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Dissertation Summary

THE EFFECT OF A REVERSE SHOE AND POLYSTYRENE PADDING

ON THE BIOMECHANICS OF THE FRONT HOOF OF THE HORSE

HENNING JONATHAN MOSTERT

Promotor: Prof AJ Guthrie
Co-Promotors: Prof SS van den Berg, Mr J] Wannenburg
Department: Department of Surgery

Faculty of Veterinary Science
University of Pretoria
Onderstepoort

Degree: MSc

The aim of this study was to investigate the effect of reverse shoes, partial dorsal hoof wall
removal and polystyrene solar support on the biomechanics of the front hoof of the horse.
Laminitis is a systemic syndrome that ultimately affects the sensitive lamellae and papilla of the
hoof, causing severe pain, and often leading to disruption of the lamellae-hoof wall interface.
Degeneration of the lamellar interdigitation occurs and the distal phalanx (P3) separates from the
hoof wall. This can cause P3 to rotate towards the sole and, in more severe cases, P3 separates
totally from the hoof wall and sinks downwards. Chronic laminitis usually results in the end of

the animal’s athletic career and may lead to humane destruction
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During an in vitro study, three clinically healthy horses were euthanased and their dismembered
forelimbs were used. A reverse shoe was applied and three polystyrene pads with a density of 32
kg/m’, thickness of 60mm and wedges of 66%, 50% and no wedging, respectively, were used in
this study. Fuji Prescale Super and Ultra Super Low-Pressure film was used to indicate the
pressure distribution of the polystyrene on the solar surface of the hoof. Two load cells were
used to measure the load borne by the hoof wall and the solar area, respectively. A constantly
increasing force with a maximum of 66% of the bodyweight of the horse was applied to the
amputated limb by means of a tensile testing machine. A total of four experiments were done on

each limb.

The results of this investigation showed that for all three of the polystyrene paddings,
approximately 75 - 80% of the total load applied was borne by the solar area. The colour changes
on the pressure film showed that most of the load of the 50% and 66% wedged polystyrene was
borne by the palmar half of the solar surface, and less pressure by the dorsal half. For no
wedging, the pressure distribution over the solar surface was even. The reverse shoe with the
66% and the 50% wedged polystyrene pads was shown to be useful in distributing the pressure to

the palmar area of the sole.

During an in vivo study, the effect of different densities (32 kg/m3, 24 kg/m’ and 16 kg/m’) and
different thicknesses (100mm and 60mm) of polystyrene padding, with a wedge of 50%, on the
load distribution of the solar surface and the hoof wall was investigated. Compression of

polystyrene over time and the effect thereof on the load distribution was determined.
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The front hooves of three clinically healthy horses with a mean bodyweight of 551 kg, were
trimmed and shod with reverse shoes. Reference data was recorded with only the reverse shoes
on the hooves. Further data recording was done for the different polystyrene pads. Data was
recorded for 4 seconds with a frequency of S0Hz. Between the treatments, the horses walked for
5 minutes on a concrete surface. This procedure was repeated 5, 10 and 15 minutes after

application of the pads.

All the results of the solar pads used in the in vivo study showed a hyperbolic tendency in which
the initial load was high and then diminished with time. Initially, treatments 5 (32 kg/m’ x 60
mm) and 3 (16 kg/m’ x 60mm) proved to be the better treatments, but after 15 minutes no
significant different was found between the treatments. From the observations made during the
experimental procedure, the 32 kg/m® x 60mm (treatment 5) compressed to a more dense and
rigid end-product than the 16 kg/m’ x 60mm (treatment 3). The compressed pad of treatment 3
was more elastic and may have contributed positively to reducing the compression of the pads on

the blood vessels underneath P3.

Observations made during the experimental procedures indicated that polystyrene with a
thickness of 100mm, is not recommended. This polystyrene was very uncomfortable for the
horse immediately after application. Some polystyrene compressed outside the solar surface and

was therefore not adequate for the object of the study.

It was concluded that polystyrene pads with densities of 32kg/m’, 24kg/m’ and 16kg/m’ and
thicknesses of 100mm and 60mm would prove similar support for the remainder of the period

that they were applied follow a variable compression phase of less than 15 minutes. Further
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research need to be done to investigate the effect of the polystyrene pad on the solar surface for a

longer period.
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Tesis Samevatting

DIE EFFEK VAN ‘N AGTERSTEVOOR HOEFYSTER EN
POLISTEREEN SOOL-ONDERSTEUNING OP DIE BIOMEGANIKA

VAN DIE VOORSTE HOEF VAN ‘N PERD

HENNING JONATHAN MOSTERT

Promotor: Prof AJ Guthrie
Mede-Promotors:  Prof SS van den Berg, Mnr J] Wannenburg
Departement: Departement van Chirurgie
Veterinére Akademiese Hospitaal
Onderstepoort

Graad: MSc

Die doel van die studie was om die effek van die agterstevoor hoefyster, gedeeltelike dorsale
hoefwand-verwydering en polistereen sool-ondersteuning op die biomeganika van die voorste
hoef van die perd te ondersoek. Laminitis is ‘n sistemiese sindroom wat essensieel die
sensitiewe lamellae en papilla van die hoef affekteer. Dit veroorsaak erge pyn en lei meestal tot
die loslating van die lamellae-hoef verbinding. Degenerasie van die lamellére verbinding vind
plaas en die distale falanks (P3) skei van die hoefwand. Dit veroorsaak dat P3 kan roteer in die
rigting van die sool en in erger gevalle, kan P3 totaal losgaan van die hoefwand en afwaarts

verplaas. Kroniese laminitis lei meestal tot die beéindiging van die dier se atletiese loopbaan of
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die toepassing van genadedood.

Tydens ‘n in vitro studie, is drie klinies gesonde perde op ‘n genadige manier van kant gemaak
en is die voorste ledemate versamel. Die hoewe is met agterstevoor hoefysters beslaan voordat
die diere uitgesit, is en drie polistereen sool-ondersteunings met ‘n digtheid van 32 kg/m’, ‘n
dikte van 60mm en ‘n wigskuinste van 66%, 50% en geen wig onderskeidelik is in die studie
gebruik.  “Fuji Prescale Super “en “Ultra Super Low” drukfilm is gebruik om die
drukverspreiding van die polistereen op die soolvlak van die hoewe te bepaal. Twee lasselle is
gebruik om die krag wat onderskeidelik deur die hoefwand en die sool-oppervlak gedra is te
bereken. ‘n Konstant toenemende krag, met ‘n maksimum van 66% van die perd se
liggaamsmassa, is op die geamputeerde ledemate toegepas deur middel van ‘n trekkrag toets-

apparaat. ‘n Totaal van vier eksperimente is op elke ledemaat uitgevoer.

Die resultate van die navorsing het bewys dat by al drie die polistereen sool-ondersteunings,
ongeveer 75 - 80% van die totale krag wat op die ledemaat toegepas is, deur die sool- oppervlak
gedra is. Die kleurveranderings op die drukfilm het aangetoon dat meeste van die krag van die
polistereen sool-ondersteunings met wigskuinstes van 50% en 66%, deur die palmare helfte van
die sool-oppervlak gedra is. Vir die sool-ondersteuning met geen wig, was die drukverspreiding
oor die hele oppervlak gelyk. Die agterstevoor hoefyster met ‘n 66% of ‘n 50% polistereen sool-
ondersteuning is dus aangedui as ‘n geskikte manier om die druk oor die palmare area van die

sool eweredig te versprei.

Tydens ‘n invivo studie is die effek van verskillende digthede (32 kg/m’, 24 kg/m’ en 16 kg/m’)

en verskillende diktes (100mm en 60mm) polistereen sool-ondersteuning met ‘n skuinste van
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50% op die gewigsverspreiding van die sool-oppervlak en die hoefwand ondersoek.
Samepersing van die polistereen oor tyd en die effek daarvan op die drukverspreiding, is ook

ondersoek.

Die voorste ledemate van drie klinies gesonde perde, met ‘n gemiddelde liggaamsgewig van
551kg, is netjies geknip en met agterstevoor hoefysters beslaan. Verwysingsdata is opgeteken
met slegs die agterstevoor hoefyster aan die hoef. Verdere data is versamel vir die verskillende
polistereen sool-ondersteunings. Data is opgeneem vir 4 sekondes teen ‘n frekwensie van SOHz.
Tussen behandelings het die perde vir 5 minute op ‘n beton oppervlak geloop. Die prosedure is

herhaal met 5 minute, 10 minute en 15 minute tussenposes.

Uit die studie was dit nie baie duidelik watter soort polistereen die beste resultate vir sool-
ondersteuning sou lewer nie. Die resultate vir al die sool-ondersteunings het ‘n hiperboliese
tendens getoon waarin die aanvanklike krag hoog was en mettertyd al hoe kleiner geword het.
Die polistereen sool-ondersteunings met eienskappe van 32 kg/m’ x 60mm en 16 kg/m’ x 60mm
dui op die geskikste behandelings. Waarnemings tydens die eksperimentele prosedure het
aangetoon dat die 32 kg/m3 x 60mm polistereen saamgepers is tot ‘n digter en harder eindproduk
as die 16 kg/m’ x 60mm weergawe. Die eindproduk van die 16 kg/m’ x 60mm sool-
ondersteuning behandeling het na die eksperimentele proses nog steeds ‘n mate van elastisiteit
gehad wat ‘n positiewe eienskap kan wees om die drukking van die bloedvate onder P3 te

verminder.

Waarnemings wat tydens die eksperimentele proses gemaak is het aangedui dat polistereen met

‘n dikte van 100mm nie aan te beveel is nie. Die polistereen was vir die perde baie ongemaklik
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direk na aanwending. Die dikte en die wig van 50% het die hiele baie hoog gelig. Die
hoeveelheid polistereen wat onder die hoefyster inkrul beteken verder ‘n verlies van bruikbare

materiaal en voldoen nie aan die doel van die projek nie.

Die gevolgtrekking van die eksperimentele werk (in vivo), is dat polistereen sool-ondersteuning
met digthede van 32kg/m’, 24kg/m’ en 16kg/m’ en diktes van 100mm en 60mm dieselfde
ondersteuning aan die sool bied na ‘n tydperk van 15 minute vandat dit aangewend is. In die
eerste 10 minute is daar ‘n baie veranderende samedrukkings tydperk waaroor nie komentaar
gelewer kan word interme van tendense nie. Verdere navorsing is nodig om ondersoek in te stel

na die ondersteuning wat die sool-ondersteuning bied oor ‘n langer tydperk.
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SCALE.). eriiiiiie ettt e et e e et e e e tae e e be e e tbe e e abeeetaeeetaeeebeeeabaeeareeenrbeeans 54
Figure 15: Load cells were buried in a hole, with only the modified shoe and the solar plate
visible above the ground. The horse stood on a level surface when one of its limbs was on
the teST APPATALUS. .....viieeiie ettt e e ae e e sbeeetaeeesaeeensaeeenseeeennaeennneas 64
Figure 16: Load on the solar surface for polystyrene pads with different densities (1 24 kg/m’, o
16kg/m’ and v 32kg/m’) and the same thickness of 60mm. Mean values of time indicated
by different letters, are significantly different. ............ccccoeiiiiiiiiiiniiiiieee, 67
Figure 17: Load on the solar surface for polystyrene pads with different densities (1 24 kg/m’, ¢

16kg/m® and « 32kg/m’) and the same thickness of 100mm. NS: No significant difference.

Xx11
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CHAPTER 1

GENERAL INTRODUCTION

Laminitis is a systemic syndrome which ultimately affects the sensitive lamellae and papilla of the
hoof, causing severe pain, and often leading to disruption of the lamellac-hoof wall interface™®>"%.
Degeneration of the lamellar interdigitation occurs and the distal phalanx (also referred to as P3)
separates from the hoof wall. This can cause P3 to rotate towards the sole and in more severe cases P3

separates totally from the hoof wall and sinks downward>****'*?. Chronic laminitis usually results in

the end of the animal’s athletic career and may lead to humane destruction.

The exact pathogenesis of laminitis is not known. Proposals for possible mechanisms that lead to the
development of laminitis, include major damage to the lamellar basement membrane because of critical
proteolytic events***4*°% Jamellar ischemia as a result of arterio-venous shunts in the hoof®**-:0063
and platelet deposition and thrombosis®®. Vasoconstriction within the digit, peri-vascular oedema,

vascular perfusion defects™, and digital veno-constriction™

are also pathophysiological mechanisms
proposed to cause laminitis®*"***. Inflammatory mediators generated in organs like the gut, uterus and
the skeletal musculature may cause laminitis when they reach the foot via circulation. They may act

directly on the lamellar tissue, or may initiate reactions within the foot that begins the process of

.47
lamellar separation™'.

Laminitis research is being conducted on two fronts: Firstly, the aetiopathogenesis of the disease,
knowledge of which could halt the progression of the disease to the chronic phase and secondly, the
biomechanics of the hoof in order to understand what treatments may minimise further damage to the

lamellae, reduce pain and assist the healing process. In a healthy horse, the entire weight is suspended
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from the sensitive lamellae — in effect the horse hangs on the hoof wall. The sole is not supposed to
bear any weight. The damaging of some of these lamellae causes more strain on the rest of the lamellae
which may not be able to bear the total load. A solar pad will relieve some of the load on the lamellae

by bearing part of the bodyweight of the horse.

The objectives of this study included:
1) investigating the effect of the reverse shoe and polystyrene padding on the biomechanics of the

front hoof of the horse,

2) evaluation of the effect of the application of a reverse shoe and a polystyrene pad on the pressure
distribution to the ground surface (solar and hoof wall surface) of the hoof. This includes the sole

as well as the weight-bearing surface of the hoof wall,

3) determination of the effect of pressure distribution on the sole with different degrees of wedging of

the polystyrene pad,

4) investigation of the effect of polystyrene pads with different thicknesses on the load distribution to

the solar surface of the hoof over a time period of 15 minutes,

5) investigation of the effect of polystyrene pads with different densities on the load distribution to the

solar surface of the hoof over a time period of 15 minutes.

The purpose of this study was to optimise the type of polystyrene pad to be used in the treatment of

laminitis.
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CHAPTER 2

LITERATURE REVIEW

2.1 ANATOMY OF THE NORMAL HOOF OF A HORSE

The hoof with all its sensitive structures can be seen as a modification of skin®. The distal phalanx
(P3) is suspended inside the hoof wall by interdigitating lamellae that surround it. Two lamellae can be
classified: The dermal lamellae (sensitive lamellae) that cover the outer surface of P3, and the
interdigitating epidermal lamellae (insensitive lamellae). The dermal lamellae consist of approximately
600 primary lamellae, which are oriented circumferentially around P3. Each of these primary lamellae
consists of approximately 100 secondary lamellae. The dermal and epidermal lamellae interlock and
these attachments are the primary forces that oppose the weight of the horse and successfully suspend

P3 within the hoof>%*>°1:6,

The hoof wall consists of many highly keratinised tubules, which grow from the coronary corium. The

solar corium is attached to the solar surface of P3%°.

The lamellar vasculature is complex. Arterial blood supply to the hoof is via the medial and lateral
palmar or plantar digital arteries which arise by division of the medial palmar artery’. These arteries run
alongside the flexor tendons. They provide branches to the coronary corium as well as the bulbs of the
heel and supply the frog, the bars, the palmar coronary corium and palmar periople, the lamellae of the
heel, the digital cushion and the lateral cartilage. The dorsal artery of P3 transverses the foramen in the
palmar process of P3 and penetrates P3 approximately halfway to its dorsal surface to anastomose with
the terminal arch. Approximately nine vessels routinely originate from the terminal arch and penetrate

the distal aspect of the dorsal half of P3, forming the circumflex artery. The dorsal lamellar arteries,
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which perfuse the dorsal lamellae, originate from the circumflex arteries and the terminal arch. Blood-

flow in the dorsal lamellar arteries is distal to proximal against the force of gravity?***=*>!4> Th

e
blood flows through the lamellae to the veins®. The corium of the sole is supplied by the solar plexus,
which is formed by branches from the circumflex artery. This means that blood supply to the sole
arises on the dorsal surface of P3 and then wraps under the distal margin of P3. It is therefore prone to
damage from compressive forces. There are no major arterial branches directly under the

20,2 1
fI'Og 0,25,30,5 ,65.

There are three interconnected valveless venous plexuses in the foot. They are the dorsal venous
plexus, which lies in the deep part of the dermal lamellae, the palmar/plantar venous plexus, which lies
in the deep part of the solar corium and on the inner axial surfaces of the cartilage of the distal phalanx,
and the coronary venous plexus, which lies in the coronary cushion covering the digital extensor tendon

9

and the outer abaxial surfaces of the cartilage of the distal phalanx”. The medial and lateral digital

veins drain these three plexuses.

2.2 FORCES OPERATING ON THE NORMAL HOOF.
The inherent biomechanical factors that are responsible for the maintenance of normal functioning of

the structures in the hoof, include distractive and supportive forces of P3. (see Figure 1)
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Figure 1: Distractive and supportive forces of the distal phalanx (P3). a) The downward load exerted by
the weight of the horse through the bony column and distributed through the distal phalanx, b) the
proximal-palmar pull of the deep digital flexor tendon from its insertion on the flexor surface of P3, c)
the pulling force of the common digital extensor tendon, d) the lamellar attachment between P3 and the

hoof wall and e) the distal phalangeal supportive function of the sole and frog.

The distractive forces of P3 include:

the downward load exerted by the weight of the horse through the bony column and distributed through

the distal phalanxzs,sl,sz,zs,sg (a)

b

the proximal-palmar pull of the deep digital flexor tendon from its insertion on the flexor surface of

32531323358 (1)

The supportive forces of P3 include:
the pulling force of the common digital extensor tendon®~>*! (c),
the lamellar attachment between P3 and the hoof wall*>='2%°! (d),

the distal phalangeal supportive function of the sole and frog”~'"*% (e).



-
&

“ UNIVERSITEIT VAN PRETORIA

etV

UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

2.3 AETIOLOGY OF LAMINITIS

The actiology of laminitis is multifactorial and will not be discussed™®'*-!46-159:60

2.4 PATHOGENESIS OF LAMINITIS
Currently, there are no predictive indices to determine whether a horse will develop laminitis after

.. 1
exposure to the inciting cause’ .

Laminitis can be classified into three phases
2.4.1 The Developmental Phase
This phase begins when the horse comes in contact with the inciting agent and ends with the first

. . . 1
clinically evident signs of lameness” '’

. Systemic, as well as non-systemic, insults may be inciting
agents for laminitis’’. The developmental phase generally lasts between 24 and 72 hours. Previous
research has shown that two main pathological changes occur during this phase™®. There is vascular
shunting and also coagulopathy, causing ischaemia to the secondary lamellae which results in laminitis.

Pressure-mediated fluid filtration is more likely to cause lamellar oedema than the increase in vascular
permeability’”. During the initial phase, there is an increase in blood-flow to the hooves, but a decrease

in the perfusion of the lamellae. Permanent lamellar damage and movement of P3 within the hoof

usually do not occur during this stage™".

Recent research, however, shows that proteolytic events occur during the developmental phase of
laminitis which initiate lamellar separation and the degradation of the lamellar basement membrane. A
sub-lamellar vasodilation does occur during laminitis, but does not play as important a role as

previously believed*’.
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2.4.2 The Acute Phase
This phase begins with the first onset of clinical signs. Separation of the lamellae and displacement of

5,65

P3 may occur™”. The clinical signs may include a bounding digital pulse, warm hooves, abnormal gait

and a painful response over the toe region when being exposed to hoof testers™".

The collateral circulation of the dorsal coronary corium, dorsal dermal lamellae and dorsal solar corium
is less extensive than that of the palmar coronary corium, palmar dermal lamellae and palmar solar
corium, and these locations are sensitive to decreases in digital blood flow”’. The pain that develops
stimulates the adrenal gland to release catecholamines which act on alpha-receptors in the dermal
vasculature within the hoof, causing vasoconstriction and decreased blood supply to the digit**®".
Necrosis of the basement membrane and separation of the dermal lamellae cause an imbalance of the
normal biomechanical forces, and the remaining lamellae shear away from the hoof wall'**®. This
deterioration of the lamellae, together with the downward load exerted by the weight of the horse, as
well as the proximal-palmar pull of the deep digital flexor tendon, are responsible for the displacement
of P3°'*. Initially during the developmental phase of laminitis the lamellae stretch, resulting in a
downward movement of P3 within the hoof'*>*. If the lamellar insult is severe enough, the important
interlamellar bonds between the dermal and epidermal layer will be destroyed and result in distal
displacement of the distal dorsal tip of P3. The distal rotation of the distal dorsal tip of P3 results in the
loss of the parallel relationship between the dorsal hoof wall and the dorsal cortex of P3. Due to the
detachment and stretching of the interlamellar bonds, spaces are created and gas extravasates into these

33
spaces™.

2.4.3 The Chronic Phase
Chronic laminitis occurs when there is a distal-palmar rotation of P3, and/or a distal sinking of P3

relative to the hoof wall surrounding it. Once these mechanical changes have occurred within the hoof,

7
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319 Displacement of P3 relative to the hoof wall causes the dorsal

the prognosis becomes poor
submural and coronary circulation to be subjected to shearing forces that will affect the circulation®™",

The solar dermis is subjected to increasing compressive loads as it is trapped between the sole and P3.

If and when rotation of P3 occurs, it can vary from mild to severe. Severe rotation is often associated
with separation of the coronary band over the extensor process region®. When the lamellar bonds at the
dorsum fail, the pull of the deep digital flexor tendon and the lamellar bonds of the quarter and heel

27,51 .
. In severe cases the rotation

sections causes rotation of the distal dorsal tip of P3 towards the sole
of P3 causes the distal dorsal tip of P3 to penetrate through the sole® ", If the lamellar bonds all the
way around the interior of the hoofloosen, P3 as a whole may displace distally. Such cases are referred

. 1
to as sinkers” ",

2.5 SYMPTOMS OF HORSES SUFFERING FROM LAMINITIS.
Laminitis may occur in one, two, three or all four hooves in any combination, but is more common in

5,6,20,46
the front hooves™ ™.

2.5.1 Clinical signs of laminitic cases

Pain, as a result of distracting or compression forces of the sensitive structures in the hoof, is the most
important clinical finding. Obel clinically characterised and graded the severity of lameness using the
following criteria®?"* :

Grade 1: At rest the horse will shift weight occasionally. No lameness is evident at a walk, but a

short stilted gait is noted at a trot,

Grade 2: Horses move willingly at a walking pace, but the gait is stilted. A hoof can be lifted off

the ground without difficulty,
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Grade 3: The horse moves reluctantly and resists attempts to raise a limb,
Grade 4: The horse is recumbent most of the time, is in pain and has to be forced to move.

Other symptoms include the typical stance, bounding digital pulse, and sweating. Indentation at the
coronary band (sinkers), flattening or bulging of the sole, penetration of the sole, oozing at the coronary
band, elevated hoof wall temperature, pain detected over the toe region with hoof testers, are all signs

5,6,57,62

associated with laminitis . Most horses become sound after administration of a basilar sesamoid

nerve block®*®. The nerve block will, however, cause further mechanical damage to intact lamellae due

20,21
d™ .

to painless movement, and is therefore not recommende Nerve blocks may also affect the

neuronal control of digital arteriovenous anastomoses and therefore potentiate digital ischaemia®'.

Abaxial sesamoid nerve blocks release the vasoconstrictor tone of the blood vessels and cause a

e . . . . 47
dramatic rise in foot temperature, which increases inflammation of the lamellae™'.

2.6 DIAGNOSIS OF LAMINITIS
The diagnosis of laminitis can be made from the history, clinical symptoms and radiographs of the

5,42,59,62
hooves .

2.6.1 Radiography and radiology of the hoof of a horse with laminitis

The relative positions of the structures in the hoof can only be identified by means of radiographs™.
Latero-medial radiographs are the most useful. This projection highlights the dorsal, palmar and solar
surfaces of the phalanges and the interphalangeal joints. The hoof wall and sole thickness can also be
identified by this projection®’. The solar surface of the hoof must be cleaned and loose horn removed.

A drawing pin needs to be placed at the apex of the frog to indicate the position of the frog relative to

9
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the distal dorsal tip of the pedal bone on the radiograph. This marker can however be misleading for
the exact location of the apex may be hidden under an overgrowth of frog tissue >>. The apex of the frog
must be carefully trimmed beforehand to observe the frog blending in the sole. At this specific point,

the colour of the frog is darker than the sole™*

. The dorsal wall must gently be rasped to remove loose
or excessive horn and create a flat dorsal surface. A stiff straight metallic marker, like a piece of bale
wire, of known length is then attached to the most dorsal point of the dorsal hoof wall with the upper
end where the wall horn merges with perioplic horn **. The wire must be positioned so that it is
symmetrical with the tip of the frog. The length is important for the correction of radiological
magnification. Barium paste may also be used””.The animal must be radiographed standing squarely
on a flat wooden block, thick enough to bring the solar surface of the foot level with the centre of the x-
ray beam, with a wire marker that indicates ground level”. When the horse steps onto the block, the
other limb must be lifted. The centre of the radiograph beam (collimator) should be kept horizontal,
and centred on the distal phalanx, at approximately the region of the deep digital flexor tendon
attachment, a point approximately midway between the coronary band and the ground surface at the
junction of the dorsal and middle thirds of the hoof”**. The beam should be aligned parallel with a line
drawn across the bulbs of the heel”. It has to be parallel to the top of the block and perpendicular to the

axis of the limb, so that a true latero-medial radiograph is produced®”***'*?. To avoid magnification

. . . 15,55
errors, a constant distance between the hoof and collimator is recommended .

In the balanced hoof, the lateral radiographs show the phalanges to be in a straight line. The wire
marker placed on the hoof wall is parallel to the dorsal surface of P3. There is a 5 to 10 degree slope

between the solar surface of P3 and the bearing surface of the hoof””.

Radiological features of laminitic cases without rotation are related to separation of P3 from the hoof.

There is an increased distance between the dorsal hoof wall and P3*°. Radiological features of horses

10



e
=

ﬂ UNIVERSITEIT VAN PRETORIA
. UNIVERSITY OF PRETORIA
Que® VYUNIBESITHI YA PRETORIA

suffering from rotation show a distal and palmar movement of P3 within the hoof. The parallel
relationship between the dorsal cortex of P3 and the dorsal hoof wall is lost. There is an increased
vertical distance between the upper end of the wire and the extensor process in sinkers as well as

5,7,19,20,33

rotators A soft tissue indentation along the coronary band may be seen or palpated’.

Lamellar thickening and gas accumulation along the dorsal lamellae, lysis, hypervascularity and

remodelling of P3 are all indicators of long-duration chronic laminitis****°

. Penetration of the sole by
P3 as well as subsolar abscessation filled with gas may be observed on the radiographs of a horse

. . ... 33
suffering from chronic laminitis™.

For “sinkers” the entire P3 drops within the hoof. This, however, is difficult to observe from
radiographs, as the dorsal wall of the hoof and the dorsal surface of P3 remain parallel. The distance
between the coronary band and P3 and the indentation at the coronary band, can assist in the diagnosis

of “sinkers” ’, as well as an increase in the distance between the pedal bone and the dorsal hoof wall.

According to Eustace et al, three angles, namely the angle of the hoof wall with the ground surface (H),
the angle of the dorsal surface of the pedal bone with the ground surface (P) and the angle of the bony
column with the ground surface (B) can be measured from radiographs. The degree of rotation of the
pedal bone (Angle R) and the degree of rotation relative to the long bone (Angle L) can be calculated
(Figure 2) ) .

Angle R = Angle P - Angle H

Angle L = Angle P - Angle B

11



-
&

“ UNIVERSITEIT VAN PRETORIA

etV

UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

(a)

(b)

Figure 2: Cross-section of the hoof of (a) a normal horse and (b) one suffering from laminitis. H, P

and B are the angles that need to be determined to calculate the degree of rotation of the

distal phalanx (P3).

2.7 TREATMENT OF LAMINITIC CASES

The wide variation in the therapeutic approach to laminitis is indicative of our lack of knowledge and

understanding of this complex condition.

The aim in treating laminitis must be to:

1)
2)
3)
4)

S)

treat the initiating cause if known and if still present ~%'%2'7-,

- . 5,6,19,59
relieve pain™™ ",

re-establish the normal circulation to the hoof and hoof structures®!*!%*7>?,

s - 5,6,14,33,59,62,65
prevent further damage of the sensitive structures in the hoof™™ ">~ ,

increase the other supportive structures when the lamellae are damaged, the other supportive

12,33

structures must be increased in order to maintain skeletal support ~°°. Frog support may assist

12
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in the arrest of the rotation or displacement of the pedal bone’>'~*%,

6) encourage new hoof growth'”>%,
7) restore the parallel relationship between the hoof wall and P3'**"%° and
8) prevent infection®' "%’

It is important to follow a holistic approach in the treatment of a horse suffering from laminitis.

2.7.1 Treatment of the Developmental Phase of Laminitis

The treatment during this phase is of a preventive nature and is based on the probability of the onset of
laminitis. The objectives of the treatment include elimination of the inciting cause and decreasing of
the blood-flow to the hoof by cooling and preventing or minimising the effect of collagenase or

41,57,65

dissolution of the basement membrane When more is known about the exact molecular

mechanism of laminitis, a treatment which inhibits lamellar separation can be developed’.

2.7.2 Treatment of Acute Laminitis

During this phase, treatment is directed towards the relief of pain, prevention of the displacement of
P32741:376% and the treatment of all affected systems which may include septicaemia and shock®. In
sub-acute laminitis, lamellar damage may be minor and the horse may recover completely and the
situation may not progress to a more acute phase’. The horse should be placed in a stall with sand or
soft bedding to minimise concussion to the hooves which will create frog pressure. Encourage the

. 5,51
horse to lie down™"".

Therapeutic approaches to prevent further displacement of P3 are based on supporting the skeletal
column by packing the sole with various materials, frog support, the use of therapeutic shoes (heart-bar

shoe, reverse shoe and others), dorsal hoof wall removal and surgical approaches (deep digital flexor

13
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tenotomy) >*"-%.

Care must be taken not to apply too much pressure to the sole and the frog which
could disrupt the solar circulation. The material must be applied to distribute pressure evenly®.

Preventing or delaying displacement of P3 minimises further damage to intact lamellae.

2.7.3 Treatment of Chronic Laminitis

This stage of laminitis needs to be handled with extreme care. The following decisions need to be
made: 1) What type of therapeutic shoe or non-traumatic application will be the best for the specific
case? 2) Should the temporary hoof support be maintained or replaced? 3) Does the horse meet criteria
elected for euthanasia®’? In an attempt to normalise the vascular perfusion and correct spatial
orientation between P3, the hoof wall and the sole, therapeutic trimming is implemented®”®.
Therapeutic trimming will also be effective for the normalisation of hoof growth and of exposure to
sepsis®’. When displacement of P3 occurs, the therapy for this phase depends on the severity of damage

to lamellae within the digit, as well as the degree of rotation or displacement of P3. Therapeutic

approaches may include hoof wall removal and corrective shoeing®.

2.7.4 Trimming techniques for Laminitis

Correct trimming is important for the treatment of laminitis .

2.7.4.1) Medio-lateral balance:

Medio-lateral hoof balance can be established by ensuring the correct relative lengths and angles of the
medial and lateral walls of the hoof'”. Inappropriate medio-lateral balance causes uneven load
distribution in the hoof. The medio-lateral balance is established by trimming the ground surface of the
hoof perpendicular to the long axis of the limb (geometric balancing), or trimming the ground surface

of the hoof so that the medial and lateral aspects of the heel land simultaneously (dynamic balancing)

1,2,6,59

14
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2.7.4.2) Dorso-palmar balance.
For proper trimming, the silhouettes of the dorsal surface of the hoof and the pastern regions need to be
parallel. For low hoof angles, either toe needs to be removed, or if not possible, the heels need to be

elevated.

2.7.4.3) Raising the heels:
For laminitis cases with rotation, the rationale for raising the heels is to reduce the pull of the deep
digital flexor tendon (DDFT). The load on the lamellae also seems to be reduced®*. Methods to reduce

the pull of the DDFT vary from non-invasive to invasive, i.e. raising the heels to severing the DDFT.

Wedges are applied to the hooves of the horse to match the required angle™*. Knowing the optimal limit
for elevation of the heels is essential. Elevation of 18° reduces the pull of the deep digital flexor tendon
significantly™®. Excessive elevation could change the orientation and vertical load exerted on P3 by P2

1*°. When raising the

and create a potentially destructive shearing force between P3 and the hoof wal
heels, the secondary effects on the fetlock angle must also be considered because changes in this angle
may affect the deep digital flexor tendon and the extensor branch of the suspensory ligament to the
extensor process. The strain on the flexor tendons and the suspensory ligament does not change when
the heels are elevated, because a decrease in load through the suspensory system and its extensor

branch would reduce the force on the extensor process and thus limit any possible counterbalancing

force to rotation’®.

Advantage:

1) Decreases the tension of the deep digital flexor tendon™®’.

15
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Disadvantages:

1) Disturbs toe-heel balance®,

2) Focuses compression weight-bearing forces on the extensor process and on the distal dorsal tip
of P360,

3) When the heels are raised, the lamellae are aligned more perpendicular to the ground surface,

and this may result in the sinking of the bony column. It also changes the orientation and
vertical load exerted on P3 by P2, creating a potentially destructive shearing force between P3

and the wall®®.

2.7.4.4) Deep digital flexor tenotomy.

Tenotomy of the DDFT totally eliminates the pulling force of the tendon and can be performed in the

palmar- plantar aspect of the pastern, or in the mid-metacarpal/metatarsal region®.

A small incision is made through the skin, subcutaneous tissue, and sheath of the DDFT. While the
distal limb is flexed to relax the tendon, a pair of curved haemostats is used to isolate the tendon. The
DDFT can be transected with a scalpel blade. The tendon sheath may be closed with absorbable

33
sutures, or left open™.

Advantage:
1) Removes all pull in DDFT, and therefore prevents further rotation of P3°.

2) Relief pain '®.

Disadvantages:

1) The athletic career of a horse will come to an end after DDFT tenotomy as the animal will not

16
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be able to perform to the same standard as before. This procedure can therefore only be
performed in animals suited for breeding®’,

Scar formation may occur at the tenotomy site and this is sometimes associated with pain®,
Requires constant hoof care afterwards since the toe grows out longer and the solar surface at
the toe increases in thickness®,

The benefit of tenotomy only lasts for approximately one year” .

2.7.5 Hoof wall removal

The aims of hoof wall removal are the following:

1))

2)
3)
4)

S)

6)

To minimise the physical laceration of the compromised lamellae along the dorsal aspect of the
hoof wall and ease break-over. This helps with the prevention of further separation of P3 from
the hoof wall, and further damage to the lamellae'”. If the toe is too long, it needs to be
trimmed,

To drain fluid or abscesses,

To remove old, dead hoof wall tissue®®*"*,

To establish spatial orientation between the hoof wall and P34,

To relieve pressure at the coronary band. This will enhance blood circulation and new horn
growth. New hoof growth occurs mainly from the coronary corium and grows in tubules. The
new growth follows the old growth distal in the hoof wall. Abnormal growth caused by
laminitis will therefore be perpetuated by this growth pattern®®>"4¢,

The re-establishment of normal vascular perfusion can be achieved by separation of new growth

from old abnormal growth?**"%,

Removal or thinning of the dorsal hoof wall is important in horses with excessive distal phalangeal
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rotation (more than 6°) and sinking (more than 0.5c¢m), slight rotation or sinking that increases with

- L 27,52,65
time and when sepsis is present” ™"

. Redden disagrees with this statement and questions the efficacy
of dorsal hoof wall removal®. He suggests drilling a hole through the hoof wall for exposure of

necrotic tissue and to relieve pressure associated with the accumulation of fluid.

2.7.5.1 Methods of hoof wall removal

There are two major methods of hoof wall removal: a) hoof wall removal, where a portion of the distal

25,52,64 25,64

aspect of the hoof wall is removed with a rasp or a circular sander™”", or b) hoof wall stripping,

which is the removal of full-thickness sections of the hoof wall*>*%?’.

2.7.5.1.1 Dorsal hoof wall removal:

Dorsal hoof wall removal can be done in 3 grades: a) distal 3", b) distal 2/3"

, and c¢) total removal.
When a rasp is used, the hoof wall is removed dorsally, dorso-laterally, and dorso-medially. For total
removal of the hoof wall, removal starts approximately 1.0 to 1.5cm distal to the coronary corium, and
proceeds distally to the weight-bearing surface®>*>*%*. One can also start distally at the toe and work
proximally until all dead epidermal tissues is removed. Approximately the dorsal third of the hoof wall

d***’, more than this may severely compromise the wall stability™.

circumference needs to be remove
The hoof wall is gradually removed until the tissue that remains is somewhat soft, spongy to the touch,
and pinkish-white”>. Most of the necrotic brown-coloured haemorrhagic lamellae will be removed in
the process™~*>2. One should avoid penetration of the sole and the underlying tissues, unless they are

undermined and necrotic™>. Daily examination of the hoof and cleanliness is essential to minimise

complications such as infection.

Advantages:

1) Hoof wall removal or trimming will ease break-over of the hoof, which in effect reduces the
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strain of the deep digital flexor on P3 and reduces the possibility of mechanical tearing of the

.. . .. . 46
remaining intact sensitive tissues

3) The procedure for dorsal hoof wall removal does not normally require general anaesthetic, as
live tissue is not invadedzo,

4) It will reduce or can even remove the pressure-induced ischaemia at the coronary corium and
will therefore ease growth of the coronary corium. Hoof wall removal alleviates the
compressive forces on the dorsal coronary corium'®*>*",

5) Enough hoof wall is left for the application of a therapeutic shoe’*>%%’,

6) This technique exposes necrotic tissue and effects drainage of infected lamellae®”*>~>,

7) The status of the lamellar tissue can be evaluated,

8) The removal of dead horn allows the new growth from the coronary corium to realign with the
sensitive lamellae and can prevent lamellar wedging®2>26-7:46:62:64,

9) It normalises the spatial orientation of the dorsal hoof wall with P3.

Disadvantages:

1) Dorsal removal requires a relatively long convalescence, depending on the amount of hoof wall
removed*®®,

2) Redden questions most of the advantages of dorsal hoof wall removal noted above®. He states
that P3 rotation does not have an influence on hoof growth, therefore removal for this reason is
unnecessary,

3) Redden also questions the approach of removing exposed necrotic tissue. Sometimes only one
third of the necrotic tissue can be exposed during hoof wall removal®>.

4) Wall resection cause a lost of structural integrity of the hoof capsule and therefore destabilise

the hoof capsule '°.
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2.7.5.1.2 Hoof wall stripping

For dorsal hoof wall stripping, the hoof must be locally anaesthetised. A burr can be used to groove the
hoof distally on the white line, proximally (depending on how much of the wall tissue needs to be
removed), on either side of the section to be removed. The depth of the grooves is increased until the
sensitive lamellae are reached. The hoof wall is then grasped with shoe pullers distally and lifted off in
a proximal direction. An appropriate wound dressing is applied until the exposed area has keratinised

sufficiently®.

Advantages:
1) Hoof wall stripping can be beneficial in hooves with submural abscessation with or without

secondary drainage and with separation at the hair-periople junction®,

2) Other advantages are the same as with wall removal or trimming.
Disadvantages:
1) Stripping of the dorsal hoof wall causes a lot of trauma and pain to the hoof, and is not

- ... 2733,46,62
recommended for general treatment of chronic laminitis™ """,

2) A long recovery period is required.

2.7.6 Therapeutic shoeing of laminitic horses
The general aims for therapeutic shoeing of horses with laminitis are to change the weight distribution

in the hooves in an attempt to®*:

a) reduce pain®’~**,
b . - 27,33
) decrease strain on compromised lamellae™ ",
e . . 1. 625,64
c) prevent or minimise P3 rotation or sinking , and
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d) enhance circulation to the coronary band and stimulate balanced hoof growth®®*.

e) Transfer load to the less affected part of the wall*’.
Most commonly used shoes include non-adjustable and adjustable heart-bars>, reverse shoes with

pads®™, reverse shoes with heart-bars, egg-bar shoes with and without heart-bars, regular shoes with

different pads’, other shoes with pads™.

2.7.6.1 Heart-bar shoe

Adjustable and the non-adjustable heart-bar shoes are used in practice for frog support ****>*"* The
non-adjustable heart-bar shoe, is a bar shoe with a sagittal frog plate (heart-bar) extending dorsally from
the bar, with an incline that puts pressure on the frog after it has been nailed into position. The
adjustable heart-bar shoe has an adjustable heart-bar, hinged on a sleeved tube on a rounded bar. The
incline of the heart-bar can be adjusted with an Allen screw without re-shoeing the horse”®. For both
the adjustable and non-adjustable heart-bar shoe, the hoof is trimmed and large portions of dorsal hoof
wall may be removed, the sole is made concave, and the frog is trimmed to maximise the surface area in
contact with the heart-bar. The cranial point of the heart-bar shoe is positioned approximately 1.3 to
1.9 cm palmar to the dorsal aspect of the distal dorsal tip of P3*®. Failure to adhere to this may result in
rotation. The heart-bar shoe should be 0.15 cm narrower than the medial and lateral extent of the frog
and should not exert pressure on the sole. The pressure of the bar on the frog is then adjusted to be as
great as possible, without significantly worsening the lameness. After shoeing, the hoof must be
covered with elastic tape to prevent accumulation of debris around the bars of the shoe?’. Pressure

adjustments must be made once or twice a week, and the heart-bar shoe must be reset, usually at 6- to

8- week intervals?®,
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Advantages:

1) The heart-bar shoe supports and stabilises P3 by supporting the frog?**,

2) Redistribution of weight-bearing on the frog and hoof wall can be accomplished by adjusting
the pressure exerted on the frog by the frog plate, to the optimum pressure. Thus, the adjustable
heart-bar shoe is of more therapeutic value than the non-adjustable heart-bar shoe?’,

3) The heart-bar shoe decreases the pressure exerted by P3 on the solar vascular plexus and
therefore increases digital perfusion”*®. The pressure applied by the heart-bar shoe minimally
affects remaining digital perfusion, because there is an absence of major blood vessels in the
area when pressure is applied”,

4) It attempts to decrease further tissue damage and alleviate pain during hoof regrowth®**.

Disadvantages:

1) The frequent removal and reapplication of the shoe damages the already sensitive hoof wall and
is a painful procedure’’. The adjustable heart-bar shoe is more beneficial than the non-
adjustable shoe as it does not need to be replaced as often”®,

2) The estimation of the optimal pressure can be difficult, especially for the non-adjustable
heartbar shoe. Too much pressure can cause increased lameness and too little pressure negates
the benefit of the Sh0625’27,

3) It is difficult to maintain optimal pressure on the frog with the non-adjustable heartbar shoe
because as the heel grows out, the pressure on the frog decreases™"2*,

4) Heart-bar shoes do not stabilise or prevent distal phalangeal rotation in all acutely or severely
affected horses, and have not been significantly rewarding™,

5) The use of heart-bar shoes without dorsal hoof wall removal, leads to increased pressure
beneath the dorsal hoof wall, causing increased lameness® ,

6) Solar or circumflex vessel compression from the heart-bar if placed too far dorsally, can cause
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regional ischaemia and solar necrosis®. If the heart-bar extends too far abaxially, palmar or
plantar vessels may be occluded at, or before they extend through, the bony foramen at the
entrance of the semilunar canal, resulting in digital ischaemia®. If the heart-bar is wider than
the frog, it may occlude the palmar or plantar digital artery™,

The heart-bar shoe can accelerate cellular death and lamellar breakdown if not used properly™,

25,27

5

Cross-treading of the Allen screw or the support bar may cause difficulties

Formation of abscesses or granulation tissue can occur under the heart-bar if applied

- 25,27
incorrectly™"’,

The shoe is technically difficult to make and apply'®*,

Horses with subsolar haematomas or abscesses cannot be treated with the heart-bar shoezs,
The mechanical pressure used to force the coffin bone into a normal angle will cause some
degree of necrosis of the frog™®,

The pressure applied to the sole is very concentrated and may cause further damage to the frog,

the sole and the blood ﬂ0w28,

Radiographs are needed for the correct placement of the heart-bar Shoe'’.

2.7.6.2 Reverse shoe

The main effect of the reverse shoe is to redistribute the load to the more palmar aspect of the hoof,

which is usually less severely affected. This shoeing method results in a more even pressure

distribution that will enhance even growth of the hoof from the coronary band***2. A modification of

the reverse shoe is the reverse even-frog pressure shoe (REFP). The REFP is a combination of the

adjustable heart-bar shoe and the reverse shoe. It has an adjustable steel frog plate that is parallel to the

frog, so that the pressure on the frog is a uniform pressure applied to the entire bearing surface of the

frog*’. A properly sized shoe must be fitted toe-to-heel, reversing the normal position so that any

remaining hoof wall at the toe does not have contact with the shoe.
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Advantages:

1) The reverse shoe displaces the centre of gravity of the horse palmarly, and in effect moves the
weight-bearing on the digit palmarly and removes weight-bearing from the compromised dorsal
laminae“,

2) Minimal weight is transferred to the dorsal coronary band and results in more normal alignment
of the new growth of the hoof in the toe area®**%>%*,

3) The open toe eases the break-over at the toe and decreases the shearing force at the P3-hoof
wall interface42,

4) With the reverse even-frog pressure shoe, more frog support is possible and an increase of the
frog pressure decreases total weight-bearing on the hoof wall*.

Disadvantages:

1) The reverse shoe does not stabilise P3’,

2) If the tip of the frog plate of the REFP shoe is too palmar to the solar pivotal point of P3,

rotation of P3 may occur™,

3) There is uncertainty about the correct placement of the shoe in relation to P3.

2.7.6.3 Solar support

This approach transfers some load-bearing from the hoof wall to the solar surface.

Support of the hoof, especially support of the sole and frog has been recommended®’. Various methods
of sole support have been documented, which include plaster of Paris, (3M), standing the horse in sand
or mud, or packing the sole with acrylic or silicone caulking or sponge rubber. These are all methods

for distributing the load evenly over the sole®.
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When using acrylic or silicone caulking, a reverse® or heart-bar® shoe is nailed onto the hoof, with a
leather or plastic pad between the hoof and the shoe. The acrylic or silicone caulking is then injected

between the pad and the sole, to provide a cushion between the pad and the sole.

A hoof pad with a solar pad was designed for the treatment of laminitis and is called a Lily Pad (Lily
Pad, Therapeutic Equine Producs. P.O. Box 36176, Indianapolis, IN 42636). The proposed action of
Lily pads is to stabilise P3. They also result in an elevation of the heel and decreases tension on the
deep digital flexor tendon®. In a recent study, it was found that these pads were not effective in
accomplishing increased stability. This conclusion was drawn due to the absence of clinical or
objective improvement®’. The pads may cause a subtle mechanical compression on the sole which is
mild in the beginning, but increases with time. The pads may also cause compression of the blood
vessels in the solar area, which compromises the vascular supply to the hoof. The correct placement of

the Lily pad is critical for the correct treatment of a horse with laminitis™.

Advantages:
1) Solar support provides a more even distribution of weight away from the hoof wall®,
2) Load distribution is over the entire ground surface and not limited to the frog,

3) It assists in stabilising P3.

Disadvantages:

1) One cannot ascertain the exact amount of pressure transferred to the sole,
2) One cannot determine the effect on the blood supply of the sole,

3) Rigid products may lead to solar necrosis,

4) The pads need to be cut to size.
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2.7.6.4 Reverse shoe, partial dorsal hoof wall removal and polystyrene solar support (RDPS).

The reverse shoe and polystyrene solar support is an attempt to combine the advantages of the reverse
shoe, solar padding, the heart-bar shoe and the reverse even frog pressure shoe in the treatment of
horses with chronic laminitis®®. This treatment technique is proposed by the Equine Veterinary Clinic
of the Veterinary Academic Hospital, Onderstepoort, and is designed to apply pressure uniformly over
a large area of the solar surface of the hoof. Extremely satisfying results were obtained from clinical
cases treated with this technique. The most useful characteristic of polystyrene (Sagex, South Africa)
for the treatment of laminitis, is the ability of the material to deform into the shape of the solar surface
of the hoof while still maintaining a certain amount of elasticity. It can therefore support the bony

column and stabilise P3. Using polystyrene in a solar pad is cheap and it is readily available.

Another advantage of this technique over others is its even load distribution over the solar surface area
and the hoof wall. Contouring and shaping of the polystyrene support pad is an attempt to reduce
compression of the blood vessels and terminal arch vessels. Wedging of the pad is an attempt to create
less pressure on the more sensitive areas, which includes the toe area, and to provide a more even

distribution of pressure over the entire underfoot surface.

2.8 EXPERIMENTAL BIO-MECHANICAL MODELS OF THE DISTAL DIGIT.
In order to study the biomechanical effects of the RDPS technique on the digit, a review of research

conducted in the fields of equine digital biomechanics and bio-kinematics is necessary.

2.8.1 Hoof wall biomechanics
Colles used foil strain gauges attached to the hoof wall to detect changes in hoof shape in shod and

unshod horses'’. He concludes in his study that the vertical strain measured in the hoof wall may relate
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to the vertical weight-bearing force borne by the hoof wall. His system is however valuable for rapidly
changing strain, rather than static measurement. In another study, Douglas, et al found that the hoof
wall is thinner at the quarters than on the dorsal surface, and also has a lower stiffness'’. They also
found that during the stance phase of the stride, the magnitude of the surface strain at the dorsal wall is
not substantially different from the surface strain at the quarters. This indicates that the load at the
dorsal wall is greater than at the quarters'’. These findings are consistent with those of Colahan, etal'".
When in vitro experiments are conducted on the hoof wall, it is important to keep in mind the change

of the moisture content of the hoof wall, and the effect thereof on the measurements’>*,

Barrey used an instrumented horse shoe to measure load distribution on the hoof for different gaits®. He
concludes that the anatomical regions are adapted to their biomechanical functions. The caudal region
has a damping function, the central region has a supporting function for heavy loads and the cranial

region has a propulsion function.

2.8.2 Biokinetic studies of the digit

Bartel, et al developed a procedure based on an analytical model to determine the internal forces in the
digit of the horse®. The internal forces can be calculated from input data which includes external forces
between the hoof and the ground, configuration of the digit during the support phase of gait, and the
internal geometry of the digit. P3 and the navicular bone were taken as a unit. The internal forces for
this unit include the force of the bony column on the coffin joint, the force due to the suspensory

navicular ligament, the force due to the deep flexor tendon and the force of the ground on the hoof.
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2.8.3 Solar surface measurements

Pressure measurements
Different techniques for measuring pressures of the horse’s hoof have been developed, which include

: 3,24 - 13,61
modified horse shoes™" and strain gauges ™

. Inarecent study, prescaled pressure-sensitive film was
used to determine the centre of pressure of the soles of hooves of the forelimbs of horses standing on a
flat level surface''. The position of the hoof was recorded on sheets of white paper and carbon paper
that were aligned with the film in a purpose-built cassette. In the experiment the animal stood with its
one hoof on the cassette and the other on a wooden block of the same size. Pressures were then

10,11

recorded on the film and the pressure distribution was read with a densitometer . The centre of

pressure was found to be located in the medial heel area of the hoof.

The advantage of this technique is that measurements can easily be made. Variables that must be dealt
with during this procedure include the trimming techniques of the farrier, the effect of environmental
conditions on the film, the condition of the solar surface and the hoof wall and also the behaviour of the

10,11
horse .
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CHAPTER 3

MATERIALS AND METHODS

3.1 HOOF PREPARATION FOR THE APPLICATION OF THE REVERSE SHOE
The hoof was trimmed geometrically to a point of medio-lateral and toe-heel balance. This means

that the hoof was symmetrical from a dorsal, palmar and solar surface view.

3.2 RADIOGRAPHY
The hoof was prepared for radiography and radiographs were taken according to the standard operating
procedures of the Section of Radiology at the Academic Veterinary Hospital, Faculty of Veterinary

Science, Onderstepoort.

The radiographs were evaluated for any malformations of the hooves. According to Eustace et al, three
angles, namely the angle of the hoof wall with the ground surface (H), the angle of the dorsal surface of
the pedal bone with the ground surface (P) and the angle of the bony column with the ground surface
(B) can be measured from the radiographs®. The degree of rotation of the pedal bone (Angle R) and
the degree of rotation relative to the long bone (Angle L) can be calculated

Angle R = Angle P - Angle H

Angle L = Angle P - Angle B

The distance from the distal dorsal tip of P3 to the tip of the dorsal hoof was measured. The thickness
of the hoof wall was measured at two points, namely at the distal dorsal tip of P3 and dorsally at the
proximal limit of the flat surface of P3. These measurements were recorded by drawing a line

perpendicular to the level of the dorsal surface of P3 and then the distance between this line and the
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dorsal hoof wall was measured.

3.3 PARTIAL HOOF WALL REMOVAL

For this study, the distal 3" of the dorsal hoof wall was partially removed using a rasp. Removal of the
toe started at the most distal dorsal point of the toe, with the rasp held at an angle perpendicular to the
solar surface. In each case the hoof was rasped so that the dorsal wall formed a flat plane until either
the pinkish colour of the lamellae was visible, or until the dorsal branches of the shoe perpendicular to
the shoe were met. The hoof wall was gradually removed until what remained was somewhat soft and
spongy to the touch, and pinkish-white. Care was taken not to penetrate the sole and the underlying

tissues.

3.4 SHOEING THE PREPARED HOOF WITH A REVERSE SHOE

In each case, either a number 1 or a number 0 shoe was applied in the reversed position. The tip of the
round end of the shoe (toe of the shoe) was in line with the vertical line along the bulb of the heels
when the horse stood erect. The position of P3 was obtained from latero-medial radiographs and the
heels of the shoe was positioned 1cm dorsal to the distal dorsal tip of P3 (Figure 3). This position was
important to ease break-over of the foot with the pivotal point at the heel of the reverse shoe and not at
the distal dorsal tip of P3. In clinical cases this position may decrease unnecessary strain on the

sensitive lamellae.
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Heels of shoe

Figure 3: Photograph showing the position of the reverse shoe on the hoof

3.5 CALIBRATION OF THE LOAD CELLS FOR USE IN THE EXPERIMENTAL
PROCEDURES.

The load cells (Load Cell Services, South Africa) were calibrated in a Schench 100kN Tensile Testing
Machine (Calibration certificate number 5484.SFS190 SABS —Force Metrology, South Africa). A
specific load was applied to the load cells and the voltage output (V) for that specific load in Newton
was recorded. This volts/Newton value was used as the calibration factor for the load cells. The
calibration value for the HBM-KWS 3073 strain amplifier used in this study was also recorded for the
specific Volt/Newton value and was used to check the calibration of the cells during the test. During
the tests, the voltage output of the load cells was recorded with a PL202 Diagnostic Instrument. After
the tests, the data were downloaded with a RS232 port and were saved in ASCII format. The results
were processed with the Matlab for Windows Student version 4.2 Computer Programme (The

Mathworks, Inc).
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3.6 APPLICATION OF THE POLYSTYRENE PAD TO THE PREPARED HOOF

A polystyrene pad was made from a square block of polystyrene which was big enough to cover the
ground surface of the hoof. A print of the reverse shoe was made on the polystyrene block. The inner
area of the print was cut out with a jigsaw. The dorsal end of the polystyrene was cut off 1 cm palmar
to the heels of the reverse shoe (Figure 4). For the wedging, the desired percentage thickness of the
polystyrene in millimetres was measured on the side of the toe of the shoe, and the polystyrene was

then wedged from total thickness on the side of the heels to the mark on the side of the toe.

Figure 4: A photograph showing the position of the polystyrene pad on a hoof shod with a reverse
shoe

For application to the hoof, the pad was placed in position on the solar surface of the hoof. The pad
was secured to the hoof with elastic bandage (Smith+Nephew, VetBand, Adhesive Support Bandage,
South Africa). Short strips of elastic bandage were placed medial to lateral and dorsal to palmar,
followed by full circling of the hoof (Figure 5). The bandage did not cover any part of the conorary

band, so as not to compress the blood supply to already compromised tissue.
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Figure 5: A photograph showing the initial steps to secure the polystyrene pad to the hoof shod

with a reverse shoe, with elastic bandage.

3.7 PURPOSE-MADE EQUIPMENT FOR THIS STUDY

3.7.1 Solar plate

A solar plate was designed and made to be able to measure the load borne by the polystyrene pad filling
the solar surface. The plate was made from Smm steel. It was cut to fit into the inner area of either a
number 0 or number 1 shoe. The solar plate screwed onto the top load cell so that it could measure
vertical displacement caused by the load of the horse (Figure 6). The load caused by the solar area can

be calculated using this vertical displacement.

3.7.2 Modified shoe

A number 0 and a number 1 shoe were modified to stabilise the foot of the horse when it stepped onto
the measuring system. After the solar plate was attached to the load cell, the modified shoe was
attached firmly to the cell with the plate filling the inner area of the shoe. The shoe had four spacers, so
the reverse shoe on the hoof fitted firmly onto the modified shoe to stabilise the horse’s hoof (see

Figure 6).
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Solar plate

Modified
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Figure 6: Modified number 0 and number 1 horse shoe and solar plate used in this study for the
measurement of the load borne by the polystyrene pad and the hoof wall of a horse treated with a

reverse shoe and polystyrene solar pad.
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CHAPTER 4

INVESTIGATION INTO THE IN VITRO EFFECT OF A REVERSE SHOE AND
POLYSTYRENE PADDING ON THE BIOMECHANICS OF THE FRONT HOOF

OF THE HORSE

4.1 INTRODUCTION
Laminitis ultimately affects the sensitive lamellae and papilla of the hoof, causing severe pain, and

often leading to disruption of the lamellae-hoof wall interface®®>"%

. Degeneration of the lamellar
interdigitation occurs and the distal phalanx (also referred to as P3) separates from the hoof wall. This
can cause P3 to rotate towards the sole and, in more severe cases, P3 separates completely from the

5,6,38,51
4>

hoof wall and sinks downwar . Chronic laminitis usually results in the end of the animal’s

athletic career or demands humane destruction.

Therapeutic shoeing is often used in an attempt to treat laminitis. The aim of therapeutic shoeing is to

change the weight distribution in the hoof in an attempt to reduce pain®’~>**, decrease strain on

27,33 6,25,64

compromised lamellae™*", prevent or minimise P3 rotation or sinking and to enhance circulation

to the coronary band and stimulate balanced hoof growth™®*.

Most commonly used shoes include non-adjustable and adjustable heart-bar shoes®, reverse shoes with
pads®, reverse shoes with heart-bars, egg-bar shoes with and without heart-bars, regular shoes with
different pads’, reverse even frog pressure shoes*, other shoes with pads™. Using solar pads transfers
some load-bearing from the hoof wall to the solar surface. Support of the hoof, especially support of
the sole and frog has been recommended®’. Various methods to provide sole support have been

documented, including: plaster of Paris, (3M), standing the horse in sand or mud, or packing the sole
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with acrylic or silicone caulking or sponge rubber®*®®. The proposed action of solar pads is to stabilise
P3. It also results in an elevation of the heel and decreases tension on the deep digital flexor tendon®.
Solar support over the entire solar surface provides a more even distribution of weight away from the
hoof wall®.

The application of the reverse shoe and polystyrene solar support is an attempt to combine the
advantages of the reverse shoe, the heart-bar shoe, the reverse even frog pressure shoe and solar
padding in the treatment of horses with chronic laminitis®®. This approach is designed to spread
pressure uniformly over a large area of the solar surface of the hoof. The most useful characteristic of
polystyrene for the treatment of laminitis is the ability of the material to deform into the shape of the
solar surface of the hoof, while still maintaining a certain amount of elasticity. It can therefore support

the bony column and stabilise P3.

The aim of this study was to investigate the effect of the reverse shoe, partial dorsal hoof wall removal
and polystyrene solar support on the in vitro biomechanics of the front hoof of the horse. The load
carried by the hoof wall and the solar area was measured separately using two load cells. A constantly
increasing load was applied to the limb by a tensile testing machine. A maximum load of 66% of the
bodyweight of the horse was applied to the limb. Pressure-sensitive film was used to measure the

pressure distribution of the load carried by the solar surface for each of the treatments.

4.2 MATERIALS AND METHODS

Three Thoroughbred horses donated by the South African Defence Force Veterinary Hospital,
Potchefstroom were used in this study. These horses were scheduled for euthanasia and only horses
with no history of laminitis, lameness or any other abnormalities in the front limbs, or radiological

pathology were used. The hooves were trimmed and prepared for applying reverse shoes and
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radiographs were taken. The reverse shoes were applied to the hooves prior to euthanasia. The limbs
were amputated at the proximal radius. The experimental procedure was carried out as soon as possible
post-euthanasia to prevent possible errors in the experimental data due to post-mortal changes. The
horses were euthanased on three separate days after each horse was shod with a reverse shoe. All
experimental work was done at the Faculty of Veterinary Science, Onderstepoort and at the Laboratory

for Advanced Engineering (LAE), University of Pretoria.
4.2.2 Experimental Design
Hardware

Reverse shoe

Mustang shoes (Mustang, South Africa), which are mild steel horse shoes, were used as reference
shoes, as they are commercially available and currently used by many farriers and veterinarians. The
manufacturer donated the shoes needed for the project. The shoes were applied in the reverse position
to the hooves, with the necessary alterations to fit properly. For a number 0 shoe, the ratio between the
shoe area (hoof wall) and the inner area (sole), which was to be filled with the polystyrene pad, was
47,31% for the shoe and 52.69% for the inner area. For a number 1 shoe, the ratio was 46,11% for the
shoe and 53.39% for the inner area. These figures were calculated using the finite element method.
The principle of this method was to divide the shoe and inner area into small 1mm® elements
respectively and count them. The sum of all the elements amounted to the area of the shoe (hoof wall)
and the inner area (sole) of the shoe respectively .

Polystyrene

Polystyrene is produced from benzine-ethylene, with polymerisation accomplished in the presence of

catalysts using organic peroxides (Sagex, A division of MegaPlastics, South Africa). The mechanical
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properties of polystyrene are density-dependent and it is therefore important to calculate the density

needed for the purpose of this project.

The product is available in different sizes and different densities. Polystyrene with a density of
32kg/m’ and a thickness of 60mm was used in this study. These values were calculated by assuming
that a horse puts 66% of its body weight onto the one forelimb when standing on that limb. Using
equation 1 and the compressive strength tables (Appendix A), provided by the manufacturers (Sagex,
Roodepoort, South Africa), the optimal density and thickness of the polystyrene can be calculated.
Equation 1 was used to calculate the compression strength of the polystyrene pad for a hoof with a

known solar surface and a load applied to the hoof (Equation 1).

Compression strength = Load borne by the front hoof (N)*/ solar surface of the hoof (m?)

*The load borne by the hoof is taken as 66% of the total bodyweight of the horse. (1)

The solar area for a hoof shod with a number 1 shoe was calculated with the finite element method as 2
290mm?” and for a number 0 shoe as 1 692mm? . For a horse with a body weight of 500kg and therefore
aload of 3237.3 N on the front limb, the compression strength was calculated as 141.37x10* N/m? for a
number 1 shoe and 191.33x10* N/m? for a number 0 shoe. The compression strength at yield of the
polystyrene used in this study had to be lower than the compression strength calculated. This would
ensure that the polystyrene was compressed and deformed according to the solar surface of the hoof.
The compression strength at yield for different densities of polystyrene obtained from the graphs
supplied by the manufacturer was 6x10* N/m? for the 16 kg/m?, 13x10* N/m? for the 24 kg/m’ and
18x10* N/m* for the 32 kg/m’ (Appendix A). From the values calculated for the hooves, the
polystyrene would definitely deform. The compression modulus (Young’s Modulus) (E) is an

indication of the stiffness of the material. Small values of E indicate that the material will still be
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flexible, and higher values of E indicate that the material becomes more stiff and rigid. From the
graphs supplied by the manufacturers, the compression modulus at yield of the polystyrene used in this
study was 100x10* N/m? for the 16 kg/m’, 200x10* N/m? for the 24 kg/m’ and 300x10* N/m” for the 32
kg/m®. From these numbers it is clear the 16 kg/m’ is more flexible than the 24 kg/m’ and the 32 kg/m’
which became rigid after the application of a load to the pad. The 16 kg/m’ polystyrene pad also
“springs back” to it normal position after the load has been released, while the 24 kg/m’ remains in its

new deformed state, and even more so for the 32 kg/m’.

The stiffness of polystyrene makes it a good material for use as a solar pad. The stiffness is a non-
linear function, which has the same effect as a mattress. For a lower load, it compresses to a point and
with a higher load, it will compress more. In both cases the deformation will be plastic and therefore
will maintain that form. This enables polystyrene to give solar support over the total surface of the
deformed pad for the different loads applied to different places on the pad. Material that is more

elastic, for example silicone, does not have the same supportive system as polystyrene.

Pressure Film.

Fuji Prescale Super and Ultra Super Low-Pressure film (Fuji Film, Fuji Photo Film Co. LTD, Tokyo,
Japan) was used in this study to indicate the pressure distribution of the polystyrene on the solar surface
of the hoof. This film is composed of an A-film, which has a layer of micro-capsulated colour-forming
material in it, and a C-film which includes a layer of colour-developing material. The colour-forming
microcapsules break at different pressures, allowing one to obtain the desired colour density. This
density can be measured with a densitometer or other techniques. This film is sensitive to changes in
both temperature and humidity and the recorded values need to be corrected using correction factors
(Appendix B). The Ultra Super Low-Pressure and Super Low-Pressure films that were used in this

study have pressure ranges of 0.2 — 0.6 MPa and 0.5 - 2.5 MPa, respectively. Both these types of
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pressure film were used, as only a certain amount of film was available for the experimental work and
there was not enough of either type alone for completion of the task. The continuous pressure method,
as indicated by the manufacturers, was used in this study. For this method, the pressure was increased

gradually to the given level and maintained at that level for 20 seconds.

Tensile Testing Machine

The tensile testing machine (J.J. Tensile Testing Machine, Type TS5 000, Lloyd Instruments South
Hampton, UK) consists of a vertical frame with two vertical screws on which a crosshead is fitted. A
calibrated load cell was connected to the crosshead. The hoof rested on another calibrated load cell
(Route, Rulp, 5 ton, ser #. 11716) that measured the total load exerted on the solar surface. The load
distribution of the hoof wall was measured by subtracting the total load applied to the limb, measured
with a load cell (Load Cell Services, 1 ton, ser # 29560) connected to the top of the tensile testing
machine, from the load measured with the load cell connected to the bottom of the machine. Metal clips
stabilised the hoof to the surface on which it rested. These clips formed part of a purpose-built platform
on the bottom load cell (See Chapter 3). The outputs of the testing machine were connected to an

amplifier (HBM-KWS 3073 Signal Conditioner, Germany) for data recording (Figure 7).
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Figure 7: A photograph showing the experimental set-up for the measurement of the load distribution
on the solar surfaces and hoof walls of cadaver limbs with partially removed hoof walls and reverse

shoes and polystyrene pads applied to them.

Experimental Layout

The horse was weighed and its body mass was recorded on the data sheet. The hoof was prepared for
radiography. Latero-medial radiographs of P3 of the hoof of the live animal were taken according to
the standard operating procedure at the Onderstepoort Veterinary Academical Hospital (OVAH).

A piece of straight wire, with a length of 80.5mm, was lain on 