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Abstract 
 
The Taper of Clinical Crown Preparations Done by Dental Students and 
Dentists in Two African Countries: A comparative analysis 
 
Introduction: Crowns have been used since the 5th century AD to improve both the form and 

function of teeth in the mouth. A great proportion of the total expenditure on dental care is spent 

on the provision and replacement of crowns and bridges and the number is increasing every year. 

A full coverage crown is a restoration placed over a single prepared tooth or it acts as an 

abutment in a bridge for the restoration of a missing tooth or teeth. Crowns are considered 

successful only when they meet both the aesthetic and functional requirements of the patient. For 

these to be met, certain principles for the preparation of the abutment tooth must be adhered to; 

such principles include features that are incorporated in the tooth preparation that enable it to 

withstand the forces of dislodgement that the tooth is exposed to both at rest and function. These 

features are described as the retention and resistance form of the preparation and the important 

aspect of these is taper. The taper of a tooth preparation is inversely proportional to the retention 

provided by the preparation. Volumes have been written on the difficulties encountered in making 

crowns with an adequate taper. Training, experience and operating conditions are among the 

many determinants of taper obtained by clinicians. Taper values of 2º to 5º were recommended 

initially for successful crown restorations but over time it was realized that these values were 

difficult to achieve under clinical conditions without creating undercuts in the preparation. Besides 

it was shown that even higher taper values might provide adequate retention for crowns. In 

addition, extra-retentive features such as axial grooves and boxes have been shown to improve 

retention of crowns. Many of the new luting cements also have adhesive properties that 

contribute to better retention of crowns and bridges. Various studies have established the 

prevalent taper obtained by dental students, general practice dentists, residents and 

prosthodontists while some of these studies have compared the prevalent taper among the 

different categories of clinicians. None of the studies so far reported has shown the prevalent 

taper in this environment; all without exception have investigated conditions in Europe, North 

America and Asia. Aim: This study therefore investigated the prevalent taper obtained routinely 

under clinical conditions by dental students, general dental practitioners and prosthodontists in 

two African countries and compared them with the recommended range of 10º to 22º. Method: 

432 dies of teeth prepared by students, general practice dentists, resident and practicing 

prosthodontists were collected and analysed for taper using the double silicone technique. This 

involved making silicone replicas of the dies, sectioning these at various points and using 

photographs of the sections to measure their taper. Comparisons of the tapers obtained were 

carried out between the students, general practitioners and prosthodontists as well as between 

taper obtained on the different tooth types. Results: Taper ranging from 2º to 100º was obtained 
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on the various tooth types. A mean mesio-distal (MD) and bucco-lingual (BL) taper of 22.5º (SD 

11.2) and 26.2º (SD 11.1) respectively and a mean overall taper of 24.3º (SD 9.2) were obtained. 

Prosthodontists obtained the lowest taper (MD = 20.5º (SD 10.6)), BL = 24. 5º (SD 10.1) and a 

mean overall taper of 22.5º (SD 8.4). Students were second with a mean MD taper of 23.8º (SD 

10.1), BL taper of 26.1º (SD 10.9) and a mean overall taper of 25.0º (SD 8.4). The general 

practice dentists obtained a mean MD and BL taper of 24.5º (SD 12.4) and 29.1º (SD 12.1) 

respectively and a mean overall taper of 26.8º (SD 10.6). The lowest taper was seen on 

premolars while the highest was on molars. Conclusion and recommendation: Most of the 

preparations analysed had a taper outside the recommended range of 10º to 22º. However, these 

tapers were similar to those found in other studies. Routinely incorporating extra-retentive 

features into crown preparation designs will improve success of crown restorations and adhesive 

cements should be used whenever conditions that allow for adequate retention are not met. The 

importance of taper should be emphasized more in dental schools and tooth preparation support 

systems should be used for teaching wherever possible. The need for regular refresher courses 

for practicing dentists and prosthodontists cannot be over-emphasized. 

 
 
November 19, 2004. 
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Chapter 1 

Introduction 

1.1 Introduction  

The use of full-coverage extra-coronal crowns was first reported in the literature 

about the 5th century (Ring, 1985). Various forms of crowns have been used over 

the years to satisfy both patients and their dentists. 

 

Crowns were made mostly from metals and so were rarely used on anterior 

teeth. Three quarter and other less-than-full coverage partial veneer crowns were 

used instead whenever this was possible to remove the possibility of metals 

showing in the front of the mouth. These forms of crowns preserved the facial 

aspect of the tooth for aesthetics (Cowell et al, 1970, Smith, 1998). 

 

Three quarter crowns however, are rarely used presently because various forms 

of porcelain are available which exhibit very close physical resemblance in 

appearance and properties to the tooth enamel (Smith, 1998). In addition, with 

the discovery of the acid-etch technique by Buonocore, porcelain and composite 

crowns can now be bonded directly to minimally prepared teeth (Brunton, 2004). 

Besides, full veneer crowns have better retention (Shillingburg et al, 1997) and 

because they reduce the amount of tooth-restorative interface exposed in the 

mouth, are less likely to be associated with secondary caries than three-quarter 

crowns. 
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 Crowns have been used to strengthen teeth undermined by caries or 

hypoplasia, improve the appearance of teeth or as adjuncts in other forms of 

treatment such as in removable and fixed bridgework (Gavelis et al, 2004). 

 

The use of crowns in certain clinical situations has rendered the need for more 

complicated forms of treatment unnecessary; for instance, the use of crowns to 

alter the position of teeth may remove the need for fixed or removable 

appliances. This form of treatment is more immediate and its outcome is more 

predictable (Smith, 1998). 

 

Crowns have also served as the natural follow up to certain treatments such 

following successful endodontic treatment of discoloured anterior teeth. When 

used in such circumstances they do not only strengthen the tooth (Morgano, 

Rodrigues and Sabrosa, 2004) but may also obviate the need for intra-coronal 

non-vital bleaching where the long-term success may be unpredictable 

(Greenwall, 2001). 

 

Since crowns are fabricated in the laboratory, they must be able to fit over the 

prepared tooth in the mouth and also remain in place when cemented for them to 

be functional. Their retention will depend on adherence by the operator during 

preparation of the tooth to certain time-tested principles that ensure not only that 

crowns seat properly on prepared teeth but also remain seated under functional 

forces (Owen, 1986 (III), Dodge et al, 1985). 
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Factors such as occlusion, taper, length and dimension of the prepared tooth, the 

incorporation of extra-retentive features into the preparation and the type of luting 

cement used among others have all been shown in the past to affect the 

retention of a crown over a prepared tooth in the mouth (Shillingburg et al, 1997). 

 

The ability to plan and prepare a tooth conforming to the set principles makes the 

difference between a successful dentist in crown and bridgework and an 

unsuccessful one. While these basic principles are routinely taught in the dental 

schools, it remains to be seen whether the teaching methods and techniques are 

appropriate and adequate for imparting the knowledge to the students (Dodge et 

al, 1985). 

 

Additionally, it will be interesting to find out if there are other factors that dentists 

are exposed to in clinical situations, which either enhance their ability to conform 

with these principles or which will make it more difficult for them to do so. Factors 

such as the training of dental students, clinical experience, the demands of time 

in busy private denta l clinics, available technology and financial constraints may 

all affect the quality of advanced restorative work done. In the end, it will be clear 

if dentists need extra post-graduate training to do optimal crown and bridgework 

and when in general practice should refer crown and bridge cases. 

 

Several studies (Goodacre, 2004, Kent, Shillingburg and Duncanson, 1988, 

Annerstedt et al, 1996, Al-Omari and Al-Wahadni, 2004, Nishida, Sohmura  
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and Takahashi, 2004) have been carried out in the past to investigate the 

influence of these factors on the quality of crown and bridgework and certain 

conclusions have been postulated based on those studies. Unfortunately, almost 

all the studies were carried out in North America, Europe and Asia. Very little 

information is available concerning the ability of dentists and dental students to 

prepare teeth for cast extra-coronal restorations in the African states. 

 

Nigeria is the largest country in Africa. In 2000, a world bank estimate put her 

population at 127 million and her gross national income of US $3.2 billion in the 

same year was ranked 56th in the world. Her gross domestic product (GDP) grew 

by 3.8 percent in the 1999–2000 financial year (International Bank, 2002). On the 

other hand, post-apartheid South Africa is probably the most technologically 

advanced and economically stable country in Africa. In 2000, South Africa had a 

population of 43 million, gross national income of US$129.2 billion (ranked 29th in 

the world) and a GDP growth of 3.1 percent (International Bank, 2002).  

 

With the ever changing dietary habits and the consequent increase in the need 

for crowns and other forms of restorative dental treatment coupled with the ever-

increasing number of students enrolling in dental schools in the two countries, it 

could be argued that Nigeria and South Africa would represent good models of 

the state of dental care in Africa. They are therefore suitable for an investigation 

of this nature – the clinical performance of dental practitioners and students in 

the subject of taper.   
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This study looked at the ability of students and practitioners in these two African 

countries (Nigeria and South Africa), given the probably different teaching 

approach and practice conditions (compared to Europe and North America) to 

make preparations that conform to the requirements of this crucial operator-

controlled variable, taper.  

 

Chapter two of this work is dedicated to an extensive review of the dental 

literature that justifies the need for this study.  

 

Chapter three sets out the aims and objectives of the study, while chapter four 

looks at the materials and equipment used in the study. 

 

Chapter four is a list of the equipment and materials used in the study and the 

various sources of these. 

Chapter five examines the important aspects of the design and methodology of 

the study with particular emphasis on the problems encountered in the collection 

of the die specimens. A novel method of taper measurement, the double silicone 

technique was used for this study and hopefully, it has eliminated or at least 

reduced to the barest minimum, the shortcomings of the methods used in the 

past (Kent, Shillingburg and Duncanson, 1988, Nordlander et al, 1988, 

Annerstedt et al, 1996).  

The results of the study are presented in chapter six with the various statistical 

interpretations. An attempt has been made to avoid the mathematical 



 

 6 

permutations used in order not to dilute the impact of the results, however, every 

statistical method used has been reported. 

Chapter seven is a discussion of the results obtained highlighting the salient 

differences observed between the different categories of practitioners and the 

various tooth types.  

The final chapter is the conclusion of the study and some recommendations are 

made for future practice.  

 

1. 2 Conclusion  

It is hoped that this study in addition to filling the obvious gap in the literature, will 

also serve as a useful tool for planning the curriculum of dental students with a 

view to giving a more in-depth and practical training on the subject of crown and 

bridgework.  

Optimal taper is not the only requirement for successful crown and 

bridgework and so this study should not stand alone but rather be used in 

conjunction with other references available on the subject and on other 

aspects of crown and bridgework. It is also hoped that practitioners will 

pause before embarking on crown and bridgework and ask the question, 

“my own skills: can I do this to a high enough standard?” (Jacobs, Steele 

and Wassell, 2002). 
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Chapter 2 

 

 

Literature Review 

2.1 Introduction  

A crown is not considered successful unless it meets both the aesthetic and 

functional requirements of a restoration; it must be able to remain in place in the 

mouth both at rest and function (Shillingburg et al, 1997).  The dental literature is 

rich on reports on the subject of retention and resistance of dental restorations 

and techniques of enhancing them (Blair, Wassell and Steele, 2002). This 

chapter will consider what is available in the literature concentrating on the 

resistance and retention form and the taper of crowns since these are the main 

interests of the study. 

 
2.2 Dental restorations  

These are materials placed into prepared surfaces of teeth to replace diseased 

or lost tooth tissues or to improve the function and or aesthetics of existing 

tissues (Kidd, Smith and Watson 2003, Walmsley et al, 2002). There are different 

types of restorative materials used for this purpose. A detailed description of 

these materials and the procedures involved is outside the scope of this study 

but a general overview will be used to lay a foundation for this research. 

 
Dental restorations can be broadly divided into permanent and temporary or 

provisional restorations. Each of these categories can be further subdivided into 
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direct and indirect depending on how they are used. Direct restorations are intra-

coronal restorations placed into prepared tooth cavities while they are still plastic 

and mouldable. They then set into a solid mass by a chemical reaction on their 

own or by a curing process such as the use of light or heat (van Noort, 2002, 

Craig and Powers, 2002, Walmsley et al, 2002).  

The retention of direct restorations depends on the type of material used. Metal 

restorations such as dental amalgam are placed into undercut cavities for 

retention. Other extra-retentive features such as grooves and boxes and 

materials such as dentine retention pins are used to enhance the retention of 

intra-coronal direct restorations. Resin composites and glass ionomer cements 

are retained by bonding to the enamel and dentine of the tooth (Walmsley et al, 

2002). 

In contrast, indirect restorations are made in the laboratory and then inserted 

over or into a prepared tooth cavity. A cement lute is used to cement the 

restoration and fills the tooth-restorative interface and prevents ingress of 

materials into this interface (Shillingburg et al, 1997, Walmsley et al, 2002). 

2.3 Types of indirect restorations 

§ Intra-coronal restorations including metal and tooth-coloured inlays (Kidd, 

Smith and Watson, 2003) 

§ Extra-coronal restorations including full veneer crowns, laminate veneers, 

onlays and overlays (Kidd, Smith and Watson, 2003) 



 

 9 

2.4 Crowns  

The number of crowns placed by dentists for various reasons is vast and in many 

countries, the volume has been increasing every year (Steele, Wassell and 

Walls, 2002). Data from the National Health Scheme (NHS) showed that about 

£142 million was spent on crowns in the 2000-2001 financial year in the UK. It is 

also believed that about a third of the dentate adult population in the UK have at 

least one artificial crown and about half of the adults in their 50s and 60s have 

artificial crowns in their mouth (Steele, Wassell and Walls, 2002). 

 

                          

 

 

 

Figure 2.1 shows a full veneer porcelain-fused-to-metal crown on a laboratory 

working model. There are many other types of crowns used clinically as will be 

outlined later. 

 

Figure 2.1. A full veneer crown on a working model 
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Due to these changing trends in the use of crowns for treatment, there is 

tremendous pressure on dentists to produce high quality and durable 

restorations. Unfortunately, there is only limited data on the longevity and the rate 

of loss and replacement of crowns. It is known though that the number of crowns 

that are dislodged and need re-cementing every year is substantial. Data from 

the NHS shows that over half a million crowns are re-cemented yearly in the UK 

under the NHS and the number is on the increase (Steele, Wassell and Walls, 

2002). 

 

Dislodgement of crowns is only one and probably the simplest manifestation of 

failure; other more serious problems include secondary caries, periodontal 

disease and inflamed or necrotic pulps (Jacobs, Steele and Wassell, 2002, 

Steele, Wassell and Walls, 2002, Mjor and Toffenetti, 2000). 

 

2.4.1 Indications for full veneer crowns 

§ To strengthen and support teeth damaged by caries or decalcification or 

root-treated teeth or heavily restored teeth (Shillingburg et al, 1997, Blair, 

Wassell and Steele, 2002) 

§ To restore a tooth to function (Walmsley et al, 2002) 

§ To improve or restore aesthetics (Walmsley et al, 2002) 

§ For use as a retainer for fixed bridgework (Blair, Wassell and Steele, 

2002) 
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2.4.2 Types of crowns 

Crowns come in a myriad of designs and modifications to suit the requirements 

of any particular clinical situation. The type chosen will depend on the amount of 

tooth tissue remaining, aesthetic and functional requirements and the patient’s 

preferences (Blair, Wassell and Steele, 2002). Types include: 

§ Full veneer metal crowns (VMC) 

§ Porcelain jacket crowns (PJC) 

§ All ceramic crowns made in high strength porcelain 

§ Resin-bonded porcelain crowns (RBPC) 

§ Porcelain fused to metal crowns 

§ Composite and fibre-reinforced composite crowns 

 

2.4.3 Requirements for successful crown preparation 

Certain principles guide the preparation of teeth for crown restorations. These 

principles have evolved over time from theoretical, clinical and experimental 

studies (Shillingburg et al, 1997, Blair, Wassell and Steele, 2002). 

 

Seven key principles of preparation of a tooth for a crown have been outlined in 

the literature (Blair, Wassell and Steele, 2002, Walmsley et al, 2002) as follows: 

§ Conservation of tooth tissue 

§ Resistance form 

§ Retention form 
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§ Structural durability 

§ Marginal integrity 

§ Preservation of the periodontium 

§ Aesthetic consideration 

 

 

 

 

 

Figure 2.2 shows the die of a tooth prepared for a porcelain-fused-to-metal 

crown. The requirements for a good preparation are as outlined above. 

 

2.5 Retention and resistance form 

A crown is useless unless it can stay in place over the prepared tooth 

(Shillingburg et al, 1997). Most luting cements (with the important exception of 

resin cements) only fill the tooth-restoration interface to prevent the ingress of 

oral fluids and in so doing, prevent secondary caries and other more dire 

Figure 2.2 A molar tooth prepared for a full coverage  
porcelain-fused to metal crown 
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sequelae. Very few of these cements have adhesive properties to retain a 

restoration over a prepared tooth because of their low tensile strength 

(Shillingburg et al, 1997, van Noort, 2002, Craig and Powers, 2002).  

 

In comparison, resin cements have much higher tensile strength and when used 

with bonding agents offer better retention of cemented veneer crowns. They are 

however very technique-sensitive (Wiskott, Nicholls and Belser, 1996, Blair, 

Wassell and Steele, 2002). Resin luting cements include Panavia™ (Kuraray 

Medical Inc. Japan) and Calibra™ (Dentsply-Caulk, Dentsply International Inc. 

USA).  

 

The resistance and retention forms of a tooth prepared to  receive a full veneer 

crown might be the most crucial as far as the functionality of the restoration is 

concerned. This is because they both affect the ability of the restoration to 

withstand all sorts of forces normally encountered by the tooth both at rest and in 

function (Shillingburg et al, 1997). 

 

Parker (2004) stated that retention and resistance form are the properties of a 

preparation that prevent castings from becoming uncemented. A crown without 

retention and resistance form can easily be rolled off the die, whereas 

preparations with resistance form prevent movement. 

Shillingburg and co-workers  (1997) defined retention as the ability to prevent the 

removal of a restoration along the path of insertion or the long axis of the tooth 
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preparation while resistance is the ability to prevent dislodgement by forces 

directed in an apical or oblique direction caused by occlusal forces.  

 

Wiskott, Nicholls and Belser (1996) stated that the stabilizing properties of a 

given abutment that prevent cemented crowns from being dislodged by 

masticatory forces are referred to as its retention and resistance form. They 

added that the distinction between retention and resistance is theoretical since 

they are both closely related. 

 

2.5.1 Factors that affect retention and resistance form 

According to Goodacre (2004), Blair, Wassell and Steele (2002) and Shillingburg 

and co-workers (1997), the retention and resistance form of a crown is affected 

by: 

1. The occluso-cervical or inciso-cervical dimension of the prepared tooth 

2. The ratio of occluso-cervical to facio-lingual dimension of the prepared 

tooth 

3. The circumferential/ geometric form of the prepared tooth 

4. The occlusion of the crown 

5. The length of the prepared tooth  

6. The cement used in luting the crown 

7. The surface roughness of the prepared tooth 

8. The line of insertion and withdrawal of the crown 

9. The taper of the preparation 
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2.5.1.1 Occluso-cervical/ inciso-cervical (OC) dimension 

The concept of critical convergence angle or limiting taper suggests that for each 

point on a preparation, there is a taper at which the resistance turns from off to 

on (Parker et al, 1988), beyond this taper, there will be no retention and under it, 

the restoration will be well-retained.  Trier et al (1998) and Weed and Baez 

(1984) however disagreed with this concept and contended that such a taper at 

which there is a sudden drop of the force required to dislodge a cast restoration 

did not exist. 

At 1mm and 2mm of OC dimension, it was seen that a molar tooth’s resistance to 

dislodgement was inadequate unless the tooth was prepared with a taper of less 

than 6° and 12° respectively. Since such a low taper is not routinely obtained in 

clinical practice, such OC dimensions are not adequate for molars. A molar with 

an OC dimension of 3mm prepared with a 17° taper will have adequate 

resistance, however, 17° is not routinely obtained in clinical preparations. 

Therefore, under clinical conditions, molar preparations should be a minimum of 

4mm in height to offer good resistance to dislodgement in function (Goodacre, 

2004).  

It is important to measure this dimension during the planning stage of the 

restoration using a periodontal probe and for those teeth that are compromised 

by caries or fracture or are naturally short, a crown lengthening procedure should 

be considered (Blair, Wassell and Steele, 2002). Other methods of improving the 

resistance in these cases include the formation of proximal grooves and boxes 

(Goodacre, 2004). 
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Similarly, anterior teeth and premolars should have a minimum OC dimension of 

3mm to be able to resist dislodging forces (Goodacre, 2004). 

  

Wiskott, Nicholls and Belser (1997) established that the relationship between a 

preparation height and its ability to resist dislodgement by dynamic lateral loading 

is approximately linear. 

 

2.5.1.2 Ratio of occluso-cervical/ inciso-cervical dimension to facio-lingual 

(FL) dimension 

Preparations with a low OC to FL ratio generally offer poor resistance. This is 

because chewing and para-functional habits place facio-lingual forces on single 

crowns and bridges (Goodacre, 2004). Due to this larger FL component of the 

dislodging forces, it is recommended that the FL dimension of the prepared tooth 

be used in doing the ratio calculations (Goodacre, 2004). 

 

Molars have a larger FL dimension than anterior teeth and premolars due to their 

larger size and as explained in section 2.5.1.1, they often have a lower OC 

dimension. In addition, it is more difficult to obtain a favourable taper on molars 

due to poorer access. For all these reasons, molars have a lower OC: FL ratio 

and therefore poorer resistance (Goodacre, 2004). 

 

It is therefore recommended that clinicians should aim for an OC to FL ratio of 

0.4 or higher for all teeth (Goodacre, 2004). 
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Owen (1986 (II)) further recommended that in molars with short clinical crowns, a 

relatively large reduction in the resisting areas (the overall dimension of the tooth 

available to resist the dislodging forces) is helpful. This entails more reduction of 

axial surfaces of the tooth. It is even permissible to create a wider shoulder and 

thus reduce both the taper and the tooth diameter in the facio-lingual direction 

(figure 2.3). 

 

      

 

Figure 2.3. The facio-lingual dimension, FL for the molar preparation in (a) is reduced in (b) by 

increasing the shoulder width S. This increases the OC/FL ratio and thereby improves the 

retention and resistance form. 

 

2.5.1.3 Circumferential or geometric form of the prepared tooth 

When prepared maxillary molar teeth are viewed from the occlusal surface, they 

have a rhomboid form, mandibular molars are rectangular while anterior teeth 

and premolars are mostly oval. Following the natural irregularities of teeth when 

preparing them for cast extra-coronal restorations and especially preserving their 

“corners’’ whenever possible offer extra resistance to dislodging forces 

(Goodacre, 2004).  
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When preparing anterior teeth, it is helpful to reproduce the convexity of the labial 

surface and the concavity of the lingual surface. These surfaces add to the 

resistance of the preparation to dislodgement of cemented crowns (Blair, Wassell 

and Steele, 2002). Brecker (1961) added that the cingula of anterior teeth be 

‘reproduced in the preparation and subsequent restoration’. 

 

When the existing morphologic conditions do not permit such preparations, they 

should be modified with the addition of axial grooves and boxes that provide 

resistance to dislodging forces. Proximal grooves and boxes are more helpful in 

resisting FL forces than facial or lingual grooves (Goodacre, 2004) since they 

directly oppose these forces. 

 

Adding such grooves and boxes routinely to molar preparations is wise since 

obtaining the optimal taper on them is difficult, especially in mandibular molars 

(Goodacre, 2004). 

 

Grooves and boxes present additional near-parallel sided walls to the preparation 

that limit the line of withdrawal and prevent rotation of the restoration and in so 

doing, improve the resistance (Blair, Wassell and Steele, 2002).  

 

Grooves should be placed in sound tooth and away from the finish line to prevent 

micro-leakage. They must also be deep enough, at least 0.5mm deep and must 

not be blocked out with a die spacer (Blair, Wassell and Steele, 2002).  
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Potts, Shillingburg and Duncanson (2004) however warned that in certain 

situations such as in crowns without full coverage for example, seven-eights and 

three-quarter partial veneer crowns, addition of axial grooves and boxes did not 

considerably influence the retention even though they improve the resistance. 

Attention must therefore be directed at other variables like taper and geometric 

form of the preparation. 

Blair, Wassell and Steele (2002) pointed out that while grooves may be used to 

improve the retention and resistance form of preparations for metal and ceramo-

metal crowns, they might be impractical for all ceramic crowns.  

 

2.5.1.4 Cement 

The first generation luting cements used for cementation of inlays, veneers, 

crowns and bridges such as zinc oxide-eugenol and zinc phosphate cements 

were water-based. Their retentive function was dependent on the geometry of 

the tooth preparation, and the ability to create mechanical interlocking into the 

surface irregularities on the tooth (van Noort, 2002, Craig and Powers, 2002). 

However, the newer cements are more adhesive. Such cements include zinc 

polycarboxylate, glass ionomer cements, resin-modified glass ionomer cements 

and the ever-growing array of resin adhesive cements (Craig and Powers, 2002, 

van Noort, 2002). 

While van Noort (2002) stated that the primary role of a luting material was to 

provide retention of the restoration, Rosenstiel, Land and Fujimoto (2001) 



 

 20 

contended that it merely obturates the restoration-tooth interface to prevent 

ingress of fluid and bacteria. 

 

The adhesive cements in addition, create an adhesive bond, which enhances 

retention significantly (van Noort, 2002). Resin cements also have greater tensile 

strength and when used in combination with dentine bonding agents are less 

sensitive to repetitive dislodging forces (Blair, Wassell and Steele, 2002). 

 

Wiskott, Nicholls and Belser (1996,1997) further showed from their studies that 

crowns luted with resin composite cements would be more resistant to loading 

than those luted with glass ionomer cement. These in turn were more resistant 

than those luted with zinc phosphate or zinc oxide-eugenol cements. 

 

The above was also the finding of Zidan and Ferguson (2003), who investigated 

different cements (zinc phosphate, glass ionomer cement and two types of resin 

cement – C&B Metabond and Panavia). They found that the adhesive resin 

cements yielded retentive values at 24° taper that were higher than the values 

obtained from conventional cements at 6° taper. They recommended that such 

resin cements should be used for luting restorations on teeth with ‘less than ideal 

taper’ provided that the crowns were made with non-precious metals. 
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2.5.1.5 Surface roughness 

Øilo and Jørgensen (1978) investigated the effect of surface roughness on the 

luting ability of two series of brass cones and two series of dentine posts. They 

found that the retentive ability of cements increased with increasing surface 

roughness. This should however be interpreted with caution since this was an in-

vitro study and the brass cones used in their study were quite different from the 

natural tooth.  

 

2.5.1.6 Occlusion 

If there is inadequate occlusal clearance during tooth preparation, it might result 

in occlusal interferences during functional movements of the cemented crown 

and this accentuates the effect of the dislodging forces on the tooth causing de-

cementation (Blair, Wassell and Steele, 2002). 

This is a retentive failure and it occurs because the induced stress is higher than 

the cohesive forces holding the molecules of the cement together. This will be 

evident when the tooth and crown are examined. Cement adheres to both the 

tooth and the fitting surface of the crown (Rosenstiel, Land and Fujimoto, 2001). 

 

2.5.1.7 Length 

Longer preparations have more surface area and therefore, better retention. For 

a restoration to succeed, the length of the preparation must be enough to 

interfere with the arc of the casting pivoting about a point on the margin on the 

opposite side of the restoration. The shorter wall does not have this 
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resistance, the shorter the wall, the more important is the taper. A preparation on 

a short tooth with a small diameter will offer better retention than one that is short 

with a large radius. This is because the preparation has a short radius of rotation 

for the arc of displacement and the incisal part of the axial wall will resist 

displacement (Blair, Wassell and Steele, 2002).  Figure 2.4 adapted from Blair, 

Wassell and Steele (2002) illustrates this point. 

 

 

     

 

 

 

 

 

Resistance for a short-walled preparation on a large tooth can be improved by 

placing grooves in the axial walls. This reduces the rotational radius and the 

portion of the groove near the top of the preparation will resist displacement 

(Shillingburg et al, 1997, Blair, Wassell and Steele, 2002). 

 

Figure 2.4. Even though the two preparations [A and B] have similar retention (similar 
taper and axial surface area), preparation [A] has much greater retention. When an 
oblique force is applied to A, rotation is resisted by the cement lute above the axis of 
rotation, F. The same force applied to B will cause a rotation of the base by fracturing 
the cement lute (adapted from Blair, Wassell and Steele, 2002).   

Force  
Force 
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Proussaefs and co-workers (2004) investigated the effectiveness of such 

auxiliary retentive features and found that they were more effective when they 

possessed a lower taper than the prepared axial walls of the preparation. 

 

2.5.1.8 Line of insertion and withdrawal of the restoration 

A preparation with a good resistance form will likely be retentive as well; the 

reverse however is not the case. Movement of the restoration into and out of its 

seating position over the prepared tooth implies there is an ‘insertion path’. The 

property of retention indicates only one insertion path and mathematically, this 

implies that a restoration is retentive only if its insertion into its seating position is 

restricted to only one degree of freedom. A crown with several paths of insertion 

will not be retentive (Owen, 1986 (I) ). 

 

2.6 Taper  

Blair, Wassell and Steele (2002) highlighted the confusion usually encountered 

when trying to define the terms used to describe the angle formed between a 

prepared wall and the long axis of the tooth or the opposing prepared wall. They 

pointed out that taper means different things to different people. 

Shillingburg et al (1997) suggested that because crowns were fabricated in the 

laboratory and have to be seated over a prepared tooth, the axial walls of the 

preparation must necessarily taper to allow this, the two opposing walls must 

gradually converge. They used the terms ‘angle of inclination’ and ‘angle of 

convergence’ to describe the respective relationships between the two  
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opposing walls of a preparation and ‘inclination’ of a wall as the relationship of 

that wall to the long axis of that preparation.  

 

Blair, Wassell and Steele (2002) defined taper as the angle between opposing 

preparation walls and they used this term synonymously with ‘convergence 

angle’. They however pointed out that ‘in some publications, it must be 

appreciated that ‘taper’ may also be defined as the angle between a single 

preparation wall and the long axis of the preparation’ 

Eames and co-workers (1978) describe taper as the degree of convergence of 

each wall but they also refer to convergence angle, which they describe as the 

total of the angles of both walls of a full crown preparation.  

 

Parker and co-workers (2003) discussed the ‘inconsistencies’ that exist in the 

dental literature with regards to the use of the terms ’taper’ and ‘convergence 

angle’. They pointed out that taper has been used at different times to refer to 

both the angle formed by the axial wall of a preparation to the long axis of the 

tooth and the opposing wall of the preparation. In their article, they avoided the 

term ’taper’ but defined convergence angle as the total occlusal convergence of a 

preparation or the angle between the opposing sides of a preparation. They also 

introduced another term, ‘axial inclination’ which in their article referred to the 

angle of the preparation relative to the long axis of the tooth or the ‘line of draw’ 

of the preparation. They stated that for an asymmetrical preparation, the 

convergence angle is double the value of the axial inclination. 
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Goodacre, Campagni and Aquilino, (2001) avoided the term ‘taper’ completely 

when they reviewed current trends in complete crown preparations. They used 

the term ‘total occlusal convergence’ (TOC), which they defined as the angle of 

convergence between two opposing prepared axial surfaces.  In this review, they 

cited other articles (Kent, Shillingburg and Duncanson, 1988, Nordlander et al, 

1988) where the authors used the term ‘taper’. One can therefore conclude that 

these reviewers believe that taper and total occlusal convergence mean the 

same thing and can be used interchangeably. Moreover, the values quoted in all 

these reviews for taper, angle of convergence and total occlusal convergence 

were all similar. 

  

In summary, the terms taper, convergence angle, total occlusal convergence, 

angle of inclination, axial inclination, and axial wall convergence have at different 

times and places been used to describe the angle formed between the opposing 

walls of a tooth prepared for a full veneer restoration. They have all without 

exception been used to describe how gradually converging axial walls of a 

preparation affect the retention and resistance of a full veneer crown. 

 

For the purpose of this study therefore, the term ‘taper’ will be used almost exclusively to 

define the angle formed between the gradually converging and opposing walls of a 

clinical crown preparation. Whenever any other term is used here, it will be only in 

reference to other articles and reviews. 
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2.6.1 Historical aspects of taper 

The more nearly parallel the opposing walls of a preparation are, the better is the 

retention (Shillingburg et al, 1997, Rosenstiel, Land and Fujimoto, 2001). 

Historically, it was thought that parallel axial walls were necessary to achieve 

maximum retention and resistance to dislodgement. It was realized however that 

in an attempt to create parallel walls, it is difficult to avoid undercuts being 

introduced into the preparation and this makes seating of the restoration difficult 

(Kent, Shillingburg and Duncanson, 1988, Shillinburg et al, 1997, Rosenstiel, 

Land and Fujimoto, 2001). For this reason, early workers advocated the 

introduction of taper into preparations.  

 

The earliest workers in this field recommended tapers of between 2° and 6° but 

recently it has been stated that a minimum taper of 12° is necessary to avoid 

undercuts (Kent, Shillingburg and Duncanson, 1988, Shillingburg et al, 1997). 

 

Jorgensen and Kaufmann and co-workers (cited in Shillingburg et al, 1997) 

established separately that taper has an inverse relationship with retention. Both 

studies showed that as taper increases, retention of a restoration would 

decrease.  

 

Owen (1986 (III) ) stated that the relation between retentive force and 

convergence angle was a hyperbola and used a formula to describe it.   
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Trier and co-workers (1998) obtained a total of 46 impressions of intact 

preparations with failed restorations to evaluate if the preparations possessed 

adequate resistance. They established a relationship between clinical success or 

failure and the resistance form of the preparations. They noticed that almost all 

the dislodged crowns came exclusively from those with an exaggerated taper.  

 

Based on the evidence in the literature as quoted, the implication for clinicians is 

that they should minimize the taper in order to maximize retention and 

resistance. The only exception to this rule are preparations for resin-bonded 

porcelain crowns which require a minimum of 20° taper to prevent fracture of the 

restoration resulting from high seating hydrostatic pressure during luting (Blair, 

Wassell and Steele, 2002).  

 

Support for such minimal taper came from research where crowns were pulled 

off from prepared teeth in a direction parallel to the long axis of the preparation. 

Resistance to lateral forces and not parallel forces has however been shown to 

be more important in determining the crown’s resistance to dislodgement. 

Consequently, more focus is now placed on resistance with simulated lateral 

forces during such tests (Goodacre, 2004). 

Studies (Kent, Shillingburg and Duncanson, 1988, Annerstedt et al (1996) and 

Nordlander et al, 1988) have shown that no category of practitioners is able to 

achieve the recommended minimal taper of 2° to 6° routinely during clinical 

preparations. Dental students, residents, general dental practitioners and 
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prosthodontists regularly obtain a taper of 12° or greater (Goodacre, 2004). 

Dodge and co-workers (1985) also reported that a taper of 20° to 25° is the rule 

rather than the exception.  

Kent, Shillingburg and Duncanson (1988) measured the taper of 418 

preparations done by a single experienced operator over a 12-year period and 

obtained taper values ranging from 8.6° to 26.6°. They however reported that in 

general, most clinical preparations would have a taper ranging from 16.5° to 23°. 

 

Many dentists make preparations with taper values of over 20° (Annerstedt et al, 

1996, Kent, Shillingburg and Duncanson, 1988, Goodacre, 2004).  

 

A study by Nordlander and co-workers (1988) involving general practice 

residents and prosthodontists showed that residents obtained a mean facio-

lingual taper of 26.7° on mandibular anterior teeth from a sample of 37 

preparations. They also obtained a mean mesio-distal taper of 30.4° for 

mandibular molar teeth from the same sample. 

 

Dodge and co-workers (1985) reported that though students were taught to 

prepare teeth with a taper of 2° to 5°, a study at the University of Texas Health 

Science Centre at the San Antonio Dental School, found that they prepared 

typodont molar teeth with a mean taper of 12.7°, though the arch on which these 

values were obtained was not mentioned. In clinical conditions however, they 

recorded an average taper of 22.76° on premolar and molar teeth.  
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Mack (1980) found a taper of 16.5° on average while Weed and Baez (1984) 

found dental students produced a taper of 12.7° on typodonts and 22.8° clinically. 

Noonan and Goldfogel (1991) found on average, a taper of 19.2° for students 

from 909 preparations.  

 

Al-Omari and Al-Wahadni (2004) reported a mean mesio-distal and bucco-lingual 

taper of 15.6º and 19.0º respectively by students on maxillary anteriors and a 

mesio-distal and bucco-lingual taper of 17.7º and 24.1º respectively on 

mandibular anteriors. Overall, they found the mean mesio-distal and bucco-

lingual taper to be 25.3° and 22.4° respectively.  

Resistance testing studies have tended to suggest that a taper of 22° might not 

provide sufficient resistance to dislodgement (Owen, 1986 (II), Goodacre, 

Campagni and Aquilino, 2001). Owen (1986 (II) ) reported on studies carried out 

in 1956 by Jorgensen, that the maximum retentive value of 81.3 gm / mm2 was 

obtained with a 5° taper while the minimum value of 57.4 gm / mm2 was obtained 

with a taper of 45°. Taper values ranging from 10° to 22° have been 

recommended by several authors as adequate for good retention of a full veneer 

crown (Weed and Baez, 1984, Dodge et al, 1985, Owen, 1986 (II), Kent, 

Shillingburg and Duncanson, 1988, Shillingburg et al, 1997, Goodacre, 

Campagni and Aquilino, 2004, Goodacre, 2004).  

In their quest to determine ‘how much taper is enough’, Dodge and co workers 

(1985) found that there was no significant difference between the retention 

provided by preparations with 10° and 16° taper. Based on a study they  
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carried out on the effect of film thickness on retention and resistance, they 

concluded that taper values between 16° and 22° were found ‘to be the most 

advantageous’. 

Weed and Baez (1984) however considered a taper of 22° as being outside the 

range considered adequate for resistance. 

Furthermore, Kent, Shillingburg and Duncanson (1988) reported in their review 

that optimal taper found for cast restorations was between 2.5° and 6.5° in order 

to minimize stress in the cement lute. The stress on the cement lute increases 

gradually as the taper increases from 0 to 15° and beyond a taper of 20°, the 

stress concentration in the cement lute increases sharply.  

Table 2.1 adapted from Shillingburg and co-authors (1997) outlines the optimal 

taper desirable on different teeth. 
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Arch M/D F/L Overall 

Maxillary     

Anterior tooth* 10 10 10 

Premolar* 14 14 14 

Molar* 17 21 19 

Mandibular     

Anterior tooth* 10 10 10 

Premolar* 16  12 14 

Molar* 24 20 22 

 

*Convergence angle 

Table 2.1. Optimum degree of tooth preparation taper (adapted from Shillingburg et al, 1997)  

 

2.6.2 Prevalent taper reported in the literature 

Direct measurement of taper of crown preparations have been done in several 

studies (Kent, Shillingburg and Duncanson, 1988, Annerstedt et al, 1996, Ohm 

and Silness, 1978, Eames et al, 1978, Al-Omari and Al-Wahadni, 2004). 

 

From their study on 190 dies made from teeth prepared for crowns by final year 

dental students, Ohm and Silness (1978) reported a mean taper of 19.0° mesio-

distally and 27.0° facio-lingually on vital teeth while a taper of 12.0° mesio-distally 

and 37.1° facio-lingually was observed on non-vital teeth. They however did not 

specify the tooth types that were prepared. 
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From 50 dies randomly collected from commercial laboratories, Eames and co-

workers (1978) established an overall taper on average of 20° and suggested 

that this was the more realistic expectation clinically. 

 

Kent, Shillingburg and Duncanson (1988) observed a 15.8° mesio-distal and 

13.4° facio-lingual taper in all areas of the mouth and an average overall taper of 

14.3°. The lowest combined taper of 9.2° was found on 145 anterior metal-

ceramic crown preparations and the greatest taper of 22.2° on 88 mandibular full 

crown preparations. 

 

In another study, Nordlander and co-workers (1988) found a taper of 17.3° for 

premolars and 27.3° molars with an overall mean of 19.9° from 208 preparations 

done by 10 dentists. 

Many dentists assume they obtain an adequate taper when they prepare teeth 

for extra-coronal full veneer crowns. However, this is not always so as very few 

of them objectively evaluate the taper they obtain when they prepare different 

teeth (Goodacre, Campagni and Aquilino, 2001). Unless they measure the taper 

they routinely obtain on their preparations of the various tooth types, they would 

not know their areas of deficiency. 

Goodacre (2004) states that it is helpful for clinicians to measure the taper they 

obtain on various teeth. This way, they can predict the outcome of their 

treatment. If it is realized that a preparation is over-tapered, other methods of 

enhancing the retention of the crown may have to be considered. Extra  
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retentive features such as slots, boxes and grooves can be incorporated into the 

preparation design (Shillingburg et al, 1997). 

 

2.6.3 Determinants of taper achieved by practitioners 

§ Space and access  

§ Training 

§ Experience                        

§ Tooth shape and Morphology 

 

2.6.3.1 Space and access  

Posterior teeth are prepared with a greater taper than anterior teeth, mandibular 

teeth are prepared with a greater taper than maxillary teeth while mandibular 

molars have been identified as the teeth most difficult to obtain a favourable 

taper on (Dodge et al, 1985, Owen, 1986 (II), Goodacre, 2004, Annerstedt et al, 

1996).  

Goodacre (2004) reported that while one study suggested that facio-lingual taper 

is usually greater than mesio-distal, another found the reverse to be the case. 

Kent, Shillingburg and Duncanson (1988) also reported this apparent 

contradiction in their study, but this rather than being contradictory affirms that 

different practitioners achieve different taper values when preparing different 

teeth.  

There are reports that teeth prepared as bridge abutments generally have a 

greater taper than single crown preparations. This is probably in an attempt by 
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practitioners to align the various abutments with one eye vision to avoid 

undercuts (Owen, 1986 (II), Goodacre, 2004).  

 

However, the finding from the study by Kent, Shillingburg and Duncanson, (1988) 

was that single crown preparations had a higher taper than teeth prepared as 

bridge abutments.  

 

2.6.3.2 Training 

According to Noonan and Goldfogel (1991), Dodge and co-workers (1985), 

Annerstedt and co-workers (1996), Kent, Shillingburg and Duncanson (1988), 

many dental schools still teach the historical minimum tapers recommended. This 

has not changed much even though research (Kent, Shillingburg and 

Duncanson, 1988, Dodge et al, 1985) has shown that such taper values are 

neither clinically achievable without creating undercuts nor necessary for clinical 

success (Dodge et al, 1985, Kent, Shillingburg and Duncanson, 1988, Annerstedt 

et al, 1996). 

Training of students on tooth preparation for crowns usually begins in the 

phantom head laboratory where they make their first preparations on mounted 

plastic teeth on typodonts (Brecker, 1961, Nishida, Sohmura and Takahashi, 

2004).  

While tooth preparation is an essential technique, Nishida, Sohmura and 

Takahashi, (2004) fully appreciate that ‘it is a skill not easily learned by a dental 

student’. They found that students trained on crown preparations with a  
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support system obtained a lower taper and greater parallelism than those that 

were trained with freehand (appendix V). 

 

Lynch and Burke (2004) reported on using a transparent vacuum-formed 

template to aid tooth preparation for fixed restorations. They found that the 

template acted as a guide to determine the amount of tooth substance that had 

to be removed, thus conserving tooth material and avoiding over-tapered 

preparations. 

2.6.3.3 Experience   

Experience develops with exposure to clinical practice and this affects the taper 

achieved on preparations (Dodge et al, 1985, Annerstedt et al, 1996).  

 

Jacobs, Steele and Wassell (2004) addressed the issue of experience more 

directly. ‘Good restorative work requires more than an ability to cut shapes on 

teeth and sticking crowns on them’. They contend that dentistry is difficult and the 

experience to execute good dentistry requires a long time to acquire. 

Additionally, Rosenstiel, Land and Fujimoto (2001) reported that correct 

orientation of the bur during crown preparation is also important, tilting the head 

away from the tooth may leave undercuts and tilting it towards the tooth may 

result in over-tapering. They suggested that a bur should be held precisely in the 

intended path of withdrawal of the restoration. Figure 2.5 illustrates how to 

orientate the bur along the line of draw. 
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It is important to realize that consciously trying to create a taper often results in 

over-tapered preparations and unnecessary loss of tooth material (Shillingburg et 

al, 1997, Parker et al, 2003).  

 

Since burs come with different angles of inclination (which can be verified with 

the manufacturers), selecting the correct bur and placing it parallel to the planned 

line of withdrawal of the restoration when preparing axial walls create more or 

less the desired taper and modifications can then be made at the completion of 

the preparation (Blair, Wassell and Steele, 2002, Parker et al, 2003). These may 

appear difficult for the student learning to make crown preparations or the 

inexperienced practitioner preparing his/her first few crowns to appreciate but 

with time and more experience, they become much easier for the dentist. 

 

Line of 
draw 

Figure 2.5. Preparing a tooth by placing the bur parallel to the line of withdrawal of the 
restoration. (Adapted from Parker et al, 2003). 
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2.6.3.4 Tooth shape and morphology  

 Prevailing conditions during clinical crown preparation might not always allow for 

an ideal preparation to be made. Consequently, it is not always possible to 

prepare a tooth with the ideal taper. For instance, caries or a fracture might have 

affected one of the opposing walls or a wall might have a greater than desirable 

inclination naturally. Grooves, boxes, pinholes or any other internal feature can 

then be substituted for such axial walls. These features enhance the overall 

retention and resistance of an otherwise over-inclined axial wall (Shillingburg et 

al, 1997). Preparing a peg-shaped lateral incisor to the recommended taper for 

instance might be difficult even for the more experienced dentists since it already 

has a taper greater than the minimal recommended value. 

In summary, it is difficult to seat crowns on preparations with parallel walls 

(Shillingburg et al, 1997, Kent, Shillingburg and Duncanson, 1988, Goodacre, 

2004). For this reason researchers (Owen, 1986 (III), Kent, Shillingburg and 

Duncanson, 1988, Goodacre, Campagni and Aquilino, 2001) have come up with 

the idea of tapered walls to avoid undercuts and ensure more complete seating 

of restorations. Early researchers (Shillingburg et al, 1997, Kent, Shillingburg and 

Duncanson, 1988) recommended a minimal taper but it was realized that such 

taper values are difficult to obtain clinically and it was further made clear that a 

taper as high as 22° will offer adequate retention for crowns. Most authors on the 

subject (Dodge et al, 1985, Kent, Shillingburg and Duncanson, 1988, Goodacre, 

Campagni and Aquilino, 2001, Goodacre, 2004, Shillingburg et al, 1997, 

Nordlander et al, 1988) seem to be of the  
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opinion that tapers of between 10° and 22° will be adequate for successful crown 

restorations if other factors are optimal. 

 

2.7 Methods used for measuring taper 

Several methods have been reported in the literature for measuring taper of 

clinical and laboratory-generated preparations for clinical, research and 

academic purposes (Nordlander et al, 1988, Kent, Shillingburg and Duncanson, 

1988, Annerstedt et al, 1996, Goodacre, Campagni and Aquilino, 2001). From 

the simple and useful to the very complicated and material-intensive methods, 

the measurement techniques help the practitioner or student to predict the 

retention of the restoration and to assess the need for extra retentive features or 

the use of adhesive cements for luting. 

 

Different study designs have been used for taper analysis. Some studies are 

prospective where dies of prepared teeth are obtained and analysed for taper for 

the purpose of predicting the outcome of the restorations made on them. The 

study on preparations made by final year dental students by Al-Omari and Al-

Wahadni (2004) was such a prospective study. 

Taper of preparations can also be measured retrospectively when crowns have 

dislodged from them in order to understand why they have failed (Kent, 

Shillingburg and Duncanson, 1988).  

Many researchers however collect dies from dental laboratories and use them for 

taper analysis (Parker et al, 1991, Noonan and Goldfogel, 1991, 
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 Annerstedt et al, 1996). The purpose of such studies is largely academic and the 

present study is based on this model.  

 

At the Loma Linda University Dental School, students are taught to estimate the 

taper of their preparations by placing a die of the preparation against a scale 

drawn to different taper values on paper, (Goodacre, 2004). This scale is 

illustrated in appendix IV . 

 

Mack (1980) suggested a portable device for measuring taper in the clinic 

(appendix IV). This device is equipped with an eyepiece and a support for the 

surface of the tooth to be examined. It is also fitted with a calibrated scale for the 

taper measurement. 

 

Taper can also be assessed from an occlusal view while preparing the tooth in 

the mouth but this is rather subjective as minor differences in taper may not be 

seen with the eye from this view. It is easier to assess the taper during 

preparation by placing a mouth mirror beside the surface to be checked and 

viewing from the opposite side (Shillingburg et al, 1997, Goodacre, 2004). This 

method could be also be subjective and therefore not very reliable. 

 

Nordlander and co-workers (1988) projected the facio-lingual and mesio-distal 

silhouettes of dies with a projector and measured the taper from tracings made 

on these projections (appendix IV).        
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Kent, Shillingburg and Duncanson (1988) measured taper directly from 1:1 

photographs of dies. These photographs were taken from the facial or lingual 

aspect as well as from the mesial or distal aspect. 

 

Noonan and Goldfogel (1991) obtained their photographs of dies by using a 

photocopying machine to ‘copy’ the dies. They then proceeded to measure the 

taper with a set of calipers. 

 

Annerstedt and co-workers (1996) used the Procera CAD/CAM technique to 

scan dies obtained from clinical preparations. These were processed in a 

computer, which converted the dies into two cross-sections (facio-lingual and 

mesio-distal), and transcribed these on paper for taper measurements. 

 

The major shortcoming of most of these techniques becomes apparent when one 

considers that preparations are three-dimensional objects, while the photographs 

convert them to two-dimensional flat images, which are then used to measure the 

taper. At best, such techniques can only give an approximate value of the taper 

depending on the angle the photographs are taken from.  

 

Additionally, most of these techniques make the erroneous assumption that taper 

is constant over each surface of a preparation. Unfortunately, this is not always 

the case (Enechi and Osman, 2003). 

 



 

 41 

                 

 

 

 Recording a three-dimensional object with a camera for the purpose of taper 

measurement in addition, is a very sensitive technique and results may differ 

depending on the angle of photograph and the distance of the object from the 

camera lens (figure 2.6).  

 

Reproducibility of such measurements is also a problem because different values 

will be obtained each time the camera lens is adjusted or the angle of photograph 

is changed. The implication of this is that different investigators will probably get 

different taper readings for the same tooth preparation at different times. 

 

 Unless the technique is standardized like in the method used by Kent, 

Shillingburg and Duncanson, (1988) and Annerstedt and co workers (1996), the 

results obtained can do little more than give a rough idea and caution  

Camera  

Preparation  

Image  

Figure 2.6. Obtaining the image of a three-dimensional preparation 
for taper measurement 
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should therefore be exercised when relating such results to the resistance and 

retention of restorations. 

 

2.8 The double silicone technique 

This technique of measuring taper is a novel approach to the measurement of 

taper. It tries to eliminate the error that might arise from converting the three-

dimensional dies obtained from clinical preparations into two-dimensional images 

(Enechi and Osman, 2003).  

 

The method involves taking an impression of a die with an elastomeric 

impression material such as the putty of an addition silicone impression material 

using a single-tooth customized tray. The resulting impression is then used to 

make a silicone die with a lighter viscosity silicone material of a different colour. 

Being essentially of the same material, the impression and the die are stuck 

together, just like when taking a wash impression with silicone impression 

materials.  

 

The resulting block of impression and die is then sectioned at different desired 

points, and taper measurements are made directly on photographs of these 

sections.  

The most important advantage of this method is that if sections are obtained from 

different areas of the die, they will give the taper at those sections of the 

preparation. In figures 2.7, taper A is measured at the point xy while in figure 2.8, 

taper (A and a) is measured at two points, xy and pq. This is particularly  
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useful for preparations obtained from large teeth such as molar teeth and some 

premolars. It therefore gives an idea of the true resistance form of the 

preparation. It is also less technique sensitive and gives reproducible results 

(Enechi and Osman, 2003). 

 

This technique was adapted from a method used by Elderton (1977) to measure 

the surface morphology of cavities and amalgam restorations and was presented 

at an IADR scientific session in Cape Town, South Africa (Enechi and Osman, 

2003). A more detailed account of the double silicone technique is presented in 

the chapter on study design and methodology. 

 

 

 

 

 

 

 

 

 

Taper = angle A 

Figure 2.7.  Taper measurement using lines drawn from the occlusal surface of a tooth 
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              Taper = A at xy and a at pq 

               Figure 2.8. Measurement of taper at different sections of a preparation  

 

2.9 Calculating taper from taper drawings 

Whichever method is used to transcribe the image of the die onto paper, the 

actual measurement of taper is basically the same. Two straight lines are drawn 

as tangents to the opposing external surfaces of the prepared tooth in any 

direction (mesio-distal or facio-lingual) until they meet above the tooth. The angle 

at which they meet is then measured using a protractor to give the taper 

(Annerstedt et al, 1996, Al-Omari and Al-Wahadni, 2004). The figures 2.9, 2.10 

and 2.11 adapted from an article by Al-Omari and Al-Wahadni (2004) illustrate  

how to measure taper from tracings of tooth dies. 

 

q p 
y x 

A 

a 
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Figure 2.9. Measuring mesio-distal taper from a taper drawing of a molar 
(adapted from Al-Omari and Al-Wahadni, 2004) 

Taper 
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Figure 2.10. Measuring the mesio-distal taper of an anterior tooth preparation (adapted from 
Al-Omari and Al-Wahadni) 

Taper  
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Figure 2.11. Measuring the labio-lingual taper of an anterior tooth preparation 
(adapted from Al-Omari and Al-Wahadni, 2004). 

Taper 
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Chapter 3 

 

 

Aims and Objectives 

 

3.1 Aim  

The aim of this study is to investigate the prevalent taper obtained routinely 

under clinical conditions among dental students, general dental practitioners and 

prosthodontists in two African countries and to ascertain if it is within the 

recommended range of 10º to 22º. 

 

3.2 Objectives  

The objectives of this study include: 

 

1. To determine the taper achieved during crown preparations by dental 

students, general dental practitioners and prosthodontists in two African 

countries  

 

2. To compare the taper achieved in the two African countries with values 

obtained from previous studies 

 

3. To find out if the taper achieved in the two African countries is adequate 

for the successful retention of crown and bridge restorations 
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4. To determine which of the groups of students, general practice dentists 

and prosthodontists routinely obtain the lowest taper in clinical practice 

 

5. To reflect on the training dental students receive on the preparation of 

crowns and bridges 

 

6. To determine if the prevailing clinical conditions in the two countries 

enable dentists to practice optimally and if they routinely make successful 

crowns and bridges.  

 

7. Finally, it is hoped that this study will inform the curriculum development 

process of dental students as regards crown and bridge training. 

 

3.3 Null Hypothesis (H0) 

There is no significant difference in the taper obtained by dental students, 

general dental practitioners and prosthodontists during full veneer crown 

preparations in two African countries. 
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Chapter 4 

 

Materials and equipment 

 

4.1 Introduction  

The consumable materials, including a digital camera used for this study were 

procured with funding provided by the University of the Western Cape. Figure 4.1 

illustrates some of the instruments and materials used in the study. 

 

               

 

 

 

 

 Figure 4.1. Instruments and materials used in the study 
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4.2 Materials and Equipment  

1. One hundred and five stone dies of teeth prepared by dental students 

from three dental school laboratories in South Africa, namely, the Oral 

Health Centre, Mitchells Plain, the Tygerberg Oral Health Centre, and 

the Medical University of Southern Africa were collected. The dies from 

the Mitchells Plain Oral Health Centre and the Tygerberg Oral Health 

Centre came from two different batches of final year dental students at 

each centre. In January 2004, the Tygerberg and Mitchells Plain Oral 

Health Centres formerly of the University of Stellenbosch and the 

University of the Western Cape merged under the latter institution. The 

dies came from the institutions separately before the merger and from 

the merged institution after the merger in January 2004 

2. Ninety-two stone dies were obtained from full veneer crown preparations 

made by various private general dental practitioners based in Cape 

Town, South Africa. The dies came directly from dental clinics or from 

dental laboratories 

3. Thirty-two stone dies were obtained from full veneer crown preparations 

made by various private general dental practitioners based in Abuja and 

Kaduna, Nigeria 

4. Two hundred and three stone dies were obtained from prosthodontists 

and prosthodontic residents in Nigeria and South Africa. Fourteen of 

these dies came from two practicing prosthodontists and a prosthodontic 

resident in Nigeria while the South African samples (189) were 

generated by one prosthodontist in private practice and ten residents in 
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the Magister Chirurgiae Dentium (M Ch.D) and Magister Scientiae 

Dentium, (M Sc.) programmes in Prosthodontic Dentistry at the 

University of the Western Cape. Two of the South African residents have 

since qualified as prosthodontists 

5. Forty Special single -unit customized trays were constructed from sheets 

of aluminum and copper rings 

6. Silicone impression material of putty consistency, Coltene® President 

Putty (ISO 4823, type 1, high consistency) by Coltene/ Whaledent AG, 

Switzerland and Aquasil™ Soft Putty (ISO 4823: 1992, type 0, very high 

consistency) by Dentsply Detrey GmbH Germany  

7. A lighter viscosity silicone material of a different colour, Coltene® 

President microsystem™ light body (ISO 4823, type 3, low consistency) 

and Aquasil™ Ultra LV Smart Wetting® (ISO 4823, type 3, light-bodied 

consistency) by Dentsply Detrey GmbH Germany  

8. Dental stone (Dentstone KD, Newark Works, Bowbridge Lane, Newark, 

Nottinghamshire) 

9. Reams of A4 and A3 white paper 

10. Five hundred drug dispensing envelopes 

11. A Stanley knife with a mounted blade  

12. Pencils and markers 

13. Rulers 

14. A protractor 

15. A digital camera (Fujifilm digital camera, FinePix S3000, Fuji Photo Film 

Co., Tokyo, Japan) 

16. A colour printer connected to a computer 
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Chapter 5  

 

 Methodology 

 

5.1 Introduction 

This was a clinical study based on dies of teeth prepared clinically by final year 

dental students in three different dental schools in South Africa, prosthodontic 

residents in Nigeria and South Africa, practicing prosthodontists and general 

dental practitioners in the two countries. This chapter will consider the unique 

features of this study from the stage of stone die collection, preparation of the 

silicone dies, photographing of these silicone dies and measuring the taper 

(figure5.1). An attempt will be made to analyse the various problems 

encountered in the course of this research and the efforts made to overcome 

them. Direct measurement of the taper will be carried out on photographs of 

sections obtained from the silicone dies of teeth prepared clinically to receive full 

veneer crowns. 
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5.2 Stone die collection 

This was a prospective clinical study and as such was dependent on clinically 

generated dies as they became available. This meant that even though the initial 

plan was to have finished sample collection by March/ April 2004, this was not 

possible until almost the end of October 2004. 

The biggest problem with the collection of specimens for a study of this nature is 

that the sample size must be large enough to impart sufficient power to the study. 

The sample should also be collected from as many dentists and dental students 

as possible or it would only assess how well one particular dentist or student 

makes preparations rather than give an idea of the prevailing practice in the 

environment under study. This study is unlike previous studies that looked at 

clearly defined samples like those from dental students in a particular dental 

school environment (Al-Omari and Al-Wahadni, 2004, Annerstedt et al, 1996) or 

particular practitioners such as the experienced practitioner Kent, Shillingburg 

and Duncanson (1988) investigated. 

Figure 5.1. Measuring taper on a section taken from a silicone die 
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This study was based on a broader sample type, samples from dental students in 

different dental schools; from general practitioners in private and public practices 

in two African countries, Nigeria and South Africa and from practitioners who 

have received formal postgraduate training and instruction on the subject of 

crown and bridge restorations in both countries.  

 

The ideal way to collect the samples would have been to be physically present in 

the clinic or the laboratory and to collect the stone dies as they were generated 

but that was not logistically possible.  

 

5.2.1 Inclusion criteria 

§ Stone dies made from teeth prepared for full veneer crowns by dental 

students, general dental practitioners and prosthodontists practicing in 

Nigeria and South Africa. For the purpose of this study, a prosthodontist is 

any dental graduate who has completed or has enrolled in a clinical 

course in the field of restorative dentistry or prosthodontics. In addition, 

the dental students must have received formal instruction and clinical 

training in preparing teeth for crowns and bridges. 

 

5.2.2 Exclusion criteria 

§ Stone dies collected from any individual other than dental students, 

general dental practitioners and prosthodontists practicing in Nigeria or 

South Africa 
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§ Stone dies that were generated in the laboratory from cast metal, 

composite or ceramic cores 

§ Stone dies damaged in any way that would render any taper 

measurement on them unreliable 

§ Stone dies intended for any treatment other than for full veneer crowns 

and bridges such as those made for laminate veneers and three-quarter 

crowns. 

 

Stone dies were collected for this study in two ways namely: 

1. From working models which had been used for making crown and 

bridges. Dies collected in this way were mounted on dowel pins and 

usually had a layer of die spacer on them (figure 5.2). Die spacers 

are applied extremely thinly on the dies and do not affect the 

measurement of taper. 

                  

 

Figure 5.2. stone dies from working models, the primary source of dies for this study 
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2. Impressions of prepared teeth were collected (figure 5.3) and 

models made from them. Stone dies were then made from these 

specifically for this research project by sectioning the dies using 

either an electric (figure 5.4) or a manual saw (figure 5.5). Stone 

dies obtained in this manner were not treated with a die hardener or 

a die spacer (figure 5.6). 

 

 

 

 

 

Figure 5.3. A rubber-based impression of  clinically prepared teeth, another 
source of dies for this study 

Figure 5.4. An electric saw used to obtain stone dies from models 
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5.2.3 Problems encountered in die collection 

Different kinds of problems were encountered during the collection of samples 

from each of the different categories of clinicians studied. These are considered 

below. 

 

5.2.3.1 Dental students 

As part of their clinical training, senior dental students in South African Dental 

schools are required to carry out under supervision, treatment involving crowns 

and bridges, veneers and other aspects of advanced restorative dentistry. This is 

similar to the practice in other countries in Africa (including Nigeria), Asia, Europe 

and North America. 

 

Figure 5.5. A manual saw used for cutting models for stone dies 
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A very high proportion of the stone dies from students are of incisor, canine and 

premolar teeth (figure 5.6). The reason for this might be because students treat 

only those patients who have been considered by their supervisors to be suitable 

for their training needs and in most cases these are anterior teeth.  

Since quotas dictate the number of crowns preparations made by students, each 

prepares no more than an average of three crowns. The 105 dies collected in this 

group are therefore estimated to have come from 35 students. 

 

5.2.3.2 General practitioners 

General dental practitioners in both Nigeria and South Africa contributed a total 

of 124 stone dies to the study. Of this number, 32 were received from seven 

different dentists in private practice in Nigeria. The remaining 92 dies emanated 

from general practice dentists in various private clinics in Cape Town, South 

Africa. It is difficult to estimate how many dentists made these  

Figure 5.6. Stone dies collected from students preparations 
were mostly incisors, canines and premolars  
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preparations because several of the dies were obtained directly from commercial 

laboratories servicing the practitioners. 

 

 

At least two of the dentists in this category of practitioners from South Africa have 

had postgraduate training in fields other than clinical prosthodontics. 

 

 

One of the problems encountered in collecting stone dies from this category of 

practitioners was that there were few dentists to collect dies from since many 

general practice dentists did not prepare teeth for crowns. Some of them referred 

their patients requiring or needing advanced conservative dental treatment to 

prosthodontists and others sought alternative treatment plans. Secondly, many 

dentists especially the private practitioners did not keep treatment models after 

the crowns and bridges made on them had been fitted. The models were either 

destroyed or given to the patients. This is probably due to storage space 

constraints.  

 

 

To overcome this problem, it was necessary to contact as many clinics and 

laboratories as possible and in a few cases to even supply them with either the 

dental stone to duplicate their models or rubber-based impression materials. 

Silicone impressions of models were also made at times and poured at the 

Mitchells Plain Oral Health Centre laboratory later. 

 

 

5.2.3.3 Prosthodontists and residents 

A total of 203 stone dies of those analysed came from practicing prosthodontists 

and postgraduate prosthodontic residents at various stages of  
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their training, with varied post-basic-qualification clinical experience. Also this 

category of dentists were trained at different universities in South Africa, Kenya, 

Algeria, Nigeria, the UK, Pakistan, India and Jordan. This implied that they had 

different types of undergraduate and postgraduate dental training. 

 

In order to avoid sample bias, the number received from any one practitioner was 

limited to between four and twenty-five dies. 

This was the easiest category of stone dies to collect since the residents all 

practiced in the same facility and used an in-house laboratory. 

Overall, students, dentists and laboratory technicians were very co-operative and 

facilitated the collection of dies. A total of 432 stone dies were analysed for the 

study. 

 

5.3 Labeling of the stone dies 

Due to the number of dies used and in order to avoid a mix-up and for future 

reference, each die was assigned a number and the number was labeled on the 

die (figure 5.6). Dies from prosthodontists and residents including samples from 

Nigeria and South Africa were assigned numbers 1 to 161 and from 501 to 542. 

The students’ dies were labeled 201 to 300 and then 2661, 2751, 2752, 2753 

and 2754. The dies from general dental practitioners were labeled from 301 to 

424. Specific numbers were also assigned to the dies from the different sources 

so that they could easily be tracked. The purpose of the labels was to ensure a 

good spread across the groups, and for ethical  
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reasons, no attempt will be made to relate the results to the source of the dies. 

 

5.4 The impression trays 

The trays were made from flat sheets of soft aluminum. The appropriate 

dimensions were measured out and cut out with a pair of scissors. The sides 

were then folded up without permanently sealing the open corner so that it could 

be peeled off from the record block. The tray was left open at both ends for easy 

loading of the impression material. Copper rings were also used as trays (figure 

5.7). 

 

Opposing sides of each tray were marked (to correspond to the mesial and distal 

surfaces of the die) using the sharp end of a pair of dividers or by drilling through 

the sides with a mounted bur. This ensured correct orientation of the die when 

making the impressions. 

 

 

  

Figure 5.7. The customized impression trays made from soft 
aluminum sheets and copper rings  
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5.5 Making the impressions 

The double silicone technique of taper measurement was used in this study, Two 

impressions were made of each stone die by mixing equal parts of the base and 

catalyst of the putty impression material and loading into each tray to make 

impressions of the stone dies. Impressions of five to six these dies were made at 

a time as mixing more than this always resulted in poor impressions due to the 

setting reaction starting before seating the impression tray.  

 

Care was always taken to align the stone die while making the impression so that 

the marked sides of the tray corresponded to the mesial and distal surfaces of 

the die (figure 5.8). 

 

Each impression was removed from the tray and a second impression of the die 

taken with the same tray. Care was taken to avoid mixing up the stone dies at 

this stage. 
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The impressions were taken in two batches of 40 at a time based on the number 

of trays available. Before making the silicone dies, pencil marks were made on 

the impressions at points where the section cuts will later be made. These marks 

acted as useful guides that ensured that the sections passed at the desired parts 

of the dies. 

 

5.6 Preparing the silicone dies/ study blocks 

The silicone dies were made by injecting the light viscosity impression material 

into the set impressions in each batch, deliberately overfilling them (figure 5.9). 

Overfilling them ensured that the dies extended beyond the preparation finishing 

lines. 

 

The advantage of making the silicone dies in batches was that the same mixing 

tip could be used to make as many dies as possible. 

 

 

 

 

 

 

 

 

Figure 5.9. Making a silicone die from a putty impression 
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When set, the trays were peeled off from the study blocks (figure 5.10) and the 

stone die and both blocks made from it placed into a drug-dispensing envelope 

and carefully sealed. The number on the stone die was transferred to the 

envelope in which it is placed. The blocks were then ready for sectioning. 

 

 

 

 

 

 

 

 

 

 

5.7 Sectioning the blocks and labeling the slides 

For each stone die, one block was sectioned mesio-distally and the second facio-

lingually at the points made earlier on the impression. The number of sections 

prepared from each study block depended on the size of the stone die it was 

made from.  

 

One molar block was sectioned mesio-distally at three points, the buccal, the 

middle and the lingual thirds. The second block was sectioned bucco-lingually  
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at the mesial, middle and distal thirds. Fewer sections were obtained from the 

smaller molar preparations (figure 5. 11). 

 

Most of the premolar blocks were sectioned at three points mesio-distally and at 

one point bucco-lingually except in the larger preparations that were also 

sectioned at three or two points bucco-lingually. Very few of the premolar blocks 

had fewer than three mesio-distal sections. 

 

There was no distinction between the incisor and the canine teeth in this study, 

both were classified simply as anterior teeth. The anterior teeth blocks were 

sectioned just once in both the mesio-distal and labio-lingual directions because 

of their relatively smaller sizes. 

 

 

 

 

 

 

 

 

 

Each sectioned molar block had three flat cut surfaces in either the mesio-distal 

or the bucco-lingual direction. The premolars had three sections mesio- 
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distally and one bucco-lingually while the anterior teeth had one section in either 

direction. 

 

Numbers were assigned to each section and marked with a pencil on the 

surface. This made it possible to identify them afterwards when their photographs 

had been printed. The printer did not print the photographs in the order in which 

they were taken. For the mesio-distal sections, slides from the buccal third of 

molars were labeled ‘1’, middle, 2, and lingual, 3. Similarly, in the bucco-lingual 

direction, the mesial third was labeled 4, middle, 5 and distal, 6 (figure 5.12). 

         

                 

 

 

 

The mesio-distal sections from the premolar blocks were also labeled 1, 2 and 3 

while the bucco-lingual section of premolars was labeled 5. The anterior teeth 

sections were assigned 2 for the mesio-distal and 5 for the labio-lingual sections. 

 

Figure 5.12. Labeling a section of a die. ‘325’ is the die number while ‘1’ 
describes the section, in this case, the buccal third of a mesio-distal section  
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The sections were also labeled with a sample number corresponding to the 

number on the stone die that they were made from. The stone dies and the 

sections were placed back into the envelopes and sealed. They were then ready 

to be photographed. 

 

5.8 Taking the Photographs 

The photographs were recorded with a Fujifilm S 3000, digital camera. The 

advantage of using a digital camera is that there is no need for films and blurred 

pictures can be deleted and repeated if necessary. It also obviates the need for a 

commercial laboratory to print these photographs where the cost would be 

enormous for a study of this nature. 

In order to avoid accidentally mixing up of the many sections, they were not 

taken out of the envelopes until it was time for them to be photographed. The 

photographs were taken of one die at a time and the sections were carefully 

replaced in the envelope before handling the next die.  

5.9 Editing and printing of photographs for taper 

The digital camera software allows pictures recorded on the camera’s XD picture 

card to be downloaded onto the computer. To make the taper measurement 

easy, nine wallet-sized profile pictures were printed per A4-sized paper using a 

Deskjet 840 C colour printer (figure 5.13). The smaller the picture, the higher the 

chances that the lines drawn on them for taper measurement would enter into the 

page. Printing one picture per page would have meant attaching an A3-sized 

paper to do the measurements. 
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The pictures were printed in colour so that the contrast between the die (dark 

blue or green) made of the light viscosity silicone material would be conspicuous 

against the background of the putty (light brown or light blue). It was important to 

change the printer cartridge whenever the details of the photographs became 

blurred. Sharp definition of the dies on the silicone sections was crucial to 

accurate taper measurements using the double silicone method. 

 

Printed pictures were stored in a file for the taper measurements. Contact with 

any kind of moisture or liquids was avoided, as that would have smudged the 

photographs. 

 

5.10 Measurement of taper 

Taper was measured directly on the photographs by plotting the lines as 

described in the article by Al-Omari and Al-Wahadni (2004). The lines were 

drawn with a ruler and pen because pencils did not mark well over the colour 

prints (figure 5.13). 

 

The angles were then measured with a protractor. 
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5.11 Ethical consideration 
 
The dies obtained were used only for the purpose of this study. No attempt will 

be made to cast aspersions on any individual(s) in terms of the merits and de-

merits of the tooth preparations. Neither the identity of the patients the crowns 

were made for nor the identities of the dentists or students who made the 

preparations will be revealed except as groups. 

 

Clearance was obtained from the University of the Western Cape Research and 

Ethics committee for this study. 

 

5.12 Recording of results 

Values obtained were recorded into an SPSS spreadsheet for analysis. The table 

used is as shown in table 5.1. 

Figure 5.13. Typical print of nine wallet-sized pictures used for taper 
measurement in this study 
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              No   Cat   Tooth     tap1 tap2   tap3   tap4   tap5  tap6     MD          BL    AVE   Stat 

                1    3         …        …       …      …     …       …      …       …          …       …     … 

                2    …       …        …       …      …      …      …      …        …         …        …      … 

                    …     …         …            …        …         …         …        …          …          …           …            …       … 

 

 

KEY TO TABLE 5.1 

No = die number  

Cat = category of clinician (1 = students, 2 = GPs, 3 = Prosthodontists) 

Tooth = tooth type (1 = anteriors, 2 = premolars, 3 = molars) 

Tap1 = mesio-distal taper at buccal third of preparation 

Tap 2 = mesio-distal taper at middle third of preparation  

Tap 3 = mesio-distal taper at lingual third of preparation  

Tap 4 = bucco-lingual taper at mesial third of preparation  

Tap 5 = bucco-lingual taper at middle third of preparation 

Tap 6 = bucco-lingual taper at distal third of preparation 

MD = average mesio-distal taper 

BL = average bucco-lingual taper 

AVE = overall average taper for preparation (MD + BL) 

                                                                              2 

Stat = status of preparation (1 = outside the recommended range, 2 = within the 

recommended range [10° to 20°]).  

 

Table 5.1. Data capturing table 
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5.13 Statistical analysis 

Numerical descriptive statistics, mean, median and standard deviation were 

calculated both individually and collectively for students, general dental 

practitioners and prosthodontists and for the different types of tooth preparations 

– anterior teeth, premolars and molars. 

 

The minimum and maximum scores at different sections of the preparations were 

calculated. 

 

A one-way analysis of variance (ANOVA) test was used to check the significance 

of the differences in each of the different categories of clinicians and tooth 

preparation types. The level of significance was predetermined at a p value of 

less than 0.05. 

 

The Student-Tukey HSD multiple comparisons test was used to further test for 

differences between the groups where a significant difference existed about the 

means. The mean difference was considered significant at p values equal to or 

less than 0.05.  

 

The mean taper for both practitioners and tooth types were cross-tabulated with 

the recommended mean values of taper (10º – 22º, for this study). Chi Square 

tests were used to test how the means of the different groups of clinicians and 

tooth types differed. 
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Chapter 6 

 

 Results  

6.1 General 

 
  

Frequency 
 
Percentage 
 

 
Students      
 
General Practitioners  
        
Prosthodontists  
 
          Total 

  
105 
 
 124 
 
 203 
 
 432 

 
24.3 
 
28.7 
 
47.0 
 
100.0 

  

Table 6.1. Preparations from the categories of clinicians studied 

 
 
Forty seven percent (N = 203) of the dies analysed were prepared by 

prosthodontists and resident prosthodontists, 28.7% or 124 dies came from 

general dental practitioners while 24.3% representing 105 dies came from 

students (table 6.1). 

 

 
  

Frequency  
 
Percentage  
 

 
Anterior teeth      
 
Premolars  
 
Prosthodontists  
 
          Total 

 
227 
 
112 
 
93 
 
432 

 
52.5 
 
25.9 
 
21.5 
 
100.0 

 
 
 
Table 6.2. Classification of dies by tooth type 
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Most of the dies analysed were anterior teeth (incisors and canines). There were 

227 anterior teeth (52.5%), 112 premolar dies, which represented 25.9% and 93 

molar dies or 21.5 % of the total dies analysed (table 6.2). 

 

6.2 Descriptive statistics 

 
                         
                        Tap1 

 
Tap2       Tap3 

 
Tap4         Tap5 

 
Tap6            MD 

 
BL              AVE 

 
No                    191     
 

 
432           171 

   
106          432 

  
 87              432 

 
432             432 
 

 
Mean                29.2 
 
 

 
21.7        25.2  

 
32.1          25.7 

 
30.5             22.5 

  
  26.2          24.3 
  
     

 
Median             26.0 
 
 

 
20.0        22.0  

 
29.5           25.0 

 
27.0             21.0 

 
25.7            23.1 

 
Std. Dev.          17.5 
 
 

 
11.3         16.0  

 
17.0           11.0 

 
15.7             11.2 

 
11.1            9.2 

 
Variance          306.6 
 
 

 
128.8     256.6  

 
287.6         122.0 

 
246.4           124.8 

 
122.8          85.4 

 
Minimum             4 
 
 

  
2                 3 

  
 4                4 

   
3               3.0 

  
4.0             5.0 
 

 
Maximum           90 
 
 

  
78              84 

   
100           73 

 
 73              70 

 
 68              65 

 

Range: 2° to 100° 

 
Table 6.3. Descriptive statistics table (Overall) 
 
 
 
The average of the mesio-distal (MD) and bucco-lingual (BL) taper was 

calculated to give the overall taper (AVE). The lowest taper (mean 21.7º) was 

recorded in the mid mesio-distal section (tap2) while the highest (mean, 32.1º 
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was in either the buccal or lingual third of the mesio-distal sections of the 

preparations (tap4).  

 

The minimum taper score of 2º was in the mid mesio-distal section (tap2) while 

the highest taper of 100º was recorded under tap4. A significant difference 

existed between these two sections in the preparations analysed (table 6.3). 

 
 
 
6.3 Mean taper obtained 

 
Category 

  
Mesio-distal taper 
(average)* 

 
Bucco-lingual  
taper (average)** 

 
Overall taper  
(average)*** 
 

 
 
Students  

 
 
Mean  (SD) 
 
  

 
 
23.8  (10.1) 
 
 

 
 
26.1  (10.9) 
 
 

 
 
25.0  (8.4) 
 
                       

 
 
General 
Practitioners  

 
 
Mean   (SD) 
 
 

 
 
24.5   (12.4) 
 
 

 
 
29.1  (12.1) 
 

 
 
26.8   (10.6) 
 
 

 
 
Prosthodntists 

 
 
Mean  (SD) 
 
 

 
 
20.5  (10.6) 
 

 
 
24.5  (10.1) 
 
 

 
 
22.5  (8.4) 
 
 

 
 
Total  

 
 
Mean  (SD) 
 
 

 
 
22.5 (11.1) 
 
 

 
 
26.2  (11.1) 
 
 

 
 
24.3  (9.2) 
 
 

 
 
*F = 6.1,  P = .003 
**F= 7.1,    P = .001 
***F = 9.1,  P = .000 
 
Table 6.4. Mean taper obtained by the different categories of clinicians 
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A Tukey multiple comparisons test shows that there was a significant difference 

between the overall taper recorded by prosthodontists and students and also 

between prosthodontists and general practitioners. However no significant 

difference existed between the taper obtained by students and general 

practitioners (table 6.4 and figure 6.1). 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 6.1. Mean taper recorded by different categories of clinicians 
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Tooth type 

 
Mesio-distal 
taper (average)* 

 
Bucco-lingual 
taper (average)** 
 

 
Overall taper 
(average)*** 

 
 
Anteriors        Mean (SD) 
 

 
 
19.3  (8.6) 
 

 
 
26.4  (9.6) 
 

 
 
22.8  (7.0) 
 

 
 
Premolars     Mean (SD) 
                       

 
 
21.8  (10.0) 
 

 
 
22.1  (11.5) 
 

 
 
21.9  (9.2) 
 

 
 
Molars          Mean (SD) 
 

 
 
31.2  (13.4) 
 

 
 
30.7  (12.1) 
 

 
 
30.9  (10.9) 
 

 
 
Total            Mean (SD) 
                       

 
 
22.5  (11.1) 
 

 
 
26.2  (11.1) 
 

 
 
24.3  (9.2) 
 

 
*F = 45.7,   P = .000 
**F = 16.7,    P = .000 
***F = 35.4,    P = .000 
 
Table 6.5. Mean taper and Standard Deviation obtained on the different tooth types 
 
 
 
 
A Tukey multiple comparisons test showed no significant difference between the 

mean taper obtained on premolars and anterior teeth but a significant difference 

existed between both anterior teeth and premolars as a group and molars (table 

6.5 and figure 6.2).  
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Figure 6.2. Graphical representation of mean taper recorded on various tooth types 
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6.4 Tooth by tooth analysis 
 
 
6.4.1 Preparation of anterior teeth 
 
 
 
Category  

 
Mesio-distal taper* 

 
Bucco-lingual taper** 

 
Mean overall taper*** 
 

 
 
Students                       Mean (SD) 
 
                                     Number 
 

 
 
21.9 (8.8) 
 
66 

 
 
26.5 (9.7) 
 
66 

 
 
24.2 (7.1) 
 
66 

 
 
General practitioners   Mean (SD) 
 
                                    Number 
 

 
 
19.7 (8.8) 
 
62 

 
 
28.8 (10.5) 
 
62 

 
 
24.3 (8.0) 
 
62 

 
 
Prosthodontists           Mean (SD) 
 
                                    Number 
 

 
 
17.2 (8.0) 
 
99 

 
 
24.9 (8.8) 
 
99 

 
 
21.1 (5.9) 
 
99 

 
 
Total                           Mean (SD) 
 
                                   Number  
 

 
 
19.3 (8.6) 
 
227 

 
 
26.4 (9.6) 
 
227 

 
 
22.8 (7.0) 
 
227 

 
 
*F = 6.3,  P = .002 
**F = 3.3,  P = .040 
***F = 6.0,  P = .003 
 
Table 6.6. Mean taper obtained on anterior teeth 
 
 
 

Both the one-way analysis of variance (ANOVA) and the Student-Tukey multiple 

comparison tests were used to assess the differences between the mean taper 

obtained by the different categories of clinicians. 

There is no significant difference between the mean overall taper obtained by 

students and general practitioners but they both differ significantly with that 

obtained by prosthodontists (table 6.6 and figure 6.3). 
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There was also a significant difference between the mesio-distal and bucco-

lingual taper obtained by all the categories of clinicians. 
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6.4.2 Preparation of premolars 

There was no significant difference between the mean taper obtained on 

premolars by students and general practitioners. There was no significant 

difference between prosthodontists and general practitioners. However the 

difference between the taper obtained by students and that by prosthodontists 

differed significantly at a 0.5% of level of significance. 

 

There was however no significant difference between the mean mesio-distal 

taper and the mean bucco-lingual taper but the mesio-distal taper was  

Figure 6.3. Mean taper obtained on anterior teeth 
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generally lower than the bucco-lingual taper. Only students obtained a lower 

bucco-lingual taper than mesio-distal taper (table 6.7 and figure 6.4).   

 
 
 
Category  

 
Mesio-distal taper*  

 
Bucco-lingual taper**  

 
Overall taper***  
 

 
Students                        Mean (SD) 
 
                                      Number 
 

 
24.4 (9.2) 
 
24 

 
23.0 (14.0) 
 
24 

 
23.7 (9.4) 
 
24 

 
GPs                               Mean (SD) 
 
                                      Number 
 

 
22.6 (9.4) 
 
36 

 
23.2 (9.9) 
 
36 

 
22.9 (8.0) 
 
36 

 
Prosthodontists             Mean (SD) 
 
                                      Number 
 

 
20.0 (10.5) 
 
52 

 
20.8 (11.4) 
 
52 

 
20.4 (9.9) 
 
52 

 
Total                              Mean (SD) 
 
                                      Number  
 

 
21.8 (10.0) 
 
112 

 
22.1 (11.5) 
 
112 

 
21.9 (9.2) 
 
112 

 
 *F = 1.8, P = .178 
**F = 0.6, P = .548 
***F = 1.4, P = .259 
 
 
Table 6.7. Mean taper and standard deviation obtained on premolars 
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6.4.3 Preparation of molars 
 
 
There was a significant difference between the mean taper obtained on molar 

preparations by the different categories of clinicians. The difference between the 

mesio-distal and bucco-lingual taper however was not significant at the 5% level 

of significance, (p value equals .001). This is illustrated in table 6.8 and figure 

6.5. 

 

When compared with the other tooth types the molars were the most difficult to 

prepare since the mean taper obtained was the highest. 

 
 
 
 

Figure 6.4. Mean taper and standard deviation obtained on premolars 
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Category 
 

 
Mesio-distal taper* 

 
Bucco-lingual taper** 

 
Overall taper*** 

 
Students                       Mean (SD) 
 
                                     Number 
 

 
31.2 (13.9) 
 
15 

 
29.3 (9.6) 
 
15 

 
30.3 (10.5) 
 
15 

 
G. Practitioners            Mean (SD) 
 
                                     Number 
 

 
38.8 (13.0) 
 
26 

 
38.1 (13.6) 
 
26 

 
38.5 (11.2) 
 
26 

 
Prosthodontists            Mean (SD) 
 
                                     Number 
 

 
27.4 (11.9) 
 
52 

 
27.4 (10.3) 
 
52 

 
27.4 (9.1) 
 
52 

 
Total                             Mean (SD) 
 
                                     Number 
 

 
31.2 (13.4) 
 
93 

 
30.7 (12.1) 
 
93 

 
30.9 (10.9) 
 
93 

 
*F = 7.2, P = .001 
**F = 8.1, P = .001 
***F = 10.9, P = .001 
 
Table 6.8. Mean taper and standard deviation obtained on molars 
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Figure 6.5. Mean taper and standard deviation obtained on molars 
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6.5 Comparison of means to recommended range of taper (10º to 22º) 
 
 
 
  

Frequency 
 
Percentage 
 

 
Outside range (10 – 22) 
 
 
Within range (10 – 22) 
 
 
Total 
  

 
227 
 
 
205 
 
 
432 

 
52.5 
 
 
47.5 
 
 
100 

 
 
 
Table 6.9. Mesio-distal taper within and outside the recommended range 
 
 
 
 

Overall, 52.5 percent of the 432 dies analysed or 227 dies had a mesio-distal 

taper outside the recommended range of 10° to 22°. While some of the 

preparations had an overall taper lower than 10º (appendix I), most were higher 

than the upper margin of 22º (table 6.9 and figure 6.6) 

 
 
 

 
Frequency 

 
Percentage 

 
Outside range (10 – 22) 
 
 
Within range (10 – 22) 
 
 
Total  
 

 
282 
 
 
150 
 
 
432 

 
65.3 
 
 
34.7 
 
 
100 

 
 
Table 6.10. Bucco-lingual taper obtained within and outside the recommended range 
 
More dies (282 or 65.3%) had a bucco-lingual tapers outside the recommended 

range compared to their mesio-distal taper (table 6.10 and figure 6.6). This 

represented a statistically significant difference between the taper within and 

outside the recommended range. 
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Frequency 

 
Percentage 
 

 
Outside range (10 – 22) 
 
 
Within range (10 – 22) 
 
 
Total  
 

 
246 
 
 
186 
 
 
432 

 
56.9 
 
 
43.1 
 
 
100 

 
 
 
Table 6.11. Overall mean taper within and outside the recommended range 
 
 
 
 

The overall taper is calculated from the average of the mesio-distal and bucco-

lingual taper and represents the total axial taper for each preparation. Table 6.11 

reveals a higher percentage of dies analysed had an overall taper outside the 

range (figure 6.6). A significant difference was seen between the mean overall 

taper within the recommended range and those outside.  
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Figure 6.6. Mesio-distal, bucco-lingual and overall tapers obtained within and 
outside the recommended range 
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6.6 Cross-tabulation between clinicians and tooth types 
 
 
 
6.6.1 Anterior teeth 
 
 
A 
 
  
Tooth type   CATEGORY 

  

 
 

Students      GPs Prosth Total 
 
Mesio-distal 
taper 

 
Number 
  

33 23 40 96 
 
Outside 
Range 
(10 – 22)  

%  
 

50.0 
 

 
37.1 40.4 42.3 

 
Number 
 

 
33 39 59 131 

 
Anterior 
Teeth 

 
Within Range 
(10 – 22) 
  

%  
 

 
50.0 

 
62.9 

 
59.6 

 
57.7 

 
Chi-Square = 2.437              df = 2             p value = .296 
 
 
Table 6.12. Percentage of mesio-distal taper on anterior teeth that fall within and outside the 
recommended range 
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Figure 6.7. Percentage of mesio-distal taper on anterior teeth that fall within and outside 
the recommended range 
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The percentages of the preparations made by students, general practitioners and 

prosthodonitists are shown in table 6.12 and figure 6.7). 

 

The Chi-Square test was used to test for differences between the percentages 

obtained with a p value greater than 0.05 implying that a significant difference 

existed between the groups. 

 

B 
 
 
  
Tooth type   CATEGORY 

  Students  GPs Prosth. Total 
 
Bucco-lingual  
Taper 

 
Number 44 45 59 148 

 
Outside 
Range 
(10 – 22)  

%  
 

66.7 72.6 59.6 65.2 

 
Number 
 

22 17 40 79 

 
Anterior  
Teeth 

 
Within Range 
(10 –22) 
  

%  
 

33.3 27.4 40.4 34.8 

 
 
Chi-Square = 2.921                       df = 2                    p value = .232 
  
 
Table 6.13. Percentage of bucco-lingual taper on anterior teeth that fall within and outside the 
recommended range 
 
 
 
 
 

Table 6.13 and figure 6.8 show the number and the percentage of the bucco-

lingual taper obtained that fall within and outside the recommended range of 10° 

and 22°. The Chi-Square test was used and a p value of 0.232 that is above the 

minimum of 0.05, indicates that significant differences exist between the 

percentage obtained for the different clinical groups. 
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C 
 
 
Tooth type   CATEGORY 

  Students  GPs Prosth. Total 
 
Average 
overall 
 taper 

 
Count 38 39 37 114 

 
Outside 
Range       
(10 – 22) 

 
%  
 

57.6 62.9 37.4 50.2 

 
Count 
 

28 23 62 113 

 
Anterior 
teeth 

 
Within 
Range     
(10 – 22)  

% 
  

42.4 37.1 62.6 49.8 

 
Chi-Square = 11.953                       df = 2                          p value = .003  
 
 
Table 6.14. Percentage of overall average taper on anterior teeth that fall within and outside the 
recommended range 

Figure 6.8. Percentage of bucco-lingual taper on anterior teeth that fall within and 
outside the recommended range 
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The differences between the percentages of the overall average tapers obtained 

by the different practitioners are shown in table 6.14 and figure 6.9. The p value 

of 0.003 indicates that the differences that exist between the different groups in 

this aspect are not statistically significant at a 5% level of significance.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.9. Percentage of overall average taper on anterior teeth that fall within and 
outside the recommended range 
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6.6.2 Premolars  
 
 

A 
 
 
Tooth type   CATEGORY 

  Students  GPs Prosth Total 
 
Mesio-distal 
taper 

 
Number 14 18 29 61 

 
Outside 
Range 
(10 – 22)  

%  
 

58.3 50.0 55.8 54.5 

 
Number 
 

10 18 23 51 

 
Premolars  

 
Within Range 
(10 – 22) 

 
Percentage 
 

41.7 50.0 44.2 45.5 

 
Chi-Square = .470                 df = 2                     p value = .791 
 
 

Table 6.15. Percentages of mesio-distal taper obtained on premolars that fall within and 
outside the recommended range 

 
 
 
 
 

Table 6.15 and figure 6.10 show the percentage of the mesio-distal taper 

obtained on premolars that fall within and outside the recommended range. A p 

value of 0.791 that is greater than the minimum of 0.05 indicates that the 

differences that exist between the groups are statistically significant. The 

students obtained the lowest percentages within the recommended range, while 

the general practitioners had the highest percentage in the range.  
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B 
 
  
Tooth type   CATEGORY 

  Students  GPs Prosth. Total 
 
Bucco-lingual 
taper 

 
Number  16 20 26 62 

 
Outside 
Range 
(10 – 22)  

%  
 

66.7 55.6 50.0 55.4 

 
Count 
 

8 16 26 50 

 
Premolars  

 
Within Range 
(10 –22) 
  

% 
  

33.3 44.4 50.0 44.  

 
Chi-Square = 1.847                          df = 2                    p value = .397 
 
 
Table 6.16. Percentages of bucco-lingual taper obtained on premolars that fall within and outside 
the recommended range 
 
 
 

Figure 6.10. Percentage of mesio-distal taper obtained on premolars that fall within 
and outside the recommended range 
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Table 6.16 and figure 6.11 show the percentage of the bucco-lingual taper that 

fall within and outside the recommended range. A p value of 0.397 that is greater 

than 0.05 indicates that significant differences exist between the groups. 

 

Both the students and the general practitioners have more of their preparations 

outside the recommended range. Students have only about 33% of their 

preparations within the accepted range while prosthodontists have 50% of their 

preparations within the recommended range. 

 

Figure 6.11. Percentage of bucco-lingual taper obtained on premolars that fall within 
and outside the recommended range 
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C 
 
 
Tooth type   CATEGORY 

  Students  GPs Prosth. Total 
 
Average 
overall  
taper 

 
Count 13 22 23 58 

 
Outside 
Range       
(10 – 22) 

 
% 
  

54.2 61.1 44.2 51.8 

 
Count 
 

11 14 29 54 

 
Premolars  

 
Within 
Range       
(10 – 22) 
 

 
%  
 

45.8 38.9 55.8 48.2 

 
Chi-Square = 2.497                               df = 2                                p value = .287 
 
 
Table 6.17. Percentage of overall average taper on premolars that fall within and outside the 
recommended range  
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 Figure 6.12. Percentage of overall average taper on premolars that fall within and outside 

the recommended range  
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Table 6.17 and figure 6.12 show the overall average taper obtained on 

premolars. Only the prosthodontists have up to 50% of their premolar 

preparations within the recommended range. Students have about 45.8% and 

general practitioners have less than 40% of their preparations of average total 

taper in the recommended range. 

 
 
 
6.6.3 Molar preparations  
 
 

A 
 
 
 
Tooth type   CATEGORY 

  Students  GPs Prosth Total 
 
Mesio-distal 
taper 

 
Number 10 23 37 70 

 
Outside 
Range 
(10 – 22)  

% 
  

66.7 88.5 71.2 75.3 

 
Number 
 

5 3 15 23 

 
Molars 

 
Within Range 
(10 – 22) 

 
%  
 

33.3 11.5 28.8 24.7 

 
Chi-Square = 3.500                       df = 2                       p =  .174 
 
 
Table 6.18. Percentages of mesio-distal taper obtained on molars that fall within and outside the 
recommended range 
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Table 6.18 and figure 6.13 illustrate the percentage of the molar preparations 

with mesio-distal taper within the recommended range. A p value of 0.174, 

indicates significant differences existed between the preparations that fall within 

the recommended range and outside it. 

 

Mean taper was high across the groups but the students had the highest 

percentage (33.3%) within the recommended range. 

 
 
 
 

  
 
 
 
 
 

Figure 6.13. Percentages of mesio-distal taper obtained on molars that fall within and 
outside the recommended range 
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B 
 
 
Tooth type    CATEGORY 

  Students  GPs Prosth. Total 
 
Bucco-lingual 
taper  

 
Count 13 22 37 72 

 
Outside 
Range 
(10 – 22)  

%  
 

86.7 84.6 71.2 77.4 

 
Count 
 

2 4 15 21 

 
Molars  

 
Within Range 
(10 –22) 
  

% 
  

13.3 15.4 28.8 22.6 

 
Chi-Square = 2.672                    df = 2                         p value = .263 
 
 
  
Table 6.19. Percentage of bucco-lingual taper obtained on molars that fall within and outside the 
recommended range 
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Figure 6.14. Percentage of bucco-lingual taper obtained on molars that fall within and 
outside the recommended range 
 
 



 

 98 

 
 

Table 6.19 and figure 6.14 show that no category of practitioners was able to 

prepare the bucco-lingual taper on molars within the recommended range. 

Students have only 13% within the range, general practitioners 15% and 

prosthodontists 29% within the recommended range. 

 

A p value of 0.236 indicated that significant differences existed between the 

percentages within and outside the recommended range. Statistically significant 

differences existed between the prosthodontists and the students and also 

between the prosthodontists and the general practitioners but there was no 

statistically significant difference between the students and the general 

practitioners at a 0.05 level of significance. 

 

C  
 
 
 
Tooth type   CATEGORY 

  Students  GPs Prosth. Total 
 
Average  
overall 
 taper 

 
Count 12 24 38 74 

 
Outside 
Range       
(10 – 22) 

 
%  
 

80.0 92.3 73.1 79.6 

 
Count 
 

3 2 14 19 

 
Molars  

 
Within 
Range       
(10 – 22) 
 

 
% 
  

20.0 7.7 26.9 20.4 

 
Chi-Square = 3.945                               df = 2                              p value = .139 
 
 
Table 6.20. Percentage of the overall average taper on molars that fall within and outside the 
recommended range  
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Table 6.20 and figure 6.15 summarize the findings for taper obtained by the 

different groups of practitioners on molars. General practitioners prepared less 

than 8% of the molars with an overall taper within the recommended range while 

students and prosthodontists prepared only 20% and 25% respectively of the 

preparations on molars within the recommended range. 

 

A p value of 0.139 indicates significant differences between the taper obtained 

within the recommended range and that outside it. 

 
 
 
 
 
 
 

Figure 6.15. Percentage of the overall average taper on molars that fall within and outside 
the recommended range  
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Chapter 7 

 

Discussion 

 

7.1 Introduction  

A total of 432 dies were analysed in this study. The various tables show that 

different values of taper were obtained for different parts of each die. It was 

possible to bring this out in this study with the double silicone technique used. 

Only one measurement was possible in previous studies (Kent, Shillingburg and 

Duncanson, 1988, Nordlander et al, 1988, Ohm and Silness, 1978, Dodge et al, 

1985) since a three-dimensional preparation was converted to a two-dimensional 

object and only the taper at the point of greatest bulbosity (not necessarily the 

best or worst taper) was recorded. 

 

However, the number of sections obtained from each die analysed for taper 

measurement depended on the size of the preparation which most of the time, 

had a relationship with the size of the tooth prepared. 

 

Before any analysis or comparisons were made, the mesio-distal taper (taper1, 2 

and 3), bucco-lingual taper (taper 4, 5 and 6) was summed up to obtain the mean 

mesio-distal and bucco-lingual taper, the average of these two gave the overall 

average taper for each die. 
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Taper 2 and taper 5 represented the taper of the sections taken from the 

midsections of the dies in the mesio-distal and bucco-lingual directions 

respectively. The anterior teeth were only analysed at these sections.  

 

Taper 1and 3 represented the mesio-distal taper at the buccal and lingual parts 

of the dies. Only molars and most premolars were analysed at these sections. 

None of the anterior teeth was analysed for taper 1 and 3. 

 

Taper 4 and 6 represented the bucco-lingual taper at the mesial and distal parts 

of the dies. Again, these sections affected mostly the molars and a few premolars 

but no anterior preparation was analysed at these sections. 

 

The discrepancy between the number of measurements reported for taper 1 and 

taper 3 could be explained by the fact that only two mesio-buccal sections could 

be obtained from some premolars. 

 

Similarly, only a few premolars were analysed in more than one or two sections 

bucco-lingually. This explains why only 87 values were recorded for taper 6. 

 

A lower taper was obtained by the different groups on anterior and premolar 

teeth than on molars, which had the highest taper. At a glance also, it is obvious 

that the prosthodontists obtained the lowest taper across the different tooth types 

of the three groups. The general practitioners similarly obtained the highest taper 

of the three groups, while the students were somewhere  
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between the two groups. This differs from the findings of other studies 

(Annerstedt et al, 1996, Kent, Shillingburg and Duncanson, 1988), which found 

that students obtained a lower taper than prosthodontists and residents. 

 

Consistently across the different groups of practitioners, the mesio-distal taper 

was generally lower than the bucco-lingual taper. The average mesio-distal taper 

was 22.5º, which was lower than the bucco-lingual taper of 26.2º. This 

observation supports other reports in the literature (Owen, 1986 (II), Goodacre, 

Campagni and Aquilino, 2001, Kent, Shillingburg and Duncanson, 1988).   

 

In addition, the mean overall taper from the 432 dies analysed was 24.3º. Even 

though this is outside the recommended range of 10º and 22º set for this study, it 

is in line with the observation by Goodacre (2004) that ‘dental students, general 

practitioners and prosthodontists regularly obtain a taper of 12º or bigger’ and 

Dodge and co-workers (1985) who reported that a taper of 20º to 25º is the rule 

rather than the exception.  

 

Appendix I give details of all the measurements but it can be seen from table 6.3 

that a maximum taper of 100º and a minimum taper of 2º were recorded in this 

study. Even though both fall outside the recommended range, taper values less 

than10º will provide excellent retention and resistance form and are certainly 

better than the higher ranges of taper. However, very low taper values such as 2º 

may leave undercuts and cause problems with complete  
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seating of the restoration (Kent, Shillingburg and Duncanson, 1988, Shillinburg et 

al, 1997, Rosenstiel, Land and Fujimoto, 2001).  

 

In contrast, the maximum taper of 100º will not provide any retention at all and 

other methods to improve the retention and resistance form of the preparation 

must be considered. Incidentally, this taper was obtained from a bucco-lingual 

section of a molar tooth prepared by a general dental practitioner. Several dies, 

especially those prepared by prosthodontists had an overall mean taper lower 

than 10º. 

 

A similar study (Annerstedt et al, 1996) investigated the taper obtained on 478 

full crown preparations by students and general practitioners and found a taper 

ranging from –2º to 70º. 

 

Having high-lighted these general observations, a group-by-group analysis will 

try to determine how these findings correspond to what has been reported in the 

literature.  

 

7.2 Dental students 

By their training and limited clinical experience, dental students seem the least 

likely to make tooth preparations that are within the recommended range. The 

dental literature however is filled with reports (Kent, Shillingburg and Duncanson, 

1988, Goodacre, Campagni and Aquilino, 2001, Annerstedt et al, 1996, Dodge et 

al, 1985) that credited students with achieving lower taper values than general 

practitioners and prosthodontists. No reasons were  
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provided for this observation, however a possible explanation may be that dental 

students usually work under the supervision of more experienced practitioners 

who usually check the preparations and award marks and they do not rush over 

treatments because they have fewer patients to attend to. In addition, they are 

still fresh from the crown and bridge techniques course and are more likely than 

any other group to remember the requirements for successful restorations.  

 

7.2.1 Anterior teeth 

Sixty-six dies from anterior teeth prepared by students were analysed. Students 

obtained a mean mesio-distal taper of 21.9º, bucco-lingual taper of 26.5º and a 

mean overall taper of 24.2º.   

 

These figures are similar to the taper of 22.8º obtained by students under clinical 

conditions as reported by Weed and Baez (1984) and 22.76º by Dodge and co-

workers (1985) under clinical conditions. The figures obtained are also lower than 

the mean of 26.7º that Nordlander and co-workers (1988) observed on 

mandibular anterior teeth from general practice dentists and prosthodontists. 

However, Mack (1980) and Noonan and Goldfogel (1991) reported lower figures 

of 16.5º and 19.2º respectively. Al-Omari and Al-Wahadni (2004) also reported 

mean mesio-distal and bucco-lingual taper of 15.6º and 19.0º respectively by 

students on maxillary anteriors and 17.7º and 24.1º respectively on mandibular 

anteriors. 
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In addition, the overall mean average of 24.2º is greater than the maximum of 22º 

that most researchers and authors agree would be adequate for retention and 

resistance of full veneer crowns (Shillingburg et al, 1997, Goodacre, 2004). 

 

Of significance in this study is the greater bucco-lingual taper obtained by 

students compared to the mesio-distal taper. This supports the findings of Kent, 

Shillingburg and Duncanson (1988) and can be ascribed to the fact that most 

operators whose dies were analysed flattened the lingual aspects of the anterior 

teeth instead of duplicating the cingulum as recommended by Brecker (1961). A 

flat lingual or palatal surface increases the bucco-lingual taper of an anterior 

tooth (Blair, Wassell and Steele, 2002).  

 

7.2.2 Premolars 

Students obtained a mean mesio-distal taper of 24.4º, which is higher than the 

21.9º they obtained on anterior teeth. The mean bucco-lingual taper of 23.0º they 

obtained was lower than the 26.5º seen on anterior teeth resulting in a mean 

overall taper of 23.7º on premolars. 

 

The mean taper however is greater than the recommended range (10º to 22º) 

used in this study but within the range recommended by Dodge and co-workers 

(1985). 

 

Among the three categories of clinicians evaluated in this study, students 

obtained the greatest mean overall taper on premolars. 
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7.2.3 Molars 

Students obtained a mean mesio-distal taper of 31.2º, a mean bucco-lingual 

taper of 29.3º and a mean overall taper of 30.3º. While these are greater than the 

values obtained by prosthodontists and residents, they are much lower than 

those obtained by the general practice dentists. 

 

The values are similar to those obtained by Nordlander and co-workers in 1988 

on preparations made by two groups of practitioners. 

 

Several reasons including access and visibility have been cited for the greater 

taper obtained on molars (Goodacre, Campagni and Aquilino, 2001, Shillingburg 

et al, 1997, Kent, Shillingburg and Duncanson, 1988) but other factors like 

training, experience and prevailing operating conditions such as the lighting in 

the surgery are equally important (Nishida, Sohmura and Takahashi, 2004, Blair, 

Wassell and Steele, 2002). 

 

In summary, students obtained taper values that were comparable to those 

obtained in other similar studies (Annerstedt et al, 1996, Kent, Shillingburg and 

Duncanson, 1988) reported in the literature, however, there is room for 

improvement. 

 

 

7.3 General practice dentists 
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A total of 124 dies from preparations made by general practice dentists were 

analysed. Sixty-two of these dies were from anterior teeth, 36 were from 

premolars and 26 were molars. General practice dentists overall, made the 

preparations with the greatest taper of the three groups evaluated. 

 

7.3.1 Anterior teeth 

The mean mesio-distal taper of 19.7º obtained is within the recommended range 

but the mean bucco-lingual taper of 28.8º is not and increases the mean overall 

taper to 24.3º which is also outside the recommended range. 

 

The overall mean is in agreement with the findings of Dodge and co-workers 

(1985) and by Ohm and Silness (1978) that most preparations have a taper of 

20º to 22º. Though these preparations might lack adequate retention and 

resistance form, the use of adhesive cements as advocated by Blair, Wassell and 

Steele (2002) would be beneficial in improving their retention. 

 

7.3.2 Premolars 

General practice dentists obtained a mean mesio-distal taper of 22.6º and a 

bucco-lingual taper of 23.2º giving a mean overall taper of 22.9º. 

 

These values are greater than the recommended range and the values obtained 

in a similar study by Nordlander and co-workers (1988). 
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When compared with the other categories, general practitioners obtained a lower 

taper on premolars than students but they were not as low as those obtained by 

prosthodontists. 

 

However, the addition of extra-retentive features such as proximal boxes and 

grooves coupled with the use of adhesive cements such as resin cements and 

glass ionomer cements will improve their retention. 

 

7.3.3 Molars 

General practitioners obtained very high taper values on molar teeth. They 

obtained a mean overall taper of 38.5º, the worst from the three groups 

evaluated. Unlike the preparations on premolars and anterior teeth, the mean 

mesio-distal taper of 38.8º obtained was greater than the mean bucco-lingual 

taper of 38.1º. A possible explanation for this observation might be the fact that 

access to the distal aspect of molars especially the mandibular molars is poor 

causing over-tapering of this surface in preparations (Kent, Shillingburg and 

Duncanson, 1988, Goodacre, 2004). 

 

Nordlander and co-workers (1988) obtained lower mean overall taper values 

(30.4º) in their analysis of preparations by 10 dentists. Kent, Shillingburg and 

Duncanson (1988) also obtained a mean maximum overall taper of 26.6º in their 

own study. 

 

 The implication is that the preparations lacked adequate resistance and 

retention form and other retentive methods must be used to improve the  
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retention. General practice dentists should also aim at molar preparations that 

are 4mm or longer in height in order to reduce the occluso-cervical/ facio-lingual 

ratio of the preparations. This will ensure a better retention and resistance form 

of the preparations (Blair, Wassell and Steele, 2002). 

In summary, general practice dentists made preparations with taper values 

comparable to those obtained from other reported studies  (Ohm and Silness, 

1978, Dodge et al, 1985, Nordlander et al, 1988). While the mean overall taper 

obtained was outside the recommended range, it was less than that obtained by 

students in this study on premolars and anterior teeth but much greater on 

molars. 

 

7.4 Prosthodontists 

The highest percentage of the dies analysed representing 47% of the total (or 

203 dies) were from teeth prepared by prosthodontists. A breakdown reveals that 

they prepared 99 anterior, 52 premolar and 52 molar teeth.  

 

They obtained an overall mean taper of 22.5º across the different tooth types. 

Compared to the other two categories, they obtained the lowest taper values. 

This is in contrast to the findings by other researchers (Kent, Shillingburg and 

Duncanson, 1988, Annerstedt et al, 1996, Nordlander et al, 1988). 

 

7.4.1 Anterior teeth 

Prosthodontists obtained a mean mesio-distal taper of 17.2º, a mean bucco-

lingual taper of 24.9º and a mean overall taper of 21.1º. 
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These values are within the range recommended for clinical success and are 

less than those obtained in this study by the general practitioners and students. 

 

The mesio-distal taper was also lower than the bucco-lingual taper, which 

supports the findings in other studies (Annerstedt et al, 1996, Kent, Shillingburg 

and Duncanson, 1988). When compared to values obtained in a similar study by 

Nordlander and co-workers (1988), the values obtained in this study were lower. 

 

7.4.2 Premolars 

Prosthodontists obtained a mean mesio-distal and bucco-lingual taper of 20.0º 

and 20.8º respectively. The mean overall taper was 20.4º.  

 

These values are within the recommended range of 10º to 22º but higher than 

the values reported by Nordlander and co-workers (1988). 

 

7.4.3 Molars 

The residents and practicing prosthodontists obtained a mean taper of 27.4º both 

mesio-distally and bucco-lingually. This is better than the values obtained by 

students and general practice dentists but is 5º outside the recommended range. 
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The mean overall taper (27.4º) is similar to the mean obtained by prosthodontists 

and dentists on maxillary molars but better than the mean on mandibular molars 

(Nordlander et al, 1988, Annerstedt et al, 1996). 

 

7.5 Conclusion 

The taper values obtained in this study are in agreement with what has been 

reported in the literature (Shillingburg et al, 1997, Dodge et al, 1985, Nordlander 

et al, 1988, Annerstedt et al, 1996, Goodacre, 2004). Even though dental schools 

in Africa still teach the minimum taper of 2º to 6º, the taper values observed in 

this study are clearly above these. 

 

The findings here also support earlier reports that a lower taper is obtained on 

anterior and premolar teeth due to better access and visibility (Kent, Shillingburg 

and Duncanson, 1988, Goodacre, Campagni and Aquilino, 2001, Goodacre, 

2004). 

 

Prosthodontists obtained a lower taper on all tooth types; students obtained a 

lower overall taper than general practice dentists when the mean taper from all 

the tooth types is considered but the general practice dentists got a lower taper 

on anterior and premolar teeth than students. 

 

This tends to support the belief by many researchers (Annerstedt et al, 1996, 

Jacobs, Steele and Wassell, 2002, Nishida, Sohmura and Takahashi, 2004)  
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that both training and experience play a role in the kind of crown preparations 

practitioners make. Preparing teeth for a crown is a science as well as a skill and 

the more crowns prepared by a dentist, the better they would probably get.  

 

 

7.6 Limitations of this study 

Unlike many other studies on this subject this study owing to the manner in which 

the dies were collected did not distinguish between maxillary and mandibular 

dies. This would have helped to understand if operators in the environment 

studied had greater difficulty preparing mandibular teeth compared to maxillary 

teeth as found in other studies (Kent, Shillingburg and Duncanson, 1988, Al-

Omari and Al-Wahadni, 2004, Nordlander et al, 1988, Shillingburg et al, 1997). 

 

Secondly, the types of crowns the teeth were prepared for were not specified. 

When preparing resin-bonded crowns, taper is not as crucial as with other types 

of crowns. For resin-bonded porcelain crowns, a taper of 20º and greater is 

preferable to a lower taper in order to avoid fracturing the restoration during 

seating (Blair, Wassell and Steele, 2002). 

 

Finally, it would have been better to balance the number and type of dies 

obtained from the different groups analysed to have a more balanced 

comparison. The sample size especially of the molars and premolars should 

have been larger and fewer dies collected from each operator. 
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7.7 Future possibilities 

Taper is not a stand-alone variable. It should be evaluated with the other 

operator-controlled variables such as length, height, dimension and the occlusal 

clearance of the preparation. It would make sense therefore if as many of these 

variables as possible could be combined in one study so that a clearer 

understanding of their inter-relationship as they affect retention and resistance 

form and ultimately, the success of full veneer crown restorations would emerge. 

 

A qualitative study utilizing questionnaires to investigate how well practicing 

dentists understand the concept of taper will establish base line data. 
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Chapter 8 

 

Conclusions and recommendations 

 

8.1 Conclusions  

This study has established that: 

 

§ The mean overall taper of full veneer crown preparations made by 

students and dentists in two African countries is 24.3º.  

 

§ Generally, the mean mesio-distal taper of 22.5º was observed to be lower 

than the mean bucco-lingual taper of 26.2º. 

 

§ Only 47.5 percent of the 432 crown preparations analysed were within the 

recommended taper range of 10º to 22º. 

 

§ The lowest taper was obtained on premolar teeth and the highest taper 

was obtained on molar teeth. 
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§ Prosthodontists made preparations with the lowest taper, followed by 

students and the highest taper was seen on preparations made by general 

practice dentists. 

 

§ The mean taper seen was similar to that obtained in similar studies 

elsewhere. 

§ For success of full veneer crown restorations in this environment, other 

means of improving retention and resistance form of crown preparations 

must be employed routinely. 

 

8.2 Recommendations  

More emphasis should be placed on the teaching of crown preparation 

techniques in dental schools 

 

Teaching aids and support systems such as the one described by Nishida, 

Sohmura and Takahashi (2004) (appendix V), should be used in the training of 

students. The double silicone technique, which is graphic and makes the 

understanding and appreciation of taper easier, should also be utilized in the 

phantom head laboratory. 

 

General practice dentists that do not possess the necessary skill for crown and 

bridgework should be encouraged to refer such cases. Joint management of 

patients between prosthodontists and general practitioners should also be 

encouraged to optimize care. 
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As recommended by Goodacre (2004), dentists who do crown and bridgework 

should from time to time objectively measure the taper they obtain on different 

tooth types. This way, they can make appropriate changes where necessary. 

Extra-retentive features should routinely be incorporated into preparations 

especially molars (Goodacre, 2004) since low taper values are difficult to achieve 

on such teeth as this study has shown. Reproducing the anatomical form of 

anterior teeth, following the convexity of the labial surface and duplicating the 

cingula in the preparation and subsequent restorations ensures a lower taper on 

such teeth (Brecker, 1961). 

Based on the recommendation of Zidan and Ferguson (2003), resin cements 

should also be used for luting restorations whenever the taper obtained on a 

preparation is less than ideal. 

Refresher courses that will train and re-train practicing dentists and 

prosthodontists should be regularly and frequently organized. In this regard, the 

regulating authorities should strictly enforce the law on Continuous Professional 

Development (CPD). 

Finally, it should be stressed again that taper is not the sole determinant of 

retention and resistance form. Other variables should be studied as well so that a 

comprehensive picture would emerge on the sub ject of crown preparation. This 

will ensure more success in this all-important aspect of advanced restorative 

dental care. 
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Appendix I 

 

Frequency of mesio-distal taper obtained 
 
 
 

  Frequency Percent 
Cumulative 

Percent 
Valid 3.00 1 .2 .2 
  5.00 1 .2 .5 
  6.00 5 1.2 1.6 
  6.33 2 .5 2.1 
  6.67 1 .2 2.3 
  7.00 9 2.1 4.4 
  7.33 1 .2 4.6 
  7.67 2 .5 5.1 
  8.00 7 1.6 6.7 
  8.67 2 .5 7.2 
  9.00 7 1.6 8.8 
  9.67 1 .2 9.0 
  10.00 13 3.0 12.0 
  10.33 1 .2 12.3 
  10.67 1 .2 12.5 
  11.00 13 3.0 15.5 
  11.33 1 .2 15.7 
  12.00 18 4.2 19.9 
  12.67 3 .7 20.6 
  13.00 10 2.3 22.9 
  13.67 1 .2 23.1 
  14.00 10 2.3 25.5 
  14.33 2 .5 25.9 
  14.67 2 .5 26.4 
  15.00 15 3.5 29.9 
  15.33 3 .7 30.6 
  15.67 2 .5 31.0 
  16.00 12 2.8 33.8 
  16.67 1 .2 34.0 
  17.00 12 2.8 36.8 
  17.33 3 .7 37.5 
  17.67 1 .2 37.7 
  18.00 9 2.1 39.8 
  18.33 1 .2 40.0 
  18.67 4 .9 41.0 
  19.00 15 3.5 44.4 
  19.33 2 .5 44.9 
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  19.67 3 .7 45.6 
  20.00 15 3.5 49.1 
  20.33 1 .2 49.3 
  20.67 1 .2 49.5 
  21.00 13 3.0 52.5 
  21.33 1 .2 52.8 
  21.67 3 .7 53.5 
  22.00 13 3.0 56.5 
  22.33 2 .5 56.9 
  22.67 1 .2 57.2 
  23.00 10 2.3 59.5 
  23.33 4 .9 60.4 
  23.67 3 .7 61.1 
  24.00 9 2.1 63.2 
  24.33 2 .5 63.7 
  24.67 2 .5 64.1 
  25.00 12 2.8 66.9 
  25.67 1 .2 67.1 
  26.00 11 2.5 69.7 
  26.33 2 .5 70.1 
  26.67 1 .2 70.4 
  27.00 9 2.1 72.5 
  27.33 2 .5 72.9 
  27.67 3 .7 73.6 
  28.00 10 2.3 75.9 
  28.67 1 .2 76.2 
  29.00 8 1.9 78.0 
  29.33 1 .2 78.2 
  29.67 1 .2 78.5 
  30.00 3 .7 79.2 
  30.33 2 .5 79.6 
  30.67 1 .2 79.9 
  31.00 6 1.4 81.2 
  31.33 1 .2 81.5 
  31.67 3 .7 82.2 
  32.00 3 .7 82.9 
  32.33 1 .2 83.1 
  33.00 2 .5 83.6 
  33.33 1 .2 83.8 
  33.67 2 .5 84.3 
  34.00 4 .9 85.2 
  34.67 1 .2 85.4 
  35.00 3 .7 86.1 
  35.33 2 .5 86.6 
  36.00 1 .2 86.8 
  36.33 2 .5 87.3 
  36.67 3 .7 88.0 
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  37.00 6 1.4 89.4 
  38.00 4 .9 90.3 
  39.00 3 .7 91.0 
  39.33 1 .2 91.2 
  39.67 3 .7 91.9 
  40.00 3 .7 92.6 
  40.67 1 .2 92.8 
  41.00 1 .2 93.1 
  41.33 1 .2 93.3 
  41.67 3 .7 94.0 
  42.00 2 .5 94.4 
  42.33 1 .2 94.7 
  43.00 1 .2 94.9 
  43.67 1 .2 95.1 
  44.67 1 .2 95.4 
  45.00 2 .5 95.8 
  46.33 1 .2 96.1 
  46.67 1 .2 96.3 
  48.00 1 .2 96.5 
  49.00 1 .2 96.8 
  49.33 1 .2 97.0 
  50.00 3 .7 97.7 
  50.67 1 .2 97.9 
  52.00 2 .5 98.4 
  53.67 1 .2 98.6 
  54.00 1 .2 98.8 
  54.33 1 .2 99.1 
  55.00 1 .2 99.3 
  58.00 2 .5 99.8 
  69.67 1 .2 100.0 
  Total 432 100.0   
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Appendix II 
 

Frequency of bucco-lingual taper obtained 
 

  Frequency Percent 
Cumulative 

Percent 
Valid 4.00 2 .5 .5 
  5.00 1 .2 .7 
  6.00 1 .2 .9 
  7.00 2 .5 1.4 
  8.00 6 1.4 2.8 
  9.00 6 1.4 4.2 
  10.00 6 1.4 5.6 
  11.00 6 1.4 6.9 
  11.33 1 .2 7.2 
  12.00 11 2.5 9.7 
  12.67 2 .5 10.2 
  13.00 9 2.1 12.3 
  14.00 10 2.3 14.6 
  14.33 1 .2 14.8 
  15.00 10 2.3 17.1 
  15.33 1 .2 17.4 
  15.67 1 .2 17.6 
  16.00 13 3.0 20.6 
  16.33 1 .2 20.8 
  17.00 17 3.9 24.8 
  17.33 1 .2 25.0 
  18.00 11 2.5 27.5 
  19.00 15 3.5 31.0 
  19.33 1 .2 31.3 
  20.00 16 3.7 35.0 
  20.33 1 .2 35.2 
  21.00 7 1.6 36.8 
  21.33 1 .2 37.0 
  21.67 1 .2 37.3 
  22.00 7 1.6 38.9 
  23.00 17 3.9 42.8 
  23.67 1 .2 43.1 
  24.00 18 4.2 47.2 
  24.33 2 .5 47.7 
  25.00 8 1.9 49.5 
  25.33 1 .2 49.8 
  25.67 2 .5 50.2 
  26.00 19 4.4 54.6 
  26.33 2 .5 55.1 
  27.00 12 2.8 57.9 
  27.33 1 .2 58.1 
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  27.67 3 .7 58.8 
  28.00 13 3.0 61.8 
  28.33 1 .2 62.0 
  29.00 10 2.3 64.4 
  29.33 2 .5 64.8 
  30.00 12 2.8 67.6 
  30.67 1 .2 67.8 
  31.00 7 1.6 69.4 
  32.00 11 2.5 72.0 
  32.33 2 .5 72.5 
  32.67 1 .2 72.7 
  33.00 18 4.2 76.9 
  34.00 8 1.9 78.7 
  35.00 9 2.1 80.8 
  36.00 6 1.4 82.2 
  36.33 2 .5 82.6 
  36.67 1 .2 82.9 
  37.00 6 1.4 84.3 
  37.67 1 .2 84.5 
  38.00 6 1.4 85.9 
  38.33 2 .5 86.3 
  39.00 3 .7 87.0 
  40.00 5 1.2 88.2 
  41.00 3 .7 88.9 
  41.33 1 .2 89.1 
  42.00 5 1.2 90.3 
  42.67 3 .7 91.0 
  43.00 2 .5 91.4 
  44.00 5 1.2 92.6 
  44.67 2 .5 93.1 
  45.00 2 .5 93.5 
  45.67 1 .2 93.7 
  46.00 6 1.4 95.1 
  47.00 3 .7 95.8 
  47.33 1 .2 96.1 
  47.67 1 .2 96.3 
  48.33 1 .2 96.5 
  49.00 5 1.2 97.7 
  49.67 1 .2 97.9 
  50.00 3 .7 98.6 
  51.00 1 .2 98.8 
  52.00 1 .2 99.1 
  54.00 1 .2 99.3 
  61.00 2 .5 99.8 
  68.00 1 .2 100.0 
  Total 432 100.0   
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Appendix III 

 
 
 
 

Frequency of overall taper obtained 
 

 
 

  Frequency Percent 
Cumulative 

Percent 
Valid 5.00 1 .2 .2 
  6.17 1 .2 .5 
  7.50 1 .2 .7 
  7.83 1 .2 .9 
  8.00 1 .2 1.2 
  8.17 1 .2 1.4 
  8.50 1 .2 1.6 
  9.00 2 .5 2.1 
  9.50 1 .2 2.3 
  9.67 1 .2 2.5 
  10.00 1 .2 2.8 
  10.50 1 .2 3.0 
  11.00 3 .7 3.7 
  11.50 3 .7 4.4 
  11.83 1 .2 4.6 
  11.83 1 .2 4.9 
  12.00 2 .5 5.3 
  12.50 8 1.9 7.2 
  12.67 1 .2 7.4 
  12.83 5 1.2 8.6 
  12.83 1 .2 8.8 
  13.00 3 .7 9.5 
  13.33 1 .2 9.7 
  13.33 1 .2 10.0 
  13.50 7 1.6 11.6 
  13.67 1 .2 11.8 
  14.00 7 1.6 13.4 
  14.33 1 .2 13.7 
  14.50 7 1.6 15.3 
  14.67 1 .2 15.5 
  14.83 1 .2 15.7 
  15.00 2 .5 16.2 
  15.17 1 .2 16.4 
  15.50 5 1.2 17.6 
  15.67 1 .2 17.8 
  15.83 1 .2 18.1 
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  16.00 11 2.5 20.6 
  16.17 1 .2 20.8 
  16.17 1 .2 21.1 
  16.50 7 1.6 22.7 
  16.83 1 .2 22.9 
  17.00 7 1.6 24.5 
  17.17 1 .2 24.8 
  17.50 4 .9 25.7 
  17.83 1 .2 25.9 
  18.00 8 1.9 27.8 
  18.50 8 1.9 29.6 
  18.67 1 .2 29.9 
  19.00 9 2.1 31.9 
  19.17 1 .2 32.2 
  19.50 5 1.2 33.3 
  19.67 1 .2 33.6 
  19.83 1 .2 33.8 
  20.00 10 2.3 36.1 
  20.17 1 .2 36.3 
  20.50 13 3.0 39.4 
  20.67 2 .5 39.8 
  20.83 1 .2 40.0 
  21.00 6 1.4 41.4 
  21.50 11 2.5 44.0 
  21.67 1 .2 44.2 
  21.83 1 .2 44.4 
  22.00 5 1.2 45.6 
  22.33 1 .2 45.8 
  22.50 7 1.6 47.5 
  22.67 1 .2 47.7 
  23.00 10 2.3 50.0 
  23.17 1 .2 50.2 
  23.33 1 .2 50.5 
  23.50 4 .9 51.4 
  23.67 1 .2 51.6 
  23.83 2 .5 52.1 
  24.00 4 .9 53.0 
  24.33 1 .2 53.2 
  24.50 8 1.9 55.1 
  24.67 1 .2 55.3 
  24.83 1 .2 55.6 
  24.83 1 .2 55.8 
  25.00 7 1.6 57.4 
  25.17 1 .2 57.6 
  25.33 3 .7 58.3 
  25.50 5 1.2 59.5 
  25.67 2 .5 60.0 
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  25.67 1 .2 60.2 
  25.83 1 .2 60.4 
  26.00 5 1.2 61.6 
  26.50 9 2.1 63.7 
  26.67 2 .5 64.1 
  26.83 1 .2 64.4 
  27.00 7 1.6 66.0 
  27.17 1 .2 66.2 
  27.17 1 .2 66.4 
  27.50 6 1.4 67.8 
  27.67 1 .2 68.1 
  27.83 1 .2 68.3 
  28.00 11 2.5 70.8 
  28.17 1 .2 71.1 
  28.33 1 .2 71.3 
  28.50 2 .5 71.8 
  28.83 1 .2 72.0 
  29.00 3 .7 72.7 
  29.17 1 .2 72.9 
  29.33 1 .2 73.1 
  29.33 1 .2 73.4 
  29.50 5 1.2 74.5 
  29.67 2 .5 75.0 
  29.83 1 .2 75.2 
  30.00 4 .9 76.2 
  30.33 1 .2 76.4 
  30.33 1 .2 76.6 
  30.50 3 .7 77.3 
  30.67 1 .2 77.5 
  30.83 1 .2 77.8 
  31.00 3 .7 78.5 
  31.17 1 .2 78.7 
  31.33 1 .2 78.9 
  31.50 4 .9 79.9 
  31.67 1 .2 80.1 
  31.83 1 .2 80.3 
  31.83 3 .7 81.0 
  32.00 4 .9 81.9 
  32.50 2 .5 82.4 
  32.67 2 .5 82.9 
  32.83 1 .2 83.1 
  33.00 5 1.2 84.3 
  33.50 2 .5 84.7 
  34.17 1 .2 85.0 
  34.33 2 .5 85.4 
  34.50 4 .9 86.3 
  35.00 3 .7 87.0 
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  35.50 5 1.2 88.2 
  35.67 1 .2 88.4 
  35.83 1 .2 88.7 
  36.00 3 .7 89.4 
  36.50 2 .5 89.8 
  36.83 1 .2 90.0 
  37.00 1 .2 90.3 
  37.50 4 .9 91.2 
  37.67 1 .2 91.4 
  37.67 1 .2 91.7 
  38.00 1 .2 91.9 
  38.17 2 .5 92.4 
  38.33 2 .5 92.8 
  38.33 1 .2 93.1 
  38.50 3 .7 93.7 
  38.83 1 .2 94.0 
  39.00 1 .2 94.2 
  39.33 1 .2 94.4 
  39.50 1 .2 94.7 
  40.33 1 .2 94.9 
  41.00 2 .5 95.4 
  41.33 1 .2 95.6 
  42.50 1 .2 95.8 
  43.50 1 .2 96.1 
  43.83 1 .2 96.3 
  44.33 1 .2 96.5 
  44.83 1 .2 96.8 
  45.00 2 .5 97.2 
  45.67 1 .2 97.5 
  46.67 2 .5 97.9 
  47.50 1 .2 98.1 
  48.00 1 .2 98.4 
  48.50 1 .2 98.6 
  49.17 1 .2 98.8 
  49.83 1 .2 99.1 
  50.33 1 .2 99.3 
  51.83 1 .2 99.5 
  53.00 1 .2 99.8 
  65.33 1 .2 100.0 
  Total 432 100.0   
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Appendix IV 

 

Methods used to measure taper 

              

 

 

              

Figure 39. Projecting the image of a preparation on a screen. Nordlander 
and co-workers used this method in 1988 to measure the taper of crown 
preparations.  
 

Figure 38. The classical and easiest way of checking taper, using a mirror during tooth 
preparation. However, this method is subjective, only gives estimates and is largely 
irreproducible 
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Figure 41. Diagram, adapted from Goodacre (2004) is used to measure 
taper at the Loma Linda University. The axial walls of the die are 
aligned to be super-imposed over the lines on the closest matching 
diagram 

Figure 40. Portable apparatus used to determine ‘clinical’ parallelism 
(Mack, 1980) 
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Appendix V 

Support system for training during tooth preparation 

 

 

A = saddle, serves as the fixed point 

B and C = two arm links  

D = ball and socket joint, attaches the arms 

E = a pin, fixed to the end of arm, C, goes into guide cylinder 

F = guide cylinder, attaches to the end of handpiece 

 

 

 

The support system is designed to co-ordinate the axis of the pin parallel to the 

axis of the handpiece during preparation. The pin (E) inserted into the guide 

cylinder (F) prevents the free movement of the handpiece. 

Figure 42. A tooth preparation support system (from Nishida, Sohmura 
and Takahashi, 2004) 
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Figure 43. The support system in place on a laboratory model (from Nishida, 
Sohmura and Takahashi, 2004) 
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