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ABSTRACT

Within performance dentistry a technique known as “bit seating” is used to create 

comfort to the oral cavity of the ridden horse (Linkous, 2005). The amount of tooth 

that  should  be  removed  remains  unclear  throughout  the  equine  dentistry 

professionals.  However  Becker  (1962)  found that  there  was  10mm of  secondary 

dentin between the occlusal surface and the pulp chamber. This figure was therefore 

used as a guideline for many EDTs and veterinary practitioners.

This study investigated four measurements; the width of the number 6 pulp chamber, 

the distance from the rostral aspect of the tooth to the number 6 pulp chamber, the 

distance from the occlusal surface of the tooth to the number 6 pulp chamber and the 

distance  from the  rostral  corner  of  the  tooth  to  the  number  6  pulp  chamber  in 

mandibular second premolar teeth, in relation to age, breed and gender. The evidence 

from this  study would  provide  the  equine  dental  industry  with  vital  information 

which could act as a guideline, when bit seats are being installed, as to how much 

tooth  could  be  removed  before  exposing  vital  pulp,  in  equines  of  different  age, 

breeds and gender. 

60 cadavers were used for the study, the rostral half of 120 second premolars where 

removed using 3 cuts made by a Dremel 300 series. Two measurements were taken 

before the final cut was made, these were; the width of the number 6 pulp chamber 

and the distance from the rostral aspect of the tooth to the number 6 pulp chamber. A 
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final cut, through the number 6 pulp chamber was made in all 120 teeth; this allowed 

the  researcher  to  take  the  last  two measurements.  These  measurements  were the 

distance  from the  occlusal  surface  of  the  tooth  to  the  top  of  the  number  6 pulp 

chamber and the distance from the top of the number 6 pulp chamber to the rostral 

corner of the tooth. 

The study found very high significant differences between age and the distance from 

the rostral aspect of the tooth to the number 6 pulp chamber in the 306 and 406 teeth,  

and  between  age  and  the  distance  from the  occlusal  surface  of  the  tooth  to  the 

number 6 pulp chamber in the 406 teeth. (P<0.001). The results found that breed and 

gender did not present any significant values for any of the four measurements. 

The study concluded that second mandibular teeth can be reduced by an average of 

6.06mm when installing bit seats, before exposing vital pulp. This result contradicts 

the original guideline of 10mm (Becker, 1962).

The results from this study will provide EDTs and veterinary practitioners with new 

scientific evidence that they can apply to the industry and in turn improve the welfare 

of many equines.
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CHAPTER ONE

Introduction and Aims

1.0 Introduction

The subject of equine dentistry has attracted considerable attention in the past two 

decades (Baker et al, 2005). This rise in attention was due to the increasing number 

of veterinary practitioners that decided to expand their  knowledge and interest  of 

equine dentistry (Scoggins, 2004). 

Within equine dentistry there are a number of different procedures such as health 

floating, performance floating and extractions. Within performance floating there is a 

procedure called rostral roundings (bit seats) (Baker et al, 2005). The creation of bit 

seats is a procedure that is used in performance dentistry (Linkous, 2005). Bit seats 

are primarily installed to enhance the comfort of the horse whilst they are ridden and 

in turn allow the horse to reach their full potential (Wielewski, 1999; Linkous, 2005). 

The  basics  for  rostral  roundings  are  the  same;  they  are  created  on  the  second 

premolar teeth of both the mandibular and maxillary arcades (Johnson, 2007). The 

depth and severity of the rostral roundings can vary depending on the discipline of 

the horse (Scoggins, 2001). The teeth should be rounded like the end of an index 

finger or a marble (Baker et al, 2005). 

There  is  currently a  lack  of  knowledge into  the  equine  pulp  chamber  (Kirkland, 

1994; Kirkland et al, 1996, Becker, 1996). When equine teeth erupt they contain one 

common pulp chamber, this continues to develop over the life of the tooth and will 

result in each cheek tooth containing at least five pulp chambers. The second and 

sixth  cheek teeth  contain  an  additional  pulp  chamber,  and occasionally  the  sixth 

cheek tooth will contain a seventh pulp chamber (Dacre, 2004). This can be seen in 

figure 1.
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Figure 1: Pulp horns in equine cheek teeth (Dacre et al, 2008)

Research into the severity of bit seating the second mandibular premolars and how 

far  beneath  the  occlusal  surface  the  number  6  pulp  chamber  lies  remains  very 

incomplete (John, 2007; Dacre et al, 2008). It is therefore vital to shine light on this 

neglected but necessary area of equine dentistry. 

1.2 Aims and Objectives

This study will investigate:

 The width of the number 6 pulp chamber in the mandibular second premolar 

teeth 

 The  distance  from  the  rostral  aspect  of  the  tooth  to  the  number  6  pulp 

chamber in mandibular second premolar teeth

 The distance from the occlusal  surface of the tooth to the number  6 pulp 

chamber in mandibular second premolar teeth

 The  distance  from  the  rostral  corner  of  the  tooth  to  the  number  6  pulp 

chamber in mandibular second premolar teeth
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The  objectives  of  this  study  will  identify  if  there  is  any  statistical  relationship 

between the four measurements of the number 6 pulp chamber, in relation to age, 

breed and gender of the horse.

1.3 Hypothesis

Hypothesis:

The age, breed and gender of the horse will affect the width of the number 6 pulp 

chamber,  the  distance  from the rostral  aspect  of  the tooth  to  the number  6 pulp 

chamber, the distance from the occlusal surface of the tooth to the number 6 pulp 

chamber and the distance from the rostral corner of the tooth to the number 6 pulp 

chamber in mandibular second premolar teeth.

Null hypothesis: 

The age, breed and gender of the horse will not affect the width of the number 6 pulp 

chamber,  the  distance  from the rostral  aspect  of  the tooth  to  the number  6 pulp 

chamber, the distance from the occlusal surface of the tooth to the number 6 pulp 

chamber and the distance from the rostral corner of the tooth to the number 6 pulp 

chamber in mandibular second premolar teeth.
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CHAPTER TWO

Literature Review

2.0 History of Equine Dentistry

Equine Dentistry has been recognised and practiced for several hundred years (Chuit 

et  al,  2008;  Chuit,  2006).  Merillatt  (1906) stated  that  “the principal  objective  of  

dentistry is to promote the general health of the horse by improving mastication and  

by relieving  pain”.  This statement  remains  similar  to  the beliefs  of many equine 

dental technicians (EDTs) and veterinary practitioners that perform dentistry in this 

era (Baker et al, 2005). 

In the past two decades the advances in technology have played a significant part in 

equine dentistry (Chuit et al,  2008). The practice of dentistry in horses is behind 

other companion animals by almost 20 years (Galloway et al 2008). There may be 

for a number of reasons for this, such as; the small number of basic research that is  

available (Dixon, 1993), the lack of formal dental education (Schumacher, 2001) and 

the lack of translational application of human dental surgical techniques to equine 

dental disease (Pascoe, 2006). Both horse owners and trainers have recognised the 

need for properly performed equine dentistry and the beneficial affect that is has on 

the horses’ behaviour, performance and feeding efficiency (Scoggins, 2004).

2.1 Equine Dentition

Equines  are  termed  as  diphyodont  (Dixon,  2005);  they  have  two  sets  of  teeth, 

deciduous and permanent. Table 1 shows the dental formula for equine deciduous 

and permanent teeth. Equine adults have four types of teeth; these consist of incisors, 

canines, premolars and molars. The teeth are displayed in the oral cavity in a rostro-

caudal order (Baker et al, 2005). 
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Table 1: Dental Formulae for equine deciduous and permanent teeth (Kuryszko et  

al, 2002).

Tooth type Formula

Deciduous Dental Formulae (I3/3, C1/1, P3/3, M0) X2

Permanent Dental Formulae (I3/3, C1/1, P3/3, M3/3) X2

2.1.1 Incisors

Each type of tooth has clear morphological characteristics and a specific function 

(Baker  et  al,  2005).  The incisor  teeth  are  single  rooted  teeth,  specialised  for  the 

prehension and cutting of food (Kuryszko et al 2002). The occlusal surface and shape 

of the incisors change with age (Baker et al, 2005). Table 2 shows the morphological 

changes in the occlusal surface of incisors with age.

Table 2: Change in incisor occlusal surface appearance (Baker et al, 2005).

Age Occlusal surface appearance
4 years Transversely oval
12 years Round

18 yeas Triangular
25 years Longitudinally oval

2.1.2 Canines

Equine canine teeth are single rooted and cone shaped (Kuryszko et al, 2002). They 

do not continually erupt like the cheek teeth and therefore longer reserve crowns can 

be present in older horses. Canine teeth most commonly occur in male equines and 

females only have a 28% incidence reported (Baker et al 2005).

2.1.3 Premolars and Molars 

The  premolars  begin  with  the  “wolf  tooth”;  these  are  brachydont  teeth  that  are 

located immediately in front of the second premolar teeth (Dixon, 2002). Wolf teeth 

are most commonly found in the upper arcades, but they can be present on the lower 

arcades  (Baker  et  al,  2005).  The remaining  premolars  and molars  are  classed  as 
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cheek teeth. There are 12 cheek teeth in total in each arcade (Kuryszko et al, 2002). 

The main function of cheek teeth is to grind the food material during mastication 

(Baker et al, 2005).

2.2 Tooth Nomenclature

The teeth  are  numbered  using the  Triadan  numbering  system.  The numbering  is 

based on a full dentition made up of 44 teeth (Dixon et al, 2005). Figure 2 shows the 

tridan numbering system as one would look at the horse. There are four quadrants; 

these indicate if the tooth is deciduous or permanent. In each quadrant is an arcade 

and each arcade contains 11 teeth. The teeth are numbered from 1 (the first incisor) 

to 11 (the last molar) (Baker et al, 2005).

Figure 2: Triadan Numbering System (Floyd, 1991)

2.3 Embryology of Equine Teeth

The anatomy of equine teeth is designed to promote structural integrity and there by 

prolong the tooth’s life (Boyde,  1997).  However the knowledge of equine dental 

anatomy remains very limited (Kilic et al, 1997a). There are four main components 

that make up equine teeth these are; enamel, cement, dentin and pulp (Baker et al, 

2005; Klugh et al, 2003)). Each of these dental tissues have specialised features to 

prolong the life of the tooth (Magne et al, 2001). Enamel, cement and dentin have 

been arranged to alter between hardness and elasticity (Kilic et al, 1997a). The three 

tissues differ in hardness and therefore wear at different rates (Du toit, 2006).
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2.3.1 Occlusal Surface

The occlusal surface of equine cheek teeth is sloped; this is due to the anatomical 

configuration of the maxillary and mandibular  cheek teeth rows and the different 

rates of dental attrition (Kilic et al, 1997a).  The rate of dental attrition depends on 

the type of food being fed, the force and direction of the chewing action, the size, 

shape, angles of the occlusal surfaces and the relationships of opposing cusps and the 

crown patterns in the occlusal surfaces (Baker et al, 2005).

2.3.2 Enamel

Enamel is the hardest, most dense substance in the equine body (Baker et al, 2005), 

however it is surprisingly brittle (Wiggs et al, 1997). As it is such a hard substance it 

has a much higher resistance, this helps to protect the softer underlying dentin from 

excessive wear (Kilic et al, 1997a). Enamel has an almost translucent appearance due 

to its high mineral content, which is approximately 96-98%; it gains its colour from 

the underlying  dentin  (Dixon,  2005).  Enamel  can be regarded as an almost  inert 

tissue,  this  is  because  the  ameloblasts  cease  production  once  the  tooth  is  fully 

formed, and therefore enamel does not have the ability to repair itself (Baker et al, 

2005).

2.3.3 Enamel types

There are three types of equine enamel; type 1, type 2 and type 3 (Kilic et al, 1997b). 

The  categories  are  classified  due  to  the  shape  of  the  enamel  prisms  and  the 

arrangements of prismatic and interprismatic enamel (Dixon, 2002). Table 3 shows 

the different types of enamel.

Table 3: Equine enamel types, location and characteristic (Kilic et al, 1997b)

Enamel Type Characteristics and location

Type 1  Alternating rows of oval shaped prisms

 Thick interprismatic enamel plates

 Found adjacent to the amelodentinal junction
Type 2  Circular, key hole or horse shoe shaped prisms

 Little of no interprismatic enamel

 Located adjacent to the amelocemental junction
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Type 3  Rounded prisms

 Large amounts of interprismatic enamel

 Inconsistently present in a thin layer at the amelodentinal and 

amelocemental junctions
 

2.3.4 Cement 

Cement (cementum) is a white or cream coloured calcified dental tissue (Baker et al, 

2005)  that  has  a  histological  appearance  that  is  similar  to  bone  (Dixon,  2002). 

Cement  is  made  up of  approximately  65% inorganic  materials  and 35% organic 

materials and water components. The high organic and water content gives cement a 

flexibility that is similar to dentin. Cement is the most adaptable of all the calcified 

dental  tissues,  as  it  can  be  quickly  deposited  in  response  to  infection  or  trauma 

(Baker et al, 2005).

Cement that surrounds the reserve crown and roots is living tissue (Robinson et al, 

2002);  the  cells  and  cementoblasts  are  nourished  by  the  vasculature  of  the 

periodontal ligament (Baker et al, 2005). Table 4 shows the classifications of cement 

depending on its anatomic location.

Table 4: Cement classifications (Kilic et al, 1997d; Baker et al, 2005)

Cement classifications
 Acellular or cellular

 Peripheral of infundibular (only in maxillary and incisor teeth)

 Coronal or root

When equine teeth erupt the occlusal surfaces are fully covered by a layer of coronal 

cement (Kilic et al, 1997a; Baker et al, 2005) and enamel (Kilic et al, 1997d). The 

layer  of  coronal  cement  and enamel  is  worn away by normal  attrition  to  expose 

dentine (Kilic et al, 1997a). The exposure of dentin terms the tooth surface as the 

second occlusal surface, which represents the true functioning occlusal surface of 

hypsodont teeth (Mitchell et al, 2003). Table 5 shows the functions of cement within 

equine teeth.
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Table 5: Functions of cement (Baker et al, 2005; Kilic et al, 1997d)

Action of cement Function
Anchorage Provide  anchorage  for  fibres  of  the  periodontal  ligament, 

with some flexibility, that support the tooth in the alveolus
Protection Protect the underlying dentin at the dental apex
Strength In older hypsodont teeth, cement contributes to the size and 

strength of the residual tooth to compensate for crown wear
Reabsorption Cement  is  deposited  on  the  enamel  surface  to  prevent 

further reabsorption by odontoclasts

2.3.5 Dentin

Dentin is the main dental component and forms the bulk of the tooth (Baker et al, 

2005).  The  appearance  of  dentine  is  a  cream  coloured,  calcified  tissue  that  is 

compromised of approximately 70% minerals, mainly hydroxyapatite crystals, and 

30%  organic  components  and  water  (Dixon,  2005).  Table  6  highlights  the 

characteristics of dentin.

Table 6: Different dentin structures and characteristics (Kilic et al, 1997c; Baker et  

al, 2005; Dacre, 2008)

Dentin Structures Characteristics
Dentinal tubules  Histological feature that is surrounded by peritubular 

dentin 

 Extend from the pulp cavity, across the width of the 

tooth to the enamel
Peritubular dentine  Forms tubule walls

 Higher mineral content than intertubular dentin

 Higher resistance to wear then intertubular dentin
Intertubular dentine  Lies between tubules
Odontoblast processes  Dentin  forming  cell  that  originates  from  dental 

papilla

Dentin has an intimate relationship with enamel as it supports the hard yet  brittle 

tissue by dissipating the mastication forces through its more resilient matrix (Kilic et 

al, 1997a). As dentin is a sensitive living tissue, any grinding of dentine that involves 

interference with odontoblast processes, such as the removal of large over growths, 

can potentially cause pain (Baker et al, 2005). 
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2.3.6 Types of Dentin

There are two main types of dentin these are; primary and secondary dentin (Dixon, 

2005). This can be seen in table 7. Secondary dentin can be subdivided into regular 

(physiological) and irregular dentin (pathological, reparative and tertiary) (Kilic et al, 

1997c). This can be seen in table 8. Dentin is a major component of the secondary 

occlusal surface (Kilic et al, 1997c). 

There is an intimate association between dentin and the pulp chambers; this causes 

the two tissues to act as a single functioning unit  (Baker et al,  2005; Kilic et  al,  

1997c). If there is damage to either of these tissues the other tissue will be affected 

(Muyelle et al, 2002). 

Table 7: Characteristics of primary and secondary dentin (Kilic et al, 1997c; Kilic et  

al, 1997b; Baker et al, 2005; Enden et al, 2008; Ten Cate, 1998; Dixon, 2002)

Primary Dentin Secondary Dentin
 High  levels  of  peritubular 

dentine,  surrounding  dentine 

tubules

 Almost  translucent  appearance, 

similar to enamel

 Highly mineralised

 Odontoblast processes with many 

side  branches  that  extend  into 

lateral  canaliculae  that  helps 

restrict contraction

 Odontoblast  processes  are 

surrounded  by  dentin  tubules 

which are filled with intertubular 

dentin

 Laid down until the external form 

of tooth is completed 

 Less mineralised

 Gradually produced over the life 

of the tooth

 Replaces pulp over the life of the 

tooth

 Dull opaque appearance

 Absorbs  pigments  from  food 

which  gives  it  a  dark  brown 

colour

 Wears faster than dentin near the 

amelodentinal  junction, 

developing  a  hollow  on  the 

occlusal  surface  of  secondary 

dentin

 Incomplete  or  defective 

deposition  is  the  main  cause  of 

dental caries
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Table 8: Differences between regular and irregular dentin (Kilic et al, 1997c; Baker  

et al, 2005)

Secondary Dentin Characteristics
Regular Dentin Irregular Dentin

 Forms  a  significant  contribution 

to  the  total  amount  of  equine 

dentin

 Less organised

 Contains  no  connecting 

odontoblast processes as dentinal 

tubules fully seal off pulp

 Contains  virtually  no  peritubular 

dentin

2.4 Pulp

Pulp is a soft tissue that is contained in the pulp cavities (Dixon, 2002). It contains a 

connective tissue skeleton that includes fibroblasts, thick collagen, a network of fine 

reticulin  fibres,  connective  tissue  cells  that  can  differentiate  into  odontoblasts,  if 

appropriately stimulated, many blood vessels and nerves (Baker et al, 2005).

2.4.1 Pulp horns

Recently erupted cheek teeth contain one large pulp, as the tooth matures this single 

pulp is divided into separate pulp horns (Dacre, 2006a). Incisor teeth only contain 

one pulp cavity (Baker et al, 2005). All of the cheek teeth contain five pulp horns,  

however triadan number 06 premolars and number 11 molars contain six pulp horns 

(Dacre,  2004).  The number 11 molars  can occasionally contain seven pulp horns 

(Baker  et  al,  2005).  A  pulp  horn  is  the  pulp  within  each  individual  endodontic 

chamber (Dacre, 2006a). These separate pulp horns may not develop until five to six 

years after root formation is complete, this is approximately two years after the tooth 

has erupted (Baker et al, 2005).

A healthy pulp horn should never become occlusally exposed (Enden et al, 2008). A 

pulp horn may become exposed because of trauma or iatrogenic trauma during dental 

treatment  (Baker et  al,  2005).  Whilst  performing large dental  reductions,  such as 

aggressive  bit  seats,  it  is  important  that  the  practitioner  has  good knowledge  of 

endodontic anatomy. This includes being aware of how much pulp has been replaced 
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by dentin and therefore indicating how much reserve crown can be removed before 

entering vital pulp (Dacre et al, 2008). 

2.4.2 Pulp trauma

In  a  study  by  Zach  and  Cohen  (1965)  it  was  found  that  an  increase  of  pulp 

temperature by 5.5ºC will cause irreversible histological damage to the pulp. Injuries 

to  the  pulp  can  be  caused  by  heat,  pressure,  vibration,  chemical  exposure  and 

bacterial  infection  (Dacre,  2006b;  Raab,  1992).  Thermal  damage  will  result  in 

necrosis that may not be evident for several years after the initial insult (Wilson et al, 

2005). 

If  the  clinical  crown of  a  tooth  becomes  damaged,  e.g.  a  fracture,  it  can  cause 

bacteria pulpits which can lead to an apical infection. This may occur if the pulp 

becomes exposed to the oral environment, as the bacteria can spread down the pulp 

chamber  and  extend  through  the  apical  foramina  (Enden  et  al,  2008).  Therefore 

resulting in a local or generalised decrease of secondary dentin forming in the pulp 

chamber (Dacre et al, 2008). This decrease will depend on the size and nature of the 

pulpar lesion (Enden et al, 2008). Pulp exposure can lead to death of the tooth, unless 

it can be saved using a dental technique such as pulp capping or surgical endodontic 

therapy (Baker et al, 2005).

2.4.3 Pulp exposure

If the pulp is exposed, by a procedure such as bit seating, it will cause the horse pain 

and sensitivity due to the large amounts of sensitive tissue that has been removed 

(Johnson et al, 2006). This exposure of sensitive tissue may cause inflammation to 

the tooth,  which will  cause excessive  salivation  after  the procedure (Baker  et  al, 

2005). The performance and welfare of the horse will be hindered as some horses 

may become dysphagic and exhibit other signs of oral discomfort, such as, twisting 

and stretching of the neck and head (Johnson et al, 2006).

2.4.4 Factors affecting pulp

The age of the horse is a large factor in how much thermal stress a tooth can receive  

before damage is caused. As older horses have a thicker layer of dentin, the tooth can 

generally tolerate more thermal exposure as there is an increased heating time than in 
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younger  horses’  teeth  (Wilson  et  al,  2005).  As  more  dentin  has  been  deposited 

throughout the tooth’s life the pulp length will reduce with age (Baker et al, 2005). 

Table 9 contains the internal anatomical changes in teeth as they mature. In a study 

by Gasse et al (2004) it was recorded that age-related changes can cause a reduction 

of the number of vital pulp horns, this is due to deposition of secondary dentin.

Table 9: Internal anatomical changes that occur as teeth mature

Anatomical changes
 Decrease in pulpar volume

 Decrease in interpulpar communications between pulp horns

 Decrease in distance the pulp extends apically within individual roots

In a study by Dare et al (2008), it  was recorded that pulp was present in 50% of 

mandibular 06 cheek teeth pulp chambers. The pulp was located just 2-6mm beneath 

the occlusal surface.

2.5 Corrective dental procedures

Corrective dental procedures have been practiced on equine patients for hundreds of 

years (Chuit et al, 2008; Baker et al, 2005). The corrective procedures are performed 

to relieve sharp points, improve mastication and in turn improve digestion of feed 

(Linkous,  2005),  alleviate  stress  on  abnormally  worn  teeth  and  to  prevent  any 

discomfort associated with the bit. The removal of sharp points by floating the teeth 

has  proven  to  have  a  positive  effect  on  the  trainers’  perception  of  the  horses’ 

response to the bit (Baker et al, 2005).

2.6 Performance Dentistry

The main  concept  of  performance  dentistry  is  to  provide  comfort  to  the  horses’ 

mouth whilst they are ridden, on or off “the bit” (Linkous, 2005) or whilst using 

other  equipment  (Baker  et  al,  2005).  Performance  dentistry aims  to  maintain  the 

horses  mouth  in  a  manner  that  will  enable  the horse to reach their  full  potential 

(Linkous,  2005).  Performance  dentistry  includes  dental  prophylaxis  (Baker  et  al, 

2005), balance and equilibrium (Linkous, 2005).  A more extensive list of treatments 

can be seen in table 10.
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Table 10: Performance dentistry procedures (Baker et al, 2005)

Performance dentistry procedures
 Removing or reducing wolf teeth

 Smoothing canine crowns

 Balancing molar table heights and angles

 Balancing incisor table heights and angles

 Installing rostral rounding’s (bit seats)

2.7 Rostral Profiling

Rostral  rounding’s (bit  seats)  are a procedure that has been carried out in equine 

dentistry for many years (Scoggins, 2003; Bendrey, 2006). The term “bit seats” is a 

misnomer as a properly fitted bit should not be in contact with the horses’ premolars 

(Johnson, 2007). A bit seat is created in an attempt to make the horse as comfortable 

as possible for a period of time, and to reduce irritation and pain that is caused by the 

bit  as  it  pulls  or  pushes  the  soft  tissue  against  the  premolars  (Scoggins,  2003; 

Linkous,  2005;  Baker  et  al,  2005;  Bendrey,  2006),  to  help  enhance  the  horses’ 

performance and keep the horse focused on the job (Scoggins, 2003; Linkous, 2005).

2.7.1 Reasons for rostral profiling

Soft tissues may become easily traumatized when the horse is ridden as they can 

become trapped between the bit  and sharp dental  protuberances  when pressure is 

applied to the reins (Johnson et al, 2006). This would cause great discomfort to the 

horse as every time the bit  moves it  would cause irritation  to the affected tissue 

(Scoggins,  2001;  Bennett  2006).  Horses  that  are  experiencing  discomfort  due  to 

traumatized soft tissue may exhibit behavioural signs, such as tossing of the head, 

leaning on the bit and hanging their tongue out of the affected side of the mouth 

(Scoggins, 2001; Johnson, 2002),  this  is related to avoiding bit  contact  (Johnson, 

2002). 

2.7.2 Methods of rostral profiling

Within the equine dentistry industry there is no set rule for how much tooth should 

be removed as there are many differences in opinion about the need for creating bit 

seats, how severe they should be and the smoothness required (Baker et al, 2005; 

Johnson, 2007). 
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A bit seat can be described as simply bevelling of both upper and lower premolars on 

both sides of the mouth (Scoggins, 2003). The general procedure for installing a bit 

seat  is  the  same  in  each  horse;  however  the  amount  of  tooth  removed  may  be 

different (Scoggins, 2001). In order to create bit seats the anterior aspect of the upper 

and lower second premolars needs to be rounded, in some cases to half its height or 

one third of its length (Baker et al, 2005). The rounding and smoothing of the tooth 

should extend from the gum line and include the lateral and medial edges (Linkous, 

2005). The end result of the tooth should be rounded like a marble and the teeth 

should be symmetrically relative to one another (Baker et al, 2005). 

When installing  bit  seats  it  is  important  to  think  about  the  timing.  Many young 

performance  horses  have  bit  seats  installed  to  potentially  avoid  any unnecessary 

discomfort that may encourage them to pick up bad habits (Scoggins, 2003).

2.7.3 Discipline of the horse

When  a  practitioner  is  installing  bit  seats  it  is  important  that  they  consider  the 

discipline of the horse (Scoggins, 2001), the bit that will be used (Baker et al, 2005) 

and the skill of the rider. The rougher the rider is on the horses’ mouth, the deeper 

the bit seats need to be (Scoggins, 2003).  

Polo ponies and barrel racing horses both wear gag bits; they require deeper bit seats 

than western pleasure and cutting horses that wear a grazer curb bit (Scoggins, 2001; 

Bennett,  2006).  Racing  thoroughbreds  require  further  rounding  of  the  second 

premolars then a pleasure horse; this is because of their difference in head carriage. 

The chin  of  a  racing  thoroughbred must  extend  to  help  them achieve  maximum 

speed, where as a pleasure horse is asked to perform with their head nearly vertical 

(Bennett, 2006).

2.7.4 Trauma caused by rostral profiling

Whilst creating a bit seat care must be taken to ensure that excessive amounts of 

tooth  are  not  removed  (Bennett,  2006).  After  installing  bit  seats  many  horses 

experience discomfort or sensitivity to the second premolars due to the large amount 

of tooth that was removed (Johnson, 2007). The teeth may be sensitive because they 
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were subjected to aggressive bit seats (Dacre et al, 2008). Aggressive bit seats can 

cause sensitivity by causing thermal  damage (Baker et  al,  2002b),  decreasing the 

occlusal surface of the tooth (Johnson, 2007), exposing sensitive dentine (Dacre et al, 

2008) and by exposing the pulp chamber (Baker et al, 2005; Linkous, 2005). 

When vigorous bit seats are being installed the tooth may show a “blush” across the 

exposed  dentine.  This  “blush”  indicates  how  close  the  procedure  has  come  to 

exposing the mesial  pulp horns (Baker  et  al,  2002b).  In some instances  the pulp 

chamber is exposed, especially in mandibular second premolars. This exposure can 

lead to pulpular infection and possibly tooth loss (Johnson, 2007; Dacre et al, 2008). 

The tooth may not be lost of a number of months or years after the initial insult. The 

tooth will in time develop an apical infection (Johnson, 2006). When the tooth is 

touched by a power tool or a hand float the horse may exhibit extreme sensitivity,  

even if  they are under sedation.  The same reaction  could also be seen if  the bit  

touches the affected teeth whilst ridden (Johnson, 2007). 

CHAPTER THREE

 Method

3.0 Data Requirements

One hundred and twenty equine mandibular second premolars were collected from 

an  abattoir;  measurements  and sectioning  of  the  teeth  were  taken  to  identify  an 

anatomical feature, the pulp chamber. For ease of sample processing only mandibular 

lower  second  premolar  teeth  were  utilised.  These  teeth  are  the  teeth  that  are 

predominately used for “bit seating”. 
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The anatomical features that were quantified and recorded were:

 Width of the number 6 pulp chamber

 Distance from rostral aspect of the tooth to the number 6 pulp chamber

 Distance from the occlusal surface of the tooth to the top of the number 6 

pulp chamber

 Distance from the top of the number 6 pulp chamber to the rostral corner of 

the tooth

3.1 Sample Collection

For the purpose of  this  study the equine mandibular  second premolar  teeth were 

collected from Stillman’s Abattoir, Taunton, Somerset. Whilst collecting the samples 

at the abattoir, clean Wellington boots, a clean lab coat and hair net were worn as 

required by health and safety. Abattoirs must ensure that their workers are wearing 

Personal Protective Equipment, this includes clean overalls and boots, gloves which 

cover hands, arms and chain mail protection (HSE, 2002). Safety goggles and gloves 

were also worn to  protect  the eyes  from any tooth debris.  No cost  was incurred 

during collection of the samples as the teeth are considered to be of no monetary 

value.  In  order  to  minimise  bias  the  extracted  teeth  were  all  stored  at  room 

temperature and were processed in a room of the same temperature. 

One hundred and twenty permanent mandibular second premolar cheek teeth (Tridan 

position  306-406)  were  extracted  at  the  abattoir  in  Taunton  from  60  horses  of 

different breeds, age and sex that were euthanized on welfare grounds for non-dental 

related disorders. No horses were euthanized for the purpose of this study.

The apparatus that was used in this study is shown in table 11.

Table 11: Equipment used

Equipment used
 Stillman’s Abattoir

 Car

 Lab coat
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 Wellington boots

 Latex gloves

 Hair net

 60 Cadavers

 Knife

 Bailing twine

 Clip board

 Paper

 Pens

 Laptop

 Microsoft Excel 2003, Version 11

 SPSS version 18.0

 Dremel 300 series

 Mini diamond disc 1/8 shank arbour, 20mm diameter

 Vice

 Electronic Digital Micrometer (1/100mm)

3.2 Mandibular Second Premolar Removal

The study required  the removal  of the mesial  portion of  the tooth,  including the 

number 6 pulp chamber (Plate 1). The cadavers were placed on a table and the oral 

cavity was held open manually. Any excess muscle tissue that was impairing visual 

and physical contact was removed by a knife, provided at the abattoir. If there was 

any excess muscle  tissue still  obstructing the view it  was held back with bailing 

twine that was used to hang the cadavers.  

Plate 1: Mesial  aspect  of  the mandibular second premolar (Tridan number 306)  

before sectioning, showing the pulp chamber
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The mesial aspect of the lower second premolar teeth was extracted using a Dremel 

300 and a mini diamond disc with a 1/8” shank arbour with a diameter of 20mm 

(Plate 2). The removal of the mandibular second premolar teeth was composed of 

two stages:

 Longitudinal  section- behind the first and fourth pulp chambers,  to ensure 

that the sixth pulp chamber was not affected

 Transverse  section-  just  above  the  gingival  margin,  allowing  the  mesial 

aspect of the tooth to be removed

The teeth were collected in separate bags which were labelled with the kill number of 

each  cadaver.  A table  recorded  the  kill  number,  age,  breed  and  gender  of  each 

cadaver. The age, breed and gender were obtained from the passport of each horse. 

Plate 2: Dremel 300 series

3.3 Mandibular Second Premolar Sectioning

The aim of  sectioning  the  mandibular  second  premolar  teeth  was  to  remove  the 

rostral aspect of the tooth, therefore revealing the dorsal section of the number 6 pulp 

chamber and other internal anatomical features.

Once all of the teeth samples had been collected they were cleaned of any remaining 

blood and tooth dust. The teeth were cleaned so that the measurements could take 

place. Four measurements for each tooth were required, two before sectioning the 

tooth and two after the final incision had been made.

©2010 Copyright Rachel McGarian Somerset UK
 - 19 -



The teeth were then individually placed in a vice and the first to measurements were 

taken  using  an  electronic  digital  micrometer  (Plate  3).  The  measurements  were 

recorded in a spreadsheet  using Microsoft  Excel  2003, Version 11. The first  two 

measurements were the width of the number 6 pulp chamber (mm) (Plate 4) and the 

distance from the rostral aspect of the tooth to the number 6 pulp chamber (mm) 

(Plate 5). Once these measurements had been recorded in the spreadsheet the tooth 

then required a further cut. The next stage of sectioning was comprised of one cut. 

The tooth was sectioned longitudinally to reveal the rostral section of the number 6 

pulp chamber (Plate 6).

Plate 3: Electronic Digital Micrometer

Plate 4: Measuring the width of the number 6 pulp chamber
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Plate 5: Measuring the distance from the rostral aspect of the tooth to the number 6  

pulp chamber 

Plate  6:  Longitudinally  sectioning  the  tooth  to  reveal  the  rostral  section  of  the  

number 6 pulp chamber

The investigator was now able to complete and record the final two measurements 

using an electronic digital micrometer. The final two measurements were measured 

from the occlusal surface of the tooth to the top of the number 6 pulp chamber (mm) 

(Plate 7) and from the top of the number 6 pulp chamber to the rostral corner of the 

tooth (mm) (Plate 8).

Plate 7: Measuring the distance from the occlusal surface of the tooth to the top of  

the  number  6  pulp  chamber 
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Plate 8:  Measuring the distance from the top of the number 6 pulp chamber to the  

rostral corner of the tooth 

3.4 Data Collection

Prior to sectioning the teeth the first two measurements were taken and recorded. The 

age, breed and sex were also recorded; this information was provided in the passport. 

The age was recorded in groups for ease of handling; the groups can be seen in table 

15. The electronic digital micrometer was used to quantify the height, distance and 

width  of  the  internal  anatomical  features  pre  and  post  sectioning.  By  using  the 

electronic  digital  micrometer  it  ensured  accurate  measurements  (1/100mm)  and 

repeatability. An example of the data collection table is shown in Appendix A.

3.5 Pilot Study

The pilot study revealed that the original method to manually extract the mandibular 

second  premolar  teeth  would  not  work  as  it  was  too  time  consuming  and  was 

physically  too  difficult.  Therefore  a  pilot  study  was  conducted  to  allow  for 

refinement of the method, equipment and to determine the most suitable location for 

sectioning to reveal the necessary internal anatomic features.

3.6 Statistical Analyses

Graphical  representation  of  descriptive  statistics  was  achieved  using  Microsoft 

Office Excel 2003, Version 11 for Microsoft Windows Vista. Statistical Package for 

Social  Sciences (SPSS) 18.0 for Microsoft  Windows was used for statistical  data 

analysis.

A histogram was used to see if the data was normally distributed. See Appendix B 

for histograms. The data was normally distributed allowing parametric tests to be 

performed to analyse the data. A multivariate analysis of variance (MANOVA), was 

used first as there was more than one dependent variable. See Appendix C, D and E 

for SPSS output data. This test was used to compare all 120 teeth against each age 

group  and  each  different  measurement.  One-way  between-groups  ANOVA  with 

Post-Hoc test were used as a follow us analysis as there were independent variables 

with three or more levels. See Appendix F, G and H.
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The statistical significance was taken throughout the data at the value of:

 P>0.05 – Not significant

 P<0.05 – Significant

 P<0.01 – Highly Significant

 P<0.001 – Very Highly Significant

CHAPTER FOUR

Results

4.0 Descriptive Statistics

Raw data can be found for age, breed and gender in Appendix I. The total number of 

cadavers used in this study was 60; 63% (n=38) female and 37% (n=22) male. The 
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total number of thoroughbreds; 26 (43%), thoroughbred crosses; 28 (47%) and other 

breeds; 6 (10%). Mean, S.D and range for age are recorded in table 12. Descriptive 

statistics for age and all the measurements can be found in Appendix J.

Table 12: Mean, S.D and range for age

Mean (years) Standard deviation Range (years)
13 6.74 0.58-28

4.1 Number of cadavers in each age group

Figure 3, shows the number of cadavers in each age group (n=60). The mean, S.D 

and range are showed in table 12. The median age was 10-14 years and the least 

common age was 25-29 years.
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Figure 3: Number of cadavers in each age group (Microsoft Excel 2003)

4.1.1 Age and gender of cadavers

Figure  4,  displays  the  age  and  gender  of  the  cadavers.  Females  were  the  most 

prevalent in the age group 10-14 years and the least prevalent in 25-29 years. Males 

were the most common in 15-19 years and the least common in 25-29 years.
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Figure 4: Age and gender of cadavers (Microsoft Excel 2003)

4.1.2 Age and breed of cadavers

Figure 5, illustrates the age and the breed of the cadavers. The most common age 

group was 15-19 years, representing 25% of the population. The least common age 

group was 25-29 years (5%).
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Figure 5: Age and breed of cadavers. TB= Thoroughbred. TB X= Thoroughbred  

Cross. Other= Other breeds. (Microsoft Excel 2003)

4.1.3 Age and the width of the number 6 pulp chamber in the 306 teeth

Figure 6, shows the relationship between age of the cadavers and the width of the 

number 6 pulp chamber in the 306 teeth (M= 0.72mm, S.D= 0.20, R=0.89mm). The 

most  prevalent  measurement  was  0.51-0.70mm,  in  the  age  group  4.  The  least 
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prevalent measurement was 1.11-1.30mm as it only appeared in the following age 

groups; 3, 4 and 6. 
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Figure 6: Age and width of the number 6 pulp chamber in the 306 teeth (Microsoft  

Excel 2003)

4.1.4 Age and the width of the number 6 pulp chamber in the 406 teeth

Figure 7, displays age and width of the number 6 pulp chamber in the 406 teeth. (M= 

0.77mm, S.D=  0.22, R=1.02mm).  The  most  common  measurements  were  0.51-

0.70mm, which appeared most frequently in groups 1, 3, 4, 5. The least common 

measurements were 1.31-1.50mm as it only appeared in group 4 and 5. 
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Figure 7: Age and width of the number 6 pulp chamber in the 406 teeth (Microsoft  

Excel 2003)
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4.1.5 Age and the distance from the rostral aspect of the tooth to the number 6 

pulp chamber in the 306 teeth

Figure 8, presents age and the distance from the rostral aspect of the tooth to the 

number 6 pulp chamber in the 306 teeth. The most frequent measurement was 6.31-

6.80mm as it appeared to be the highest measurement in groups 2, 3 and 4. The least  

frequent  measurement  was  9.31-9.80mm as  it  did  not  appear  in  any  of  the  age 

groups.
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Figure 8: Age and distance from the rostral aspect of the tooth to the number 6 pulp  

chamber in the 306 teeth (Microsoft Excel 2003)

4.1.6 Age and the distance from the rostral aspect of the tooth to the number 6 

pulp chamber in the 406 teeth

Figure 9,  shows age and the distance  from the rostral  aspect  of the  tooth to  the 

number 6 pulp chamber in the 406 teeth. The most common measurement was 6.11-

6.60mm in groups 3 and 5. This measurement contained 20% of the population size. 

The least common measurement was 8.61-9.10mm as it did not appear in any of the 

age groups.
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Figure 9: Age and distance from the rostral aspect of the tooth to the number 6 pulp  

chamber in the 406 teeth (Microsoft Excel 2003)

4.1.7 Age and the distance from the occlusal surface to the number 6 pulp in the 

306 teeth

Figure 10, illustrates age and the distance from the occlusal surface to the number 6 

pulp in the 306 teeth. The most prevalent measurement was 4.51-5mm; it occurred 

the most in group 1 and 3; 7.01-7.5mm was also the most common as it appeared the 

most frequently in group 2 and 4. The least common measurement was 9.01-9.5mm 

as it was not in any of the age groups.
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Figure 10: Age and the distance from the occlusal surface to the number 6 pulp in  

the 306 teeth (Microsoft Excel 2003)

4.1.8 Age and the distance from the occlusal surface to the number 6 pulp in the 

406 teeth
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Figure 11, displays age and the distance from the occlusal surface to the number 6 

pulp in the 406 teeth. The most prevalent measurement was 5.01-6mm in group 1, 3 

and 5. The least prevalent measurement was 10.1-11mm in group 2.
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Figure 11: Age and the distance from the occlusal surface to the number 6 pulp in  

the 406 teeth (Microsoft Excel 2003)

4.1.9 Age and distance from the rostral corner to the number 6 pulp chamber in 

the 306 teeth

Figure 12, exhibits age and distance from the rostral corner to the number 6 pulp 

chamber in the 306 teeth (M= 7.9mm, S.D= 1.66, R= 8.41mm).  The most common 

measurements were 6.01-7mm in group 3, 6; 7.01-8mm in group 3, 6 and 8.01-9mm 

in group 2 and 4. The least common measurement was 12.01-13mm in group 3.
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Figure 12: Age and distance from the rostral corner to the number 6 pulp chamber  

in the 306 teeth (Microsoft Excel 2003)

4.1.10 Age and distance from the rostral corner to the number 6 pulp chamber 

in the 406 teeth

Figure 13, illustrates age and distance from the rostral corner to the number 6 pulp 

chamber in the 406 teeth. The most frequent measurements were 6.01-7mm in group 

1, 3, 6 and 7.01-8mm in group 2, 4 and 5(M= 7.73mm, S.D= 1.56, R= 8.53 ). The 

least frequent measurements were 11.01-12mm in group 2.
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Figure 13: Age and distance from the rostral corner to the number 6 pulp chamber  

in the 406 teeth (Microsoft Excel 2003)

4.2 Gender of cadavers

Figure 14, shows the gender distribution of the cadavers. (63% female, 37% male).
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Figure 14: Gender of the cadavers (Microsoft Excel 2003)

4.2.1 Gender and breed of cadavers

Figure 15, shows the gender and the breed of the cadavers. Females were the most 

prevalent in each breed (TB, n = 17; TB X, n = 17; Other, n = 4). Males were the 

least prevalent in each breed (TB, n = 9; TB X, n = 22; Other, n = 2).
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Figure 15: Gender and breed of cadavers (Microsoft Excel 2003)

4.2.2 Gender and the width of the number 6 pulp chamber in the 306 teeth

Figure 16, shows the gender and the width of the number 6 pulp chamber in the 306 

teeth.  For  females  the  mean= 0.71mm,  median=0.69,  mode  range= 0.51-0.77mm 

(27%). 
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Figure 16: Gender and the width of the number 6 pulp chamber in the 306 teeth  

(Microsoft Excel 2003)

4.2.3 Gender and the width of the number 6 pulp chamber in the 406 teeth

Figure 17, shows the gender and the width of the number 6 pulp chamber in the 406 

teeth.  Females  represent  63%  of  the  population,  the  mean  (0.77mm),  median 

(0.72mm), mode range (0.71-0.90mm).
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Figure 17: Gender and the width of the number 6 pulp chamber in the 406 teeth  

(Microsoft Excel 2003)

4.2.4 Gender and distance from the rostral aspect of the tooth to the number 6 

pulp chamber in the 306 teeth
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Figure 18, shows the gender and the rostral aspect of the tooth to the number 6 pulp 

chamber in the 306 teeth.  The most frequent  measurement  was in females,  5.31-

5.80mm.  The  least  frequent  measurements  were  in  males  and  females,  in  8.31-

8.80mm and 9.31-9.80mm as there was neither gender in either measurement.
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Figure 18: Gender and the rostral aspect of the tooth to the number 6 pulp chamber  

in the 306 teeth (Microsoft Excel 2003)

4.2.5 Gender and the distance from the rostral aspect of the tooth to the number 

6 pulp chamber in the 406 teeth

Figure 19, shows the gender and the rostral aspect of the tooth to the number 6 pulp 

chamber in the 406 teeth. The most prevalent measurements were in females, 6.11-

6.60mm. The least prevalent measurements were in females and males, 3.11-3.60mm 

and 8.61-9.10mm.
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Figure 19: Gender and the rostral aspect of the tooth to the number 6 pulp chamber  

in the 406 teeth (Microsoft Excel 2003)

4.2.6 Gender and the distance from the occlusal surface to the number 6 pulp in 

the 306 teeth

Figure 20, shows the gender and the occlusal surface to the number 6 pulp in the 306 

teeth. Female mean (6.34mm), median (6.05mm) and mode range (6.01-6.5mm).

0

1

2

3

4

5

6

7

8

2.5 -
3

3.01
- 3.5

3.51
- 4

4.01
- 4.5

4.51
- 5

5.01
- 5.5

5.51
- 6

6.01
- 6.5

6.51
- 7

7.01
- 7.5

7.51
- 8

8.01
- 8.5

8.51
- 9

9.01
- 9.5

9.51
- 10

Distance from the occlusal surface to the pulp chamber (mm)

N
um

be
r o

f t
ee

th

Female
Male

Figure 20: Gender and the occlusal surface to the number 6 pulp in the 306 teeth  

(Microsoft Excel 2003)
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4.2.7 Gender and the distance from the occlusal surface to the number 6 pulp in 

the 406 teeth

Figure 21, shows the gender and the occlusal surface to the number 6 pulp in the 406 

teeth.  The  most  frequent  measurement  was  in  females,  6.01-7mm.  Female  mean 

(6.43mm),  median  (6.22mm)  and  mode  range  (6.01-7mm).  The  least  frequent 

measurements  were  in  males  and  females,  2.01-3mm. 
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Figure 21: Gender and the occlusal surface to the number 6 pulp in the 406 teeth  

(Microsoft Excel 2003)

4.2.8 Gender and the distance from the rostral corner to the number 6 pulp 

chamber in the 306 teeth

Figure 22, shows the gender and rostral corner to the number 6 pulp chamber in the 

306 teeth. The most prevalent measurement was in females, 8.01-9mm. Female mean 

(7.88mm),  median  (7.98mm)  and  mode  range  (8.01-9mm).The  least  prevalent 
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measurement  was  in  males  in  11.1-12mm,  12.01-13mm. 
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Figure 22: Gender and rostral corner to the number 6 pulp chamber in the 306 teeth  

(Microsoft Excel 2003)

4.2.9 Gender and the distance from the rostral corner to the number 6 pulp 

chamber in the 406 teeth

Figure 23, shows the gender and rostral corner to the number 6 pulp chamber in the 

406 teeth. The most common measurements were in females, 6.01-7mm and 7.01-

8mm. Female mean (7.71mm), median (7.61mm) and mode range (6.01-7 and 7.01-

8mm) The least common measurements were in females and males, 4.01-5mm.
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Figure 23: Gender and rostral corner to the number 6 pulp chamber in the 406 teeth  

(Microsoft Excel 2003)

4.3 Breed

Figure 24, shows the breed of the cadavers. (TB, n= 26,43%; TB X, n= 28, 47%; 

other, n= 6, 10%). 
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Figure 24: Breed of the cadavers (Microsoft Excel 2003)

4.3.1 Breed and the width of the number 6 pulp chamber in the 306 teeth

Figure 25, shows the breed and width of the number 6 pulp chamber in the 306 teeth. 

The most prevalent measurement was in TB X, 0.51-0.70mm. The least prevalent 

measurements were in other breeds, 0.3-0.5, 0.91-1.10 and 1.11-1.30mm.
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Figure  25:  Breed  and  width  of  the  number  6  pulp  chamber  in  the  306  teeth  

(Microsoft Excel 2003)

4.3.2 Breed and the width of the number 6 pulp chamber in the 406 teeth

Figure 26, shows the breed and width of the number 6 pulp chamber in the 406 teeth. 

The most  common measurement  was in  TB X, 0.51-0.70mm. The least  common 

measurements were in other breeds, 0.51-0.70mm, 1.11-1.30mm, and 1.31-1.50mm.
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Figure  26:  Breed  and  width  of  the  number  6  pulp  chamber  in  the  406  teeth  

(Microsoft Excel 2003)
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4.3.3 Breed and the distance from the rostral aspect of the tooth to the number 6 

pulp chamber in the 306 teeth

Figure 27,  shows the breed and rostral  aspect  of the tooth to the number  6 pulp 

chamber  in  the  306  teeth.  The  most  prevalent  measurements  were  in  TB,  4.81-

5.30mm,  6.31-6.80mm  and  in  TB  X,  5.31-5.80mm  and  6.81-7.30mm.  The  least 

common measurements  were in 8.31-3.30mm and 9.31-9.80mm as there were no 

breeds in these groups.
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Figure 27: Breed and rostral aspect of the tooth to the number 6 pulp chamber in the  

306 teeth (Microsoft Excel 2003)

4.3.4 Breed and the distance from the rostral aspect of the tooth to the number 6 

pulp chamber in the 406 teeth

Figure 28,  shows the breed and rostral  aspect  of the tooth to the number  6 pulp 

chamber in the 406 teeth. The most prevalent measurements were in TB X, 7.01-

7.5mm. The least  common measurements  were 3.01-3.5mm and 8.61-9.10mm as 

there were no breeds in either of these groups.
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Figure 28: Breed and rostral aspect of the tooth to the number 6 pulp chamber in the  

406 teeth (Microsoft Excel 2003)

4.3.5 Breed and the distance from the occlusal surface to the number 6 pulp in 

the 306 teeth

Figure 29, shows the breed and the distance from the occlusal surface to the number 

6 pulp in the 306 teeth. The most frequent measurement was in TB X, 7.01-7.5mm. 

The least  frequent  measurement  was 3.01-3.5mm and 9.01-9.5 as  no breeds  was 

recorded in either of the groups. TB mean (5.95mm), median (5.9m), mode range 

(6.01-6.5mm).
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Figure 29: Breed and the distance from the occlusal surface to the number 6 pulp in  

the 306 teeth (Microsoft Excel 2003)
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4.3.6 Breed and the distance from the occlusal surface to the number 6 pulp in 

the 406 teeth

Figure 30, shows the breed and the distance from the occlusal surface to the number 

6 pulp in 406 teeth.  The most  prevalent measurement  was in TB, 5.01-6mm. TB 

mean  (7.63mm),  median  (5.34mm),  mode  range  (5.01-6mm).  The  least  common 

measurement was 2.01-3mm as there were no breeds in this group.
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Figure 30: Breed and the distance from the occlusal surface to the number 6 pulp in  

the 406 teeth (Microsoft Excel 2003)

4.3.7  Breed and the  distance  from the rostral  corner to  the  number 6  pulp 

chamber in the 306 teeth

Figure 31, shows the breed and the distance from the rostral corner to the number 6 

pulp in 306 teeth. The most common measurement was in TB, 7.01-8mm. The least 

common  measurement  was  in  TB  in  12.01-13mm.  TB  mean  (7.86mm),  median 

(7.6mm), mode range (7.01-8mm).
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Figure 31: Breed and the distance from the rostral corner to the number 6 pulp in  

306 teeth (Microsoft Excel 2003)

4.3.8  Breed and the  distance  from the rostral  corner to  the  number 6  pulp 

chamber in the 406 teeth

Figure 32, shows the breed and the distance from the rostral corner to the number 6 

pulp chamber in the 406 teeth. The most frequent measurement was in TB, 6.01-

7mm. TB mean (7.66mm),  median (7.33mm),  mode range (6.01-7mm).  The least 

frequent measurement was 4.01-5 as no breeds were recorded in this group.
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Figure 32: Breed and the distance from the rostral corner to the number 6 pulp  

chamber in the 406 teeth (Microsoft Excel 2003)
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4.4 Inferential Statistics

The results directly from SPSS Version 18.0 can be found in Appendix C, D, E, F, G 

and H.

4.4.1 One-way between-groups multivariate analysis of variance (MANOVA)

A MANOVA test was performed to investigate age, gender and breed differences in 

all of the measurements (Pallant, 2007). Table 13 provides the independent variable 

and dependent variables that were used in the test.

Table 13: Independent and dependent variables

Preliminary  assumption  testing  was  conducted  to  check  for  normality,  linearity, 

univariate  and  multi  outliers,  homogeneity  of  variance-covariance  matrices  and 

multicollinearity, with no serious violations noted.

4.4.2 MANOVA for Age, Gender and Breed

There were no statistically significant differences between gender and breed and the 

number 6 pulp measurements. There was very high statistical significant difference 

between age and the number 6 pulp measurements. (F (40, 255) = 2.01, P = 0.001; 

Wilks’ Lambda = 0.24; partial eta squared = 0.249). See Appendix C, D and E for 

SPSS output data. The individual results of age that reached statistical significance, 

using a Bonferroni adjusted alpha level of 0.006, are shown in Table 14.

Table 14: Measurements to reach statistical significance
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Independent Variables Dependent Variables
 Age

 Gender

 Breed

 Width of the number 6 pulp chamber in the 306 and 

406 teeth

 Distance  from the rostral  aspect  of  the tooth to the 

number 6 pulp chamber in 306 and 406 teeth

 Distance from the occlusal surface of the tooth to the 

number 6 pulp chamber in 306 and 406 teeth 

 Distance from the rostral corner to the number 6 pulp 

chamber in 306 and 406 teeth



4.4.3 Mean scores for statistically significant results

An inspection of the mean scores indicated that the measurements from the rostral 

aspect in the number 6 pulp chamber in 306 teeth was higher (M = 6.46, SD = 1.38) 

than the measurements from the occlusal surface to the number 6 pulp chamber in 

406 teeth (M = 6.26, SD = 1.74) and the measurements from the rostral aspect to the 

number 6 pulp chamber in the 406 teeth (M = 6.05, SD = 1.37).

4.5 One-way between-groups ANOVA with post hoc test

A one-way between-groups ANOVA with post hoc test was used as a follow up test,  

to test age and the distance from the rostral aspect of the tooth to the number 6 pulp 

chamber in 306 and 406 teeth, and age and the distance from the occlusal surface of 

the tooth to the number 6 pulp chamber of the 406 teeth. This was to identify where 

the statistical significant differences were (Pallant, 2007).

4.5.1 One-way between groups ANOVA with post hoc test: Distance from the 

rostral aspect of the tooth to the number 6 pulp chamber in the 306 teeth in 

relation to age

A one-way between groups analysis of variance was conducted to explore the impact 

of age on the measurements from the rostral aspect of the tooth to the number 6 pulp 

chamber in the 306 teeth. Table 15 shows the age groups that the teeth were divided 

into.

Table 15: Age groups

Age groups Age ranges
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Measurement Statistical significance
Rostral aspect of the tooth to the number 

6 pulp chamber in 306 teeth

F (5,  54) = 4.98,  p = 0.001, partial  eta 

squared = 0.316
Rostral aspect of the tooth to the number 

6 pulp chamber in 406 teeth

F  (5, 54) = 4.83,  p   = 0.001, partial eta 

squared = 0.309
Occlusal  surface  of  the  tooth  to  the 

number 6 pulp chamber in 406 teeth

F  (5,  54) = 4.69,  p = 0.001, partial  eta 

squared = 0.303



Group 1 0-4 years
Group 2 5-9 years
Group 3 10-14 years
Group 4 15-19 years
Group 5 20-24 years
Group 6 25-29 years

There was statistically significant difference at the P<0.05 level for groups 1, 4 and 

5. (F = (5, 54) = 4.98, P = 0.001). After reaching statistical significance, the actual 

difference in mean scores between the groups was large. The effect size, calculated 

using eta squared, was 0.3. Post hoc comparisons using the Tukey HSD test indicated 

that the mean score for group 1 (M = 7.15,  SD = 1.62), group 4 (M = 7.24,  SD = 

1.11) and group 5 (M = 7.15, SD = 1.62) were all statistically significant from each 

other. Group 2 (M = 6.01, SD = 0.89), group 3 (M = 6.60, SD = 1.44) and group 6 (M 

= 5.19,  SD = 0.36)  did  not  differ  significantly  from either  group 1,  4  or  5.  See 

Appendix F for SPSS output data.

4.5.2 One-way between groups ANOVA with post hoc test: Distance from the 

rostral aspect of the tooth to the number 6 pulp chamber in the 406 teeth in 

relation to age

This test was used to explore the impact of age on the measurement from the rostral  

aspect to the number 6 pulp chamber in the 406 teeth. The subjects were in the same 

age  groups  as  in  table  15.  There  was  a  statistically  significant  difference  at  the 

p<0.05 level for group 1, 3, 4 and 5. (F (5, 54) = 4.83,  P = 0.001). After reaching 

statistical significance, the actual difference in mean scores between the groups was 

large. The effect size, calculated using eta squared, was 0.3. Post hoc comparisons 

using the Tukey HSD test indicated that the mean score for group 1 (M = 4.55, SD = 

0.96), group 3 (M= 6.36, SD = 1.57), group 4 (M = 6.77, SD = 0.95) and group 5 (M 

= 6.4, SD = 1.33) were all statistically significant to each other. Group 2 (M = 5.76, 

SD = 0.95) and group 6 (M = 4.79, SD = 0.75) did not differ significantly from group 

1, 3, 4 and 5. See Appendix G for SPSS output data.

4.5.3 One-way between-groups ANOVA with post hoc test: Distance from the 

occlusal surface of the tooth to the number 6 pulp chamber in the 406 teeth in 

relation to age
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This test was used to explore the impact of age on the measurement from the occlusal 

surface of the tooth to the number 6 pulp chamber in 406 teeth. The subjects were in 

the same age groups as mentioned in table 15. There was a statistically significant 

difference at the P<0.05 level for group 1, 3, 4 and 5. (F (5, 54) = 4.83, P = 0.001). 

After reaching statistical significance, the actual difference in mean scores between 

the groups was large. The effect size, calculated using eta squared, was 0.3. Post hoc 

comparisons using the Tukey HSD test indicated that the mean score for group 1 (M 

= 5.9,  SD = 1.51) was significantly different to all the other groups; group 2 (M = 

7.04,  SD = 1.65), group 3(M = 6.12,  SD = 1.65), group 4 (M = 6.88,  SD = 1.39), 

group 5 (M = 6.16, SD = 1.56) and group 6 (M = 2.58, SD = 1.32). See Appendix H 

for SPSS output data.

CHAPTER FIVE

Discussion
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5.0 Discussion of general findings

Several studies (Baker et al,  2005; Dixon, 2005; Lowman,  2007; Galloway et al, 

2007) suggest that as the horse ages the pulp diameter and length reduces. This is due 

to the dentin that is progressively laid down over the life  of the tooth.  Dentin is 

constantly  laid  down  over  the  life  of  the  tooth,  to  protect  the  underlying  pulp 

chamber, as the teeth are subjected too much higher levels of dietary abrasion (Ten 

Cate,  1998).  Stanley  et  al  (1983)  reported  that  the  pulp  undergoes  a  number  of 

changes as the horse gets older, table 16. 

Table 16: Pulp changes as age increases (Baker et al, 2005).

Changes in pulp
 Decreases in cellular components

 Tendency for dentinal sclerosis

 Decrease in the number and quality of blood vessels and nerves

 Reduction  in  the  size  and volume of  the  pulp chamber  as  a  result  of  the 

deposition of secondary dentin

This study found that there was a change in the width of the number 6 pulp chamber 

in the 306 and 406 teeth in relation to age; but they were not statistically significant 

from each other (P>0.05). The non statistical result could have occurred because of 

uneven numbers within each age group (group 1, n =8; group 2, n= 10; group 3, n= 

13; group 4, n=15; group 5, n=8; group 6, n=3).

It was originally thought that 10mm of secondary dentin was present between the 

pulp chamber and the occlusal surface of the tooth (Becker, 1962). However a more 

recent study by Dacre et al (2008) found that the pulp chamber was located 2-6mm 

beneath the occlusal surface, with vital  pulp found in 22% (19/88) of these teeth. 

Suggesting that the findings of Becker (1962) are inaccurate. This study supports the 

findings of Dacre et al (2008), as the average distance from the occlusal surface to 

the number 6 pulp chamber in the 306 was 6.16mm (S.D= 0.199) and in the 406 

teeth it  was 6.26mm (S.D=0.219).  The study found that gender  and breed of the 

horse did not illustrate a significant difference between the width of the number 6 

pulp chamber in either the 306 or 406 teeth. There is insufficient literature on the 
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gender and breed of the horse in relation to the width of the pulp chamber, thus this 

area could be considered for future research.

5.1 Significant findings

Age and the  distance  from the  rostral  aspect  of  the  tooth  to  the  number  6 pulp 

chamber  in both the 306 and 406 teeth  were found to be very highly significant 

(P<0.001). The specific age groups that shows this statistical significance were group 

1 (0-4 years), 4 (15-19 years), 5 (20-24 years) in the 306 teeth, and the same age 

groups in the 406 teeth, but also including group 3 (10-14 years). These results are 

supported by the evidence that has been presented by Baker et al  (2005); Dixon, 

(2005) and Stanley,  (1983) that as the tooth matures the pulp chamber changes in 

size  and  shape  in  response  to  alterations  in  clinical  crown  attrition  and  root 

formation. The change in vasculature size and volume of the pulp chamber are due to 

the deposition of secondary dentin (Baker et al, 2005). The cause of secondary dentin 

to be deposited is complicated; it is initiated by signals from the pulp to the dentinal  

tubules (Stanley,  1983). If secondary dentin was not laid down by the tooth, vital 

pulp would become exposed which could result in the loss of that tooth (Schramme 

et al, 2000).

The other results that presented very high statistical significance (P<0.001) were age 

and the distance from the occlusal surface of the tooth to the number 6 pulp chamber 

in the 406 teeth. The age groups that were statistically significant were groups 1 (0-4 

years), 3 (10-14 years), 4 (15-19 years) and 5 (20-24 years). It can be concluded that  

as the horse ages, the distance from the occlusal aspect of the tooth to the number 6 

pulp chamber increases, this is due to the continuous deposition of dentin (Dixon, 

2005).  Johnson,  2007 and Dacre  et  al,  2008 state  the distance  from the occlusal 

surface to the number 6 pulp chamber remains incomplete.  There was no statistical 

significance in age group 6 (25-29 years), this could have been due to the fact that  

there was only 3 sets of data in this group. 

These  findings  can  be  applied  in  the  equine  dentistry  industry  as  equine  dental 

technicians (EDTs) and veterinary practitioners will be aware that there is more room 

for  error  whilst  installing  rostral  roundings.  This  study  presents  that  there  is  an 

average of 6.46mm of tooth can be removed from the rostral aspect of the 306 teeth 
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and 6.05mm of 406 teeth, and 6.26mm from the occlusal surface of the tooth in the 

significant age groups.

5.2 Non Significant findings

Age group 2 (5-9 years) and the distance from the occlusal surface of the tooth to the 

number 6 pulp chamber in the 406 teeth presented non significant results. This would 

indicate that EDTs and veterinary practitioners could remove an average of 7.04mm 

of tooth whilst creating bit seats, in horses that fall into this age group. The average 

distance from the occlusal surface of the tooth to the number 6 pulp chamber was 

7.06mm; this result continues to contradict the Becker (1962) findings. Age group 6 

(25-29 years) also presented non significant results, however there were only 3 teeth 

in this group. Consequently these results  were not as reliable  as the results from 

group 2. 

As there is little literature on the anatomy of the equine pulp chamber (Baker et al, 

2005) there is limited or no information on whether breed or gender will affect the 

anatomical  location  of  the  number  6  pulp  chamber  in  the  mandibular  second 

premolar teeth. The breed and gender of the horses used in this study did not present 

significant  results  between  any  of  the  four  measurements.  These  results  could 

suggest that breed or gender of the horse does not affect the anatomical location of 

the number 6 pulp chamber. In relation to the current industry EDTs and veterinary 

practitioners will still have to remain cautious when installing bit seats in horses of 

both genders and the breeds of horses used in this  study,  as there is  not  enough 

scientific literature to support this finding.

5.3 Discussion of Methodology

The study had a large sample population, the gender and breed of the cadavers were 

recorded which allowed for precise results. The results obtained were not biased as 

the cadavers used were not pre selected. 

The Dremel 300 series, could have affected the validity of the results. This is because 

the increase in tooth and pulp temperature was not recorded. In a study by Wilson et 

al 2005, it was found that if power tools are in contact with a tooth for 15-20 seconds 

the temperature of younger horse’s teeth increase and decrease quicker than older 
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horses.  This  is  because  in  older  horses  there  has  been  more  secondary  dentin 

deposited  over  the  life  of  the  tooth.  In  order  to  prevent  such an  increase  in  the 

temperature water cooling could have been used on the teeth.

The pulp measurements were not measured immediately at the abattoir, therefore as 

pulp is a highly vasculature structure (Baker at el, 2005) the dimensions could have 

changed in size and volume. The change in the size of the pulp chamber is due to no 

longer having a supply of blood flowing through chamber (Dixon, 2005). The later 

sectioning cuts and measurements were measured a few hours after extraction,  as 

there was a lack of space to at the abattoir and a vice was needed to hold the teeth in 

place. 

Within this study there was one amendment. This was changed after the pilot study, 

the researcher originally planned to manually remove the teeth. This method proved 

too time consuming and too physically difficult. After this initial trial, the use of the 

Dremel was utilised. 

5.4 Future research

This study has helped to further the knowledge of the anatomical  location of the 

number 6 pulp chamber in different ages, breeds and gender of horse. This literature 

can help aid the  equine dentistry industry and act  as  a  guideline  when installing 

rostral roundings. In future studies it would be beneficial to look at the maxillary 

second premolar teeth, 106 and 206, to gain broader view of the anatomical location 

of the number 6 pulp chamber. It would also be advantageous to monitor the heat 

dissipated from the Dremel 300 series.  The heat that is exerted from the Dremel 

could affect the vasculature of the pulp chamber and could exhibit unreliable results. 

Therefore monitoring the heat dissipated it would allow for more reliable results.

CHAPTER SIX

Conclusion
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The hypothesis, stated in the introduction, has been partially proved. The age of the 

cadavers and the distance from the rostral aspect of the tooth to the number 6 pulp 

chamber  in  both mandibular  second premolars  was statistically  significant.  There 

was  also  statistical  significance  in  the  distance  from the  occlusal  surface  to  the 

number 6 pulp chamber in the 406 teeth. However there were no significant results 

between the gender and the breed of the horse. 

From the results of this study it can be assumed that rostral roundings performed on 

the rostral  aspect  of  the 306 and 406 teeth  should  not  be reduced more  than an 

average of 4.81 mm in 0-4 year old horses, 5.88mm in 5-9 year old horses, 6.88mm 

in 10-14 year old horses, 7.01mm in 15-19 year old horses, 6.77mm in 20-24 year 

old horses and 4.98mm in 25-29 year old horses.

The scientific research from this study can now be used in the industry to help further 

educate EDTs and veterinary practitioners. This information will help to improve the 

welfare and comfort of the horse, and help to minimise the exposure of vital pulp. It  

is still necessary to conduct other studies to further confirm the findings from this 

study; this will help to further validate the findings.
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Raw data collection table

Number Kill Number Age Gender Breed
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

APPENDIX B

GRAPH
  /HISTOGRAM(NORMAL)=AgeGroup.
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Figure 33: Histogram displaying age distribution

GRAPH
  /HISTOGRAM(NORMAL)=WP3.

Figure 34: Histogram displaying the distribution for the width of the number 6 pulp 

chamber in 306 teeth

GRAPH
  /HISTOGRAM(NORMAL)=WP4.
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Figure 35: Histogram displaying the distribution for the width of the number 6 pulp 

chamber in 406 teeth

GRAPH
  /HISTOGRAM(NORMAL)=OSP3.

Figure 36: Histogram displaying the distribution for the distance from the occlusal 

surface to the number 6 pulp chamber in 306 teeth

GRAPH
  /HISTOGRAM(NORMAL)=OSP4.
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Figure 37: Histogram displaying the distribution for the distance from the occlusal 

surface to the number 6 pulp chamber in 406 teeth

GRAPH
  /HISTOGRAM(NORMAL)=RAP3.

Figure 38: Histogram displaying the distribution for the distance from the rostrsal 

aspect of the tooth to the number 6 pulp chamber in 306 teeth

GRAPH
  /HISTOGRAM(NORMAL)=RAP4.
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Figure 39: Histogram displaying the distribution for the distance from the rostrsal 

aspect of the tooth to the number 6 pulp chamber in 306 teeth

GRAPH
  /HISTOGRAM(NORMAL)=PCR3.

Figure 40: Histogram displaying the distribution for the distance from the rostrsal 

corner of the tooth to the number 6 pulp chamber in 306 teeth

GRAPH
  /HISTOGRAM(NORMAL)=PCR4.
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Figure 41: Histogram displaying the distribution for the distance from the rostrsal 

corner of the tooth to the number 6 pulp chamber in 406 teeth

APPENDIX C

MANOVA Age

Between-Subjects Factors

Value Label N

AgeGroup 1.00 0-4 years 8

2.00 5-9 years 10

3.00 10-14 years 16

4.00 15-19 years 15

5.00 20-24 years 8

6.00 25-29 years 3
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Multivariate Testsc

Effect

Value F

Hypothesis 

df Error df Sig.

Partial Eta 

Squared

Intercept Pillai's Trace .983 346.981a 8.000 47.000 .000 .983

Wilks' Lambda .017 346.981a 8.000 47.000 .000 .983

Hotelling's 

Trace

59.061 346.981a 8.000 47.000 .000 .983

Roy's Largest 

Root

59.061 346.981a 8.000 47.000 .000 .983

AgeGrou

p

Pillai's Trace 1.091 1.780 40.000 255.000 .004 .218

Wilks' Lambda .240 2.013 40.000 207.663 .001 .249

Hotelling's 

Trace

1.976 2.242 40.000 227.000 .000 .283

Roy's Largest 

Root

1.271 8.102b 8.000 51.000 .000 .560

a. Exact statistic

b. The statistic is an upper bound on F that yields a lower bound on the significance level.

c. Design: Intercept + AgeGroup

P<0.001

There is  a statistically  significant  difference  between age and the number  6 pulp 

chamber measurements.

©2010 Copyright Rachel McGarian Somerset UK
 - 65 -



Tests of Between-Subjects Effects

Source Dependent 

Variable

Type III 

Sum of 

Squares df

Mean 

Square F Sig.

Partial Eta 

Squared

Corrected 

Model

WP3 .186a 5 .037 .914 .479 .078

WP4 .259b 5 .052 1.101 .371 .093

RAP3 35.576c 5 7.115 4.980 .001 .316

RAP4 34.102d 5 6.820 4.834 .001 .309

OSP3 18.726e 5 3.745 1.561 .187 .126

OSP4 53.840f 5 10.768 4.685 .001 .303

PCR3 40.530g 5 8.106 3.478 .009 .244

PCR4 30.693h 5 6.139 2.918 .021 .213

Intercept WP3 23.971 1 23.971 588.40

4

.000 .916

WP4 28.608 1 28.608 608.88

6

.000 .919

RAP3 1709.401 1 1709.401 1196.4

02

.000 .957

RAP4 1475.423 1 1475.423 1045.7

15

.000 .951

OSP3 1580.030 1 1580.030 658.60

2

.000 .924

OSP4 1480.615 1 1480.615 644.20

8

.000 .923

PCR3 2605.388 1 2605.388 1117.7

28

.000 .954

PCR4 2398.599 1 2398.599 1140.0

71

.000 .955

AgeGroup WP3 .186 5 .037 .914 .479 .078

WP4 .259 5 .052 1.101 .371 .093

RAP3 35.576 5 7.115 4.980 .001 .316

RAP4 34.102 5 6.820 4.834 .001 .309

OSP3 18.726 5 3.745 1.561 .187 .126

OSP4 53.840 5 10.768 4.685 .001 .303

PCR3 40.530 5 8.106 3.478 .009 .244

PCR4 30.693 5 6.139 2.918 .021 .213

Error WP3 2.200 54 .041

WP4 2.537 54 .047

RAP3 77.154 54 1.429

RAP4 76.190 54 1.411

OSP3 129.550 54 2.399

OSP4 124.111 54 2.298
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 Bonferroni adjusted alpha level. P<0.006

There is a statistically significant difference between age and the rostral aspect of the 

tooth to the number 6 pulp chamber in both 306 and 406 teeth and the distance from 

the occlusal surface to the number 6 pulp chamber in 406 teeth.
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APPENDIX D

MANOVA Gender

Between-Subjects Factors

Value Label N

Gender .00 Male 22

1.00 Female 38

Multivariate Testsb

Effect

Value F

Hypothesis 

df Error df Sig.

Partial Eta 

Squared

Intercept Pillai's Trace .982 349.988a 8.000 51.000 .000 .982

Wilks' Lambda .018 349.988a 8.000 51.000 .000 .982

Hotelling's Trace 54.900 349.988a 8.000 51.000 .000 .982

Roy's Largest 

Root

54.900 349.988a 8.000 51.000 .000 .982

Gender Pillai's Trace .154 1.161a 8.000 51.000 .341 .154

Wilks' Lambda .846 1.161a 8.000 51.000 .341 .154

Hotelling's Trace .182 1.161a 8.000 51.000 .341 .154

Roy's Largest 

Root

.182 1.161a 8.000 51.000 .341 .154

a. Exact statistic

b. Design: Intercept + Gender

P>0.05

There is no statistical significant difference between gender and the number 6 pulp 

chamber measurements.
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Tests of Between-Subjects Effects

Source Dependent 

Variable

Type III 

Sum of 

Squares df

Mean 

Square F Sig.

Partial 

Eta 

Squared

Correcte

d Model

WP3 .010a 1 .010 .235 .630 .004

WP4 .000b 1 .000 .008 .929 .000

RAP3 1.888c 1 1.888 .988 .324 .017

RAP4 1.026d 1 1.026 .544 .464 .009

OSP3 3.413e 1 3.413 1.366 .247 .023

OSP4 2.951f 1 2.951 .978 .327 .017

PCR3 4.221g 1 4.221 1.510 .224 .025

PCR4 .014h 1 .014 .006 .940 .000

Intercept WP3 29.188 1 29.188 712.3

53

.000 .925

WP4 33.271 1 33.271 690.3

23

.000 .922

RAP3 2363.00

9

1 2363.00

9

1236.

482

.000 .955

RAP4 2063.20

4

1 2063.20

4

1095.

177

.000 .950

OSP3 2067.16

5

1 2067.16

5

827.6

52

.000 .935

OSP4 2143.40

6

1 2143.40

6

710.3

87

.000 .925

PCR3 3439.77

8

1 3439.77

8

1230.

149

.000 .955

PCR4 3333.74

4

1 3333.74

4

1340.

067

.000 .959

Gender WP3 .010 1 .010 .235 .630 .004

WP4 .000 1 .000 .008 .929 .000

RAP3 1.888 1 1.888 .988 .324 .017

RAP4 1.026 1 1.026 .544 .464 .009

OSP3 3.413 1 3.413 1.366 .247 .023

OSP4 2.951 1 2.951 .978 .327 .017

PCR3 4.221 1 4.221 1.510 .224 .025

PCR4 .014 1 .014 .006 .940 .000

Error WP3 2.376 58 .041

WP4 2.795 58 .048

RAP3 110.842 58 1.911

RAP4 109.266 58 1.884

OSP3 144.862 58 2.498

OSP4 175.000 58 3.017
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P>0.05

There is no statistical significant difference between gender and the number 6 pulp 

chamber measurements.

APPENDIX E

MANOVA Breed

Between-Subjects Factors

Value Label N

Breed .00 TB X 28

1.00 TB 26

2.00 Other 6

Multivariate Testsc

Effect

Value F

Hypothesis 

df Error df Sig.

Partial Eta 

Squared

Intercep

t

Pillai's Trace .975 241.841
a

8.000 50.000 .000 .975

Wilks' Lambda .025 241.841
a

8.000 50.000 .000 .975

Hotelling's 

Trace

38.695 241.841
a

8.000 50.000 .000 .975

Roy's Largest 

Root

38.695 241.841
a

8.000 50.000 .000 .975

Breed Pillai's Trace .309 1.163 16.000 102.000 .311 .154

Wilks' Lambda .705 1.191a 16.000 100.000 .288 .160

Hotelling's 

Trace

.398 1.218 16.000 98.000 .268 .166

Roy's Largest 

Root

.339 2.162b 8.000 51.000 .046 .253

a. Exact statistic

b. The statistic is an upper bound on F that yields a lower bound on the significance 

level.

c. Design: Intercept + Breed

P>0.05
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There is no statistical significant difference between the breed and the number 6 pulp 

chamber measurements.
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Tests of Between-Subjects Effects

Source Dependent 

Variable

Type III 

Sum of 

Squares df

Mean 

Square F Sig.

Partial Eta 

Squared

Corrected 

Model

WP3 .035a 2 .017 .420 .659 .015

WP4 .025b 2 .013 .258 .773 .009

RAP3 .235c 2 .117 .059 .942 .002

RAP4 8.209d 2 4.105 2.292 .110 .074

OSP3 8.588e 2 4.294 1.752 .183 .058

OSP4 6.495f 2 3.248 1.080 .347 .036

PCR3 .658g 2 .329 .113 .893 .004

PCR4 11.410h 2 5.705 2.447 .096 .079

Intercept WP3 18.969 1 18.969 459.829 .000 .890

WP4 21.923 1 21.923 451.017 .000 .888

RAP3 1583.126 1 1583.126 802.150 .000 .934

RAP4 1274.655 1 1274.655 711.730 .000 .926

OSP3 1335.623 1 1335.623 545.009 .000 .905

OSP4 1394.421 1 1394.421 463.572 .000 .891

PCR3 2324.560 1 2324.560 799.424 .000 .933

PCR4 2073.404 1 2073.404 889.312 .000 .940

Breed WP3 .035 2 .017 .420 .659 .015

WP4 .025 2 .013 .258 .773 .009

RAP3 .235 2 .117 .059 .942 .002

RAP4 8.209 2 4.105 2.292 .110 .074

OSP3 8.588 2 4.294 1.752 .183 .058

OSP4 6.495 2 3.248 1.080 .347 .036

PCR3 .658 2 .329 .113 .893 .004

PCR4 11.410 2 5.705 2.447 .096 .079

Error WP3 2.351 57 .041

WP4 2.771 57 .049

RAP3 112.495 57 1.974

RAP4 102.083 57 1.791

OSP3 139.687 57 2.451

OSP4 171.456 57 3.008

PCR3 165.744 57 2.908

PCR4 132.894 57 2.331

Total WP3 33.505 60

WP4 38.678 60

RAP3 2618.435 60

RAP4 2305.111 60

OSP3 2422.178 60

OSP4 2531.336 60
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P>0.05

There is no statistical significant difference between the breed and the number 6 pulp 

chamber measurements.

APPENDIX F

One-way between-groups ANOVA with Post Hoc test – Rostral aspect of the 

tooth to the number 6 pulp chamber in 306 teeth

Test of Homogeneity of Variances

RAP3

Levene Statistic df1 df2 Sig.

1.714 5 54 .147

ANOVA

RAP3

Sum of Squares Df Mean Square F Sig.

Between Groups 35.576 5 7.115 4.980 .001

Within Groups 77.154 54 1.429

Total 112.730 59

Post Hoc test

Multiple Comparisons

RAP3

Tukey HSD

(I) AgeGroup (J) AgeGroup Mean 

Difference (I-J)

Std. Error Sig. 95% Confidence Interval
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Multiple Comparisons

Lower Bound Upper Bound

0-4 years 5-9 years -.93625 .56699 .569 -2.6114 .7389

10-14 years -1.52812 .51759 .050 -3.0573 .0011

15-19 years -2.17092* .52331 .002 -3.7170 -.6248

20-24 years -2.07375* .59766 .013 -3.8395 -.3080

25-29 years -.11625 .80923 1.000 -2.5071 2.2746

5-9 years 0-4 years .93625 .56699 .569 -.7389 2.6114

10-14 years -.59187 .48185 .821 -2.0155 .8317

15-19 years -1.23467 .48799 .134 -2.6764 .2071

20-24 years -1.13750 .56699 .352 -2.8127 .5377

25-29 years .82000 .78685 .901 -1.5047 3.1447

10-14 years 0-4 years 1.52812 .51759 .050 -.0011 3.0573

5-9 years .59187 .48185 .821 -.8317 2.0155
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Multiple Comparisons

15-19 years -.64279 .42959 .668 -1.9120 .6264

20-24 years -.54562 .51759 .897 -2.0748 .9836

25-29 years 1.41187 .75204 .427 -.8100 3.6338

15-19 years 0-4 years 2.17092* .52331 .002 .6248 3.7170

5-9 years 1.23467 .48799 .134 -.2071 2.6764

10-14 years .64279 .42959 .668 -.6264 1.9120

20-24 years .09717 .52331 1.000 -1.4489 1.6433

25-29 years 2.05467 .75599 .088 -.1789 4.2882

20-24 years 0-4 years 2.07375* .59766 .013 .3080 3.8395

5-9 years 1.13750 .56699 .352 -.5377 2.8127

10-14 years .54562 .51759 .897 -.9836 2.0748

15-19 years -.09717 .52331 1.000 -1.6433 1.4489

25-29 years 1.95750 .80923 .168 -.4334 4.3484
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Multiple Comparisons

25-29 years 0-4 years .11625 .80923 1.000 -2.2746 2.5071

5-9 years -.82000 .78685 .901 -3.1447 1.5047

10-14 years -1.41187 .75204 .427 -3.6338 .8100

15-19 years -2.05467 .75599 .088 -4.2882 .1789

20-24 years -1.95750 .80923 .168 -4.3484 .4334

*. The mean difference is significant at the 0.05 level.

P<0.001

There  is  statistical  significance  difference  between  the  distance  from the  rostral 

aspect of the tooth to the number 6 pulp chamber in 306 teeth and 0-4 years, 15-19 

years and 20-24 years.
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APPENDIX G

One-way between-groups ANOVA with Post Hoc test – Rostral aspect of the 

tooth to the number 6 pulp chamber in 406 teeth

Test of Homogeneity of Variances

RAP4

Levene Statistic df1 df2 Sig.

.750 5 54 .590

ANOVA

RAP4

Sum of Squares df Mean Square F Sig.

Between Groups 34.102 5 6.820 4.834 .001

Within Groups 76.190 54 1.411

Total 110.292 59

Post Hoc test
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Multiple Comparisons

RAP4

Tukey HSD

(I) AgeGroup (J) AgeGroup

Mean 

Difference (I-J) Std. Error Sig.

95% Confidence Interval

Lower Bound Upper Bound

0-4 years 5-9 years -1.21275 .56343 .277 -2.8774 .4519

10-14 years -1.81625* .51434 .011 -3.3359 -.2966

15-19 years -2.22775* .52003 .001 -3.7642 -.6913

20-24 years -1.84875* .59391 .033 -3.6034 -.0941

25-29 years -.24042 .80416 1.000 -2.6163 2.1355

5-9 years 0-4 years 1.21275 .56343 .277 -.4519 2.8774

10-14 years -.60350 .47883 .805 -2.0182 .8112

15-19 years -1.01500 .48493 .306 -2.4477 .4177

20-24 years -.63600 .56343 .867 -2.3007 1.0287

25-29 years .97233 .78192 .813 -1.3378 3.2825

10-14 years 0-4 years 1.81625* .51434 .011 .2966 3.3359

5-9 years .60350 .47883 .805 -.8112 2.0182

15-19 years -.41150 .42690 .927 -1.6728 .8498

20-24 years -.03250 .51434 1.000 -1.5521 1.4871

25-29 years 1.57583 .74732 .298 -.6321 3.7838

15-19 years 0-4 years 2.22775* .52003 .001 .6913 3.7642

5-9 years 1.01500 .48493 .306 -.4177 2.4477

10-14 years .41150 .42690 .927 -.8498 1.6728

20-24 years .37900 .52003 .977 -1.1574 1.9154

25-29 years 1.98733 .75124 .104 -.2322 4.2069

20-24 years 0-4 years 1.84875* .59391 .033 .0941 3.6034

5-9 years .63600 .56343 .867 -1.0287 2.3007
©2010 Copyright Rachel McGarian Somerset UK

 - 78 -



P<0.001

There  is  statistical  significance  difference  between  the  distance  from the  rostral 

aspect of the tooth to the number 6 pulp chamber in 406 teeth and 0-4 years, 10-14 

years, 15-19 years and 20-24 years.

APPENDIX H

One-way between-groups ANOVA with Post Hoc test – Occlusal surface of the 

tooth to the number 6 pulp chamber in 406 teeth
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Test of Homogeneity of Variances

OSP4

Levene Statistic df1 df2 Sig.

.108 5 54 .990

ANOVA

OSP4

Sum of Squares df Mean Square F Sig.

Between Groups 53.840 5 10.768 4.685 .001

Within Groups 124.111 54 2.298

Total 177.951 59

Post Hoc test
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Multiple Comparisons

OSP4

Tukey HSD

(I) 

AgeGrou

p

(J) 

AgeGrou

p

Mean 

Difference 

(I-J)

Std. 

Error Sig.

95% Confidence 

Interval

Lower 

Bound

Upper 

Bound

0-4 years 5-9 years -1.13900 .71912 .612 -3.2636 .9856

10-14 

years

-.22063 .65646 .999 -2.1601 1.7189

15-19 

years

-.98133 .66371 .679 -2.9423 .9796

20-24 

years

-.26000 .75802 .999 -2.4995 1.9795

25-29 

years

3.31667* 1.02636 .024 .2843 6.3490

5-9 years 0-4 years 1.13900 .71912 .612 -.9856 3.2636

10-14 

years

.91837 .61113 .664 -.8872 2.7240

15-19 

years

.15767 .61892 1.000 -1.6709 1.9862

20-24 

years

.87900 .71912 .824 -1.2456 3.0036

25-29 

years

4.45567* .99797 .001 1.5072 7.4042

10-14 

years

0-4 years .22063 .65646 .999 -1.7189 2.1601

5-9 years -.91837 .61113 .664 -2.7240 .8872

15-19 

years

-.76071 .54486 .729 -2.3705 .8491

20-24 

years

-.03937 .65646 1.000 -1.9789 1.9001

25-29 

years

3.53729* .95381 .006 .7193 6.3553

15-19 

years

0-4 years .98133 .66371 .679 -.9796 2.9423

5-9 years -.15767 .61892 1.000 -1.9862 1.6709

10-14 

years

.76071 .54486 .729 -.8491 2.3705

20-24 

years

.72133 .66371 .885 -1.2396 2.6823
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P<0.001

There is  statistical  significance difference between the distance from the occlusal 

surface of the tooth to the number 6 pulp chamber in 406 teeth and 0-4 years, 10-14 

years, 15-19 years and 20-24 years.

APPENDIX I

Raw data
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Number Age Gender Breed

Width 
of pulp 
306 

Width 
of pulp 
406 

RA to 
pulp 
306

RA to 
pulp 
406

OS to 
pulp 
306

OS to 
pulp 
406

Pulp to 
RC 306

Pulp  to 
RC 406

1 15 F TB X 0.67 0.79 7.53 5.91 5.93 8.96 8.3 7.75

2 23 F TB 0.91 1.18 6.42 6.4 6.25 6.22 9.14 8.17

3 8 F TB 0.74 0.7 6.32 5.77 7.18 7.6 8.76 8.68

4 28 F TB 1.24 1.36 5 4.32 5.48 3.11 6.47 5.17

5 10 F TB X 0.89 1.11 6.53 6.63 6.32 6.08 7.98 8.9

6 15 M TB 0.58 0.73 6.58 6.22 4.51 5.81 6.53 7.96

7 15 M TB X 0.62 0.83 7.45 7.72 6.06 4.74 7.91 7.79

8 15 F TB X 0.37 0.64 6.38 6.05 5.27 8.01 7.75 6.57

9 7 M TB 0.4 0.48 5.07 5.16 6.16 5.09 7.4 6.78

10 14 F TB 0.53 0.58 5.27 5.33 6.75 4.8 7.6 6.82

11 20 F TB 0.59 0.93 5.13 6.42 2.55 4.53 6.85 7.98

12 24 F TB X 0.5 0.54 7.18 8.49 6.33 9.01 7.49 10.85

13 12 F TB 0.44 0.45 8.04 4.17 3.72 3.71 8.09 5.65

14 11 M TB X 0.89 0.86 7.49 7.34 4.95 5.34 9.07 7.56

15 15 M TB X 1.23 1.41 5.71 5.8 7.27 9.21 9.05 9.47

16 20 M Pony 0.83 0.9 9.82 6.51 4.17 5.39 8.89 6.64

17 15 M TB X 0.71 0.66 6.69 6.5 7.17 7.6 7.54 8.03

18 22 F TB X 0.62 0.7 7.74 7.99 4.59 5.42 9.93 10.69

19 15 M TB 0.7 0.66 9.82 6.67 3.86 4.89 10.93 10.64

20 25 F TB 0.96 0.97 5.6 5.65 4.79 3.56 7.12 6.4

21 18 M TB 0.77 0.77 5.87 5.51 5.54 7.28 7.13 7.6

22 13 F TB 1.18 0.81 9.3 7.22 9.58 7.98 12.5 10.37

23 15 F TB 0.66 0.54 7.36 6.63 5.39 6.84 7.89 7.61

24 11 M TB X 0.67 1 6.08 9.99 4.72 5.8 5.18 9.7

25 11 M TB 0.74 0.7 6.31 5.36 4.9 5.06 7.67 6.54

26 14 F TB X 0.69 0.79 7.22 6.29 4.71 5.47 8.47 9.2

27 6 F Shire 0.73 0.73 7.33 6.74 5.27 6.03 5.87 6.35

28 28 F TB X 0.46 0.7 4.97 4.39 3.61 1.08 4.09 3.31

29 7 F TB X 0.35 0.77 5.75 4.64 8.63 8.16 9.37 8.99

30 20 M TB 0.69 0.52 8.98 4.67 7.98 4.42 8.57 5.2

31 7 F TB 0.77 0.71 6.72 6.65 8.61 7.78 8.62 7.97

32 12 M TB 0.58 0.87 6.4 6.68 6.02 5.34 6.23 5.69

33 7 F TB 0.53 0.47 5.75 5.3 6.05 5.02 8.21 6

34 10 F TB 0.52 0.42 3.89 4.83 5.9 7.11 6.11 7.33

35 4 F TB 0.57 0.66 4.87 4.34 7.9 7.95 8.38 8.01

36 14 F TB 0.89 1.17 6.97 6.45 5.08 6.4 6.41 6.73

37 10 M TB 0.84 0.83 5.81 6.22 4.06 4.68 6.33 6.6

38 3 F TB X 0.84 0.93 3.94 4.07 3.86 4.82 5.89 6.69

39 8 F TB X 0.42 0.71 4.78 4.67 6.15 7.29 6.48 7.52

40 3 F TB X 0.55 0.55 5.54 5.59 8.93 7.86 9.02 7.99

41 18 F TB X 0.64 0.72 7.02 6.9 9.63 5.23 10.5 6.69

42 0.583 F Pony 0.62 0.79 4.38 4.26 4.71 5.39 5.82 6.7

43 0.583 M Pony 0.51 0.39 5.06 2.64 4.73 3.55 5.98 5.39

44 20 F Pony 0.71 0.71 6.15 5.06 7.6 6.88 11.86 7.12

45 15 F Pony 0.73 0.96 7.12 6.43 6.53 6.93 8.23 7.83

46 7 M TB X 0.99 0.91 7.25 7.41 7.47 6.68 9.67 8.96

47 18 F TB X 0.81 0.87 9.22 8.43 7.35 6.65 8.89 7.83

48 2.5 F TB X 0.7 0.93 5.48 4.89 6.52 5.91 6.86 6.66

49 10 M TB X 0.98 0.63 6.76 6.16 7.1 4.82 7.58 6.98

50 18 M TB X 0.69 0.6 6.89 8.38 6.61 6.95 8.16 9.21

51 14 F TB X 0.7 0.55 5.57 4.86 6.05 8.21 6.64 7.9

52 18 M TB X 0.75 0.93 6.96 6.75 7.76 8.23 8.07 8.83

53 4 M TB 0.83 0.82 5.41 5.04 4.44 6.54 4.85 8.51

54 18 F TB X 0.66 0.48 8.07 7.71 8.5 5.89 11.18 8.21

55 5 M TB X 0.56 0.8 5.99 5.1 7.29 6.17 7.68 7.06

56 22 F TB X 1.04 1.21 5.76 5.62 8.65 7.41 9.99 8.32

57 12 M TB X 0.65 0.64 4.9 5.01 5.77 7.78 6.36 9.36

58 6 F TB 0.99 0.78 5.14 6.15 7.27 10.57 8.36 11.84

59 3.5 F TB 0.77 0.84 5.91 5.54 6.01 5.18 7.46 6.92

60 12 F TB 1.01 0.71 9.09 9.26 7.18 9.35 10.41 9.57



APPENDIX J

Descriptive statistics of Age and the number 6 pulp chamber measurements
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Descriptives

Statistic Std. Error

Age Mean 12.9028 .86965

95% Confidence Interval for 

Mean

Lower Bound 11.1626

Upper Bound 14.6429

5% Trimmed Mean 12.7685

Median 13.5000

Variance 45.378

Std. Deviation 6.73629

Minimum .58

Maximum 28.00

Range 27.42

Interquartile Range 11.00

Skewness .188 .309

Kurtosis -.495 .608

WP3 Mean .7202 .02596

95% Confidence Interval for 

Mean

Lower Bound .6682

Upper Bound .7721

5% Trimmed Mean .7119

Median .7000

Variance .040

Std. Deviation .20110

Minimum .35

Maximum 1.24

Range .89

Interquartile Range .26

Skewness .576 .309

Kurtosis .295 .608

WP4 Mean .7733 .02810

95% Confidence Interval for 

Mean

Lower Bound .7171

Upper Bound .8296

5% Trimmed Mean .7622

Median .7500

Variance .047

Std. Deviation .21768

Minimum .39

Maximum 1.41

Range 1.02

Interquartile Range .25

Skewness .775 .309

Kurtosis .879 .608
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