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พรี สุวรรณรูป : การศึกษาในหอ้งปฏิบติัการแสดงความตา้นทานการสึกของซ่ีฟัน
เทียม (IN VITRO WEAR RESISTANCE OF ARTIFICIAL DENTURE TEETH)      

อ. ท่ีปรึกษาวทิยานิพนธ์หลกั : รศ.ทพ.ดร.แมนสรวง อกัษรนุกิจ, 40 หนา้.  
 

บทน า ความตา้นทานการสึกของซ่ีฟันเทียมเป็นคุณสมบติัทางกลท่ีมีความส าคญัปัจจยัหน่ึง ซ่ึงมีอิทธิพลต่ออายุ
และการใชง้านของฟันเทียมแบบถอดได ้ คุณสมบติัของซ่ีฟันเทียมท่ีจะสามารถคงความสมัพนัธ์ดา้นบดเค้ียวของ
ฟันเทียมแบบถอดไดข้ึ้นกบัคุณสมบติัน้ี แต่การศึกษาในดา้นการสึกเฉพาะในชั้นนอกสุดของซ่ีฟันเทียมยงัคงเป็น
เร่ืองยากและมีขอ้สงสยัอยู ่ ดงันั้นวตัถุประสงคข์องการศึกษาน้ีเป็นการประเมินหาความตา้นทานการสึกของซ่ีฟัน
เทียมในชั้นใตต่้อชั้นเคลือบฟัน         
วสัดุและวธีิการ ซ่ีฟันเทียมทั้ง 4 ชนิดท่ีใชใ้นการทดสอบประกอบดว้ย ซ่ีฟันเทียมชนิดไม่ไดป้รับปรุงคุณสมบติั 3 
ยี่ห้อคือ คอสโมเอช็เอกซ์แอล เมเจอร์เดนท ์ และยามาฮาชิเอฟเอกซ์ ซ่ีฟันเทียมเรซินอะคริลิกชนิดมีการเช่ือมโยง
ขา้มในปริมาณท่ีสูง 1 ยี่ห้อคือ ทรูไบทไ์บโอฟอร์มไอพีเอน็ ซ่ีฟันเทียมเรซินคอมโพสิต 2 ยี่หอ้คือ เอสอาร์ออโท
สิทพีอี และยามาฮาชิพีเอกซ์ ซ่ีฟันเทียมพอซ์เลน 1 ยีห่้อคือ เอซทีธ ซ่ีฟันเทียมท่ีถูกตดัเป็นแผน่จะถูกทดสอบในชั้น
ใตต่้อชั้นเคลือบฟัน การทดสอบแบบการสึกสองวตัถุดดัแปลงจากวิธีการหมุดและจาน (15 นิวตนั 1,000 รอบต่อ
นาที 10,000 รอบ) วสัดุคู่สบคืออลูมิเนียมออกไซด ์วดัการสึกในรูปปริมาตรและน ้าหนกัท่ีหายไป วิเคราะห์ขอ้มูล
ทางสถิติโดยการวิเคราะห์ความแปรปรวนแบบทางเดียวและการเปรียบเทียบชนิดแทมฮาน หาความสมัพนัธ์เชิง
เส้นระหวา่งปริมาตรและน ้าหนกัท่ีหายไป 
ผลการศึกษา ปริมาณการสึกของซ่ีฟันเทียม คอสโมเอช็เอกซ์แอล เมเจอร์เดนท ์ ยามาฮาชิเอฟเอกซ์ ทรูไบทไ์บโอ
ฟอร์มไอพีเอน็ เอสอาร์ออโทสิทพีอี ยามาฮาชิพีเอกซ์ และเอซทีธ ในรูปปริมาตรท่ีหายไปมีค่า 0.210±0.078 
0.071±0.043 0.054±0.016 0.693±0.197 0.040±0.009 0.056±0.019 และ 0.054±0.008 ลูกบาศกมิ์ลลิลิตรตามล าดบั 
และในรูปน ้าหนกัท่ีหายไปมีค่า 0.8±0.3 0.2±0.1 0.2±0.1 1.4±0.2 0.3±0.1 0.3±0.1 และ 0.2±0.2 มิลลิกรัม
ตามล าดบั การสึกของซ่ีฟันเทียมชนิดมีการเช่ือมโยงขา้มในปริมาณท่ีสูงมีค่าสูงกวา่ซ่ีฟันทุกกลุ่มอยา่งมีนยัส าคญั
ทางสถิติ (p<0.001) ซ่ีฟันเทียมแบบพอซ์เลนและเรซินคอมโพสิตไม่ไดแ้สดงค่าความตา้นทานการสึกท่ีสูงกวา่
อยา่งชดัเจนเม่ือเทียบกบัซ่ีฟันเทียมชนิดไม่ไดป้รับปรุงคุณสมบติั พบความสมัพนัธ์ระหวา่งปริมาตรและน ้าหนกัท่ี
หายไป  (R2=0.8165, p<0.01) 
สรุปผลการศึกษา ความตา้นทานการสึกของซ่ีฟันเทียมแต่ละชนิดมีค่าแตกต่างกนัออกไป พบวา่ความตา้นทานการ
สึกของซ่ีฟันเทียมชนิดมีการเช่ือมโยงขา้มในปริมาณท่ีสูงมีค่าต ่ากวา่ซ่ีฟันทุกกลุ่ม ไม่พบวา่มีซ่ีฟันเทียมชนิดใดมี
ค่าความตา้นทานการสึกดีท่ีสุด 
ภาควิชา    ทนัตกรรมประดิษฐ ์       ลายมือช่ือนิสิต....................................................................... 
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## 5176125932:  MAJOR PROSTHODONTICS 

KEYWORDS:  WEAR RESISTANCE / ARTIFICIAL DENTURE TEETH   

PII SUWANNAROOP: IN VITRO WEAR RESISTANCE OF ARTIFICIAL 
DENTURE TEETH. ADVISOR: ASSOC. PROF. MANSUANG 
ARKSORNNUKIT, Ph.D., 40 pp.  

Introduction: The wear resistance of artificial denture teeth is a very importance 
physical property in determining the function and service life of the removable dental 
prosthesis. The ability of artificial denture teeth to maintain a stable occlusal relationship 
over time relies upon this property, but wear testing on purely outer enamel surface is 
difficult and questionable. Therefore, the purpose of this study was to evaluate the wear 
resistance of artificial denture teeth in the sub-enamel layer.   

Material and methods: Four types of artificial denture teeth consisted of 3 conventional 
acrylic resin teeth (Cosmo HXL, Major Dent and Yamahachi FX), 1 high cross-linked 
acrylic resin teeth (Trubyte Bioform IPN), 2 composite resin teeth (SR Orthosit PE and 
Yamahachi PX), and 1 porcelain teeth (ACE Teeth). The slap sub-enamel surface of each 
type was used to evaluate. The 2-body wear test was performed in custom made pin on 
disc apparatus (15 N, 1000 rpm, 10,000 cycles) with aluminum oxide antagonist. Volume 
loss and weight loss were measured. Data were statistically analyzed with 1-way 
ANOVA, followed by Tamhane’s multiple range post hoc tests (α=.05). The generalized 
linear model between volume loss and weight loss was also analyzed. 

Results: The wear of each artificial denture teeth: Cosmo HXL, Major Dent, Yamahachi 
FX, Trubyte Bioform IPN, SR Orthosit PE, Yamahachi PX; and ACE Teeth in volume 
loss were 0.210±0.078 0.071±0.043 0.054±0.016 0.693±0.197 0.040±0.009 0.056±0.019 
and 0.054±0.008 mm3, respectively, in weight loss were 0.8±0.3 0.2±0.1 0.2±0.1 1.4±0.2 
0.3±0.1 0.3±0.1 and 0.2±0.2 mg, respectively. Wear from Trubyte Bioform IPN was 
significantly higher than that of others (p<0.001). ACE Teeth, SR Orthosit PE and 
Yamahachi PX were not totally demonstrated the higher wear resistance than 3 
conventional acrylic resin teeth tested. There were a relationship between volume loss 
and weight loss.  

Conclusion: Wear resistance varied among the denture tooth materials. Wear resistance 
of Trubyte Bioform IPN was lower than the others.  
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CHAPTER I 

INTRODUCTION 

 

During the past century, the replacement of the lost natural teeth, caused by dental 

caries, periodontal diseases, oral and jaw pathologies, congenital missing, or accidents 

could be performed by many means. The most two common means in replacing loss 

natural teeth were fixed and removable dental prosthesis. A conventional removable 

prosthesis comprises of two important components; artificial denture teeth and a denture 

base. 

Physical properties are the main considerations when choosing the type of 

artificial denture teeth in fabricating the prosthesis. The artificial denture teeth should 

mimic most of the anatomical and esthetical details. In addition, they should be non-

toxic, non-reactive with oral soft tissues, user friendly, and inexpensive. Furthermore, 

among mechanical properties, wear resistance is an important property. Lack of sufficient 

wear resistance will result in excessive reduction in structure, resulting in loss of 

posterior tooth support, loss of vertical dimension of occlusion, loss of masticatory 

efficiency (1), alteration in the functional path of masticatory movement (2), fatigue of 

masticatory muscles (3), faulty tooth relationship, and loss of esthetics. 

Currently there are various types of commercial artificial denture teeth available, 

such as porcelain teeth, conventional acrylic resin teeth, and improved acrylic resin teeth, 

including high cross-linked acrylic resin teeth and composite resin teeth. Porcelain teeth 

have many disadvantages; brittleness, prone to fracture, poor bonding, and mismatch in 

coefficient of thermal expansion with the acrylic denture base (4). Porcelain teeth also 

caused localized stress concentration underneath the denture base (5). Consequently, 

acrylic resin teeth are more commonly used in removable dentures. 

Numerous in vitro studies have reported increased wear resistance of the 

improved acrylic resin teeth, high cross-linked acrylic resin teeth and composite resin 

teeth, compared with conventional acrylic resin teeth (6-13) but these studies did not 
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cover new types of materials which have been recently developed. Some in vitro studies 

reported no significant difference in wear resistance between improved acrylic resin teeth 

and conventional acrylic resin teeth (14-16). There are many factors affecting the wear 

resistance such as wear testing mechanism, force, antagonist, chemical and abrasive 

medium (17). The other important factor is specimen characteristics. The artificial 

denture teeth are manufactured in varieties of compositions and layer designs. 

Artificial denture teeth were previously divided into two different layers, enamel 

and dentin layer (18). This classification did not fit the newly developed artificial denture 

teeth. In addition to the two previously mentioned layers, an intermediate layer between 

the enamel and base layer, may be found in some products. Some composite resin teeth 

may contain two intermediate layers. Each layer of artificial denture teeth has different 

properties, such as hardness and monomer diffusion (19).  

Moreover, the outer surface or enamel layer of artificial denture teeth is often 

removed by many reasons such as masticatory wear, or especially in occlusal adjustments 

or alterations of the occlusal scheme by the dentist. In case of complete denture, the 

average increase in height of incisal guide pin after processing ranged from 0-1.49 mm 

(20). This outer layer can be removed during selective grinding in laboratory and/or 

clinical remount. When artificial denture teeth of removable partial denture opposed to 

malposed natural teeth, the occlusal surface need to be ground to obtain maximum 

intercuspation. This has led to the exposure of the sub-enamel layer.  

There are no consensus on specimen preparation and test area of wear testing in 

artificial denture teeth. Previous in vitro studies focused on the outermost layer and did 

not identify exact location of test. Since the enamel layer is very thin, it is difficult to 

confine the test area within this outer layer. With the limitation of layer thickness and the 

elimination of the outermost layer from the above-mentioned reasons, the sub-enamel 

layer was investigated in this study. 
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Objective 

1. To evaluate and compare the wear resistance of various artificial denture teeth 

in the sub-enamel layer.  

2. To investigate the correlation between the volume loss and weight loss.  

 

Research scope 

This in vitro study aimed to investigate the wear of artificial denture teeth. Four 

types, seven brands of artificial denture teeth were selected. Specimens were prepared in 

the same manner and tested by wear simulator (1,000 rpm, 15 N) with aluminium oxide 

as the antagonist. There are no lateral movement and abrasive medium. The wear was 

analyzed by volume loss and weight loss using profilometer and digital balance, 

respectively. 

 

Agreements 

All of the procedures of this in vitro study were performed by only one examiner 

with the same instruments and machines. The laboratory was at graduate prosthodontic 

clinic, 6th floor and dental materials research center, 9th floor, princess mother 93th 

building, Faculty of Dentistry, Chulalongkorn University. The room temperature was 

25±2 °C. 

 

Research limitations 

This study was a laboratory experiment that could not completely mimic the 

multi-factorial oral environment. The results in this study were an alternative way to 

predict the clinical wear and help to understand the wear mechanism of artificial denture 

teeth. 
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Type of research 

Experimental research 

 

Proposed benefits 

1. To determine the wear resistance among artificial denture teeth used in 

prosthodontics. 

2.  To be a guideline for choosing the artificial denture teeth. 

3. To gain informative data which could be used in further artificial denture teeth 

developmental research. 

 

Hypothesis 

The null hypothesis was that wear resistance was not influenced by the 

composition or type of the artificial denture teeth. 

 



 

CHAPTER II 

LITERATURE REVIEW 

 

Artificial denture teeth 

 The most important requirement of artificial denture teeth is good appearance. 

Ideally, it should be indistinguishable from natural teeth in shape, color and translucency. 

The artificial denture teeth should be low in density so that they do not increase the 

weight of the denture. They should be strong and tough to resist fracture, and hard 

enough to resist abrasive force. There should be good attachment between the artificial 

denture teeth and the denture base. They should be perfectly bonded to denture base (21). 

The materials which are commonly used for the production of artificial denture teeth are 

acrylic resins, modified acrylic resin and porcelain. 

 The majority of resin teeth are based on polymethyl methacrylate (PMMA) 

compositions. PMMA resins used in the fabrication of artificial denture teeth are similar 

to those used in denture base materials. Nevertheless, the degree of cross-linking within 

artificial denture teeth is greater than that of polymerized denture base. This increase is 

archived by elevating the amount of cross-linking agent. The resultant polymer displays 

enhanced stability and improved clinical properties (4). Various manufacturers have thus 

developed resins to improve wear resistance by using a high degree of cross-linking  

polymers and the use of their own special pre-polymer. Examples of these resin materials 

are MPM (Multiplex Polymer Matrix: Premium, Heraeus Kulzer, Hanau, Germany), IPN 

(Interpenetrating Polymer Network: Trubyte IPN, Dentsply International, New York, 

USA) and DCL (Double Cross Linked: SR-Postaris-DCL, Ivoclar-Vivadent, Schaan, 

Liechtenstein). They are the high cross-linked artificial denture teeth. Another approach 

to improve resin teeth, analog to the development of composite restoratives, was the 

addition of inorganic fillers to the polymer matrix. The composite teeth Vitapan (Vita 

Zahnfabrik, Bad Sackingen, Germany), SROrthosit-PE (Ivoclar-Vivadent, Schaan, 

Liechtenstein) and NC Veracia (Shofu, Ratingen, Germany) are the three examples of the 
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usage of the inorganic fillers, in the form of amorphous silica, for the improvement of 

mechanical properties and wear resistance. 

 Both acrylic and porcelain teeth can be made to provide a realistic appearance. 

The slightly greater translucency and depth of color achieved with porcelain possibly 

offer this material a slight advantage in terms of esthetic. Both materials are produced 

into a variety of shapes, sizes, colors and shades which enable the dentist in teeth 

selection to suit most individuals. The difference between porcelain and polymer teeth is 

that polymer teeth are softer but tougher than porcelain teeth. Other differences are the 

low elastic modulus, high ductility and high impact strength of polymer teeth. As a result, 

polymer teeth are less likely to chip or fracture on impact. Furthermore, acrylic resin 

teeth can create chemical bonding with commonly used denture base materials. One 

aspect of porcelain teeth which is sometimes intolerance to the patient is the clicking 

noise which occurs when two porcelain teeth come into contact. The majority of artificial 

denture teeth used for denture construction are now toward polymer. Acceptable 

appearance coupled with convenient handling, greater toughness and compatibility with 

the acrylic denture base have made the acrylic resins more popular over the porcelain 

materials (22). 

 The artificial denture teeth are classified into two layers, enamel layer and dentin 

layer (18). But this description did not cover the news developed artificial denture teeth. 

Therefore, Loyaga-Rendon et al in 2007 introduced a new classification. The enamel 

layer is a clear superficial resin layer mimicking the enamel of a natural tooth. 

Underneath, there is a yellowish base resin layer at the ridge lap or cervical portion. In 

addition, the intermediate layer, a layer between the enamel and base layer, may be found 

in some products. Moreover, some composite resin teeth may contain two intermediate 

layers; the lower intermediate layer next to the base layer is an additional intermediate 

layer. Each layer of artificial denture teeth demonstrates different properties, such as 

hardness and monomer diffusion (19).  
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Wear mechanisms 

Traditionally three terms, attrition, abrasion and erosion, have been used to 

describe the wear of teeth and dental materials. In the dental literature, the term erosion is 

used to describe surface loss attributed to chemical effects. These are usually acidic and 

may be the result of extrinsic causes such as dietary acids or intrinsic as a result of gastric 

regurgitation (23). Attrition describes surface loss at the sites of occlusal contact and 

abrasion is used to describe wear at non-contacting sites together with a number of other 

situations which cannot be ascribed to erosion or attrition. However, it has long been 

recognized that it is difficult to ascribe many individual cases into any one category (24). 

The three terms have led to some confusions because they describe clinical 

manifestations rather than underlying mechanisms of wear (25). 

Wear can be defined as the ultimate consequence of interaction between surfaces 

which is manifested in gradual removal of material (26). Depending on the structure and 

the interaction conditions of a tribosystem, both mechanical and environmental factors 

influence the detachment of material. In general, it is possible to distinguish four main 

types of wear processes. 

1. Adhesive wear 

Adhesive wear occurs when surfaces slide against one another under load. The 

effects of friction cause the asperities on one surface to become cold welded to the other 

surface. Therefore there is material transfer from one surface to another (Figure 1). The 

volume of material transferred is proportional to the real area of contact and the sliding 

distance (26). 
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Fig. 1 Adhesive wear (26) 

 

In the oral cavity, where saliva act as the lubricant (27), it is likely that adhesion 

phenomenon is limited because the object of lubrication is to reduce friction and the 

tendency to adhesion, and to mitigate their effects. For this reason, it has not been proven 

whether this type of wear contributes significantly to the wear of dental materials, but it 

may be suspected at locations where an opposing cusp or contact point is forced against 

an artificial denture tooth surface (28). 

2. Abrasive wear  

This is probably the most common type of wear. It occurs when hard particles 

plough into the softer surfaces. These particles may be an integral part of one surface 

(such as the filler particles protruding from a dental composite material), or they may be 

separate particles which are enmeshed between the surfaces. The first type of abrasion is 

termed two-body abrasion (Figure 2), whereas the second is termed three-body abrasion 

(Figure 3). If the particles are carried by a gas stream or a flowing liquid then, in 

engineering, this is known as erosion (26). In general, abrasive wear is proportional to the 

physical characteristics of the materials in contact, the geometry, shape, size and ductility 

of the abrasive particles, the load, and the sliding distance (29). 

Although it is not the only wear mechanism in the oral cavity, abrasion probably 

constitutes an important consideration in the total wear process and occurs in different 

ways in the mouth environment, depending on the site of the materials (24). Class III and 
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V restorations are jeopardized predominantly by tooth brushing abrasion (30). At occlusal 

areas, loss of materials may be caused by both two-body and three body abrasive wears 

(31). 

 
Fig. 2 Two-body abrasive wear (24) 

 

 
Fig. 3 Three body abrasive wear (24) 

 

3. Fatigue wear 

When one surface slides over another, there is a zone of compression in the 

material ahead of the motion (Figure 4). Plastic deformation of the material causes a zone 

of tension behind the motion. Cracks nucleate in the subsurface and propagate as a result 

of repeated cycles at a depth governed by the material properties. Eventually the cracks 

propagate to the surface and the material that was surrounded by a network of linked 

cracks and hence a surface pitting or splintering can arise (26). This displaced material 

may itself form wear debris and cause three-body abrasion. 
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Fig. 4 Fatigue wear (26) 

 

4. Corrosive wear 

Corrosive wear results from the chemical reaction taken place between the wear 

surfaces and the environment. If a chemical reaction layer forms on a surface then it may 

be scraped away by contact with the counter surface (Figure 5). A fresh reaction layer 

forms on the exposed surface which is subsequently removed on the next encounter 

between the surfaces (32). The material which is removed results in debris which may 

agglomerate into the larger particles. 

In the oral cavity, this type of wear can be due to chemicals from drinks, food, 

microorganisms, and saliva. Dental materials have undergone softening and roughening. 

Consequently, dental materials may show an increased abrasive wear rate (33).  

 
Fig. 5 Corrosive wear (26) 
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Wear influencing factors 

1. Force 

The wear testing simulator should generate clinically relevant forces, which are in 

range of 20-120 N (34). Studies on human beings chewing on different foods revealed 

that the vertical biting force in molars ranges from 20 to 120 N. When the subjects 

involved in the study chewed on boiled potatoes, a force of 20 N was measured, 60 N 

was measured when they chewed white bread or raw carrots and 100-120 N was 

measured when they chewed on rice crackers. The higher loading forces produce higher 

wear (35). The increase in wear is not linear to the increase of loading.  

2. Size and shape of stylus 

The pointed stylus produces more wear than a ball shaped stylus as a ball stylus 

has a greater contact area between stylus and tested material than a sharp one thus 

producing less fatigue stress on the material (36). 

3. Material of stylus 

There are no agreement in the literature as to which material should be used as 

antagonist in the wear simulation tests (17). Some of the wear simulation methods used 

enamel as stylus (37). However, the stylus used for these methods is prepared in 

difference ways. If enamel, as antagonist, is substituted with another material, both the 

variability and time required to fabricate the antagonists may be altered (17). Steatite, a 

synthetic material mainly composed of magnesium silicate, is regarded as a suitable 

substitute for enamel by some authors (38). The MUNICH method uses degusit, a 

material that consists mainly of highly condensed aluminium oxide, as stylus (37). 

4. Chemical and abrasive medium 

The relative wear rates depended on whether a third-party abrasive is present. The 

variety of foods found in the human diet may act as lubricants or as abrasives. Therefore, 

it is difficult to predict the effect of foods on the wear of natural and artificial denture 

teeth. The effects of various substances in the diet that may act as solvents and cause 

crazing of artificial denture teeth were not evaluated. For example, alcohol may cause a 

chemical breakdown of artificial denture teeth and render them more susceptible to wear 
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(6). The corn meal and PMMA slurry may act as a cushion that absorbed the impact 

stress on both surfaces. As the slurry particles were softer and more elastic than enamel 

or ceramics, the elastic deformation of slurry particles also absorbed some of the load 

applied over the specimens during the sliding contact (39). In addition, the effect of 

abrasive mediums (such as denture cleansers, toothpastes and environmental particles), 

degradation of the abrasive medium over time and pH level on wear were not examined. 

 Moreover, the water storage of specimens results in a slightly increase, decrease 

or no change of wear. However, the ranking of materials, which were tested using the 

Munich wear method, was not affected by water storage (40). 

5. Specimen 

No systematic investigations have been accomplished for the various wear test 

methods except for one study that investigated the influence of surface roughness on 

abrasive wear (41). Although the surface roughness caused by five surface treatment 

protocols was different between the groups, no effect on abrasive wear after 100,000 

cycles has been detected. 
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CHAPTER III 

MATERIAL AND METHODS 

 

Specimens 

 Seven brands of artificial denture teeth were used in this study (Table I).  

 

Table I Materials used in this study 

Brand Name Composition Abbreviation Lot No. Manufacturer 

Cosmo HXL PMMA CH DW Dentspy 
International, 
Inc., NJ, Brazil 

Major Dent PMMA MD 7345 Major, Prodotti, 
Dentari,  
Italy 

Yamahachi FX PMMA YF CH0804 Yamahachi 
Dental Mfg.Co., 
Aichi Pref., Japan 

Trubyte Bioform IPN IPN TB 17404 Dentspy 
International, 
Inc., York, PA, 
USA 

SR Orthosit PE 
 

UDMA, 
Inorganic filler 

SO 009364 Ivoclar Vivadent, 
Naturns,  
Italy 

Yamahachi PX 
 

Fluro- 
Methacrylate, 
Inorganic filler 

YP CJ0124 Yamahachi 
Dental Mfg.Co., 
Aichi Pref., 
Japan 

ACE Teeth Porcelain AT 060802 Shofu, Kyoto, 
Japan 
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Preparation of the specimens 

A set of 8 upper posterior teeth including both premolars and molars of each 

brand was sectioned to make 56 specimens. Each tooth was sectioned 2 times bucco-

lingually perpendicular to its mesio-distal midline by a low speed cutting machine 

(Isomet 1000, Buehler, Lake Bluff, IL, USA). The first section line was along the 

midline, the second section were 2.3±0.1 mm from the initial section.  

 

Fig. 6 Artificial denture tooth sectioning  

 

 
Fig. 7 Section of artificial denture tooth 
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Fig. 8 Setting of wear simulating apparatus 
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The middle slices were used, the outer portions were excluded. The slabs were 

polished with silicon carbide abrasive paper No. 600, 800, 1,000, and 1,200 and finally 

polished using 0.5 µm alumina oxides slurry (Leco Corp, St. Joseph, MI, USA). The final 

thickness of each specimen was 2.0±0.1 mm. The specimens were stored in desiccators 

for 48 hours before testing.  

 

Wear testing  

The in vitro two-body wear testing apparatus was used in this study (Figure 8). 

The wear testing was set up following a pin on disc design. A ceramic (aluminum oxide: 

Dura-White® Stones, RD-1, Shofu, Kyoto, Japan) (diameter 3 mm) (Ra 2.28 µm) 

(Hardness 15 GPa) (Elastic modulus 99 GPa) was used as the antagonist material (Figure 

9). The antagonist was vertically loaded with 15 N at 1,000 rpm for 10,000 cycles on the 

sub-enamel layer (base layer of MD, CH, YF, TB, YP, and AT; and intermediate layer of 

SO) of the specimen’s surface without lateral movement. No chemical or abrasive 

medium were used during wear testing. All wear tests were performed at room 

temperature (25±2°C) and distilled water was continuously flushed over specimens 

during testing. After the wear test, the specimens were removed from the apparatus, and 

the surfaces were cleaned with distilled water before measurements. 

 

 

Fig. 9 Aluminium oxide antagonists 
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Measurement of volume loss and weight loss 

 Before and after the wear test, the weight (mg) of each specimen was measured 

on an electric balance (0.0001 g accuracy) (SPB31, Scaltec, Göttingen, Germany) (Figure 

10) after placing the specimen in a desiccator for 48 hours. Weight loss of each specimen 

was calculated by difference of weights before and after wear testing. Mean weights were 

calculated by averaging three readings on each specimen. After the wear test, volume loss 

(mm3) of each specimen was measured by a profilometer (TalyScan 150, Taylor Hobson 

Ltd., Leicester, United Kingdom) (Figure 11). A contact stylus gauge was used to analyze 

wear facets. The instrument scans at a speed 3,000 µm/s with a reading interval of 5 µm. 

The amount of volume loss was calculated from a depth of wear surface using TalyScan 

150 software (Taylor Hobson Ltd., Leicester, United Kingdom) (Figure 12). 

 

 

Fig. 10 Weight measurement 
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Fig. 11 Profilometer 

 

 

Fig. 12 Volume loss analysis 
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Statistical analysis 

 Data were analyzed by using statistical analysis software (SPSS 16.0, SPSS Inc, 

Chicago, IL, USA). Data were individually analyzed using one-way analysis of variance 

(ANOVA) (α=0.05) and the Tamhane’s T2 test was used for post hoc analysis (α=0.05). 

This was because the equality of variances could not be assumed. The generalized linear 

models between weight loss and volume loss were also analyzed. 



 

CHAPTER IV 

RESULTS 

 

The mean of volume loss, and weight loss of 7 artificial denture teeth were 

summarized in Table II.  

 

Table II Volume loss and weight loss of artificial denture teeth 

Brand Name Volume loss (mm3) Weight loss (mg) 

   

Cosmo HXL 0.210 (0.078) a 0.8 (0.3) a 

Major Dent 0.071 (0.043) b 0.2 (0.1) b 

Yamahachi FX 0.054 (0.016) b 0.2 (0.1) b 

Trubyte Bioform IPN 0.693 (0.197) c 1.4 (0.2) c 

SR Orthosit PE 0.040 (0.009) b   0.3 (0.1) a,b 

Yamahachi PX 0.056 (0.019) b   0.3 (0.1) a,b 

ACE Teeth 0.054 (0.008) b 0.2 (0.2) b 

 

Average values with standard deviations in parentheses. 

Different in superscript letters indicate statistical differences (p<0.05). 

 

High cross-linked teeth (TB) had the greatest volume loss (0.693 mm3) (p<0.01). 

CH had greater volume loss (0.210 mm3) than other artificial denture teeth (p<0.05). The 

volume loss of composite resin teeth (SO, and YP), porcelain teeth (AT), and the other 

two conventional acrylic resin teeth (MD, and YF) were not significantly different 

(p>0.05) (Figure 13).  
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Fig. 13 Volume loss of artificial denture teeth 

 

 

 

Fig. 14 Weight loss of artificial denture teeth 
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The weight loss demonstrated a similar trend as volume loss (Figure 14). High 

cross-linked teeth (TB) exhibited the greatest weight loss (1.4 mg) (p<0.01). CH 

exhibited greater weight loss than other conventional acrylic resin teeth (MD, and YF) 

and porcelain teeth (AT) (p<0.05) but not significant greater than composite resin teeth 

(SO, and YP) (p>0.05). 

A significant positive linear correlation between volume loss and weight loss was 

observed (R2=0.8165, p<0.01) (Figure 15). 

 

 

Fig. 15 Relationship between weight loss and volume loss 
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CHAPTER V 

DISCUSSION 

 

In this study, in vitro testing was used to evaluate wear resistance of artificial 

denture teeth. Clinical studies have considerable limitations such as complex 

methodologies, financial expenditures, time consuming, and difficulties in measurement 

and analysis (42). Laboratory studies have been widely used to determine the wear 

resistance of a material. While intraoral wear mechanisms are so complicated that in vitro 

studies cannot simulate all their conditions (42). They still play a key role in 

understanding the wear mechanism and are the majority of evaluation methods of the 

clinical wear resistance of dental materials. 

The two-body wear testing device used in this study was modified from 

isoparallelometer and micromoter, to simulate a direct contact between the test specimens 

and antagonists. The aluminium oxide antagonist was used in this study. Aluminium 

oxide is one of many common enamel substituted antagonists (17). Because natural tooth 

has many variations such as size, shape and composition, this substituted material is 

selected in order to reduce variations and time required to fabricate the antagonists (17). 

This study was mainly focused on material composition and wear resistance without 

abrasive medium. This is because it is difficult to predict the effect of abrasive medium 

on wear behavior. Some in vitro studies have reported conflicting results with increasing 

wear with abrasive slurry, hard abrasive particles (43), or reducing wear with lubrication 

(34). The standardization and specification of artificial denture tooth sample in some 

previous studies were not exactly focused. Those test areas were unidentified (7) and no 

standardized sample preparation (9, 11, 12). Moreover, most studies did not describe 

location and tested layer. With the limitation of enamel layer thickness, the vertical wear 

facet probably penetrated into the sub-enamel layer. This could affect the overall wear 

resistance. In this study, the orientation of test area was controlled to be within sub-

enamel layer. 
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The results of this study support the hypothesis that wear, including weight loss 

and volume loss was affected by composition of artificial denture teeth. In the present 

study, high cross-linked acrylic resin teeth demonstrated the lowest wear resistance in 

both weight loss and volume loss. Volume loss of one conventional acrylic resin teeth 

(CH) was higher than the others but lower than high cross-linked acrylic resin teeth. 

However, the results showed no significant difference in wear resistance among 

composite resin, porcelain, and conventional acrylic resin teeth; except for CH. The result 

of this present study was not in line with some previous studies which showed a greater 

wear resistance of composite resin teeth than conventional or high cross-linked acrylic 

resin teeth (7-11, 13, 44), but supported the studies which demonstrated the less wear 

resistance of composite resin teeth (14, 16, 45). 

In this study, high cross-linked acrylic resin teeth (TB) showed the worst wear 

behaviors both in weight loss and volume loss. This result was partially in line with a 

previous study of which the great volume loss was found in high cross-linked acrylic 

resin teeth (12, 14). This finding may be attributed by two reasons: degree of cross 

linking and product composition. Although cross-linking produces dimensional stability 

and improves toughness, high levels of cross-linking lead to brittleness and a loss of 

toughness (46). Therefore high cross-linked acrylic resin may be easily abraded during 

this abrasive wear testing. Secondly, the material is a homo-interpenetrating polymer 

network (IPN) of polymethyl methacrylate (47). A homo-IPN is an IPN where both 

network polymers are based on the same monomer. Polymer network I is suspension 

polymerized and dispersed in monomer II plus cross-linker and activator. Some of the 

monomer II in the mixture swells into the suspension particles. The mixture monomer II 

is then polymerized to make a sequential homo-IPN. Two advantages for the IPN over a 

conventional linear PMMA are the reduction in swelling by solvents in oral environment 

and to be ground easily because the product is removed as a fine powder, while a linear 

material tends to burn during grinding. As the antagonist interacts with test material, a 

transfer layer or transfer film commonly occurs on the superficial layer of the material. 

The adhesive strength of the transfer layer to the antagonist surface has a strong influence 

on the wear rate (46). The amount of transfer layer of TB might be little and also lack of 

adhesion because it was produced as a fine powder which was easy to remove rather than 
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a burnt layer. This may be why TB showed the least wear resistance. Similarly, CH, 

which manufacturer indicated ten percentage of a cross-linking agent that was 

hypothesized to be less than TB; a claimed highly cross-linked denture teeth, was the 

second least in wear resistance. 

Although the two composite resin teeth tested in this study (SO and YP) were not 

significant different in wear resistance from both volume and weight loss. Volume loss of 

SO was slightly insignificant lower than YP. According to the manufacturer’s data, the 

tested layer of SO was the intermediate composite resin layer but in YP, it was the base 

layer which is conventional acrylic resin. Both SO and YP have enamel and intermediate 

layers. However, these layers in YP are much thinner (1.55±0.31 mm), so it was quite 

difficult to confine the antagonist within this intermediate layer. Therefore, the testing 

area of YP was at the base layer, whereas it was at the intermediate layer in SO. Volume 

loss of SO was the lowest, dissimilar to weight loss. The reason might be the higher 

density of the filler or other components of composite resin compared with those of 

conventional acrylic resin layers. 

The average wear resistance of porcelain teeth (AT) in the present study was not 

as high as in a previous study (15). The results of this study demonstrated that porcelain 

was more sensitive to tensile stress than to compressive stress. The present study used 

two-body wear testing, which produces mainly abrasive wear. The conditions in this 

study were continuous rotation without vertical movement and no lubricant slurry 

particles. Water circulation cannot sufficiently reduce heat or stress between surfaces. 

These conditions might have produced a high coefficient of friction between the surfaces, 

thus the wear resistance of porcelain was decreased (48). Subsurface cracks have been 

found when using high sliding cycles (49). Furthermore, brittle cracks and delamination 

are often observed in feldsphatic porcelain, especially under non-lubricated friction. 

These incidents are correlated to the fatigue wear mechanism, described by Mair et al. 

(26) where the zone of compression occurs in porcelain ahead of the motion, when one 

material slides over another. The plastic deformation property of the porcelain causes a 

zone of tension behind the motion. Repeated cycles cause cracks to initiate in the 
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subsurface of the porcelain and propagate. The cracks ultimately propagate to the surface 

and the porcelain surrounded by cracks is lost.  

A positive relationship between weight loss and volume loss was observed in this 

study. Hence, it may appear reasonable to use only the easier variable like weight loss in 

the evaluation. However, there are many factors which make weight loss a poor indicator 

compared to volume loss. With equal weight, the difference in densities of each 

composition in artificial denture teeth such as ceramic glass, filler or other resin based 

matrix, has an influence on weight. Besides, water absorption and evaporation, especially 

in resin based material, certainly affect the weight of the material (50). As a result, the 

precision of the gravimetric method is limited, and some errors can occur. 

Wear evaluation is theoretically difficult, because wear depends on a number of 

parameters other than the mechanical and physical properties of the material. These 

parameters include temperature, sliding speed, normal pressure, counterface roughness, 

and transfer film (46). The wear resistance of the artificial denture teeth may be 

influenced by many factors. The multifactorial nature of the development of wear in 

artificial denture teeth during function makes the exact influence of each parameter on 

wear difficult to dissect (46).  

In selecting artificial denture teeth, type and composition are not the only 

consideration. Special consideration should be placed upon sub-enamel layer properties 

as well. Occlusal adjustment prior to, and after, denture delivery will inevitably expose 

this layer into occlusion with the opposing dentition; natural or artificial. When the 

artificial denture teeth are selected properly, the serving time of the denture will be 

longer. Therefore, wear resistance of sub-enamel layer is the important information in 

choosing the artificial denture teeth.  

 



 

CHAPTER VI 

CONCLUSIONS 

 

Within the limitations of this in vitro study, it can be concluded as following: 

1. Wear resistance varied among the denture tooth materials. Volume loss of 

Trubyte Bioform IPN was the highest (p<0.01), followed by Cosmo HXL 

(p<0.05). 

2. Weight loss of Trubyte Bioform IPN was the highest (p<0.01). 

3. A significant positive linear correlation between volume loss and weight loss was 

observed (R²=0.9178, p<0.01). 
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STATISTIC ANALYSIS OF VOLUME LOSS 

 

Tests of Normality 

 

Type of Tooth 

Kolmogorov-Smirnova Shapiro-Wilk 

 Statistic df Sig. Statistic df Sig. 

Volume Loss (mm3) Cosmo HXL .221 8 .200* .937 8 .583 

Major Dent .263 8 .109 .837 8 .071 

Yamahachi FX .130 8 .200* .964 8 .844 

Bioform IPN .270 8 .089 .853 8 .103 

SR Orthosit PE .125 8 .200* .970 8 .901 

Yamahachi PX .232 8 .200* .841 8 .077 

ACE Teeth .192 8 .200* .932 8 .530 

a. Lilliefors Significance Correction      

*. This is a lower bound of the true significance.     

 
 

Descriptives 
Volume Loss         

 

N Mean Std. Deviation Std. Error 

95% Confidence Interval for Mean 

Minimum Maximum  Lower Bound Upper Bound 

Cosmo HXL 8 .21011 .078545 .027770 .14445 .27578 .111 .361 

Major Dent 8 .07070 .042728 .015107 .03498 .10642 .034 .155 

Yamahachi FX 8 .05419 .016221 .005735 .04063 .06775 .032 .078 

Bioform IPN 8 .69286 .196562 .069495 .52853 .85719 .377 .901 

SR Orthosit PE 8 .03974 .009214 .003258 .03204 .04744 .026 .052 

Yamahachi PX 8 .05555 .018559 .006562 .04003 .07106 .038 .095 

ACE Teeth 8 .05437 .008024 .002837 .04766 .06108 .038 .065 

Total 56 .16822 .236073 .031547 .10500 .23144 .026 .901 
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Test of Homogeneity of Variances 

Volume Loss (mm3)   

Levene Statistic df1 df2 Sig. 

8.864 6 49 .000 

 
 

ANOVA 
Volume Loss (mm3)     

 Sum of Squares df Mean Square F Sig. 

Between Groups 2.733 6 .456 67.295 .000 

Within Groups .332 49 .007   

Total 3.065 55    

 

Post Hoc 

Multiple Comparisons 
Volume Loss (mm3) 
Tamhane 

     

(I) Type of Tooth (J) Type of Tooth 

Mean Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Cosmo HXL Major Dent .139412* .031613 .023 .01524 .26359 

Yamahachi FX .155919* .028356 .014 .02982 .28202 

Bioform IPN -.482750* .074838 .002 -.79211 -.17339 

SR Orthosit PE .170371* .027960 .009 .04296 .29778 

Yamahachi PX .154565* .028535 .015 .02895 .28018 

ACE Teeth .155744* .027914 .016 .02816 .28333 

Major Dent Cosmo HXL -.139412* .031613 .023 -.26359 -.01524 

Yamahachi FX .016506 .016159 1.000 -.05081 .08382 

Bioform IPN -.622163* .071118 .001 -.93730 -.30703 

SR Orthosit PE .030959 .015454 .833 -.03756 .09948 

Yamahachi PX .015152 .016470 1.000 -.05203 .08234 

ACE Teeth .016331 .015371 1.000 -.05243 .08509 
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Yamahachi FX Cosmo HXL -.155919* .028356 .014 -.28202 -.02982 

Major Dent -.016506 .016159 1.000 -.08382 .05081 

Bioform IPN -.638669* .069731 .001 -.95845 -.31889 

SR Orthosit PE .014453 .006596 .664 -.01127 .04017 

Yamahachi PX -.001354 .008715 1.000 -.03361 .03090 

ACE Teeth -.000175 .006398 1.000 -.02571 .02536 

Bioform IPN Cosmo HXL .482750* .074838 .002 .17339 .79211 

Major Dent .622163* .071118 .001 .30703 .93730 

Yamahachi FX .638669* .069731 .001 .31889 .95845 

SR Orthosit PE .653121* .069571 .001 .33270 .97355 

Yamahachi PX .637315* .069804 .001 .31782 .95681 

ACE Teeth .638494* .069553 .001 .31799 .95900 

SR Orthosit PE Cosmo HXL -.170371* .027960 .009 -.29778 -.04296 

Major Dent -.030959 .015454 .833 -.09948 .03756 

Yamahachi FX -.014453 .006596 .664 -.04017 .01127 

Bioform IPN -.653121* .069571 .001 -.97355 -.33270 

Yamahachi PX -.015806 .007326 .700 -.04503 .01342 

ACE Teeth -.014627 .004320 .091 -.03062 .00136 

Yamahachi PX Cosmo HXL -.154565* .028535 .015 -.28018 -.02895 

Major Dent -.015152 .016470 1.000 -.08234 .05203 

Yamahachi FX .001354 .008715 1.000 -.03090 .03361 

Bioform IPN -.637315* .069804 .001 -.95681 -.31782 

SR Orthosit PE .015806 .007326 .700 -.01342 .04503 

ACE Teeth .001179 .007149 1.000 -.02800 .03036 

ACE Teeth Cosmo HXL -.155744* .027914 .016 -.28333 -.02816 

Major Dent -.016331 .015371 1.000 -.08509 .05243 

Yamahachi FX .000175 .006398 1.000 -.02536 .02571 

Bioform IPN -.638494* .069553 .001 -.95900 -.31799 

SR Orthosit PE .014627 .004320 .091 -.00136 .03062 

Yamahachi PX -.001179 .007149 1.000 -.03036 .02800 

*. The mean difference is significant at the 0.05 level.    
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STATISTIC ANALYSIS OF WEIGHT LOSS 

 

Tests of Normality 

 

Type of Tooth 

Kolmogorov-Smirnova Shapiro-Wilk 

 Statistic df Sig. Statistic df Sig. 

Weight Loss (g) Cosmo HXL .315 8 .059 .865 8 .133 

Major Dent .152 8 .200* .965 8 .857 

Yamahachi FX .152 8 .200* .965 8 .857 

Bioform IPN .257 8 .127 .848 8 .091 

SR Orthosit PE .284 8 .057 .906 8 .324 

Yamahachi PX .226 8 .200* .899 8 .283 

ACE Teeth .162 8 .200* .952 8 .731 

a. Lilliefors Significance Correction      

*. This is a lower bound of the true significance.     

 
 
 

Descriptives 
Weight Loss (g)        

 

N Mean Std. Deviation Std. Error 

95% Confidence Interval for Mean 

Minimum Maximum  Lower Bound Upper Bound 

Cosmo HXL 8 .750 .3024 .1069 .497 1.003 .4 1.2 

Major Dent 8 .200 .1309 .0463 .091 .309 .0 .4 

Yamahachi FX 8 .200 .1309 .0463 .091 .309 .0 .4 

Bioform IPN 8 1.362 .1847 .0653 1.208 1.517 1.2 1.7 

SR Orthosit PE 8 .337 .0916 .0324 .261 .414 .2 .5 

Yamahachi PX 8 .350 .1309 .0463 .241 .459 .1 .5 

ACE Teeth 8 .213 .1553 .0549 .083 .342 .0 .5 

Total 56 .487 .4349 .0581 .371 .604 .0 1.7 
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Test of Homogeneity of Variances 
Weight Loss (g)   

Levene 
Statistic df1 df2 Sig. 

4.695 6 49 .001 
 
 

ANOVA 
Weight Loss (g)      

 Sum of Squares df Mean Square F Sig. 

Between 
Groups 

8.935 6 1.489 49.766 .000 

Within Groups 1.466 49 .030   

Total 10.401 55    

 
Post Hoc 

Multiple Comparisons 
Weight Loss (g) 
Tamhane 

     

(I) Type of Tooth (J) Type of Tooth 

Mean Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Cosmo HXL Major Dent .5500* .1165 .019 .075 1.025 

Yamahachi FX .5500* .1165 .019 .075 1.025 

Bioform IPN -.6125* .1253 .009 -1.095 -.130 

SR Orthosit PE .4125 .1117 .114 -.067 .892 

Yamahachi PX .4000 .1165 .135 -.075 .875 

ACE Teeth .5375* .1202 .022 .061 1.014 

Major Dent Cosmo HXL -.5500* .1165 .019 -1.025 -.075 

Yamahachi FX .0000 .0655 1.000 -.241 .241 

Bioform IPN -1.1625* .0800 .000 -1.465 -.860 

SR Orthosit PE -.1375 .0565 .481 -.351 .076 

Yamahachi PX -.1500 .0655 .556 -.391 .091 

ACE Teeth -.0125 .0718 1.000 -.279 .254 
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Yamahachi FX Cosmo HXL -.5500* .1165 .019 -1.025 -.075 

Major Dent .0000 .0655 1.000 -.241 .241 

Bioform IPN -1.1625* .0800 .000 -1.465 -.860 

SR Orthosit PE -.1375 .0565 .481 -.351 .076 

Yamahachi PX -.1500 .0655 .556 -.391 .091 

ACE Teeth -.0125 .0718 1.000 -.279 .254 

Bioform IPN Cosmo HXL .6125* .1253 .009 .130 1.095 

Major Dent 1.1625* .0800 .000 .860 1.465 

Yamahachi FX 1.1625* .0800 .000 .860 1.465 

SR Orthosit PE 1.0250* .0729 .000 .734 1.316 

Yamahachi PX 1.0125* .0800 .000 .710 1.315 

ACE Teeth 1.1500* .0853 .000 .834 1.466 

SR Orthosit PE Cosmo HXL -.4125 .1117 .114 -.892 .067 

Major Dent .1375 .0565 .481 -.076 .351 

Yamahachi FX .1375 .0565 .481 -.076 .351 

Bioform IPN -1.0250* .0729 .000 -1.316 -.734 

Yamahachi PX -.0125 .0565 1.000 -.226 .201 

ACE Teeth .1250 .0637 .805 -.122 .372 

Yamahachi PX Cosmo HXL -.4000 .1165 .135 -.875 .075 

Major Dent .1500 .0655 .556 -.091 .391 

Yamahachi FX .1500 .0655 .556 -.091 .391 

Bioform IPN -1.0125* .0800 .000 -1.315 -.710 

SR Orthosit PE .0125 .0565 1.000 -.201 .226 

ACE Teeth .1375 .0718 .813 -.129 .404 

ACE Teeth Cosmo HXL -.5375* .1202 .022 -1.014 -.061 

Major Dent .0125 .0718 1.000 -.254 .279 

Yamahachi FX .0125 .0718 1.000 -.254 .279 

Bioform IPN -1.1500* .0853 .000 -1.466 -.834 

SR Orthosit PE -.1250 .0637 .805 -.372 .122 

Yamahachi PX -.1375 .0718 .813 -.404 .129 

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