 
weight-bearing mid-stance position.  The von Mises stress distribution of the deep digital flexor tendon, 
indicates a focal area of high stress concentrations at the palmar aspect of the medial and lateral aspect of the 
deep digital flexor tendon insertion to the distal phalanx (red arrows) a common site of pathology (Collins et al. 
2009). 
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Figure 1.8: Left front cadaver horse digit (mid-sagittal section) 

 

                   

                        
 

Figure shows a photograph of a left front cadaver horse digit mid-sagittal section showing the internal 
structures of the equine digit.  

 

The dermis layer (corium), Figure 1.9, is a connective tissue matrix embedding numerous 

arteries, veins, capillaries and nerves (Kramp 2012), which covers the parietal surface of the 

distal phalanx, with the inner layer forming an attachment to the perisoteum of the bone, so 

that the position of the bone must influence the relative position of the solar, frog, bulb, bar, 

coronary and laminar coria.  The solar horn formed by the solar corium papillae is convex on 

its inner surface relative to the concave distal phalanx. The frog corium overlies the digital 

cushion; glands within the frog corium produce secretions on the surface (Stashak 2002). The 

bulb corium is located palmar and proximal to the frog corium.  The bar corium has two 

parts, the coronary part from which the papillae are formed, and the parietal part forming the 

lamellae (Budras et al. 2012).  The coronary corium papillae, originating from germinative 

keratinocytes form the hoof wall (Pollitt 2008). The laminar corium has two distinct layers. 

The inner layer of the laminar corium attached to the bone is thicker at the dorsum, which is 

attributed to the higher level of mechanical stress on the hoof wall in this region. The second 
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layer is made up of approximately 600 primary dermal lamellae, on each of which are located 

100-200 secondary lamellae (Pollitt 1995). There is also a greater density of lamellae at the 

dorsum where bifurcation is not uncommon (Bowker 2003; Thomason et al. 2005); the 

lamellae are orthogonal in conformation (Douglas et al. 1996).  

The organisation of blood vessels intrinsic to the health of the hoof are supplied through the 

digital arteries, located laterally and medially of the digit; an auxiliary vessel branches off to 

supply the palmar hoof (Mishra and Leach 1982). The corium is supplied with blood via the 

distal phalanx, which is perforated with many micro-foramina through which many blood 

vessels pass (Pollitt 2016). The normal blood supply to the corium is through a symmetrical 

net like vascular pattern in the corium of the hoof, as described by Ackerman et al. (1975). 

Ackerman et al. (1975) also indicated that in the laminitic hoof, vascular changes occur so 

that areas of the corium are avascular, with tortuous vessels in the corium of the coronary 

band. Although, increased vascularisation is also not uncommon (Leise et al. 2015). The 

corium is highly innervated with the main nerve supply branching off from the palmar digital 

nerve in the palmar hoof. The corium supplies fluids and nutrients to the basal germinative 

cells creating the epidermal layer, doing this via the basement membrane, a structure that 

covers, and is attached to, both the secondary dermal lamellae (SDL) and the secondary 

epidermal lamellae (SEL) (Pollitt 1994; Leise et al. 2015).   

Compared to the hard underlying bone, and the stiffer hoof capsule horn, the modulus of 

elasticity (in tension) of the corium was found to be between 0.15 to 7.6MPa (Kochová et al. 

2012), similar to mammalian skin of approximately 5MPa (Wang et al. 2013).  
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Figure 1.9: Left front cadaver pony hoof coria and coria junctions 

 

 

 

 

 

 

 

 

 

 

 

(a) 

 

 

 

 

 

 

 

 

 

(b) 

 

Figure shows photographs of a left front cadaver pony hoof to show the coria and coria junctions of the equine 
hoof of: (a) dorsal view; and (b) solar view. 

 

The insertion of the corium to the epidermis layer is formed by the papillae, and the lamellae.  

The corium lamellae interdigitise with the epidermal lamellae to form the laminar junction. 

The laminar junction is recognised as an important structure of the equine hoof, which can be 

indicative of hoof health (Pollitt and Collins 2015). The large surface area created from 
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lamellar folding helps reduce stress on the living dermal cells to tolerable levels states Stump 

(1967). The increase in the laminar junction’s surface area, which is helped by compliance of 

the stratum internum (Leach 1980; Bertram and Gosline 1987), appears to contribute to the 

increased mechanical resistance of this structure; which like most biological tissues has a 

non-linear mechanical behaviour (Kochová et al. 2012). The primary epidermal lamellae 

(PEL) are angled by an average of 9°, which is thought to allow them latitude to straighten as 

the heels widen on weight-bearing (Thomason et al. 1992). The strong attachment of the 

laminar junction enables it to form a suspensory apparatus with the distal phalanx (SADP) 

(Leach 1980, Pollitt 1995; Pollitt 1998; Thomason et al. 2001). In an in vitro study by 

Bertram 1992 (cited by Thomason et al. 1992), periosteum separated from the distal phalanx 

before the laminar junction failed, demonstrating its load bearing capacity. The distal 

migration of the hoof wall as it grows is accomplished by the secondary epidermal lamellae 

(SEL) of the laminar junction sliding past those of the secondary dermal lamellae (SDL); 

which also involves the normal enzymatic action of matrix metalloproteinases (MMPs) 

(Daradka and Pollitt 2004; Thomason et al. 2005).  

In domesticated horses affected by the disease laminitis there appears to result in attenuation 

and elongation of the SEL, and other abnormal morphology of the epidermal lamellae (van 

Eps and Pollitt 2009), Figure 1.10(a). Abnormal morphology of the SEL was also seen in 

populations of feral Brumby horses (Hampson 2011), Figure 1.10(b).  Horses that have not 

shown the typical signs of laminitis have also been noted to have such abnormalities 

(Karikoski et al. 2015), Figure 1.10(c).  Abnormalities of the SEL tissue were noted in a 

group of Thoroughbred horses (Kawasako et al. 2009), where there was reported to be a large 

diversity of epidermal laminae, with SEL grouped into five sections ranging from normal to 

pathological. Attenuation and stretching of the SEL may be attributed to any inflammation 

episode of the horse’s hoof (van Eps pers. comm. 2014).  The nature of the lamellae after 

laminitis changes from elastic to plastic, suggesting that their tensile strain properties are 

changed (Hobbs et al. 2004), weakening the overall capacity for load-bearing. 
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Figure 1.10: Normal and abnormal primary and secondary epidermal lamellae  

(a)  (b)  

 (c)            (d)   

Figure shows photomicrographic images of H&E stained histology slides of the laminar connection where: (a) 
the secondary epidermal lamellae (SEL) are attenuated, irregular and elongated in the chronically laminitic 
hoof, noted by the difference in lengths of the A and B arrows in the main image, compared to the lengths of A 
and B of the more regular SEL in the insert ( van Eps and Pollitt 2009); (b) lamellae void of SEL in feral Brumby 
hooves showing typical signs of chronic laminitis (Hampson 2011); (c) normal primary and secondary dermal 
lamellae, compared to (d) abnormal lamellae of horses without typical signs of laminitis (Karikoski et al. 2015). 

1.2.2.2 Quantifying Hoof Shape and Hoof Health 

The central theme of evidence based science is that all evidence must be produced by 

experiment and observation that test a theory or hypothesis, (Norris 1985). Quantification is 

at the heart of empirically based science, which has been assisted in veterinary science in 

recent years by the greater sophistication of the hoof quantification tools and equipment, 

allowing increasingly precise measurements to be collected and analysed. Equipment 

typically used to collect measurements of hoof shape and hoof health is listed below. 
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Equipment typically used to measure hoof shape and hoof health of the external hoof 

includes: 

1. Compression and tension machines 

2. Digital photographs 

3. Force plates/pressure mats and hoof boots 

4. Hand held metal rulers and electronic callipers 

5. Photogrammetry 

6. Photomicrography from histological slides  

7. Strain gauges – electrical-resistance and photoelectrical (single and rosette 

arrangement) 

8. Thermography 

9. Three-dimensional motion analysis and motion free tracking 

Equipment typically used to measure hoof shape and hoof health of the internal hoof 

includes: 

1. Angiogram 

2. Compression and tension machines (in vitro) 

3. Computed Tomography (CT) scanning – plain and contrast enhanced 

4. Digital radiographs 

5. Doppler ultrasound 

6. Fluoroscopy  

7. Magnetic Resonance Imaging (MRI)  

8. Photomicrography from histological slides  

9. Scintigraphy 

10. Strain gauges (in vitro) 

11. Thermography 

12. Ultrasound 

13. Venograms  

(Definitions and examples of the external and internal hoof quantification tools and 

equipment are listed in appendix 1.) 
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Quantifying hoof shape and hoof health to collect information from measurements (data), 

from which inference can be made, can broadly be separated into three major topic areas: 

1. anatomy and histology; 

2. biomechanics;  

3. aetiology of disease. 

These topics have facilitated hoof researchers predominantly aiming to increase the 

understanding of normal and abnormal states of the equine hoof. The measurements that 

describe hoof shape and hoof health typically use geometric lines by millimetre, and angles 

by degree as the basis for further calculations and analysis. The measurements and calculated 

ratios that have been developed and used to collect data for the topic area of hoof shape and 

hoof health are depicted in Figure 1.11(a) – (d).  This summary is not complete, but is 

concentrated on the area of interest for this study for comparative purposes. A description of 

the measurement, the researcher who used the measurement, and their main aim, is listed in 

appendix 2.  
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Figure 1.11: Quantification of the Equine Hoof 

                                

(a) Measurements and calculated ratios that have typically been collected from the external hoof capsule 
lateral aspect. Key to lines in mm (blue lines) and angles in degrees (red lines): 1. CBA – coronary band 
angle; 2.DCBH – dorsal coronary band height; 3. DHWA – dorsal hoof wall angle; 4. HA – heel angle; 5. HH 
– heel height; 6. HeL – heel length; 7. HWL – hoof wall length; 8. LL or ML – lateral and medial length; 9. LA 
or MA – lateral and medial angle; 10. WBL – weight-bearing length.  Calculated ratios: 1. DCBH:WBL – 
dorsal coronary band height to weight-bearing length; 2. D:PCBH – dorsal to palmar coronary band height; 
3. HCI – heel collapse index (also known as the DHWA-HA – dorsal hoof wall angle to heel angle 
difference); 4. HWL:HeL – hoof wall length to heel length; 5. HWL:WBL – hoof wall length to weight-
bearing length. 
 

                                  

(b) Measurements that have typically been collected from the solar external hoof capsule. Key to lines in mm 
(blue lines) and angles in degrees (red lines): 1. CGD – collateral groove depth (assumed collection point 
position); 2. FL – frog length; 3. HS – heel separation; 4. HoL – hoof length; 5. HWT – hoof wall thickness 
(a) dorsum, (b) quarter, (c) heel; 6. HW – hoof width; 7. QFL and QFM – quarter flare (a) lateral and (b) 
medial; 8. SC – solar concavity; 9. SA – sole angle. 
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(c) Measurements that have typically been collected from the internal hoof by radiograph, lateromedial 
aspect. Key to lines in mm (blue lines): 1. DCBH – dorsal coronary band height; 2. D – founder distance; 3. 
EPH – height of the proximal aspect of the extensor process from the ground; 4. LSADP – length of the 
solar aspect of the distal phalanx; 5. LADIPJ – lever arm of the DIP joint; 6. VGRF – vertical component of 
the ground reaction force; 7. WBL – weight-bearing length of the sole of the foot. Key to angles in degrees 
(red lines): 1. CSBDPA – concave solar border of the distal phalanx angle; 2. DADPA – dorsal aspect of the 
distal phalanx angle; 3. DPA – distal phalanx angle (Palmar angle); 4. HA – heel angle; 5. RA – reflex angle; 
6. TA – toe angle.  
 

 

(d) Measurements that have typically been collected from the internal hoof by magnetic resonance imaging, 
lateromedial aspect. Key: C – sole angle; D – toe angle; H – heel angle; heel height; LC – toe length; MA1 – 
Proximal moment arm; MA2 – distal moment arm; N – deep digital flexor tendon angle; PL1 – plum line 1; 
PL2 – plumb line 2; SI – distal phalanx length; toe height.  
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The morphometric descriptions of the equine hoof by external hoof capsule measurements 

from photographic, radiographic, and magnetic resonance imaging show that in the current 

literature, there are gaps in the quantification of the palmar hoof.  So that the relationships 

between (a) the heel angle, the bar horn, the collateral groove, and (b) the collateral groove 

and the navicular bone, remain largely unquantified. 

1.2.2.3 Variability in the Shape of the Equine Hoof 

The hoof capsule of the equine hoof is continually growing (Pollitt 1995; Davies 1997; Pollitt 

et al. 2003), and therefore hoof shape appears to change with growth (Thomason et al. 2001). 

It is accepted that the hoof growth between trimming intervals, and consequently the changes 

that naturally occur, alter hoof mechanics (Thomason et al. 1992; Thomason et al. 2001; van 

Heel et al. 2005; Moleman et al. 2006; Thomason et al. 2008). Asymmetry is thought to have 

a negative influence on the performance horse (Ducro et al. 2009). Asymmetry has been 

found in lame horses (Holroyd et al. 2013) and in non-lame horses (Wilson et al. 2009; 

Wiggers et al. 2015). Dyson et al. (2011a) also noted a difference in hoof shape between lame 

and non-lame horses, concluding that asymmetry of foot shape may be present in foot-related 

lameness. While the study of Dyson et al. (2011a) identified an increased ratio between 

dorsal and palmar coronary band height, and that a concave contour of the coronary band 

may be associated with foot pain, no explanation was given for these changes in hoof shape 

or the cause for foot pain. 

Specific hoof shape factors thought beneficial for the horse’s hoof are well documented 

(Snow and Birdsall 1990; Ovnicek 1995, 2003; O’Grady 2003; Redden 2003; Kummer et al. 

2006; Clayton et al. 2011). Achieving lateromedial balance is popular amongst farriers (Snow 

and Birdsall 1990), where the length of the medial and lateral walls should remain equal for 

the hoof to be well balanced. An accepted norm is for the palmar angle to be positive 

(elevated), for example, by 3–8° (Stashak 2002; Parks 2003; Clayton et al. 2011) so that the 

hoof pastern axis is not broken, and the bone alignment of the pastern and hoof follow a 

straight line.  Such an alignment results in the dorsal hoof wall and heel being parallel to each 

other (O’Grady 2003). In an in vivo study of 300 horses, Dyson (2011a) states  that there was 

a stronger correlation between dorsal hoof wall angle and angles of the distal phalanx, than 

between heel angle and angles of the distal phalanx; contrary to that considered normal 

(Parks 2003), the dorsal hoof wall and heel angles were generally not parallel.  
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Defining the ideal hoof shape has been the subject of speculation for at least 2000 years 

(Colles 1989). The use of the dorsal hoof wall angle is thought to be an important parameter 

in defining normal hoof shape (Zhang et al. 2008).  A shallow heel angle or collapsed heel is 

recognised as undesirable (Redden 2003), however, there is little opinion of the higher heel 

angle (<45°). The shape of the horse’s hoof is commonly referred to as a ‘truncated oblique 

cone’ (Clarke 1828; Chauveau 1860; Lungwitz 1891; Dollar 1898; Colles 1989; Thomason et 

al. 1992; Pollitt 1992a; Kasapi and Gosline 1998; Thomason et al. 2001; Floyd and 

Mansmann 2007; Goodman and Haggis 2008; Dyson et al. 2011b; Hampson 2011; Ramsey 

2011; O’Grady 2012; Pollitt 2016); the geometrical shape of an ‘oblique conical frustum’. 

The definition suggests a divergence of the hoof horn tubules so that on weight-bearing 

normal hoof wall deflection causes the palmar surface in the three dimensional hoof to 

increase in overall area.  The toe angle and the heel angle calculated as a ratio to record the 

heel collapse index (HCI), as indicated by Eliashar et al. 2004, may be useful as a way to 

define hoof shape. The heel collapse index calculates the ratio between the heel angle and the 

dorsal hoof wall angle, so that a ratio <1.00 defines a divergence of the toe to heel walls 

(Figure 1.12(a)), a ratio of 1.00 defines toe to heel walls that remain parallel (Figure 1.12(b)), 

and a ratio >1.00 defines a hoof shape that results in a convergence between the toe and the 

heel walls on weight-bearing (Figure 1.12(c)). Despite the common reference to hoof shape 

as a truncated oblique cone, Parks (2003) refers to a well-balanced and well-trimmed hoof as 

having dorsal and palmar walls parallel to each other (Figure 1.12(b)), a hoof shape which is 

commonly adopted by farriers (O’Grady and Poupard 2003; Redden 2003).  However, neither 

of the two differing definitions of hoof shape describes whether the definitions continue to 

apply as hoof wall and bar horn naturally migrate distally and increase in overall volume as 

the hoof grows. Although Redden (2003) refers to a shallow heeled hoof as distorted and 

‘underrun’ (Figure 1.12(c)), which suggests that the hoof may change shape as it grows. 
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Figure 1.12: Hoof shapes (lateral aspect) 

 

(a) 

 

 

 

(b) 

 

 

 

(c) 

  

(d) 

 

 

Figure shows schematics of three differing hoof shapes in lateral aspect, with dorsal hoof wall and heel line 
segments defining in two dimensions the hoof wall outline, and with the coloured arrows indicating the 
direction of growth of the hoof capsule, the coronary band contour is described.  The three shapes are 
commonly referred to in scientific literature and by farriers where: (a) Is defined as the truncated oblique cone 
hoof shape; (b) Is defined as a non-broken hoof pastern axis (Parks 2003), the parallel dorsal and palmar hoof 
wall is thought to result in a well-balanced and well-trimmed hoof shape by farriers (O’Grady and Poupard 
2003); (c) is defined as a hoof shape with an underrun heel (Turner 1992; Redden 2003); and d) the hoof shape 
(b) and (c) are superimposed on hoof shape (a), where the shape differences in dorsal and palmar wall line 
segments, and coronary band contour are noted as differing from each other. 

The term ‘truncated oblique cone’, where the of dorsal hoof wall and heel diverge away from 

each other, is seldom observed in the hoof shapes commonly referred to by farriers and 

veterinarians.  Instead the dorsal hoof wall and heel appear to be parallel or converge toward 

each other, Figure 1.13. 

Direction of growth Direction of growth 

Direction of growth 
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Figure 1.13: Hoof shape commonly defined by farriers and veterinarians 

 

 

(a) 

 

 

(b) 

 

Figure shows schematics of hoof shapes in lateral aspect, that are less likely and more likely to allow for 
divergence of the hoof wall on loading: (a) Top row indicates lateral view of differing hoof capsule shapes, 
where the angle of the heel relative to the dorsal wall hoof angle is less likely to allow for a divergence of hoof 
wall on loading. Bottom row indicates the typical farrier terms given to the hoof capsule shapes, and the 
approximated digit bone alignment including an impression of the palmar angle relative to the horizontal; after 
Myers 2014. (b) Hoof shape where the angle of the heel relative to the dorsal hoof wall angle is more likely to 
allow for a divergence of the hoof wall on loading; after Russell 1903. 

The shape factors of the external hoof have been measured and analysed in a number of 

ways. For instance, in vitro measurements have been made to compare the effects of hoof 

shape on function (Kane et al. 1998). In vivo measurements have also been made  to assess 

the effects of trimming on function, and of hoof balance, and asymmetry (van Heel et al. 



54 
 

2004; Kummer et al. 2006; Kummer et al. 2009; Clayton et al. 2011; Dyson et al. 2011a; 

Holroyd et al. 2013). Such studies have not discussed the scaling characteristics of hoof shape 

– that is the ability of the hoof to maintain its proportions as it grows. For instance, the 

scientific literature does not clearly define whether the hoof scales isometrically – remaining 

congruent as it increases in shape and size, as with an equilateral triangle, or scales 

allometrically – with the shape and angles differing as the hoof grows, as with a scalene 

triangle – factors that may affect hoof mechanics. Also, such in vitro and in vivo studies show 

a paucity of data quantifying and describing the function of the bar horn within the process of 

hoof shape change.  This is surprising, considering that the bar horn, a continuation of the 

hoof wall, is a structure that may have the capacity to alter hoof mechanics (Ramsey 2011).   

It is difficult to quantify and define the exact nature and characteristics of how specific 

structures of the hoof capsule influence hoof shape.  The microanatomy of the growth 

characteristics of the external hoof capsule and hoof wall has been studied extensively 

(Bertram and Gosline 1987; Bolliger 1991; Kasapi and Gosline 1998; Bowker 2003; Pollitt 

2008; Bragulla 2009; Kawasako et al. 2009; Karikoski et al. 2015).  However, this 

information is limited in its context to regional areas of interest, and does not always reveal 

the overall process of how changes in hoof shape may be occurring when related back to the 

hoof biomechanics.  

Many anatomy books illustrate the palmar surface of the distal phalanx of the skeleton as 

parallel relative to the horizontal, and where discussed, state that the normal hoof can be 

defined as a truncated oblique cone. Using the heel collapse index (Eliashar et al. 2004) such 

a shape suggests a high (>1.00) index made between the heel angle and the toe angle; 

although specific angles defining normal hoof shape were omitted. The use of the word 

‘cone’ implies a divergence of the hoof wall. For example, if the dorsal hoof wall angle is a 

constant 45°, then to achieve divergence, the heel angle must be greater than 45° resulting in 

a coronary band angle of approximately 30°, and a heel collapse index of >1.00 (Figure 

1.14(a)). 

Hoof measurements of normal non-lame horses’ hooves used for research purposes, showed 

that the angles of hooves used in the sample horses for research deviated from those 

commonly used to describe the truncated oblique cone shape of the normal horse’s hoof, 

Table 1.1. 
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Table 1.1: Comparison of 'truncated oblique cone' and other hoof shapes 

Literature reference Dorsal hoof wall 
angle degrees 

Heel angle 
degrees 

Coronary band 
angle degrees 

Truncated oblique 
cone hoof shape – 

yes/no? 

Common literature reference 
‘truncated oblique cone’ hoof 
shape 

45 >45 30 Yes (HCI >1.00) 

McClinchey 2003 50 44 – No (HCI 0.88) 

Eliashar et al. 2004 50.5 39.0 23.5 No (HCI 0.77) 

Dyson 2011a 52.2 43.5 21.9 No (HCI 0.83) 

Clayton et al. 2011  

0 months 

4 months 

16 months 

 

49.9 

52.6 

51.5 

 

36.6 

38.8 

43.3 

 

– 

– 

– 

 

No (HCI 0.73) 

No (HCI 0.74) 

No (HCI 0.84) 

Table shows the measurements of the commonly referenced ‘normal’ truncated oblique cone hoof shape, 
compared to measurements of horses’ hooves used for research purposes and stated as ‘normal’.  Key: HCI, 
Heel collapse index. 

The above measurements are shown as a schematic in Figure 1.14. The commonly referenced 

truncated oblique cone (Figure 1.14 (a)) indicates that where the line segments of the dorsal 

hoof wall and the heel extend distally, the line segments increase in their horizontal length, 

defined as a divergence. The schematics of McClinchey et al. (2003) (Figure 1.14 (b); 

Eliashar et al. (2004) (Figure 1.14 (c)); Dyson et al. (2011a) (Figure 1.14 (d)); and Clayton et 

al. (2011) (Figure 1.14 (e)) indicate that where the line segments of the dorsal hoof wall and 

the heel extend distally, the line segments decrease in their horizontal length, defined as a 

convergence of the hoof wall with a heel collapse index of <1.00.  
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Figure 1.14: Published hoof measurements 

  

(a) 

 

DHWA 45°  HA 47°  CBA 30° 

 

(b) 

 

DHWA 50°   HA 44°  CBA ‒ 

 

 

(c) 

 

DHWA 51°  HA 39°  CBA 24° 

 

(d) 

 

DHWA 52°  HA 43°  CBA 22° 

 

(e) 

 

DHWA 50°  HA 37° CBA ‒ 

Figure shows schematics of hoof measurements recorded from research papers in Table 2, where (a) 
demonstrates a truncated oblique cone shape so that as dorsal hoof wall and heel line segments indicate a 
divergence as lines extend.  Whereas: (b) the dorsal wall and heel line segments indicate a convergence as 
lines extend, McClinchey et al. (2003); (c) the dorsal wall and heel line segments indicate a convergence as 
lines extend, Eliashar et al 2004; (d) the dorsal wall and heel line segments indicate a convergence as lines 
extend, Dyson et al. (2011a); and (e) the dorsal wall and heel line segments indicate a convergence as lines 
extend, Clayton et al.  (2011). Key: DHWA, dorsal hoof wall angle; HA, heel angle; CBA, coronary band angle. 

The shape of the equine hoof capsule affects how weight-bearing forces are resisted by the 

capsule and are transmitted to deeper structures of the hoof (McClinchey et al. 2003). 

Although it is clear the variability in shape of the equine hoof is well documented, it does not 

provide a clear definition of hoof shape, despite its potential importance to hoof health.  For 

instance, it may be useful to give further qualification between defining hoof shape that is 

worn or freshly trimmed, and hoof shape after an interval of natural growth has occurred. 

Also helpful in evaluating the potential of hoof shape to affect hoof health, may be to assess 

how, in different hoof shapes, the weight-bearing forces are resisted by the capsule and 

transmitted to the deeper structures of the hoof.  

1.2.3 Hoof Mechanics 

Interest in hoof mechanics relates to understanding and optimising hoof function to enhance 

soft and osseous tissue health. To this end the mechanics of the external hoof and the 

structures of the internal hoof have been researched. External hoof studies have attempted to 

quantify the mechanics of the hoof’s interaction with the ground, as well as the hoof 

capsule’s role in haemodynamics, and shock absorption. Internal hoof studies have attempted 
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to quantify internal hoof wall tensile strain patterns, the structural dynamics of the laminar 

junction, and the structures of the podotrochlear apparatus.   

1.2.3.1 External hoof mechanics 

Increased knowledge of the mechanics of the external hoof has been obtained through 

experiments which include in vivo and in vitro studies (Lungwitz 1891; Akerblom 1930; 

Zoerb and Leach 1978; Leach 1980; Leach et al. 1983; Colles 1989; Thomason et al. 1992; 

Dyhre-Poulson et al. 1994; Davies 1997; Thomason 1998; Jordan et al. 2001; Roepstorff et 

al. 2001, Thomason et al. 2001; Thomason et al. 2003).  Other experiments have used in vivo 

horse data to model the hoof using finite element analysis (Hogan et al. 1991; Newlyn et al. 

1998; Hinterhofer et al. 2001; Thomason et al. 2002; McClinchey et al. 2003; Zhang et al. 

2008; Collins et al. 2009; Salo et al. 2010; Ramsey 2011; Jansová et al. 2015) requiring 

validation.   

The deflection of the hoof wall at the heels of 1‒2% of the hoof’s length, as it interacts with 

the ground reaction force, has been observed (Lungwitz 1891).  Heel expansion of between   

1 – 4mm was also quantified (Jordan et al.2001). While it is generally accepted that the heels 

of the hoof expand on weight-bearing, the details of the mechanical actions of the hoof that 

result in heel expansion, and the reasons for the expansion of the heels is debated; being 

broadly divided amongst three theories: the pressure theory, the depression theory, and the 

geometry theory. The pressure theory states that the frog plays a major role in causing the 

hoof wall to deflect outwards at the heels.  In an in vivo study, Colles (1989) tested the 

relationship of the frog pressure to heel expansion using a strain gauge with varying results so 

that the frog increased, decreased, or did not alter in pressure. Colles (1989) concluded that 

although the frog appeared to affect hoof expansion, it is only one of several factors. The 

pressure theory was rejected by Dyhre-Poulsen et al. (1994) but both the pressure theory and 

the depression theory appear to be supported by Roepstorff et al. (2001), showing that there 

are many varied and conflicting views within equine hoof research regarding the mechanics 

of heel expansion. 

The depression theory is described by Lungwitz (1884): as the foot takes maximum weight, 

depression of the middle phalanx compresses the digital cushion, which expands sideways, 

forcing out the lateral cartilages and the hoof wall at the coronary band. At the same time 

pressure from the ground acts upwards against the frog causing it to spread and force the bars 
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 horn outwards, resulting in expansion of the heels at the ground surface. Lungwitz (1884) 

stated that if frog pressure was absent only limited expansion of the heels could take place.  

Lungwitz (1891), carried out a number of experiments to examine hoof movements and 

concluded that there were four principle movements, maximum deformation being seen with 

maximum weight-bearing on the limb; these deformations are as follows: 

1. Lateral expansion of the quarters at the coronary band and planter borders (assume 

distal border); 

2. Narrowing of the anterior half of the hoof at the coronary border; 

3. Decrease in height of the foot with sinking of the heels; and  

4. Flattening (sinking) of the soles. 

While the depression theory is supported by Akerblom (1930) and Dyhre-Poulson et al. 1994, 

it is challenged by the geometry theory.  The geometry theory differs from the pressure and 

depression theories in that the heel expansion is explained entirely by the deformation of the 

hoof wall. In an in vivo study Thomason et al. (1992) found that the order in which 

deformation occurs differs from that found by Lungwitz (1891), in the following ways:  

1. The hoof material is loaded predominantly in compression (c). During the 

transmission of forces between the ground (G) and the skeleton (W) via the distal 

phalanx there is a biaxial compression of the dorsal wall, spreading the peak strain at 

stance. Constriction of the dorsal half of the coronary band occurs. The combination 

of weight-bearing, suspension of the distal phalanx and heels spreading is probably 

responsible for the uncommon loading conditions of the biaxial compression of the 

dorsal wall. 

2. Tensile force (t) causes a palmar-ventral movement of both the dorsal wall and the 

distal phalanx through the laminar junction by an amount that is visible in lateral 

radiographs of statically loaded hooves (Fisherleitner 1974). An action that is also 

observed by Pollitt (1992b), and modelled by Ramsey (2011). 

3. The magnitude of tension on the dorsal lamellae is increased by the larger tensile 

force in the DDFT exerting torque on the distal phalanx about the middle phalanx 

(D). 

4. The 3D radial forces cause a complex distortion of the wall and the quarters so that 

there is spreading of the heels. 
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5. Heel spreading does not occur simply in a horizontal plane, the lower margin of the 

heels may be spread further than their more proximal edge so that the distal edge 

‘rolls’ outward. 

The above steps are shown as schematics (Figure 1.15). Thomason (1998) also describes the 

two main components of deformation on loading as being, 1. caudal rotation of the toe, 2. 

flaring of the heels and quarters, Figure 1.16. 

Figure 1.15: Loading phases of the hoof wall 

 

Figure shows a schematic of the loading phases of hoof wall deformation at peak stress at stance in the equine 
hoof where: A. Transmission of forces between the wall and the skeleton in sagittal section. Vectors g are 
components of the resultant ground reaction force G distributed around the distal margin of the wall. Because 
the wall is oblique to the direction of the GRF g, there is a compressive component c, which is primarily 
resisted by the wall, and a tensile component t, which is resisted by the laminar junction. W downward force 
of the body, D tensile force in the deep digital flexor tendon. B. Compressive forces c in the wall in dorsal view 
and the strains they are likely to induce. C The effect of the inwardly tensile forces t and the components for 
GRF g, in dorsal view. D. Spreading of the heels, and the ‘lenticular’ shape strains it might induce; adapted 
after Thomason et al. 1992. 
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Figure 1.16: Deformation of the hoof wall on loading 

 

Schematic shows the two main components of deformation of the hoof capsule on loading, 1. caudal rotation 
of the toe (black arrow), and 2. flaring of the heels and quarters (red arrow). The solid line shows the unloaded 
and the dashed lines show the loaded situations; adapted after Thomason 1998. 

External hoof mechanics studies have been able to further quantify strain patterns of the hoof 

wall. In an in vivo study by Thomason et al. (2001), a strain gauge was used to measure the 

strain magnitudes around the hoof wall. Thomason concluded that there was an interaction 

between the toe angle and the heel angle, so that the effect of one on strain depended partly 

on the value of the other.  In a finite element analysis modelling the effects of hoof shape 

measurements on capsule strain McClinchey et al. (2003) concluded that an upright hoof with 

a long toe would have the lowest strain in its wall. The study of hoof mechanics may explain 

the quarter relief in the heel quarters of free-moving unshod horses (Ovnicek 1995; Hampson 

2011). In a modelling study (Ramsey 2011), it was theorised that the deflection of the palmar 

hoof interacted with the ground in high impact gaits (> walk) so that the wear pattern at the 

heel quarter is concave. Also theorised by Ramsey (2011), is that with the addition of the 

quarter relief, heel expansion is optimised, while it may be reduced when a metal shoe is 

attached to the hoof wall. 

1.2.3.2    Internal hoof mechanics 

Despite the improvements that digital observation and measuring tools allow, the structures 

of the internal hoof are difficult to access on the live horse, limiting the ability to gain 

accurate measurements of the stress and strains affecting the tissues. However, increased 

knowledge of the mechanics of the structures of the internal hoof have been obtained through 

studies which include in vivo (Wilson et al. 2001a; Chateau et al. 2004, 2006; Eliashar et al. 

2004), in vitro (Douglas et al. 1998; Denoix 1999; Viitanen et al. 2003; Thomason et al. 

2005) and mathematical modelling (Bartel et al. 1978). 
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Due to the relationship with lameness, popular areas of interest in the hoof mechanics of the 

internal hoof are the mechanics of the podotrochlear apparatus, the laminar junction, and the 

DIP joint. In an in vivo study aiming to relate heel collapse to palmar angle, and an increased 

force of the DDFT to the navicular bone, Eliashar et al. (2004) concluded that the mechanical 

interaction of the DDFT and navicular bone during normal movement creates a degree of 

compression to the navicular bone. So that a 1° reduction in coronary band (palmar) angle 

has the effect of reducing the DDFT force, and the force it exerts on the navicular bone by 

4%; attributing this to a similar reduction in the extending moment arm of the DIP joint.   

In an in vivo study, Wilson et al. (2001a) aimed to determine the compressive force on the 

navicular bone of horses with navicular disease, comparing the peak force and peak stress 

converted to contact area of the DDFT to the navicular bone, to horses which were disease 

free. Wilson et al. (2001a) observed that the peak force and peak stress were similar in both 

groups, and found with the diseased group the force and stress were approximately double the 

control group values early in the stance phase.  Wilson et al. (2001a) attributed this to a 

contraction of the DDF muscle in early stance in an attempt to unload the heels in the palmar 

hoof. 

In an in vitro study of hooves divided into groups of normal toe angle, and lower toe angle    

(-6°), Thomason et al. (2001) aimed to assess changes in laminar junction morphology with 

changes in hoof shape and distal phalanx angle. Thomason concluded that there were 

significant differences between the two groups, with the lower toe angled group appearing to 

be deleterious. Any advantages or disadvantages of the changes in laminar morphology were 

not discussed. However, this preliminary work is suggestive of a mechanical overload of the 

laminar junction with such hoof shape change, as the distal phalanx remained unaffected. 

Heel angle was not included and may be a study design flaw, given that like the toe, it is also 

constantly changing. The understanding of the mechanics of the laminar junction is extended 

in Thomason et al. (2005) where it was concluded that remodelling of the primary epidermal 

lamellae (PEL) morphology, despite it being keratinous, could be influenced by mechanical 

stress; this was further tested in vivo by Thomason et al. (2008). The remodelling of 

epidermal lamellae was also observed in non-laminitic horses’ hooves (Karikoski et al. 2015; 

Kawasako et al. 2009) suggestive of an influence of mechanical stress rather than disease.  
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1.2.4 Biomechanics of the Equine Hoof 

With each stride cycle, the horse’s hoof is exposed to load in the stance phase. For as long as 

the load is applied during the stance phase, the hoof wall, bar horn, frog, and sole of the hoof 

capsule are subject to the load impact from above, as well as the impact of the ground 

reaction force (GRF) vector from below (Clayton 2002). The hoof wall and bar horn deflect 

in response to the external force (stress), causing compression of the hoof capsule (Thomason 

1992, 1998, 2002; McGuigan and Wilson 2003). In response, the internal tissues including 

the corium layer appear subject to tensile strain, causing pulling and twisting of the corium 

and other internal tissues (Bartel 1978; Thomason et al. 2005). The potential micro-trauma 

that may result from changes in hoof biomechanics (Barrey 1990; Wilson et al. 2001) makes 

their understanding relevant as a preventative measure in the non-lame horse. 

The biomechanics of the equine hoof are debated in the literature (Coles 1989; Dyhre-

Poulsen et al. 1994; Newlyn et al. 1998; Roepstorf et al. 2001; Thomason et al. 1992 

Thomason et al. 2002; Collins et al.2009; Salo et al. 2010; Ramsey 2011; Jansová et al. 

2015), although there is agreement of the need to better understand the process of how the 

hoof is loaded and unloaded, so that explanations of dysfunction that result in pain and hoof 

lameness can be better understood. Identifying differences in hoof capsule shape factors as 

the capsule grows, and finding ways to quantify the effects of these differences, including 

how the hoof capsules displace under load, may begin to explain the source of pain associated 

with hoof distortion and asymmetry (Dejardin et al. 2010; Dyson et al. 2011a, Holroyd et al. 

2013). Also, through this process, the cause of the asymmetry of the hoof capsule may be 

identified, so that hoofcare practices can be adapted to minimise the negative effects.  

1.2.4.1 The Distal Interphalangeal (DIP) Joint and the Centre of Rotation  

The distal interphalangeal (DIP) joint is the pivot point of the inverted pendulum of the 

appendicular skeleton, with the centre of mass (CoM) located in the upper limbs. The axis of 

the rotation is located in the centre of the lateral condyle of the distal middle phalanx.  This 

demarcates the theoretical centre of articulation (O’Grady 2009) or centre of rotation (CoR) 

(Clayton 2010). The action of the DIP joint aids locomotion (Clayton 2010) beginning with 

the active muscle contraction of the extensor and flexor muscles of the equine forearm, 

causing passive stretching of the common digital extensor tendon (CDET) and the deep 

digital flexor tendon (DDFT), so that these tendon joint moment arm levers cause the hoof to 

rotate around the central axis of the distal interphalangeal (DIP) joint. The DIP joint is one of 
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the most affected joints in the horse particularly on uneven ground and the forelimb joint that 

is highly impacted upon by hoof placement and orientation (Denoix 1999). This impact may 

be attributed to an inverted pendulum being less stable than the simple pendulum, relying on 

the application of torque at the pivot point to stabilize it, and reliant upon the weight of the 

hoof remaining low to maintain the inverted pendulum’s normal mechanics (Clayton 2004).  

Stability is increased by the joint moment arm levers of the extensor and the opposing flexor 

tendon, which at stance are responsible for creating an equilibrium of forces, so that there is a 

point of zero moment (PZM), (Wilson et al. 2001a), Figure 1.17. Wilson et al. (2001a) 

reported that because the PZM is dorsal to the CoR of the DIP joint, the ground reaction force 

(GRF) acts to extend the joint.  

 Figure 1.17: Forces and moment arms around the distal interphalangeal joint 

 

Figure shows a schematic of the forces and extensor and flexor moment arms acting around the distal 
interphalangeal joint during stance.  The ground reaction force (GRF) acts as the point of zero moment (PZM) 
and the extending moment that it produces is balanced by an equal and opposite flexing moment produced by 
the force in the deep digital flexor tendon (DDFT) and the moment arm created by the navicular bone; adapted 
after Wilson et al 2001a. 

The range of rotation of the DIP joint influences the gait. Stride length is either shortened or 

lengthened, maximal stride length is gained with maximal joint flexion and extension 

(Clayton 2010). This may also be accompanied by a change in hoof placement between toe 

first, flat, or heel first landing, depending  on the range of rotation of the joint (McCarty et al. 

2015). The range of the DIP joint rotation may be influenced by the orientation of the heel. In 

an in vitro study of hooves, that measured the effect of foot balance on intra-articular pressure 

in the DIP joint (Viitanen et al. 2003), the application of a 5° heel wedge resulted in a 

redistribution of load over the DIP joint dorsally; as well as resulting in alterations in the 

GRF acting at PZM 

Extending moment 

Flexing moment 
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intra-articular pressure within the joint. This observation can be demonstrated using two 

models (Figure 1.18), where the bunch of bananas represent the horse’s upper body weight 

transferred to the middle phalanx represented by the top of the wooden model; the black lines 

represent the horizontal plane; the red lines represents the ground reaction force of the point 

of zero moment (dorsal of the centre of rotation and the same distance in both models – 

purple lines); the green lines represent the approximated heel heights, which are noticeably 

higher with the wedge; the blue line represents the angle of the digit bone alignment which is 

noticeably steeper compared to the red line when the wedge is applied to the heels, so that 

there is a redistribution of load over the DIP joint dorsally. 

Figure 1.18: Wooden models of balancing bananas 

 

 

 

 

 

(a) Wooden model parallel to the ground (b) Wooden model horizontal bearer elevated off 
the ground in palmar region by a wedge  

Figure shows photographs of wooden models of balancing bananas serving to discuss the theory behind the 
increase in the inter-articular pressure of the DIP joint with the application of a heel wedge; details are 
explained in text above. 

In in vivo horse studies by Chateau et al. 2004 and 2006, a heel wedge of 6° was applied to 

the front hooves of horses tested at the walk and trot. The results showed an increase in the 

maximal flexion and a decrease in extension of the (proximal) and distal interphalangeal 

(DIP) joints (the latter was also noted by Eliashar et al. 2004), suggesting an increase in 

compression of the palmar hoof is possible, and a shortening of the stride is probable; 

although this was not quantified.  In an in vitro study measuring the functional anatomy of 

the DIP joint, asymmetrical hoof imbalance induced lateral or medial displacement of the 

DIP joint, causing collateral motion highly stressing the tendons and ligaments of the joint 

(Denoix 1999). Turning moments created by the extensor and flexor tendon joint moment 
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arm levers, must remain balanced around the DIP joint for normal action to be maintained 

(Coffman 1970), with the assumption that this will be beneficial for joint health. Contraction 

of the extensor and flexor tendons and other pathologies is likely to affect joint action by 

disrupting the equilibrium in the joint moment arm levers, dependent on the location and 

level of damage to the extensor or flexor tendon. 

1.2.4.2 Load distribution  

The hoof is exposed to two independent stresses (forces) as it contacts the ground, the first 

from the transfer of load from the upper body via the digit bones, the second coming from the 

ground reaction force (GRF) vector as the ground resists the downward force (Clayton 2004).  

At the point of contact with the ground the resultant collision of forces follows Newton’s 

third law of motion, stating that for every action there is an equal and opposite reaction, so 

that the forces between hoof and ground are equal.  During impact, the hoof undergoes 

viscoelastic deformation (Dejardin et al. 2010), and is thought to withstand this loading 

situation in three stages:  

1. the palmar hoof dampens shock via heel expansion;  

2. the bone column of the limb supports load; and  

3. the larger surface of the toe spreads the weight for propulsion (Barrey 1990).  

Although stresses between the hoof and the ground are of equal magnitude, the intensity of 

the load may not be even across the entire weight-bearing area of the hoof (Clayton 2004). In 

a normal hoof loading situation, the load distribution is most intense at the centre of pressure 

(CoP) during the mid-stance phase of the stride. The centre of pressure at the point of zero 

moment (PZM) may not be static (Barrey 1990; Colohan et al. 1991; Hood et al. 2001; van 

Heel et al. 2005; Chateau et al. 2009). The PZM with respect to the centre of rotation (CoR) 

at the walk is always behind the toe, and dorsal to the DIP joint (Bartel et al.1978), but may 

move palmarly from walk to trot (Barrey 1990), which may increase loading to the palmar 

hoof. Substrate upon which a horse is travelling affects the CoP, causing more or less force 

on the hoof wall or the sole. In an in vivo study (Hood et al. 2001) quantified CoP patterns 

with a force mat that were measured from unshod and shod front hooves of horses on non-

deformable and deformable surfaces. The results of the unshod horses identified 4 point, 3 

point, solar, and wall CoP loading patterns; the shod hoof indicated a shift away from the 

centre of the hoof to the peripheral wall pattern. In an in vivo single horse trial of a 
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dynometric horseshoe to measure the CoP of the moving horse (Chateau et al. 2009), CoP 

moved from peripherally to the centre on harder to softer substrates respectively.  

The location of the CoP may be related to hoof shape (Colborne et al. 2016) so that 

asymmetry may affect load distribution. In an in vivo study of mixed height and age horses 

there was found to be a high frequency of asymmetry of the forelimb and front hooves, 

suggesting unequal loading of the limbs (Wilson et al. 2009). In another in vivo study of front 

hoof asymmetry, the flatter hoof (shallower dorsal hoof wall angle) was loaded significantly 

more than the steeper hoof (Wiggers et al. 2015). Lateromedial imbalance is known to affect 

performance horses (Dalin 1985; Manning and Ockenden 1994; McDonald and Dumbell 

2008; Ducro et al. 2009).  Medium and long term changes in hoof loading are thought to 

influence the shape of the hoof capsule (Thomason et al. 2001). 

In an in vitro study quantifying photoelastic hoof strain, Dejardin et al. (2010) reported that 

asymmetrical loading resulted in an ipsilateral increase in strain magnitudes without altering 

strain locations, so that load was highly concentrated. A modelling study (Ramsey et al. 

2011) measuring load at the dorsal lamellae junction with differing hoof angles, found that as 

the toe angle and palmar angle (PA) increased, load quantified as the peak strain energy 

density (SED) at the dorsal lamellae junction, also increased.  Ramsey et al. (2011) concluded 

that a modelled scenario of a PA of 5°–15° resulted in a SED range of approximately 1.3 to 

3.8 times that of a PA of 0°. In an in vivo study (Barrey 1990) it was concluded that as toe 

angle increased, the CoP moves dorsally. It was recommended by Ramsey et al. (2011) that 

in order to maintain a uniform load distribution for the hoof to maintain its shape, there 

would be a need for a lower heel height and higher heel angle.  

1.2.5 Hoof Shape and the Health of the Equine Hoof 

Currently there is no exact definition for human or animal health (Rogers 2015). It is 

accepted for animal health to be defined as a measure of an animal’s general well-being 

(National Health and Medical Research Council 2008), rather than using a specific parameter 

to define health. It is accepted by veterinary practitioners that observing specific features of 

the external hoof represents a clinical sign of good health for the hoof, and that the economic 

cost and the level of difficulty in accessing the internal tissues create a genuine barrier to 

assessing the internal health of the hoof. It is commonly accepted by hoofcare practitioners 

assessing whether a hoof is healthy or not to rely on the appearance of the external hoof 

(Parks 2003; Marcella 2008), without necessarily referring to the tissue health of the internal 
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hoof; an approach that limits the understanding of the health status of the internal hoof 

structures. With the development and wide use of clinical diagnostic imaging tools by 

veterinarians, to aid the investigation of the health status of the internal structures of the hoof, 

better diagnostic outcomes may be possible. Such tools have been used extensively in the 

study of the podotrochlear apparatus of the palmar hoof (Rose et al. 1978; Wright 1986; Pool 

et al. 1989; Wright and Douglas 1993; Dik and Broek 1995; Wright et al. 1998; Wilson 2001; 

Eliashar 2004; Dyson et al. 2005).  The epidermal layer of the hoof wall has also received 

much attention through the studies of laminitis (Obel 1948; Daradka and Pollitt 2004; van 

Eps and Pollitt 2009; Karikoski et al. 2015). However, while the epidermal layer has received 

much attention the corium layer has generally received less attention. The corium plays an 

important role in forming the structures of the external hoof (Pollitt 1995, 2008, 2016), but 

due to its location beneath the largely inaccessible hard keratin layer of the hoof capsule, the 

corium is difficult to observe, even with the extended armamentarium available to the 

veterinarian. Therefore, hoof health is often defined by veterinarians as the absence of disease 

(Gunnarson 2006), with productivity used as a general measure of wellbeing. Instead of 

having available reference to the health status of the individual structures like the corium, and 

being able to measure how well corium can carry out its role in maintaining the sound healthy 

hoof.  

Understanding of the role that the laminar junction plays in the disease laminitis is increasing 

as the research advances (Obel 1948; Pollitt 1994; Pollitt and Daradka 2004; van Eps and 

Pollitt 2009; Kawasako et al. 2009; Karikoski et al. 2015; Medina-Torres 2015), and it is 

realised that corium health is an important consideration in rehabilitating the laminitic hoof 

(Taylor et al. 2014). The difficulty in easily accessing the corium layer and our lack of 

understanding of its health status means a baseline reference to corium health has not been 

quantified. Distinguishing normal from abnormal corium presents difficulties, so that 

realising the range of normal in the appearance of the corium layer in the equine hoof remain 

largely undocumented. This may in part be due to the inability to measure the internal hoof 

strains in the live horse to quantify normal healthy ranges for the corium tissue.  

It is unclear from the literature what influences the appearance of the corium layer of the 

hoof. Asymmetry and hoof distortion have been related to pain and damage (Redden 2003; 

Dyson 2011a), but these observations are not related specifically to the corium. Barrey (1990) 

states a steeper toe angle results in a dorsal shift of the CoP and it is possible that micro-

trauma to the internal tissues occur. Ramsey et al. (2011) calculated that with a palmar angle 



68 
 

of 15° external stress to the dorsal hoof wall was increased by 3.8 times compared to a 

palmar angle of 0°, although the internal strain of the dorsal lamellae was not measured. The 

varying appearance of the corium in relation to the differences in shape of the external hoof 

has, as far as is known, not been investigated.  

Due to the inconsistencies in the definition of hoof shape, definitions of hoof health may also 

be inconsistent. If hoof health cannot be easily observed, then an accurate assessment has 

obvious limitations. These inconsistencies and limitations may be contributory in the 

continued occurrence of lame horses, indicating there are clearly gaps in the understanding of 

hoof shape and hoof health. 

1.2.6 Hoofcare Interventions and the Health of the Equine Hoof 

Many trimming techniques and methods both from hoofcare practitioners (Russell 1903; 

Duckett 1997; Jackson 1997; Strasser 2001), and hoof researchers (Clarke 1830; Lungwitz 

1884, 1891; Snow and Birsdall 1990; Ovnicek 1995, 2003; Butler 2002; Page & Hagon 2002; 

Redden 2003; Kummer et al. 2006; O’Grady 2009; Clayton et al. 2011; Cust et al. 2013) 

promote methods aimed at benefiting function and soundness in the horse’s hoof. A popular 

method for the past 60 years has been to raise the heels and steepen the dorsal wall, so that 

the hoof pastern axis (HPA) is not broken (Parks 2003; Meyers et al. 2011).  Such a practice 

results in an elevated palmar angle range of 3°‒8° (Parks 2003) or 5°‒7° (Stashak 2002). This 

theory competes with Ramsey (2011) who states that a HPA where the pastern alignment is 

broken, the heel angle is >45°, there exists a palmar angle of 0° and a quarter relief is present, 

may support normal hoof and limb function.  

The hoof shape and digit bone alignment that result from the two competing hoof alignment 

theories appear to differ. The non-broken hoof pastern axis appears to create a steeper digit 

bone alignment compared to the broken hoof pastern axis.  For example, comparing the angle 

that results from approximating vertical line that bisects the metacarpophalangeal (fore-

fetlock) joint and a line that bisects the digit bones laterally, the angle for the non-broken 

hoof pastern axis measures ≈ 26°; compared to the angle of the broken hoof pastern axis 

measuring ≈36°, an increase of ≈ 10°.  The broken hoof pastern axis angle is comparable to 

the hoof pastern axis recorded by Russell (1903); which precedes the date when high heels 

appeared to gain popularity, Figure 1.19, (comparable also with the schematic in Figure 

1.18).  
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Figure 1.19: Non-broken Hoof Pastern Axis and Broken Hoof Pastern Axis 

 

 

                

  

(a)                                                   (b)                                                               (c) 

Figure shows comparative photographs znd diagram, (scaler of live horse taken from the left front digit lateral 
view of sample MS41 [6.3.1.1]), comparing the steepness of the digit bone alignment quantified by the angle 
approximated by the lines bisecting the metacarpal interphalangeal joint, and the line bisecting the digit bones 
laterally, where : (a) the unshod hoof, with palmar angle of 0°, shows a broken HPA, with a digit steepness 
angle of approximately 36°; (b) the shod hoof with wedge pad, with palmar angle of 8°, shows a non- broken 
HPA  and digit steepness angle of approximately 26° – 10° lower than (a); and (c) the unshod hoof indicates a 
broken HPA , with digit steepness angle of 36°; after Russell (1903).  

The bone alignment that results from the alternative theory of Ramsey (2011) appears 

analogous with two semi-elliptical leaf springs with the digit bones and hoof capsule with 

quarter relief making one each, Figure 1.20. The digit bone alignment of the alternative 

theory broken hoof pastern axis can also be likened to the curved forks of a bicycle known 

for their suspension and stability (Watkins 2006). The non-broken hoof pastern axis theory 

adopted commonly by farriers resulting in a steeper digit bone alignment and likened 

straighter forks of a bicycle, may comparatively reduce shock absorption, suspension and 

stability, although this comparison is yet to be quantified.   
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Figure 1.20: Architectural design of horse forelimb  

 

  

 

 

 

 

(a)        (b) 

Figure shows schematics of fore-digits of live horses in Figure 1.19 (a) and (b) where: (a) bone alignment and 
hoof capsule with a quarter relief is analogous with two semi-elliptical leaf springs and the bones of the digit 
are aligned like the curved forks of a bicycle known for their suspension and stability (Watkins 2006); and (b) 
the steeper bone alignment from wedge heels and an elevated palmar angle may cause a reduction in 
suspension and stability compared to (a).  

A rationale supporting the desire for an elevated palmar angle states that low collapsed heels 

result in an increase of the contact force on the navicular bone by the deep digital flexor 

tendon (DDFT), causing compression of the navicular apparatus (Eliashar et al. 2004; 

Eliashar 2007).  No mention of the heel angle or heel length or heel height, or the angle of the 

collateral groove, or whether a quarter relief was present was made. The theory of the 

biomechanical action of low collapsed heels being influential in diseases related to palmar 

hoof pain is supported in previous studies (Pool et al 1989; Wright and Douglas 1993; 

Blunden et al. 2006). However, a low heel is supported in a hypothesis for the prevention of 

distal phalanx rotation from laminitis by Coffman et al. (1970), who state that it is more 

understandable considering that the turning moments of the extensor and flexor must remain 

balanced around the distal interphalangeal (DIP) joint.  

The practice of raising the heels with heel wedges is questioned by Viitanen et al. (2003), 

stating that even a 5° wedge increases the pressure to the dorsal DIP joint and may be 

responsible for uneven wear of the joint surface. Although, current treatment of hoof diseases 

concerned with both the palmar hoof, such as navicular disease, and the dorsal lamellae with 

laminitis, often involves raising the heel with a wedge pad under a metal shoe. According to 

No quarter relief Quarter relief 

Red line indicates horizontal 

Hoof capsule 

Metacarpal 
interphalangeal joint 

Metacarpus 

Direction of load 
Direction of load 
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O’Grady (2003) this method has varying rates of success and not every horse returns to 

soundness. The rationale behind this procedure aimed at relieving tension on the DDFT and 

reducing compression of the navicular bone is well supported in the literature (Leach 1993; 

Willemen et al. 1999; Rogers and Back 2003; Eliashar et al. 2007), as is the aim to relieve the 

tensile strain on the dorsal lamellae (Hood 1999; Curtis 1999).  

The widespread hoof care practice of trimming hooves aimed at promoting an elevated 

palmar angle may also result in an increase in heel length when measured proportionately to 

heel height.  Such a situation may not necessarily result in an increase in heel height, but 

result in a low collapsed heel with a shallow heel angle (<45°) and a higher proportion of heel 

length to heel height. This hoof shape does not appear to result in the desired truncated 

oblique cone hoof shape thought to be optimal. A hoof shape where the palmar angle is 

elevated, also appears to result in a reduction in the overall palmar surface area (Ramsey 

2011), so that there is potential for a reduction in the weight-bearing length. Also, a low, long 

heel with elevated palmar angle may increase the collateral groove angle as the hoof wall 

deflects under load. When such a hoof is compared to a hoof with a low heel and steeper heel 

angle (>45°) the heel length differs, reducing the proportion of heel length to heel height, 

Figure 1.21.  

Figure 1.21: Low heeled hoofs with different heel length to heel height proportions 

 

(a) 

 

 

(b) 

Figure shows photographic examples of left front hooves lateral view from live horses of the same size (162 
cm), both with low heel height, but where: (a) has a greater heel length and a noticeably lower heel angle (36°) 
when compared to (b) (46°).  Proportionately the heel length to heel height calculated as a ratio is greater in 
(a) (1.6) than (b) (1.20). 

The dorsal hoof wall shape factors are well documented in traditional farriery literature, as 

well as in research (Kane et al. 1998; Thomason et al. 2001; Page & Hagon 2002; Tacchio et 

al. 2005; Moleman et al. 2006; Lee 2008; O’Grady 2009; Cust et al. 2013). In more recent 
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years, the breakover point of the dorsal hoof wall has been a popular subject with hoofcare 

practitioners, where a shorter toe is believed to speed breakover to reduce strain on the dorsal 

hoof wall (Ovnicek 1995). However, the palmar hoof shape factors such as the heel angle, the 

quarter relief, the coronary band angle, the length and height of the bar horn, and collateral 

groove height and angle are not as well documented (Thomason et al. 2003; Dyson et al. 

2011a; Ramsey 2011). The response from the live horse, and the impact on lameness and 

other performance indicators, of a trimming rationale that focuses on adjusting specific shape 

factors to affect the palmar hoof, have as far as is known, not been quantified. This is 

surprising given the prevalence of pathology in this area of the equine hoof, where often the 

cause is unknown. 

In traditional farriery methods it is not uncommon to allow 6–8 weeks intervals between 

trimming or shoeing (Baxter et al. 2002). Although, in more recent times – anecdotally – 

shorter periods of 3–4 weeks are known to be gaining in popularity (Jones 2014). The 

trimming of foals may be started at a more frequent rate for the first 6 months, becoming less 

frequent as the young horse grows (van Heel et al. 2005), although this may be seldom 

regimented. Traditionally specific criteria that may guide trimming frequency has not been an 

exact science; rather the intervals between trims and the rationale for it have been dependent 

on the skills of the individual hoofcare practitioner and the cultural trend of the horse owner.  

Metal horseshoes continue to be used extensively as a hoof protection, and to prevent 

excessive hoof wear.  Orthopaedic shoes continue to be recommended by veterinarians and 

farriers as a treatment practice for laminitis (O’Grady 2003), as well as for navicular disease 

(Stashak 2002). Although these traditional methods have been used for hundreds of years, it 

has made quantifying the effects of hoof shape on hoof health independently of these man 

made additions to the horse’s hoof difficult to quantify; with research often conducted using 

the shod horse (Barrey 1990; Cripps and Eustace 1999a, Wilson et al. 2001; Thomason et al. 

2001; Eliashar et al. 2004; Moleman et al. 2006; Chateau et al. 2009; Dyson et al. 2011a). 

Comparisons between shod and unshod horses are rare. 

1.2.7 Literature Review Conclusions 

In conclusion, the current literature describing the components of the equine hoof relative to 

the topic was reviewed. From this review it was clear that attempting to derive definitive 

answers from the static or dynamic models of a complex adaptive system is problematic. 

Testing the high number of independent variables that influence the outcome for the hoof, to 
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create a feedback loop based on rigorous science for every interaction, is impracticable. 

Creating controlled trials so that results can be fairly compared from continually growing 

hoof that is sensitive to load has limitations. The inability to quantify internal stress and strain 

values creates a major drawback to reducing the knowledge gaps of understanding how to 

reduce lameness in the hoof. This leaves unsophisticated - compared with the sophistication 

of the hoof - static and dynamic models working on assumptions that have the potential to 

create bias and flaws. The above points highlight some of the known difficulties in studying 

the horse’s hoof and making progress to the understanding of the aetiology of lameness 

genuinely challenging.   

   

1.3 Study Aims  

1.3.1 Knowledge gaps 

The motivation to review the current literature of the equine hoof summarised in chapter 1, 

came from the knowledge that lameness in the horse’s hoof is common and disabling 

(Rooney 1969; Colles 1989; Stashak 2002; Waran 2002; Ross and Dyson 2003). The 

potential of the hoof capsule to cause trauma to the structures of the internal hoof is 

acknowledged in the literature (Barrey 1990; Wilson et al. 2001; Dyson et al. 2011a), but 

there is little scientific evidence to support such an assumption.  

The structures of the palmar hoof have received little attention in past studies. The heel angle 

is regarded as not a significant factor in hoof shape, and yet the shallow angle of the heel 

known as underrun heels is recognised as an undesirable distortion of the hoof capsule 

(Redden 2003). In vivo and in vitro research has not recognised the influence of the bar horn 

on hoof shape, and yet it is a continuation of the hoof wall, which intuitively suggests that 

such an influence is possible. The height of the collateral groove adjacent to the bar horn is 

recognised as influencing palmar angle (Rouben et al. 2012); although what is not recognised 

is what influences the height and angle of the collateral groove. The change in hoof capsule 

displacement on load-bearing as the hoof grows has not been explored, so that any potential 

changes that may affect hoof health, and in what way hoof health is affected, remain 

unquantified. Previous studies evaluating hoof health have not been able to establish a 

baseline value for corium health. Given the relative importance of the corium in hoof 

construction and function, it is important to increase understanding of what constitutes 

healthy corium and how its health is influenced.  
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1.3.2 Study aims 

Sound, pain-free, healthy hooves contribute greatly in maintaining productivity, and to 

supporting a desire to achieve an ethically acceptable level of welfare for horses. Therefore, it 

is important to undertake research aimed at raising the level of hoof soundness, by gaining a 

greater understanding of the causes of potential tissue damage and pain in the foot. The 

studies in this thesis focus on an investigation of the effect of hoof shape on hoof health.  

The general aims are to address gaps in current knowledge by focusing studies on the palmar 

hoof structures, namely the heel angle, the bar horn dimensions, and the palmar collateral 

groove height and angle. Specific aims are: 1. to examine the gross characteristics of the 

palmar hoof structures of interest; 2. to observe the changes that occur in the external hoof as 

the hoof grows before a current trim and after a previous trim; 3. to explore the mechanical 

response of the hoof capsule displacement when load is applied, comparing the hoof shape 

variable quantities of the untrimmed and trimmed hoof shapes; 4. to examine the appearance 

of the corium from hooves with differing hoof shapes, in order to analyse any existing 

relationships between the hoof and the corium; and 5. to quantify the hoof shape variables of 

live horses subjected to a treatment regimen and compare these with pre-selected key 

indicators. The aims proposed in this study attempt to investigate the key concept of whether 

hoof shape may be affecting hoof health, by developing and testing the following four 

hypotheses:  

Hypothesis 1 The proportions between heel length and heel height change as the hoof 

capsule grows, so that scaling is not equal. 

Hypothesis 2 Heel angle and collateral groove height and angle, affect the 

displacement of the hoof capsule when subjected to static vertical load, 

so that the weight-bearing length changes.  

Hypothesis 3 There is a relationship between hoof capsule shape and the underlying 

appearance of the corium. 

Hypothesis 4 There is a relationship between hoof capsule shape and lameness, 

workload, stride length, hoof placement, and palmar hoof loading score. 
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1.3.3 Underlying rationale 

The underlying rationale to the present study was based on a thorough review of the present 

literature; where literature was not available, exploratory testing was developed in order to 

build preliminary knowledge. Understanding the horse’s hoof was as much about 

understanding the nature of the core components, as understanding the relationship between 

the core components themselves.  The hoof, at times, has in the past been viewed as a non-

interactive interface with the ground, rather it may be more appropriate to view the hoof as 

analogous with a human foot wearing elastic soled five toed shoes (Vibram Five Fingered 

KMD Sport LS Shoes). In that the horses’s hoof appears to allow omnidirectional movement 

interacting with the substrate with sensory perception, facilitated by the ‘spring foot’ 

arrangement of the suspensory apparatus. This action allowing a lively interaction to exist 

between external and internal hoof structures, and external hoof and the environment. It is the 

details of how this process may occur that is of interest, and logically includes the palmar 

hoof capsule structures. A systematic approach was adopted to examine the nature and 

characteristics of the equine hoof so that a series of examinations and tests could be made of 

how the effects of the natural growth of the horse’s hoof capsule may affect hoof health as a 

result of the normal supply and demand equation of the hoof capsule. 
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2 GENERAL MATERIALS AND METHODS 

Throughout the current study careful selection and development of materials and methods 

allowed the highest standard of accuracy and repeatability to be achieved. Materials and 

methods general to all or some of the five studies are described below. Materials and methods 

specific to individual studies are given in the relevant chapters (3 – 7).  

2.1 Imaging Tools 

2.1.1 Digital Photographs 

Photographs were obtained solely by the researcher using a Nikon Coolpix 500 digital 

camera (Nikon Corporation, Tokyo, Japan). Within each of the five studies (chapters 3 – 7), 

photographs were used for general referencing and comparative analysis.  The collection of 

all photographic images followed the key principles described by Bowen et al. (2014) which 

included: 1. the correct perspective; 2. the use of a scaler; 3. ensuring even lighting; and 4. 

wherever possible in the field using a neutral background.  

Multiple images were taken (>2), from which the most representative views were selected. 

To collect specific photographic aspects of the hores’s hoof and body the following method 

was used: 

- For the dorsal, lateral, medial and palmar views, the cadaver or live hoof was positioned 

on a wooden board on the ground with the hoof weight-bearing.  

- For the solar view, the hoof was raised and hand-held so that the camera angle was 

parallel to the solar surface.  

- For the bulb view, the hoof was raised and hand-held so that the toe pointed to the 

ground and the bulbs were parallel to the ground.  

- For the horse body views, a handler was instructed to restrain the horse but not to 

obstruct the horse’s head, whilst the horse was being positioned parallel to the camera. 

If no handler was used the headcollar rope was loose so that the horse could achieve a 

normal position, Figure 2.1. 
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Figure 2.1: Lateral horse body view 

 

Figure shows the right body lateral view of a horse of 162cm, so that the head is not restrained.  

2.1.2 Radiographs  

Standard radiographic procedures were used in each case as described in Butler (2000) 

and Adams (2002).  The images collected included the lateral, dorsopalmar 65°, and 

dorsopalmar horizontal hoof radiographic images, and one dorsopalmar image of a 

forelimb pastern. The analogue films were stored in paper envelopes; the digital images 

were converted to .jpeg images and stored on a laptop computer. 

Analogue and digital radiographs of cadaver and live horses hooves for chapters 3, 5, and 7 

were collected using the following methods: 

- by the researcher, using a portable analogue x-ray machine Dongmun HR-100-P, using 

30cm x 40cm Excelray cassette, with high speed Fuji SHR T film and an anode film 

distance of 70cm;  

- by Gilgandra Veterinary Clinic, using a portable x-ray machine, Medison Acoma Co. Ltd, 

model VR-1020, and, for digital images, using a 24cm x 30cm Fujifilm IP cassette, type 

CC. The digital cassettes were processed in a Fujifilm FCR Prima processor. For analogue 

images, the Clinic used a 24cm x 30cm Excelray cassette with Lumax LG regular or KR II 

intensifying screens and Fujifilm super HRT film and a standard wet processing 

technique. For both formats, the anode film distance was 80cm.  
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- by McGraths Hill Veterinary Hospital, using a fixed digital x-ray machine, Direct 

Radiology (DR), with Computer Generated Images (CGI). The Toshiba direct radiology 

device, installed by Radincon Midwest X-ray, model Rotanode E7242X, with imaging 

system Aurara IL60506, sends the images directly to a database and does not require a 

cassette. The unit runs at 16 megapixels, which allows extremely high quality factors and 

resolution. The anode film distance was 70cm. 

 

2.2 Measurements 

To ensure consistency, all measurements were collected solely by the researcher. The data 

collected were used throughout the five studies (chapters 3 – 7) for comparative analysis, 

cross-checking, and validation purposes. All linear measurements by millimetre on the live or 

cadaver hooves were calculated using a linear electronic calliper or a metal rule. Angles by 

degree of the live and cadaver hooves for the studies were calculated from digital 

photographic, and from digital and photographic representations of analogue radiographic 

images using ImageJ2 measuring analysis software. To ensure accurate and reliable data the 

mean value was calculated from three measurements for each linear measurement by 

millimetre on the live or cadaver hoof. For the angles by degree, calculated from a 

photograph of the hoof using ImageJ, the mean value was calculated from five 

measurements. 

2.2.1 Developing a set of measurements to quantify the equine hoof 

The results from the examination of live and cadaver hooves in study one enabled the 

development of a set of 21 variable angles, linear measurements, ratios, and category scores. 

These measurements were divided into variables that quantified the external hoof, and those 

that quantify the internal hoof.  The variables, their description and selection criteria are 

given in Table 2.1 and are shown as a schematic in Figure 2.2; the measurements are repeated 

in chapter 3. 

 

 

____________________________________________________________________ 

2 ImageJ is a publicly available internet-based Java image processing software program developed by the 

National Institute of Health, USA, available at www.imageJ.com 
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Table 2.1: Descriptions of twenty one hoof shapes and hoof health variable angles and 
linear measurements, ratios and category scores 

No. Variable Abbreviation Description Selection criteria 

External hoof variable 

 

(1) 

Angular parameter 

Dorsal hoof wall angle 

 

DHWA 

 

Angle subtended between the line 
segment from the mid-dorsal wall 
proximally at the coronary band to the 
ground distally, and the line made from 
this point palmarly on the weight-bearing 
border; measured in lateral aspect. 
Defined as measuring changes in the hoof 
wall angle at the toe. 

 

Also referred to as the hoof angle 
or the toe angle. DHWA range from 
45° to 55°. Thought to be an 
integral part of hoof balance 
(O’Grady 2003). Ideal DHWA 
thought to be parallel to the distal 
phalanx dorsal surface (Linford et 
al. 1993), when compared to the 
heel angle in lateral view defines 
the hoof shape (Eliashar et al. 
2004).  

(2) Heel angle HA Angle subtended between the line 
segment from the proximal palmar hoof 
wall tubule to the distal palmar hoof wall 
tubule, (not including the bulb horn), and 
a line that is made from this point 
palmarly on the horizontal; measured in 
lateral aspect. Defined as measuring 
changes in angle at the heel.  

Heel angle when compared to 
dorsal hoof wall angle in lateral 
aspect defines the hoof shape 
(Eliashar et al. 2004). 

A low heel angle (<45°) is 
contributory in the hoof distortion 
under-run heels (Redden 2003). 
Heel angle is influential in heel 
expansion (Lungwitz 1891; Ramsey 
2011). 

(3) Bar horn height BH Height measured in a vertical line 
between a point at the proximal limit of 
the bar horn at its highest part, to a point 
at the distal limit closest to the ground 
bearing surface. Bar horn is defined as the 
horny continuation of the hoof wall on 
the palmar hoof surface laterally and 
medially of the frog. 

Not usually quantified in equine 
hoof research. Bar horn is 
contributory to the stabilization of 
the palmar hoof, especially at high 
impact gaits (Bowker 2003). 

(4) Bar horn length BL Length measured between a point at its 
junction with the hoof wall at the heels, 
to a point at the most dorsal bar horn 
tubule at its apex. Defined as the length 
the bar extends parallel to the collateral 
groove and compared laterally and 
medially to the frog length. 

Not usually quantified in equine 
hoof research. Bar length varies by 
the amount of growth, and wear of 
the hoof and the substrate with 
which the hoof interacts, and by 
the amount by which it is 
manipulated by trimming. 

(5) Heel height HH Height measured between a point at the 
proximal palmar hoof wall tubule at the 
coronary band, to a point following the 
tubule vertically distally to the ground 
bearing border; measured in lateral 
aspect. Defined as the height that the 
heel varies in its vertical height. 

Heel height varies as the individual 
hoof grows and is selected to 
compare the heel height between 
left and right hooves and between 
other horses. 

(6) Heel length HL Length measured between a point at the 
proximal palmar hoof wall tubule at the 
coronary band, from the palmar aspect of 
the live horse, to a point following the 
tubule distally to the ground bearing 
surface; measured on the live horse. 
Defined only on the live horse as the 
amount by which the heel varies in its 
length. 

Heel length varies as the heel 
points migrate forward with natural 
growth so that an untrimmed hoof 
has a greater heel length than 
when it is freshly trimmed.  
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Table 2.1: Descriptions of twenty one hoof shapes and hoof health variable angles and 
linear measurements, ratios and category scores (cont.) 

No. Variable Abbreviation Description Selection criteria 

External hoof variable 

 (7) Heel quarter height HQ Height measured between a point at the 
palmar most heel tubule at the distal 
weight-bearing border, in a vertical line to 
a point at the proximal limit of the hoof 
wall and the coronary band in the heel 
quarter. Defined as the amount by which    
the hoof wall varies in height at the heel 
quarter.  

Not usually quantified in hoof 
research. Height varies as heel 
points migrate forward and 
coronary band angle reduces.  

(8) Quarter relief height QR Height measured between a point 
contacting the hoof wall in the heel 
quarter in a vertical line distally to a point 
contacting the ground-bearing surface. 
Defined as the recess worn or trimmed 
into the hoof wall bearing surface in the 
heel quarters on the lateral and medial 
hoof wall. 

Not usually quantified in 
conventional farriery techniques, 
quantified in the feral horse 
(Hampson 2013a). Allows for lateral 
and medial heel expansion in 
normal hoof mechanics (Ramsey 
2011, p21). 

(9) Toe quarter height TQ Height measured between a point at the 
proximal limit at the coronary band at the 
most dorsal hoof wall tubule in lateral 
view, to a point in a vertical line distally at  
the ground-bearing border. 

Toe quarter height is also referred 
to as the dorsal coronary band 
height (Dyson et al. 2011a). 
Describes the highest point of the 
coronary band contour, in lateral 
aspect. 

(10) Weight-bearing length WBL Length measured at the ground bearing 
surface, horizontally between a point at 
the most dorsal hoof wall tubule, to a 
point at the palmar most hoof wall tubule 
at the heels, in lateral view. Weight-
bearing length is defined as the full length 
of the bearing border of the palmar hoof. 

Weight-bearing length varies 
dependent on hoof growth, wear 
and trimming.  Also affected by 
loading conditions and the 
mechanical response of the hoof 
wall deflections (Ramsey 2011).  

 

(11) 

Linear Ratio 

Heel collapse index 

 

HCI 

Ratio calculated from the following two 
measurements: (1) dorsal hoof wall angle, 
and heel angle. Defined as a 
demonstration of dorsal hoof wall angle 
quantity in relation to the heel angle 
quantity. 

Previously stated by Eliashar et al. 
(2004) and Dyson et al. (2011a). 
Ratio that describes the converging 
and diverging hoof shape in two 
dimensions; measured in lateral 
view.  

(12) Heel length to heel 
height ratio 

 

HL:HH Ratio calculated from the following two 
measurements: (1) heel length, and (2) 
heel height. Defined as a demonstration 
of heel length quantity in relation to the 
heel height quantity.   

Not previously quantified in hoof 
research. Provides a field 
measurement as an alternative to 
heel angle to quantify the 
difference in heel inclination. The 
difference between the HL and the 
HH quantities at ground level 
measured as a linear distance in 
mm provides an absolute value, 
compared to HL:HH.  

(13) Toe quarter height to 
heel quarter height 
ratio 

TQ:HQ Ratio calculated from the following two 
measurements: (1) toe quarter height, 
and (2) heel quarter height; in lateral 
view. Defined as a demonstration of the 
toe quarter height quantity in relation to 
the heel quarter height quantity. 

Not previously quantified in hoof 
research. Provides an alternative to 
the coronary band angle, which is 
more accurate when the coronary 
band is concave and arced, making 
it difficult to quantify. 
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Table 2.1: Descriptions of twenty one hoof shapes and hoof health variable angles and 
linear measurements, ratios and category scores (cont.) 

No. Variable Abbreviation Description Selection criteria 

Internal hoof variable 

(1) Angular parameter 

Palmar angle * 

PA Angle subtended between a line 
extending the full length of the palmar 
surface of the distal phalanx in lateral 
aspect from palmar to dorsal, and a line 
extending dorsal to palmar on the 
horizontal. Defined as quantifying the 
degree of elevation of the palmar process 
of the distal phalanx from the horizontal 
within the hoof capsule. 

Also known as distal phalanx angle 
(Eliashar et al. 2004). Used to 
determine the amount of rotation 
in laminitis (Cripps and Eustace 
1999). Ideal palmar angle elevation 
varies between 0° and 10° (Stashak 
2002; Parks 2003; Ramsey 2011).  

(2) Proximal collateral 
groove angle * 

PCGA Angle subtended between a line from the 
proximal limit of the palmar collateral 
groove to the distal limit of the palmar 
bar horn tubule at the weight-bearing 
surface, and a line extending dorsal 
horizontally at the weight-bearing surface 
of the palmar collateral groove. Defined 
as the steepness of the palmar collateral 
groove. 

Related to palmar angle (Rouben et 
al. 2012).  

 

 

(3) 

Linear measurement  

Bar lamellae corium 
length 

 

 

 

 

BLCL 

Length measured from a line between a 
point at the palmar bar lamellae corium 
to a point at the dorsal lamellae. Defined 
as the amount by which the bar lamellae 
corium extends dorsally. 

 

Not quantified in equine hoof 
research. Related to the bar horn 
length. 

(4) Coronary groove 
width 

CGW Width measured from a line between a 
point at the proximal limit of the coronary 
groove to a point vertically to the distal 
limit. Defined as the hoof horn cavity 
covering, and protecting the coronary 
corium.   

Not quantified in equine research. 
Used to relate to TQ:HQ. 

(5) Proximal collateral 
groove height * 

 

 

PCGH Height measured from a line between a 
point at the proximal limit of the palmar 
collateral groove, to a point vertically 
distally at the weight-bearing surface; 
measured in lateral view. Defined as the 
junction formed by the bar horn and the 
frog in the palmar hoof.  

Palmar collateral groove varies as 
palmar angle varies.  

(6) Proximal palmar 
collateral groove to 
palmar navicular bone 
distance * 

PPCG to PNBD Linear distance measured from a point at 
the proximal limit of the collateral groove, 
to a point at the palmar navicular bone; 
measured in lateral view. Defined as the 
relative distance between the collateral 
groove and the navicular bone. 

Not quantified in equine hoof 
research. Used to indicate a 
potential increase or decrease of 
palmar hoof volume. 

 

(7) 

Category: score 

Corium score 

 

CS 

A category score between 1 and 5 
assigning a value to the gross appearance 
of the corium in five regions of the hoof: 
the lateral heel quarter; the lateral toe 
quarter; the dorsal wall; the medial toe 
quarter; and the medial heel quarter. 
Defined as the differential appearance of 
the corium from one region to another. 

Not usually quantified in equine 
hoof research. Used to associate 
with external hoof shape variable 
quantities.  
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Table 2.1: Descriptions of twenty one hoof shapes and hoof health variable angles and 
linear measurements, ratios and category scores (cont.) 

No. Variable Abbreviation Description Selection criteria 

Internal hoof variable 

 (8) Internal hoof capsule 
score 

IHCS  A category score between 1 and 5, 
assigning a value to the gross appearance 
of the structures of the internal hoof 
capsule in five regions of the hoof: the 
internal lateral heel quarter; the internal 
lateral toe quarter; the internal dorsal 
wall; the internal medial toe quarter; and 
the internal medial heel quarter. Defined 
as the differential appearance of the 
internal hoof capsule from one region to 
another. 

Not usually quantified in equine 
hoof research. Used to associate 
with external hoof shape variable 
quantities.  

Table provides a summary of the description of thirteen external hoof variable quantities, including acquired 
angle and linear measurements, and the calculated ratios; and eight internal hoof variable quantities including 
acquired angle and linear measurements and category scores. The reason for selection and reference to the 
literature, are also listed; adapted after Dyson et al. (2011a). Key: * = measurements that were collected using 
radiography. 

 

Figure 2.2: Twenty-one hoof shape and hoof health variable quantities 

External hoof variables 

Angles 

 

(1) 
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Linear distance 
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Figure 2.2: Twenty-one hoof shape and hoof health variable quantities (cont.) 
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Figure 2.2: Twenty-one hoof shape and hoof health variable quantities (cont.) 
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Figure 2.2: Twenty-one hoof shape and hoof health variable quantities (cont.) 

Category: scores 

(7) 

                            

 

(8) 

          

Figure shows schematics of the measurements where the number of the schematic corresponds to the 
number of the variable quantity described in Table 2.1. 

 

2.3 The Use of Case Studies 

Case studies are presented in study three (chapter 5) and study five (chapter 7). The use of 

case studies is well supported in research (Yin 1989; Meryers 2001). Their selection for use is 

discussed by Eisenhardt (1989) who states, “Case studies are particularly well suited to new 

research areas or research areas for which existing theory seems inadequate. This type of 

work is highly complementary to incremental theory building for normal science research.”.  

The general rationale for the use of case studies in this current work was as a tool for the 

preliminary exploration stage of the research study, forming the basis for the development of 

the ‘more structured’ tools that are necessary for controlled experiments, which may be 

constructed from the information gained from the case studies. The specific rationale that 

underpinned use of a case study in study three (chapter 5) stemmed from the lack of available 

literature in the topic area of comparing external hoof capsule displacement of differing hoof 

shapes, requiring a unique case to test a theory in a loading study. The specific rationale that 

underpinned the use of a case study series in study five (chapter 7), stemmed from the need to 

apply theory in a practical context to build preliminary knowledge, allowing a single unit of 

detailed in-depth analysis to be applied to six individual horses.    
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2.4 Standardisation of Data 

In order to provide accurate values of accepted scientific relevance, data standardisation 

protocols were adhered to. 

2.4.1 Standardising Photographic Collection Techniques 

The accuracy of photographical images collected of the equine hoof using a digital camera, is 

affected by the two dimensional photographic imaging of a three dimensional object, 

potentially creating photographic distortions through parallax error. In order to minimise the 

effects of potential image distortions, as well as to reduce potential operator error, a suitable 

protocol for the standardisation of the photographic collection process must be part of the 

study design, to ensure the highest standards of data can be collected (Davies pers. comm. 

2014). 

2.4.1.1 Minimising Photographic Distortion 

The following procedures were used to minimise the effects from photographic distortion. 

Immediately prior to taking the lateral photograph of the cadaver or live horse’s hoof, a firm, 

flat 6mm perspex square with angles scribed into the plastic was held up parallel to the hoof 

on the lateral side.  The angles of the perpex were matched as closely as possible with the 

angles of the hoof.  When aligned, a photograph was taken with the camera orthogonal to the 

perspex and hoof. The perspex square was then removed, and with the hoof and camera insitu 

a second photograph was taken of the hoof for data collection (Figure 2.3). As part of the 

standardisation process the two images were compared for accuracy; images showing 

distortions were rejected. 
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Figure 2.3: Minimising photographic distortion of the imaged hoof 

 
(a) 

 
(b) 

 

Figure shows the method used to minimise photographic distortion of the photographically imaged hoof in 
lateral aspect: (a) whilst the hoof was positioned horizontally on a board at ground level, a flat sheet of 6mm 
perspex, with known angles, was held parallel to the lateral aspect of the hoof. The angles of the perspex were 
aligned as closely as possible to the angles of the hoof ‒ in this case the coronary band angle of the perspex 
where it intersected the coronary band contour of the hoof (red arrow). The camera was positioned in an 
orthogonal orientation so that it focused on the selected angle on the perspex and the hoof. (b) The perspex 
was removed while the hoof remained in situ, so that it was possible to collect the most accurate 
representation of the photographically imaged hoof in the lateral aspect. 

2.4.1.2 Minimising Operator Error 

Three procedures were followed to minimise operator error while taking and analysing 

photographs:  

- When photographing cadaver or live horses’ hooves, multiple photographs of the same 

view were taken and the most representative were selected.  

- Standardisation of photographs also involved comparison with other researchers’ 

photographic images of hooves (Dyson et al. 2011a; Hampson 2011) and with other 

images of hooves in the author’s library to cross-check for accuracy. 

- When analysing data from photographs using ImageJ software to measure angles or 

linear measurements, the digital photograph was measured five times and the mean 

value recorded.  

2.5 Licences and Permits 

2.5.1 Ethics Approval 

The work within this current study was completed in full compliance with the National 

Health and Medical Research Council (NHMRC), Australian Code of Practices for the Care 

and Use of Animals for Scientific Purposes, Section 2. The ethics approval was granted by 
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the Animal Care and Ethics Committee (ACEC), Charles Sturt University, under ACEC 

approval number 09/144. Horses used for collection of cadaver hooves were slaughtered 

under the current Model Code of Practice for the Welfare of Animals: Livestock at 

Slaughtering Establishments (2001).   Live horses were handled in accordance with current 

horse industry best practices, and in accordance with the requirements of the NSW 

Prevention of Cruelty to Animals Act 1979.  

2.5.2 Radiographic Approval 

The researcher collected radiographic images for the purposes of this study, with approval 

and in full compliance with the regulations laid out in licence number RL34275, under the 

supervision of the principal supervisor. 
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3 STUDY 1: QUANTIFYING HOOF SHAPE AND HOOF HEALTH  

3.1 Introduction  

A primary role of the external hoof capsule is to provide an interface with the immediate 

external environment, so that the more vulnerable internal structures of the hoof can perform 

normally (Floyd and Mansmann 2007; Budras et al. 2012). This protective role assumes a 

need for the external hoof capsule to form to a particular shape, in order that hoof health is 

maintained sufficiently for the general wellbeing of the animal (Weller et al. 2006; Holroyd 

et al. 2013). Throughout the life of the horse it is normal for the hoof capsule to grow 

continually (Hampson 2011), like the human nail. The hoof capsule can be observed to 

change shape as it grows (Thomason et al. 2001a), so that when freshly trimmed, or after 

sufficient wear on an abrasive substrate, the overall hoof wall is shorter than if it is not worn 

or trimmed for a period of time.  The photographs in Figure 3.1 show examples of hooves at 

differing points in time after being trimmed; the hoof capsules of these hooves may or may 

not be capable of fulfilling the role of protecting the internal structures of the hoof to preserve 

hoof health.  
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Figure 3.1: Hoof wall growth of the equine hoof at points in time 

(a)     (b)                 

 (c)      (d)   

Figure shows photographs of the left front hooves, lateral view of live horses of comparable heights (≈ 147cm), 
showing at differing points in time the growth of the dorsal hoof wall length and heel height vary with: (a) a 
freshly trimmed hoof; (b) a hoof that has been untrimmed for two months; (c) a hoof that has been 
untrimmed for three months; and (d) a hoof that has been untrimmed in excess of 12 months. 

 

At what stage of growth, and at what shape the hoof capsule begins to affect hoof health, and 

under what conditions, has been a popular focus of equine researchers worldwide (Eliashar et 

al. 2004; Weller et al. 2006; Dyson et al. 2011a; Clayton et al. 2011; Hampson 2011; 

Bellenzani and Davies 2013). A popular assumption appears to be that normal hoof shape 

will support normal hoof function (Thomason et al. 2001). For instance, an abnormal clubbed 

hoof (with steep dorsal hoof wall angle) may have a tendency to decrease the maximal 

extension of the distal interphalangeal joint (DIP) joint (O’Grady 2012), (Figure 3.2(a)), 

while a collapsed heeled hoof with a negative palmar angle may have a tendency to increase 

the maximal extension of the DIP joint (Moleman et al. 2006), (Figure 3.2(b)). Under and 

over extension of the DIP joint interrupts the normal extensor and flexor joint moment arm 

lever action, having the potential to change the pressure distribution within the joint (Viitanen 

et al. 2003), while also causing unphysiological forces on the deep digital flexor tendon and 

navicular bone (Willamen et al. 1999; Eliashar et al. 2004; Moleman et al. 2006; Holroyd et 

al. 2013). The forces acting about the DIP joint during mid-stance or standing can be 

considered approximate to static equilibrium (Bartel et al. 1978), a desirable hoof shape may 
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be one that results in the continued equilibrium at stance between the extensor and flexor 

tendon systems being achievable. While also resulting in the normal balancing of the 

distribution of load between the distal phalanx, laminar junction, and the hoof capsule 

structures (Thomason et al. 2005) to prevent an overload situation, so that load is uniformly 

distributed (Ramsey 2011). Such a hoof shape may also allow maximal heel expansion, 

thought to be part of the normal hoof wall deflection process (Lungwitz 1891; Thomason et 

al. 1992; Ramsey 2011). Hoof shape that supports the suspensory apparatus may also allow 

the maximal advantage of the stored energy in the highly elastic deep digital flexor tendon, so 

that energy efficient movement can result (Camp and Smith 1942; McGuigan and Wilson 

2003). The hoof may be said to be normal and well-balanced when both the external hoof 

capsule and the internal structures perform their roles without being compromised or causing 

structures of the upper limb and body to be similarly compromised.  

Figure 3.2: Two extremes of hoof shape 

 (a)         (b)  

Figure shows photographs of the left front, lateral view, of live horses showing: (a) a clubbed hoof 
with steep dorsal hoof wall and steep heel angles; and (b) a collapsed heel hoof with shallow dorsal 
hoof wall and heel angles. 

 

While hoof shape has been studied extensively, there appear to be knowledge gaps in 

quantifying the structures of the palmar hoof capsule. Factors to consider for including  

measurements of the palmar hoof in hoof research are: 1. the incidence of lameness in the 

palmar hoof (Dyson et al. 2005; Busconi et al. 2005; Dyson et al. 2007); 2. the relative 

position of sensitive structures beneath the hoof horn in this region; and 3. the higher flexural 

properties in the quarters and heels (Goodman and Haggis 2008) potentially leading to faster 

growth in the palmar hoof compared to the stiffer toe region.  

The first aim of this study was to carry out a number of preliminary examinations of live and 

cadaver hooves, focusing on the structures of the hoof that were not well discussed in the 
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review of the literature (chapter 1). Of particular interest was the gross examination of the 

characteristics of the structures of the palmar hoof. The second aim of the study was, from the 

preliminary examinations of the structures of the hoof, to develop a set of measurements of 

the hoof capsule that can be used to test the four study hypotheses. 

 

3.2 Materials and Methods  

Study design: A clinical examination.  

3.2.1 Description of the Horses’ Hooves used for Clinical Examination  

Left and right front hooves of Australian riding horses were used to carry out the clinical 

examinations; the groups of horses’ hooves consisted of:  

3.2.1.1 Live Horses’ Hooves 

Group (1):    A group of left hooves from live horses n=12 (from 12 horses); which were 

examined from endurance horses of mixed height, age (adults below the age 

of 17 years), gender (mares and geldings) and breed (predominately Arabian). 

Group (2): A group of left hooves from live horses n=12 (from 12 horses); which were 

examined from horses from the Rouse Hill knackery, NSW of mixed height 

(147cm – 165cm), age (adults below the age of 20yrs), gender (mares and 

geldings), and breed (predominantly Thoroughbred and Standardbred). 

Group (3): A group of left and right hooves of live horses n=10 (10 horses from a total 

sample group of 102 horses); which  were examined from the horses the 

researcher was trimming commercially and made up horses of mixed height, 

age (adults below the age of 25 years), gender (mares and geldings), and 

breed (a description of the total sample of 102 horses is give in appendix 3).  

3.2.1.2 Cadaver Specimen Hooves 

Group (1): A group of fresh and two day old chilled (2°C) left and right hooves, n=32 

(from 16 horses); which were collected and examined from horses from the 

Rouse Hill knackery, NSW, of mixed height (142cm to 165cm), age (adult 

horses under the age of 20yrs), gender (mares and geldings), and breed 

(Australian Stock Horse, Thoroughbred, Standardbred). 
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Group (2): A group of non-fresh left and right cadaver hooves, n=12 (from 12 horse); 

which were collected from various sources, horses were of mixed height 

(150cm to 165cm), age (adult), gender (mares and geldings), and breed 

(Australian Stock Horse, Thoroughbred, and Standardbred). 

Group (3): A group of non-fresh left and right cadaver hooves n=12 (from 6 horses); 

which represented part of a sample set collected from Kaimanawa feral 

horses (NZ), of mixed height, age, and gender (obtained with permission from 

G. Ramsey, Auckland University). 

3.2.2 General Clinical Examination Method 

The examination of the live and cadaver horses’ hooves consisted of the following 

procedures: 

1. The gross examination of the following structures listed in Table 3.1.  

Table 3.1 External and internal hoof structures to be clinically examined 

External hoof Internal hoof 

1. Bar horn  
2. Palmar collateral groove  
3. Coronary groove 
4. Heel 
5. Hoof wall 
6. Dorsal hoof wall  
 

1. Internal hoof capsule 
a. Bar horn 
b. Collateral groove 
c. Heel 
d. Lateral cartilages 
e. Coronary groove 

2. Corium layer 

 

2. The inherent properties of the external hoof capsule, including the characteristics of 

the growth pattern of the hoof wall and bar horn tubules, heels, palmar collateral 

groove and other structures of the palmar hoof were carried out. Measurements of 

the hoof wall and bar horn tubules were collected. The examinations extended to 

looking at the variations in the individual horses and within groups of horses.  

3. Recognition of apparent patterns or trends within the examined structures, between 

individuals and between groups. 
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3.2.2.1 Details of the Clinical Examination of the Live Horses’ Hooves 

The clinical examination method of the live horses included palpation by hand and with hoof 

testers, and visual observation of the individual’s entire hoof. Gait assessment was carried out 

on live hoses at the walk, and trot in a straight line, and on a circle on a loose lead. 

Photographs were taken of the dorsal, lateral, medial, palmar, bulb and solar views, for 

analysis (photographic method chapter 2, 2.1.1). Analogue radiographs were taken with a 

portable x-ray machine by the researcher, using a portable analogue x-ray machine Dongmun 

HR-100-P, using 30cm x 40cm Excelray cassette, with high speed Fuji SHR T film and an 

anode film distance of 70cm using standard radiographic procedures (Butler 2000); (group 

(1) n=12; group (2) n=12; group (3) n= 10) of the lateral, dorsal 65° oblique, and dorsopalmar 

horizontal projections to assess palmar angle and any general osseous changes of the distal 

interphalangeal joint, as well as the hoof mediolateral balance, (radiographic method chapter 

2, 2.1.2). Linear measurements by millimetre with a metal ruler were taken of the weight-

bearing length, heel, bar horn, and palmar collateral groove. Linear measurements were also 

calculated using ImageJ measuring software (chapter 2, 2.2). Hoof angles by degree (group 

(3) only) were examined from photographs using ImageJ, and from live horses using a 

perspex template with angles etched onto the surface. Of particular interest was the hoof wall 

tubule angle, the bar horn tubule angle, the dorsal hoof wall angle, and the heel angle. 

Schematics were drawn to aid understanding of the relationship of the bar horn and the hoof 

wall, aswell as the location on the hoof where the heel angle was measured. 

NB: For group (3): The horses were examined before a current trim and after a previous trim.   

 3.2.2.2 Details of the Clinical Examination of the Cadaver Specimen Hooves 

The clinical examination method of the cadaver hoof specimens included palpation and visual 

observation of the entire individual hoof. Photographs were then taken of the dorsal, lateral, 

medial, palmar, bulb and solar views, for analysis (photographic method chapter 2, 2.1.1). 

Digital radiographs of a single cadaver from group 1 were taken by McGraths Hill Veterinary 

Hospital, using a fixed digital x-ray machine, Direct Radiology (DR), with Computer 

Generated Images (CGI). The Toshiba direct radiology device, installed by Radincon 

Midwest X-ray, model Rotanode E7242X, with imaging system Aurara IL60506, sends the 

images directly to a database and does not require a cassette. The anode film distance was 

70cm. Images collected were of the lateral, dorsopalmar horizontal, and dorsal 65° oblique 

views, to assess the palmar angle, any general osseous changes of the distal interphalangeal 
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joint, mediolateral imbalance, and the height of the palmar collateral grooves relative to the 

structures of the internal hoof, (radiographic method chapter 2, 2.1.2). Dissections were 

carried out using hooves from group (1), to examine the heel, the parietal surface of the distal 

phalanx relative distance to the hoofwall, the laminar junction, the bar horn distance relative 

to the palmar collateral groove, the palmar collateral groove distance relative to the navicular 

bone, and the condition of the interface surfaces of the deep digital flexor tendon and 

navicular bone. The following procedures were made: 

 sagittal section (n=6) 

 oblique sagittal section (n=4) 

 extraction of entire hoof capsule from digit (n=6). 

 paring of hoof to remove palmar hoof tissue (n=4) 

 paring of the solar surface, including the bar horn (n=7) 

Linear measurements by millimetre with a metal rule were taken of the external hoof 

including: the hoof wall, the coronary band, the heel, the bar horn, and the collateral groove; 

internal hoof – the collateral groove, coronary groove, and the bar corium lamellae. Hoof 

angles by degree were examined from photographs using ImageJ (chapter 2, 2.2). Of 

particular interest were the angles of the hoof wall tubules, the bar horn tubules, the heel, and 

the collateral groove. Schematics were used to aid understanding of the relationship of the bar 

horn and the hoof wall. 

Comparisons of the live and cadaver hooves were also made to previous studies (Hampson 

2011; Clayton et al. 2011; Dyson et al. 2011a).  

3.2.3 Quantifying Hoof Shape Method 

From the results of the examination of the live and cadaver hooves, and after a review of the 

literature (chapter 1, 1.2.1.2), a set of measurements were listed in tabulated format with 

descriptors. Hand drawn schematics were used to further explain the location of the 

individual hoof measurements. 

3.3 Results  

The results are summarised below in the order that they were examined; firstly, the live 

horses’ hooves, which include the external hoof, and then the cadaver hooves which include 

the external and internal hoof structures. Lastly, the set of measurements are presented. 
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3.3.1 Examination of Live Horses’ Hooves 

3.3.1.1 Hoof wall 

3.3.1.1.1  Summary observations of hoof wall tubules 

Of the 10 sample horses examined from group (3), the untrimmed left front hooves hoof wall 

tubules angle tended to become shallower dorsal to palmar, so that there was a total 

difference in angle of 15° medially, and 17.7° laterally (Table 3.2). 

In all horses there was a noticeable difference between the angles of the hoof wall tubules of 

the untrimmed hoof, compared to the freshly trimmed hoof. The tubules of the untrimmed 

hoof were shallower in angle than the trimmed hoof, Figure 3.3.  

The shallower the angle of the dorsal hoof wall and heel, the more noticeable the reduction in 

hoof wall tubule angle was dorsal to palmar.  So that when the angle of the hoof wall tubules 

of the left front hooves of a Thoroughbred with shallower angled dorsal hoof wall, and a 

small pony <120cm were compared the, proportionately the hoof wall tubules of the small 

pony <120cm had a steeper hoof wall tubules angle dorsal to palmar. 

Horses with known pathology, for example, ringbone, scar tissue from surgery, and sidebone, 

appeared to have steeper hoof wall tubules in the sample of 10 live horses from group (3). 
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Table 3.2  Mean variance in hoof wall tubules 

Hoof wall tubule 
location 

Group mean 
medial hoof wall 
tubule angle in 
degrees 

% difference 
between 
locations 

Group mean 
lateral hoof wall 
tubule angle in 
degrees 

%  difference  
between 
locations 

(1) Dorsal hoof wall 
(2) Toe quarter 
(3) Heel quarter 
(4) Heel 

52.8 
44.5 
40.0 
37.8 

– 
8.3 
4.5 
2.2 

51.3 
42.8 
36.5 
33.6 

– 
8.4 
6.4 
2.9 

Table shows the results of observations of hoof wall tubule angles taken from 10 left hooves from group three, 
recorded at four locations: (1) The dorsal hoof wall; (2) the toe quarter; (3) the heel quarter; and (4) the heel.  

Figure 3.3:  Orientation of hoof wall tubules 

(a)  (b)  

Figure shows photographs of the left front hoof of a Thoroughbred horse 155cm (Group 3), where: (a) the 
untrimmed hoof has noticeably shallower hoof wall tubule angles  dorsal (yellow lines) to palmar (red lines) ; 
and where (b) the trimmed hoof has the same trend, but with a noticeably steeper angle overall dorsal (yellow 
lines) to palmar (red Lines) compared to the same untrimmed hoof. 

 

3.3.1.1.2  Summary observations of hoof wall growth rings 

The linear distance by millimetre between the growth rings dorsal to palmar in individual 

horses in all groups varied. 

The linear distance by millimetre between growth rings varied in the following ways: 

(a) wider dorsal to palmar – converging; 

(b) the same distance dorsal to palmar – parallel; 

(c) narrower dorsal to palmar – diverging. 

Of the 102 horses observed in group (3), the proximal to distal hoof wall growth ring was 

widest dorsal to palmar (converging) in the bilateral front hooves of an extensor bearing 

(knuckled over at the fetlock) quarter horse yearling. The horses in this group with hoof wall 
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growth rings that were parallel in distance measured dorsal to palmar, also had a straight 

coronary band, and were freshly trimmed. The narrowest proximal to distal growth rings 

measured dorsal to palmar (diverging), were two horses that had known pathology (ringbone 

and laminitis) and had been neglected.   

 

3.3.1.2 Bar horn 

3.3.1.2.1 Summary observations of bar horn tubules 

Of the 10 sample untrimmed left front hooves from group (3), (same horses as 3.3.1.1.1), the 

angle of the bar horn tubules tended to become shallower palmar to dorsal, Table 3.3, so that 

there was a 17.7% medial, and 18.1% lateral difference in angle between the palmar to dorsal 

tubules.  There was a greater difference in angle between the palmar most tubule to the 

approximated bar corium apex, compared to the approximated bar corium apex to the bar 

horn apex of 9.3% medial, and 8.5% lateral respectively, so that the bar horn tubules dorsal to 

the approximated bar lamellae corium were shallower than the ones palmar of this point. 

The change in bar horn tubule angle was more noticeable when the bar horn length was 

greater, Figure 3.4. 

When the tubules of the hoof wall and bar horn were shallower, and the hoof untrimmed, 

their orientation compared to each other appeared opposed. 

When the tubule orientation of the hoof wall, and of the bar horn were approximated as a 

schematic (Figure 3.5), the dorsal to palmar slope of the hoof wall tubules were juxtaposed to 

the palmar to dorsal direction of slope of the bar horn tubules. The horn tubules of the hoof 

wall and the horn tubules of the bar relative to each other create the potential for opposing 

forces through (a) normal growth, and (b) in the weight-bearing situation as a result of the 

changes of angle of the hoof wall and bar horn tissues. However, such effects have not been 

quantified. 

 



99 
 

Table 3.3 Mean variance in bar horn tubules 

Bar tubule location Group mean 
medial bar tubule 
angle in degrees 

% difference 
between 
locations 

Group mean 
lateral bar 
tubule angle in 
degrees 

%  difference 
between 
locations 

(1) Palmar bar horn 
(2) Approximated bar 
corium apex 
(3) Bar horn apex 

58.6 
52.5 
43.2 

– 
10.4 
17.7 

57.4 
51.9 
42.5 

– 
9.58 
18.1 

Table shows the results of observations of bar horn tubule angles taken from 10 untrimmed live left front 
hooves from group three, recorded at three locations, (1) the palmar bar horn; (2) the approximated bar 
corium apex; and (3) the bar horn apex. There was a difference in angle in the palmar measurements 
compared with the dorsal bar horn apex of 10.4% to 17.7% (medial), and 9.58% to 18.1% (lateral). 

 

Figure 3.4:  Bar horn tubule angle 

 

Figure shows photograph of an untrimmed, left front hoof of a Standardbred horse ≈160cm,  sole view (group 
(2)), where the bar horn was closer in length to the frog apex, the bar horn tubules were shallower in angle 
palmar to dorsal (red line).  Also, there was a greater proportion of slope between the approximated bar 
lamellae corium apex and the bar horn apex, compared to the palmar bar horn tubule and the approximated 
bar corium apex. The photograph also shows the wider to narrower palmar to dorsal growth rings (yellow 
lines). 

 

Frog 

Palmar bar horn 

Heel  

Approximated bar 
corium lamellae 
apex 

Hoof wall 

Bar horn apex 
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Figure 3.5: Schematic of the hoof wall tubules and the bar horn tubules 

 

 

Figure shows schematic of a hoof capsule in lateral view, with the impression of the bar horn showing through 
the hoof wall, to show a trend in the untrimmed hoof of the hoof wall tubules to become shallower in angle 
dorsal to palmar (blue lines), and a trend of the bar horn tubules to become shallower in angle palmar to 
dorsal (red lines).  There is a suggestion of an opposition in orientation of the direction of the hoof wall and bar 
horn tubules relative to each other.  

 

3.3.1.2.2 Summary observations of bar horn growth rings 

The growth rings that were observed on the hoof wall, were also visible on the bar horn.   

The proximal to distal growth rings were wider to narrower palmar to dorsal (diverging), 

(Figure 3.4); this was more noticeable in the untrimmed hoof where there was a greater bar 

horn length and shallower heel angle in the untrimmed hoof. 

 

3.3.1.2.3 Summary observations of bar horn height and length 

The height of the bar horn (Figure 3.6) varied, with the greatest bar horn height (37mm) 

associated with the greatest bar horn length (107mm).    

The bar horn length also varied, the greatest variance was between the untrimmed hooves of 

groups (1), (2), and (3) (longest 104mm), and the freshly trimmed hooves of group (3) 

(shortest 15mm), Figure 3.7. 

The association between the bar horn length and height was consistent in the 12 horses 

measured in group 1, the 12 horses measured in group 12 and the 10 horses measured in 

group 3. 

Drawn as a schematic, the variance between the untrimmed and trimmed bar horn length and 

height is noticeable, Figure 3.8. The untrimmed bar length (21-37mm) and the height (36-

Bar horn tubule 

Hoof wall tubule 

Coronary band 
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107mm) was greater than the bar horn of the freshly trimmed bar length (15-20mm) and 

height (10-20mm), which was lower in the sample set (group 1). 

 

Figure 3.6: Bar horn height 

 
Figure shows photograph of a right front hoof of an Oldenburg 162cm horse showing the height of the medial 
bar horn measured with a metal ruler is 30mm. 

 

Figure 3.7: Bar horn length comparison 

                   

(a)                    (b) 

Figure shows photographs of the left front hoof from an Australian Stock Horse x Quarter Horse ≈152cm, 
where red lines show the variation in bar length of: (a) the untrimmed hoof, where the bar horn is closer to 
equal the entire length of the frog horn (blue line); and (b) the freshly trimmed hoof where the bar horn is 
approximately equal to half the frog horn length (blue line). 

 

Frog horn 

   

Bar horn 

Bar horn height 30mm 
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Figure 3.8: Bar horn length and height comparison                                                        

(a)               (b)  

Figure shows schematics of hooves of comparative sizes in lateral view, where: (a) the length (approx. 36-
107mm) (blue line) and height (approx. 21-37mm) (red line) of the bar appeared greater in the untrimmed 
hoof, compared to (b). (b) Where the length (blue line) and height (red line) of the bar can be manipulated to 
be shorter (approx. 15-30mm) and lower (approx.10-20mm) in the trimmed hoof.  

 

3.3.1.3      Collateral groove 

3.3.1.3.1  Summary observations of the collateral groove length 

The palmar collateral groove length in the live horse’s hoof is quantifiable on its convex 

internal border using computer tomography (CT) scanning, (Figure 3.9). 

 

Figure 3.9: Collateral groove length 

 

Figure shows a feral horse hoof where the convex internal collateral groove is visible (black arrows). 

 

3.3.1.3.2 Summary observations of the palmar collateral groove height 

The palmar collateral groove height was associated with the bar horn height (group (1)), so 

that when the bar horn height was greater (15-37mm), the palmar collateral groove height 

was also greater (17-40mm).  However, when the bar horn height was 
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manipulated to be lower (10-20mm) by trimming, the palmar collateral groove height on the 

freshly trimmed hoof remained higher proportionately to the untrimmed hoof (14-30mm).  

When the palmar collateral groove height was greater the palmar collateral groove angle also 

increased (viewed by radiograph). 

 

3.3.1.3.3   Summary observations of the proximal palmar collateral groove  

The proximal limit of the palmar collateral groove where the junction is formed by it and the 

frog was difficult to locate in the untrimmed hoof. The proximal palmar collateral groove was 

obscured by the combination of the bar horn, and the frog horn on either side of the collateral 

groove; when removed there was an indentation of the frog as if the bar horn had been 

pressing into it, Figure 3.10. 

Figure 3.10: Proximal collateral groove 

(a) (b)  

Figure shows photographs of the right front hoof of an Oldenburg horse 162cm (same horse as Figure 3.6, 
solar view, where: (a) black arrow shows where on the untrimmed hoof the proximal palmar collateral groove 
is obscured by frog, and bar horn; and (b) the black arrow, which is in approximately the same location as (a), 
shows on the trimmed hoof the obstructing frog and bar horn have been removed and the proximal palmar 
collateral groove is visible.  When the frog was pared back there was an indentation as if the bar horn had 
been pressing into it (red arrow).  
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3.3.1.4   Coronary band 

3.3.1.4.1 Summary observations of the coronary band contour 

The sample of 10 left front hooves in group (3) the coronary band of the untrimmed hoof 

appeared concave when compared to the horizontal, whereas the coronary band straightened 

when it was trimmed and a quarter relief was present, Figure 3.11. 

3.3.1.4.2  Summary observations of the coronary band angle 

In the sample of 10 left front hooves in group (3) the coronary band angle of the untrimmed 

hoof was shallower, approximately 10-27°, than the freshly trimmed hoof, which measured 

approximately 30°. 

3.3.1.4.3 Summary observations of quantifying the coronary band contour 

The sample of 10 left front hooves measured as the toe quarter height to heel quarter height 

ratio (TQ:HQ) (see Table 2.1, chapter 2), showed that the untrimmed hoof TQ:HQ was lower 

(1.15-1.80), and the freshly trimmed hoof resulted in a higher TQ:HQ (1.80-2.22). 

In the same group of horse’s hooves the TQ:HQ changed when the untrimmed hoof of a 

147cm Quarter Horse was trimmed, so that the concave coronary band became noticeably 

straighter, Figure 3.12. 

 

Figure 3.11: Variability of the coronary band contour 

(a)   (b)  
Figure shows photographs of the left front hooves, lateral view, of horses of a comparable height (≈147cm) 
(group (3)), showing: (a) a concave coronary band of an untrimmed hoof; and (b) a straight coronary band of a 
freshly trimmed hoof.  
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Figure 3.12: Quantifying the coronary band contour 

(a)   (b)  

Figure shows photographs of the left front hoof, lateral view, of a Quarter Horse 147cm,(group (3)) where: (a) 
the untrimmed hoof shows a concave coronary band contour, with lower TQ:HQ (1.21) (black lines); compared 
to (b) the same hoof 4 months later where the coronary band contour is straight, and the TQ:HQ is higher 
(2.22) (black lines). 

 

3.3.1.5 Heels 

3.3.1.5.1 Summary observations of heel angle 

Examination of the angle at the heels of a sample of 10 left hooves from group (3), from 

photographs of the hoof in lateral view, showed that the heel angle became shallower (by a 

group mean average of 5.0°) between the period after a previous trim (group mean heel angle 

48.0°), and before the current trim one month later (group mean heel angle 43.0°).  

3.3.1.5.2   Summary observations of heel length 

The examination of the heel length was only accessible from the live horse (group (3)) rather 

than from photograph or radiograph images. 

On 10 sample left front hooves, lateral heel, from group (3), the heel length group range was 

discernibly longer before a current trim (23–50mm) compared to after a previous trim (21–

30mm), for trimming intervals of one week, two weeks, three weeks, two months and five 

months; which represented the periods examined.  

 

3.3.1.5.3   Summary observations of heel height 

Of 10 sample left front hooves from group (3) the lateral heel height was measured. The 

height of the heels of the untrimmed hooves was consistently higher (group range 25–55mm) 

than the freshly trimmed hooves (group range 18–30mm) in all four height categories (group 

3) (Figure 3.13), Table 3.4. 
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Figure 3.13: Observations of heel height 

(a)       (b)  

Figure shows photographs of the left front hooves, in lateral view, of horses of comparable heights (≈ 147cm), 
to show the variation of heel heights (black lines) between: (a) the untrimmed (for a period of two months) 
hoof; and (b) the freshly trimmed (same day) hoof. 

3.3.1.5.4     Summary observations of quantifying heel length to heel height 

When the hoof wall heel length (HL), and the heel height (HH) were calculated as a ratio 

(HL:HH), the variation in individual hooves was quantified as a higher ratio or a lower ratio.  

When the hoof was untrimmed and the heel length and heel height were longer and higher, 

HL:HH was higher, as opposed to the freshly trimmed hoof where the heel length and heel 

height were shorter and lower, then HL:HH was lower. This is shown with a sample of 10 

hooves randomly selected from group (3) (height range 120cm – 165cm) where the 

untrimmed hooves group mean heel length was 40.3mm, the heel height group mean was 

29.6mm so that the HL:HH group mean was 1.36.  The trimmed hooves heel length group 

mean was 30.20mm, the heel height group mean was 25.80, so that the HL:HH was 1.17, 

0.19 less than the untrimmed hooves Table 3.4. 

When examining hooves from the same sample 10 live horses, HL:HH ratio was used to 

define if there was a convergence of the heel wall toward the toe wall or divergence of the 

heel wall away from the toe, Figure 3.14. 

In a comparison of HL:HH of the untrimmed hoof, and the freshly trimmed hoof the 

difference in HL:HH represented the difference in the amount of hoof horn removed at the 

heel as the horse is trimmed; acting to reduce the heel length and heel height which resulted 

in a reduced HL:HH, Figure 3.15. 

When examining a hoof from group (2) and a hoof from group (3) from horses of comparable 

heights (162cm), there was a visible difference between a hoof with a long heel, and low heel 
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height, so that HL:HH was higher (group (2)); and a hoof with a short heel, and low heel 

height, so that HL:HH was lower (group (3), Figure 3.16.  

Table 3.4 Heel length and heel height measurements of 10 sample hooves 

 Before a current trim After a previous trim 

Hoof no. Heel length 

mm 

Heel height 

mm 

HL:HH Heel length 

mm 

Heel height 

mm 

HL:HH 

1 30 25 1.20 25 23 1.09 

2 40 28 1.43 30 25 1.20 

3 40 35 1.14 30 27 1.11 

4 50 30 1.67 35 30 1.17 

5 25 20 1.25 23 20 1.15 

6 55 35 1.57 40 30 1.33 

7 40 30 1.33 30 27 1.11 

8 35 30 1.17 26 23 1.13 

9 38 30 1.27 28 25 1.12 

10 50 33 1.52 35 28 1.25 

Group mean 40.3 29.6 1.36 30.20 25.80 1.17 

Table shows the results of measurements of the heel length and the heel height before a current trim and 
after a previous trim of the left front hoof lateral heel of 10 sample hooves.  

 

Figure 3.14: Converging and diverging hoof capsule shapes 

(a) (b)  
 

Figure shows photographs of the left front hoof, lateral view of a pony 110cm (group 3) where: (a) the 
untrimmed hoof toe to heel walls show a convergence (black lines), so that the heel length (red line) to heel 
height (green line) ratio (HL:HH) is higher than (b) and the distance between heel length and heel height 
(yellow line) is also greater. (b) the freshly trimmed hoof of the same pony, where toe to heel walls show a 
divergence (black lines), so that HL:HH is lower, and the distance between the heel length and the heel height 
is less. 
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Figure 3.15: Comparison of heel growth with a trimming interval of two weeks 

(a) (b)  

Figure shows a photograph of the solar and bulb view of the left front hoof of a pony 110cm ( the same pony 
as Figure 3.14) where: (a) the lateral side of the hoof has been trimmed so that the heel landing point has 
moved palmarly (yellow line), compared to the untrimmed side (red line); also, there is a visible difference in 
heel length (green lines). (b) the same hoof viewed from palmar to dorsal shows the difference in heel height 
between the untrimmed and trimmed sides (black arrows). 

 

 

Figure 3.16: Variability of heel length to heel height 

(a)  (b)  
Figures shows photographs of the left front hoof, lateral view, of horses of a comparable height (162cm), 
where: (a) there is a visible difference between a hoof with a long heel length and low heel height, so that 
HL:HH was higher; and (b) a hoof with a short heel length and a low heel height, so that HL:HH is lower.  
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3.3.1.6   Dorsal hoof wall 

3.3.1.6.1  Summary observations of the dorsal hoof wall angle 

When the live horse groups (1), (2), and (3) dorsal hoof wall was viewed in lateral aspect, the 

proximodistal topography was not always continuous in angle, with variations of concave and 

convex sections, combined with straighter sections, Figure 3.17. 

 

Figure 3.17: An example of the varying surface of the dorsal hoof wall  

                  

Figures shows a photograph of the left front hoof, lateral view, of a Thoroughbred horse 160cm where the 
topography of the dorsal hoof wall angle is not consistent, with distinct changes of angle proximal to distal  
indicated by black arrows. 

 

3.3.2 Examination of the Cadaver Specimen Hooves 

3.3.2.1 Bar horn 

3.3.2.1.1 Summary observations of the variance in bar horn shape 

The proximal and distal limits of the bar horn varied between hooves. The front hoof of a one 

year old Australian Stock Horse was freshly trimmed, so that the distal surface of the bar 

horn was manipulated to terminate at the approximated apex of the bar lamellae corium, and 

was not weight-bearing. The hoof was then dissected along an oblique sagittal line of the 

collateral groove in order to expose the proximal limit of the bar horn, which in this case was 

also found to be straight. Observed laterally the bar horn resembled a ‘wedge-shape’; 

observed proximodistally the bar horn width was complete (not thinned by trimming) (Figure 

3.18 (a)).  In comparison, the untrimmed front hoof of a non-laminitic adult horse, dissected 

in a similar way to the yearling hoof, showed bar horn dimensions of a distorted rhomboid, 

with the proximal surface concave. The distal surface was weight-bearing (Figure 3.18(b)). A 

third hoof, of an untrimmed chronically laminitic front hoof (Stewart 2013) with laminar 
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wedge in the dorsal hoof wall (black arrow) was also compared.  The bar horn area was 

obviously greater than the first comparison, with proximal bar horn having a more extreme 

concavity than the yearling hoof and the non-laminitic hoof. The bar horn distal surface was 

noticeably weight-bearing, Figure 3.18(c). 

 

Figure 3.18: Variance of the bar horn shape  

(a)             (b)  

(c)   

Figure shows photographs of trimmed and untrimmed cadaver front hooves, dissected along an oblique 
sagittal line of the collateral groove, where: (a) a trimmed one year old Australian Stock Horse shows the 
proximal limit of the bar horn was  straight (not manipulated by trimming), and the distal limit of the bar horn 
has been manipulated by trimming to be straight, so the bar horn is wedge-shaped (red lines), terminating at 
the approximated bar lamellae corium apex, and did not contact the ground; (b) an untrimmed adult non-
laminitic horse, where the bar horn shape of (a) is superimposed (red lines) on the bar horn so that the 
concave proximal bar horn limit is visibly noticeable in comparison to (a), and the palmar bar horn tubules 
were weight-bearing; and (c) an untrimmed adult chronically laminitic horse, where the bar horn shape of (a) 
is superimposed (red lines) on the bar horn so that the curved proximal limit, and the additional bar horn 
distally is visibly noticeable, compared with (a), and the bar horn is visibly contacting the ground. 
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3.3.2.2 Collateral groove 

3.3.2.2.1 Summary observations of the collateral groove external and internal 

surfaces 

When the frog was removed from a fresh untrimmed cadaver front hoof (group (1)), from a 

Standardbred horse ≈ 160cm high, the full extent of the delineation of the proximal external 

collateral groove was visible. In this case the surface was not straight but concave, Figure 

3.19(a). When the frog, digital cushion, and deep digital flexor tendon were removed from a 

non-fresh (preserved in formalised saline [10%]) (group (2)) cadaver front hoof, from a 

Standardbred horse, the full extent of the delineation of the internal collateral groove was 

visible, in this case the internal surface was not straight but convex, Figure 3.19(b). 

Figure 3.19: Collateral groove external and internal surfaces  

     

   

Figure shows photographs of dissected fresh cadaver hoof (group (1)) and non-fresh cadaver hoof preserved in 
formalised saline (10%) (group (2)), where: (a) shows the demarcation of the concave external proximal palmar 
collateral grooves (black arrows); and (b) shows the demarcation point of the internal convex proximal palmar 
collateral groove (black arrows). 

  

Collateral groove external proximal limit 

Collateral groove internal border 

(a)                                                                              (b) 
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3.3.2.2.2 Summary observations of the collateral groove height 

In the sample of 10 left and right cadaver hooves from group (1), the collateral groove height 

varied along its length.  The height dorsally at the frog apex was lower (group mean 6.3mm) 

than the palmar location at the heel weight-bearing point (group mean 28.6), which was 

higher. The maximal height in the sample of 10 hooves, was at the approximated bar lamellae 

corium apex (group mean 30.8). In the same sample group the frog and bar obscured the 

upper limit of the palmar collateral groove height by up to 32% (12mm of a total height of 

37mm), Figure 3.20.    

Also, the palmar collateral groove height varied laterally and medially.  On one sample hoof 

the lower palmar collateral groove corresponded to the side of the hoof with the shorter bar 

horn length, and the higher palmar collateral groove height corresponded to the side of the 

hoof with the longer bar horn length, Figure 3.21(a) and (b). The variability of the palmar 

collateral groove height laterally to medially was viewed by digital radiograph on a left 

cadaver hoof of an Australian Stock Horse, 152cm, 14yrs in dorsopalmar horizontal aspect, 

the lateral collateral groove height (22mm), was 5mm lower than the higher collateral groove 

height on the medial side (27mm), Figure 3.21(c). 

 

Figure 3.20: Palmar collateral groove height 

  

 
 
 
 
 
 
 
 
 
 
Figure shows photograph of a cadaver front hoof, palmar view, of a Standardbred horse 160cm demonstrating 
that in a sample of 10 left and right hooves, the collateral groove height varied dorsally (group mean 6.3mm), 
location indicated by the yellow arrowed line, and palmarly (group mean 28.6mm), location indicated by the 
black arrowed line.  Also that the heighest point of the collateral groove was at the approximated bar lamellae 
corium apex (group mean 30.8mm), location indicated by red arrowed line. The frog and bar obscured the 
upper limit of the palmar collateral groove height in the sample group by up to 32% (12mm of a total height of 
37mm), location indicated by the green arrowed line. 

  



113 
 

Figure 3.21: Variability in the lateral and medial palmar collateral groove height 

(a)     (b)  
                                                                    

(c)  
 

Figure shows photographs of: (a) a left cadaver hoof, non-fresh preserved in formalised saline (10%) (group 2) 
from a Standardbred horse 160cm high, palmar view, where the bar length of the lateral bar (red arrowed line) 
is shorter in length than the medial bar (blue arrowed line). (b) The same hoof as (a) viewed palmarodorsally, 
where the shorter lateral bar horn length shown in (a) also has the lower proximal palmar collateral groove 
height (red arrowed line), and the longer bar horn length on the medial side also has the higher proximal 
collateral groove height (blue arrowed line). (c) A digital radiograph, dorsopalmar view, left cadaver hoof, fresh 
(group 1) of an Australian Stock Horses, 155cm, 14yrs  where the lateral proximal palmar collateral groove 
height was 22mm, compared to the higher medial proximal palmar collateral groove height of 27mm, a 
variance of 5mm.  

       

3.3.2.2.3 Summary observations of the palmar collateral groove angle 

The left cadaver hoof of a non-fresh (group (2)) preserved in formalised saline (10%) 

Standardbred 160cm high, medial palmar collateral groove angle measured 54.1°, Figure 

3.22. 
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Figure 3.22: Palmar collateral groove angle  

 

 

 
 
 
 
 
 
Figure shows a photograph of a non-fresh cadaver (group (2)) preserved in formalised saline (10%) left front 
hoof, palmar view, of a Standardbred horse 160cm, where the medial palmar collateral groove angle measured 
54.1°. 

 
 

3.3.2.2.4 Summary observations of the proximal palmar collateral groove distance to the 

palmar navicular bone 

In a sample of three non-fresh right and left cadaver hooves (group (2)) preserved in 

formalised saline (10%), when the lateral or medial palmar collateral groove height increased, 

the linear distance between the proximal palmar collateral groove and the palmar surface of 

the navicular bone decreased. When the proximal palmar collateral groove linear distance 

decreased, the distance to the palmar navicular bone increased, Figure 3.23. 

Further examination of the palmar collateral groove height, and the relative linear distance to 

the palmar navicular bone was carried out, with Figure 3.24(a) a non-fresh right cadaver 

hooves (group (2)), preserved in formalised saline (10%) Thoroughbred, the linear distances 

measured 24mm laterally and 24mm medially.  On a non-fresh dry left cadaver hoof (group 

(2)) of a stock horse, the proximal palmar collateral groove to palmar navicular bone linear 

distance measured 5mm laterally and 3mm medially, showing a variation of 19mm medially 

and 21mm laterally, compared to the Thoroughbred hoof, Figure 3.24(b). 
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Figure 3.23: Proximal palmar collateral groove distance to the palmar navicular bone  

   

Figure shows a photograph of a disected non-fresh left front cadaver hoof (group (2)) preserved in formalised 
saline (10%), from a Standardbred horse, 160cm high, palmar view of the lateral and medial internal proximal 
palmar collateral groove to palmar navicular bone distance (red lines), when the higher medial side shows a 
decreased linear distance to the palmar navicular bone compared to the lateral side. 

 

Figure 3.24: Palmar collateral groove to palmar navicular bone distance comparison 

(a)  (b)  

Figure shows photographs of the dissected non-fresh right front cadaver hooves (group (2)) of (a) a preserved 
hoof in formalised saline (10%), from a Thoroughbred horse, and (b) a dry cadaver from a stock horse. Where: 
(a) the relative distance from the lateral (24mm) and medial (22mm) proximal palmar collateral grooves to the 
palmar navicular bone distance (red arrows) are greater when compared to (b). (b) The distance of the lateral 
(5mm) and medial (3mm) proximal palmar collateral groove to palmar navicular bone varies by 21mm laterally 
and 19mm medially compared with (a). 
 

3.3.2.3     Palmar hoof structures  

3.3.2.3.1 Summary observations of the structures of the external and internal palmar 

hoof  

The results of examining a dissected fresh cadaver hoof (group (1)) with a heel angle of 41° 

showed the structures of the external palmar hoof may be less stable than the structures of the 

external dorsal hoof; this was evidenced by the sample hoof having the following features:  

Photo credit: Anna H
ardw

ick-Sm
ith 
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1. the hoof wall of the dorsal hoof is supported by the bone but is not supported by the 

bone in the palmar section.  

2. The hoof wall tubules bent inward (adaxially to the mid-line of the hoof) at the end 

of the palmar process of the distal phalanx, which did not extend palmarly as far as 

the palmar point of the hoof wall.  

3. The position of the bar horn was such that the palmar section was not supported by 

the underlying bone, Figure 3.25.  

3.3.2.4 Lateral cartilages 

3.3.2.4.1 Summary observations of the lateral cartilages 

The results of palpating the proximal palmar hoof of a fresh left front cadaver (group (1)) of a 

Standardbred horse ≈ 160cm high, the proximal lateral cartilages, both laterally and medially, 

appeared to vary in position from when the hoof capsule was attached to the cadaver 

compared to when the hoof capsule was removed. 

When the hoof capsule was removed from a sample cadaver, the proximal lateral cartilages 

descended distally so that their projection was less noticeable; an occurrence which 

concurrent with the extraction of the hoof capsule, Figure 3.26.  
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Figure 3.25:  Palmar hoof structures – external and internal 

                                    

Figure shows a photograph of a dissected fresh cadaver (group (1)) untrimmed front hoof, from a 
Standardbred horse previously shod, ≈160cm high. The complete left side of the hoof shows a shallow heel 
angle (<45°). On the right dissected side of the hoof, the hoof wall of the dorsal hoof is supported by the bone, 
but is not supported by the bone in the palmar section, the hoof wall bends inward at the end of the palmar 
process of the distal phalanx, which does not extend palmarly as far as the palmar point of the hoof wall. The 
position of the bar horn is such that the palmar section is not supported by the underlying bone. 

Figure 3.26: Lateral cartilage relative location  

                                    

Figure shows photographs of the fresh cadaver (group (1)) left front hoof, palmar view, of a Standardbred 
horse ≈ 160cm, previously shod where: (a) the metal shoe had been removed immediately prior to the 
photograph being taken; the lateral cartilages appear high pushed (red arrow) as if distorted. (b) The hoof 
capsule is removed so that the coronary hairline and the corium are visible (blue and black arrows); the 
previous distortion in the lateral cartilage appears normalised (green arrow).  

   Shallow heel angle 41°  

Previous location of bar horn 

Hoof wall bends inwards 
palmar of the palmar 
processes 

Hoof wall supported by  
underlying bone  

   Navicular bone  

   Distal phalanx  

Section of palmar hoof wall not 
supported by underlying bone 

Laminar corium 

Coronary band 
hairline 

Lateral cartilage 
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3.3.2.5 Internal hoof capsule 

3.3.2.5.1 Summary observations of the coronary groove 

The internal coronary groove width in millimetres of hoof capsules freshly extracted from 

fresh cadaver hooves (group (1)), varied dorsal to palmar on the three individual sample 

hooves, and between the three hooves (range 8.7mm to 19mm, group mean 11.6mm). The 

asymmetrical hoof capsules varied more, sample hoof 2. range 8.7mm – 19.0mm Figure 

3.27(b), sample hoof 3. range 9.3mm – 11.5mm Figure 3.27(c), than the hoof capsule where 

the lateromedial balance was more even, sample hoof 1. range 9.6mm – 10.2mm, Figure 

3.27(a).  
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Figure 3.27: Variability of internal coronary groove width  

                                               (a)                                                                                           

(b)         (c)          

Figure shows photographs of three freshly extracted hoof capsules from fresh cadaver hooves (group (1)) of 
Thoroughbred and Standardbred horses of comparable heights ≈160cm, where: (a) Hoof 1. the coronary 
groove is relatively equal in width dorsal to palmar, range 9.6mm – 10.2mm; (b) Hoof 2. the coronary groove is 
wider dorsal to palmar, range 8.7 – 19.0mm; and (c) Hoof 3. the coronary groove is of differing widths medial 
to lateral, range 9.3 – 11.5mm; the coronary groove width range between the three hooves was 8.7mm to 
19mm, group mean 11.6mm. 

 

 

3.3.2.5.2  Summary observations of the internal laminar horn 

The same three fresh cadaver sample hooves as section 3.3.2.5.1 were examined to scrutinise 

the gross appearance of the laminar horn, quantified as a category score 1 (best) to 5 (worst), 

the results are shown in Table 3.5. 

Coronary groove width  
at the mid-dorsal point 
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Table 3.5 Internal hoof capsule laminar horn scores 

Hoof no. HQL TQL D TQM HQM Individual 
totals 

1 1 2 3 2 1 9 
2 1 2 3 3 3 12 
3 2 2 3 3 3 13 
Total 4 6 9 8 7 34 
Range 1-2 2-2 3-3 2-3 1-3 n/a 
Mean 1.33 2 3 2.67 2.33 n/a 
Key: HQL, heel quarter lateral; TQL, toe quarter lateral; D, mid-dorsal wall; TQM, toe quarter medial; HQM, 
heel quarter medial. 

 

3.3.2.6   Corium layer 

3.3.2.6.1   Summary observations of the corium layer 

The same three fresh cadaver sample hooves (group (1)) as section 3.3.2.5, were used to 

examine the gross appearance of the corium layer, the tissue appearance varied in colour 

from white to dark red, in texture from uniform tissue texture to torn tissue,   Figure 3.28.  

The laminar corium was allocated a category score from 1 (best) to 5 (worst); the results are 

shown in Table 3.6. 

 

Table 3.6 Corium appearance scores 

Hoof no. HQL TQL D TQM HQM Individual 
totals 

1 3 3 4 2 2 14 
2 2 2 4 4 3 15 
3 2 3 4 4 3 16 
Total 7 8 12 10 8 44 
Range 2-3 2-3 4-4 2-4 2-3 n/a 
Mean 2.33 2.67 4 3.33 2.67 n/a 
Key: HQL, heel quarter lateral; TQL, toe quarter lateral; D, mid-dorsal wall; TQM, toe quarter medial; HQM, 
heel quarter medial. 
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Figure 3.28: Gross appearance of the corium layer  

(a)          (b)  

(c)  (d)  

Figure shows photographs of the gross appearance of the corium of a fresh cadaver (group (1)) right front 
hoof, of a Thoroughbred horse ≈160cm (sample hoof number 1. In Table 3.6 and same hoof as (a) in Figure 
3.31), where: (a) the solar view shows the sole, bar, and frog corium; (b) the front view shows the coronary 
and laminar corium; (c) the lateral view shows the coronary and the laminar corium; and (d) the medial view 
shows the coronary and the laminar corium. Corium score for this sample  hoof ranged from 2-4. 

 

3.3.3 Developing a Set of Measurements to Quantify the Equine Hoof 

The results from the examination of live and cadaver hooves enabled the development of a 

set of 21 variable angles, linear measurements, ratios and category scores. These were 

divided into variables that quantified the external hoof, and those that quantify the internal 

hoof.  The hoof variable, the description, and selection criteria are given in Table 3.7, and are 

shown as a schematic in Figure 3.29.  
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Table 3.7 Descriptions of twenty one hoof shape and hoof health variable angle and linear 
measurements, ratios and category scores  

No. Variable Abbreviation Description Selection criteria 

External hoof variable 

 

(1) 

Angular parameter 

Dorsal hoof wall angle 

 

DHWA 

 

Angle subtended between the line 
segment from the mid-dorsal wall 
proximally at the coronary band to the 
ground distally, and the line made from 
this point palmarly on the weight-bearing 
border; measured in lateral aspect. 
Defined as measuring changes in the hoof 
wall angle at the toe. 

 

Also referred to as the hoof angle 
or the toe angle. DHWA range from 
45° to 55°. Thought to be an 
integral part of hoof balance 
(O’Grady 2003). Ideal DHWA 
thought to be parallel to the distal 
phalanx dorsal surface (Linford et 
al. 1993), when compared to the 
heel angle in lateral view defines 
the hoof shape (Eliashar et al. 
2004).  

(2) Heel angle HA Angle subtended between the line 
segment from the proximal palmar hoof 
wall tubule to the distal palmar hoof wall 
tubule, (not including the bulb horn), and 
a line that is made from this point 
palmarly on the horizontal; measured in 
lateral aspect. Defined as measuring 
changes in angle at the heel.  

Heel angle when compared to 
dorsal hoof wall angle in lateral 
aspect defines the hoof shape 
(Eliashar et al. 2004). 

A low heel angle (<45°) is 
contributory in the hoof distortion 
under-run heels (Redden 2003). 
Heel angle is influential in heel 
expansion (Lungwitz 1891; Ramsey 
2011). 

(3) Bar horn height BH Height measured in a vertical line 
between a point at the proximal limit of 
the bar horn at its highest part, to a point 
at the distal limit closest to the ground 
bearing surface. Bar horn is defined as the 
horny continuation of the hoof wall on 
the palmar hoof surface laterally and 
medially of the frog. 

Not usually quantified in equine 
hoof research. Bar horn is 
contributory to the stabilization of 
the palmar hoof, especially at high 
impact gaits (Bowker 2003). 

(4) Bar horn length BL Length measured between a point at its 
junction with the hoof wall at the heels, 
to a point at the most dorsal bar horn 
tubule at its apex. Defined as the length 
the bar extends parallel to the collateral 
groove and compared laterally and 
medially to the frog length. 

Not usually quantified in equine 
hoof research. Bar length varies by 
the amount of growth, and wear of 
the hoof and the substrate with 
which the hoof interacts, and by 
the amount by which it is 
manipulated by trimming. 

(5) Heel height HH Height measured between a point at the 
proximal palmar hoof wall tubule at the 
coronary band, to a point following the 
tubule vertically distally to the ground 
bearing border; measured in lateral 
aspect. Defined as the height that the 
heel varies in its vertical height. 

Heel height varies as the individual 
hoof grows and is selected to 
compare the heel height between 
left and right hooves and between 
other horses. 

(6) Heel length HL Length measured between a point at the 
proximal palmar hoof wall tubule at the 
coronary band, from the palmar aspect of 
the live horse, to a point following the 
tubule distally to the ground bearing 
surface; measured on the live horse. 
Defined only on the live horse as the 
amount by which the heel varies in its 
length. 

Heel length varies as the heel 
points migrate forward with natural 
growth so that an untrimmed hoof 
has a greater heel length than 
when it is freshly trimmed.  

___________________________________________________________________________ 

2 ImageJ is a publicly available internet-based Java image processing software program developed by the 

National Institute of Health, USA, available at www.imageJ.com 



123 
 

Table 3.7: Descriptions of twenty one hoof shape and hoof health variable angle and linear 
measurements, ratios and category scores (cont.) 

No. Variable Abbreviation Description Selection criteria 

(7) Heel quarter height HQ Height measured between a point at the 
palmar most heel tubule at the distal 
weight-bearing border, in a vertical line to 
a point at the proximal limit of the hoof 
wall and the coronary band in the heel 
quarter. Defined as the amount by which    
the hoof wall varies in height at the heel 
quarter.  

Not usually quantified in hoof 
research. Height varies as heel 
points migrate forward and 
coronary band angle reduces.  

(8) Quarter relief height QR Height measured between a point 
contacting the hoof wall in the heel 
quarter in a vertical line distally to a point 
contacting the ground-bearing surface. 
Defined as the recess worn or trimmed 
into the hoof wall bearing surface in the 
heel quarters on the lateral and medial 
hoof wall. 

Not usually quantified in 
conventional farriery techniques, 
quantified in the feral horse 
(Hampson 2013a). Allows for lateral 
and medial heel expansion in 
normal hoof mechanics (Ramsey 
2011, p21). 

(9) Toe quarter height TQ Height measured between a point at the 
proximal limit at the coronary band at the 
most dorsal hoof wall tubule in lateral 
view, to a point in a vertical line distally at  
the ground-bearing border. 

Toe quarter height is also referred 
to as the dorsal coronary band 
height (Dyson et al. 2011a). 
Describes the highest point of the 
coronary band contour, in lateral 
aspect. 

(10) Weight-bearing length WBL Length measured at the ground bearing 
surface, horizontally between a point at 
the most dorsal hoof wall tubule, to a 
point at the palmar most hoof wall tubule 
at the heels, in lateral view. Weight-
bearing length is defined as the full length 
of the bearing border of the palmar hoof. 

Weight-bearing length varies 
dependent on hoof growth, wear 
and trimming.  Also affected by 
loading conditions and the 
mechanical response of the hoof 
wall deflections (Ramsey 2011).  

 

(11) 

Linear Ratio 

Heel collapse index 

 

HCI 

Ratio calculated from the following two 
measurements: (1) dorsal hoof wall angle, 
and heel angle. Defined as a 
demonstration of dorsal hoof wall angle 
quantity in relation to the heel angle 
quantity. 

Previously stated by Eliashar et al. 
(2004) and Dyson et al. (2011a). 
Ratio that describes the converging 
and diverging hoof shape in two 
dimensions; measured in lateral 
view.  

(12) Heel length to heel 
height ratio 

 

HL:HH Ratio calculated from the following two 
measurements: (1) heel length, and (2) 
heel height. Defined as a demonstration 
of heel length quantity in relation to the 
heel height quantity.   

Not previously quantified in hoof 
research. Provides a field 
measurement as an alternative to 
heel angle to quantify the 
difference in heel inclination. The 
difference between the HL and the 
HH quantities at ground level 
measured as a linear distance in 
mm provides an absolute value, 
compared to HL:HH.  

(13) Toe quarter height to 
heel quarter height 
ratio 

TQ:HQ Ratio calculated from the following two 
measurements: (1) toe quarter height, 
and (2) heel quarter height; in lateral 
view. Defined as a demonstration of the 
toe quarter height quantity in relation to 
the heel quarter height quantity. 

Not previously quantified in hoof 
research. Provides an alternative to 
the coronary band angle, which is 
more accurate when the coronary 
band is concave and arced, making 
it difficult to quantify. 

Internal hoof variable 

(1) Angular parameter 

Palmar angle * 

PA Angle subtended between a line 
extending the full length of the palmar 
surface of the distal phalanx in lateral 
aspect from palmar to dorsal, and a line 
extending dorsal to palmar on the 
horizontal. Defined as quantifying the 
degree of elevation of the palmar process 
of the distal phalanx from the horizontal 
within the hoof capsule. 

Also known as distal phalanx angle 
(Eliashar et al. 2004). Used to 
determine the amount of rotation 
in laminitis (Cripps and Eustace 
1999). Ideal palmar angle elevation 
varies between 0° and 10° (Stashak 
2002; Parks 2003; Ramsey 2011).  
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Table 3.7: Descriptions of twenty-one hoof shape and hoof health variable angle and linear 
measurements, ratios and category scores (cont.) 

No. Variable Abbreviation Description Selection criteria 

(2) Proximal collateral 
groove angle * 

CGA Angle subtended between a line from the 
proximal limit of the palmar collateral 
groove to the distal limit of the palmar 
bar horn tubule at the weight-bearing 
surface, and a line extending dorsal 
horizontally at the weight-bearing surface 
of the palmar collateral groove. Defined 
as the steepness of the palmar collateral 
groove. 

Related to palmar angle (Rouben et 
al. 2012).  

 

 

(3) 

Linear measurement  

Bar lamellae corium 
length 

 

 

 

 

BLCL 

Length measured from a line between a 
point at the palmar bar lamellae corium 
to a point at the dorsal lamellae. Defined 
as the amount by which the bar lamellae 
corium extends dorsally. 

 

Not quantified in equine hoof 
research. Related to the bar horn 
length. 

(4) Coronary groove 
width 

CGW Width measured from a line between a 
point at the proximal limit of the coronary 
groove to a point vertically to the distal 
limit. Defined as the hoof horn cavity 
covering, and protecting the coronary 
corium.   

Not quantified in equine research. 
Used to relate to TQ:HQ. 

(5) Proximal collateral 
groove height * 

PCGH Height measured from a line between a 
point at the proximal limit of the palmar 
collateral groove, to a point vertically 
distally at the weight-bearing surface; 
measured in lateral view. Defined as the 
junction formed by the bar horn and the 
frog in the palmar hoof.  

Palmar collateral groove varies as 
palmar angle varies.  

(6) Proximal palmar 
collateral groove to 
palmar navicular bone 
distance * 

PPCG to PNBD Linear distance measured from a point at 
the proximal limit of the collateral groove, 
to a point at the palmar navicular bone; 
measured in lateral view. Defined as the 
relative distance between the collateral 
groove and the navicular bone. 

Not quantified in equine hoof 
research. Used to indicate a 
potential increase or decrease of 
palmar hoof volume. 

 

(7) 

Category: score 

Corium score 

 

CS 

A category score between 1 and 5 
assigning a value to the gross appearance 
of the corium in five regions of the hoof: 
the lateral heel quarter; the lateral toe 
quarter; the dorsal wall; the medial toe 
quarter; and the medial heel quarter. 
Defined as the differential appearance of 
the corium from one region to another. 

Not usually quantified in equine 
hoof research. Used to associate 
with external hoof shape variable 
quantities.  

(8) Internal hoof capsule 
score 

IHCS  A category score between 1 and 5, 
assigning a value to the gross appearance 
of the structures of the internal hoof 
capsule in five regions of the hoof: the 
internal lateral heel quarter; the internal 
lateral toe quarter; the internal dorsal 
wall; the internal medial toe quarter; and 
the internal medial heel quarter. Defined 
as the differential appearance of the 
internal hoof capsule from one region to 
another. 

Not usually quantified in equine 
hoof research. Used to associate 
with external hoof shape variable 
quantities.  
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Table 3.7: Descriptions of twenty-one hoof shape and hoof health variable angle and linear 
measurements, ratios and category scores (cont.) 

Table provides a summary of the description of thirteen external hoof variable quantities, including acquired 
angle and linear measurements, and the calculated ratios; and eight internal hoof variable quantities including 
acquired angle and linear measurements and category scores. The reason for selection and reference to the 
literature, are also listed; adapted after Dyson et al. (2011a). Key: * = measurements that were collected using 
radiography. 

 

 

Figure 3.29: Twenty one hoof shape and hoof health variable quantities 
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Figure 3.29: Twenty one hoof shape and hoof health variable quantities (cont.) 

 

(7)  

 

(8) 

Ratio 

 

(9)  

 

(10) 

 

(11)  

       

             

 

(12) 

          
                  

 

(13) 

                              
                   

 



127 
 

Figure 3.29: Twenty one hoof shape and hoof health variable quantities (cont.) 
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Figure 3.29: Twenty one hoof shape and hoof health variable quantities (cont.) 

Category: scores 

 

(7) 

                            

 

 

(8) 

          

Figure shows schematics of the measurements where the number of the schematic corresponds to the 
number of the variable quantity described in Table 3.7. 

 

 

3.4    Discussion 

The clinical examination of groups of live and cadaver hooves allowed observations of gross 

structures of many (90) individual hooves to be made. Differences were ovserved between: 

(a) individual horse’s left and right front hooves; (b) individual’s hooves in different sample 

groups; and (c) individual horse’s hooves after a previous trim and before a current trim, over 

an extended period of time. 

The major finding from this observational study was the range of variability of the separate 

structures of: (a) lateral and medial structures of the individual hoof, for example, the height 

of the palmar collateral groove; (b) between different horses’ hooves, for example, the heel 

angle; and (c) each structure of individual hooves after a previous trim and before a current 

trim, for example, the hoof wall tubule angles 

The hooves used in this study were not shod at the time of examination and so the structures 

were not obscured by a shoe or nails. The variability in the measurements of the individual 

structures of the horses’ hooves may be accounted for in part by the differing stage of growth 

of the external hoof capsule between samples. For example, the heel length and heel height 

ratio, which was expected to change in the continually growing hoof after a previous trim and 

before a current trim. Other variations between hooves were more difficult to attribute the 
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variation to, for example, the changes in width of the internal coronary groove, or the 

variation in the gross appearance of the corium in a selection of locations. 

An important finding was that greater or lesser amount of detailed scrutiny was needed to 

observe certain structural variations. For example, due to its location on the palmar surface of 

the hoof and in some cases partly obscured by the frog horn, the change in angle of the bar 

horn tubules (section 3.3.1.2.1), or the divergence of the bar horn tubule growth rings (section 

3.3.1.2.2). These structural variations of the bar horn appeared more subtle, and therefore 

greater observational skills were needed to notice the gross changes. Unlike the comparisons 

of whether the coronary band was straight or curved, which was more obvious.  

Certain hoof structures were more difficult to quantify accurately than others, for example, 

difficult to quantify was the proximal palmar collateral groove, which in most cases was 

obscured by the bar horn or the frog horn, so that the horn of both the bar and the frog needed 

to be pared back to access the true proximal limit of the collateral groove where the the 

demarcation point of the frog and the sole could be located. Also difficult, was quantifying 

the heel by angle in degrees from the live horses or by photograph (group (3)). Two issues 

were identified: (a) there was a natural deviation in the continuous proximal to distal line of 

the hoof wall where the heel angle is normally measured (Dyson et al. 2011a; Hampson 

2011), so that proximally the harder hoof wall at the heels was covered by the softer bulb 

horn, which protrudes palmarly further than the harder hoof wall at the heels; this was 

somewhat exaggerated in two cases of known side bone. It meant that gaining access to 

measure the full length of the hoof wall horn in this location at the heels was obstructed by 

the bulb horn. (b) The angle of the hoof wall tubules at the heel proximally to distally was 

sometimes varied, so that the angle proximally, which was steeper, differed from the angle 

distally, which was shallower as if bent dorsally.  

The growth characteristics of the dorsal hoof wall of the untrimmed hoof (section 3.3.1.6.1) 

showed similar proximodistal angle variation patterns to those identified by Dyson (2011a), 

making recording a single angle of this hoof shape variable quantity problematic.  

The accessibility and the variability of collecting accurate measurements of the heel angle 

and the dorsal hoof wall angle, demonstrated the challenges of yielding reliable and valid 

hoof shape data from horses’ hooves, so that the scientist must continue to search for the 

most reliable methods to quantify hoof shape for truly comparable studies. In a comparison of 

four hoof angle measurement devices with digitally analysed radiographs, Moleman (2005) 
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found the hoof gauges (Mustang, Moleman, Ruidoso and Dallmer) to be unreliable, advising 

that the best outcome is achieved by one experienced person obtaining all measurements with 

the same device. White (2008) concluded that using digital photography provided an accurate 

method of measurement of hoof conformation, with which Dyson (2010) and Moleman 

(2005) both concur. More sophisticated tools may become available in the future, 

photogrammetry (also used in three-dimensional photocopying) has the potential to offer 

researchers a technique to obtain precise and accurate volumetric measurements comparable 

to CT scanning. This may provide an improvement on two-dimensional photography for 

future researchers aiming to gain accurate measurements of hoof shape factors (Labens 

2013); this may be accompanied by four dimensional CT scanning methods as techniques 

advance (Langner and Keall 2010; Castillo et al. 2014). 

From the examination of the live hooves in group (3), after a previous trim and before a 

current trim, the observations that the hoof changes shape as it grows was in agreement with 

Thomason et al. (2003). The results from the current observational study suggest that some of 

the subtleties of the characteristics of the hoof capsule as it changes shape with growth may 

be being overlooked; and therefore the effects of such changes also may be being overlooked. 

This can be attributed to the way in which horses’ hooves are examined in current practices.  

For example, the gross examination of the hooves in this study used a combination of manual 

examination techniques, which allowed the separate structures to be palpated, observed and 

the structural relationships to be scrutinised. Radiographs were also used, so that the manual 

examinations of the external hoof could be compared to the position and conditions of the 

internal structures, allowing a more detailed picture of the hoof shape to be constructed. 

Currently, the frequent use of sophisticated diagnostic imaging tools by veterinarians and 

farriers, in the absence of a through manual examination of the hoof capsule, does not allow 

for an examination of the hoof to occur in the same way. In the case of using radiography 

alone, the full extent of the variability of soft tissue including the hoof wall and bar horn, to 

be compared to osseous tissue, is limited.  

Possibly due to the relative expense of the available imaging tools traditionally used, and 

despite of the increasingly more sophisticated mearsuing techniques, the full relevance of the 

geometric relationships between soft and osseous tissues may not be being explored to its full 

extent. While the development of imaging tools able to register internal soft tissue of the hoof  

for such comparisons to be made is increasing, for example, magnetic resonance imaging 

(MRI), for a more all encompassing review to be made of the findings, there must be some 
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prior recognition of the significance of the soft to hard tissue relationships and their changes. 

The lack of visibility of the soft tissue of the palmar hoof and of the corium in current 

imaging tools, may explain the apparent lack of inclusion in current literature. The relvance 

of this is yet to be explored. 

Commonly, hooves are measured at a point in time, rarely over an extended period of time.  

Studies quantifying trimming intervals after a pervious trim and before a current trim are 

important to understand the comparisons between the differing hoof shapes (Thomason et al. 

2003; Kummer et al.2006; Moleman et al. 2006; Pfau et al. 2016). Often horses’ hooves are 

not freshly trimmed (measured at the moment they were trimmed) at the start of a study. It is 

not common to gain access to study feral or wild horses that have worn hooves, as if freshly 

trimmed.  In this observational study, hooves that were untrimmed for four weeks or more 

were more readily available, the results showed that the freshly trimmed hooves that were 

examined showed differing morphometrics to the untrimmed hooves, as would be expected. 

What is unknown is the relevance to hoof health, for instance of higher or lower heel length 

to heel height ratio, short or long bar horn, or high or low collateral groove height and angle, 

and so it was not possible to understand from the examinations in this study which of the 

hoof shape’s that would lead to the greatest benefits for the horse over time. 

The examination of live and cadaver hooves suggested that the angle of the heel may be 

important to hoof shape, with the potential to define hoof shape between two differing 

hooves, and to define two distinctly differing hoof shapes. One hoof shape, with long, low 

heel and shallow heel angle, versus one hoof with short, low heels and steep heel angle; thus 

describing the untrimmed converging and the freshly trimmed diverging hoof shapes 

respectively. The convergence and divergence of hoof shape was also noticeable by a higher 

or lower heel length to heel height ratio, so that the untrimmed hoof with higher heel length 

to heel height ratio was different from the lower heel length to heel height ratio of the freshly 

trimmed hoof. This is contrary to the current literature, where reference is commonly made to 

hooves with shallow heel angle (<40°) as underrun (Turner1992), and normal hoof shape is 

referenced as a truncated oblique cone, implying its heel angle is steeper (>45°). Hooves with 

high heel angle were not found in the research literature. 

The variability in height of the palmar collateral groove in cadaver samples (section 

3.3.2.2.2), and the relative position to the navicular bone (section 3.3.2.2.4) is suggestive that 

the palmar collateral groove height has the potential to be related to palmar angle, which was 
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observed by Rouben et al. (2012).  The observations from this current study show that as 

palmar collateral groove height increased, bar horn height and length also increased, so that 

the palmar angle may also be related to the dimensions of the bar horn, something that has 

not been previously reported. 

The clinical examination made of a cadaver hoof with the sole partially removed (section 

3.3.2.3.1) to reveal the geormetric relationship of the underlying palmar surface of the distal 

phalanx bone to the hoof capsule structures, showed the lack of structural support for the hoof 

capsule in the cavity that was formed palmar to the palmar processes. This was an interesting 

finding. It implies that the orientation of the heel and the bar horn structures are important in 

stabilising the palmar hoof where there is no osseous tissue underlying them; especially in the 

hoof capsule heel to bar turning point. One explanation for such a cavity to exist is to 

accommodate the distal phalanx moving palmarly in a weight-bearing situation during mid-

stance when the heels expand; acting rather like a movement joint in building structures to 

prevent damage to the stiffer structures – in this case the potentially vulnerable palmar 

processed. This explanation is more likely with a lower palamar angle (0-3º). 

The modelling data of Ramsey (2011) suggests that the bar horn of the equine hoof may play 

an active functional role in providing additional stiffness (ability to resist deformation) to the 

palmar hoof, which the observations from the gross examinations in this study also suggest. 

It was observed that by extracting the hoof capsule from the digit, the orientation of the 

lateral cartilages was altered (section 3.3.2.4.1); what was not concluded was the normal 

position for the lateral cartilages in the palmar hoof of the live horse, which needs to be 

further quantified. 

The finding of a variation in the shape of the coronary band contour was in agreement with 

Dyson et al. (2011a). In the sample hooves in the present study the untrimmed hoof coronary 

band contour was more concave, and the coronary band contour of the freshly trimmed 

hooves was straighter. In addition, it was observed that when the hoof was freshly trimmed 

with a quarter-relief present, the previously concave coronary band became straighter. The 

observation in this study was that the untrimmed hooves with a concave coronary band 

contour with a higher toe quarter height to heel quarter height ratio, also had a higher heel 

length to heel height ratio, and shallower heel angle.  This suggested association between 

coronary band contour, TQH:HQH, HL:HH, and heel angle requires further quantification. 
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Measuring the structures of the external and internal hoof, and measuring the forces of the 

external hoof has been quantified (Thomason et al. 2001; Bellenzani et al. 2007; Bellenzani 

and Davies 2013), however, it is difficult to quantify the internal forces that affect mechanical 

function in vivo so that the relationship of the external hoof shape to the internal structural 

health has not been quantified. It is noticeable that with natural growth, the increase of 

structural dimension and volume of the heel, bar horn, and the palmar collateral groove 

height noticeably changes the shape of the hoof, compared to a freshly trimmed hoof.  It 

makes logical sense that the normal mechanical response of hoof capsule displacement of the 

untrimmed hoof and the freshly trimmed hoof must also change, although this has not been 

quantified.  However, it may yield useful information regarding the relationship of hoof 

shape to hoof health, given the difficulty of quantifying the internal hoof on the live horse 

using other methods. 

A limitation of this study was that the observations carried out were clinical examinations 

only, no experiments or tests were conducted. The results are exploratory, aimed at 

understanding better the variability of the measurements of the structures of the hoof and 

therefore the potential importance of the structures to include in the subsequent studies.  

There was a large number of horses and hooves studied within the three live groups (hooves 

n=34), and cadaver groups (hooves n=56). The horses examined were comparable in breed, 

age, and height with other hoof shape studies (Dyson et al. 2011a). From these current sample 

groups of horses it was possible to develop a set of measurements based on structures that 

appeared to have high variability as the hoof grew, and therefore had the potential to impact 

on hoof health as the hoof capsule grew and shape changed. This set of measurements 

allowed the testing of the four hypotheses in the subsequent studies. 

 

3.5       Conclusions 

In conclusion, from the gross examination of live and cadaver front hooves this study shows 

that variability in the measurements of structures of the palmar external hoof capsule is 

present in the individual hoof, and between hooves. Due to the level of variability in the 

measurements of the palmar external hoof horn in this group of live and cadaver horses’s 

hooves and the close proximity to sensitive soft tissue in that area of the palmar hoof and the 

association with pathology, the inclusion of the structures of the palmar hoof capsule in hoof 

research, testing the effects of hoof shape on hoof health, is warranted.  
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The interactions between hoof shape and hoof health are difficult to assess and quantify on 

the live horse. The twenty-one hoof shape and hoof health variable quantities developed in 

this study provide a more inclusive set of measurements to quantify the equine palmar hoof 

structures than those currently used.  

Hoof shape variable quantities must facilitate the recording of the more subtle changes in 

hoof shape in the individual horse and between horses, so their relevance to hoof health can 

be tested. This must include the changes that naturally occur between the freshly trimmed 

hoof and the untrimmed hoof.  

For the clinician, this study has highlighted an opportunity to observe and record the 

variability of the hoof after a previous trim and before a current trim, so that in the field hoof 

loading patterns and trends can be compared. Such in the field information may be useful in 

preventing lameness through the application of appropriate hoofcare and horse management 

regimens.  

Researchers quantifying the external hoof must include information about all of the structures 

of the hoof capsule for the effects of hoof shape to hoof health to be fully understood, and 

must include the palmar hoof structures for experimental test results to be comprehensive.  

Future studies should continue to quantify the differing hoof shape variable quantities of the 

palmar hoof at different stages of continuing growth, in order to compare and test the effects 

of hoof shape change on hoof health; a process that must include continuing to find 

innovative ways to compare the relationships of the soft and osseous tissues of the horse’s 

hoof. 
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4 STUDY 2: VARIABILITY IN THE SHAPE OF THE EQUINE HOOF 

4.1 Introduction  

From a review of the literature (chapter 1), and from the results of developing a set of hoof 

capsule shape measurements in study one (chapter 3), it was noticeable that the heel length 

(HL), the heel height (HH), and the horizontal linear distance measured at the ground surface 

between HL and HH, all appeared to increase between trimming intervals. This naturally 

occurring change in hoof shape between a freshly trimmed hoof, and the shape of the hoof 

capsule before it is trimmed again, appeared to influence the hoof wall’s tendency to 

convergence or divergence as it grew distally. These factors raised the following fundamental 

questions:  

1. by how much did the trimmed and untrimmed hoof capsule shape variables of HL 

and HH change between trimming intervals?  

2. Are the changes in HL and HH after a previous trim and before a current trim 

proportionately the same for all sizes of horses?  

3. Are the changes in HL and HH proportional to the hoof shape after a previous trim 

and before a current trim, so that scaling properties were equal, or 

disproportionately, so that scaling was different?  

Previous studies (Balch et al. 1995; van Heel et al. 2010; Dyson et al 2011a; Wiggers et al. 

2015) have recognised that asymmetry in hoof capsule shape exists. Studies have also shown 

that distortions in the hoof capsule shape from asymmetry have the potential to alter 

mechanics and soundness (Thomason et al. 2001; Thomason et al. 2003; Holroyd et al. 2013).  

However, such studies have not clearly defined the natural growth process of the hoof 

capsule, so as to understand if the asymmetry occurs as a part of the normal growth process 

of the hoof or if it occurs due to incorrect hoofcare and management of the horse.  

The aim of this study was to address some of the knowledge gaps regarding the hoof capsule 

shape scaling characteristics, in order to calculate at what point asymmetry, and hoof 

distortion are likely to occur. For instance, if the hoof scales equally, retaining its scaling 

proportions as it grows; this may allow the sensitive structures of the hoof to be unaffected as 

the hoof grows.  Or, if the hoof scales unequally so that the hoof scaling properties are lost 

during the process of continual growth of the hoof capsule, potentially causing the sensitive 



136 
 

structures of the hoof to be compromised or damaged. By focusing a study on quantifying 

hoof capsule shape change, the first of the four study hypotheses can be investigated, namely: 

Hypothesis 1: that the proportions between HL and HH change as the hoof capsule grows, 

so that scaling is not equal.  

4.2 Materials and Methods  

Study design: A longitudinal study. 

4.2.1 Description of the horses from which data were collected 

The sample group of horses used to collect the data (details listed in appendix 3 and 

summarised in Table 4.1) comprised 96 horses and ponies, made up of 27 breeds and cross 

breds. The horses ranged in height from 70 cm to 178 cm (group mean 146cm). Due to the 

wide range in height of the horse the total sample was divided into height categories, which 

followed the common height division of horses used in the horse industry:  

Group (1) Small Pony <120cm;  

Group (2) Pony 120 to <140cm;  

Group (3) Galloway 140 to 149cm;  

Group (4) Horse >149cm. 

The horses’ ages ranged at the start of the study period from 1 to 31 years (group mean 13.5 

years). The horses were studied for differing periods of time ranging between 1 to 11 months. 

Intervals between trims generally varied between one week and two months, with one period 

as long as six months, and the most common period being approximately one month (group 

mean 28.4days).  The number of trims per horse varied between 1 and 21, with a group mean 

of 6.8. Of the 96 horses a total of 8.3% had chronic laminitis, of theses, three were from 

group one Small Pony <120cm, three from group three Galloway 140-149cm, and two from 

group four Horse >149cm.   
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Table 4.1: Summary details for the 96 sample horses 

Horse category and 
numbers 

Pre-existing 

 pathology 

Mean and range 
of height (cm) 

Mean and range 
of age (years) 

Mean and range 
of interval 

between trims 
(days) 

Mean and range of 
number of 
contributing  
trimming pairs (after 
and before) 

1 .Small Pony  
<120cm n=8 

Chronic laminitis 

3 

97 .5 
70-110 

15 
12-20 

19.3 
7-63 

13.1 
3-21 

2. Pony  
 <140cm n=6 

– 132 
122-137 

17 
1-31 

29.7 
7-77 

6.2 
1-12 

3. Galloway  
140-149cm n=34 

Chronic laminitis 

3 

145 
140-147 

12 
2-27 

31.1 
6-75 

6.1 
1-19 

4. Horse  
>149cm n=48 

Chronic laminitis 

2 

157 
150-178 

15 
3-27 

29.6 
7-180 

6.4 
1-19 

Group percentile or 
mean for all 96 
horses 

8.3% 146  13.5 28.4 6.8 

Table provides summary details for the 96 sample horses, including pre-existing pathology, distribution of 
height, age, trimming intervals, and number of contributing after and before trim measurements.  

 

4.2.2 Measurement Collection Method 

The linear measurements by millimetre of the hoof heel length (HL) and heel height (HH) 

were collected after the previous trim (apt) and before the current trim (bct). In all cases, the 

lateral side of the left front hoof of each horse was measured to the nearest millimetre, using a 

metal ruler. To reduce the margin for error the researcher alone trimmed the hooves and 

collected HL and HH data from each of the 96 horses (Figure 4.1). The HL data were 

collected by measuring the elevated hoof from the proximal palmar hoof wall at the coronary 

band hairline, to the weight-bearing border of the palmar hoof wall. The HH data were 

collected by measuring the hoof wall from the proximal palmar coronary band hairline, 

vertically to the ground on a weight-bearing hoof, standing on a firm level surface (Figure 

4.2). The data from the sample set were recorded on A5 card files in the field before and after 

trimming, and then transferred to an Excel spreadsheet ready for statistical analysis.   
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Figure 4.1: Left side body and hoof of a 152cm an Australian Stock Horse x Quarter Horse 

 

(a) 

 

 

(b) 

 

 

 

(c) 

 

Figure shows photographs of: (a) the left side body of a 152cm Australian Stock Horse x Quarter Horse (Study 2 
sample H23), showing the researcher collecting data of heel height by linear millimetre from the left front hoof 
lateral side using a metal ruler. Measurements were repeated three times in the field and the mean recorded. 
(b) The location of the collection site for heel height data collected from the left hoof lateral side. (c) The 
location of the collection site for heel length data collected from the left hoof lateral side.  
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Figure 4.2: Left front hoof of a 145cm Australian Stock Horse 

 

(a) 

 

 

(b) 

 

Figure shows photographic images of the left front hoof of a 145cm Australian Stock Horse (Study 1 sample G08), to show 
the collection site of: (a) heel length ‒ while the hoof was elevated in flexion, the heel length was measured from the hoof 
palmar coronary band contour, intersecting the bulb, to the weight-bearing border of the palmar hoof wall (green line). (b) 
Heel height ‒ while the hoof was positioned horizontally on a board at ground level, heel height was measured from the 
coronary band contour at the proximal palmar hoof wall, vertically to the ground (red line). 

4.2.3 Data Analysis 

The statistical data analysis involved testing the null and alternative hypotheses:  

H₀:  As the hoof capsule grows HL:HH is constant 

H₁:  As the hoof capsule grows HL:HH differs, 

focusing on comparing the differences in the measurements of heel length (HL) and heel 

height (HH) in the period after the previous trim (apt) and before the current trim (bct). Of 

particular interest was the proportional change between HL and HH. Ratios of HL to HH 

were calculated to show this, which were compared against the absolute value of the linear 

distance between the HL and HH (measured at ground level). The ratio and the linear 

distance in mm both quantified the change in hoof shape that occurred between trimming 

intervals.  

Both the values of HL:HH, and the linear distance between HL and HH in mm gave a 

comparative difference, but on their own they could not account for the varying numbers of 

repeated observation pairs ranging from 1 to 21 taken per individual over the study period, 

leading to a non-orthogonal, skewed data set with not strictly independent measurements. For 

these reasons, a linear mixed model, using the residual maximum likelihood (REML) 

approach was applied in the statistical analyses for estimating the influence of fixed and 

random effects on differences between means. This allowed the determination of the 

significance of treatment variables and least significant differences (LSD) between means, as 



140 
 

well as the standard error of difference (SED). For this purpose, the following parameters 

were measured or calculated: 

1. HH and HL (in mm) after the previous trim and before the current trim 

2. Difference (in mm) between HH and HL after the previous trim and before the current 

trim 

3. HL:HH ratio after the previous trim and before the current trim  

4. Average daily growth rate (in mm/d) of HH and HL between trims 

The statistics package GenStat 17 for Windows (VSN International 2014) was used for this 

purpose. A set of 68 tests was designed to allow balanced unbiased data to be tested so that 

the significance level of the proportional difference between heel length to heel height could 

be evaluated. For all analyses, a series of different models that included up to three different 

random effect variables covering the effects of individuals, breed, size category, height and 

age were applied and the most appropriate model determined by an analysis of the respective 

deviances. One-and two-factorial designs were used. In all cases, the model containing the 

fixed effect(s) and the random effect ‘Name’, which took into account the bias in the data set 

due to varying numbers of observations per individual, gave the most appropriate result.   

4.3 Results 

A total of 102 horses were originally selected for the study, of these 6 horses were rejected ‒ 

2 horses only had a single set of after and before measurements so that a comparison was not 

possible. The other 4 horses were rejected due to operator error – this left a total of 96 horses 

– which made up the sample group for analysis.  

4.3.1 Parameter pair (1): HL and HH (in mm) apt and bct 

The boxplots (Figure 4.3) show the measurements (in mm) for HL and HH after the previous 

trim (apt) and before the current trim (bct) for all individuals participating in the study. While 

the data for both parameters measured are essentially normally distributed across all 

individuals after a trim, a marked positive skew and an increase in variability and range is 

evident after the hooves have grown for a period of time (mean days apt to bct of 28.42 days). 

The distortion in normal distribution may be explained by certain individuals or groups of 

individuals at the lower end of the range, with different hoof growth characteristics than the 
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others, and are possibly compounded by more frequent than average measurements; such 

circumstances are associated with group one Small Pony <120cm.  

Figure 4.3: Unmodelled linear measurements for heel length and height 

 

(a) 

 

 

(b) 

 

Figure provides boxplots of the unmodelled linear measurements (in mm) after a previous trim (apt) and 
before the current trim (bct), for (a) heel length (HL), and (b) heel height (HH). Error bars show the standard 
error of mean.  

 

The graphs in Figure 4.4 and Figure 4.5 show that for the measurements of HL and HH, both 

parameters increased significantly (P <0.001) between the after previous trim (apt) and before 

current trim (bct), independently of whether all horses or different size categories of horses 

were measured. With regards to the measurement of HL the increase was not significantly 

different among size categories showing a trend of an increase. However, the measurement of 

HH of the small pony <120cm group (size category 1) was slightly higher before trims than 

those of the others. A trend of an increase in HH with an increase in size in the other three 

groups was also discernible in Figure 4.4(b).  
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Figure 4.4: Mean modelled linear measurements of heel length 

 

(a) 

 

 

(b) 

 

Figure provides a bar chart of the mean modelled linear measurement (in mm) of (a) heel length (HL) after a 
previous trim (apt) and before the current trim (bct) for all horses combined, and (b) by size category. Note: 
different letters a and b after values indicate a significant difference between means at P≤0.05. Error bars 
show standard error of mean. 

Figure 4.5: Mean modelled linear measurement (in mm) of a) heel height 

 

(a) 
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(b) 

 

Figure provides a bar chart of the mean modelled linear measurement (in mm) of (a) heel height (HH) after a 
previous trim (apt) and before the current trim (bct) for all individual horses, and (b) by size category. Note: 
different letters a or b after values, indicate a significant difference between means at P≤0.05. Error bars show 
standard error of mean. 

4.3.2 Parameter pair (2): Difference (in mm) between HL and HH apt and bct 

The range and distribution of the difference of the linear distance between HL and HH, 

determined from the measurements of HL and HH of all horses, after the previous trim (apt) 

and before the current trim (bct), are presented in Figure 4.6. In line with the observations 

made with parameter pair (1) (section 6.3.1), the variability of the difference in the linear 

distance between HL and HH was increasing in size between the apt and bct trims, and the 

data sets are positively skewed. Despite this, an overall increase in the difference can be 

observed. 
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Figure 4.6: Difference in linear distance between heel length and heel height 

 

Figure provides a boxplot of the unmodelled range and distribution of the difference (in mm) of the linear 
distance between heel length (HL) and heel height (HH) after the previous trim (apt) and before the current 
trim (bct). Error bars show standard error of mean. 

 

A statistical analysis of the difference (in mm) of the linear distance between HL and HH at 

the two points in time (apt and bct) revealed that they were significantly different (P<0.001) 

in all cases, no matter whether the data of all individuals was combined or allocated to the 

four different size categories (Figure 4.7).  
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Figure 4.7: Difference in linear distance between heel length and heel height 

 

(a) 

 

 

(b) 

 

Figure provides a bar chart of the mean modelled linear difference (in mm) of (a) the linear distance between 
heel length (HL) and heel height (HH) after a previous trim (apt) and before the current trim (bct), for all horses 
combined, and (b) by size category. Note: different letters a or b after values, indicate a significant difference 
between means at P≤0.05.  Error bars show standard error of mean. 

 

In addition, the two-factorial analysis with ‘Time’ (apt and bct), as the first factor, and ‘Size 

category’ (1 – 4) as the second factor, showed that there were also differences among the size 

categories at each of the two levels of ‘Time’. While the Horses >149cm (size category 4) 

were significantly different from any other category, the means of the Small Pony <120cm 

group (size category (1)), and the Pony <140cm group (size category (2)), do not 

significantly differ from one another, nor do the means of size categories (2) and the 

Galloways 140-149cm group (size category (3)) (Table 4.2). Overall, a clear trend of an 

increase of the difference between HL and HH with increase in size of the horse was 

observed.  
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Table 4.2: Linear difference between heel length and heel height 

Time Size category 

1 2 3 4 

Apt 2.1 a 4.1 a,b 4.8 b 6.5 c 

Bct 5.2 a 7.3 a,b 9.0 b 10.8 c 

Table provides mean modelled linear differences (in mm) of the linear difference between heel length (HL) and 
heel height (HH) of various size categories of horses, after a previous trim (apt) and before the current trim 
(bct). Note: Different letters a, b or c after values indicates a significant difference between means of the same 
trim at P≤0.05. The average standard error of the difference of the means is 1.076 at the same level of the 
‘Time’ factor. Key: Size category 1, small pony < 120cm; 2, pony <140cm; 3, Galloway 141‒149cm; 4, horses > 
149cm. 

 

These statistical modelled mean figures can be compared to the absolute linear distance 

values for all horses, which resulted in an apt range of 0-15mm, and bct of 0-50mm distance 

between HL and HH. The lowest individual measurement was for a Small Pony <120cm 

(MS248 110cm) with a trimming interval of 14 days of apt of 0mm and bct of 0mm. The 

highest individual measurement was for a Horse<149cm (MS252 170cm) with a trimming 

interval of 152 days (approximately 5 months) of apt of 25mm and bpt of 50mm. 

4.3.3 Parameter 3: HL:HH ratio apt and bct 

The parameter (3) results of the ratio of the heel length to the heel height (HL:HH) provided a 

fundamental way of investigating potential changes in proportion between the two 

measurements over time. Figure 4.8 provides a boxplot of the unmodelled ratios of all 

individuals participating in the study after the previous trim and before the current trim. 

Again, a positively skewed distribution is evident, is likely to have been caused by a greater 

than average number of repeated measurements on individuals in the lower range of the ratios 

and an increase in the variability of the data. However, despite this, a general increase in the 

HL:HH ratio between the two trims appears to be present. 
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Figure 4.8: Ratios of individuals participating in the study 

 

Figure provides a boxplot of the unmodelled ratios of heel length and heel height of all individuals participating 
in the study after the previous trim and before the current trim. Again, a positively skewed distribution is 
evident, likely to have been caused by a greater than average number of repeated measurements on 
individuals in the lower range of the ratios and an increase in the variability of the data. However despite this, 
a general increase in the HL:HH ratio between the two trims appears to be present. Error bars show standard 
error of mean. 

 

The statistical comparison of the modelled mean ratios of HL and HH after a previous trim 

and before the current trim showed a significant difference at P ≤0.05 between all apt/bct 

pairs (Figure 4.9).  
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Figure 4.9: Mean modelled ratios between heel length and heel height 

 

(a) 

 

 

(b) 

 

Figure provides bar charts of the mean modelled ratios between heel length (HL) and heel height (HH) after a 
previous trim (apt) and before the current trim (bct), (a) for all horses combined, and (b) by size category. 
Note: different letters a or b after values, indicate a significant difference between means (within a size 
category) at P≤0.05. Error bars show standard error of mean. 

 

In all cases, the ratio increased between trims, indicating that HL grows at a 

disproportionately higher rate than HH. In addition, two trends can be detected in the data: 

(1) an increase in the HL:HH with increase in size category, indicating that the Small Pony 

<120cm group (size category (1)) appear to have steeper hoof angles, while the Horse 

>149cm group (size category (4)) appear to have relatively shallower hoof angles, allowing 

the hoof to have a proportionately larger palmar surface than the Small Pony <120cm group; 

(2) a slight but consistent faster increase of the ratio between HL and HH from the Small 
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Pony <120cm group (size category (1)) (increase ratio of 0.075 between trims) to the Horse 

>149cm group (size category 4) (increase ratio of 0.112 between trims) over time. This 

indicates a difference in the rate that the hoof grows forward of a ratio of 0.037 from the 

Horse >149cm group to the Small Pony <120cm group.  

From Table 4.3 it can be observed that before a current trim for size category 4, the HL:HH 

ratio was highest, and significantly different from the other groups (P≤0.05), while the pairs 

of size category 1 and 2 and size category 2 and 3 were lower, though not different from one 

another. Before the next trim and after a number of weeks of growth, the HL:HH ratio of size 

category 4 was still significantly higher (P≤0.05) than those of size categories 1 and 2, but no 

longer different from size category 3. Again the differences within the pairs of size category 1 

and 2 and 2 and 3 were not significant, verifying a gradual but overall incremental trend to 

higher HL:HH ratios with increase in horse size. 

Table 4.3: Modelled mean ratios between heel length (HL) and heel height 

Time Size category 

1 2 3 4 

Apt 1.093 a 1.166 a,b 1.198 b 1.250 c 

Bct 1.168 a 1.257 a,b 1.312 b,c 1.362 c 

Table provides mean modelled ratios between heel length (HL) and heel height (HL) of various size categories 
of horses, after a previous trim (apt) and before the current trim (bct).Note: different letters a, b, and c after 
values indicates a significant difference at P≤0.05 between means of the same level of the factor ‘Time’. The 
average standard error of the difference of the means is 0.5757 at the same level of the ‘Time’ factor. Key: Size 
category 1, small pony < 120cm; 2, pony <140cm; 3, Galloway 141‒149cm; 4, horses > 149cm. 

 

4.3.4 Parameter 4: Average daily growth rate (in mm/d) of HL and HH between trims 

The average daily growth rate of HL and HH was determined by dividing the difference 

between HL (or HH) as measured after a previous trim and before the current trim by the 

number of days between the two trims. The range and distribution of the unmodelled data for 

the average daily growth rate of HL and HH are presented in Figure 4.10 and show a strongly 

positively skewed data set.   
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Figure 4.10: Average daily growth rates (in mm/day) of heel height and heel length 

 

Figure provides a boxplot of the unmodelled average daily growth rates of heel length (HL) and heel height 
(HH) of all individuals participating in the study after the previous trim and before the current trim. Error bar 
shows standard error of mean. 

 

The average daily growth rate of HH and HL (Figure 4.11) shows a statistical comparison of 

the means by size category, indicating that the average daily growth rate of HL of the Small 

pony <120cm group was significantly (at P≤0.01) higher than that of any of the other three 

size categories, which did not differ significantly from one another. Similarly, the average 

daily growth rate of HH of the Small Pony <120cm group was significantly (P≤0.05) higher 

than that of the Pony <140cm group (Size category 2), and significantly (P≤0.01) higher than 

those of the Galloway 140-149cm group, and the Horse >149cm group, size categories 3 and 

4. The difference in HL growth rate between size categories 2 to 4 was not significant, similar 

to the results of HH measurements. When comparing the average daily growth rate of HL and 

HH, in all instances, the difference between the two was significant (P≤0.05), with HL 

growth consistently higher than that of HH. 
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Figure 4.11: The daily growth rates (in mm/day) of heel height and heel length 

 

(a) 

 

 

(b) 

 

Figure provides bar charts of the mean modelled average daily growth rates (in mm/day) of heel height (HH) 
and heel length (HL) after a previous trim (apt) and before a current trim (bct), for (a) all horses combined, and 
(b) by size category. Note: different letters a, and b after values indicate a significant difference between 
means (within a size category) at P≤0.05. Error bars shows standard error of mean. 

4.4 Discussion 

This study showed that within all four size categories (1 – 4) there is an incremental increase 

in heel length to heel height ratio (HL:HH) as the hoof capsule grows over time. This is the 

most important finding from study two, which is in agreement with the study hypothesis that 

as the hoof capsule grows, the proportion of heel length (HL) to heel height (HH) changes, so 

that scaling of the growing hoof capsule as defined by the HL:HH is unequal. This result was 
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significant in all four size categories of horses, allowing the null hypothesis that the hoof 

capsule shape scales equally to be rejected. The identification of equine hoof capsule growth 

scaling allometrically has not been previously documented. This finding may be important, 

due to the potential to cause a redistribution of hoof capsule strain patterns from a variation in 

hoof shape, rather than a uniform distribution, which was observed by Thomason et al. 

(2003). 

The large variability in height of the horses (70cm – 178cm) meant that inclusion of size 

categories allowed horses with differing hoof sizes to be segregated, so that comparisons 

could be made within the groups and across the groups. This grouping method has resulted in 

the small pony <120cm group being identified as different from all other horses, information 

that can be used by hoofcare practitioners regarding trim frequency. The results from this 

study show that the standard farrier trimming frequency of 6-8 weeks (Stashak 2002; Parkes 

2003; Butler 2004) for horses, may need to be revised for the small pony <120cm group to 

gain the benefit from a shorter trimming interval. The apparent need for more frequent 

trimming of the small pony<120cm group may explain the higher level of pathology found in 

this sub-group; previously receiving less frequent trimming from farriers.  The trimming 

intervals of all other groups of horses may also need reducing if the HL:HH is to be 

maintained at constant lower levels. 

The use of size categories was also useful in identifying the large variation in HL and HH 

between horses (MS248 a Small Pony <120cm, and MS252 a Horse >149cm). This allowed 

the range of both individual hoof HL and HH after a previous trim and before a current trim 

to be identified, and how the range in individuals compared to the variation in the sub-groups, 

and comparison between groups. These results are useful in establishing normal and 

abnormal ranges of hoof shape for the domesticated Australian riding horse population, 

which can be compared to semi-feral and feral horse studies (Frackowiak and Komosa 2006; 

Gordon et al. 2012; Hampson et al. 2013). Collecting detailed information of hoof shape from 

individuals and from size category groups is in agreement with Thomason et al. (2003), who 

concluded that information of individual horses was important due to the subtle changes in 

hoof wall strain and loading of the hoof shapes from one individual to another.  

The trend toward an overall increase in hoof angle shown by parameter three, (calculating the 

ratio of HL to HH), with the small pony <120cm group steeper than the Horse >149cm 

group, is in agreement with anecdotal field observations (Lupton 2009). A faster average 

daily growth rate of HL to HH (parameter four), compared to that in the other size categories, 
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may explain the lower HL:HH ratio and steeper hoof angle for the small pony <120cm group. 

The results of this study showed the hooves of this sub-group appeared to grow 

proportionately more at the heel compared to the other horses’ heels; which was also 

observed by Lupton (2009).   

The faster growth rate of the heels of the small pony <120cm group compared to all other 

horses was an unexpected finding. It was assumed that all horses’ hooves grew at the same 

rate (6 – 10mm per month [Stashak 2002]), as there were no citations found to indicate to the 

contrary, with Wood (2010) stating that hoof size has no effect on hoof growth rate. 

However, the faster growth rate of hooves for the small pony <120cm group may be 

attributable to:  

1. The relationship of heart rate to body size (Schwazwald 2012), with horses of a lower 

body weight having a higher heart rate compared to heavier horses. In horses with a 

higher heart rate, hoof growth per month is increased compared to horses with a 

lower heart rate (Butler 2004).  

2. The thicker hoof walls of small ponies noted by Lupton (2009) affects the flexural 

properties of the hoof wall, so that combined with a lower body weight of this group, 

heel expansion is reduced, having the potential to affect palmar hoof loading and 

heel growth; the details of which are unclear.  

3. An abbreviated palmar process of the distal phalanx, similar to the steep hoof of a 

foal with underdeveloped palmar processes (Thielen et al. 2009).  The phenomenon 

of an underdeveloped palmar process was also found in a sample of feral horses’ 

hooves (Hampson et al. 2010).  

The faster rate of heel growth of the small pony <120cm group may contribute to the number 

of ponies with chronic laminitis. Of the total group of 96 horses, 8 (8.3%) had pre-existing 

hoof pathology and appeared chronically laminitic.  Of the 8 horses, 3 (37.5 %) were from 

the small pony <120cm group, which represented 3.1% of the total group of 96 horses. The 

prevalence of lamintitis and the proportion of ponies to horses affected may or may not be 

representative of the whole Australian riding horse population.  Currently statistics on the 

number of Australian riding horses with laminitis is unavailable, making it difficult to 

compare expected values to observed values of heel length to heel height. A study of feral 

horses (Hampson 2011) showed that 40% of horses had clinical signs of laminitis (acute and 

chronic).  A survey from the UK (Slater 2016) showed that laminitis (acute and chronic) 
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affected 10.5% of 16,700 horses.   In a prospective cohort study in the UK of active (acute) 

laminitis (Wylie et al. 2013), 0.5% of the horses were affected; no figures of chronic laminitis 

were supplied. The HL to HH results of the other ponies within the small pony <120cm group 

that were not laminitic (n=5), were comparable to the ones with chronic laminitis, which 

either means there were ponies in the group that were undiagnosed with chronic laminitis, or 

the factors 1 – 3 listed above are applicable. 

The variability of the equine hoof shape as it grows from after a previous trim to before a 

current trim was clearly quantifiable by a change in HL:HH; which was consistent throughout 

all size categories. The calculation of the HL:HH allowed a distinction in hoof shapes 

between divergent and convergent, so that after a previous trim where HL:HH was lower, 

hoof capsule shape was divergent, compared to the hoof capsule shape before a current trim, 

where HL:HH was higher and the hoof capsule shape appeared convergent. The change in 

HL:HH of the continually growing hoof can be viewed as the inevitable result of the oblique 

orientation of the hoof capsule to the limb. 

The HL:HH ratio appeared to be associated to heel angle, where a lower HL:HH appears to 

represent a higher heel angle, and a higher ratio appears to represent a lower heel angle. This 

is useful when distinguishing the difference between a hoof with a collapsed or underrun heel 

with low heel height, but with high heel length, and a hoof with a steeper heel angle and a 

low heel. The HL:HH is somewhat comparable to the heel collapse index (HCI) proposed by 

Eliashar et al. (2004), where, if the dorsal wall and heel angles are equal (e.g. 45° to 45°), the 

HCI is equal to 1.  While the HCI may allow a helpful interpretation of the divergence and 

convergence of the hoof from radiographs or digital photographs, the HL:HH offers 

quantification in the field. 

A definition of normal hoof shape remains a debatable issue (Bellanzani and Davies 2013). 

This study has revealed important information about the scaling properties of the horse’s hoof 

that is useful in the understanding of what is normal hoof shape, potentially allowing early 

intervention to prevent long-term damage and lameness. The use of sample hooves 

referenced as normal in research (Cripps and Eustace 1999), may need further description as 

clearly many are converging in shape (as described in section 3.2.2).  The addition of further 

categorizing hooves as diverging or converging, could be useful in identifying the stage of 

growth, allowing more detailed comparisons to be made. This study offers a reliable method 

of referencing the hoof shape for this purpose. The study of HL and HH to define the stage of 

growth also gives clues to the different effects on the biomechanics of the hoof.  A change in 
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biomechanics quantified by an increase in the DIP joint moment arm was observed in a group 

of horses between an eight week trimming interval, which Moleman et al. (2006) concluded 

would increase the loading of the deep digital flexor tendon. While Moleman et al. (2006) 

quantified a decrease in hoof angle (toe angle) in this group of shod horses, the divergence 

and convergence of the hoof capsule was not quantified.  

Despite being resource efficient, study two had some limitations. The nature of this field 

study offered no formal comparison and was limited to descriptive observations of a 

convenience sample of Australian riding horses, so that the chance mechanism of a random 

sample may be affected. The collection of all data points by the author alone creates further 

bias association, which is balanced by the consistency of one operator collecting all data. Bias 

was created with size category one, small pony <120cm, being trimmed more frequently than 

the other three groups (modelled mean of 13.1 compared to size category 4 Horse>149cm, 

6.4), and by all of the samples having non-sequential trimming dates. This is a flaw in the 

study design, which was addressed by the addition of a Residual Maximum Likelihood 

(REML) test to the linear mixed model, enabling significance levels to reflect the true values 

of the proportional differences identified between HL and HH in all groups, so that bias was 

removed. Data were collected from the lateral heel, a comparison to the medial HL:HH was 

not quantified. Also not quantified was the bar horn length and height, and the palmar 

collateral groove height, which would be useful to include in future studies to further quantify 

the hoof shape changes with growth. All hooves were unshod so no comparison to shod 

hooves was made.  

A comparison of the HL:HH to HA is limited in this study due to the dimensional differences 

in the collection methods of the live horse (HL:HH) and photographs (HA). Collecting 

accurate measurements of hooves is problematic, while the margin of error was minimised 

using standard data collection protocols (chapter 2), the measurements were limited to the 

nearest mm. Future studies for quantifying the heel of the equine hoof, may make use of 

novel techniques that use three dimensional quantification of the hoof, such as 

photogrammetry (Malone et al. 2014), offering high levels of accuracy to help further 

minimise the margin of error. 

The large sample size, where data were collected over an extended study period, allowed 

observations to be made of the change in hoof shape as the hoof grows, including a 

comparison between heights of horses. Calculating the ratio of the HL to HH using a linear 

rule by millimetre in the field, provides a readily obtainable quantification of the hoof shape 
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factors involving the heel for the practitioner, so that scaling allometry may be recognised. 

This technique may be less problematic than obtaining the heel angle in the field for the same 

purpose. Although it is noted that the method of calculating the HL:HH does not replace the 

calculation of heel angle from a two dimensional photograph, it does allow a three 

dimensional representation of a noticeable changes in heel angle through the increase and 

decrease of the HL:HH. 

 

4.5 Conclusion 

In conclusion, the results from this study show that a scaling allometry occurs with normal 

hoof growth. As the hoof grows, the proportion of the heel length to heel height increases, so 

that heel angle appears to decrease.  This study highlights gaps in previous literature 

regarding interpretation of hoof capsule shape and what represents normal hoof capsule 

shape, implying there is a need for further qualification of hoof capsule shape at a point in 

time.  Such clarification will allow a more detailed investigation of the biomechanics of the 

hoof at varying stages of growth of the hoof capsule. It appears that all horses’ hooves lose 

their scaling proportion as they grow and that the smaller the hoof, the faster this may occur. 

The methods developed in this study allow a field measurement indicator of heel angle, so 

that collapsed and underrun heels and other types of potentially damaging hoof asymmetry 

can be prevented by regular monitoring.   

The clinical relevance of this study indicates that if scaling properties are to remain constant 

so that hoof shape maintains its divergence or truncated oblique cone shape, trimming 

frequency must be increased; with recommendations of three weeks for horses, and two 

weeks for the small pony <120cm group. Relevance for researchers of the equine hoof is in 

the benefits of specifying the hoof capsule shape more precisely, so that at the point in time 

the hoof is studied the exact shape is quantified and recorded for comparative purposes. This 

additional detail would be helpful in the process of establishing baselines for hoof shape and 

hoof health.  

The relatively simple observation regarding hoof capsule growth scaling proportions does not 

appear to be discussed in the current literature; although asymmetry and dorsopalmar hoof 

balance of the hoof is often cited.  Due to the potential of the asymmetrical hoof to alter hoof 

mechanics, further investigation of the consequences of hoof shape variability to hoof health 

is warranted.  
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Future studies should be aimed at comparing the changes in hoof capsule deflections that 

occur between the diverging hoof capsule shape of the freshly trimmed hoof, and the 

converging hoof capsule shape of the untrimmed hoof, when subject to load. This may be a 

useful step forward to quantifying the potential effects to hoof health of any changes in 

deflection of the hoof wall, bar horn, collateral groove, and sole. 
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5 STUDY 3: BIOMECHANICS OF THE EQUINE HOOF  

5.1 Introduction  

During locomotion at the support phase of stance the external hoof capsule is known to 

deform (Goodman and Haggis 2008), so that the hoof capsule displacement variable 

quantities can be measured. Previous studies have quantified hoof shape of unloaded cadaver 

hooves in relation to catastrophic injury (Kane et al. 1999), concluding that horses with 

hooves with a greater surface area were less likely to be injured. Changes in external hoof 

shape have been compared to changes in internal hoof mechanics as the hoof grows 

(Moleman et al. 2006), noting there were differences between the untrimmed and the 

trimmed hooves. Studies have compared changes in external hoof shape as the hoof grows 

(Oosterlinck et al. 2011), concluding that the freshly trimmed hoof has a greater contact area. 

While the surface area of the external hoof and the changes between the untrimmed and 

trimmed hooves appear important, the above studies have not compared the results of the 

unloaded sample hoof capsule to the changes in displacement of these hooves in a loaded 

situation. 

Studies have been conducted to quantify the hoof wall strain under differing conditions in 

vivo (Thomason 1998), and have quantified the hoof wall strain in vitro (Bellenzani et al. 

2007). Computer modelling studies have been conducted to build theory of the normal 

geometry of hoof capsule displacement in response to load (McClinchey et al. 2003; Salo et 

al. 2010; Ramsey 2011). In the above studies, the comparative displacement of the in vitro 

hoof capsule under a static vertical load for the untrimmed and freshly trimmed hoof shapes 

was not quantified, representing a knowledge gap in the understanding of the relationship of 

hoof shape and hoof health.  

The differences in the external hoof shape variable quantities, of the untrimmed converging 

and freshly trimmed diverging hoof shapes, were used as the theory base for a comparison of 

hoof shapes loading study. The converging hoof shape is described as occurring as a result of 

continuous growth that has not worn away before a current trim, distinguishable by a 

shallower heel angle (<45°); the diverging hoof shape is described as occurring as a result of 

natural wear of the hoof capsule or immediately after a previous trim, distinguishable by a 

steeper heel angle (>45°).  



159 
 

A full description of the identified differences of the untrimmed converging and freshly 

trimmed diverging hoof shapes was made using variable quantities and ratios taken from the 

set of measurements developed in study one (chapter 3) of the external and internal hoof.  

The hoof shape variable quantities that describe the converging and the diverging hoof shapes 

differ, so that each of the variables was quantified or its magnitude qualified to describe the 

converging and the diverging hoof shape. The most obvious difference between the two hoof 

shapes was a change in the dorsal hoof wall angle (DHWA) to heel angle (HA) when the 

hooves are viewed in lateral aspect. Calculated as a ratio, known as the heel collapse index 

(HCI) (Eliashar et al. 2004), the converging and diverging hoof shapes are defined by the 

converging hoof having a HCI >1.00, for example, DHWA 50° to HA 43° results in a HCI of 

1.16; and by the diverging hoof having a HCI <1.00, for example, DHWA 45° to HA 47° 

results in a HCI of 0.96; a parallel dorsal hoof wall angle (45°) to heel angle (45°) results in a 

heel collapse index of 1.00. The differences between the converging and diverging hoof 

shapes are summarised in Table 5.1.   
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Table 5.1: Summary comparison of variable quantities identifying the converging and the  
                   diverging hoof shapes 

Variable Converging Hoof Shape (CHS) Diverging Hoof Shape (DHS)   

Angles 

DHWA° < or >45° 45° 

HA° <46° >45° 

PA° * higher (>0°) lower (0°) 

PCGA° * higher lower  

Linear distances 

BL mm longer shorter 

PCGH mm * higher lower 

PPCG–PNBD mm * shorter longer 

WBL mm shorter longer 

HH mm higher lower 

HL mm longer shorter 

HQ mm higher lower 

QR mm not present height at mid-point 1-3mm 

TQ mm lower higher 

Ratios 

HCI  higher (>1.00) lower (<1.00) 

TQ:HQ  lower (<1.90:1) higher (>1.90) 

HL:HH  higher (>1.25) lower (<1.25) 

Table shows example quantities and magnitudes to describe the untrimmed converging and the freshly 
trimmed diverging hoof shapes.  Key: DHWA, dorsal hoof wall angle; HA, heel angle; PA, palmar angle; PCGA, 
palmar collateral groove angle; BL, bar length; PCGH, palmar collateral groove height; PPCG-PNBD, proximal 
palmar collateral groove to palmar navicular bone distance; WBL, weight-bearing length; HH, heel height; HL, 
heel length; HQ, heel quarter; QR, quarter relief, TQ, toe quarter; HCI, heel collapse index; TQ:HQ, toe quarter 
height to heel quarter height; HL:HH, heel length to heel height ratio; * = measurements identified by 
radiograph. 
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5.2 Study aims    

The main aim of this study is to address the existing knowledge gap by:   

1. verifying predicted outcomes (listed below 5.2.1) of the way that the untrimmed 

converging hoof and the freshly trimmed diverging external hoof capsule shapes will 

displace under load, by quantifying the mechanical responses of the hoof capsule 

displacement of the two hoof shapes;  

2. investigating if the heel angle, and the height and angle of the palmar collateral 

groove, influence the direction in which the palmar hoof wall displaces under load 

and have the potential to affect internal hoof health. 

By subjecting the untrimmed converging hoof shape and the freshly trimmed diverging hoof 

shape to a static vertical load, external hoof capsule displacement factors can be quantified 

and compared, allowing the investigation of the second of the four study hypotheses:  

Hypothesis 2 Heel angle and palmar collateral groove height and angle, affect the 

displacement of the external hoof capsule when subjected to a static 

vertical load, so that the weight-bearing length changes.  

5.2.1 Loading Case Study Predictions 

The sample cadaver hoof used in the case study was predicted to react differently to pre-

determined loading conditions if the shape changed from untrimmed to freshly trimmed hoof 

shapes, being influenced primarily by the angle of the heel and the height of the palmar 

collateral groove. The pivotal aspects of the predicted reactions of the untrimmed converging 

hoof shape to an increase in vertical load are: 

1. the angle of the heel decreases; 

2. the height and angle of the palmar collateral groove increase; 

3. the effect of (1) & (2), when combined with the descending navicular bone 

(forced down by the middle phalanx), causes a compressive action; 

4. the action of (3) has the potential to damage the health of the corium and 

the structures of the podotrochlear apparatus.  
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The pivotal aspects of the predicted reactions of the freshly trimmed diverging hoof shape to 

an increase in load are: 

1. the angle of the heel increases; 

2. the height and angle of the palmar collateral groove decrease; 

3. the effect of (1) & (2), when combined with the descending navicular bone 

(forced down by the middle phalanx), does not cause a compression action; 

4. the action of (3) has the potential to allow the corium and the structures of 

the podotrochlear apparatus to function free from damage.  

The expected outcomes for all sixteen variable quantities of the hoof capsule displacement of 

the untrimmed converging and freshly trimmed diverging hoof shapes, when subjected to 

vertical load, are summarised in Table 5.2. An explanation of the expected outcomes is 

shown as a schematic in Figure 5.1. 
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Table 5.2: Summary predictions of the hoof capsule displacement from loading a cadaver 
hoof when untrimmed and trimmed 

Variable Predicted reaction of an 
increased load on the 

untrimmed converging hoof 
shape  

Predicted reaction of an 
increased load on the freshly 

trimmed diverging hoof 
shape 

Angles 

DHWA° decrease decrease 

HA° decrease increase 

PA° * decrease decrease 

PCGA° *  increase decrease 

BHTA° decrease increase 

Linear distance 

BL mm decrease increase 

PCGH mm * increase decrease 

PCG–PNBD mm * decrease increase 

WBL mm decrease Increase  

HH mm decrease decrease 

HL mm increase decrease 

HQ mm  decrease decrease 

QR mm not present decrease 

TQ mm decrease decrease 

Ratios 

HCI  decrease  increase 

TQ:HQ  decrease decrease 

HL:HH  increase decrease 

Table shows predicted reactions of the displacement of the hoof capsule to a 500kg increase of vertical load to 
a cadaver hoof when untrimmed, and freshly trimmed. Key: DHWA, dorsal hoof wall angle; HA, heel angle; PA, 
palmar angle; PCGA, palmar collateral groove angle; BHTA, bar horn tubule angle; BL, bar horn length; PCGH, 
palmar collateral groove height; PPCG-PNBD, proximal palmar collateral groove to palmar navicular bone 
distance; WBL, weight-bearing length; HH, heel height; HL, heel length; HQ, heel quarter; TQ, toe quarter; HCI, 
heel collapse index; TQ:HQ, toe quarter height to heel quarter height; HL:HH, heel length to heel height ratio; * 
= measurements identified by radiograph. 
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Figure 5.1: An explanation of the predicted palmar hoof capsule displacement as a 
mechanical response to an increase in vertical load  

 

                                                                   

 

 

 

                            

                                

 

 

Figure shows schematics explaining the predicted palmar hoof capsule displacement as a mechanical response to 
an increase in 500kg vertical load of the two differing hoof shapes of the untrimmed converging hoof shape and 
freshly trimmed diverging hoof shape, in lateral view, where: (a) in a low heel angle (<45°), high collateral groove 
height and angle of the untrimmed hoof, the palmar collateral groove height and angle increase when the hoof is 
subejcted to the loading conditions; and (b) in the higher heel angle (>45°), lower palmar collateral groove height 
and angle of the trimmed hoof, the palmer collateral groove angle decreases as the hoof is subjected to the 
loading conditions.                                   

           

5.3   Materials and Methods  

Study design: An exploratory case study. 

5.3.1 Loading Case Study Hoof 

The data were collected from a single cadaver right front hoof from a not-lame, 13-year old 

Thoroughbred horse. The digit was detached at the inter-carpal joint at slaughter and chilled 

at 2° C. Four hours later, the cadaver hoof was collected from the slaughter house, kept on ice 

overnight to maintain freshness, preceding the loading case study the following morning. 

5.3.2 Loading Case Study Data Collection 

The cadaver hoof used for the loading case study  presented as an untrimmed converging 

hoof shape, quantified by measurements that were collected directly from the hoof and from 
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photographs of the dorsal, lateral, medial, heel, bulb and solar views of the hoof to verify the 

hoof shape parameters. To prepare for the loading test, the hoof was dissected from the digit, 

and the middle phalanx removed. A portion (200 mm) of the deep digital flexor tendon 

(DDFT) was retained, extending proximally from the hoof at the coronary band. The retained 

DDFT was secured with a nut and bolt to a stirrup leather which was tensioned, to provide an 

opposing force to the extensor joint moment arm lever of the distal interphalangeal joint. This 

arrangement allowed equilibrium of force with the flexor joint moment arm lever, preventing 

elevation of the toe when the vertical load was applied. When the testing of the converging 

hoof shape in the unloaded and loaded positions was completed, the hoof was trimmed to the 

diverging shape and measurements collected to confirm the diverging hoof shape parameters. 

Photographs of the sample hoof in both the untrimmed converging and freshly trimmed 

diverging hoof shape in lateral view are shown in Figure 5.2. 
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Figure 5.2: Right front sample cadaver hoof of a 13 year old Thoroughbred horse 

Converging hoof shape 

 

(a) 

 

 

(b) 

 

Diverging hoof shape 

 

(c) 

 

 

(d) 

Figure shows photographs of the right front sample cadaver hoof to be tested where: (a) the cadaver hoof 
lateral view as a converging hoof shape, (the image shows the hoof before it was dissected from the digit), the 
locations of the dorsal hoof wall angle (green lines) and heel angle (red lines) are indicated; (b) the same hoof 
as (a), medial view; (c) the same cadaver hoof lateral view, freshly trimmed to a diverging hoof shape, 
indicating the deep digital flexor tendon (DDFT) still present  (black arrow), and the addition of a quarter-relief 
in the heel quarter of the hoof wall; the location of the dorsal hoof wall angle (green lines) and heel angle (red 
lines) are indicated; (d) the same hoof as (c), medial view showing the quarter relief in the region of the heel 
quarter. 

 

Radio opaque markers (soldering wire) were placed on the lateral heel, mid-dorsal wall, and 

frog apex, and secured in place with duct tape; a marker was also placed on the proximal 

palmar collateral groove – firmly pushed into place with the point of a hoof pick. The 

prepared hoof was positioned on a wooden board so that its palmar surface was in contact 

with the board, which was placed immediately on top of metal cattle scales (Ruddweigh 

2000kg), parallel to the level ground. The cattle scales were calibrated to zero kilograms; 

measurements were recorded in 5.0 kg increments. A stirrup leather was secured with its own 

buckle to a metal beam and tensioned, allowing the hoof to approximate the standing horse, 

 

 
Quarter relief 

Quarter relief 

DDFT 
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where the joint moment arm levers of the extensor and flexor tendons were at equilibrium, 

allowing the palmar surface of the hoof to remain in contact with the wooden board both at 

the toe and the heel. A metal sleeve containing a middle phalanx and proximal phalanx was 

positioned on the distal phalanx joint surface (with navicular bone in situ). This arrangement 

allowed the digit to remain stable as a vertical load was applied. The load was applied via a 

car jack (hydraulic bottle automobile jack 10 tonne), which was positioned on the proximal, 

level surface of the metal sleeve (Figure 5.3). 

A lateromedial horizontal digital radiographic image was taken with a portable x-ray machine 

(Medison Acoma Co. Ltd, model VR-1020, using a 24cm x 30cm Fujifilm IP cassette, type 

CC) of the converging hoof shape in the unloaded position; this image alignment served as a 

comparison with both the loaded converging hoof shape situation, and the freshly trimmed 

diverging hoof unloaded and loaded results. The static longitudinal (vertical) force was 

applied via the car jack to the hoof, the cattle scales recording a load magnitude of 500 kg 

(4905N), equivalent to a horse of the approximated body weight of 500kg at the mid-stance 

phase of trot (McLaughlin et al. 1996). The converging hoof was then radiographed in the 

loaded position.  

The cadaver hoof was recovered then pared back to a diverging hoof shape, this involved the 

following trimming procedure: (a) reducing the heel height and the heel length, which 

resulted in decreasing the heel length to heel height ratio and increasing the weight-bearing 

length measured by millimetre of the palmar hoof; (b) reducing the bar horn height and 

length so that the bar horn was no longer than the estimated bar lamellae corium length; (c) 

reducing the weight-bearing length in the dorsal hoof by rasping the dorsal hoof wall 

perpendicular to a horizontal surface to reduce its length at the ground- bearing border; (d) 

reducing the weight-bearing length of the lateral and medial walls by rasping to reduce their 

length at the ground-bearing border to remove ‘flaring’; (e) applying a quarter-relief of 3mm 

at its highest point to both the lateral and medial heel quarters (Figure 5.2 (b)); (f) trimming 

the length of the frog at its apex so that it estimated the deepest part of the distal phalanx 

concavity on its palmar surface; (g) trimming the surface of the solar horn so that it radiated 

dorsally from the apex of the frog and was smooth (not uneven) when palpated; (h) ensuring 

there was a defined demarcation between the bar horn and the frog horn in the proximal 

collateral groove. 
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The radio opaque markers were re-applied as for the untrimmed converging hoof shape. The 

freshly trimmed diverging hoof was then set up for testing, in the same way as for the 

untrimmed converging shape. First, the lateromedial radiographic image of the unloaded 

freshly trimmed diverging hoof shape was collected, and then when the hoof was checked 

and repositioned, load was applied to approximate 500kg, the second image was taken with 

the freshly trimmed diverging hoof in the loaded position.  

Figure 5.3: Loading trial mechanism 

 

(a) 

 

 

(b) 

 

Figure shows photographs of the loading trial mechanism, showing: (a) an example of a prototype loading trial 
arrangement where the flexor joint moment arm lever of the distal interphalangeal joint was recreated with a 
stirrup leather attached to the dorsal wall (red arrow), which travelled along the palmar surface of the hoof, 
and then was attached vertically to the metal cross beam (black arrow); this arrangements was discarded in 
favour of the configuration in (b) showing the final testing configuration with the revised DDFT and stirrup 
leather arrangement, where the DDFT was bolted to the stirrup leather (green arrow), which was attached to 
the cross beam (red arrow) so that tension was maintained, the hoof is in the loading mechanism ready for 
testing in the unloaded position, the portable radiograph machine (Medison Acoma Co. Ltd, model VR-1020) is 
in situ for the lateromedial digital radiographic image to be collected (using a 24cm x 30cm Fujifilm IP cassette, 
type CC). 

 

5.3.3 Loading Case Study Data Analysis 

Data analysis involved testing the null and alternative hypotheses:  

H0:  heel angle, palmar collateral groove height, and palmar collateral groove angle 

does not affect hoof capsule displacement of the weight-bearing length. 

H1:  Heel angle, palmar collateral groove height, and palmar collateral groove angle 

affect hoof capsule displacement of the weight-bearing length.  
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The acquired angles, linear measurements, and calculated ratios were compared between the 

unloaded and loaded radiographic images of the same shape, and between the two hoof 

shapes, to provide data to test the null hypothesis. The untrimmed converging and freshly 

trimmed diverging hoof shapes were quantified using ImageJ measuring software from a 

radiographic image, converted for such purpose using the standard application protocol via 

Digital Imaging in Communications in Medicine (DICOM), with the results recorded on an 

Excel spread sheet. Where applicable, these measurements were checked against those 

collected photographically for validation purposes. 

5.4  Results 

5.4.1 Verification of hoof shapes  

The results of measuring the untrimmed and the freshly trimmed hoof verified their 

converging and diverging hoof shapes. The differences in the external hoof variable 

quantities between the untrimmed and freshly trimmed hoof shapes resulted in the untrimmed 

converging hoof shape showing a 6.9° decrease in dorsal hoof wall angle when trimmed to 

the diverging hoof shape, and an increase of 13.3° in heel angle from the untrimmed to 

freshly trimmed hoof shapes; resulting in a decrease in heel collapse index of 0.52 from 1.50 

to 0.98.  The heel length to heel height ratio decreased from 1.29 to 1.08, and the toe quarter 

height to heel quarter height ratio increased from 1.25 in the untrimmed hoof to 1.82 in the 

trimmed hoof. The untrimmed hoof bar horn length was 49.0mm, which in the trimmed hoof 

was manipulated so the bar horn apex corresponded to the estimated length of the bar 

lamellae corium apex, resulting in a length of 26.0mm, a decrease of 23.0mm compared with 

the untrimmed hoof. There was no defined quarter-relief on the untrimmed hoof, whereas a 

quarter-relief measuring 3mm at its highest point was pared into the lateral and medial heel 

quarter of the trimmed hoof. The unweighted weight-bearing length decreased from 140.6mm 

in the untrimmed hoof to 139.4 in the trimmed hoof. The variable quantities viewed from 

digital radiographs of the change in internal hoof variable quantities relative to the external 

hoof showed a decrease in palmar angle of 7.1° between the untrimmed and trimmed hoof, 

from 8.3° to 1.2° respectively. There was also a decrease in palmar collateral groove angle of 

36.3°, and a decrease in palmar collateral groove height of 16.9mm between the untrimmed 

and the freshly trimmed hoof.  The proximal palmar collateral groove to palmar navicular 

bone distance increased by 2.0mm, Table 5.3. 
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Table 5.3:   Variable quantities for the sample hoof untrimmed converging and trimmed 
diverging hoof shapes 

Variable Converging hoof 
shape quantity 

Diverging hoof 
shape quantity 

CHS:DHS Comparison 
Difference in units 

DHWA °  57.1 50.2 ↓ 6.9° 

HA °  38.0 51.3 ↑13.3° 

BL mm 49.0 26.0 ↓ 23.0mm 

HH mm 38.7 23.0 ↓ 15.7mm 

HL mm 50.0 25.0 ↓ 25.0mm 

HQH mm 67.5 43.1 ↓ 24.4mm 

QR mm 0.0 3.0 ↑ 3.0mm 

TQH mm 87.5 78.4 ↓ 9.1mm 

WBL mm 140.6 139.4 ↓ 1.2mm 

HCI ratio 1.50 0.98 ↓ 0.52:1 

HL:HH ratio 1.29 1.08 ↓ 0.21:1 

TQ:HQ ratio 1.25 1.82 ↑0.57:1 

PA°* 8.3 1.2 ↓ 7.1° 

PCGA°* 81.9 45.6 ↓ 36.3° 

PCGH mm* 40.6 23.7 ↓16.9mm 

PPCG to PNBD 
mm* 

32.5 34.5 ↑ 2.0mm 

Table shows key measurements collected directly from the cadaver sample hoof, and from photographs of the 
sample hoof of the untrimmed converging hoof shape, and the trimmed diverging hoof shape, used to verify 
the two hoof shapes, and to compare the differences between these two hoof shapes. Key:  DHWA, dorsal 
hoof wall angle; HA, heel angle; PA, palmar angle; PCGA, palmar collateral groove angle; BL, bar length; PCGH, 
palmar collateral groove height; PPCG-PNBD, proximal palmar collateral groove to palmar navicular bone 
distance; WBL, weight-bearing length; HH, heel height; HL, heel length; HQ, heel quarter; QR, quarter-relief; 
TQ, toe quarter; HCI, heel collapse index; TQ:HQ, toe quarter height to heel quarter height ratio; HL:HH, heel 
length to heel height ratio; * = measurements identified by radiograph.  

The variable quantities in Table 5.3, drawn as a two dimensional line schematic outlining the 

external hoof wall in lateral aspect (Figure 5.4), show the heel collapse index indicates a 

convergence of the lines with the untrimmed converging hoof shape (a), and a (small) 

divergence of lines with the freshly trimmed diverging hoof shape (b). In each hoof shape as 

the lines descend distally, as if the hoof is in a static loaded situation, the weight-bearing 

length of the converging to the diverging change so that it is either becomes longer or shorter 

in this two dimensional static diagram relative to each hoof shape, this is indicated by the 

change in (black arrows).   
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Figure 5.4: Two dimensional line schematics of the quantified untrimmed and trimmed 
hoof shapes 

               Converging hoof shape             Diverging hoof shape 

 

(a) 

 

 

(b) 

 

Figure shows a 2D line schematic of the quantified hoof shapes from Table 5.3, where: (a) the converging hoof 
is indicated by the decrease in dorsal hoof wall and palmar hoof wall line segments (black lines) extending 
distally so that they converge (red lines). The upper, horizontal, blue line indicates the weight-bearing length, 
which is represented in the lower blue line as the same length, which appears longer than the lines of 
convergence (black arrow). (b)The diverging hoof dorsal wall and palmar hoof wall line segments show an 
increase (by a small amount) as the (green) line segments descend. The upper, horizontal, blue line indicating 
the weight-bearing length appears shorter than the lines of the divergence, (black arrow). The mechanical 
response of the displacement of the WBL as the dorsal hoof wall and palmar hoof wall converge and diverge as 
if in a loaded hoof in the live horse is unclear. 

 

5.4.2 Loading Test 

The results of the loading test to compare the hoof capsule displacement variable quantities of 

a single cadaver hoof tested as an untrimmed converging hoof shape, and again as a trimmed 

diverging hoof shape, are depicted by the lateromedial digital radiographs, Figure 5.5.  
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Figure 5.5: Radiographic images of the loading test sample cadaver hoof: 

 

(a) 

 

 

(b) 

 

 

(c) 

 

 

(d) 

 

Figure shows digital radiographic images of the lateromedial view of the sample cadaver hoof, where: (a) the 
converging hoof shape is unloaded; (b) the diverging hoof shape is unloaded; (c) the converging hoof shape is 
under the test load; and, (d) the diverging hoof shape is under the test load. (NB: The incorrect alignment of 
the proximal and middle phalanx in the unloaded converging hoof (a) did not alter the results, and was 
corrected for the test loaded situation (c).) 

The results of the hoof shape variable quantities collected for the untrimmed converging hoof 

shape unloaded and loaded, and the freshly trimmed diverging hoof shape unloaded and 

loaded varied. The most noticeable difference was the comparatively large difference 

between the converging and diverging loaded hoof heel angles of 28.9° to 53.2° respectively, 

a difference of 24.3°.  The dorsal hoof wall angle of the loaded converging hoof shape 

decreased 6.1° compared to the loaded diverging hoof shape; the heel collapse index of the 

two loaded hoof shapes decreased by 0.98 from 1.88 to 0.90. The difference in weight-

bearing length for the unloaded (140.6mm) to loaded (136.1mm) untrimmed converging hoof 

shape was a decrease of 4.5mm, the unloaded (139.4mm) and loaded (145.0mm) freshly 

trimmed diverging hoof shape was an increase of 5.6mm; with a total loaded difference 

between the two loaded hoof shapes of 8.9mm. The difference of the palmar angle for the 

unloaded (8.3°) and loaded (4.6°) untrimmed hoof shape was a decrease of 3.7°, the unloaded 
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(1.2°) and loaded (-2.4°) freshly trimmed diverging hoof shape decreased by 3.6°; the total 

difference between the two loaded hoof shapes was a decrease of 7.0°. The differences of the 

palmar collateral groove angle for the unloaded (81.9°) to loaded (86.9°) untrimmed 

converging hoof shape was an increase of 5.0°, for the unloaded (45.6°) and loaded (37.3°) 

freshly trimmed diverging hoof shape was a decrease of 8.3°; the total difference between the 

two loaded hoof shapes was a decrease of 49.6°. The difference of the palmar collateral 

groove height of the unloaded (40.6mm) and loaded (28.6) untrimmed converging hoof shape 

was a decrease of 12.0mm, the unloaded (23.7mm) and loaded (16.2mm) freshly trimmed 

diverging hoof shape was a decrease of 7.5mm; the total difference of the two loaded hoof 

shapes was a decrease of 12.4mm. The proximal palmar collateral groove to palmar navicular 

bone distance increased by 2.6mm between the loaded converging and diverging hoof shapes; 

a full summary of the untrimmed converging and freshly trimmed diverging hoof shape 

variable quantities is shown in Table 5.4. 
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Table 5.4: Cadaver hoof capsule displacement response to a test load applied to the 
untrimmed converging hoof shape and to the freshly trimmed diverging hoof shape 

Variable 

 

Converging Hoof Shape (CHS) 

 

Diverging Hoof Shape (DHS) 

 

Loaded  
CHS to DHS 

 Unloaded 

 

Loaded 

 

Unit 
diff 
 

Unloaded 
 

Loaded 
 

Unit 
diff 
 

Unit 
diff 

 

DHWA° 57.2 54.2 ↓3° 50.2 48.1 ↓2.1° ↓6.1° 

HA° 38.0 28.9 ↓9.1° 51.3 53.2 ↑1.9° ↑24.3° 

BL mm 49.0 – n/a 26.0 – n/a n/a 

HH mm 38.7 – n/a 23.0 – n/a n/a 

HL mm 50.0 – n/a 25.0 _ n/a n/a 

HQH mm 67.5 58.8 ↓8.7mm 43.1 34.4 ↓8.7mm ↓24.4mm 

QR mm 0.0 0.0 0.0mm 3.0 0.0 ↓-3.0mm = 

TQH mm 87.5 85.6 ↓1.9mm 78.4 75.6 ↓2.8mm ↓10.0mm 

WBL mm 140.6 136.1 ↓4.5mm 139.4 145.0 ↑5.6mm ↑8.9mm 

HCI ratio 1.50 1.88 ↑0.38:1 0.98 0.90 ↓0.08:1 ↓0.98:1 

HL:HH ratio 1.29 – n/a 1.08 – n/a n/a 

TQ:HQ ratio 1.30 1.45 ↑0.15:1 1.82 2.20 ↑0.38:1 ↑0.75:1 

PA°* 8.3 4.6 ↓3.7° 1.2 -2.4 ↓3.6° ↓7.0° 

PCGA°* 81.9 86.9 ↑5.0° 45.6 37.3 ↓8.3° ↓49.6° 

PCGH mm* 40.6 28.6 ↓12.0mm 23.7 16.2 ↓7.5mm ↓12.4mm 

PPCG  to 
PNBD mm* 

32.5 31.3 ↓1.2 34.5 33.9 ↓0.6mm ↑2.6mm 

 

Table shows the sample hoof loading test results for the variable quantities collected from the converging and 
diverging hoof shapes, comparing the mechanical response of the displacement of the external and the 
relative position of the internal hoof structures. Key: DHWA, dorsal hoof wall angle; HA, heel angle; BL, bar 
horn length; HH, heel height; HL, heel length; HQH, heel quarter height; QR, quarter relief; TQH, toe quarter 
height; WBL, weight-bearing length; HCI, heel collapse index; HL:HL, heel length to heel height ratio; TQ:HQ, 
toe quarter height to heel quarter height ratio; PA, palmar angle; PCGA, palmar collateral groove angle; PCGH, 
palmar collateral groove height; PPCG to PNBD, proximal palmar collateral groove height to palmar navicular 
bone distance;  * = measurements identified by radiograph. 

 

The comparative loading test data for the untrimmed converging hoof shape, and freshly 

trimmed diverging hoof shape (Figure 5.6) show a difference in values for the unloaded and 

loaded situation for both hoof shapes. The values for heel angle, palmar collateral groove 
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angle, palmar collateral groove height, and the palmar angle show the greatest variability. 

The relative decrease and increase in the weight-bearing length when loaded between the 

respective converging and diverging hoof shapes is noticeable.  

Figure 5.6: Cadaver hoof untrimmed converging and freshly trimmed diverging hoof 
shapes when unloaded and loaded 

 

Figure is a bar chart showing the comparison of values between the untrimmed converging, and the trimmed 
diverging hoof shapes when unloaded and loaded. Key: DHWA, dorsal hoof wall angle; HA, heel angle; WBL, 
weight-bearing length; PA, palmar angle; PCGA, palmar collateral groove angle; PCGH, palmar collateral groove 
height; PPCG-PNBD, proximal palmar collateral groove to palmar navicular bone distance. 

 

 

5.5  Discussion 

The most important finding of this exploratory single hoof case study showed that the heel 

angle and the proximal collateral groove angle of the untrimmed converging hoof shape, 

before a current trim, and the freshly trimmed diverging hoof shape, immediately after a 

previous trim, responded in opposite directions when the respective hooves were subjected to 

a vertical load. The heel angle of the untrimmed converging hoof shape decreased as the hoof 

was subject to vertical load, and the proximal collateral groove angle increased; whereas with 

the freshly trimmed diverging hoof shape, the heel angle increased and the proximal 

collateral groove angle decreased. At the same time the weight-bearing length of the 

untrimmed converging hoof shape, with shallower heel angle, shortened under load; whilst in 
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the loaded freshly trimmed diverging hoof shape, with a steeper heel angle, the weight-

bearing length became longer.   

The results of this single hoof case study are in alignment with the study hypothesis that heel 

angle, and palmar collateral groove height and angle, affect the displacement of the hoof 

capsule when subjected to load, so that the weight-bearing length changes. In this case study 

it was found that palmar collateral groove angle may be more influential to weight-bearing 

length than palmar collateral groove height. Also, due to the relative position of each 

structure, the heel angle may be more influential to the weight-bearing length than the palmar 

collateral groove height and angle, whereas the palmar collateral groove height and angle 

may be more influential to the internal structures of the palmar hoof. However, the fact that 

the heel and palmar collateral groove are continuous with each other there effect is not 

independent, so that for example, when the heel angle steepens it affects the displacement of 

the palmar collateral groove height and angle; a phenomenon that requires further validation.  

The differences measured as a unit between the hoof shape variable quantities of the 

unloaded and loaded untrimmed converging and freshly trimmed diverging hoof shapes when 

they were unloaded and loaded, match with the expected outcomes in most cases (refer also 

to the predictions in Table 5.3). Five results that were expected:  

1. The decrease in dorsal hoof wall angle from the unloaded to loaded situation for 

both the untrimmed converging (3°) and freshly trimmed diverging (2.1°) hoof 

shapes were similar, which may be accounted for as part of the normal mechanical 

response from being exposed to a vertical compressive load.   

2. The decrease of heel angle of the untrimmed converging hoof shape from unloaded 

to loaded (9.1°); although the magnitude was greater than expected. 

3. The decrease in quarter relief as the freshly trimmed diverging hoof was loaded. 

4. The difference in the unloaded to loaded weight-bearing length of the untrimmed 

converging hoof shape was a decrease of 4.5mm from 140.6mm to 136.1mm. The 

freshly trimmed diverging hoof shape showed an increase of 5.6mm, from 139.4mm 

to 145.0mm. 

5. The change in palmar collateral groove angle in the both hoof shapes when the load 

was applied, so that there was an increase of angle (5.0°) with the untrimmed 

converging hoof shape, and a decrease in angle (8.3°) with the freshly trimmed 

diverging hoof. 
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Four outcomes that were not expected:  

1. Both the untrimmed converging and freshly trimmed diverging hoof shapes showed 

an increase in toe quarter height to heel quarter height ratio, when in the loaded 

situation. Both may be explained by the magnitude of the load forcing the structures 

of the palmar hoof to be compressed proportionally more under load than the dorsal 

hoof, with the latter being supported to a greater degree by the underlying distal 

phalanx bone.   

2. A decrease in palmar angle for both hoof shapes was predicted, the negative angle 

shown with the loaded freshly trimmed diverging hoof shape (-2.4°) was not. It may 

be explained by the combination of the magnitude of load, so that the distal phalanx 

was forced lower in the hoof capsule in the palmar hoof, and by the quarter relief 

allowing heel expansion which in turn allowed an increase in solar deflection at the 

simulated high impact gait (trot).  

3. Both the untrimmed converging, and the freshly trimmed diverging hoof shapes 

when loaded showed a decrease in palmar collateral groove height of 12.0mm and 

7.5mm respectively. This can be attributed to the magnitude of vertical compressive 

load applied to both hoof shapes.    

4. Both the untrimmed converging, and the freshly trimmed diverging hoof shapes 

showed a decrease in the proximal palmar collateral groove to palmar navicular 

bone distance when loaded of 1.2mm and 0.6mm respectively. This may be 

explained in the untrimmed converging hoof by the higher palmar collateral groove 

angle. In the freshly trimmed diverging hoof shape, the decrease is explained by the 

navicular bone being able to have a greater distal descent on loading, facilitated by 

the quarter relief enabling solar deflection and heel expansion, resulting in a 

reduction of the palmar collateral groove angle and the palmar collateral groove 

height, and an increase in heel angle as the heels moved in a palmar direction. 

 

This study showed that the untrimmed converging hoof shape had a greater overall weight-

bearing length (1.2mm) compared with the freshly trimmed hoof shape when unloaded, 

whereas when loaded the freshly trimmed diverging hoof shape was greater in weight-bearing 

length (8.9mm) compared to the loaded converging hoof shape. The benefits stated by Kane 

et al. (1999) of a greater surface area of the hoof were all quantified from converging hooves 
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that were unloaded, different measurements may have resulted if the hooves were quantified 

in the loaded situation of both the sample and control hooves were diverging in shape.  

It is understood that the contact area of the live horse’s hoof increases in the freshly trimmed 

hoof (Oosterlinck et al. 2011). In this present in vitro study it was shown that the freshly 

trimmed diverging hoof palmar surface area, quantified by the weight-bearing length, 

increased in the loaded situation. Such an increase presumably distributes load over a greater 

area of the palmar surface area, while a decrease in palmar surface area intensifies load 

distribution to a specific area of the hoof. In this study the loaded untrimmed converging hoof 

decreased in weight-bearing length primarily by a decrease in heel angle and an increase in 

palmar collateral groove angle, presumably causing load to intensify toward the dorsal hoof. 

This argument is supported by an increase in palmar angle of the loaded converging hoof 

shape (7.0°) compared to the loaded freshly trimmed diverging hoof shape. A rise in palmar 

angle of 5°from a heel wedge was shown to shift load dorsally to the distal interphalangeal 

joint (Vittanen et al. 2003). In hoof shapes with changing dorsal hoof wall and heel angle the 

centre of pressure, which is known not to remain static (Chateau et al. 2009), changes 

location with the differing hoof shapes (Barrey 1990).   

In the freshly trimmed diverging hoof the increase in weight-bearing length of the hoof wall 

assumes a stretching of the sole so that the sole deflects distally, which is a function of 

normal hoof mechanics (Thomason 1992; Davies 2007). The solar deflection of the 

untrimmed converging hoof may be affected, evidenced by the ‘buckling’ of the palmar 

collateral groove as the descending vertical load forces the palmar collateral groove height to 

decrease, at the same time as the palmar collateral groove angle steepens from the restrictive 

action of the shallow heel angle, opposing an increase of weight-bearing length. Presumably 

the sole and the solar corium are restricted in deflecting distally and may deflect in a distorted 

manner proximally. 

The quarter relief of the freshly trimmed diverging hoof, theorised for its capacity to allow 

greater heel expansion (Ramsey 2011), may play a role in the increase of weight-bearing 

length by allowing the heel not only to expand bilaterally in the palmar hoof, but also aid the 

steepening of the heel angle causing the heel to displace palmarly. The opposite reaction was 

quantified in the converging hoof shape, with the shallower heel angle causing the heel to 

displace in a dorsal direction when subjected to a static vertical load. This phenomenon may 

explain the prevalence of the hoof pathology known as ‘underrun heels’, where the heel angle 
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is known to be shallow, with long, low heels (Redden 2003) and, based on the results in this 

study, where the palmar collateral groove angle is likely to be increased.  

When the palmar collateral groove was high in the untrimmed converging hoof, compared to 

the freshly trimmed diverging hoof, the palmar angle was also high; this finding is in 

agreement with Rouben et al. (2012). When the palmar collateral groove height lowered the 

palmar angle also lowered, this is understandable when the untrimmed hoof horn was paired 

back. The lowering of the palmar angle on loading was attributed to the increased ability for 

the sole to deflect distally and the heel expanded so that the palmar angle decreased. This 

action also allowed a decrease in the palmar collateral groove angle. 

The results show that some responses were common to both the converging and the diverging 

hoof shapes, the decrease in the dorsal hoof wall angle, which seems to support the theory 

that in normal hoof loading, hoof capsule displacement begins at the highest point, the toe 

(Thomason et al. 2002; McLinchey et al. 2003; Ramsey 2011). A decrease in palmar 

collateral groove height of both hoof shapes suggests these structures were simply yielding to 

the magnitude of the load. A decrease in the proximal collateral groove to palmar navicular 

bone distance in both the untrimmed converging (1.2mm) and the freshly trimmed diverging 

(0.6mm) hoof shapes may be explained by the impact of the load on the middle phalanx 

influencing the distal descent of the navicular bone. The increase in toe quarter height to heel 

quarter height ratio in both hoof shapes is explained by the heel which has a greater flexibility 

lowering proportionately more than the toe.  

Responses that varied between the two hoof shapes, namely the heel angle, the palmar 

collateral groove angle, and the weight-bearing length, all occurred in the palmar hoof. 

The changes in the proximal palmar collateral groove to palmar navicular bone distance of 

both the untrimmed converging hoof shape, and the freshly trimmed diverging hoof shape in 

the loaded situation, suggest a reduction in volumetric space in the palmar hoof. The digital 

cushion and the structures of the podotrochlear apparatus may then be subject to compression 

as the space available for these structures decreases when the vertical load descends, and the 

ground reaction force opposes it in an upward direction, resulting in a ‘nutcracker’ action. 

Such a situation may be relieved in the diverging hoof shape by the heels’ ability to move 

rearward, so that compression of the soft tissue is avoided; this is not possible with the 

shallower heel angle of the converging hoof shape, where the internal tissues are exposed to 

potentially damaging forces.  
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The altered response of the hoof capsule displacement in the untrimmed converging hoof 

shape may provide additional insight to the current theory of how contact stress to the 

navicular bone is affected. Eliashar et al. (2004) dismiss hoof conformation (quantified by the 

heel collapse index) as a causative factor of an increase in contact stress to the flexor (palmar) 

surface of the navicular bone. Instead Eliahsar et al. (2004) identify the low sole angle (distal 

phalanx angle) as the cause of an overload of the deep digital flexor tendon, which is 

responsible for an increase of the contact stress; a finding that is supported by Moleman et al. 

(2006).  Eliashar et al. (2004) made no reference to the ability of the palmar collateral groove 

height or angle to influence the angle of the distal phalanx, or of the converging hoof shape of 

the sample hooves.  

The mechanical response of the displacement of the weight-bearing length in the live horse is 

unclear. 

There were a number of limitations with this case study. The results of this exploratory study 

are of a simulated situation, the reaction of a live dynamic cyclic load in the live horse with 

pain-sensing innervation may yield different results. For example, Wilson et al. (2001) 

showed that horses affected by navicular disease may attempt to compensate for the condition 

by unloading the heels via contraction of the deep digital flexor muscle. The study (Wilson et 

al. 2001) is suggestive of a situation where horses with a greater palmar collateral groove 

height and angle, and with a shallow heel angle, may be inclined to adapt full loading of the 

palmar hoof to avoid a ‘compressive’ action of a point load, increasing load intensity. Such 

an adaptation may also have the effect of increasing the compression of the dorsal lamellae 

(Ramsey 2011) as load intensity shifts cranially beyond the normal levels of the compression 

from dorsoconcavity (Goodman and Haggis 2008) present in normal hoof deflection.  

An exploratory case study test conducted on a single hoof creates obvious limitations, and is 

statistically inconclusive, so the results are unsubstantiated. The results of this example case 

study must also be viewed within the context within which the hoof was tested, for example, 

a single cadaver was used to quantify two hoof shapes, with no time interval between them 

which did not account for the natural hoof wall tubule alignment changes that occur when the 

hoof shape factors change over time (Strasser 1998; Dyson et al. 2011a). The un-cannulated 

in vitro hoof may have altered vascularisation of the tissues post-mortem, which may affect 

the response to loading.  



181 
 

The main aim of this exploratory case study was to quantify the displacement of the hoof 

capsule of two hoof shapes, this does not give information of the effects of the displacement 

on the internal tissue structures. Bellenzani et al. (2007), state that as the principal strains on 

the hoof capsule do not match the orientation of the tubules, shearing effects are created by 

changes in hoof shape. This is supported by Goodman and Haggis (2008), who state that 

mechanical anisotropy means that the hoof capsule deformation may not be uniform and may 

not be aligned with the compressive force. It is likely that as hoof shape changes beyond 

tolerable levels, trauma of kinds occur in the internal hoof (Barrey 1990; Wilson et al. 

2001a); although this is yet to be quantified. 

Hoof capsule displacements were quantified from the longitudinal, and transverse directions, 

measuring the palmar collateral groove height and the weight-bearing length of the lateral 

hoof respectively. The horizontal direction, quantifying the bilateral heel expansion was not 

reported, and can be seen as a flaw of the study.  

This single hoof case study allowed a loading technique to be tested, which resulted in useful 

information regarding the hoof capsule displacement of two differing hoof shapes to be 

compared. This information is useful in showing the effects of hoof shape on hoof health, as 

the hoof shape displacement of the external hoof clearly affected the displacement of the 

internal structures. Whether these hoof shape changes affect the appearance and health of the 

corium layer is unclear. 

 

5.6 Conclusions 

In conclusion, an exploratory case study loading test was necessary due to the topic not being 

represented in current literature. Drawing analytical conclusions from the single cadaver hoof 

case study is not feasible. This case study was useful in identifying comparative differences 

in the hoof capsule displacement of two differing hoof shapes collected from a single cadaver 

hoof.  Such differences included the opposing directions of the heel and the palmar collateral 

groove displacement when subjected to a static vertical load, showing a high level of 

variability, so that the weight-bearing length was different on the untrimmed converging 

compared to the freshly trimmed diverging hoof shapes. This observation indicates that, of 

the hoof shape variable quantities, heel angle and palmar collateral groove angle, by showing 

the greatest variability, have the greatest potential to influence hoof mechanics.  
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The reduction in weight-bearing length, shallower heel angle and steeper palmar collateral 

groove angle of the untrimmed converging hoof shape suggest that hoof health may be 

affected when the hoof is subjected to load for extended periods, especially in extreme cases, 

or where horses are subjected to repeated trauma as is the case for the working or sports 

horse, although the type and nature of damage is unclear. 

The change in hoof capsule displacement was demonstrated with a single hoof that was 

untrimmed and then trimmed, simulating a situation that is common to the domesticated 

horse. This showed that as the hoof grows the hoof capsule displacement naturally alters, 

unless the steeper heel angle allowing the divergence of the freshly trimmed hoof capsule can 

be maintained. This gives useful information to the clinician about the need to manage hoof 

shape to maintain normal hoof biomechanics and hoof health. 

The results of this study indicate that for researchers to gain a broader understanding of hoof 

mechanics the structures of the palmar hoof must be included in the quantification process.   

Future static loading studies must be designed to include a larger sample of cadaver hooves 

so that the findings of this case study can be statistically validated, including all orthogonal 

load directions. The results of such studies may be useful in extending knowledge of the 

differences in displacement between hoof shapes, by designing live horse dynamic studies, 

including the structures of the palmar hoof. 
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6 STUDY 4: HOOF SHAPE AND HEALTH OF THE EQUINE HOOF 

6.1 Introduction  

Previous studies have recognised that hoof shape may influence hoof pain and lameness 

(Dyson et al. 2011a), but have not quantified the health of the underlying corium layer 

relative to the shape of the hoof as a possible cause of pain and lameness. The major aim of 

study four was to address this knowledge gap, by further investigating the findings made in 

study three (chapter 5), that hooves of a converging shape defined by a shallow heel angle, 

steep palmar collateral groove angle, and elevated palmar angle, have the potential to cause 

damage to the internal hoof structures including the corium layer.  

The investigation in this chapter was undertaken by examining the appearance of the internal 

hoof structures of cadaver hoof specimens. The study was divided into two lines of enquiry: 

(i) a pilot histopathology study that examined the solar corium; (ii) an examination of the 

gross pathology of the internal hoof capsule horn and the corium layer. Through the use of 

hooves of known proportions in both enquiries, the third hypothesis was able to be tested:  

Hypothesis 3 There is a relationship between hoof capsule shape and the underlying 

appearance of the corium. 

 

6.2   Materials and Methods  

Study design: (i) An experimental laboratory study; (ii) a cross-sectional study. 

6.2.1 Corium Histopathology Pilot Study 

6.2.1.1 Description of Sample Hooves 

Six sample cadaver hoof specimens from three horses were randomly selected from a total of 

40 left and right front cadaver hooves from 20 adult Thoroughbred and Standardbred horses, 

not lame at the walk, which were sourced from the Rouse Hill knackery.  The horses were 

slaughtered no more than two days prior to testing. For each sample hoof, the digit was 

detached at the metacarpophalangeal joint and stored in the chilling room (at 2°C) 

immediately after slaughter. On collection from the knackery, the hooves were removed from 
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the chilling room and immediately submerged in formalised saline (10%) to preserve tissue 

structure. Processing of the hooves was carried out within two weeks of collection, at the wet 

laboratory, School of Animal and Veterinary Science, Wagga Wagga campus, Charles Sturt 

University. The six hooves were washed in tap water to remove the formalised saline for safe 

handling. For ease of processing, the hooves were dissected at the distal interphalangeal joint, 

with the short pastern removed.  

6.2.1.2 Data Collection 

Using the set of sixteen variable quantities developed previously (chapter 5), the hooves were 

quantified as converging or diverging hoof shape. Each hoof was partially dissected at the 

proximal distal phalanx on a horizontal plane with a hand saw, so the hoof would remain 

stable on the work-bench during processing. The sampling location was selected on the 

assumption that solar corium damage would be present at this site. A core sample of solar 

horn, including the solar corium, was extracted using a circular hole saw and electric drill. 

The core penetrated the entire depth of the dissected hoof. Four core samples were removed 

from each hoof, two lateral and two medial of the frog (Figure 6.1).  

Figure 6.1: Partially dissected cadaver hoof of an adult Thoroughbred horse 

  

Figure shows a photograph of a partially dissected right cadaver hoof of an adult Thoroughbred horse, from 
which the sample solar corium was collected. The holes (black arrow) indicate the size of the core sample 
extracted, which were made with a circular hole saw attached to an electric drill; the hole saw penetrated 
through the entire sample hoof. 

A total of 24 core samples were collected, the tissue was fixed in formalin saline (10%) to 

stabilize the tissue and prevent further decay. Tissues were then prepared for viewing by the 

Charles Sturt University, School of Animal and Veterinary Science diagnostics laboratory, 

using standard histology slide preparation procedures. Slides were stained with haematoxylin 

Core sample extraction 
location 



185 
 

and counter stained with eosin (H & E) for histological examination.  A total of 16 slides 

were prepared, (Figure 6.2).  

Figure 6.2: Core samples of hoof horn and solar corium 

 

(a) 

 

 

(b) 

 

Figure shows photographs of: (a) core samples of hoof horn and solar corium, set in paraffin wax as part of the 
slide preparation process; and (b) examples of slides of solar corium prepared for microscopic examination. 

6.2.1.3 Data Analysis 

Data analysis involved testing the null and alternative hypotheses:  

H0:  Hoof shape does not affect the appearance of the corium  

H1:  Hoof shape affects the appearance of the corium  

The hypothesis was tested by examination of the 16 slides that were randomly reported by a 

clinical pathologist at Charles Sturt University, Wagga Wagga, using a microscope and 

viewed at 40x–200x magnification. Standard clinical pathology interpretation procedures 

were conducted to describe the histological findings report on the appearance of the corium 

and the nature of any changes. 

6.2.2 Corium Gross Pathology 

6.2.1.4 Description of Sample Hooves 

The sample set was made up of a total of 84 cadaver left and right hooves, from which 

quantitative data were collected and reported on 20 hooves from 10 horses.  Horses were of 

mixed breed, age, height, and sex. Breeds included Thoroughbred, Standardbred, Australian 
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Stock Horse, pony breed, and Miniature; this cross-section of breeds and heights represented 

the four size categories also used in study two (chapter 4). The youngest horse was a 

Thoroughbred aged 2yrs, a Standardbred was 8yrs, the two Miniatures were both 12yrs and 

the remainder were adult horses under the age of 20yrs. The horses were not lame when 

assessed at the walk, except one Miniature who was visibly lame in the left front hoof at the 

walk. All hooves were sourced from the Rouse Hill knackery, NSW, except for the hooves 

from the Miniatures, which were collected from private owners.  

Samples hooves were detached at the inter-carpal joint at time of slaughter, or in the case of 

the Miniatures, at time of death. (One Miniature was euthanized due to colic from a ruptured 

bladder – samples MS419 and MS420. The other died from the effects of a suspected snake 

bite – samples MS417 and MS418. [Data from the latter Miniature had already been collected 

and included in the case study series – chapter 7 prior to death].) The hooves were labelled 

and placed in the chilling room (at 2°C) for no more than two days immediately after 

slaughter. Once collected from the slaughterhouse, the hooves were kept in ice, but not 

frozen. Samples MS419 and MS420 from the Miniature were frozen within 2 hours after 

death for a period of two weeks. The hooves were processed in multiple lots on different 

days, attempting to preserve freshness and tissue integrity. 

6.2.1.5 Data Collection 

The data collection process included the following steps, firstly quantifying the external hoof 

shape, and secondly, quantifying the internal hoof structures. 

6.2.2.2.1 Quantifying hoof shape 

The sample hooves were quantified using acquired angles, linear measurements, and 

calculated ratios, to identify the converging or diverging hoof shapes.  Thirteen 

measurements were used to describe the hoof shapes including: Angles – dorsal hoof wall 

angle, heel angle; Linear measurements by mm – bar horn height, bar horn length, heel 

height, heel length, heel quarter height, palmar collateral groove height, quarter relief, and toe 

quarter height; Ratios – heel collapse index, heel height to heel length ratio, and toe quarter 

height to heel quarter height ratio. The linear measurements were collected in the field from 

the cadaver hoof, the angles were later determined from photographs, using ImageJ 

measuring software. 
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6.2.2.2.2 Quantifying the internal hoof structures 

In order for data to be collected for (a) the gross appearance of the internal hoof capsule horn, 

and (b) the variable quantities and gross appearance of the corium, the external hoof was 

removed. The hoof capsule extraction process required a denaturation of the basement 

membrane, which forms the strong bond of the laminar junction (Pollitt 1994; Hampson pers. 

comm. 2013), and must be released to allow the hoof capsule to detach. Non-enzymatic 

proteolysis of the basement membrane, by exposing the hoof to heat, resulted in a separation 

of the laminar connection allowing the hoof capsule to be extracted. This was achieved by 

immersing the entire hoof in boiling water (Figure 6.3), so that the heat caused the protein 

strands of the basement membrane to part.  

Figure 6.3: Cadaver front hoof prior to hoof capsule extraction 

 

Figure shows photograph of a sample hoof immersed in boiling water for a period of 5-9mins, immediately 
prior to hoof capsule extraction.    

At the calculated time, the hoof was removed from the boiling water, then immediately 

attached to the hoof extraction tool (Figure 6.4 (a)). The extraction tool consisted of a 

wooden base depth 25mm, length 160mm, width 180mm to rest the palmar hoof on, three 

25mm wide sections of metal strapping to attach the hoof to the extraction tool (Figure 6.4 

(b)), and a metal handle measuring approximately 1.28m long that was used to lever the hoof 

off. The hoof was secured to the extraction tool using flat head, 8 g, 12 mm long screws, 

fixed to the dorsal wall (Figure 6.4 (c)). If the screws penetrated through the hoof wall the 

sample was rejected. The hoof extraction tool was positioned so that the metacarpophalangeal 

joint was secured tightly in a fixed vice, then with a gentle, slow, lever action, the hoof 

capsule was carefully removed.  
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Figure 6.4: Custom made hoof extraction tool 

 

 (a) 

 

 

(b) 

 

 

(c) 

 

Figure shows photographs of the custom made hoof extraction tool used to extract the hoof capsule from the 
cadaver digit, where:  (a) the handle used to lever the hoof capsule off measured 1.28m; (b) the wooden base 
was large enough to seat a hoof with a width of 160cm; (c) a small pony <120cm hoof being secured in place 
by attaching a webbing strap to the dorsal hoof wall with a number of flat head, 8g, 12mm-long screws (red 
arrow); if the screws penetrated through the hoof wall, the sample was rejected. 

 

(a) Quantifying the appearance of the internal hoof capsule horn 

Quantifying the gross appearance of the internal hoof capsule horn by category from the 

cadaver specimen, involved the use of a grading system to assess the appearance of the horn 

tissue. The areas of tissue that appeared regular and uniform scored 1, the areas of extremely 

irregular and disorganised horn tissue scored 5, Table 6.1 .  Examples of the grading system 

for the mid-dorsal horn lamellae (apart from grade (1)) are given in Figure 6.5. The 

categorisation of the internal hoof capsule horn included 20 locations: the bar laminar horn 

apex lateral, the bar laminar horn apex medial, the bar laminar horn lateral, the bar laminar 

horn medial, the coronary horn dorsal, the coronary horn heel quarter lateral, the coronary 

horn heel quarter medial, the coronary horn toe quarter lateral, the coronary horn toe quarter 

medial, the frog horn apex, the laminar horn mid-dorsal, the laminar horn heel quarter lateral, 

the laminar horn heel quarter medial, the laminar horn toe quarter lateral, the laminar horn toe 
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quarter medial, the solar horn dorsal, the solar horn heel quarter lateral, the solar horn heel 

quarter medial, the solar horn toe quarter lateral, and the solar horn toe quarter medial.   

Table 6.1: Definition of scoring factors 1 to 5 of the internal hoof capsule horn appearance 

Tissue 
categorization 

score 

Internal hoof capsule horn score definition 

1 Internal hoof capsule horn is healthy /complete 

2 Horn lamellae are slightly irregular 

3 Horn lamellae are moderately irregular with occasional vasocongestion 

4 Horn lamellae are highly irregular/ torn with increased vasocongestion 

5 Horn lamellae are extremely irregular or absent with widespread vasocongestion; tissue 
callousing is present.  
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Figure 6.5: Example dorsal horn lamellae scores from cadaver hoof specimens 

 

(a) 

 

 

(b) 

 

(c) 

 

 

(d) 

 

Figure shows photographs of examples of the scoring of cadaver hooves, where the mid-dorsal horn lamellae 
score range is demonstrated (apart from score (1)), so that: (a) (sample MS419) is a score 2; (b) (sample MS49) 
is a score 3; (c) (sample MS416) is a score 4; (d) (sample MS417) is a score 5. 

The grading system meant that each of the 20 pre-defined areas of internal hoof capsule horn 

was scored 1–5, allowing a minimum score of 20 (score 1x20 areas of horn) and maximum 

score of 100 (score 5x20 areas of horn) for each hoof; allowing a score of the appearance of 

the horn ranging from 20-100 for an individual hoof. 

(b) Quantifying the corium   

Quantifying the gross appearance of the corium by acquired linear measurements from the 

cadaver specimen was achieved with a metal ruler.  Variable quantities included: bar lamellae 

corium length, lamellae corium height at the palmar most point, lamellae corium length at the 

palmar most point, heel quarter lamellae and coronary corium height, toe quarter lamellae 

and coronary corium height. Ratios were calculated of the heel and toe quarter lamellae and 

coronary height.  Measurements were recorded on an Excel spreadsheet and were later used 

for comparative analysis purposes. 
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Quantifying the appearance of the corium layer by category from the cadaver specimen 

involved the use of a grading system to assess the appearance of the corium tissue. The areas 

of tissue that appeared normal and healthy scored 1, the areas of extremely abnormal tissue 

appearance scored 5, Table 6.2. Examples of the grading system for the mid-dorsal lamellae 

corium (apart from grade (1)) are given in Figure 6.6. The categorisation of the corium tissue 

included 20 locations: the bar laminar corium apex lateral, the bar laminar corium apex 

medial, the bar laminar corium lateral, the bar laminar corium medial, the coronary corium 

dorsal, the coronary corium heel quarter lateral, the coronary corium heel quarter medial, the 

coronary corium toe quarter lateral, the coronary corium toe quarter medial, the frog corium 

apex, the laminar corium mid-dorsal, the laminar corium heel quarter lateral, the laminar 

corium heel quarter medial, the laminar corium toe quarter lateral, the laminar corium toe 

quarter medial, the solar corium dorsal, the solar corium heel quarter lateral, the solar corium 

heel quarter medial, the solar corium toe quarter lateral, and the solar corium toe quarter 

medial.   

Table 6.2:  Grading definitions of corium tissue gross pathology using a scoring of 1 to 5 

Tissue 
categorization 

score 

Tissue score definition 

1 Tissue is healthy /complete. 

2 Tissue shows slight vaso- and tissue congestion/small absence of tissue in measured areas. 

3 Tissue shows moderate (increased) vaso- and tissue congestion, inflammation, some 
haemorrhage/moderate absence of tissue in measured area. 

4 Widespread high levels of vaso- and tissue congestion, inflammation accompanied by 
haemorrhage/major loss of tissue in measured area. 

5 Extensive vaso- and tissue congestion, haemorrhage involving the majority of the tissue, 
tearing of the tissue and loss of function/extensive loss of tissue in the measured area. 
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Figure 6.6: Example dorsal lamellae corium scores from cadaver hoof specimens 

 

(a) 

 

 

(b) 

 

 

(c) 

 

 

(d) 

 

Figure shows photographs of examples of the scoring of cadaver hooves, where the mid-dorsal lamellae 
corium score range is demonstrated (apart from score (1)), so that: (a) (sample MS419) is a score 2; (b) (sample 
MS48) is a score 3; (c) (sample MS46) is a score 4; (d) (sample MS415) is a score 5. 

The grading system meant that of each of the 20 pre-defined  areas of corium was scored 1–5, 

allowing a minimum score of 20 (score 1x20 areas of corium) and maximum score of 100 

(score 5x20 areas of corium) for each hoof; allowing a score of the appearance of the corium 

ranging from 20-100 for an individual hoof. 

6.2.1.6 Statistical Analysis 

Statistical analysis involved testing the null and alternative hypotheses:  

H0:  Hoof shape does not affect the appearance of the corium  

H1:  Hoof shape affects the appearance of the corium. 

6.2.2.3.1 Descriptive statistics  

The comparison of the hoof capsule and the corium layer variable quantities involved 

comparing the acquired linear measurements and calculated ratios of the external hoof and 
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the corium layer to identify the variance between them. This was achieved using the variable 

quantity data collected for their combined values, and using descriptive statistics to show 

their variance.  

6.2.2.3.2 Statistical testing 

The first part of the statistical testing involved investigating the effect of heel angle lateral 

(HAL) and heel angle medial (HAM) on the condition of the mid-dorsal lamellae – scored 

between 1 (best) and 5 (worst). This was achieved by the use of a multinomial log-linear 

regression model. Such models are appropriate for data where the response variates consist of 

a number of not strictly ordered, nominal categories (Payne et al. 1993). Chi-squared tests 

determined the significance of categories, while t-tests identified those means that were 

significantly different from others. The program Genstat 17 (2014) was used to create the 

output. 

The second part of the statistical testing involved investigating the relationship between the 

gross appearance of the internal hoof capsule horn score and the gross appearance of the 

corium score, using the pairwise t-test to do so. The program Genstat 17 (2014) was used to 

create the output. 

6.3 Results 

6.3.1 Corium Histopathology Pilot Study 

There were variations in the findings of the pilot histopathology study examining the 

appearance of solar corium of the cadaver hooves of three Thoroughbred and Standardbred 

horses. An independent microscopic examination of a random selection of 5 of the total of 16 

prepared slides, viewed at 40x–200x magnification, showed that solar corium tissue condition 

ranged from normal with no pathology, to solar corium tissue with congested, engorged 

blood vessels, which is associated with acute laminitis (van Eps and Pollitt 2009; Collins 

2010). Sample MH11RF-2, piece number 1 with only solar corium, showed congestion of the 

blood vessels and possible perivascular oedema as if suffering acute laminitis.  Sample 

MH12LF-1, piece number 1, there were no pathological changes shown in the tissue 

presented. With sample MH15RF-1, piece number 1 the areas of haemorrhaging were 

thought likely to be artefact, rather than a result of antemortem pathology, Table 6.3, and 
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Figure 6.7. In each case the hooves of the live horses showed no clinical lameness associated 

with laminitis.    

Table 6.3: Histopathology report of a random sample of five slides of solar horn and solar 
corium 

Reference Slide 
No. 

Piece No. Comment 

 

MH11RF–2 3 1 SC only – congestion of blood vessels and possible perivascular oedema as if acute 
laminitis. 

MH11RF–2 3 2 SC only – no congestion, but possible perivascular oedema. 

MH12LF–1 1 1 IH of SM, SI and SC – no pathological changes. 

MH12LF–1 1 2 SI and SC, marked congestion of SC vessels as if acute laminitis. 

MH12LF–1 2 1 SM only – no soft tissue to evaluate. 

MH12RF–2 4 1 SM, SI, and SC – congested blood vessels as if acute laminitis. 

MH12RF–2 4 2 SM and SI – no soft tissue to evaluate. 

MH15RF–1 5 1 SM, SI and SC – artefactually almost separated from hoof wall. Areas of 
haemorrhage are likely to be artefact, given the amount of separation. 

Table provides summary results from a report of the examination of histopathology of a random sample of five 
of the total of 16 slides of solar corium. Key:  IH, inter-tubular horn; SC, solar corium; SI, stratum internum; SM, 
stratum medium (Ross 2014). 
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Figure 6.7: Micrographic images of four histopathology slides 

 

(a) 

 

 

(b) 

 

 

(c) 

 

 

(d) 

 

Figure shows micrographic images of four of the five histopathology slides that formed the basis for the 
pathologist’s report in Table 5.1, showing:  (a) sample MH11RF–2, slide 3 piece 1 – SC congestion of blood 
vessels (arrow) and possible perivascular oedema;  (b) MH12LF–1, slide 1, piece 2 – SI and SC marked 
congestion of SC vessels (arrow); (c) MH12RF–2, slide 4, piece 1 – SM, SI and SC congested blood vessels 
(arrow); (d) MH15RF–1, slide 5, piece 1 – SM,SI and SC – areas of haemorrhage (arrow) are likely to be artefact, 
given the amount of separation from hoof wall. Key:  IH, inter-tubular horn; SC, solar corium; SI, stratum 
internum; SM, stratum medium.  

 

6.3.2 Corium Gross Pathology 

6.3.2.1 Quantifying the External Hoof Shape 

The results of quantifying 20 left and right cadaver hooves as a converging or diverging hoof 

shape, showed the dorsal hoof wall angle range of 36.9° – 68.7°, and the heel angle range of 

21.8° – 52.2°, so that the heel collapse index range was 1.05 – 1.86. These results indicated 

that all hooves were a converging hoof shape. The hooves with the steepest heel angles were 

samples MS419, (48.7°), and MS420, (52.2°), the LF and RF from a not lame 12yr old  

Miniature. The hooves with the shallowest heel angles were from samples MS417 (21.8°), 

and MS418 (25.5°), the LF and RF from a 12 yr old Miniature who was lame in the LF hoof. 

For the 20 hooves, the heel length was either equal to or greater than heel height, with the 

HL:HH ranging from 1.00 – 1.20, with a mean ratio of 1.09.  The toe quarter height to heel 

M
icrography credit: G

. Dutton 
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quarter height ratio ranged from 1.09 – 1.55, lower than the levels described for diverging 

hooves (chapter 1 and chapter 4).  The bar height ranged from 12mm – 22mm, the highest bar 

height was from hoof MS48 (32mm), the LF from a 2yr old Thoroughbred, which also had a 

low heel angle (35.4°). The lowest bar height was from hoof MS419 (12mm), the LF from a 

12yr old Miniature, which also had a high heel angle (48.7°). The palmar collateral groove 

height ranging from 14mm – 34mm was consistently higher than the bar height in all sample 

hooves. The bar length ranged from 21mm – 78mm, with a group mean of 51mm, Table 6.4. 
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Table 6.4 Variable quantities for the hoof capsule of 20 sample hooves from 10 mixed breed horses 

Hoof 
Ref 

Horse 
Breed 

Size 
category 

Age 
yrs 

Lame 
Y/N 

Hoof 
LF 
RF 

BH BL PCGH QR DHWA  
degree 

HA   
degree 

HCI      
ratio 

HL 
mm 

HH 
mm 

HL:HH  
ratio 

TQ:HQ    
ratio 

Hoof 
shape 
C/D 

MS41 SB 4 A N LF 20 39 22 0 58.3 41.7 1.39 45 45 1.00 1.24 C 
MS42 SB 4 A N RF 19 35 20 0 53.2 33.5 1.59 48 41 1.17 1.29 C 
MS43 G 3 A N LF 19 76 19 0 56.3 32.4 1.74 40 34 1.18 1.49 C 
MS44 G 3 A N RF 19 77 19 0 54.2 31.9 1.70 35 31 1.13 1.44 C 
MS45 SB 4 A N LF 21 53 21 0 52.6 32.2 1.63 50 48 1.04 1.27 C 
MS46 SB 4 A N RF 20 58 20 0 53.4 33.1 1.61 54 52 1.04 1.29 C 
MS47 TB 4 2 N LF 27 54 27 0 68.7 43.2 1.59 55 51 1.08 1.30 C 
MS48 TB 4 2 N RF 32 52 34 0 65.8 35.4 1.86 55 52 1.06 1.20 C 
MS49 TB 4 A N LF 19 61 24 0 58.8 36.6 1.61 45 42 1.07 1.13 C 
MS410 TB 4 A N RF 18 78 23 0 58.5 39.7 1.43 51 48 1.06 1.11 C 
MS411 P 2 A N LF 15 52 23 0 52.2 43.5 1.20 56 50 1.12 1.14 C 
MS412 P 2 A N RF 18 65 25 0 51.8 43.5 1.19 54 49 1.10 1.16 C 
MS413 TB 4 A N LF 16 62 19 0 55.4 32.4 1.71 64 52 1.23 1.22 C 
MS414 TB 4 A N RF 16 58 18 0 55.5 34.4 1.61 58 55 1.05 1.09 C 
MS415 SB 4 8 N LF 17 52 18 0 51.4 40.4 1.27 50 48 1.04 1.29 C 
MS416 SB 4 8 N RF 17 45 18 0 51.0 39.0 1.31 47 45 1.04 1.39 C 
MS417 M 1 12 Y LF 18 23 20 0 40.5 21.8 1.86 30 25 1.20 1.31 C 
MS418 M 1 12 N RF 15 21 23 0 36.9 25.5 1.45 30 25 1.20 1.27 C 
MS419 M 1 12 N LF 12 24 14 0 53.8 48.7 1.10 25 25 1.00 1.55 C 
MS420 M 1 12 N RF 13 28 20 0 54.7 52.2 1.05 30 29 1.03 1.55 C 
Total n/a n/a n/a n/a n/a 371 1013 427 0 1083.0 741.1 29.9 932 851 21.8 25.73 n/a 
Range n/a n/a n/a n/a n/a 12 – 

32 
21 –78 14 – 

34 
0 36.9 –

68.7 
21.8 –
52.2 

1.05 – 
1.86 

25 –
64 

25 –  
55 

1.00 –
1.20 

1.09 –
1.55 

n/a 

Mean n/a n/a n/a n/a n/a 19 51 21 0 54.2 37.1 1.50 47 43 1.09 1.29 n/a 

Table shows summary results of quantifying hoof shape between converging and diverging, from the sample set of 20 mixed breed horses’ left and right front hooves.    
Key:  A, adult (over 4yrs); BH, bar height; BL, bar length; C, converging; D, diverging; DHWA, dorsal hoof wall angle; G, Galloway; HA, heel angle; HL, heel length; HH, heel 
height; M, Miniature; PCGH, proximal collateral groove height; SB, Standardbred; TB, Thoroughbred; TQ:HQ, toe quarter height to heel quarter height ratio. Size category 1 
= small pony <120cm; 2 = pony 120cm to <140cm; 3 = Galloway 140cm to 149cm; 4 = Horse >149cm.
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6.3.2.2 Quantifying the Internal Hoof Structures 

6.3.2.2.1 Gross appearance of the internal hoof capsule horn 

The scoring of the gross appearance of the internal hoof capsule horn was carried out by the 

researcher. The summary results for group and for individuals are shown in appendix 5. The 

results for the group means of the 20 internal hoof capsule horn locations measured, showed 

that the highest group means were for laminar horn mid-dorsal, with a total of 71/100, or 

3.55/5. The group mean for laminar toe quarter horn lateral and medial both scored 62/100, or 

3.10/5. The group mean for the coronary horn dorsal scored 61/100, or 3.05/5.  The lowest 

group mean was for coronary heel quarter horn lateral, scoring 30/100, or 1.50/5. Coronary 

heel quarter horn medial was also low scoring, 34/100, or 1.70/5. These results are shown 

graphically in Figure 6.8. 

The individual hoof with the highest internal hoof capsule horn score was MS411, the LF of a 

pony scoring a total of 58/100, with a mean of 2.90/5. The lowest individual score was for 

MS419, the LF of a 12 yr old Miniature pony scoring 36/100, with a mean of 1.30/5.  The 

hooves of the youngest horse in the group, a 2yr old Thoroughbred, MS47 LF, MS48 RF 

scored 44/100, or 2.20/5, and 36/100, or 1.80/5 respectively. The individual mean internal 

hoof capsule horn scores for the 20 cadaver hooves are shown graphically in Figure 6.9. 



199 
 

Figure 6.8: Group mean internal hoof capsule horn scores for 20 cadaver hooves 

 

Figure shows group mean scores for the 20 locations of gross appearance of the internal hoof capsule horn of 20 cadaver 
hooves. Laminar horn dorsal, solar horn dorsal and coronary horn dorsal are noticeably greater in value, when compared 
to the other group mean values. Key:  BAL, bar horn apex lateral; BAM, bar horn apex medial; BLL, bar lamelle horn lateral; 
BLM, bar lamellae horn medial; CD, coronary horn dorsal; CHQL, coronary horn heel quarter lateral; CHQM, coronary horn 
heel quarter medial; CTQL, coronary horn toe quarter lateral; CTQM, coronary horn toe quarter medial; FA, frog horn apex; 
LD, laminar horn mid-dorsal; LHQL, laminar horn heel quarter lateral; LHQM, laminar horn heel quarter medial; LTQL, 
laminar horn toe quarter lateral; LTQM, laminar horn toe quarter medial;   SD, solar horn dorsal; SHQL, solar horn heel 
quarter lateral; SHQM, solar horn heel quarter medial, STQL, solar horn toe quarter lateral; STQM, solar horn toe quarter 
medial. Error bars show the standard error of mean. 
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Figure 6.9: Mean internal hoof capsule horn scores for 20 individual cadaver hooves 

 
Figure shows individual hoof mean scores for the internal hoof capsule horn for 20 individual cadaver hooves 
MS41 to MS420.  Using a grading scale of score 1= normal appearance, to a score of 5 = presenting with 
extreme abnormality to the appearance of the internal hoof capsule horn, the score range was from 1.30 to 
2.90.  Hoof MS419 the LF of a Miniature showed the lowest individual mean score of 1.30, hoof MS411 the LF 
of a pony showed the highest mean score of 2.90. MS48 the RF of the youngest horse, a 2yr old Thoroughbred, 
also had a low mean score of 1.80. Error bars show the standard error of mean. 
 
6.3.2.2.2 Variable quantities of the corium 

The results of collecting variable quantities for 20 left and right cadaver hooves from 20 

locations of the corium, showed that for this sample of cadaver hooves the bar lamellae 

corium ranged from 15mm – 45mm, with a group mean of 31.85mm. The longest bar 

lamellae corium (45mm) was for hoof MS46 the RF of an adult Standardbred, and the 

shortest (15mm) for hoof MS418 the RF of a 12yr old Miniature. The corium heel height 

ranged from 16mm – 45mm, with a group mean of 30.85mm.  The highest corium heel height 

was for hoof MS46 (45mm), and the lowest (16mm) for MS417 the LF of a 12yr old 

Miniature. The corium heel length ranged from 20mm – 50mm, with a group mean of 

36.5mm. The longest (50mm) corium heel length was for MS46, and the shortest (20mm) 

was for MS420, the RF of a 12yr old Miniature. The corium toe quarter height to corium heel 

quarter height ratio ranged from 1.48 – 2.07, with a group mean of 1.76. The lowest ratio 

(1.48) was for MS46, and the highest ratio (2.07) was for an adult Australian Stock Horse, 

Table 6.5. 
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Table 6.5: Variable quantities for the corium of 20 sample hooves from 10 mixed breed 
horses 

Hoof  
Ref  

Hoof  
LF/RF 

Horse 
Breed  

Age 
yrs 

Lame 
Y/N 

CBL 
mm 

CHH 
mm 

CHL 
mm 

CTQ:CHQ 
ratio 

MS41 LF SB A N 37 31 40 1.79 
MS42 RF SB A N 29 33 40 1.61 
MS43 LF ASH A N 32 29 35 1.74 
MS44 RF ASH A N 35 31 35 2.07 
MS45 LF SB A N 40 45 50 1.58 
MS46 RF SB A N 45 45 50 1.48 
MS47 LF TB 2 N 30 35 40 1.48 
MS48 RF TB 2 N 32 32 38 1.77 
MS49 LF TB A N 31 28 35 1.89 
MS410 RF TB A N 35 28 32 1.77 
MS411 LF P A N 30 34 42 1.64 
MS412 RF P A N 40 38 36 1.58 
MS413 LF TB A N 34 36 43 1.58 
MS414 RF TB A N 37 39 47 1.58 
MS415 LF SB 8 N 42 28 45 2.04 
MS416 RF SB 8 N 40 28 38 1.98 
MS417 LF M 12 Y 15 16 20 2.02 
MS418 RF M 12 N 15 20 20 1.72 
MS419 LF M 12 N 19 20 25 2.02 
MS420 RF M 12 N 19 21 20 1.93 

Total n/a n/a n/a n/a 637 617 731 35.27 
Range n/a n/a n/a n/a 15 – 45 16 – 45 20 – 50 1.48 – 2.07 
Mean n/a n/a n/a n/a 31.85 30.85 36.5 1.76 

Figure shows table of the variable quantities of the corium of 20 left and right cadaver hooves, of mixed breed 
and age horses. Key: A, adult; ASH, Australian Stock Horse; CBL, bar corium lamellae; CHH, corium heel height; 
CHL, corium heel length; CTQ:CHQ, corium toe quarter height to corium heel quarter height ratio; M, 
Miniature; P, pony; SB, Standardbred; TB, Thoroughbred. 

6.3.2.2.3 Corium appearance score 

The initial assessment of the appearance of the corium of 20 left and right cadaver hooves 

taken from 20 locations was carried out by the researcher. The summary results for group and 

for individuals are shown in appendix 6. The corium varied in appearance, from areas of 

tissue that appeared pink in colour with uniform tissue structure, to corium tissue that 

appeared dark red or white with highly irregular structural form.  The results of the group 

means for the 20 corium locations showed that the highest group means were for the gross 

appearance of the laminar corium mid-dorsal with a group mean total of 85/100, or 4.25/5. 

The solar corium dorsal scored 76/100, or 3.8/5; and the coronary corium dorsal scored 

73/100, or 3.65/5. The lowest group mean score was for coronary heel quarter medial scoring 

38/100, or 1.90/5, coronary heel quarter lateral scored 39/100, or 1.95/5, Figure 6.10. 

The individual hoof with the highest mean score for the gross appearance of the corium was 

MS411 the LF of a pony, with a score of 75/100, or 3.75/5. The hoof with the lowest score 

was MS419 the LF of a 12 yr old Miniature, with a score of 21/100, or 1.05/5. The hooves 
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from the youngest horse, a 2yr old Thoroughbred, MS47 LF, and MS48 RF, scored 53/100, 

or 2.65/5, and 51/100, or 2.55/5 respectively. The individual mean corium gross appearance 

scores for the 20 cadaver hooves are shown in Figure 6.11. 

 

Figure 6.10: Group mean corium scores for 20 cadaver hooves in 20 locations 

  

Figure shows the mean corium gross appearance scores for a data set of 20 cadaver hooves, after hoof capsule 
extraction. The highest score was for laminar corium dorsal with a group mean of 4.25, followed by solar 
corium dorsal with 3.80, and coronary corium dorsal with 3.65. The lowest score was for coronary heel quarter 
medial with a group mean of 1.90, and coronary heel quarter lateral with 1.95. Key: BLCL, bar lamellae corium 
lateral; BLCM, bar lamellae corium medial; CD, coronary corium dorsal; CHQL coronary corium heel quarter lateral; CHQM, 
coronary corium heel quarter medial; CTQL, coronary toe quarter lateral; CTQM, coronary toe quarter medial; FA, frog 
corium apex; LD, laminar corium mid-dorsal; LHQL laminar corium heel quarter lateral; LHQM, laminar corium heel quarter 
medial; LTQL, laminar corium toe quarter lateral; LTQM, laminar corium toe quarter medial; SD, solar corium dorsal; SHQL, 
solar corium heel quarter lateral; SHQM; solar corium heel quarter medial; STQL, solar corium toe quarter lateral; STQM, 
solar corium toe quarter  medial. Error bars show the standard error of mean. 
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Figure 6.11: Individual hoof mean corium appearance scores for 20 cadaver hooves 

 

Figure shows the individual hoof mean corium gross appearance scores for 20 individual cadaver hooves, after 
hoof capsule extraction. Using a grading scale of score 1= no pathology present, to a score of 5 = presenting 
with extreme pathology, the score range was from 1.05 to 3.75. The highest score was for MS411 the LF of a 
pony, and the lowest score was 1.05, the LF of a Miniature. The RF of the youngest horse, a 2yr old 
Thoroughbred scored 2.55. Error bars show the standard error of mean. 

The results of scoring the appearance of the corium, showed consistently high scores for the 

dorsal laminar, solar, and coronary hoof locations. In these areas tissue changes showed dark 

red blood, ischemic areas, and irregular tissue structure. Photographs of the dorsal, solar, and 

lateral views of the hooves with high scores, the hoof with the lowest corium scores, and the 

corium score of the youngest horse in the sample group are shown below, Figure 6.12. 
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Figure 6.12: Gross appearance of corium from cadaver hooves  

 
 

Sample MS411 – LF, adult, pony breed 
Total corium score 75/100, mean score 3.75 

 

1(a) 

 

 

1(b) 

 

 

1(c) 

 

 

1(d) 

 

 

Sample MS415 – LF, 8yr old Standardbred, previously shod 
Total score 73/100, mean score 3.65 

 

2(a) 

 

 

2(b) 

 

 

2(c) 

 

 

2(d) 
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Sample MS46 – RF, adult, Standardbred 
Total score 69/100, mean score 3.65 

 

3(a) 

 

 

3(b) 

 

 

3(c) 

 

 

3(d) 

 

 
Sample MS48 – RF, 2yr old Thoroughbred 

Total score 51/100, mean score 2.55 

 

4(a) 

 

 

4(b) 
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4(c) 

 

 

4(d) 

 

 

Sample MS419 – LF, 12yr old Miniature, never shod 
Total corium score 21/100, mean score 1.05 

 

5(a) 

 

 

5(b) 

 

 

5(c) 

 

 

5(d) 

 

Figure shows photographs of left and right front cadaver hooves with hoof capsules extracted (for extraction 
method, see section 6.2.2.2.2). Each set of four photographs shows: (a) the dorsal and lamellae and coronary 
corium; (b) the solar, and frog corium; (c) the lateral laminar and coronary corium; and (d) the medial laminar 
and coronary corium. Individual hooves show: sample MS411, 1(a) – (d), the highest scoring hoof; MS415, 2(a) 
– (d), and MS46, 3(a) – (d) high scoring hooves; sample MS48, 4(a) – (d) the hoof of the youngest horse in the 
sample group; and sample MS419, 5(a) – (d) the lowest scoring hoof. 

 

A comparison between the left front hooves of the lowest scoring hoof (MS519) and a high 

scoring hoof (MS515) is shown in Figure 6.13. Further comparison is made between the left 

front hooves of two Miniature’s from category small pony <120cm MS519 and MS17, where 

the Figure shows left front cadaver hooves of two Miniature’s category small pony <120cm, 

both 12yrs, showing a comparison of a low scoring hoof MS519 and a high scoring hoof 

MS517. The corium relative to the hoof shape and the internal hoof capsule is also shown  
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for the two hooves. An internal solar callous dorsal of the frog apex was visible on hoof 

MS517, which was not weight-bearing in the live horse, there was no callous on hoof MS519 

which was weight-bearing in the live horse (Figure 6.14). 

Figure 6.13: Variations of the appearance of the corium of cadaver hooves 

 

(a) 

  

(b) 

 

Figure shows photographs of the left front cadaver hooves with capsule extracted showing an example of the 
variation in the appearance of the coronary and dorsal lamellae corium, and dorsal coronary corium between: 
(a) sample MS319 (never shod); and (b) sample MS315 (previously shod).  Neither horse appeared lame at the 
walk. 

Figure 6.14: Cadaver hooves of two Miniature ponies MS419 and MS417 

 

(a) 

 

 

(b) 

 

 MS519  MS517    
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(c) 

 

 

(d) 

 

 MS519  MS517    

Figure shows left front cadaver hooves of two Miniature’s category small pony <120cm, both 12yrs, showing a 
comparison of a low scoring corium appearance hoof MS519, and a high scoring hoof MS517. The corium 
relative to the hoof shape, and the internal hoof capsule is also shown for the two hooves. An internal solar 
callous dorsal of the frog apex was visible on hoof MS517, which was not weight-bearing in the live horse, 
there was no callous on hoof MS519 which was weight-bearing in the live horse. 

 

 

After the initial assessment of the corium was made, the gross appearance was further 

examined by an independent clinical pathologist from digital photographs. A selection of five 

hooves was reported on, Table 6.6. 
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Table 6.6: Appearance of corium from 5 hooves with the hoof capsule removed 

Ref Hoof Comment 

MS411 

(Figure 6.12 
1. (a) – (d)) 

LF Severe distortion of the laminae with an area of raised, rough, coalescing nodules 
(fibrovascular proliferation vs. granulomatous inflammation) associated with what 
appears to be a grey exudate extending to the coronary band – this looks like a 
chronic infection/abscess that may or may not have previously ruptured at the 
coronary band. Areas of loss of detail or gross swelling of the laminae may be due to 
acute oedema and/or haemorrhage into the tissue, or may be part of a chronic tissue 
change (likely involving a combination of fibrosis and vascular proliferation – i.e. 
healing attempts), but histology is needed to confirm. 

MS415 

(Figure 6.12 
2. (a) – (d)) 

LF Grossly, there is marked reddening and distortion of laminae, with swelling and 
possible fusion. The reddening may be due to congestion associated with active 
inflammation or from chronic changes to the vascularity of the tissue – histopathology 
would be required to determine exactly what the nature of the tissue change is. In 
some other areas, it looks almost as if laminae are fused. The tears just proximal to 
the most distorted area of the laminae may have occurred at the time of hoof 
removal, but are clearly associated with the gross changes in the laminae and may 
simply reflect locally altered tissue mechanics. Solar surface looks distorted. 

MS47 

 

LF Irregular coloration is quite striking here – the red band looks too dark 
(congestion/hyperaemia vs haemorrhage), and the white bands seem blanched 
(compression of the tissue may have squeezed out red blood cells, or perhaps the 
whiteness is due to fibrosis or oedema – histopathology is needed to determine. Can’t 
exclude that those colour changes are due to forces on the tissue during hoof removal 
– esp. as a similar pattern is present in some other cases. Laminae seem too smooth in 
some areas and there is a clear swelling/distortion of the laminae in a markedly 
reddened area. 

MS410 

 

RF Shows a similar pattern of red vs white colour changes as seen in MS47. 

 

MS419 

(Figure 6.12 
5. (a) – (d)) 

LF The most normal looking. The relatively dark pink colour is probably within normal 
limits, but there are some slightly darker areas which may be shadowing or actual 
changes (e.g. congestion/hyperaemia). 

Table provides clinical pathologist’s report on the appearance of corium from a selection of 5 of the total of 20 
sample left and right hooves, with the hoof capsule removed.  

 

The 20 sample hooves, showing photographic images of the external hoof, the appearance of 
the internal hoof capsule horn, and the appearance of the corium, are shown in appendix 4. 
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6.3.2.2.4 Statistical Analysis  

(a) Comparison of hoof capsule shape and corium shape 

The results of a comparison of the external hoof capsule shape to the corium shape of 20 left 

and right cadaver hooves show differences in absolute values and mean values, measured as  

linear measurements, and calculated ratios, appendix 7. The results from appendix 7 are 

summarized in Table 6.7; they show that for this group of 20 cadaver hooves there is a 

greater variability in the external hoof capsule measurements compared to the corium, which 

was less variable in shape between sample hooves. 

Table 6.7: Hoof capsule and corium shape variability 

Variable BLL CLL HHL CHL HLL CLL TQ:HQ CTQ:CHQ 

Range 21‒78 15 ‒ 45 25 ‒ 55 16 ‒ 45 25 ‒ 64 20 ‒ 50 1.09 ‒1.55 1.48 ‒ 2.02 

Mean mm/ratio 50.7 31.9 42.5 30.9 46.6 36.5 1.29 1.76 

Mean Difference 18.8mm or 37% 11.7mm or 27% 9.6mm or 22% 0.48 or 27% 

Table shows summary values of external hoof capsule and internal corium shape range, mean, and differences 
for 20 cadaver hooves. Key: BLL, bar horn length lateral; CLL, bar corium lamellae length lateral; HHL, hoof 
capsule heel height lateral; CHL, corium heel height lateral; HLL, hoof capsule heel length lateral; CLL, corium 
heel length lateral; TQ:HQ, hoof capsule toe quarter to heel quarter ratio; CTQ:CHQ, corium toe quarter to 
heel quarter ratio. 

 

In the sample of 20 cadaver left and right front hooves a comparison between the range of the 

toe quarter height to heel quarter height ratio of the external hoof and the corium, shows a 

consistently lower ratio for the external hoof compared to the corium., Figure 6.15. Further 

comparison was made between the range of sample hoof’ bar horn length of the external hoof 

capsule to corium, which was consistently longer, compared to the bar corium length, which 

was consistently shorter in this sample of hooves, Figure 6.16. 
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Figure 6.15: Comparison of toe quarter height to heel quarter height between the hoof 
capsule and the corium in 20 cadaver hooves 

 

Figure shows a bar chart with a comparison between  the individual sample hoof toe quarter height to heel 
quarter height ratio of the external hoof, which are consistently lower for each sample hoof, compared to the 
corium toe quarter height and the corium heel quarter height ratio, in a sample of 20 cadaver left and right 
front hooves.  

Figure 6.16: Comparison of bar horn length and bar corium lamellae length in 20 cadaver 
hooves 

 

Figure shows a bar chart with a comparison between the individual sample hoof bar horn length of the 
external hoof capsule, which is consistently longer, compared to the bar corium length, in a sample of 20 
cadaver left and right front hooves. 

0

0.5

1

1.5

2

2.5

M
S4

1

M
S4

2

M
S4

3

M
S4

4

M
S4

5

M
S4

6

M
S4

7

M
S4

8

M
S4

9

M
S4

10

M
S4

11

M
S4

12

M
S4

13

M
S4

14

M
S4

15

M
S4

16

M
S4

17

M
S4

18

M
S4

19

M
S4

20

Comparison of toe quarter height to heel quarter height 
ratio between the hoof capsule and the corium in 20 

cadaver hooves

TQ:HQ

CTQ:CHQ

0

10

20

30

40

50

60

70

80

90

M
S4

1

M
S4

2

M
S4

3

M
S4

4

M
S4

5

M
S4

6

M
S4

7

M
S4

8

M
S4

9

M
S4

10

M
S4

11

M
S4

12

M
S4

13

M
S4

14

M
S4

15

M
S4

16

M
S4

17

M
S4

18

M
S4

19

M
S4

20

Comparison of bar horn length and bar corium length       
in 20 cadaver hooves

   BL

Column1CBL 



212 
 

To further test the third study hypothesis, statistical analysis of the relationship between 

lateral heel angle (HAL) or medial heel angle (HAM) with the mid-dorsal lamellae score 

(DLCS) was carried out. The results are based on multinomial log-linear regression models, 

showed there were significant differences among the DLCS categories (probability of chi 

squared = 0.008 and 0.004, respectively). Pairwise comparison of the modelled means using 

t-tests showed that for HAL, the resulting DLCS of 2, was not significantly different from a 

score of 3, but was highly significantly different from a score of 4 (p = 0.004) and 5 (p < 

0.001). The scores 4 and 5 did not differ from one another. The same results were obtained 

for HAM, where again the DLCS of 2 and 3 were not significantly different from one 

another, but DLSC 2 was significantly different from a score of 4 (p =0.002), and 

significantly different from a score of 5 (p < 0.001); scores 4 and 5, as a result of medial heel 

angle, did not differ from one another. These results show that in this data set, as lateral and 

medial heel angle increased (>45°), there was a significantly better mid-dorsal lamellae score 

(Figure 6.17).  
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Figure 6.17 Regression of heel angle to dorsal lamellae score 

(a)  

(b)  

Figure shows the regression of heel angle to dorsal lamellae score, where:  (a) graph shows dorsal lamellae 
corium score (DLCSL), and heel angle lateral (HAL); (b) graph shows dorsal lamellae corium score (DLCS) and 
heel angle medial (HAM).  NB: the horizontal bars in the graphs show the standard error of the means.  
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(b) Comparison of the gross appearance of the internal hoof capsule horn to the corium  

The comparative group mean scores for the gross appearance of the internal hoof capsule 

horn and for the corium of 20 sample cadaver left and right hooves showed that the corium 

score was consistently higher for the 20 score locations compared to the internal hoof capsule 

horn scores, Figure 6.18. 

Figure 6.18: Comparison of the internal hoof capsule horn and corium score 

 

Figure shows a bar chart of the comparative group mean scores for the gross appearance of the internal hoof 
capsule horn and the corium. Key: BAL, bar horn apex lateral; BAM, bar horn apex medial; BLL, bar lamelle 
horn lateral; BLM, bar lamellae horn medial; CD, coronary horn dorsal; CHQL, coronary horn heel quarter 
lateral; CHQM, coronary horn heel quarter medial; CTQL, coronary horn toe quarter lateral; CTQM, coronary 
horn toe quarter medial; FA, frog horn apex; LD, laminar horn mid-dorsal; LHQL, laminar horn heel quarter 
lateral; LHQM, laminar horn heel quarter medial; LTQL, laminar horn toe quarter lateral; LTQM, laminar horn 
toe quarter medial;  SD, solar horn dorsal; SHQL, solar horn heel quarter lateral; SHQM, solar horn heel quarter 
medial, STQM, solar horn toe quarter lateral; STQM, solar horn toe quarter medial. Error bar shows the 
standard error of mean. 
 
Results of a pairwise comparison of the mean scores of the internal hoof capsule horn and the 

corium using t-tests, showed that the solar horn dorsal to solar corium dorsal were 

significantly not independent of each other p = 0.001; and laminar horn mid-dorsal to laminar 

corium mid-dorsal were significantly not independent of each other p = 0.001. Coronary heel 

quarter horn medial to coronary corium heel quarter medial, however, were independent of 

each other, p = 0.104.  The results show that in this sample of 20 cadaver hooves the 

appearance of the internal hoof capsule horn score was related to the appearance of the 

corium score, rather than there being a random effect. 
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6.4     Discussion 

The most important finding of study four was that in the quantified sample of 20 cadaver left 

and right hooves as lateral and medial heel angles increased, the mid-dorsal lamellae corium 

score decreased. This supports the alternative hypothesis, which stated that ‘there is a 

relationship between hoof capsule shape and the underlying appearance of the corium’, so 

that the null hypothesis could be rejected. This finding was also supported by the differences 

between the appearance of the solar horn dorsal, and laminar horn mid-dorsal of the internal 

hoof capsule, and the solar corium dorsal, and laminar corium mid-dorsal. So that when the 

appearance of solar and laminar horn mid-dorsal of the internal hoof capsule horn changed, 

the appearance of these reciprocal structures of the corium also changed. 

There was a greater variation than expected in the gross appearance of the structure and 

vascularization of the corium tissue of 84 cadaver hooves, 20 of which were quantified. For 

example, the extreme differences in the corium appearance of the lamellae corium mid-

dorsal, coronary corium dorsal, and solar corium dorsal, between samples MS419, (never 

shod), and MS415 (previously shod). The corium of MS419 appeared more normal while the 

corium of MS415 appeared torn and bruised.  

A high level of pathology was also noted in the histology slides and was associated with 

acute laminitis (MH11RF-2 piece-1).  In the hooves that were used for the histology, and the 

hooves that were used for the gross appearance of the corium, only one hoof was lame 

(MS417).  

In the corium gross pathology of the group of 20 sample hooves, all with converging hoof 

shape, there were high levels of changes in the appearance of  the lamellae corium mid-

dorsal, coronary corium dorsal, and solar corium dorsal. The high levels of change in corium 

appearance coincide with the areas of the hoof subject to the greatest area of compressive 

strains in the stance phase of a gait, (Leach 1980; Thomason 1992; Bellenzani et al. 2007). 

The area of the mid-dorsal hoof wall is associated with dorsoconcavity (bending in) in 

response to the biaxial compression of the dorsal wall during weight-bearing (Leach 1980; 

Thomason 1992; Bellenzani et al. 2007).  

The 20 quantified cadaver hoof specimens were not freshly trimmed, and this may explain 

the converging hoof shape with a high heel collapse index (group mean 1.50), and low toe 

quarter to heel quarter ratio (group mean 1.29). There was a greater variation than expected 

when comparing the acquired linear measurements, and calculated ratios of the external hoof 
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capsule shape to the corium. A variation of some kind was understandable, due to the 

continual supply of epidermal cells as the hoof capsule grows. The variability between the 

hoof capsule shape, and the corium raised questions about the level of tolerance of the corium 

layer and the epidermis in the region of the laminar junction. Moleman et al. (2006) 

concluded that there is a level of tolerance of the tissues of the hoof, of an eight-week 

trimming interval. This level of tolerance of trimming intervals was supported by Caldwell et 

al. 2013, who stated that normal hoof shape can be considered to be between a range of 

common variable hoof quantities. This may explain the findings that asymmetry of the hoof 

capsule is known to occur in both non-lame and lame horses, concluded Dyson et al. (2011a). 

While these conclusions may be credible, the appearance of the corium or the hoof capsule 

displacement under load, were not considered.  

In normal hoof capsule growth, the progression of the hoof wall distodorsally is facilitated by 

the mechanism allowing the epidermis to slide past the corium (chapter 1, section 1.2.2.1.2). 

This process assumes corium tissue integrity and function is maintained, allowing the 

corium’s firm attachment to the parietal surface of the distal phalanx to continue 

uninterrupted. For this to occur, hoof capsule displacement under load must deform in a 

consistent manner (van Eps et al. 2010). At what point hoof capsule growth alters hoof 

capsule displacement beyond a ‘normally tolerated range’, and at what point corium 

appearance may be perturbated, is unclear. The results from this study showing a high level 

of variability in corium appearance suggest the range in which tolerance is maintained may 

be less than was previously assumed, and therefore previous trimming intervals may need to 

be revised to shorter intervals. 

The results from this study show that the traditional veterinary method of using pain as an 

indicator of dysfunction in the hoof is not a reliable indicator in quantifying the underlying 

tissue appearance and dysfunction, as only one of the sample horses showed clinical signs of 

pain (lameness that was noticeable at the walk). This makes evaluating hoof health difficult, a 

horse presenting to the horse owner with no obvious clinical signs, such as limping, is less 

likely to be presented to the veterinary practitioner for a more thorough investigation. While 

this seems obvious, the implication is that early intervention, and preventive management 

practices are difficult to encourage, and implement. When the horse owner presents a horse 

with obvious clinical signs, the pathology may be more advanced, potentially making 

treatments and prognoses more challenging.   
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During the hoof extraction process, information was gathered about the length of time the 

individual hooves required exposure to the boiling water so that capsule removal was 

possible. Boiling time was increased or decreased in 30 second increments based on, (a) the 

time since slaughter; (b) the assumed strength of the laminar connection; and (c) the size of 

the hoof. Anecdotally it was found that a margin of 60 seconds over or under an estimated 

time affected the outcome. The fresher the hoof,  the longer the boiling time required, so that 

comparatively a hoof that had been in the chiller for two days, needed less boiling time than a 

hoof that was processed two hours after slaughter, which needed more boiling time. 

Presumably, this was due to the fresher hoof having a stronger basement membrane. A hoof 

that was assumed to be less well connected, for example MS411, the LF of a pony, needed 

less boiling time, and required less pressure to lever the hoof capsule off. This phenomenon 

was assumed to be due to the attenuation of the secondary epidermal and dermal lamellae and 

the defragmentation and disatachment of the basement membrane (Pollit 1994). It was 

observed that the greater the hoof size the greater the boiling time required. The critical 

timing of exposure of the hoof to heat that created such sensitivity, was thought in part to be 

occurring due to the nature of the denaturation process of the proteins of the basement 

membrane. When first exposed to heat, the bonds in the protein chains broke down, so that 

hoof extraction is possible. When the loose protein strings continued to be exposed to heat, 

they tangled into a three dimensional web, which formed such a strong bond that hoof 

extraction was not possible.  

The main limitation of study four was the lack of control – all hooves were a converging hoof 

shape, and this is a flaw of the study.  This may or may not explain the lack of variability in 

the gross appearance of the corium.  All 20 cadaver hooves showed changes in the corium 

appearance; there was not a completely normal specimen. The lack of variability limited the 

statistical testing. The lack of reference to normal corium tissue was extended in both the 

histological and the gross tissue techniques, where a baseline reference to the normal 

parameters of normal tissue range was unavailable, so that the results in study four remain 

somewhat subjective.  

It is normal for changes to occur in vascularisation of the corium at post-mortem, making it 

difficult to interpret the nature and timing of corium changes, in order to clearly define what 

is antemortem, perimortem and postmortem (Rothwell pers. comm. 2015). This limitation 

could be avoided by collecting samples to be examined using histological techniques (Piripi 
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2013; Ross 2014; Rothwell pers. comm. 2015). These results could then be compared to 

gross tissue observation techniques of the same sample. 

Observing the corium in the live horse is difficult. The present study used cadaver hooves to 

fully expose the corium. This method was preferred to alternative methods in the live horse 

that would also cause total exfoliation of the hoof capsule, including electric shock, or the 

administration of a chemical poison or protein denaturing enzyme; any of which may cause 

antemortem changes in the tissue. The preliminary examination of the laminar horn of a hoof 

of a live thoroughbred horse, collected with a 1.5T Magnetic Resonance machine, showed the 

imaged tissues are distinguishable (McCara pers. comm. 2015). More powerful Magnetic 

Resonance machines may be able to distinguish the corium tissue, so that alternative non-

invasive methods of examining the appearance of the corium may be developed.  

The present study developed a repeatable technique for removing in vitro hoof capsules so 

that the underlying tissues could be examined. The method allowed the gross appearance of 

the internal hoof capsule horn and the corium gross appearance to be assessed. The 

information gave useful insights to the variability of the tissue appearance which can be 

useful in determining hoof shape factors that may or may not be beneficial to support hoof 

health.   

 

6.5 Conclusions 

In conclusion, the present study showed that the appearance of the corium was associated 

with the angle of the heel, so that when heel angle was steeper, the appearance of the corium 

was improved. These subtle changes in hoof shape occurring as a result of natural growth 

appear to be more important to the health of the internal hoof than previously understood. 

This information implies that to support hoof health, hoof shape must be maintained within 

narrower parameters than is currently practised. 

The study showed that pain alone may not be an accurate indicator of dysfunction in the hoof, 

and that internal hoof pathology may occur in both lame and non-lame horses.   The study 

shows that it may be over simplistic to judge hoof health on the appearance of the hoof 

capsule alone. Rather, it is important when considering hoof health and hoof function to 

consider the external and internal hoof as an integral unit, and due to the corium’s role in 

hoof production it is important that management practices reflect the need to preserve internal 

hoof tissue integrity. 
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The potential clinical relevance of study four for the practitioner is to be aware of the internal 

anatomy of the hoof when they address the trimming needs of the horse. The periodic use of 

radiographs to more closely monitor the relationship of the internal structures and the hoof 

capsule is thought helpful to achieve this goal, and may be a useful practice in the prevention 

of lameness. The recommendation for the researcher is that considering the high number of 

hooves with changed appearance to the corium in this study, the corium and its relationship 

with the continually growing hoof capsule needs to be examined in more detail.  

The corium layer is difficult to access and therefore difficult to evaluate, this may be what is 

largely contributing to the lack of documentation of the corium’s range of normal health. 

Further histopathology work would be useful to identify the nature of changes of the corium. 

This may be helpful in ascertaining at what point in time the changes occurred. Work of this 

kind is contributory to the baseline referencing of corium that is required to understand the 

range of normal corium tissue.  

Future studies should also look at evaluating the appearance of the corium of both the 

converging, and diverging hooves so that a comparison can be made.  Care must be taken in 

selecting diverging hooves, making sure they have been continually maintained as diverging, 

in order for a fair comparison of corium tissue to be made. 
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7. STUDY 5: IMPACTS OF TRIMMING ON EQUINE HOOF HEALTH 

7.1 Introduction  

Previous research attempting to identify appropriate hoofcare methods and management 

practices aimed at reducing hoof lameness, assume a lower heel height is undesirable 

(Redden 2003; Moleman et al. 2006). This study attempts to test an alternative theory – that a 

lower heel height which maintains a high heel angle (>45°), with a low heel collapse index 

(<1.00) and a high toe quarter to heel quarter ratio (>1.90), is desirable. This may also have 

the potential to reverse hoof lameness, and promote hoof soundness, given compliance to a 

predetermined treatment regimen.  

The results of the previous four studies aided the design of a treatment regimen, which was 

applied to live horses with pre-existing pathology. Study five addresses a knowledge gap in 

the present literature with regard to the angle and height of the heel of the horse’s hoof, 

allowing the investigation of the last of the four study hypotheses:  

Hypothesis 4 There is a relationship between hoof capsule shape and lameness, 

workload, stride length, hoof placement, and palmar hoof loading score. 

By examining the relationship of changes made to hoof shape variable quantities, and 

comparing them to changes to pre-selected key indicators over a period of time, the study 

hypothesis could be tested. 

7.2 Materials and Methods  

Study design: A case study series.  

7.2.1 Case Study Horse Selection Criteria 

The sample of horses comprised six Australian riding horses lame and not lame, of mixed 

breed, height, age, and sex. Horses were selected on pre-existing pathology and each horse’s 

gait was assessed at the start and finish of the study period (appendix 8). The height 

categories matched those used in study two (chapter 4) and study four (chapter 6), comprising 

group 1 small pony <120cm; group 2 pony 120cm to <140cm; group 3 Galloway 140cm to 

149cm; and group 4 horses >149cm.  
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7.2.2 Case Study Horse Description 

Five horses were sourced from private owners, and one horse was owned by the researcher 

(MS53). The descriptions of the horses (Table 7.1) show the size category included two 

horses in group 1 small pony<120cm; one horse in group 2, pony <140cm; one horse in 

group 3, Galloway 140cm to 149cm; and two horses in group 4, horses >149cm. The height 

ranged from 80cm to 163cm with a group mean of 130cm. The age ranged from 1yr to 14yrs, 

with a group mean of 9.3 yrs. One horse (MS51) had been shod with metal shoes from the 

age of 4yrs (7yrs); the remaining horses had never been shod. All horses presented with 

clinical signs of pre-existing hoof pathology. MS51 was diagnosed with navicular disease; 

MS52 presented with overgrown front hooves that were lame. MS53 presented with palmar 

hoof loading issues, to the extent that the heels were not contacting the ground. MS54 

presented with excessively steep hooves as if ‘clubbed’. MS55 presented with stress rings on 

the hoof wall as if pre-laminitic, and undiagnosed front hoof lameness. MS56 presented with 

front hoof dorsal hoof wall cracks and shallow heel angle, associated with ‘under run’ heels. 

Table 7.1: Description of sample horses in the case study series 

Horse 
ref 

Horse 
breed 

Height 
cm 

Size 
category 

Age 

yrs* 

Gender Shoeing 
history 

Pre and post 
lameness 
assessment 

Pre-existing 
hoof pathology 

Study 
hoof 

MS51 Oldenberg 163 4 11 G Shod 
from 
4yrs 

Y Navicular disease RF 

MS52 Miniature 80 1 12 G Never 
shod 

Y Overgrown hoof  
and lameness 

RF 

MS53 Mini x AP 115 1 14 G Never 
shod 

Y Palmar hoof 
loading issues 

LF 

MS54 AP 125 2 1 G Never 
shod 

Y Excessively high 
dorsal wall and 
heel angle 

LF 

MS55 Arab 150 4 10 G Never 
shod 

Y Pre-clinical signs 
of laminitis 

LF 

MS56 Arab 147 3 12 G Never 
shod 

Y Dorsal wall hoof 
cracks 

LF 

Range n/a 80–163 n/a 1–14 n/a n/a n/a n/a n/a 
 

Mean n/a 130 n/a 10 n/a n/a n/a n/a n/a 
 

Key: AP, Australian Pony; G, gelding; LF, left front; RF, right front; * age of horse recorded at commencement 
of study.  

 

Each horse was studied in situ, apart from MS51, which was treated at the researcher’s clinic. 

Photos were taken of each horse’s condition and natural stance before commencing the study 

(Figure 7.1). 
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Figure 7.1: Right and left side of the body of the six sample horses 

MS51 

 

MS52 

 

MS53 

 

MS54 

 

MS55 

 

MS56 

 

Figure shows photographs of the six study horses right or left side of the body at the start of the study period. 
The side of the body imaged was related to which side of the horse the study hoof was located. All horses are 
presented in a natural stance, without their legs being positioned by the handler. 

7.2.3 Horse History 

7.2.3.1  MS51:  

 Use: bred for high performance, at age 6yrs started in three-day-eventing; competed at 

advanced level competitions nationally and internationally.  

 Previous hoofcare: traditional farriery methods with metal shoes; hoofcare frequency 

every 6 – 8weeks. 
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 Lameness history: right front hoof lameness from the age of 5; managed with 

remedial shoeing with wedge pads, plus veterinary treatments and medication, 

including non-steroidal anti-inflammatory drugs (NSAIDs), corticosteroid 

medications to the distal interphalangeal joint, nutraceuticals, and surgery 

(neurectomy); a veterinary diagnosis concluded right front navicular disease May 

2008, aged 10; intermittent lameness queries for left front fetlock, and right hind 

hock.  

 Other:  horse rugs regularly applied, and stabled intermittently; displayed signs of 

replacement action or hypersensitivity (unprovoked scratching side of body for 

periods up to 40 seconds duration).  

7.2.3.2  MS52: 

 Use:  occasionally used as a driving pony for pleasure. 

 Previous hoofcare: traditional methods, applied infrequently; trimming approximately 

three-monthly by owner with an angle grinder. 

 Lameness history: presented with bilateral lameness of the front hooves; lameness 

duration or previous treatment unknown. 

 Other:  paddock-grazed with other horses; horse rugs never applied; mineral 

supplements fed. 

7.2.3.3  MS53: 

 Use: Regularly used as a driving pony for pleasure. 

 Previous hoofcare: never shod; barefoot trimming methods; trimming frequency 5 – 

14 days; front and hind hoof boots worn when worked on hard terrain, for comfort. 

 Lameness history: bilateral forelimb splints causing temporary lameness, resolving 

after 4 weeks; no other lameness; both front distal phalanx bones showed destruction 

at the dorsal distal limit (viewed from radiograph images), with remodelling forming 

a ‘ski tip’, possibly the cause of the pony’s tender-footedness when moving on firm 

uneven ground. Reluctance in both front hooves to load the palmar hoof, left front 

more affected; lateromedial hoof imbalance affecting both front and hind hooves. 

 Other:  dam and full sister had history of laminitis; paddock-grazed with other horses 

on sandy ground; horse rugs never applied; supplementary feed to match workload.  

 



224 
 

7.2.3.4  MS54: 

 Use:  juvenile. 

 Previous hoofcare:  never shod; barefoot trimming methods; trimming frequency 

monthly. 

 Lameness history:  never lame; pony was born with bilateral forelimb flexor tendon 

contraction, affecting the ability of the foal to fully load the palmar hoof; hooves at 7 

months high heeled with steep dorsal wall as if club footed; palmar hoof not in 

contact with the ground when standing. 

 Other:  paddock grazed with other horses on 50 acres of firm, undulating terrain; 

rugged in winter; given supplementary feeds to aid health and growth. 

7.2.3.5  MS55: 

 Use:  Endurance riding, competing in training rides up to 40km. 

 Previous hoofcare:  owner-trimmed using barefoot trimming methods; front hoof 

boots used for training rides. 

 Lameness history: left front lameness of unknown cause, resolved after 4 weeks with 

no treatment administered; proximodistal stress rings bilaterally on front hooves.  

 Other: clinical signs of left hind pastern issues, affecting range of movement in 

proximal interphalangeal joint; paddock grazed with other horses, horse rugs never 

applied; supplementary feed to match work load. 

7.2.3.6  MS56: 

 Use: pleasure riding; companion endurance horse in training rides up to 40km. 

 Previous hoofcare: owner trimmed using barefoot trimming methods; front hoof boots 

used for training rides. 

 Lameness history:  never lame in front hooves; lateromedial imbalance on front and 

hind hooves.  

 Other:  suspected right hind issue awaiting diagnosis; paddock grazed with other 

horses; horse rugs never applied; supplementary feed to match workload. 

7.2.4 Study Duration 

The study period for each horse varied as follows:  MS51, 13 months; MS52, 8 months; 

MS53, 5 months; MS54, 4 months; MS55, 7 months; MS56, 10 months. The study duration 
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depended on the desired results being achieved, or on the horse being sold (MS54); which 

meant that the study could not be continued. 

7.2.5 Treatment Regimen 

The underlying assumption of the treatment regimen was that variable quantity changes in 

hoof shape were dependent on multiple influential factors occurring concurrently. This meant 

maintaining desired hoof shape involved more than paring the hoof to a particular shape. 

Instead, maintaining desired hoof shape required adhering to a specific management practice, 

to achieve a successful outcome. Six practices comprised the treatment plan including four 

applied practices: 1. feeding and medication; 2. hoof hydration; 3. trimming; 4. movement 

and exercise; and two review processes: 1. quantifying hoof shape change; and 2. a periodic 

review of the key indicators, for comparative purposes.  

7.2.5.1    Feeding and Medication 

The feed types fed to the sample horses were based on a high-fibre, low-sugar diet, with 

supplementary minerals and protein as required. Feeding methods aimed to encourage 

maximal movement as facilities permitted, and all horses were free-grazed. Pharmaceuticals 

and nutraceuticals were not fed for the duration of the study period, except for pain relief, 

which was administered for hoof lameness greater than 2 out of 5 (AAEP  lameness grading 

system).  The horse’s normal de-worming program was continued.  

7.2.5.2    Hoof Hydration 

Daily soaking of hooves so that the entire hoof was immersed in water was carried out for all 

sample horses, except MS54.  The aim was to reduce surface fracturing of the hoof wall and 

prevent dehydration of the whiteline; also to soften the hoof horn immediately prior to 

trimming. To soak the hooves, the horse was tied up or allowed to walk freely in a soaking 

pool (approximately 290 mm deep), for 60 – 120 minutes a day in dry weather (summer) and 

for up to 30 minutes a day in wetter weather (winter).  

7.2.5.3 Trimming  

All trimming was carried out by the researcher to ensure consistency. Trimming was 

conducted manually, using no mechanical devices such as an angle grinder.  The trimming 

method (Table 7.2) aimed to maintain the truncated oblique cone shape (divergent on weight-

bearing) and normal palmar hoof loading so that both heels of the hoof, and the carpus were 
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clearly bearing weight at stance. Trimming frequency for each horse aimed to meet the 

current demands of the horse’s hooves, and was limited by the owner’s requirements (MS54), 

with intervals ranging from four days to one month.  

Table 7.2:  Variable quantity parameters and trimming rationale applied to sample horses 
App
No. 

Structure Aim 
 

Reason Application 

1 Angles 
Dorsal hoof wall 
angle 

Group 2; 3; 4 
DHWA 45°; group 
4 DHWA 47°; with 
bearing surface 
that is in contact 
with the ground. 

To give sufficient weight-bearing surface 
that allows the horse to propel forwards. 
Also to maintain sufficient structural 
strength to resist the normal level of 
recompression strain affecting the mid-
dorsal wall as the hoof receives load. 
Potentially facilitating maximal strength of 
the laminar junction, to preserve the 
suspensory apparatus of the distal phalanx.  

When the dorsal hoof wall is deemed too 
steep no trimming is required, if too 
shallow reduce the horizontal length to 
achieve a steeper angle. Rasp the dorsal 
hoof wall at its bearing surface so it is 
perpendicular to the horizontal. 

2 Heel angle HA >45° not 
including the bulb 
horn. 

To facilitate an increase in the weight-
bearing length when the hoof is loaded, and 
to allow optimal hoof expansion. 

Trim to a heel height on the individual 
horse that will maintain the truncated 
oblique cone hoof shape, which will 
combine with the dorsal hoof wall angle 
to allow a divergence of the hoof wall on 
weight-bearing. This will result in a lower 
heel with higher heel angle after trimming 
than before trimming. 

3  Palmar angle PA 0° when hoof 
is weight-bearing 
in the standing 
horse. 

To support normal hoof deflection, without 
injury to internal tissues. 

Maintain the hoof parameters as 
described so that the hoof shape results 
in a palmar angle of zero. 

4 Palmar 
collateral 
groove angle 

PCGA <25° in the 
standing horse. 

To facilitate an increase of the weight-
bearing length of the hoof when loaded. 
Also to facilitate a palmar angle of zero, and 
to increase the proximal palmar collateral 
groove to palmar navicular bone distance.  

Maintain a low HL:HH, so that heel 
weight-bearing point is trimmed so that it 
is in a palmarly position. Reduce the bar 
height and length. Ensure the horse’s hoof 
is loaded repeatedly to maintain a low 
PGCA. 

5 Linear 
measurements 
Bar height 

10mm at the mid-
point. 

So that the bar is not weight-bearing in the 
standing horse, but contacts the ground at 
high impact gaits. There is sufficient height 
and structure to support the palmar hoof 
shape. 

Trim the bar horn to the required height. 

6 Bar length Total length not 
longer than the 
length of the 
approximated bar 
corium lamellae. 

To maintain the normal angle of the bar 
horn. Also to allow normal heel expansion, 
and to facilitate a lower palmar collateral 
groove height and angle. 

Trim the bar horn to the required length, 
and so it is straight. Maintain the width of 
the bar as if it were a continuation of the 
hoof wall, resulting in a greater angle 
between the length of the bar and the 
hoof wall in the bar to heel triangle. Trim 
to define the junction of the bar horn and 
frog horn along the collateral groove, so 
that both structures are separate.   Trim 
the bar to heel turning point so that the 
bar is lower than the heel and descends 
gradually from the heel to the sole at an 
approximate 20° angle subtended to a 
normal low collateral groove. 

7 Heel height Reduce height so 
that the HL:HH 
decreases and 
TQ:HQ increases. 

So that the palmar angle can be zero.  Also 
so that the load distribution can move 
palmarly. 

Trim hoof horn off at the heel until the 
required height is reached.  
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Table 7.2:  Variable quantity parameters and trimming rationale applied to sample horses 
(cont.) 

App
No. 

Structure Aim 
 

Reason Application 

8 Heel length Reduce length so 
that HL:HH 
decreases and 
heel angle 
increases. 

So that the weight-bearing length of the 
hoof can increase on weight-bearing, 
preventing under-run heels and hoof 
pathology.  

Trim away the hoof horn at the heels so 
that the heel length is reduced and the 
heel bearing palmarly point increases 
when compared to before the trimming.  

9 Heel quarter 
height 

Heel quarter 
height is 
influenced by the 
heel height and 
heel length, but 
also by the heel 
quarter flare, 
which must be  
removed. 

Heel quarter height is related to toe quarter 
height so that the ratio is <1.90 in a hoof 
that also has a palmar angle of zero, and a 
normal suspensory apparatus of the distal 
phalanx.  

Trim the heel height, the heel length and 
the heel quarter flare so that the required 
parameters are maintained. 

10 Palmar 
collateral 
groove height 

To decrease PCGH 
so that palmar 
angle can be 
maintained at 
zero degrees, and 
palmar hoof 
loading is 
maximal.  

To allow the normal displacement of the 
hoof capsule when loaded, so that the 
internal tissues are uninterrupted. 
Maintains optimal volume of the internal 
palmar hoof. 
 

Maintain heel and bar horn and weight-
bearing length parameters. Also ensure 
repeated weight-bearing of the hoof so 
that the heel angle steepens and weight-
bearing length can increase and PCGH can 
decrease. 

11 Proximal 
palmar 
collateral 
groove to 
palmar 
navicular bone 
distance 

To increase PPCG 
to PNBD, so that 
there is maximal 
volume of the 
palmar hoof. 

To ensure the vulnerable internal tissues are 
not damaged. 

Decrease the PCGH and PCGA. 

12 Quarter relief 
height 

Remove heel 
quarter flaring, 
and trim a quarter 
relief to the heel 
quarter of 
between 1–3mm 
at the mid-point 
(highest section). 

To allow the palmar hoof horn tubules to 
descend on weight-bearing, so that the hoof 
wall is not forced proximally to form a 
concave coronary band shape as it resists 
the ground reaction force vector. To 
facilitate heel expansion as a part of the 
shock absorption process of the hoof wall. 

Trim the quarter relief after the heel 
quarter flare is removed, and heel height 
and angle are established. Ensure the 
quarter relief angle is less than the heel 
angle, for example if heel angle is 50° 
quarter relief is 10°.  

13 Toe quarter 
height 

Maintain a 
maximal toe 
quarter height, 
and remove toe 
quarter flaring. 

To ensure maximal height at the toe so that 
the distal phalanx bone is preserved. Also to 
maintain a high ratio when combined with 
the heel quarter height, so that the 
suspensory apparatus of the distal phalanx 
is maintained. 

Trim away toe quarter flaring, and reduce 
toe length by trimming the horizontal 
length perpendicular to the horizontal. 

14 Weight-bearing 
length 

Maintain a 
maximal weight-
bearing length, 
while also 
maintaining the 
desired DHWA 
and HA. 

To reduce the weight-bearing length of the 
‘flaring forward’ dorsal hoof, and increase 
the weight-bearing length of the ‘under-run’ 
palmar hoof. To maintain optimal load 
distribution. 

Maintain the optimal DHWA, HA, reduce 
flaring, and add the quarter relief. 

15 Frog Maintain frog so 
that its length is 
3/5th the total 
length of the 
hoof, and the 
width is not 
obstructing the 
palmar collateral 
groove junction. 

To preserve the frog corium health by 
matching the apex to the approximated 
location of the deepest part of concavity of 
the distal phalanx palmar surface. To 
preserve solar corium health by facilitating 
the normal deflection of the sole. 

Trim away the excessive frog horn at the 
apex, and trim away the bilateral frog 
horn so that the collateral groove junction 
is visible. When the frog is trimmed 
correctly, the depth of concavity at its 
apex is approximately equal to the depth 
of the collateral grooves. 
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Table 7.2:  Variable quantity parameters and trimming rationale applied to sample horses 
(cont.) 

App
No. 

Structure Aim 
 

Reason Application 

16 Sole To match the 
concavity of the 
sole to the 
concavity of the 
palmar surface of 
the distal phalanx. 

To preserve the solar corium, and to 
facilitate the normal deflection of the hoof 
wall, so that the diameter of the palmar 
surface increases on weight-bearing. 

Trim the sole to radiate outward from the 
frog to maximize solar concavity.  Solar 
horn thickness will depend on the quality 
and quantity of solar horn, and the health 
of the corium producing it, as well as on 
the thickness allowing solar deflection 
and hoof wall displacement.  Also on the 
amount of sole thickness required for 
lifestyle terrain and workload. 

17 Ratios  
Heel collapse 
index 

To maintain a 
constant DHWA 
to HA ratio <1.00. 

To review the divergence of the hoof wall 
on weight-bearing, so that the truncated 
oblique cone shape is maintained. To review 
the heel angle is remaining steeper.  

Take regular photographs of the hoof in 
lateral view to review the HCI. 

18 Heel length to 
heel height 
ratio 

To maintain a 
constant ratio of 
<1.20. 

To review the divergence of the hoof wall in 
the field. 

Immediately the hoof is trimmed review 
in the field the HL:HH to assess if the heel 
length and heel height are at required 
quantities. These measurements can be 
compared to the hoof before it is trimmed 
again. 

19 Toe quarter 
height to heel 
quarter height 
ratio 

To maintain a 
constant ratio of 
<1.90 

To combine with the heel quarter height to 
review the orientation of the coronary 
band. A high TQ:HQ indicates a straighter, 
steeper coronary band, a low TQ:HQ 
indicates a curved shallow coronary band. 

Maintain toe height by rasping the dorsal 
wall to the approximated parallel line with 
the distal phalanx, and by reducing heel 
length and heel height. 

20 Other 
Whole horse 

Repeated weight-
bearing of the 
hoof. 

A trim in isolation of movement is unlikely 
to result in normal hoof shape of a 
continually growing hoof that is continually 
remodelling. Also the hoof capsule’s natural 
propensity to rebound inward when 
unloaded must be countered by the weight-
bearing situation to preserve normal hoof 
shape. 

Allow the horse free movement on firm 
non-concussive terrain as lifestyle 
facilities permit. Also include additional 
exercise, including high impact work such 
as trot, canter, and gallop. 

Table shows the application number, the structure, aim, reasons and application of the trimming rationale 
used for a case study sample of six horses. (Adapted from Strasser, 2001). 

7.2.5.4    Movement 

Horses are cursorial (running) specialists, they have evolved to move many kilometres each 

day to graze, and to outrun predation (Camp and Smith 1942). Horses have therefore, via 

adaptive tendencies, developed a relationship between hoof shape and movement, evidenced 

by the continually growing hoof capsule and the proximodistodorsal orientation of the horn 

tubules matching the normal forward direction of travel. 

Within the treatment regimen, movement was defined as the total amount of movement 

gained from paddock lifestyle and grazing in the company of other horses (Figure 7.2), and 

where applicable, from being exercised. The sample horses paddock size ranged from 8 – 20 

hectares, and so daily movement in the paddocks was estimated to be between 6 –10 km per 
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day (Hampson 2011).  Terrain varied in the paddocks from sand, shale, or rock underlying 

grass. 

Additional exercise included walking in hand, walking on a rubber track (Figure 7.3), being 

mustered in the paddock to cause the horse to move, being led from another horse (Figure 

7.4) or from a vehicle, and being ridden under saddle or driven in harness. The additional 

movement from exercise varied from 1 km per day up to 15 km per day. When exercised the 

horses were either barefoot or wore hoof boots, no metal or rubber shoes were used. 

Figure 7.2: Sample horses in paddock 

Figure shows typical paddock grazed by the sample horses in the company of other horses.  Paddock size raged 
from 8 – 20 hectares. Movement from this lifestyle during one 24 hour period was estimated to be 6-10km per 
day (Hampson 2011).  The terrain ranged from sand, to shale, and rock underlying grass. 

 

Figure 7.3: Sample horse MS51 free walking  

  

Figure shows a photograph of sample horse MS51 free walking on a rubber (12-19mm ex-mining conveyor 
belt) track over pavers, creating a firm and level non-concussive surface to facilitate hoof shape remodelling. 
The track was a 37m x 10 m oval loop; the horse was walked between two and four times a day for 1-2km per 
session. 
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Figure 7.4: Sample horses MS53 and MS55 setting out on an exercise session 

  

Figure shows a photograph of sample MS53 ‒ led and wearing hoof boots front and hinds, and MS55 ‒ ridden 
and unbooted, setting out on an exercise session.  The distance travelled was approximately 4 ‒ 15km per 
session, at walk, trot and canter. 

 

7.2.6 Quantifying hoof shape change 

The process of quantifying hoof shape change at the start and the finish of the study period 

included: 

1. Recording the hoof shape variable quantities (Table 7.2) of acquired angles, linear 

measurements, and calculated ratios; 

2. Scoring was included for quarter relief of between 1 and 3. A score of 1 meant a 

normal quarter relief was present that facilitated the descent of the coronary band 

in the heel quarter, and the expansion of the heels; a score of 2 meant that a quarter 

relief was growing out, or was not of the dimensions to achieve the desired 

outcome; a score of 3 meant there was no quarter relief.  

 

7.2.7 Comparison of hoof shape change to key indicators 

Key indicators were used to compare hoof shape change, including 1. lameness score, 2. 

workload score, 3. stride length score, 4. hoof placement score, and 5. palmar hoof loading 

score: 
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1. Lameness score: was evaluated by a veterinarian, except for sample MS52, which 

was assessed by an equine chiropractor. The AAEP lameness 0 – 5 grading system 

was used to score gait at the walk and the trot. A score of zero meant the horse was 

not lame; a score of 1 meant the horse was showing very mild clinical signs of altered 

gait (mild limping), and a score of 5 meant the horse was lame to a point where a 

hoof was non-loadbearing.  

2. Work load: was included as a key indicator of change, evaluated as a 1–5 grading 

system, designed by the researcher (Table 7.3). A score was allocated to the fore leg, 

which was the focal hoof being studied. A qualifier was added that the score was 

relevant to that hoof as if all else was equal. If the grading system was applied to all 

four hooves of the horse, each would need to score the same number to achieve the 

desired work load level that the horse was fit for. For example, an advanced event 

horse would need to score 1 for the LF, RF, LH and RH to be deemed fit for this 

purpose. 

Table 7.3: Grading system to score horse’s work load capability 

Score no. Description 

1 Horse is fit for high-level performance, assuming normal fitness preparation is given 

2 Horse is fit for low-level performance, assuming normal fitness preparation is given 

3 Horse is fit for pleasure riding purposes, assuming normal level of fitness preparation  
is given 

4 Horse is fit to be walked in hand or led from another horse 

5 Horse is not lame but not fit for work, or is lame and not fit for work 

 

3. Stride length: was assessed by a score for the change in tracking length. That is, the 

separation in the direction of motion between a front hoof print, and the succeeding 

hoof print of the ipsilateral hind hoof (Clayton 2004). A score was allocated as 

follows: score 1 = where the hind hoof fell in front of the front hoof print (over-

tracking); score 2 = where the hind hoof fell on the front hoof print (tracking up); 

score 3 = where the hind hoof fell behind the front hoof print (under-tracking). To 

assess the stride length hooves were assessed on a wet sand surface or wet hooves 

on a dry rubber surface. An example of the stride length measurement is shown in 

Figure 7.5.  
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Figure 7.5: Hoof prints made in sand 

 

Figure shows a photograph of hoof prints made in sand, indicating ‘over-tracking’ as a measure of stride 
length, where the hind hoof has reached beyond the foot print of the front hoof.  In this example the horse 
was being led in hand at the walk. 

4. Hoof placement: gave a qualitative assessment of whether the hoof impacted the 

ground first at the toe, or the heel, or the toe and the heel simultaneously. The horse 

was walked and trotted past the examiner five times at each pace, on a loose rein, in 

a straight line of not less than 20 metres. The hoof placement that occurred the 

majority of the time was allocated a score of 1 for a landing heel-first, 2 for landing 

heel-and-toe,  and 3 for landing toe-first. 

5. Palmar hoof loading: was assessed in the standing horse. The focus of this 

assessment was how and where the horse chose to distribute the load of its upper 

body onto its hooves. The major feature of assessment was whether the weight of 

the upper body was being distributed in the palmar hoof or the dorsal hoof, and 

whether there was any lateromedial imbalance bias.  Shifting load was also noted; 

that is, a standing horse repeatedly shifting weight from one front hoof to the other, 

or repeatedly lifting a single hoof for no other obvious reason than to relieve the 

hoof from discomfort.  A 1–5 grading system was designed by the researcher to 

assess the level of palmar hoof loading (Table 7.4).  
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Table 7.4: Grading system to score palmar hoof loading in the horse’s hoof 

Score no. Description 

1 Normal lateromedial palmar hoof loading, weight can be seen to descend into the palmar hoof 
and heels expand on weight-bearing 

2 Lateromedial palmar hoof loading, body weight can be seen to partially descend into the palmar 
hoof but heels do not expand 

3 Palmar hoof loading, but with a lateromedial bias restricting body weight distribution and  
heel expansion 

4 Heels contact the ground, but weight is shifted cranially, horse ‘stands under’, and/ or there are 
other deviations in the digit bone alignment such as ‘bucked knees’ 

5 Heels unloaded, weight is not distributed to the palmar hoof and heels do not contact the 
ground 

The changes in hoof shape factors were collected in the field, from digital photographs, and 

from radiographic images when available; key indicators were also collected in the field. 

Frequency of data collection varied: heel length to heel height distances were collected every 

time after the horse was trimmed and before it was subsequently trimmed; stride length, 

palmar hoof loading, and hoof placement scores were also assessed at trimming time. 

Photographs were taken periodically, at the start and the finish and to note other important 

changes.  

7.2.8 Review Process 

The review process involved making regular observations, watching the horse move in the 

paddock, watching its grazing stance, observing its standing position, assessing the walk and 

trot in hand, and assessing performance. This process relied on the ability to critically 

evaluate each horse, but was subjective in its approach.  Evaluations were constantly 

questioned to fathom the reasons for the changes so that progress of hoof shape reform could 

continue.  The analytical review process used the measurements and scores from the collected 

data. Photographs were analysed for comparison, and to check for accuracy of trimming 

using ImageJ software. 

7.2.9 Data Analysis 

Data analysis involved testing the null and alternative hypotheses:  

H0:  Hoof shape does not affect lameness, workload, stride length, hoof placement 
and palmar hoof loading score. 

H1:  Hoof shape affects lameness, work load, stride length, hoof placement and 
palmar hoof loading score. 
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This was achieved by three steps: 

1. by quantifying the hoof shape factors at the start and at the finish of the 

study period for each horse; 

2. by collecting data for the key indicators; 

3. by statistical analysis. 

7.3  Results 

The details of the response by the horse to the treatment regimen during the study period for 

each case study are described below, including the contribution each horse gave to the 

research process. Measurements for the sample group are also summarised (Table 7.11). 

7.3.1 Case Study Series  

7.3.1.1   Sample MS51  

Summary description: Group 4 horse >149cm, Oldenburg gelding, 163cm, 11 years, 

competed in advanced three-day-eventing; study duration 13 month; study hoof 

right front. 

The summary results of the changes in hoof shape variable quantities, and the study’s key 

indicators (Table 7.5) show that maintaining hoof shape as a truncated oblique cone resulted 

in improvements in all key indicators.  As the dorsal hoof wall angle decreased by 10.8°, and 

the heel angle increased by 11.0°, the hoof collapse index decreased by 0.50, from 1.39 at the 

start to 0.93 at the finish, so that the hoof shape at the start was converging and diverging at 

the finish. This resulted in a palmar angle decrease from 8° to 0°. Bar length decreased by 

70.0mm. Quarter relief was improved, but not to optimal levels. The toe quarter height to 

heel quarter height ratio increased 0.48 from 1.32 to 1.96, resulting in a straight coronary 

band. After the 13-month study period, as palmar hoof loading score improved, so did 

lameness score, decreasing from a score of 3 to 0; although heel expansion on weight-bearing 

was not optimal scoring 2/5 at the finish.  Stride length increased from a score of 3 to 1 at the 

trot, and hoof placement improved from a toe first landing to a heel and toe landing score of 

2, but not to an optimal heel first landing score of 1. Images of the horse’s body and study 

hoof at the start and finish of the study period are shown in Figure 7.6.  
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Table 7.5: Summary results for horse MS51 

Period DHWA 
degree 

HA 
degree 

PCGA 
degree 

PA 
degree 

PCGH 
mm 

PPCG– 
PNBD 
mm 

BL 
mm 

QR 
1-3 

HCI 
ratio 

TQ:HQ 
ratio 

Start 57.4 41.3 ‒ 8.0 ‒ ‒ 107 3 1.39 1.32 

Finish 46.6 52.3 ‒ 0 ‒ ‒ 37 2 0.89 1.96 

Change  10.8↓ 11.0↑ n/a 8.0↓ n/a n/a 70.0↓ 1↓ 0.50↓ 0.64↑ 

 (a) Hoof shape variable quantities 

Period LST 
 0-5 

WL 
1-5 

SLW 
1-3 

SLT 
1-3 

HP  
1-3 

PHL  
1-4 

Start 2 5 1 3 3 5 

Finish 0 2 1 1 2 2 

Change  2↓ 3↓ 0 2↓ 1↓ 3↓ 

(b) Key indicators of comparative change 

Tables provides summary results for the sample horse MS51 study hoof (RF), studied for a period of 13 
months. Showing values for (a) hoof shape variable quantities; key:  DHWA, dorsal hoof wall angle; HA, heel 
angle; PCGA, palmar collateral groove angle; PA, palmar angle; PCGH, palmar collateral groove height; PPCH–
PNBD, proximal palmar collateral groove to palmar navicular bone distance; BL, bar length; QR, quarter relief; 
HCI, heel collapse index; TQ:HQ, toe quarter height to heel quarter height ratio; and (b) the key indicators of 
comparative change; key:  LST, lameness score at the trot; WL, work load score; SLW, stride length score at the 
walk;  SLT, stride length score at the trot; HP, hoof placement score; PHL, palmar hoof loading score. Note: 
assume scores for unshod and unbooted hooves. 

 

 

Figure 7.6: MS51 right side body and right front hoof 

Start Finish 

 

(a) 

 

 

(b) 
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Figure 7.6: MS51 right side body and right front hoof (cont.) 

Photographs of right side body view: (a) at start, front hooves shod; (b) at finish, front hooves unshod. 

 

(c) 

 

 

(d) 

 

Photographs of right front hoof lateral view: (c) at start, shod with heels elevated with wedge pad, heel angle  
41.3°; (d) at finish, unshod, heel angle 52.3°. 

 

(e) 

 

 

(f) 

 

Photographs of radiograph images of the right front hoof lateral view: (e) at start, shod hoof palmar angle  8°; 
(d) at finish, unshod hoof palmar angle 0°. 

 

 

(g) 

 

 No comparison image available of shod hoof at 
finish. 

Photograph of right front hoof solar view: (g) at start, with metal shoe and plastic wedge pad in palmar hoof 
intended to raise heels. 
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Figure 7.6: MS51 right side body and right front hoof (cont.) 

 

(h) 

 

 

(i) 

 

Photographs of right front hoof solar view: (h) at start, bar length 107mm; (i) at finish, bar length 37mm, a 
70mm decrease from start, the frog and bar horn obstructed so that trimming to locate the proximal palmar 
collateral groove junction (black arrow) was difficult, at the finish, bar length was trimmed to the 
approximated bar corium lamellae. 

 

(j) 

 

 

(k) 

 

Photograph of right front hoof bulb view: (j) at start, showing bulb and heel contraction; (k) at finish, as heel 
and bulb de-contraction increased, palmar hoof loading also increased from score 5/5 to 2/5. 

 

(l) 

 

 

(m) 

 

Photograph of the right front digit alignment lateral view: (l) at the start showing a steeper bone alignment 
when compared to (m) at the finish. 

The horse’s initial response to the treatment regimen was that hoof pain increased 

immediately after the shoes were removed, during which time and for a total of three weeks, 
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the right front was observed being held off the ground frequently for periods of 8-12 seconds 

at a time (Figure 7.7). When lowered, the hoof was extended dorsally (‘pointed’), believed to 

be a typical sign of palmar hoof pain (Adams 1974). Within five days of de-shoeing, heel and 

bulb de-contraction was noticeable, with the bulb horn swollen as if inflamed.  

Figure 7.7: Body posture seven days after removing the metal shoes 

 

Figure shows a photograph of sample MS51 to illustrate the horse’s body posture seven days after removing 
the metal front shoes, repeated elevation of the right front hoof was observed for 8-12 seconds at a time. 

 

The treatment regimen was administered in full. Trimming was carried out every 7 to 21 

days, dependant on the amount of hoof horn regrowth that needed to be removed to maintain 

the required variable hoof shape quantities. The horse had access to graze in a herd on 10 

hectares of pasture.  Additional exercise, thought to aid hoof shape re-modelling, initially 

involved walking four times a day on a padded, firm track of 1–2 km per session (Figure 7.3). 

As lameness decreased, exercise increased to being ridden for 60 minutes a day at walk, trot 

and canter in front hoof boots. Lameness decreased after 3 months of treatment to 1/5, and 

after 7 months, lameness was negligible although still noticeable. Residual lameness was 

resolved by repeatedly trimming the bar horn so that the bar, frog and palmar collateral 

groove were all clearly defined as separate regions of the hoof. Trimming away the excessive 

bar horn from the bar to frog junction took a further three months to achieve, and was 

facilitated by further heel de-contraction. As a result palmar hoof loading improved, although 

was not optimal, scoring 2/5, which was assumed to be influenced by a pre-existing sidebone 

limiting the final outcome.  
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The results in this case study provided insights into how palmar hoof loading could be 

improved, which in this horse coincided with a decrease in lameness. What was learned from 

the study formed an example of the application of theory for the other five case studies. 

7.3.1.2 Sample MS52 

Summary description: Group 1 small pony <120cm, Miniature gelding, 80cm, 12 

years, occasionally used as a driving pony, study duration stage one, 3 months, stage 

two, 5 months, study hoof right front. 

The study of case MS52 had two stages, stage one lasted 3 months. During this time the pony 

was assessed for suitability to be included as a case study, as the large volume of hoof horn 

that the pony presented with was removed, and the pony’s response to this was noted. The 

hooves were distorted, making collecting variable quantities difficult.  Toe quarter height to 

heel quarter height ratio measured 1.09 at the start of stage one, compared to 2.38 at the finish 

of stage two. Stage two of the study period for this case lasted 5 months, during which the 

variable quantities for the right front hoof were collected at the start and the finish. The 

summary results of the changes in hoof shape variable quantities, and the study’s key 

indicators (Table 7.6) show that there were marked improvements in the study hoof key 

indicators. Changes in the variable quantities from the start of the study period to the finish 

showed that the heel collapse index decreased by 0.25, from 1.18 at the start, to 0.93 at the 

finish, so that hoof shape changed from converging at the start, to diverging at the finish. The 

hoof also had a laminar wedge in the dorsal wall, so that the laminar connection was visibly 

affected. The decrease that was achieved in palmar collateral groove height of 7.1mm 

coincided with a decrease in palmar angle of 15.4°, from the start to finish of the study 

period. The proximal palmar collateral groove to navicular bone distance increased by 

6.2mm, which was thought to result from the decrease of the palmar collateral groove angle 

by 22.9°, as well as the decrease in the palmar collateral groove height. Bar length remained 

relatively constant. As the heel height reduced and the dorsal hoof wall angle increased the 

toe quarter height to heel quarter height ratio increased by 0.85 from 1.53 to 2.38, so that the 

concave coronary band became straighter.  As palmar hoof loading increased from a score of 

4/4 to 1/4, lameness score also decreased from 4/5 to 0/5. Images of the horse’s right side 

body and right front hoof, at both stages of the study period are shown in Figure 7.8. 
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Table 7.6: Summary results for horse MS52 

(a) Hoof shape variable quantities 

Period DHWA 
deg 

HA 
deg 

PCGA 
Deg 

PA 
deg 

PCGH 
mm 

PCG–PNBD 
mm 

BL 
mm 

QR 
1-3 

HCI 
ratio 

TQ:HQ 
ratio 

Start 43.7 37.0 44.0 15.4 15.3 12.2 36 3 1.18 1.53 

Finish 47.6 51.3 21.1 0 8.2 18.4 35 2 0.93 2.38 

Change  3.9↑ 14.3↑ 22.9↓ 15.4↓ 7.1↓ 6.2↑ 1↓ 1↓ 0.25↓ 0.85↑ 

 (b) Key indicators of comparative change 

Period LST 
 0-5 

WL 
1-5 

SLW 
1-3 

SLT 
1-3 

HP  
1-3 

PHL 
 1-4 

Start 4 5 3 3 2 4 

Finish 0 3 3 3 1 1 

Change  4↓ 2↓ = = 1↓ 3↓ 

Tables provides summary results for stage two for the sample horse MS52 study hoof (RF), studied for a period 
of 5 months. Showing values for (a) hoof shape variable quantities; key: DHWA, dorsal hoof wall angle; HA, 
heel angle; PCGA, palmar collateral groove angle; PA, palmar angle; PCGH, palmar collateral groove height; 
PPCH–PNBD, proximal palmar collateral groove to palmar navicular bone distance; BL, bar length; QR, quarter 
relief; HCI, heel collapse index; TQ:HQ, toe quarter height to heel quarter height ratio; and (b) the key 
indicators of comparative change; key: LST, lameness score at the trot; WL, work load score; SLW, stride length 
score at the walk;  SLT, stride length score at the trot; HP, hoof placement score; PHL, palmar hoof loading 
score. Note: assume scores for unshod and unbooted hooves. 

Figure 7.8: MS52 right side body and right front hoof 

Stage one:    Start Start 

 

(a) 

 

(b) 

Photographs of: (a) the right side body; and (b) the right front hoof, lateral view showing a toe quarter height 
to heel quarter height of 1.09. 
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Figure 7.8: MS52 right side body and right front hoof (cont.) 

Stage two:    Start Finish 

 

(c) 

 

 

(d) 

 

Photographs of right front hoof lateral view: (c) heel height reduced by 76% between before the previous trim 
of the stage one start, and after the current trim at the stage two start; (d) at the finish heel angle increased by 
14.3° from 37° at the start of stage two to 51.3° at the finish.  TQ:HQ increased 0.85 from 1.53 to 2.38. Palmar 
hoof loading increased from 4/4 to 2/4, which coincided with a decrease in lameness of 4/5 to 0/5. Hoof 
capsule images of (c) and (d) correspond to radiograph images below. 

 

 

(e) 

 

 

(f) 

Photographs of radiograph images of the right front, lateral views: (e) palmar collateral groove height is higher 
compared to (f) by 7.1mm (15.3mm to 8.2mm respectively) (red lines). The palmar collateral groove angle is 
higher compared to (f) by 22.9° (44.0° to 21.1° respectively). The proximal palmar collateral groove to palmar 
navicular distance is reduced in (e) compared to (f) by 6.2mm (12.2mm to 18.4mm respectively). The palmar 
angle is higher in (e) compared to (f) by 15.4 (15.4° to 0.0° respectively). 

Figure shows photographs and radiographs of sample MS52 right side body and right front hoof, comparing 
differences in variable quantities at the start and finish of the study period. 

 

As the treatment regimen was applied over time to the right front hoof, the improvements 

were incremental, while the improvements to the left front hoof were not. This was surprising 

as the left front hoof had presented less damaged at the beginning of stage one, compared to 

the right front hoof. After both the left front and the right front initially showed improvement 
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in hoof shape variable quantities and key indicators, by the start of stage two there was a 

noticeable difference in palmar hoof loading between the left front, and the right front 

hooves. The left front hoof loading pattern altered so that a metal ruler could be slid 

horizontally underneath both heels, which were not contacting the ground and so the 

metacarpophalangeal joint on the left front was partially dorsally flexed (Figure 7.8 (a) and 

(b) black arrow); the palmar hoof loading score was 4/5. At stage two finish the left front 

hoof palmar hoof loading score was 5/5, with both heels unable to bear any weight, despite 

the digit joints appearing on manual palpation to be mobile and unrestricted (Figure 7.9(c), 

and (d)).  

The radiographs of the palmar collateral groove at the start of stage two for the right and left 

front lateral view Figure 7.9(e), and Figure 7.8(e)), showed in both cases the palmar collateral 

groove height was high, as was the palmar collateral groove angle. Five months later at the 

finish of the stage two study period the palmar collateral groove height of the right front hoof 

lowered (Figure 7.8 (f)), while the left front remained high Figure 7.9 (f)). 

The horse subsequently died 22 months later from a suspected snake bite. A post mortem 

examination of the right and left fore digits was performed. It revealed changes in the 

appearance of the surface of the palmar navicular bone, the navicular bone bursa, and to the 

flexor surface of the deep digital flexor tendon of the left front (Figure 7.10). There were no 

such changes in appearance of the right front digit, where the gross appearance of the same 

tissues appeared normal. The apparent changes to the soft tissue and bone of the internal left 

front digit may be responsible for causing pain to the palmar hoof on weight-bearing (Nagy et 

al. 2008) and may explain the lack of progress in the improvement of palmar hoof loading 

score, lameness score, and stride length score made during the study period. 
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Figure 7.9: MS52 left side body and left front hoof lateral view 

Stage two ‒ Start (a), (b), (c), and (e) Finish (d) and (f) 

 

(a) 

 

(b) 

 

Photographs of (a) left side body view; and (b) a close up of left forelimb lateral view, the black arrow indicates 
the partial palmar flexion of the left front metacarpophalangeal joint which accompanied the palmar hoof loading 
score of 4/5 of the left front hoof. 

 

 

(c) 

 

 

(d) 

 

Photographs of the left front hoof lateral view: (c) with palmar hoof loading score of score of 4/5; and (d) with 
palmar hoof loading score of 5/5. The hoof capsule images in (c) and (d) correspond to the radiographic images 
below. 

 

 

 

 

 

 

 

 



244 
 

Figure 7.9: MS52 left side body and left front hoof lateral view (cont.) 

 

(e) 

 

 

(f) 

 

Photographs of radiographs of left front hoof lateral view: (e) showing the palmar collateral groove height (red 
line) at the start of stage two of the study period remained high five months later (f) (red line); and was higher 
when compared to the right front. The palmar angle measured 15.5° at the start and 29° to the horizontal at the 
finish. 

Figure shows photographs and radiographs of sample MS52 left side body and left front hoof lateral view, 
comparing the differences in quantified hoof shape variable quantities at the start and finish of stage two of 
the study period. 

 

Figure 7.10: MS52 ‒ the dissected left front digit post mortem 

 

Figure shows photograph of sample MS52, showing the dissected left front digit post mortem, with the 
changed appearance (black arrows) of the palmar surface of the  navicular bone, the navicular bone bursa, and 
the flexor surface of the deep digital flexor tendon. 
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This case was useful in showing the outcome extremes in the fore hooves of the same horse. 

The horse also showed the difficulties of managing hooves of group one small pony <120cm, 

which had a higher palmar angle compared to the other cases. Note that this horse went on to 

be included in the corium appearance study (chapter 6, sample hoof reference MS417 and 

MS418). 

7.3.1.3 Sample MS53   

Summary description: Group 1 small pony <120cm, Miniature x Australian Pony 

gelding, 115cm, 14 years, regularly used as a pleasure driving pony, study duration 5 

month, study hoof left front. 

The results of the changes in hoof shape variable quantities, and study key indicators (Table 

7.7) show that at the start the heel collapse index of 1.11 indicates the hoof shape was 

converging. At the finish the increase of 6° in heel angle during the study period, combined 

with changes in dorsal hoof wall angle, resulted in a decrease in heel collapse index by 0.12 

to 0.93, indicating the hoof shape was diverging. A notable change between start and finish 

was in the palmar collateral groove height, with a decrease of 6.6mm, from 19.6mm to 

13.0mm, and a palmar collateral groove angle decrease of 20°from 49.6° to 29.6° from start 

to finish.  As palmar collateral groove height decreased, palmar angle decreased 3.7° from 

9.1° to 5.4°. The results also show that the toe quarter height to heel quarter height ratio 

increased by 0.24 from 1.46 at the start to 1.70 at the finish.  This figure was lower than 

desired, but can be attributed to the destruction of the dorsal distal phalanx (Figure 7.11 (e), 

and (f)) affecting maximal height achievable at the toe quarter.  The changes in variable 

quantities coincided with an increase in stride length at the trot from 3/3 to 1/3 so that at the 

finish the horse was over-tracking at the trot. Palmar hoof loading also improved from 3/4 to 

2/4, but was not optimal. Images of the horse’s body and hooves at the start and finish of the 

study period are shown in Figure 7.11. 
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Table 7.7: Summary results for horse MS53 

(a) Hoof shape variable quantities 

Period DHWA 
deg 

HA 
deg 

PCGA 
deg 

PA 
deg 

PCGH 
mm 

PCG-PNBD 
mm 

BL 
mm 

QR 
1-3 

HCI 
ratio 

TQ:HQ 
ratio 

Start 45.5 41.0 49.6 9.1 19.6 19.4 36 3 1.11 1.46 

Finish 46.6 47.0 29.6 5.4 13.0 22.2 28 1 0.99 1.70 

Change  1.1↑ 6.0↑ 20.0↓ 3.7↓ 6.6↓ 2.8↓ 8↑ 2↓ 0.12↓ 0.24↑ 

 

 (b) Key indicators of comparative change 

Period LST 
0-5 

WL 
1-5 

SLW 
1-3 

SLT 
1-3 

HP  
1-3 

PHL  
1-4 

Start 0* 3 2 3 2 3 

Finish 0* 3* 1 1 1 2 

Change  = = 1↓ 2↓ 1↓ 1↓ 

Tables provides summary results for sample horse MS53 left front study hoof, studied for a period of 5 
months, showing values for: (a) hoof shape variable quantities; key: DHWA, dorsal hoof wall angle; HA, heel 
angle; PCGA, palmar collateral groove angle; PA, palmar angle; PCGH, palmar collateral groove height; PPCH–
PNBD, proximal palmar collateral groove to palmar navicular bone distance; BL, bar length; QR, quarter relief; 
HCI, heel collapse index; TQ:HQ, toe quarter height to heel quarter height ratio; and (b) the key indicators of 
comparative change; key: LST, lameness score at the trot; WL, work load score; SLW, stride length score at the 
walk;  SLT, stride length score at the trot; HP, hoof placement score; PHL, palmar hoof loading score. Note: 
assume scores for unshod, and unbooted except for * where boots were worn for comfort on hard uneven 
surfaces. 

Figure 7.11: MS53 left side body and left front hoof 

Start Finish 

 

(a) 

 

(b) 

 

Photographs of the left side body view, where: (a) at the start stride length at the trot score was 3/3; and (b) 
and at the finish, stride length at the trot improved to 1/3. 
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Figure 7.11: MS53 left side body and left front hoof (cont.) 

 

(c) 

 

 

(d) 

 

Photographs of the left front hoof lateral view, where: (c) at the start heel angle was 41°; and (d) at the finish 
heel angle increased to 47°. 

 

(e) 

 

 

(f) 

 

Photographs of radiographs of the left front hoof lateral view, where: (e) and (f) the palmar collateral groove 
height reduced 6.6mm from 19.6mm to 13.0mm during the study period (red lines); the palmar collateral 
groove angle reduced by 20.0°, from 49.6° to 29.6° (green lines);  the palmar angle reduced by 3.7° from 9.1° 
to 5.4° (black lines); and there was an increase in the proximal collateral groove to palmar navicular bone 
distance of 2.8mm from 19.4 to 22.2mm. 

 

 

(g) 

 

 

(h) 

 

Photographs of the left front hoof, solar view, where: (g) and (h) during the study period there was a  decrease 
in bar length of 8mm from 36mm to 28mm; which coincided with an improvement in palmar hoof loading 
score from 3/4 to 2/4. 

Figure shows photographs and radiographs of sample MS53, left side body and left front hoof lateral view, 
comparing the differences in hoof shape variable quantities, and key indicators at the start and finish of the 
study period. 
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The horse’s response to the treatment regimen meant that achieving the desired result was 

difficult. Complicated by deviations in normal conformation, the horse presented with 

noticeable bilateral metacarpi laterally offset to the carpi when viewed dorsopalmarly.  

Radiographic dorsopalamar horizontal imaging of the left front digit, showed the proximal 

phalanx medial condyle was higher than the lateral (Figure 7.12 (a) red arrow).  The lack of 

lateromedial balance in the left and right hoof capsule may be accounted for by the 

conformational asymmetry. Both the left front and the right front hooves presented with 

lateromedial imbalance, so that the medial toe quarter was longer than the lateral before the 

current trim.  There was a greater proportion of whiteline separation in the lateral walls, and 

there was a greater proportion of wear in this location of the front hooves; with the left front 

more affected.  The hoof wall imbalance was corrected by trimming the hoof walls so the 

measurements were estimated to be the same lengths, at the same location, on both lateral and 

medial hoof walls.   

An example of how the lateromedial imbalance of the left front affected hoof shape, was by 

the medial bar horn growing faster than the lateral one; bar length of the medial bar differed 

by 2 mm in 10 days compared to the lateral bar length. The trimming frequency with this case 

was increased to better manage the effects of the lateromedial hoof wall imbalance, so that 

the bar horn of similar dimensions on both the medial and lateral side of the left front hoof 

could be maintained. This required trimming intervals of 4–10 days, depending on the speed 

of horn regrowth.  

Improving the palmar hoof loading score was difficult for this case, at the mid-stage of the 

study there was a noticeable bilateral shifting of weight in both front hooves at stance on hard 

ground, and the hooves at the heel were de-loaded (Figure 7.12(b) red arrow). If the left front 

hoof was left for a longer interval (14 days), so that the heel length, heel height and bar length 

were all marginally longer, although the horse was not lame, it was noticeable that the palmar 

hoof loading had changed. The change in loading was observed by the horse not loading 

weight into the heels, and the carpus easily flexing if light hand pressure was applied to the 

posterior surface. These clinical signs reduced as collateral groove height and angle, and 

palmar angle decreased; and as heel angle increased. 

A marked pain response was present when trimming the bar/frog junction, more so on the 

medial side (Figure 7.12(c) red arrow), which reduced as the bar height and length were 

reduced after a previous trim every 4–10 days.  The palmar collateral groove junction 
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between the bar horn and the frog horn remained ill-defined at the finish of this case study, 

and may have limited the final outcome, where palmar hoof loading score remained at 2/5.  

This case study was useful in showing that subtle changes of hoof shape, at times of less than 

a millimetre, resulted in differing loading responses; in this case of the palmar hoof loading. 

  

Figure 7.12: Left front digit and hoof of sample MS43 

 

(a) 

 

 

(b) 

 

 

 

(c) 

 

Figure shows: (a) a photograph of a radiograph of the left front digit, dorsopalmar view showing the proximal 
phalanx condyles, where the medial condyle (red arrow) is higher than the lateral; (b) photograph of the left 
front hoof lateral view, showing the de-loading of the heels during the mid-stage of the study period, with the 
red arrow indicating a space between the ground and the palmar hoof at the lateral heel; (c) photograph of 
the left front hoof solar view, indicating the location of the hoof (red arrow) where the palmar collateral 
groove was obstructed by the bar and frog horn so it was difficult to define.  

7.3.1.4 Sample MS54 

Summary description: Group 2 pony <140cm, Australian Pony gelding, 125cm, 1 

year, juvenile not ridden, study duration 4 month; study hoof left front. 

The history of case MS54 showed the horse was assumed to be born with a congenital 

contraction of the flexor tendons.  Changes in hoof shape were noted by the owner shortly 

after birth, so that the front hooves grew proportionately more at the heel with a relatively 

steep dorsal wall. The results of the changes in hoof shape variable quantities and key 

indicators with the application of the treatment regimen during the study period (Table 7.8) 

show a decrease in the dorsal hoof wall angle of 26.7°, from 78.1° to 51.4°. Combined with a 

heel angle of 54.5° at the finish, the heel collapse index showed a change of 0.54, from 1.48 

at the start to 0.94 at the finish. Hoof capsule shape also changed from converging at the start 

to diverging at the finish of the study period. The bar length decreased by 8mm from 37mm 
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to 29 mm. The changes in the hoof shape variable quantities coincided with an increase of 

stride length and hoof placement which changed from a toe first landing to a heel first landing 

in 4 months. The palmar hoof loading at the start was 4/4, with both heels held off the ground 

when stationary, compared to 1/4 at the finish where both heels contacted the ground and the 

horse was observed to push weight into the palmar hoof.  Images of the horse’s body and 

hooves at the start and finish of the study period are shown in Figure 7.13. 

 

Table 7.8: Summary results for horse MS54 

(a) Hoof shape variable quantities 

Period DHWA 
deg 

HA 
deg 

PCGA 
deg 

PA 
deg 

PCGH 
mm 

PCG-PNBD 
mm 

BL 
mm 

QR 
1-3 

HCI 
ratio 

TQ:HQ 
ratio 

Start 78.1 52.6 ‒ ‒ ‒ ‒ 37 3 1.48 1.40 

Finish 51.4 54.5 ‒ ‒ ‒ ‒ 29 1 0.94 2.19 

Change  26.7↓ 1.9↑ n/a n/a n/a n/a 8↓ 2↓ 0.54↓ 0.79↑ 

 (b) Key indicators of comparative change 

Period LST 
0-5 

WL 
1-5 

SLW 
1-3 

SLT 
1-3 

HP  
1-3 

PHL  
1-4 

Start 0 3 3 3 3 4 

Finish 0 1 1 1 1 1 

Change  = 2↓ 2↓ 2↓ 2↓ 3↓ 

Tables provides summary results for sample horse MS54 left front study hoof, studied for a period of 4 
months, showing values for: (a) hoof shape variable quantities; key: DHWA, dorsal hoof wall angle; HA, heel 
angle; PCGA, palmar collateral groove angle; PA, palmar angle; PCGH, palmar collateral groove height; PPCH–
PNBD, proximal palmar collateral groove to palmar navicular bone distance; BL, bar length; QR, quarter relief; 
HCI, heel collapse index; TQ:HQ, toe quarter height to heel quarter height ratio; and (b) the key indicators of 
comparative change; key: LST, lameness score at the trot; WL, work load score; SLW, stride length score at the 
walk;  SLT, stride length score at the trot; HP, hoof placement score; PHL, palmar hoof loading score. Note 
assume scores for unshod hooves. 
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Figure 7.13: MS54 left side body and left front hoof 

Start Finish 

 

(a) 

 

 

(b) 

 

Photographs of the left side body view, where: (a) the score for stride length at the start was 3/3              
(under-tracking), and hoof placement was 3/3 (toe first landing); and (b) at the finish stride length was 1/3 
(over-tracking), and hoof placement was 1/3 (heel first landing). 

 

(c) 

 

 

(d) 

 

Photographs of the left front hoof lateral view, where: (c) at the start the dorsal hoof wall angle was 78.1° and 
the heel angle was 52.6° so that the heel collapse index was 1.48, which coincided with a palmar hoof score of 
4/4, with both heels held off the ground when standing; and (d) at the finish the dorsal hoof wall angle 
decreased by 26.7° to 51.4°, which coincided with an improvement in palmar hoof loading score to 1/4, the 
toe quarter height to heel quarter height ratio was 2.19 at the finish.  

 

(e) 

 

 

(f) 

 

Photographs of the left front hoof solar view, where: (e) the bar length at the start was 37mm; and (f) the bar 
length decreased by 8mm to 29mm. 
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Figure 7.13: MS54 left side body and left front hoof (cont.) 

 

(g) 

 

 

(h) 

 

Photographs of the left front digit bone alignment lateral view, where: (g) the digit alignment is steeper at the 
start that at the finish (h). 

Figure shows photographs of sample MS54 left side body and left front hoof lateral view, comparing 
differences between hoof shape variable quantities and key indicators at the start and finish of the study 
period. 

 

The treatment regimen applied to this horse was not optimal, while the horse was paddock 

grazed in a 20 hectare paddock with the company of more dominant adult horses, which 

caused the horse to move around the firm rocky terrain, trimming frequency was restricted to 

once a month, and the hooves were not hydrated at all. Movement for this horse was not 

quantified, but estimated to be between 6 –10km per day. The repeated loading of hooves on 

firmer ground is thought to have contributed to the hoof reform process compared to a pony 

standing in a small yard.  Despite the incomplete treatment regimen, there was a marked 

positive response, so that hoof shape changes were distinct from the start compared to the 

finish of the study period, especially in the angle of the dorsal wall to achieve a diverging 

hoof shape. 

This case gave useful information about how tendon contraction cases can be improved in the 

younger horse by the application of the treatment regimen, providing insights to alternative 

correctional methods for horses with steep dorsal hoof wall angle, and steep digit bone 

alignments, compared with the current surgical intervention option.  

7.3.1.5 Sample MS55 

Summary description: Group 4 horse >149cm, Arab gelding, 150cm, 10 years, novice 

endurance rides, study duration 7 months; study hoof left front. 
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The results of the changes in hoof shape variable quantities and key indicators (Table 7.9) 

show the dorsal hoof wall angle decreased by 3.2° from 49.0° at the start to 45.8° at the finish 

of the study period. Combined with a 2.7° increase in heel angle the heel collapse index was 

0.99 at the finish so that the hoof shape was diverging. The toe quarter height to heel quarter 

height ratio increased by 0.45 from 1.48 at the start to 1.93 at the finish. The palmar hoof 

loading score improved from 2/4 at the start to 1/5 at the finish, and heel expansion was 

noticeable as the hoof loaded. The changes in the hoof shape variable quantities were more 

subtle compared with sample horse MS54 (7.3.1.4), but as hoof shape changed, key 

indicators improved, with stride length at the trot improving from 3/3 (under-tracking) at the 

start to 1/3 (over-tracking) at the finish. Images of the horse’s body and hooves at the start 

and finish of the study period are shown in Figure 7.14 and Figure 7.15.  

Table 7.9: Summary results for horse MS55 

(a) Hoof shape variable quantities 

Period DHWA 
deg 

HA 
deg 

CGA 
deg 

PA 
deg 

CGH 
mm 

PCG-
PNBD 
mm 

BL 
mm 

QR 
1-3 

HCI 
ratio 

TQ:HQ 
ratio 

Start 49.0 43.5 ‒ ‒ ‒ ‒ 39 3 1.23 1.48 
Finish 45.8 46.2 ‒ ‒ ‒ ‒ 36 1 0.99 1.93 
Change  3.2↓ 2.7↑ n/a n/a n/a n/a 3↓ 2↓ 0.24↓ 0.45↑ 

 

 (b) Key indicators of comparative change 

Period LST 
0-5 

WL 
1-5 

SLW 
1-3 

SLT 
1-3 

HP  
1-3 

PHL 
1-4 

Start 0 2 1 3 2 2 
Finish 0 1 1 1 1 1 

Change  = 1↓ = 2↓ 1↓ 1↓ 

Tables provides summary results for sample horse MS55 left front study hoof, studied for a period of 7 
months, showing values for: (a) hoof shape variable quantities; key: DHWA, dorsal hoof wall angle; HA, heel 
angle; PCGA, palmar collateral groove angle; PA, palmar angle; PCGH, palmar collateral groove height; PPCH–
PNBD, proximal palmar collateral groove to palmar navicular bone distance; BL, bar length; QR, quarter relief; 
HCI, heel collapse index; TQ:HQ, toe quarter height to heel quarter height ratio; and (b) the key indicators of 
comparative change; key: LST, lameness score at the trot; WL, work load score; SLW, stride length score at the 
walk;  SLT, stride length score at the trot; HP, hoof placement score; PHL, palmar hoof loading score. Note 
assume scores for unshod and unbooted hooves. 
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Figure 7.14: MS55 left side body and left front hoof 

Start Finish 

 

(a) 

 

 

(b) 

 

Photographs of the left side body view, where: (a) the horse at the start is standing in a natural position, not 
manipulated by the handler, as if it were ‘tipping forward’ with the metacarpal bones not orientated in a 
vertical manner; compared to (b) at the finish the metacarpal bones were approximately vertical to the 
ground.    

 

(c) 

 

 

(d) 

 

Photographs of the left front hoof lateral view, where: (c) the heel angle increased by 2.7°, this was achieved 
by lowering the heel height and shortening the heel length and adding a quarter relief, which is noticeable at 
the finish (d).  

 

(e) 

 

 

(f) 
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Figure 7.14: MS55 left side body and left front hoof (cont.) 

Photograph of the left front hoof solar view, where: (e) at the start the load distribution appeared to be  
disproportionately wearing the toe (black arrow); and (f) at the finish,  the wear pattern was noticeable over a 
larger area of the dorsal hoof wall (distinguished by the grey dirt on the dorsal half of the hoof wall and 
adjacent sole, and on both heel points),  at the same time palmar hoof loading score improved from 2/5 to 
1/5 during the study period. 

Figure provides photographs of sample MS55 left side body and left front hoof lateral view, comparing 
differences between quantified hoof shape variable quantities at the start and finish of the study period.  

 

This horse was not lame at the start of the study period, but had a history of undiagnosed 

lameness in the study hoof, and presented with subtle yet distinguishable clinical signs that 

may increase the likelihood of locomotory dysfunction, and hoof lameness in the future. 

These signs included: the hoof wall wear pattern proportionately greater at the toe then the 

heels, enlarged, raised growth rings located in the proximal third of the hoof wall, that are 

associated with inflammation of the hoof (Karikoski 2015); a steep shoulder angle; a shorter 

stride; the horse noticeably stumbling with front hooves when ridden (on two occasions at 

trot completely falling onto his carpi); and temporary unexplained lameness in the previous 

spring months lasting one month.  

It appeared that by making small discrete changes to the hoof shape variable quantities during 

the study period, improvements to key indicators resulted. So that there was a decrease of 

shoulder angle by10°, a palmar movement of the hoof wall wear pattern, an increase in stride 

length at the trot, and an increase of suspension in the stride (time in the air before contacting 

the ground). The trimming action included reducing the heel length and heel height; trimming 

the bar horn so that it was no longer than the approximated length of the bar corium lamellae 

apex; and defining the bar horn to frog horn junction in the palmar collateral groove, thought 

to increase the heel expansion on weight-bearing when a quarter relief was present; such 

action also allowed the coronary band to straighten.  
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Figure 7.15: MS55 left front hoof  

 

(a) 

 

 

(b) 

 

Figure shows photographs of sample MS55 left front hoof sole view, where: (a) the length of the bar horn at 
the start after the previous trim, where bar horn length was reduced to end approximately 5mm dorsal to the 
fracture lines in the bar horn (red arrows); and (b) at the finish the bar horn length was reduced so that it was 
palmar of the fracture lines and so the bar to frog junction was noticeably distinguishable (black arrows), as 
was the proximal palmar collateral groove. 

This case was useful in demonstrating how by making small discrete changes to the hoof 

shape variable quantities there were discernible improvements in the key indicators.  

7.3.1.6  Sample MS56  

Summary description: Group 3 Galloway 140cm to <150cm, Arab gelding, 147cm, 12 

years, used for novice endurance rides, study duration 10 months, study hoof left 

front. 

The results of the changes in hoof shape variable quantities and study key indicators (Table 

7.10) show that from a small decrease in the dorsal hoof wall angle of 3.1°, and a small 

increase in heel angle of 1.3°, the heel collapse index improved from 1.11 at the start to 1.01 

at the finish of the study period. The improvement of the heel collapse index was not as much 

as desired; the hoof shape was neither converging nor diverging but parallel.  The lack of 

progression to a diverging hoof capsule shape was also reflected in the toe quarter height to 

heel quarter height ratio at the finish of 1.86, which remained below the minimal desired ratio 

of 1.90 to 2.40 for a diverging hoof capsule. Bar length decreased by 5mm from the start of 

41mm to 36mm at the finish; and quarter relief was optimal at the finish with a score of 1/3.  

As hoof shape variable quantities changed, the horse’s work load capacity increased, stride 
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length at the trot increased, and normal palmar hoof loading score of 1/4 was achieved. Heel 

expansion as the hoof received load at stance was noticeable. The toe crack on the left front 

improved over the study period, but not to desired levels. Images of the horse’s body and 

hooves at the start and finish of the study period are shown in Figure 7.16. 

 

Table 7.10: Summary results for horse MS56 

(a) Hoof shape variable quantities 

Period DHWA 
deg 

HA 
deg 

PCGA 
deg 

PA 
deg 

PCGH 
mm 

PPCG- 
PNBD 
mm 

BL 
mm 

QR 
1-3 

HCI 
ratio 

TQ:HQ 
ratio 

Start 48.5 43.7 ‒ ‒ ‒ ‒ 41 3 1.11 1.80 

Finish 45.4 45.0 ‒ ‒ ‒ ‒ 36 1 1.01 1.86 

Change  3.1↓ 1.3↑ n/a n/a n/a n/a 5↓ 2↓ 0.1↓ 0.06↑ 

 

(b)  Key indicators of comparative change 

Period LST 
0-5 

WL 
1-5 

SLW 
1-3 

SLT 
1-3 

HP  
1-3 

PHL 
1-4 

Start 0 2 1 3 1 2 

Finish 0 1 1 1 1 1 

Change  = 1↓ = 2↓ = 1↓ 

Tables provides summary results for sample horse MS56 left front study hoof, studied for a period of 10 
months, showing values for: (a) hoof shape variable quantities; key: DHWA, dorsal hoof wall angle; HA, heel 
angle; PCGA, palmar collateral groove angle; PA, palmar angle; PCGH, palmar collateral groove height; PPCH–
PNBD, proximal palmar collateral groove to palmar navicular bone distance; BL, bar length; QR, quarter relief; 
HCI, heel collapse index; TQ:HQ, toe quarter height to heel quarter height ratio; and (b) the key indicators of 
comparative change; key: LST, lameness score at the trot; WL, work load score; SLW, stride length score at the 
walk;  SLT, stride length score at the trot; HP, hoof placement score; PHL, palmar hoof loading score. Note 
assume scores for unshod and unbooted hooves. 
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Figure 7.16: MS56 left side body and left front hoof 

Start Finish 

 

(a) 

 

(b) 

Photographs of the left side body view, where: (a) the typical stance of the horse at the start is shown, at this 
stage the horse’s stride length at the trot scored 3/3 (under-tracking); and (b) the typical stance at the finish, 
at this stage the horse’s stride length at the trot was 1/3 (over-tracking).   

 

(c) 

 

 

(d) 

 

Photographs of the left front hoof lateral view, where: (c) and (d) at the start there was a decrease in dorsal 
hoof wall angle of 3.1° from 48.5° to 45.4°, and an increase in heel angle of 1.3° from 43.7° to 45.0, so that the 
toe quarter to heel quarter ratio increased by 0.06 from 1.80 to 1.86 from the start to the finish of the study 
period. 

 

(e) 

 

 

(f) 
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Figure 7.16  MS56 left side body and left front hoof (cont.) 

Photographs of the left front hoof solar view, where: (e) at the start bar horn length was 41mm, and the load 
distribution was such that the tip of the sole and hoof wall was worn more compared to the rest of the hoof 
(red arrow); and (f) at the finish the bar horn length decreased by 5m to 36mm, and the bar to frog junction 
was also distinguishable (black arrows).  A change in the wear pattern was also noticeable at the finish, with 
the toe being worn more evenly compared to the rest of the hoof (red arrow). 

 

(g) 

 

 

(h) 

 

Photographs of the left front hoof dorsal view, where: (g) at the start the crack in the mid-dorsal wall was 
accompanied with an adjacent section of hoof wall in the distal third on the lateral side flaking off; and (h) at 
the finish the crack was still present but the flaking in the distal third was no longer occurring. 

 

(i) 

 

 

(j) 

 

Photographs of the left front digit lateral view, where: (i) at the start the palmar hoof loading score was 2/5; 
and (j) with the subtle changes in the hoof shape variable quantities during the study period, including the 
addition of a quarter relief (red arrow) the palmar hoof loading score improved to 1/5 at the finish, so that 
there was a noticeable increase in the suspension of the stride. 

Figure shows photographs of sample MS56 left side body and left front hoof lateral view, comparing 
differences between quantified hoof shape variable quantities and key indicators at the start and finish of the 
study period.  
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The response to the trimming rationale in this case, meant that the diverging hoof shape was 

difficult to achieve within the study period and heel angle remained lower than desired. The 

dorsal hoof wall angle at the finish was greater than the heel angle by 0.4°. 

Progress toward a diverging hoof capsule shape was achieved by trimming the heel weight-

bearing points as palmarly as possible, so that the heel length to heel height ratio was as low 

as possible. 

Divergence was also managed by paying attention to the point on the hoof wall where the 

quarter relief and the heel merged. If the slope of the quarter relief created too steep and 

angle, the heel points were forced forward when the hoof was weight-bearing, and the heel 

angle reduced. This action could be observed when the hoof was placed on a firm, level 

surface and the hoof wall bore the load of the upper bodyweight.  It meant that a steeper heel 

angle could occur when a shallow quarter relief slope was also maintained (Figure 7.17). To 

achieve this trimming intervals were reduced to 18 days for this case, (instead of 21 days for 

case MS55). 

The changes in the palmar hoof shape variable quantities coincided with a decrease in the 

excessive wear of the dorsal sole and ground bearing dorsal wall so that the load was 

distributed more uniformly between dorsal and palmar hoof wall, (compare Figure 7.16 (e) to 

(f)).   

 



261 
 

Figure 7.17: MS56 left front hoof lateral view 

 

Figure shows a photograph of the left front hoof lateral view of sample MS56, showing where the quarter 
relief slope (angle) (red lines) and the heel angle (black lines) coincide. When the angle of the quarter relief 
was lower than the angle of the heel, the heel angle was observed to steepen on weight-bearing with the hoof 
on a firm, level surface. 

 

The improvements to the crack in the mid dorsal hoof wall were aided by the more uniform 

load distribution and by improvements made in the lateromedial balance particularly at the 

medial toe quarter. At the start of the study period, there was a 4.8% difference in hoof wall 

length between the medial and the lateral sides. The wear at the dorsal hoof wall ground 

bearing surface was greater lateral to the midline.  At the finish, trimming to gradually reduce 

the dorsal hoof wall imbalance, so that the medial and lateral hoof wall toe quarters were of 

equal length afforded some benefit to the depth and width of the crack, Figure 7.18. 

When the bar horn to frog junction was clearly defined, improvements in stride suspension 

were observed. The amount by which the suspension improvement lasted increased if the 

horse was ridden at high impact paces (trot and canter) after the trim; if not, the increase in 

suspension began to revert back to the previous levels within three days.  

This case was useful in showing how subtle changes to the hoof shape variable quantities, 

resulted in improvements to palmar hoof loading score, stride length at the trot, workload 

scores, and to the crack in the mid-dorsal wall.  
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Figure 7.18: MS56 left front hoof dorsal view 

 

(a) 

 

 

(b) 

 

Figure shows photographs of sample MS56, left front hoof dorsal view, at the start and finish of the study 
period, after a previous trim where: (a) at the start of the study period, there was a 4.8% difference in hoof 
wall length between the medial (red line) and the lateral (green line), so that lateromedial imbalance of the 
medial to lateral toe quarters of the hoof wall was noted. The wear at the dorsal wall mid-line was greater 
lateral (green arrow) to the medial (red arrow); and (b) during the study period, trimming aimed to gradually 
reduce the dorsal hoof wall imbalance so that the medial and lateral hoof wall toe quarters were of equal 
length lateral (green arrow) to medial (red arrow), affording some benefits to load distribution, which is 
evidenced by an improvement in the crack in the mid dorsal wall.  

7.3.2 Summary of Six Case Study Horses 

The quantified results for all six case study horses in the series are summarised in Table 7.11 

below. The mean values show a decrease of dorsal hoof wall angle for the group of 6.20°, 

from 53.70° at the start to 47.50° at the finish. The heel angle mean value increased 6.20°, 

from 43.18° at the start to 49.38° at the finish. These mean values reflect the change in hoof 

capsule shape from converging to diverging, so that the hoof shape could be described as a 

truncated oblique cone. The bar horn length mean at the start was 49.33mm, showing a mean 

change of 15.33mm, so that at the finish the bar horn length was 34.00 comparable to the 

group mean length of 20 cadaver hooves bar lamellae corium length (chapter 6). The mean 

value for the palmar collateral groove height at the start for the two horses measured was 

17.45mm, decreasing 6.85mm to finish at a mean of 10.60mm. The palmar collateral groove 

angle also decreased, so that the group mean of the two horses quantified at the start was 

46.80°, to 25.30° at the finish a decrease of 21.5° during the study period. The proximal 

palmar collateral groove to palmar navicular bone distance increased in the two horses 

quantified increased 3.10mm, from 17.20mm at the start to 20.30mm at the finish. The 

coronary bands were straighter at the finish of the study period with the toe quarter height to 

heel quarter height ratio increasing at the start from 1.50 to 2.00 at the finish.  



263 
 

The change in variable quantities coincided with improvements to all key indicators, so that 

all of the study hooves included in the study improved. Pre-existing lameness in MS51right 

front and MS52 right front resolved, so that they were not lame at the end of the study period.  

The only hoof that remained lame of all of the hooves in the six case study series horse’s 

hooves was the left front of MS51 and the left front hoof of MS52.  In addition, some cases 

with pre-existing conditions appeared to limit further progress, for instance the sidebone for 

MS51, and the corium inflammation of the bar/frog junction for MS53.  
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Table 7.11: Summary of results for six case study series horses studied for a period of 4 to 13 months 

Start Horse 
breed 

Height 
cm 

Age 
yrs 

Gender Study 
hoof 

LST 
0–5 

WL 
1–5  

SLW 
1‒3 

SLT 
1‒3 

HP 
1‒3 

PHL 
1‒5 

DHWA 
deg 

HA 
deg 

PCGA 
deg 

PA 
deg 

PCGH 
mm 

PPCG-
PNBD 
mm 

BL 
mm 

QR 
1‒3 

HCI 
ratio 

TQ:HQ 
ratio   Ref 

MS51 O 163 11 G RF 2 5 1 3 3 5 57.4 41.3 ‒ 8.0 ‒ ‒ 107 3 1.39 1.32 

MS52 M 80 12 G RF 4 5 3 3 2 4 43.7 37.0 44.0 15.4 15.3 12.2 36 3 1.18 1.53 

MS53 MxAP 115 14 G LF 0 3 2 3 2 3 45.5 41.0 49.6 9.1 19.6 19.4 36 3 1.11 1.46 

MS54 AP 125 1 G LF 0 3 3 3 3 5 78.1 52.6 ‒ ‒ ‒ ‒ 37 3 1.48 1.40 

MS55 A 150 9 G LF 0 2 1 3 2 2 49.0 43.5 ‒ ‒ ‒ ‒ 39 3 1.23 1.48 

MS56 A 147 10 G LF 0 2 1 3 1 2 48.5 43.7 ‒ ‒ ‒ ‒ 41 3 1.11 1.80 

Range n/a 80‒163 1‒14 n/a n/a 0‒4 2‒5 1‒3 3 1‒3 2‒5 
43.7‒
78.1 

37.0‒
52.6 

44.0‒
49.6 

8.0‒
15.4 

15.3‒
19.6 

12.2‒ 
22.2 36‒107 3 

1.11–
1.48 

1.32‒
1.80 

Mean n/a 130 9.5 n/a n/a 1.00 3.33 1.83 3.00 2.17 3.50 53.70 43.18  46.80 10.83 17.45 17.20 49.33 3.00 1.25 1.50 

                      

Finish Horse 
breed 

Height 
cm 

Age 
yrs Gender 

Study 
hoof 

LST 
0–5 

WL 
1–5  

SLW 
1‒3 

SLT 
1‒3 

HP 
1‒3 

PHL 
1‒5 

DHWA 
deg 

HA 
deg 

PCGA 
deg 

PA 
deg 

PCGH 
mm 

PPCG-
PNBD 
mm 

BL 
mm 

QR 
1‒3 

HCI 
ratio 

TQ:HQ 
ratio Ref 

MS51 O 163 11 G RF 0 2 1 1 2 2 46.6 52.3 ‒ 0 ‒ ‒ 37 2 0.89 1.96 

MS52 M 80 12 G RF 0 3 2 3 1 1 47.6 51.3 21.1 0 8.2 18.4 35 2 0.93 2.38 

MS53 Mx.AP 115 14 G LF 0 3 1 1 1 2 46.6 47.0 29.6 5.4 13.0 22.2 28 1 0.99 1.70 

MS54 AP 125 1 G LF 0 1 1 1 1 1 51.4 54.5 ‒ ‒ ‒ ‒ 29 1 0.94 2.19 

MS55 A 150 9 G LF 0 1 1 1 1 1 45.8 46.2 ‒ ‒ ‒ ‒ 36 1 0.99 1.93 

MS56 A 147 10 G LF 0 1 1 1 1 1 45.4 45.0 ‒ ‒ ‒ ‒ 36 1 1.01 1.86 

Range n/a 80-163 1‒14 n/a n/a 0 1‒3 1‒2 1‒3 1‒2 1‒2 
45.8‒
51.4 

45.0‒
54.5 

21.1‒
29.6 

0‒ 
5.4  

8.2‒
13.0 

18.4‒ 
22.2 

34‒37 1‒2 
0.89–
1.01 

1.70‒
2.38 

Mean n/a 130 9.5 n/a n/a 0 1.67↓ 1.17↓ 1.33↓ 1.17↓ 1.33↓ 47.50↓ 49.38↑ 25.30↓ 1.80↓ 10.60↓ 20.3↑ 34.00↓ 1.33↓ 0.96↓ 2.00↑ 

Table describes the summary results for six horses studied for a period of 4 to 13 months, showing values for (a) hoof shape variable quantities, and (b) the study’s key 
indicators. 
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7.3.3 Statistical Analysis  

To test the fourth hypothesis statistical analysis was carried out using both a power test and 

pairwise comparison using a t-test. The results of the power test of the sample of six horses 

showed that for heel angle (0.809), stride length at the trot (0.998), and palmar hoof loading 

(0.998) the sample size was large enough to calculate a significant difference that was 

probably not attributable to a random effect or error.   

The results of the pairwise t-test comparing the differences of sample hooves between the 

start and the finish of the treatment regimen were significant (p-value <0.05), for heel angle 

(p = 0.036), stride length at the trot, (p = 0.004), and palmar hoof loading (p = 0.010), (Table 

7.12). 

Table 7.12: Summary results of a power test and pairwise t-test 

Variable Power test (>0.80) t-value (>0) P-value (<0.05) 

DHWA 0.298 1.43 0.213 

HA 0.809 2.84 0.036 

Key indicator Power test (>0.80) t-value (>0) P-value (<0.05) 

SLT 0.998 5.00 0.004 

PHL 0.998 3.99 0.010 

Table provides the summary results of a power test, and pairwise t-test for a sample of six horses’ at the start 
and finish of a hoofcare treatment regimen. 

The results show that in this data set the results are not randomly selected, there is a 

relationship between heel angle and the key indicators of stride length at the trot, and palmar 

hoof loading.  So that as heel angle increased, scores for stride length at the trot, and palmar 

hoof loading decreased.  The results also show that the relationship between the dorsal hoof 

wall angle and stride length at the trot and palmar hoof loading was not significant. 

 

7.4 Discussion 

The most important finding of study five was that the six case horses showed improvements 

in the key indicators of lameness, workload, stride length, hoof placement, and palmar hoof 

loading, which was achieved by the application of a pre-determined treatment regimen.  As 
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part of the treatment regimen, the hoof capsule was manipulated by trimming the hoof shape 

variable quantities to facilitate the improvements. 

All horses’ hooves had pre-existing pathology, and all hooves at the start were converging, 

quantified by the heel collapse index of >1.00.  During the study period, the six horses’ study 

hooves were quantified as diverging at the finish, quantified by a heel collapse index of 

<1.00, except MS56 which was parallel.   

The results from a paired t-test indicated that as a sample of six horses, quantified at the start 

and finish of a study period, the paired samples of heel angle, stride length at the trot, and 

palmar hoof loading all showed significant values (p<0.05); so that the differences in the 

values were related and not from a random effect.  

The case study approach to the six horses enabled the application of theory to live situations, 

allowing a detailed and contextual analysis (Rowley 2002). Discussion of the individual 

horses is as follows: 

MS51:   

For this case study horse, in size category horse >149cm, where hoof pathology had been 

diagnosed as navicular disease, the improvements made by applying a treatment regimen that 

aimed to steepen the heel angle and lower the collateral groove angle, reduced lameness of 

the right front study hoof from 3/5 to 0/5 10 months later.  

Prior to the study period, despite the horse having previously received conventional hoofcare, 

the lack of improvement prior to the study period poses a question about the validity of the 

traditional treatment methods for navicular disease, at least in this case.  

As a result of the application of a metal shoe and heel wedge pad, the forces acting on the 

heel region can increase so that the heels are not unloaded (Ostblom et al. 1982; Viitanen et 

al. 2003; Rogers and Back 2003; Eliashar et al. 2007). This means a horse attempting to 

unload the heels in response to pain (McGuigan and Wilson 2001; Wilson et al. 2001), is 

restricted with a shoe and heel wedge attached to the hoof. This may in part be attributed to 

the increase in flexion of the DIP joint, which may also shorten the stride with the decrease of 

extension (Chateau et al. 2006). This case study showed improvement when the metal shoe 

and heel wedge pads were removed, evidenced by the reversal of the heel and bulb 

contraction; and by the key indicators improving, including lameness score, stride length at 

the trot, and palmar hoof loading scores.  
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A follow up on this horse after 7 years from the completion of the study period, found that 

the lameness score for the right front continued to be 0/5.  

MS52:   

This case study horse, in size category small pony <120cm, demonstrated extreme responses 

to the treatment regimen. The study hoof – the right front hoof, showed marked 

improvements, whereas the clinical signs of the left front hoof showed a deterioration of the 

pre-study condition during the study period.  

The right front hoof included in the study showed that, where there was a high level of 

change in the hoof shape variable quantities, there was also a high level of change in the key 

indicators. 

The limited progress in the left front was attributed to the changes discovered at post mortem 

in appearance of the deep digital flexor tendon, navicular bone, and navicular bone bursa, 

which shows the limits to the treatment regimen where pre-existing internal soft tissue 

damage is advanced and causing complications to a pathway to improvements. The palmar 

angle (sole angle) of this hoof (and the right hoof) was approximately 15°. Holroyd et al. 

(2013) found an association with sole angle, and internal hoof lesions, but did not mention 

the height and angle of the proximal collateral grooves, which in this 80cm high horse were 

relatively high (15.3mm), when compared to the height of the palmar collateral grooves of 

the remodelled right front study hoof (8.2mm) at the finish of the study period. 

This case was interesting in that the horse presented with neglected bilateral front hooves that 

had clinical signs in the dorsal hoof wall that are associated with chronic laminitis (Wissdorf 

et al. 2002). The left front hoof also presented with pathology in the palmar hoof (confirmed 

by post mortem examination) associated with navicular disease (Dyson et al. 2010) and 

palmar hoof lesions (Holroyd et al. 2013). This finding poses a question as to whether the two 

diseases are related, in that the palmar hoof pain causes a dorsal shift of load, so that the 

dorsal lamellae become inflamed, or if the pathology located in the dorsal hoof and that of the 

palmar hoof are unrelated. Also at question, is whether the palmar hoof pathology was pre-

existing or occurred during the study period. Such questions are speculative in nature, but due 

to the implication that a mechanical overload can cause stress to the dorsal lamellae 

(Thomason et al. 2005) in an attempt to relieve palmar hoof pain, the subject is deemed 

worthy of further investigation. 
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MS53:   

This case study horse, in size category small pony <120cm, presented with the highest level 

of trimming difficulty during the study period, with a low ‘margin for error’ to yield 

improvement in the application of the trimming techniques on the relatively small hoof of the 

115cm horse. By carefully applying the treatment regimen in full, and by the systematic 

application of the theory established in the previous case studies, changes in the key 

indicators occurred. The most significant changes were in the heel angle, and a reduction of 

the palmar collateral groove angle, so that the palmar hoof loading and stride length scores 

improved.  

The lateromedial imbalance of the carpus, and of the first phalanx, noticeable in both 

forelimbs appeared to influence the way the pony was able to load the palmar hoof, and was 

thought to have been contributory in the lateromedial imbalance of the hoof. This case 

highlighted the question of what came first, the lateromedial imbalance from abnormal 

conformation, or the issues with the medial bar horn and high palmar collateral groove 

causing lateromedial imbalance of the hoof; the answer was unclear.   

The amount of prior bone destruction to the dorsal region of the distal phalanx accounts in 

part for the high palmar angle, which was also increased by the high palmar collateral groove. 

The potential for overloading of the dorsal hoof structures from an elevated palmar angle so 

that damage occurs is in agreement with the modelling theory of Ramsey (2011). 

The changes to hoof shape, and the increase in the key indicators including palmar hoof 

loading and stride length, improved the horse’s gaits so that the gelding was able to resume 

active work as a driving pony, where hoof boots were applied for hard, uneven terrain.  

Follow up on this horse showed that continued frequent trimming (7 days) of the bar horn 

height and length in the left front medial bar, coincided with a palmar hoof loading score  

improvement of 2/4 to 1/4, after an extended period of 6 months.  

MS54:   

For this case study horse, size category pony <140cm, the high level of change in the hoof 

shape variable quantities, for example the 26.7° decrease in dorsal hoof wall angle, was 

achieved in four months, despite a limited treatment regimen.  

An explanation for the shorter time frame to achieve the improvements to hoof shape and 

function of this horse appeared to be multi-factorial, and included a lack of age-related 
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conditions of the digit and hoof that are known to afflict the older horse (Brommer et al. 

2003). The amount and type of movement was believed have aided hoof reform occurring by 

the repetitive heel expansion of the palmar surface on loading, which was possible as the hoof 

re-formed to a diverging hoof shape with the aid of a steeper heel angle and a quarter relief. 

MS55:   

For this case study horse, in size category horse >149cm, the changes to the hoof shape 

variable quantities were subtle, but resulted in a more uniform loading distribution to achieve 

an even wear pattern on the bearing surface of the hoof wall. As a result, small but noticeable 

improvements were made in the key indicators, and in this case, to the growth rings. When 

ridden, the horse no longer stumbled, an improvement which was attributed to the 

improvement in palmar hoof loading, and a shallower angle of the shoulder which was able to 

freely extend to facilitate a longer stride. 

MS56:   

For this case study horse, in size category Galloway 140cm to 149cm, the changes to the hoof 

shape variable quantities were smaller compared to MS52 and MS54. Most notably the 

quantified results showed where there was a small increase in the angle of the heel, there was 

also a small improvement in the stride length at the trot, and palmar hoof loading score.  

This case showed that as palmar loading increased, although not quantified, an additional 

observation was made of a noticeable increase in suspension in the stride, also the heel first 

landing was more defined, as was the dorsi flexion of the metacarpophalangeal joint. These 

changes are attributed to the careful trimming of the heel length, and heel height, also the bar 

length and height, and the quarter relief. 

The small changes to the dorsal hoof wall toe quarter tubules that resulted in improvements to 

the mid-dorsal wall crack, showed the benefits of more frequent trimming to correct hoof 

shape asymmetry.    

By applying the theory to these six case studies, which represented all four horse height size 

categories, as heel angle increased key indicators improved. The angle of the heel was 

important to the result, and was dependent on maintaining the quarter relief and the heel 

bearing surface as palmarly as possible, while maintaining optimal palmar hoof loading. Bar 

horn length was reduced so that it was no longer than the approximate bar corium lamellae 



 

270 
 

and the bar horn to frog horn junction was clearly defined, so that the palmar collateral 

groove was visible. This allowed the palmar hoof loading to improve for all cases.  

As theory was applied, and repeated, improvements occurred with each horse. Progress 

appeared to be dependent on maintaining hoof shape variable quantities within a smaller 

range than traditional farriery techniques, where trimming every 4–8 weeks is not uncommon 

(Baxter 2002; van Heel et al. 2006).   For example, with the left front hoof of sample MS53 a 

relatively small increase in bar horn length affected the key indicator of palmar hoof loading, 

requiring a more frequent trimming interval of 4-10 days, (from 7 – 21 for the other cases). If 

left longer than 10 days (14 – 21 days), lateromedial hoof imbalance increased. Hoof 

asymmetry is recognised as undesirable (Wiggers et al. 2015), although the effects on hoof 

health have not been comprehensively quantified using comparison to key indicators of 

change. 

Contrary to the current literature, where an elevated palmar angle and high heel are believed 

to be part of the normal hoof shape (Cripps and Eustace 1999; Parks 2003; Eliashar 2004), 

improvements to hoof shape of all case study horses occurred with lowering the palmar 

angle, a practice thought to maintain a normal laminar connection (Coffman et al. 1970). 

For all cases, when the horses moved more, the effects of the changes in hoof shape variable 

quantities appeared to last longer, although the details of this phenomenon are unclear. For 

example, when additional movement (to paddock grazing) was given daily – either by 

walking in hand, riding, driving or being led from another horse, the improvements in key 

indicators lasted longer, compared to when the horse did not receive additional exercise.  This 

association appeared sensitive, with small changes visible as little as three days after 

trimming (MS53, MS55 and MS56). This was more visible when the horses (MS53, MS55 

and MS56) were worked at high-impact paces, including trot and canter for extended periods 

(15km). This was an interesting finding, and is attributed to the point of zero moment moving 

palmarly in the horse’s hoof at trot (Barrey 1990), implying that the centre of pressure and 

load intensity also moves palmarly at gaits faster than walk, so that a heel first landing at trot 

is normal, which is supported by Barrey (1990). A benefit of the palmarly shift in the centre 

of pressure is that when maximal heel expansion is reached at the mid-stance phase of the 

stride (Ramsey 2011), a biaxial opposing force vector is created by the heels to resist the 

hoof’s natural propensity to rebound biaxially at the heels when not loaded (Ramsey pers. 

comm. 2014), so that heel and bulb contraction is minimised.   
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In this series of six case studies, the treatment regimen used on each horse was consistent, 

and the yielded results allowed important insights with each case on the effects of hoof shape 

to hoof health.  The comparison was between each study hoof before a current trim, to after a 

previous trim, representing different phases of the growth of the hoof capsule. These study 

comparisons show how, by the manipulation of hoof shape by trimming, aiming to achieve a 

set of variable quantities, resulted in quantifiable changes in key indicators. It did not 

compare the variable quantities of hoof shape to key indicators at exactly the same stage of 

growth in each case, and this may be seen as a limitation of this study. Understanding what 

exactly represents the same stage of growth between horses’ hooves represents an ongoing 

challenge to researchers aiming to make fair comparisons between sample hooves.   

Collecting data in a field study creates its own challenges and limitations (Pennock 2004), 

demonstrated in the present study for example, by the variance in the presentation of the 

photographical representation of both digital and analogue radiographs for comparative 

purposes (MS51, chapter 7). Such limitations must be weighed against the strength of a field 

study of gaining at first hand very detailed original and factual data that cannot be gained by 

another method (Eisehard 1989; Meyer 2001).  

Using case studies in research allows a descriptive account to a piece of research that can 

claim to being a worthwhile, if modest, addition of knowledge and theory building, but are 

limited by their lack of rigour and objectivity (Rowley 2002). The absence of control makes 

case studies almost of no scientific value (Campbell and Stanley 1966). The latter is thought 

an oversimplification by Flyvbjerg (2006), who states that a balance of case study to 

comparative study is best.  Flyvbjerg (2006), realising the rationale for a well-presented case 

study is often misunderstood goes on to conclude that there is a need for case studies in 

scientific research, quoting Thomas Khun (no date specified), “Scientific development 

without a large number of thoroughly executed case studies, is a discipline without systematic 

production of exemplars, and that a discipline without exemplars is an ineffective one.”.  

While the subjectivity of the case study is realised, the case study series presented in this 

study provided an empirical enquiry that investigated a contemporary phenomenon in depth 

and within a real life context, especially needed as the boundaries between phenomenon and 

context are not clearly evident (Yin 2009).  

Statistically the analysis was limited; the six cases were individual, each with unrelated hoof 

pathology. The statistical testing of the study hypothesis was not possible with the individual 
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cases.  Despite the results being in favour of hoof shape affecting hoof health, evidenced by 

the improvement in key indicators, it is important to use empirical scientific protocols to 

show the significance. This made comparisons between the six horses difficult as a common 

starting point was not well defined.  There was also no control group, as is common in an 

experimental situation (Johnson and Besselsen 2002). These limitations should be balanced 

against the hooves of the six horses all having a common baseline of a converging hoof 

shape, and a common finishing point of a diverging hoof shape.  These clearly definable hoof 

shapes of the six case study horses increase the validity of the statistical t-test run on the data 

as a set, which acts as a guide to develop further research steps, but must be viewed in 

context.   

The hoof shape variable quantity parameters needed to be constantly maintained, in order that 

the improvements of the key indicators be maintained at optimal levels. This was particularly 

clear with the palmar hoof loading score of case MS53, and with the decrease in suspension 

with a lack of high impact work with case MS56. 

The subjective nature of lameness evaluation was one limitation (Hammarberg 2015), with 

no objective quantification of the difference in force applied to each hoof. Subjectivity was 

reduced by engaging an independent lameness evaluator. Developing cost effective ways to 

quantify subjective evaluations of change is needed. 

For the scored key indicators, other than lameness, the researcher carried out the evaluation. 

This had the advantage of consistency, but using an operator who has the technical 

knowledge and skill to collect the data must be weighed against operator bias from having 

familiarity of the data collection process.  This potential for human error was minimised 

using typical scientific data collection standardisation protocols. 

The study of six horses as a case study series was useful in showing that hoof lameness can 

be reversed without the need for medication or orthopaedic shoeing, and that the application 

of a treatment regimen resulted in improvements of key indicators in all study hooves. Also, 

the careful monitoring of the more subtle changes in hoof shape in all six horses, so that with 

each horse the trimming frequency varied between 4 and 21 days, yielded positive results, 

and was more frequent than the current practices of 28 to 56 days. 
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7.5 Conclusions 

In conclusion, the results of study five show that by trimming specific and sometimes subtle 

changes of less than one millimetre to change the hoof shape variable quantities, 

improvements to hoof function can be made. Changes to specific structures of the palmar 

hoof, including heel angle, bar length, bar-to-frog junction and quarter relief all appeared 

important in the continued improvement of the key indicators. When heel-first landing and 

palmar hoof loading were improved, stride length at the trot also improved; and 

improvements in stride suspension were also observed in some horses. 

This study demonstrated that, by making observations of the natural growth characteristics of 

the hoof, and trimming hoof horn to maintain a particular shape, and with the inclusion of a 

particular treatment regimen, an alternative method to traditional hoofcare practices was 

successful in creating improvements in key indicators; in this case to horses with pre-existing 

pathology  

The study also showed that when treated early enough, extreme hoof shape can be reversed 

(MS54). Limits to the hoof improvements were seen when pre-existing pathology was 

present (MS51 sidebone, and MS52 podotrochlear apparatus soft tissue damage), and when 

conformational asymmetry affected the lateromedial balance of the hoof (MS53).   

Potential relevance of study five for the clinician, hoofcare practitioner or veterinarian is that 

an understanding of the structures of the palmar hoof when manipulating the hoof by 

trimming is essential for understanding how hoof shape can be managed to promote athletic 

ability and lameness-free horses.  

For the researcher, the six case study horses provided detailed examples in how the 

application of a specific treatment regimen yielded results in improving key indicators, giving 

valuable insights helpful in building hypotheses for future studies with a larger sample size. 

Such studies should be designed to focus on a comparison of traditional farriery methods, and 

the alternative methods applied to the six cases in this present study. 
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8. GENERAL DISCUSSION 

The findings from a review of the literature showed that structures of the external palmar 

hoof capsule have not been quantified in equine hoof research. Knowledge gaps were evident 

regarding the relationship between heel angle, and bar horn and the palmar collateral groove 

height and angle. So that the morphometric changes that resulted due to the characteristic 

direction of growth of the hoof horn tubules of these structures over time have not previously 

been noted. The knowledge gap regarding the external palmar hoof capsule structural 

changes over time was surprising, since studies of the pathology of the palmar hoof of the 

ancient and modern equid, including navicular disease, have received much attention (Adams 

1974; Wright 1986; Poole et al. 1989; Wright and Douglas 1993; Rose 1996; Wilson et al. 

2001a; Dyson et al. 2005; Dyson et al. 2010; Holroyd et al. 2013; Thompson et al. 2013). 

While such studies have included quantifying the internal structures of the palmar hoof, the 

structures of the external palmar hoof capsule have not been quantified in any depth.   

From the examination of groups of live and cadaver hooves, questions were raised regarding 

defining a hoof as ‘normal’ when the hoof capsule is continually growing and therefore not a 

static structure, without the use of a qualifier such as ‘for this stage of hoof capsule growth’. 

More questions were raised regarding the ‘normal’ health status of the internal tissues at 

varying stages of growth of the hoof capsule. Hoof shape was defined in the literature as a 

‘truncated oblique cone’ (Clarke 1828; Chauveau 1860; Lungwitz 1891; Dollar 1898; Colles 

1989; Thomason et al. 1992; Pollitt 1992a; Kasapi and Gosline 1998; Thomason et al. 2001; 

Floyd and Mansmann 2007; Goodman and Haggis 2008; Dyson et al. 2011b; Hampson 2011; 

Ramsey 2011; O’Grady 2012; Pollitt 2016), with a heel collapse index of >1.00. However, 

where hoof shape variable quantity data was supplied in the current literature, normal shape 

was synonymous with a converging hoof shape, with shallow heel angle (<45°) and heel 

collapse index of <1.00. Data was often taken from hooves with a metal shoe attached, so that 

a comparison of the unshod, untrimmed converging hoof shape to the unshod, freshly 

trimmed diverging hoof shape with a quarter-relief present was not possible in the past. 

What is considered normal and abnormal in hoof shape has not been scientifically 

established, and this has led to conflicting opinions. For example, Dyson et al. (2011b) found 

no established scientific evidence to support the belief that the dorsal hoof wall, in a normal 

hoof, must be parallel to the distal phalanx dorsal cortex. Linford et al. (1993) supported such 
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a requirement, but Cripps and Eustace (1999) did not. Thomason et al. (2005) theoretically 

demonstrated that hoof shape changes influence the regional remodelling of the primary 

epidermal lamellae of the laminar junction, implying that a hoof shape that supports a healthy 

laminar junction is preferable, given its importance to hoof function.  Remodelling of the 

secondary epidermal lamellae appears to be present after any inflammation episode of the 

equine hoof (van Eps pers. comm. 2014), further supporting hoof shape that maintains a 

healthy laminar junction.   

From the examination of the palmar hoof capsule structure of groups of cadaver and live 

horses’ hooves, including the hoof wall at the heel, the bar horn, and the palmar collateral 

groove, a set of twenty-one measurements of the hoof shape variable quantities was 

developed. This set of measurements, which included the external palmar hoof capsule 

structures, was used extensively to quantify the live and cadaver hooves in four test studies. 

The results from the four test studies were consistent in their findings that heel angle is 

important to equine hoof shape and function. In study two, a proportional change between the 

heel length and heel height, calculated as a ratio, was shown to exist as the horses’ hooves 

grew during trimming intervals. The scaling allometry indicated that, as the hoof grew, the 

overall proportional shape changed. While the current literature defines the hoof as a 

truncated oblique cone (Clarke 1828; Lungwitz 1891; Kasapi and Gosline 1998; Dyson et al. 

2011a; Hampson 2011; Pollitt 2016), implying a divergence of the hoof wall on weight-

bearing, the findings in study two found that, as the hoof grew, the heel angle became 

shallower, so that hoof shape changed to a convergence of the hoof wall upon weight-

bearing.  

Of the four size categories quantified in study two, the hoof capsule growth of the small pony 

<120cm category (group 1) was statistically different from the other three size categories 

(groups 2, 3, and 4), as seen by an increase in heel height, with a slight but consistent 

proportional reduction in the heel length to heel height ratio. The findings showed that for  

small pony <120cm the heel height increases proportionately faster than heel length, so that 

normal hoof shape would be lost over a shorter time span than in all other horse groups.  

Overall, the findings for study two imply that unless the horse’s hoof is worn as it interacts 

with the ground surface or is trimmed, the normal growth pattern of the hoof capsule has the 

potential to change mechanics in a relatively short time span through hoof shape change. This 

is supported by Bellenzani et al. (2007) who found that force distribution through the hoof 
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wall is not symmetrical and is influenced by hoof shape. The question that arises from study 

two is that as hoof shape allometry appears inevitable, is dysfunction of the internal structures 

also inevitable as the hoof shape alters over time? 

Just as changing hoof shape is unavoidable for the horse, loading of the hoof as it impacts the 

ground with each stride is also unavoidable. The single hoof loading test case in study three 

demonstrated that differing hoof shapes resulted in differing displacement patterns when the 

hoof was subject to load. This was achieved by measuring variable quantities of the 

converging hoof shape and diverging hoof shape when subject to a vertical load. Previous 

static hoof loading studies (Olivier et al. 2001; Hobbs et al. 2004) have not compared the 

differences that may exist between the untrimmed converging, and freshly trimmed diverging 

hoof shapes, which were identified principally by their heel angles. The results of study three 

showed that the heel angle of an untrimmed converging hoof with a shallow heel angle of 

<45° became shallower when subjected to a 500kg (4905N) static vertical load, and that the 

palmar collateral groove angle increased. The freshly trimmed diverging hoof shape, 

however, showed that the heel angle increased, and the palmar collateral groove angle 

decreased when subjected to the same loading conditions. As heel angle and palmar collateral 

groove angle changed under the applied load, the weight-bearing length of the hoof also 

changed dependent on hoof shape.  Loading of the converging hoof shape caused the weight-

bearing length to decrease, as opposed to the loading of the freshly trimmed diverging hoof 

shape where weight-bearing length increased, increasing the surface area of the load bearing 

palmar hoof.  

The relationship between collateral groove and palmar angle was in agreement with Rouben 

et al. (2012) who stated that as collateral groove increased, palmar angle also increased. The 

results of study three also showed that in the untrimmed converging hoof with higher palmar 

collateral groove height, palmar angle was also higher, compared to the lower palmar 

collateral groove height and lower palmar angle of the freshly trimmed diverging hoof shape. 

A high collateral groove appears to be supported by Salvoldi (2007), who states that the ‘sole 

arch’ supports the palmar hoof, although no mention is made of the health of the corium layer 

from a high sole arch. The concept of the benefits of a palmar hoof ‘arch’ is also noted by 

Taylor et al. (2014), comparing the collateral groove to the arch of the human foot. Taylor 

makes no mention of how a high collateral groove affects load distribution or palmar hoof 

loading, or the health of the corium.  



 

277 
 

The mechanics of palmar angle elevation (distal phalanx rotation around the distal 

interphalangeal joint) is also discussed by Coffman et al. (1970), who propose that the deep 

digital flexor tendon and digital cushion passively act as a fulcrum to rotate the distal 

phalanx.  The theory proposed by Coffman et al. (1970) appears incomplete, as it is unlikely 

that the digital cushion has the required tissue stiffness to act as a fulcrum, despite the 

presumed increase in stiffness as it resists the ground reaction force at the mid-stance phase 

of the stride. The results of the present study offer an alternative theory. In the untrimmed 

converging hoof shape with decreased heel angle and increased palmar collateral groove 

height and angle, the deep digital flexor tendon and digital cushion are not directly involved 

in the process of distal phalanx rotation, but are themselves passively influenced by the 

increasing height and angle of the palmar collateral groove, which occurs as the hoof is 

loaded. The palmar collateral groove height is itself influenced by the relatively stiff bar horn 

(compared to the digital cushion) influencing the height of the palmar collateral groove, so 

that as heel angle decreases and the palmar collateral groove height and angle increase, the 

solar surface of the palmar hoof becomes more vaulted, so that solar deflection and heel 

expansion on weight-bearing are compromised. Such a situation creates a vulnerability of the 

digital cushion and deep digital flexor tendon, and of the entire podotrochlear apparatus, to 

excessive compression and possible point loading on weight-bearing.  

In such a situation, sensitive to discomfort, the horse avoids fully loading the palmar hoof and 

attempts to compensate by contracting the deep digital flexor muscles, so that the tendon is 

moved away from the stiffer convex internal surface of the proximal collateral groove. The 

contraction of the deep digital flexor muscle was also attributed to such action in a group of 

shod horses with navicular disease, which Wilson et al. (2001a) presumed was occurring in 

early stance phase of the stride in an attempt to unload the heels; the height and angle of the 

palmar collateral groove were not quantified. The present study shows that the rotation of the 

distal phalanx and the unloading of the heels occurs as part of the normal hoof capsule 

growth pattern of the untrimmed converging hoof over time; the amount by which each hoof 

is affected is influenced by individual hoof shape phenotype variation and lifestyle factors, 

which will vary from hoof to hoof and from horse to horse.   

The results of study four showed that of the 84 left and right cadaver hooves, the variability 

of the gross appearance of the corium layer was more extensive than expected, as there was 

no reference in the literature to state gross corium appearance varied in this way.  Of the 20 

quantified samples, 18 showed a mean corium appearance score of >2/5. The dorsal lamellae, 
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dorsal coronary and dorsal solar corium were most affected, with a group mean score of 

4.25/5 for dorsal lamellae corium. The use of a multinomial linear model regression analysis 

showed a statistically significant relationship between dorsal lamellae corium score and 

lateral and medial heel angle, so that when heel angle decreased to <45°, dorsal lamellae 

corium score increased. The results from this analysis suggest that an association exists 

between dorsal lamellae corium and heel angle, implying a higher heel angle is desirable to 

preserve corium tissue integrity in the dorsal hoof; although further work is necessary to 

validate this. 

It was surprising that the corium gross appearance was so varied, with none of the 20 

quantified hoof sample’s corium appearing completely healthy.  This evidence causes the 

corium’s adaptive qualities (Bowker 2003) to be questioned, compared to the continually 

growing hoof capsule, with which it is firmly attached via the laminar junction.  The corium’s 

pliant tissue nature is recognised (van Eps 2010), allowing it a range of tolerance to adapt 

with the changes in hoof capsule shape while also being firmly fixed to the bony column of 

the digit via the distal phalanx. There must, however, be a limit to the range of tolerance, 

given that the basement membrane of the secondary epidermal lamellae of the corium, and 

the secondary epidermal lamellae of the hoof wall are required to remain attached, so that the 

laminar junction can continue to maintain a strong healthy laminar connection between the 

two structures (Pollitt et al. 1994; Pollitt et al. 2003; Pollitt 2016). The findings show that the  

level of tolerance of the corium is potentially less than previously assumed; this is supported 

by the level of pathology found in dermal and epidermal lamellae of laminitic, as well as non-

laminitic hooves (van Eps and Pollitt 2009; Kawasako et al. 2009; Karikoski et al. 2015), that 

presumably were lame and not-lame. Also, that the tolerance between trimming intervals 

found by Moleman et al. (2006) and supported by Caldwell et al. (2013) did not quantify the 

corium layer, therefore the assessment of the tolerance of the structures of the hoof is 

incomplete. 

The high level of change in the gross appearance of the corium may be explained by the high 

variability in the shape of the hoof capsule, compared to the shape of the corium. In this 

present study of the 20 quantified hooves, the group mean lateral bar horn length (50.65mm) 

was 18.80mm longer than the lateral bar lamellae corium length (30.85mm). The distortion of 

the hoof capsule compared with the corium appears to have the potential to create shearing 

effects by the change in hoof shape (Thomason et al. 2004; Bellenzani et al. 2007). The 

implication to corium health is that an overgrown hoof of an untrimmed converging hoof 
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shape potentially causes the appearance of the corium to change, simply through the change 

in hoof capsule displacement pattern that occurs as a result of normal growth and the change 

in hoof mechanics that accompany such changes.  

This study showed that using pain alone as an indicator of health is limited, evidenced by the 

extreme variation in the cadaver hoof corium tissue, so that not every hoof could be described 

as having healthy corium, despite in most cases the live horses not being lame.  

The variation in corium and the difficulty in accessing the corium layer in the live horse, 

makes establishing a reliable baseline reference for the corium tissue difficult, although the 

evidence from this study shows that such a reference to normal corium is warranted, due to 

the important role in hoof health and function that the corium performs.  

A limitation of study four was that all hooves were converging. It was unusual that the entire 

sample would have the same hoof shape and was attributed to none of the horses having been 

recently trimmed, so that hoof proportions had changed from the freshly trimmed state, 

evidenced by the high heel length to heel height ratio (compared to similar hooves in study 

two). In all but two horses (the two Miniatures) the trimming history was unknown, in future 

studies such information would be useful. Furthermore, the use of radiographs of the hooves 

of the live horses to compare the palmar angle of the distal phalanx and to note other features 

of the internal hoof for comparative purposes would have been beneficial, but was beyond the 

scope of the present study. 

The major finding of study five, the case study series, was that as the treatment regimen was 

applied, key indicators improved.  The addition of a quarter relief and the specific trimming 

of the bar horn length to match the approximated bar lamellae corium apex, and trimming to 

clearly define the bar horn-to-frog horn junction, appeared to influence heel expansion, so 

that heel and bulb contraction was reduced. As heel angle increased from a group mean of 

41.2° at the start of the study period, to 49.4° at the finish (and increase of 8.2°), stride length 

increased, lameness reduced and palmar hoof loading improved in all of the study hooves.  

The results from the six individual case horses showed that case studies are a useful tool for 

the preliminary exploratory stage of a study (Rowley 2002). By exploring the application of 

theory to horses with existing pathology via a pre-defined treatment regimen, beneficial 

changes to key indicators resulted.  
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Corrective trimming as a treatment regimen for navicular disease is accepted in the literature 

(Turner 1986). However, the relationship between pain and bar horn volume has not been 

documented. The results from sample horse MS41 showed that pain associated with navicular 

disease (thought to be from a neuroma [Easterman pers. comm. 2009]) reversed when the bar 

horn length was pared back from 107mm to 37mm, so that pain reduced and analgesic 

mediation was not required. These results, and the results of the other five sample horses, 

raise an important question of whether lameness in horses is caused by disease within the 

hoof, requiring medicated treatment and orthopaedic shoeing, or whether lameness is the end 

result of the continually growing hoof causing insidious changes of shape over a period of 

time, resulting in damage to the internal structures. Such a situation has the potential to create 

a false positive result when researching the disease aeteopathogenesis.   

The inclusion of the palmar hoof capsule structures in the hoof shape quantification process, 

showed that when overall contact area of the hoof with the ground included the palmar hoof 

(heels were observed to be fully in contact with the ground), so the palmar hoof loading score 

reduced, the palmar collateral groove height and angle remained lower (MS42 and MS43), 

yielding benefits to the horse’s stride length and lameness scores. The benefits observed from 

lowering the palmar collateral groove do not support the high collateral groove (Salvoldi 

2007; Taylor et al. 2014), as the changed hoof displacement in hooves with a high palmar 

collateral groove shorten the stride and implied the potential to damage the soft tissue of the 

internal hoof including the corium. 

The findings from study five indicated a reduction in palmar hoof loading appears to have 

deleterious effects to the horse, evidenced by the heel not contacting the ground (MS51; 

MS53; MS54) so that the load on the hoof borne from the upper body was observed to shift 

dorsally.  In this situation in the live horse, where a shallow heel angle and increased palmar 

collateral groove height were also present, fully loading the palmar hoof in a high impact 

situation (galloping and jumping), would potentially result in injury to the inferior check 

ligament or to the suspensory ligament.  Intuitively the horse would shift weight dorsally; 

steepening the digit bone alignment, increasing palmar angle, shortening the stride and 

altering the wear pattern of the hoof so that the toe is worn more than the heels (MS55; 

MS56). The alternative of a more harmonic digit bone alignment appears to support the 

‘spring foot’ (McGuigan and Wilson 2003) of the suspensory apparatus, allowing the deep 

digital flexor tendon full range of movement so that it has maximal recoil effect, allowing the 

energy efficient movement to be maximised and energy costly muscle power to be 
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minimised. Such an action is aided by the presence of a quarter-relief in the heel quarters for 

optimal palmar hoof loading, solar deflection and heel expansion (Ramsey 2011). 

The use of the toe quarter height to heel quarter height ratio, as well as the manual 

examination of the live hoof, indicated that an optimally diverging hoof was obtained when 

the contour of the coronary band along its complete length, viewed in lateral aspect, was 

straight, while the heel horn and the bar horn supported the more flexible (compared with the 

dorsal hoof) palmar hoof. 

Traditionally, asymmetry and hoof balance has been largely concerned with the lateromedial 

balance of the hoof capsule, and is commonly referred to in literature (Russel 1903; Turner 

1992; Baxter et al. 2002; Parks and O’Grady 2003; O’Grady and Poupard 2003). In more 

recent literature (van Heel et al. 2005; Dyson et al. 2011a; Pfau et al. 2012; Rhodin et al. 

2013; Starke et al. 2013; Holroyd et al. 2013; Wiggers et al. 2015), asymmetry of the horse, 

gait and hoof have been considered, aided by the advance in diagnostic imaging tools and 

objective gait measuring devices. The approach taken for the six case study horses was to 

trim to balance the external hoof while at the same time integrating this external hoof capsule 

balancing with the balance of the internal structures, so that the four dimensions of the hoof 

structures remained balanced; periodic radiographs were helpful in reviewing this process. 

The periodic review of the position of the internal hoof structures relative to the external hoof 

structures is considered essential if hoof balance of the hoof structure as a whole is to be 

achieved; creating a dynamic balance. 

The six sample horses appeared to benefit from a multi factor treatment regimen, in addition 

to frequent trimming, exposing the hooves of the six sample horses to the weight-bearing that 

naturally occurred as a result of paddock life, and from additional exercise which included 

high impact weight-bearing situations (trot and canter) (excluding MS42), was believed to be 

an important aspect in the re-modelling of the horse’s hooves. However, it is clear that 

compared to the ancient horse, the modern horse has a very different lifestyle, although 

morphologically designed as a running specialist, movement is now restricted for the 

domesticated horse. This may be countered by including high impact weight-bearing 

situations in daily exercise for horses to maintain hoof health, which is in agreement with 

Kawasako et al. (2009), who found that the primary epidermal lamellae appeared more 

normal in the non-laminitic horses that were in [high impact] racing, compared to the horses 

not in work. Benefits are attributed to the point of zero moment moving palmarly at trot and 
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canter (Barrey 1990), so that increases to palmar hoof loading and heel expansion are likely 

to counter the effects of hoof contraction, helping to maintain normal hoof shape.  

Overall, the current study was presented with limitations common to researchers of the 

horse’s hoof, for example, the subject of the standardisation of accurate and repeatable data 

collected from digital photographs.  Taking useful photographs of horse’s hooves is known to 

be difficult (White et.al. 2008). However, until more sophisticated and potentially more 

accurate methods are generally available, for example, by photogrammetry (Malone et. al. 

2014; Labens et. al. 2013) the use of data collection using digital photographs is commonly 

used by researchers. 

One of the most limiting factors specific to the current study was the lack of controls to 

reduce bias. Randomized controlled trials are the most rigorous way of determining whether a 

cause-effect relation exists between treatment and outcome (Sibbald 1998; Spieth et al. 

2016). This study shows that establishing fair controls are problematic for three major 

reasons:  

1. the focus of the present study was the preliminary investigation of the effects of 

hoof shape on health of the equine hoof, particularly the health of the corium; 

therefore each control hoof would need to be identified as having (i) no damage 

to the corium at all, or (ii) all damaged, depending on study design. This is 

currently problematic in the live horse where assessing the corium appearance is 

challenging. 

2. The hoof is continually growing so an equal starting point needs to be 

established fairly for a true comparison to be possible. This present study 

outlines that this may be affected by individual hooves growing at differing rates 

and may be influenced by a high number of independent variables that cause 

subtle changes in hoof shape that create bias amongst the control group. In 

addition, it is not possible for the treatment group to have a continually growing 

hoof and the control group to have a non-continually growing hoof.  

3.  If a particular treatment regimen is to be tested to improve a particular hoof 

pathology, there need to be sufficient numbers of horses with the identical hoof 

pathology of interest to be statistically relevant. 
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The problems associated with using unbiased controls for hoof research call for a need for a 

more sophisticated model of researching the hoof in an uncontrolled environment, a situation 

challenging to create. 

Overall, the studies presented in the current body of work have enabled more subtle hoof 

shape changes of the palmar hoof capsule structures to be recognised in the untrimmed 

converging hoof and freshly trimmed diverging hoof, so the costs and benefits could be 

assessed and quantified and may be incorporated into future study design.  
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9. GENERAL CONCLUSIONS 

In conclusion, the ‘Preliminary investigation of the effects of hoof shape on the health of the 

equine hoof’ has produced interesting results that are aligned with the hypotheses. The 

findings in this body of work show that including the structures of the palmar hoof capsule in 

the quantification of the hoof, allow a more complete picture in establishing quantified 

evidence that may be helpful in identifying the underlying cause of lameness in the horse’s 

hoof. The approach taken in this study does not provide for an absolute definition of the 

effects of hoof shape on hoof health, but is sufficient to validate the approach outlined in the 

study aims.  

The findings in this study support the current knowledge that the hoof appears to be a 

specialised, precise, dynamic structure that is multi-dimensional. The results show there are 

subtle changes that naturally occur in the normal growth pattern of the external hoof capsule, 

including the palmar hoof capsule structures, and that there may be benefits of including 

them in future hoof research aimed at a higher level of sophistication of modelling. Such 

modelling must utilise a combination of both the emerging more sophisticated three 

dimensional and four dimensional imaging tools, with the manual examinations and 

observations in the field to minimise the limitations of each data collection method, in order 

to obtain more accurate knowledge of the interrelationships of the component parts of the 

equine hoof to promote soundness in the horse.  

The present study showed that hoof shape can be quantified by the ratio of the length and the 

height of the heel changes occurring as a result of the continually growing hoof, where a 

scaling allometry is present as the hoof grows. This finding provides evidence that as the 

shape of the hoof changes over time, the specific changes that occur in the structures of the 

palmar hoof capsule, may have the potential to affect hoof health in the equine hoof as it 

grows.  

Case studies were valuable for testing the theoretical propositions (Levy 2008) in an intensive 

study of a single unit, necessary due to a lack of preliminary research. The findings of the 

single hoof case study show the benefits of including the palmar hoof capsule structures in 

the quantification process of the equine hoof, and that the heel angle and the height of the bar 

horn measured as the palmar collateral groove height and angle appear influential in this 

process.  
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The single hoof case study demonstrated that a change in hoof capsule displacement 

quantities, that result from the hoof growth, show that a quicker response time is necessary to 

manage the horse’s hoof at potentially beneficial levels, so that trimming intervals are 

important. Benefits were shown by revising the current trimming interval from 4-8 weeks to 

3 weeks for larger ponies, Galloways, and horses; with the trimming interval for small ponies 

<120cm from 4-8weeks to every 2 weeks.  

The present study showed that the external hoof capsule may not show clinical signs of the 

high variability of the underlying gross appearance of the corium, or it may show subtle 

clinical signs that are not currently being related to the health of the underlying tissue, 

suggesting a need exists for further investigation of such relationships. Such findings are 

aligned with those of Karikoski et al. (2015) and Kawasako et al. (2009). 

A multi-factor treatment regimen, including increased trimming intervals and additional 

movement, applied to a case study series of six horses (study five) resulted in an increase in 

the comfort of the palmar hoof, evidenced by improvements in palmar hoof loading, stride 

length, and a reduction of lameness. 

The results from the case study series show that where pre-existing conditions exist, they may 

influence the amount by which the horse benefits from the application of the treatment 

regimen. For example, the quantified results of the hooves of cases MS52 and MS53 showed 

a before and after change in the palmar collateral groove height and angle, so that the 

comparative change in the distance between the proximal palmar collateral groove height and 

the palmar navicular bone reduced, and palmar hoof loading increased to an optimal level. 

The changes in these hooves of the application of a treatment regimen also allowed 

improvements in heel expansion, evidenced by an increase in palmar hoof loading. Whereas, 

the situation differed with sample MS51, where a pre-existing sidebone may have prevented 

maximal palmar hoof loading, so that when a zero degree palmar angle was achieved by 

lowering the heel and increasing heel angle, the palmar collateral groove height and angle did 

not decrease to expected levels. The amount by which the heel could expand was also 

limited. These factors were attributed to the pre-existence of sidebone restricting the ability of 

the palmar collateral groove to lower, and the heel to expand on weight-bearing. 

Overall, this body of work has provided evidence to support the theory that hoof shape affects 

the health of the equine hoof, implementing a treatment regimen to promote soundness in the 

horse.  The study has not directly concluded that the corium health affects lameness, but has 
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shown a higher level of corium pathology than was expected. The limitations of this 

preliminary investigation have been described, so that further work is required in equine hoof 

research aimed at reducing hoof lameness. Future studies should be aimed at: 

1. better understanding the normal range of the corium appearance – suggested study 

design: an in vitro cross-sectional study, using histological techniques to further 

investigate and validate the nature of change in the appearance of the corium of the 

equine hoof. 

2. Substantiating the findings of the case study loading test – study design: an in vitro 

experimental randomised controlled trial. 

3. Further quantifying the variability of the hoof capsule shape to the corium shape – 

study design: an in vitro longitudinal study. 

4. Further investigating the benefits of an optimal palmar hoof loading, as described in 

the present study – study design: experimental randomised control trial.  
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APPENDICES 

APPENDIX 1 Equipment used to obtain measurements of the hoof reviewed in current 
literature 

 

1. External hoof 

Measuring equipment Description of typical use Reference 
AutoCAD Analysis of photographs to determine angles. Cust et al. 2013. 

Compression and tension 
machines 

To apply pressure or tension to lower limb or foot in 
vitro to determine tissue response. 

Wilson et al. 2001a, 
Viitanen et al. 2003. 

Force plates/pressure 
mats and hoof boots 

 To record particular points of pressure on the ground-
bearing surface of the foot when landing at different 
speeds, on different surfaces and with various 
modifications to the foot by trimming or shoes. 

Barrey 1990, 
Willemen et al. 1999, 
Wilson 2001b, 
Eliashar et al. 2004, 
Moleman et al. 2006, 
van Heel et al. 2006, 
Harrison et al. 2012.  

Hand held metal rulers 
and electronic calipers 

Direct visual measurement of live or cadaver hoof 
parameters. 

Moleman et al. 2005.    

ImageJ Java image processing software program to measure 
distances & angles from radiographs or photographs. 

Hampson et al. 
2013a. 

Photogrammetry Produces a virtual model of the object of interest to 
allow calculation of volume. 

Labens 2013, Malone 
et al. 2014. 

Photographs  Use of a standard technique allows recording of 
structures in a manner that facilitates consistent data 
collection. 

White et al. 2008, 
Dyson et al. 2011a & 
b, Hampson et al. 
2013a.  

Strain gauges – electrical-
resistance and 
photoelectrical (single and 
rosette arrangement) 

Register the force applied at a focal point, commonly 
on the ground-bearing surface of the foot, such as the 
vertical ground reaction force. 

Davies 1997, 
Thomason et al. 
2002, Viitanen et al. 
2003, Moleman et al. 
2006, Salo et al. 
2010, Bellenzani & 
Davies 2001. 

Thermography Collection of various body surfaces’ temperatures to 
determine possible areas of inflammation. 

McLaughlin 2011. 

Three-dimensional motion 
analysis and motion free-
tracking 

Analysis of gait; provide information on 3-D ground 
reaction force magnitude & repartition over the hoof 
wall. 

Eliashar et al. 2004, 
Chateau et al. 2006 & 
2009, Harrison et al. 
2012, Wiggers et al. 
2015. 
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2. Internal hoof 

Measuring equipment Description of typical use Reference 
Angiogram Provide information on blood supply to particular 

regions of the limb including the foot. 

Ackerman et al. 
1975. 

Compression and tension 
machines (in vitro) 

To apply pressure or tension to lower limb or foot to 
determine tissue response. 

Dejardin et al. 1999, 
Wilson et al. 2001a, 
Viitanen et al. 2003. 

Computerised 
Tomography (CT) scanning 

Plain or contrast-enhanced, to define bone structures 
in relation to hoof capsule & to validate other 
measurement modalities such as photogrammetry. 

Labens et al. 2013. 

Doppler ultrasound Measure the blood flow through arteries & veins, 
usually to the limbs. 

_ 

Fluoroscopy A radiological technique for continuous viewing during 
a procedure, usually the placement of an item at a 
precise anatomical location. 

_ 

Magnetic Resonance 

Imaging (MRI)  
To define soft tissue structures & to detect small 
changes in bone. 

Dyson et al. 2005, 
Nagy et al. 2008, 
Holroyd et al. 2013.  

Photomicrography from 
histological slides  

To record cellular detail from microscopic examination 
of tissues & detect histopathological changes.  

van Eps & Pollitt 
2009, Hampson et al. 
2013b, Pollitt & 
Collins 2015.  

Radiographs  To provide details of bony & other radio-dense 
structures for evaluation of normality, measurements 
& relationship to other structures. 

Cripps & Eustace 
1999a; White et al. 
2008, Dyson et al. 
2011a, Hampson et 
al. 2013. 

Scintigraphy To detect increased bone turnover, demonstrated by 
focal increased radiopharmaceutical uptake (IRU), 
identifying areas of possible pathology.  

Dyson et al. 2005, 
Nagy et al. 2008. 

Strain gauges (in vitro) To identify hoof strain patterns under different loading 
conditions. 

Dejardin et al. 1999. 

Thermography Collection of various body surfaces’ temperatures to 
determine possible underlying areas of inflammation. 

McLaughlin 2011. 

Ultrasound Imaging of structures to identify normal & to detect 
changes that may be pathological.  

_ 

Venograms  Provide information on blood supply to particular 
regions of the limb including the foot. 

Redden 2003. 
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APPENDIX 2 Hoof structure measurements reviewed in current literature 

 

1. Hoof structure measurements of the external hoof 

Collection Method Hoof structure by region Vector /scaler Reference 

 Dorsal hoof   

Photograph Brumby (Mustang) roll  height  millimetres Hampson et al. 2013 

Photograph Dorsal coronary  band height 
from the ground surface 

millimetres  Dyson et al. 2011a 

Photograph Dorsal flare  angle in degrees Hampson et al. 2013 

Photograph Dorsal wall length millimetres Dyson et al. 2011a 

Photograph Dorsal wall shape score 1-3 Hampson et al. 2013 

Photograph Dorsal wall soft tissue thickness millimetres Hampson et al. 2013 

Photograph Foot width millimetres Hampson et al. 2013 

Radiograph Hoof wall thickness millimetres Hampson et al. 2013 

Radiograph & by 
hand  

Hoof wall (dorsal hoof wall) angle in degrees Moleman et al. 2005, 
2006 

Photograph Toe length millimetres Hampson et al. 2013 

Photograph & 
radiograph 

Toe height millimetres White et al. 2010 

 Lateral and medial hoof   

Radiograph Coronary band angle in degrees Hampson et al. 2013 

Photograph Lateral flare angle in degrees Hampson et al. 2013 

Radiograph Lateral wall angle in degrees Kummer et al. 2006 

Radiograph Lateral wall length millimetres Kummer et al. 2006 

Photograph Medial flare angle in degrees Hampson et al. 2013 

Photograph Medial wall angle in degrees Hampson et al. 2013 

Radiograph Medial wall length millimetres Kummer et al. 2006 

Photograph Mediolateral balance angle in degrees Cust et al. 2013 

Photograph Quarter relief millimetres Hampson et al. 2013 
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1. Hoof structure measurements of the external hoof (cont.) 

Collection Method Hoof structure by region Vector /scaler Reference 
 Palmar hoof   

Photograph Coronary band height, palmar millimetres Dyson et al. 2011a 

Photograph Cup depth millimetres Hampson et al. 2013 

Photograph Foot length millimetres Dyson et al. 2011a 

By hand Foot width millimetres Wilson et al. 2009 

Photograph Frog width millimetres Hampson et al. 2013 

Photograph Frog to ground height millimetres Hampson et al. 2013 

Photograph Heel angle in degrees Dyson et al. 2011a & b 

Photograph Heel length millimetres Dyson et al. 2011a  

Photograph  Heel width millimetres Hampson et al. 2013 

Photograph Hoof horn thickness millimetres Hampson et al. 2013 

Radiograph Sole weight bearing length millimetres Dyson et al. 2011a 

Photograph Wall to sole height millimetres Hampson et al. 2013 
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2. Hoof structure measurements of the internal hoof 

Collection method Hoof structure by region Vector/scaler Reference 

 Dorsal hoof   

Radiograph 
Coronet– distal phalanx proximal 
extensor process distance 

millimetres Hampson et al. 2013 

Radiograph Distal phalanx proximal extensor 
process height from the ground 

millimetres Dyson et al. 2011a 

Radiograph Hoof wall thickness-top millimetres Hampson et al. 2013 

Radiograph Toe length, obliquely from distal 
tip of distal phalanx to break-over 
point of distal hoof wall 

millimetres Hampson et al. 2013 

 Lateral and medial hoof   

Radiograph Distal phalanx angle in degrees Cripps & Eustace 1999 

Radiograph Distal phalanx solar aspect length millimetres  Dyson et al. 2011a 

Radiograph Distal phalanx rotation angle in degrees Hampson et al. 2013 

Radiograph Distal phalanx concave solar 
border angle to horizontal 

degrees Dyson et al. 2011a 

Radiograph Frog tip–distal phalanx tip millimetres Hampson et al. 2013 

 Palmar hoof   

Radiograph Cup depth millimetres Hampson et al. 2013 

Radiograph Heel height  millimetres Hampson et al. 2013 

Radiograph Sole depth millimetres Hampson et al. 2013 

Radiograph Sole depth + cup depth millimetres Hampson et al. 2013 
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APPENDIX 3 Description of the 96 horses used in a hoof heel length and heel height 
study  

Name Reference Size  Breed Age Height Gender Trims 

    Category   years mm M/G/S No. 
Ace SP01 1 M 12 70 G 3 
Guy SP02 1 S 19 105 G 7 
Howdy Cloudy SP03 1 WMA 12 110 G 16 
Max SP04 1 S 16 105 G 9 
Micky SP05 1 M 13 90 G 21 
Pony SP06 1 Mx 13 115 G 19 
Princess SP07 1 S 16 100 M 9 
Rebecca SP08 1 M 20 85 M 21 
Bart P01 2 WMC 16 135 G 10 
Bubble Gum P02 2 AP 1 125 G 4 
Chilla P03 2 APx 3 135 G 3 
JackLewis P04 2 WMA 31 122 G 12 
Memphis P05 2 QH 2 137 G 1 
Molly P06 2 ASHx 26 137 M 7 
Arizona G01 3 QH 7 147 M 7 
BB G02 3 ASH 17 147 G 3 
Bess G03 3 WMCx 17 142 M 9 
Black Beauty G04 3 ASH 18 147 M 3 
Buddy2 G05 3 P 7 147 G 3 
Buddy3 G06 3 QH 22 147 G 2 
Buzz Lightyear G07 3 ASH 9 145 G 11 
Cairo G08 3 ASH 6 145 G 9 
Cappy G09 3 A 6 145 G 8 
Carousel G10 3 Ax 6 145 G 5 
Cass G11 3 Pa 12 142 G 4 
Delta G12 3 A 5 145 M 8 
Diamond G13 3 A 14 147 M 4 
Diva G14 3 A 6 142 M 8 
Doc G15 3 A 11 145 G 2 
Eccy G16 3 A 10 147 G 17 
Faith G17 3 QH 9 147 M 8 
Gypsy G18 3 ASH 25 140 M 6 
Honey G19 3 WMCx 23 145 M 4 
Indigo G20 3 A 4 140 S 7 
Khayaal G21 3 A 12 142 M 8 
Lalla G22 3 Co 6 145 G 1 
Macca G23 3 WMD 22 147 G 2 
Mick G24 3 ASH 17 147 G 5 
Monique G25 3 A 27 145 M 4 
Musty G26 3 A 19 147 M 3 
Neesa G27 3 WMD 18 142 M 19 
Orlando G28 3 QH 2 140 G 4 
Rolly G29 3 ASH 4 147 G 7 
S. O. Amica G30 3 A 7 147 M 2 
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Description of the 96 horses used in a hoof heel length and heel height study (cont.)  

Name Reference Size  Breed Age Height Gender  Trims 

    Category   years mm M/G/S No. 
Stella G31 3 QH 6 147 M 3 
Stevie G32 3 A 14 145 M 4 
Wind G33 3 Ax 8 147 G 7 
Wishes G34 3 A 4 147 M 9 
Angie H01 4 AA 17 155 M 7 
Arial H02 4 TB 18 160 G 3 
Ben1 H03 4 ASHx 13 152 G 2 
Ben2 H04 4 TB 23 160 G 8 
Buddy1 H05 4 TB 18 152 G 7 
Bungi H06 4 TB 26 160 G 9 
Chester H07 4 AA 3 150 G 4 
Cinzano H09 4 WB 12 157 M 3 
Cocoa H10 4 AA 18 155 M 7 
Coolabah H11 4 ASH 5 155 G 2 
Cress H12 4 QHx 8 150 G 8 
Dakar H13 4 A 8 150 G 18 
Dallas H14 4 A 11 150 G 7 
Dash H15 4 A 4 165 G 7 
Dexter H16 4 TB 12 160 G 3 
Dom H17 4 WBxA 4 152 G 5 
Don Panache H18 4 O 16 162 G 15 
Excalibur H19 4 A 20 155 G 1 
Gidgee H20 4 ASH 4 152 G 7 
Jacko H21 4 ASH 9 152 G 8 
Jackson H22 4 TB 12 172 G 2 
Jagg H23 4 QHx 18 151 G 9 
Krispie H24 4 WB 27 160 G 8 
Lucy H25 4 Clx 23 152 M 7 
Mate H26 4 QH 17 155 G 6 
Meggsie H27 4 Ap 10 155 G 7 
Mustafa H28 4 A 8 157 G 2 
Myra H29 4 CLx 22 160 M 8 
Penny Arabella H30 4 QH 17 150 M 6 
Poppy H31 4 TB 22 167 M 3 
Redman H32 4 TB 21 160 G 9 
Rhythm H33 4 A 18 152 G 9 
Roger H34 4 SB 16 157 G 3 
Rose H35 4 AA 16 152 M 9 
Roxy H36 4 TB 8 162 M 1 
Scotty H37 4 AA 18 155 G 9 
Smylie H38 4 QH 4 155 G 1 
Snap H39 4 TB 22 160 G 8 
Spot H40 4 TB 17 160 G 2 
Spud H41 4 TB 11 175 G 3 
Tara H42 4 TB 8 160 M 9 
Ted E Bear H43 4 QHx 24 152 G 19 
Toby H44 4 WBx 21 167 G 8 
Tom H45 4 ASH 10 152 G 6 
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Description of the 96 horses used in a hoof heel length and heel height study (cont.)  

Name Reference Size  Breed Age Height Gender  Trims 

    Category   years mm M/G/S No. 
Travers H46 4 QHx 12 155 G 3 
Tull  H47 4 Ax 14 155 G 9 
Wally H48 4 SB 14 155 G 8 
Wilba H49 4 SB 17 162 G 2 
 

Key: Size category ‒ 1 = small pony <120cm; 2 =  pony 121‒139cm; 3.= Galloway 140 ‒ 149cm; 4. = horse 
>149cm. Breed:  AA = Anglo Arab; Ap = Appaloosa; A =  Arab; Ax = Arab cross; ASH = Australian Stock Horse;  
ASHx = Australian Stock Horse cross; AP = Australian Pony; APx = Australian Pony cross; CLx = Clydesdale cross; 
Co = Connemara; M =  Miniature; Mx = Miniature cross;  O = Oldenburg; P = Paint; Pa = Paloose; QH = Quarter 
Horse; QHx = Quarter Horse cross; S = Shetland; SB = Standardbred; TB = Thoroughbred; WB = Warmblood; 
WBx = Warmblood cross; WBxA = Warmblood cross Arab; WMA = Welsh Mountain Pony section A; WMC = 
Welsh Mountain Pony section C; WMCx = Welsh Mountain Pony section C cross; WMD = Welsh Mountain 
section D. Gender: G = gelding; M = mare; S = stallion. Horse data supplied with permission. 
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APPENDIX  4 Photographs of the 20 cadaver left and right front hooves 

MS41 

   1(a)           1(b)   

    1(c)            1(d)  

    1(e)          2(a)  
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2(b)                                  2(c)  

2(d)      2(e)  

3(a)         3(b)  

     
Key: 1. External hoof capsule views: a) dorsal, b) solar, c) medial, d) lateral, and e) heel; 2. Corium views: a) 
heels, b) dorsal, c) solar, d) medial, and e) lateral; 3. Internal hoof capsule views: a) proximal collateral grooves, 
and b) dorsal laminar horn. 
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MS42 

1(a)             1(b)  

1(c)           1(d)  

1(e)                    2(a)  
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2(b)                   2(c)  

2(d)                 2(e)  

  

3(a)         3(b)  

Key: 1. External hoof capsule views: a) dorsal, b) solar, c) medial, d) lateral, and e) heel; 2. Corium views: a) 
heels, b) dorsal, c) solar, d) medial, and e) lateral; 3. Internal hoof capsule views: a) proximal collateral grooves, 
and b) dorsal laminar horn. 
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MS43 

1(a)                         1(b)  

1(c)                 1(d)  

1(e)           2(a)  
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2(b)         2(c)  

2(d)          2(e)  

3(a)    3(b)  

Key: 1. External hoof capsule views: a) dorsal, b) solar, c) medial, d) lateral, and e) heel; 2. Corium views: a) 
heels, b) dorsal, c) solar, d) medial, and e) lateral; 3. Internal hoof capsule views: a) proximal collateral grooves, 
and b) dorsal laminar horn. 
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MS44 

1(a)            1(b)  

1(c)   1(d)  

1(e)           2(a)  
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2(b)                 2(c)  

2(d)          2(e)  

3(a)      3(b)  

Key: 1. External hoof capsule views: a) dorsal, b) solar, c) medial, d) lateral, and e) heel; 2. Corium views: a) 
heels, b) dorsal, c) solar, d) medial, and e) lateral; 3. Internal hoof capsule views: a) proximal collateral grooves, 
and b) dorsal laminar horn. 
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MS45 

1(a)      1(b)  

1(c)          1(d)  

1(e)       2(a)  
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2(b)              2(c)  

2(d)             2(e)  

3(a)               3(b)  

Key: 1. External hoof capsule views: a) dorsal, b) solar, c) medial, d) lateral, and e) heel; 2. Corium views: a) 
heels, b) dorsal, c) solar, d) medial, and e) lateral; 3. Internal hoof capsule views: a) proximal collateral grooves, 
and b) dorsal laminar horn. 
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MS46 

1(a)                      1(b)  

1(c)            1(d)  

1(e)          2(a)  
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2(b)                             2(c)  

2(d)                     2(e)  

3(a)         3(b)  

Key: 1. External hoof capsule views: a) dorsal, b) solar, c) medial, d) lateral, and e) heel; 2. Corium views: a) 
heels, b) dorsal, c) solar, d) medial, and e) lateral; 3. Internal hoof capsule views: a) proximal collateral grooves, 
and b) dorsal laminar horn. 
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MS47 

1(a)                               1(b)  

1(c)                            1(d)  

1(e)                                  2(a)   



 

326 
 

2(b)                                 2(c)   

2(d)                     2(e)  

3(a)              3(b)  

Key: 1. External hoof capsule views: a) dorsal, b) solar, c) medial, d) lateral, and e) heel; 2. Corium views: a) 
heels, b) dorsal, c) solar, d) medial, and e) lateral; 3. Internal hoof capsule views: a) proximal collateral grooves, 
and b) dorsal laminar horn. 

 

 

 

 



 

327 
 

MS48 

1(a)                           1(b)  

1(c)      1(d)  

1(e)   2(a)  
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2(b)                     2(c)  

2(d)                    2(e)  

3(a)                    3(b)  
Key: 1. External hoof capsule views: a) dorsal, b) solar, c) medial, d) lateral, and e) heel; 2. Corium views: a) 
heels, b) dorsal, c) solar, d) medial, and e) lateral; 3. Internal hoof capsule views: a) proximal collateral grooves, 
and b) dorsal laminar horn. 
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MS49 

   1(b)  

1(c)          1(d)  

                                                 2(a)  
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2(b)                     2(c)    

2(d)                2(e)  

3(a)     3(b)  

Key: 1. External hoof capsule views: a) n/a, b) solar, c) medial, d) lateral, and e) n/a; 2. Corium views: a) heels, 
b) dorsal, c) solar, d) medial, and e) lateral; 3. Internal hoof capsule views: a) proximal collateral grooves, and 
b) dorsal laminar horn. 
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MS410 

1(a)          1(b)  

1(c)            1(d)  

1(e)            2(a)  
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2(b)                   2(c)  

2(d)              2(e)  

3(a)                   3(b)  

Key:  1.External hoof capsule views: a) dorsal, b) solar, c) medial, d) lateral, and e) heel; 2. Corium views: a) 
heels, b) dorsal, c) solar, d) medial, and e) lateral; 3. Internal hoof capsule views: a) proximal collateral grooves, 
and b) dorsal laminar horn. 
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MS411 

1(a)        1(b)  

1(c)        1(d)  

1(e)                   2(a)  
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2(b)                         2(c)  

2(d)         2(e)  
             

  3(b)  
Key: 1. External hoof capsule views: a) dorsal, b) solar, c) medial, d) lateral, and e) heel; 2. Corium views: a) 
heels, b) dorsal, c) solar, d) medial, and e) lateral; 3. Internal hoof capsule views: a) n/a, and b) dorsal laminar 
horn. 
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MS412 

1(a)                  1(b)  

1(c)                   1(d)  

1(e)                       2(a)  
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2(b)                2(c)  

 
 

2(d)                     2(e)  

3(a)             3(b)  

Key: 1. External hoof capsule views: a) dorsal, b) solar, c) medial, d) lateral, and e) heel; 2.Corium views: a) 
heels, b) dorsal, c) solar, d) medial, and e) lateral; 3. Internal hoof capsule views: a) proximal collateral grooves, 
and b) dorsal laminar horn. 
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MS413 
 

1(a)                   1(b)  

1(c)             1(d)  

1(e)   

Key: 1. External hoof capsule views: a) dorsal, b) solar, c) medial, d) lateral, and e) heel. 
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MS414 

1(a)   1(b)  

1(c)            1(d)  

1(e)              2(a)  
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2(b)                2(c)  

2(d)     2(e)  

3(a)                     3(b)  

Key: 1. External hoof capsule views: a) dorsal, b) solar, c) medial, d) lateral, and e) heel; 2. Corium views: a) 
heels, b) dorsal, c) solar, d) medial, and e) lateral; 3. Internal hoof capsule views: a) proximal collateral grooves, 
and b) dorsal laminar horn. 
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MS415 

1(a)        1(b)  

1(c)        1(d)  

1(e)      2(a)  
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2(b)                                   2(c)  

2(d)                     2(e)  

3(a)                             3(b)  

Key: 1. External hoof capsule views: a) dorsal, b) solar, c) medial, d) lateral, and e) heel; 2. Corium views: a) 
heels, b) dorsal, c) solar, d) medial, and e) lateral; 3. Internal hoof capsule views: a) proximal collateral grooves, 
and b) dorsal laminar horn. 
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MS416 

1(a)                 1(b)  

1(c)                    1(d)  

1(e)          2(a)  
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2(b)                             2(c)   

2(d)                 2(e)  

3(a)                 3(b)  

Key: 1. External hoof capsule views: a) dorsal, b) solar, c) medial, d) lateral, and e) heel; 2. Corium views: a) 
heels, b) dorsal, c) solar, d) medial, and e) lateral; 3. Internal hoof capsule views: a) proximal collateral grooves, 
and b) dorsal laminar horn. 
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MS417 

1(a)                                 1(b)  

1(c)         1(d)  

1(e)                   2(a)  
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2(b)                                      2(c)  

2(d)                                     2(e)  

3(a)                           3(b)  

Key: 1. External hoof capsule views: a) dorsal, b) solar, c) medial, d) lateral, and e) heel; 2. Corium views: a) 
heels, b) dorsal, c) solar, d) medial, and e) lateral; 3. Internal hoof capsule views: a) proximal collateral grooves, 
and b) dorsal laminar horn. 
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MS418 

1(a)                                         1(b)  

1(c)             1(d)  

1(e)                    2(a)  
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2(b)                                2(c)  

2(d)           3(a)  
Key: 1. External hoof capsule views: a) dorsal, b) solar, c) medial, d) lateral, and e) heel; 2. Corium views: a) 
heels, b) dorsal, c) solar, d) medial; 3. Internal hoof capsule views: a) proximal collateral grooves. 

 

MS419 

1(a)                               1(b)  
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1(c)                         1(d)  

1(e)    

2(b)                           2(c)  

2(d)                               2(e)  
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3(a)                               3(b)  

Key: 1. External hoof capsule views: a) dorsal, b) solar, c) medial, d) lateral, and e) heel; 2. Corium views: a) 
n/a, b) dorsal, c) solar, d) medial, and e) lateral; 3. Internal hoof capsule views: a) proximal collateral grooves, 
and b) dorsal laminar horn. 

MS320 

1(a)                          1(b)  

1(c)                         1(d)  



 

350 
 

1(e)   

Key: 1. External hoof capsule views: a) dorsal, b) solar, c) medial, d) lateral, and e) heel. 
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APPENDIX 5 Summary score values for the appearance of the internal hoof capsule horn for 20 hooves with hoof capsules extracted 
 

 
Key:  A, Adult (over 4yrs); BAL, bar horn apex lateral; BAM, bar horn apex medial; BLL, bar lamelle horn lateral; BLM, bar lamellae horn medial; CD, coronary horn dorsal; CHQL, coronary horn 
heel quarter lateral; CHQM, coronary horn heel quarter medial; CTQL, coronary horn toe quarter lateral; CTQM, coronary horn toe quarter medial; FA, frog horn apex; G, Galloway; LD, 
laminar horn dorsal; LHQL, laminar horn heel quarter lateral; LHQM, laminar horn heel quarter medial; LTQL, laminar toe quarter lateral; LTQM, laminar horn toe quarter medial;   LF, left 
front; M, Miniature;  P, pony; RF, right front;  SD, solar horn dorsal; SHQL, solar horn heel quarter lateral; SHQM, solar horn heel quarter medial, STQM, solar horn toe quarter lateral; STQM, 
solar horn toe quarter medial; SB, Standardbred; TB, Thoroughbred; *Minimum score 20 (20x1), maximum score 100 (20x5). 
  

Hoof  
Ref 

Hoof 
LF/RF 

Horse 
 
Breed 

Age 
yrs 

Lame 
Y/N 

Score location Individual 
FA BAL BAM BLL BLM SHQL STQL SD STQM SHQM LHQL LTQL LD LTQM LHQM CHQL CTQL CD CTQM CHQM Total 

* 
Mean 

MS41 LF SB A N 4 2 4 2 2 1 1 3 1 3 2 3 3 3 2 1 1 3 3 2 46 2.30 
MS42 RF SB A N 4 3 4 2 3 3 1 2 1 2 2 3 4 3 2 2 2 3 2 2 50 2.50 
MS43 LF G A N 2 4 3 3 3 3 2 4 2 3 2 3 4 3 3 2 2 4 3 2 57 2.85 
MS44 RF G A N 2 3 3 3 3 3 2 4 2 3 2 3 3 2 2 1 2 4 3 1 51 2.55 
MS45 LF SB A N 2 2 3 2 3 2 2 3 2 2 2 3 3 3 2 1 2 3 2 2 46 2.30 
MS46 RF SB A N 2 2 3 3 3 2 2 3 2 2 3 2 3 3 3 1 1 3 3 3 49 2.45 
MS47 LF TB 2 N 2 1 2 2 2 3 2 3 3 3 2 3 3 3 2 1 2 2 2 1 44 2.20 
MS48 RF TB 2 N 2 2 1 2 2 1 2 2 2 1 1 3 3 3 1 1 2 2 2 1 36 1.80 
MS49 LF TB A N 3 2 2 3 2 3 2 3 3 3 2 3 3 3 2 2 3 3 3 2 52 2.60 
MS410 RF TB A N 1 2 2 2 2 3 3 3 3 3 2 3 3 3 2 2 3 3 2 2 49 2.45 
MS411 LF P A N 2 2 2 3 2 3 3 4 3 3 3 5 5 5 2 1 3 3 3 1 58 2.90 
MS412 RF P A N 2 2 1 2 2 2 3 5 3 2 2 4 5 4 2 1 2 3 2 1 50 2.50 
MS413 LF TB A N 2 2 2 2 3 2 3 3 3 3 3 4 3 3 2 2 3 3 3 2 53 2.65 
MS414 RF TB A N 2 2 3 2 2 2 3 3 3 3 2 3 3 3 2 2 2 3 2 2 49 2.45 
MS415 LF SB 8 N 3 3 2 2 2 2 3 3 3 2 2 3 4 4 2 2 3 3 3 2 53 2.65 
MS416 RF SB 8 N 2 2 3 2 3 2 2 3 3 3 3 4 4 4 3 2 3 3 4 2 57 2.85 
MS417 LF M 12 Y 2 2 2 2 2 3 3 4 3 2 2 3 5 3 2 2 3 5 3 2 55 2.75 
MS418 RF M 12 N 2 2 1 2 1 2 4 5 4 1 2 3 5 3 2 2 3 4 2 2 52 2.60 
MS419 LF M 12 N 1 1 1 1 1 1 1 1 1 1 1 2 2 2 1 1 2 2 2 1 26 1.30 
MS420 RF M 12 N 1 1 1 1 1 1 1 1 1 1 1 2 3 2 1 1 2 2 2 1 27 1.35 
Total  n/a n/a n/a n/a 43 42 45 43 44 44 45 62 48 46 41 62 71 62 40 30 46 61 51 34 960 48.00 
Range n/a  n/a n/a n/a 1–4 1–4 1–4 1–3 1–3 1–3 1–4 1–5 1–4 1–3 1–3 2–5 2–5 2–5 1–3 1–2 1–3 2–5 2–4 1–3 n/a n/a 
Group  
mean 

n/a n/a n/a n/a 2.15 2.10 2.25 2.15 2.20 2.20 2.25 3.10 2.40 2.30 2.05 3.10 3.55 3.10 2.00 1.50 2.30 3.05 2.55 1.70 n/a n/a 
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APPENDIX 6 Summary scores for the appearance of the corium for 20 hooves with hoof capsules extracted 

 
Key:  A, Adult (over 4yrs); ASH, Australian Stock Horse; BLCL, bar lamellae corium lateral; BLCM, bar lamellae corium medial; CD, coronary corium dorsal; CHQL coronary corium heel quarter 
lateral; CHQM, coronary heel quarter medial; CTQL, coronary toe quarter lateral; CTQM, coronary toe quarter medial; FA, frog corium apex; LD, laminar corium dorsal; LHQL laminar corium 
heel quarter lateral; LHQM, laminar corium heel quarter medial; LTQL, laminar corium toe quarter lateral; LTQM, laminar corium toe quarter medial;  LF, left front; M, Miniature;  P, pony; RF, 
right front;  SD, solar corium dorsal; SHQL, solar corium heel quarter lateral; SHQM; solar corium heel quarter medial; STQL, solar corium toe quarter lateral; STQM, solar corium toe quarter  
medial; SB, Standardbred; TB, Thoroughbred; *Minimum score 20 (20x1), maximum score 100 (20x5). 

Hoof  
Ref 

Hoof 
LF/RF 

Horse 
 
Breed 

Ag
e 
yrs 

La
me 
Y/N 

Score location Individual 
FA BLA

L 
BLA
M 

BLL BL
M 

SHQ
L 

STQ
L 

SD STQ
M 

SHQ
M 

LHQ
L 

LTQ
L 

LD LTQ
M 

LHQ
M 

CHQ
L 

CTQ
L 

CD CTQ
M 

CHQ
M 

Total 
* 

Mean 

MS41 LF SB A N 4 5 4 2 2 3 1 4 1 2 3 4 4 4 4 1 2 3 3 2 58 2.90 
MS42 RF SB A N 4 4 4 2 2 4 1 4 1 4 5 3 5 3 5 4 5 5 1 1 67 3.35 
MS43 LF ASH A N 3 4 4 4 4 3 2 4 3 4 3 4 5 4 3 2 3 5 2 2 68 3.40 
MS44 RF ASH A N 3 3 3 3 4 3 3 4 3 3 3 4 5 4 3 2 3 4 3 2 65 3.25 
MS45 LF SB A N 3 4 4 3 3 3 2 4 2 4 3 3 5 4 4 2 3 5 4 2 67 3.35 
MS46 RF SB A N 3 3 4 3 4 3 3 4 3 4 3 4 4 4 4 2 3 5 3 3 69 3.45 
MS47 LF TB 2 N 3 2 3 2 3 2 2 4 3 2 3 4 4 3 2 2 2 3 2 2 53 2.65 
MS48 RF TB 2 N 3 3 3 3 3 2 3 3 2 2 2 3 3 4 3 1 2 3 2 1 51 2.55 
MS49 LF TB A N 4 4 4 3 3 3 3 4 4 3 3 4 4 4 3 2 2 3 2 2 64 3.20 
MS410 RF TB A N 3 3 4 3 3 3 3 4 4 3 2 3 4 4 3 2 2 4 2 2 61 3.05 
MS411 LF P A N 3 3 3 4 4 4 3 5 4 4 3 5 5 5 4 2 5 3 4 2 75 3.75 
MS412 RF P A N 4 3 2 2 2 3 5 4 2 3 3 5 5 4 4 3 4 4 4 2 68 3.40 
MS413 LF TB A N 4 4 3 3 3 3 4 4 4 3 3 4 4 4 3 2 3 3 3 2 66 3.30 
MS414 RF TB A N 4 4 4 4 4 4 4 4 4 4 3 4 4 4 3 2 3 4 3 2 72 3.60 
MS415 LF SB 8 N 4 4 3 4 3 2 3 4 4 4 3 4 5 5 4 2 4 4 4 3 73 3.65 
MS416 RF SB 8 N 4 3 2 3 3 3 4 4 4 4 3 4 5 5 4 2 3 4 4 2 70 3.50 
MS417 LF M 12 Y 3 2 1 2 2 2 3 5 3 2 2 3 5 3 2 2 3 5 3 2 55 2.75 
MS418 RF M 12 N 1 2 1 2 1 2 3 5 1 2 2 3 5 3 2 2 2 4 2 2 47 2.35 
MS419 LF M 12 N 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 21 1.05 
MS420 RF M 12 N 1 1 1 1 1 1 1 1 1 1 1 2 2 2 1 1 1 1 1 1 23 1.15 
Total  n/a n/a n/a n/a 62 62 58 54 55 54 54 76 54 59 54 71 85 74 62 39 56 73 53 38 1193 59.65 
Range n/a  n/a n/a n/a 1–4  1 – 5 1 –4 1 – 

4 
1 –4 1 – 4 1 – 4  1 – 

5  
1 – 4 1 – 4 1 – 5 1 – 5 2 – 

5  
1 – 5 1 – 5 1 – 4 1 – 5  1 – 

5  
1 – 4  1 – 3 n/a n/a 

Group  
mean 

n/a n/a n/a n/a 3.1
0 

3.10 2.90 2.7
0 

2.75 2.70 2.70 3.8
0 

2.70 2.95 2.70 3.55 4.2
5 

3.70 3.10 1.95 2.80 3.6
5 

2.65 1.90 n/a n/a 
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APPENDIX 7 Quantitative comparison of hoof capsule shape and corium shape  

Hoof 
Ref  

Hoof 
LF/RF 

Horse 
Breed  

Age 
yrs 

Lame 
Y/N 

BL 
mm 

CBL 
mm 

Diff 
mm 

HH 
mm 

CHH 
mm 

Diff 
mm 

HL 
mm 

CHL 
mm 

Diff 
mm 

TQ:HQ 
ratio 

CTQ:CHQ 
ratio 

Diff 
ratio 

MS41 LF SB A N 39 37 ↓2 45 31 ↓14 45 40 ↓5 1.24 1.79 ↑0.55 

MS42 RF SB A N 35 29 ↓6 41 33 ↓8 48 40 ↓8 1.29 1.61 ↑0.32 

MS43 LF G A N 76 32 ↓44 34 29 ↓5 40 35 ↓5 1.49 1.74 ↑0.25 

MS44 RF G A N 77 35 ↓42 35 31 ↓4 40 35 ↓5 1.44 2.07 ↑0.63 

MS45 LF SB A N 53 40 ↓13 48 45 ↓3 55 50 ↓5 1.27 1.58 ↑0.31 

MS46 RF SB A N 58 45 ↓13 52 45 ↓7 54 50 ↓4 1.29 1.48 ↑0.19 

MS47 LF TB 2 N 54 30 ↓24 51 35 ↓16 55 40 ↓5 1.30 1.48 ↑0.18 

MS48 RF TB 2 N 52 32 ↓20 52 32 ↓20 55 38 ↓17 1.20 1.77 ↑0.57 

MS49 LF TB A N 61 31 ↓30 42 28 ↓14 45 35 ↓10 1.13 1.89 ↑0.76 

MS410 RF TB A N 78 35 ↓43 48 28 ↓20 51 32 ↓19 1.11 1.77 ↑0.66 

MS411 LF P A N 52 30 ↓22 50 34 ↓16 56 42 ↓14 1.14 1.64 ↑0.50 

MS412 RF P A N 65 40 ↓25 49 38 ↓11 54 36 ↓18 1.16 1.58 ↑0.42 

MS413 LF TB A N 62 34 ↓28 52 36 ↓16 64 43 ↓21 1.22 1.58 ↑0.36 

MS414 RF TB A N 58 37 ↓21 55 39 ↓16 58 47 ↓11 1.09 1.58 ↑0.49 

MS415 LF SB 8 N 52 42 ↓10 48 28 ↓20 50 45 ↓5 1.29 2.04 ↑0.75 

MS416 RF SB 8 N 45 40 ↓5 45 28 ↓17 47 38 ↓9 1.39 1.98 ↑0.59 

MS417 LF M 12 Y 23 15 ↓8 25 16 ↓9 25 20 ↓5 1.31 2.02 ↑0.71 

MS418 RF M 12 N 21 15 ↓6 29 20 ↓9 30 20 ↓10 1.27 1.72 ↑0.45 

MS419 LF M 12 N 24 19 ↓5 25 20 ↓5 30 25 ↓5 1.55 2.02 ↑0.47 

MS420 RF M 12 N 28 19 ↓9 25 21 ↓4 30 20 ↓10 1.55 1.93 ↑0.38 

Total n/a n/a n/a n/a 1013 637 ↓376 851 617 ↓234 932 731 191 25.73 35.27 ↑9.54 

Range n/a n/a n/a n/a 21 – 78 15 – 45 2 – 44 25 – 55 16 – 45 3 – 20 25 – 64 20 – 50 5 – 21 1.09 – 1.55 1.48 – 2.07 ↑0.18 – 0.76 

Mean n/a n/a n/a n/a 50.65 31.85 ↓18.80 42.55 30.85 ↓11.70 46.60 36.50 9.55 1.29 1.76 ↑0.48 

Diff % n/a n/a n/a n/a n/a n/a ↓37 n/a n/a ↓27 n/a n/a 22 n/a n/a ↑27 
Key: A, adult (over 4yrs); BL, bar horn length; CBL, bar corium length; CHL, corium heel length; CHH, corium heel height; CTQ:CHQ, corium toe quarter height to corium heel quarter 
height ratio; Diff, difference between the two measured variables; G, Galloway; HH, hoof heel height; HL, hoof heel length; M, Miniature; LF, left front; P, pony; RF, right front; SB, 
Standardbred; TB, Thoroughbred; TQ:HQ, hoof toe quarter height to heel quarter height. 
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APPENDIX 8 Copies of the reports for the six samples in the case study series 

Below are appended copies of the reports for the six samples in the case study series Chapter 
6, 6.3, showing the results of the diagnostic work ups performed at the Start and Finish of the 
study period, and carried out by a veterinarian (MS41, MS43, MS44, MS45, and MS46), and 
a chiropractor (MS42). 

Report for MS41 ‒ Start 

  Gilgandra Veterinary Clinic 
Warren road 
Gilgandra 
NSW 2827 
Georgina Pankhurst  
234 Warren Road 
Gilgandra NSW 2827 
Lameness examination carried out on black gelding Don Panache at Gilgandra on 16th 
November 2008. This examination was carried out at the unsaddled walk and trot.  

Body confirmation and condition appear normal on this horse. 

Straight Walk Out: 
Walked out alright, but has lame step turning to the right. Turn to the left is normal. 
Straight Trot Out: 
Low grade 2/5 lameness on right hand side low limb. Left side is not lame. 
Trotting Circle to the left: 
 Low limb lameness on right hand side grad 2/5. Left is alright. 
Trotting Circle to the right: 
There is a slight low limb lameness on the left hand side 1/5. 
Low Limb Flexion test: 
Right Fore- steps out short 
Left Fore- steps out alright 
Both hind normal. 
Hoof testers: 
Right Fore Hoof- inside heel alright, outside heel sore. 
Lateral area of the pastern has scar tissue. This area is sore to pressure. This is a possible 
neuroma. 
Extension Tests: 
No soreness on left or right fore leg and hoof. 
Treatment: 
I have x-rayed this horse and I think that treatment is only palliative. He is to be trimmed and 
shod to alleviate navicular disease. I think his main soreness is from the neuroma on the lateral 
aspect of the pastern. To control the soreness the nerve may be cut again at a higher level. 
The left fore- only palliative corrective shoeing will help in this hoof. 
Yours faithfully, 
David Easterman BVSc 
18th November 2008  
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Report for MS41 ‒ Finish 
 
 
 
 
 
 
  

Gilgandra Veterinary Clinic 

2 Pines Drive         Nadine Allan BVSc (Hons) 

Gilgandra NSW 2837    Veterinary Surgeon 

Report on "Don Panache" Black Warmblood 
gelding.  
 
Don Panache was examined on 7th December 2009, at the request of Ms Georgina Pankhurst 
of 234 Warren Road, Gilgandra, for assessment of lameness following a course of corrective 
hoof trimming.  
 
This exam was performed to ascertain if there had been any improvement in lameness since  
commencing this trimming program 12 months ago.  
 
On standing exam there was some mild internal rotation of the left and right front hooves and 
he was weight bearing in a manner that rested his right foreleg. 
 
On led motion exam he was found to be 2/5 lame at the walk and the trot on the left foreleg. 
Fetlock and carpal flexion did not exacerbate this lameness.  
 
Right front fetlock flexion test produced a 2/5 lameness for the initial strides. Flexion test of right 
carpus did not produce any reaction.  
 
There was no lameness in response to left and right hind fetlock and hock flexion. 
 
Throughout the front leg flexion tests a baseline left fore lameness could be seen. As the testing 
process continued and the horse warmed up the left fore lameness resolved and there was a 
more consistent baseline lameness in the right fore that developed. 
 
When worked on the lunge there was a very mild lameness evident, though under saddle he 
showed no resistance to faster paces.  
 
In my opinion based on the report from examination 12 months ago there has been 
significant improvement in lameness in this horse. There is still a baseline lameness in the 
right foreleg which improved with exercise so is most likely explained as a degenerative 
inflammatory condition such as arthritis.  
 
The horse seems comfortable and in good condition and does not show any evidence of foot soreness. 
 

 
Nadine Allan BVSc Hons N6961  
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Report for MS42 ‒ Start 

 

 



 

357 
 

 
Report for MS42 ‒ Finish 
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Report for MS43 ‒ Start 
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Report for MS43 ‒ Finish 
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Report for MS44 ‒ Start 
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Report for MS44 ‒ Finish 
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Report for MS45 ‒ Start 
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Report for MS45 ‒ Finish 
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Report for MS46 ‒ Start 
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Report for MS46 ‒ Finish 

 
 


