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ABSTRACT 

 The purpose of this study was to evaluate leucite reinforced glass ceramic 

(IPS Empress) partial coverage restoration (PCR) on endodontically treated molars. 

 A total of 95 IPS Empress PCRs placed in 89 patients selected from the 

post and crown waiting list of the Department of  Prosthodontics, Faculty of Dentistry, 

Mahidol University, were evaluated according to the United States Public Health 

Service (USPHS) evaluation system. In addition, restoration fractures and tooth 

fractures, patient satisfaction, pocket depth, and the papilla bleeding index (PBI), were 

included. Statistical analysis was performed to determine the survival rate with 

Kaplan-Meier analysis. 

 The results based on USPHS criteria show a success rate of 84.2% after 4 

years for IPS Empress PCRs. Associated factors (location in jaw, position  of molar, 

number of proximal contacts, and opposing dentition) have no influence on the 4-year 

survival rate of IPS Empress PCRs (Log-Rank test; P-value > 0.05). In conclusion, the 

4-year survival rate of IPS Empress PCRs has shown a satisfactory outcome (84.2%). 

All failures are bulk fractures. 
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CHAPTER I 

INTRODUCTION 

 

 

Background and Significance of the Study 
 

 Most experienced dental practitioners would agree that the literal standard 

for long-term full crown survival is the cast gold restoration. Although the durability 

of this type of crown has stood the test of time, it has not met ever-increasing patient 

demands for esthetics. This demand has led to the development and used of various 

porcelain fused to metal and all-ceramic types of restoration. Within these 2 types of 

restorative categories are a number of viable esthetic dental materials and techniques 

from which to choose. 

 Porcelain-fused-to-metal restorations combine the strength and accuracy of 

cast gold with the attractive appearance of porcelain. 

 Although porcelain fused to metal crown has a proven record of strength, 

long-term durability, and improved esthetic rendition in all instances. The fact that all 

ceramic crowns have no structural metallic phase, which may interfere with the natural 

transmission and play of light on need to be opaque, makes them a logical restorative 

consideration. Aside from the “metallic smile line” produced by some porcelain fused 

to metal crown, the metallic substructure may present with oxidation and sag 

resistance problems during porcelain firing. 

 All-ceramic crowns have been used for more than 60 years. Feldspathic 

porcelains generally provide excellent esthetics, biocompatibility and compressive 

strength. However, they lack tensile strength and frequently fracture when subjected to 

shear forces. 

 Thus they are not a structurally suitable consideration for posterior 

locations due to inherent weakness of the material. 

 In addition to anterior teeth, optimum contemporary dental esthetic 

considerations now include posterior teeth in virtually any situation. To accommodate 
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this, a number of unique approaches to strengthening porcelain and innovative all-

ceramic fabrication methods have been developed in recent years. The aesthetic 

treatment of teeth involving the use of single complete-coverage restorations offers 

several options. The traditional metal ceramic system allows maximum strength, but at 

the same time the light transmission properties are completely different from those of 

natural teeth because of the metal framework. The increased esthetic demands of the 

patients can be satisfied by using one of the numerous all-ceramic materials developed 

in recent years. 

 

Objective of the Study 
 

 This study examined the 4 years survivability of IPS Empress partial 

coverage restoration (PCR) on endodontically treated molars.  

 Comparison of the factors (location, type of molar, number of proximal 

contact, and opposing dentition) associated or effected to the survival rate of IPS 

Empress PCR on endodontically treated molars. 

 

Hypothesis of the Study 
 

 The 4-year survivability of IPS Empress PCR in molar teeth locations is 

acceptable in clinical use. 

 The factors (location, type of molar, number of proximal contact, and 

opposing dentition) affected to the survival rate of IPS Empress PCR on endodontically 

treated molars. 

 The Null hypothesis was the factors (location, type of molar, number of 

proximal contact, and opposing dentition) were not affected to the survival rate of IPS 

Empress PCR on endodontically treated molars. 

 

Scope of the Study 
 

 89 patients, who have endodontically treated molars will be selected from 

the post and crown waiting list of Department of Prosthodontics, Faculty of Dentistry, 
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Mahidol University. Selection criteria are as follows; the candidated teeth must present 

at least 2 remaining dentin wall (not less than 60% in crown structure), absent from 

periapical lesion and negative to percussion. No parafunctional habit such as bruxism. 

 All attended continuing education course operators (80 dentists) were 

instructed in a special course arranged by department of Prosthodontics, Faculty of 

Dentistry, Mahidol University.  The outlines of contents were cover to principle and 

method step by step. The whole treating processes were exercised under instruction of 

the instructors (specialized in prosthodontics) from the department. 

 The patients were informed about the aim, time needed and risks of this study. 

The patients signed the consent form to accept the treatment and recall procedure for a 

period of 5 years (approval by the committee on Human Rights Related to Human 

Experimentation, 12th April 2002) 

 After clinical procedure till final restoration fixation completed, the 

volunteer were every 6 months. In order to continuous and completed, the project’s 

beneficial to volunteer when come back to recall. 

 The clinical evaluations were carried out by the instructors of the 

department who are not involved in the placement of the restorations. An examination 

sheet was used for the clinical investigation. 

1. Marginal adaptation and recurrent caries, which will be examined 

using a dental probe ( Hu-Friedy No. EXS 9 ) , and a marginal discoloration of the 

restorations were evaluated  according to the modified United States Public Health 

Service (USPHS) criteria by Krejci et al.81, rating as Alpha, Bravo, Charlie and Delta.  

2. Additionally, fracture of the restoration and fracture of the tooth was 

included in the evaluation and rated dichotomously ( yes/ no) .  The papilla bleeding 

index (PBI)  of Saxer and Mullermann was used to evaluate the oral hygine of each 

patient.  

 

Statistical Analysis 
 

 Kaplan-Meier analysis82 was performed to calculate the probability of 

survival.  
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 The Log-Rank test was used for comparing the differences under all 

factors 

 

Benefits of the Study 
 

 IPS Empress PCR can be used as an alternative treatment of Endodontically 

treated tooth in molars with minimally invasive technique and high esthetic outcome. 
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CHAPTER II 

LITERATURE REVIEW 

 

 

Endodontically Treated Teeth 

 
 Endodontic treatment can be difficult and time consuming, especially in 

molars with multiple fine, curved root canals. In order to provide an environment 

where healing can occur and be maintained, it is important that sufficient care is taken, 

not only during the cleaning, shaping and obturation of the canal system, but also 

when restoring the crown. Practitioners have been concerned about what percentage of 

success could be expected from treatment. An associated problem exists in deciding 

the best method of determining success and failure. The most common method of 

evaluation of success has employed recall radiographs1,2. 

 The success rate of endodontic treatment is commonly thought of in term 

of an adequate apical seal. However, the coronal seal achieved by the restoration may 

be considered as important for the ultimate success of endodontic treatment.  

 Ray & Trope1 in a study from 1995 have attempted to determine the 

relative importance of the root filling and the coronal restoration in establishing and 

maintaining periapical health in conjunction with endodontically treated teeth. 

Propabably somewhat un expected, in their material they found that the quality of the 

coronal restoration was significantly more important for the long term success of 

endodontic treatment than quality of the root canal filling itself. Tronstad et al.2 have 

investigated by duplication of Ray & Trope study as much as possible. The results of 

this study have confirmed that the coronal restoration was more important for the long 

term success of endodontic treatment than quality of the root canal filling. 

 Importance of coronal leakage in failure of Endodontic treatment obturated 

root canals may be re-contaminated by micro-organism in a number of ways:  

1. Delay in placing a coronal restoration following endodontic 

treatment. Although temporary restorative materials have good sealing properties, they 
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tend to dissolve slowly in the presence of saliva, and the seal may break down. If a 

temporary restoration is of in adequate thickness, leakage will occur3 

2. Fracture of the coronal restoration and/or tooth. 

3. Preparation of post space for the provisional of a post-retained 

restoration when the remaining apical section of the root filling is inadequate density 

and/or length. 

 The concept that one cause of failure of endodontic treatment may be 

result of coronal leakage is not new one. Marshall & Massler4, in 1960, were 

concerned about the role of occlusal seal in root filled teeth. They wonderded weather 

the overall seal of the root canal was altered if the seal was broken coronally. They 

also speculated on prognosis of endodontic treatment if quality of obturation of root 

canal was poor, but the coronal seal was good. They indertook a leakage study using a 

radioactive tracer and showed that coronal leakage occurred despite the presence of a 

coronal dressing. Allison et al.5 in 1979 made brief reference to the possibility that a 

poor coronal seal might contribute to clinical failure. 

 In 1987 the importance of coronal leakage in the prognosis of endodontic 

treatment was readdressed. An in vitro leakage study6 showed that after only three 

days to artificial saliva there was extensive coronal leakage of tracer dye through 

apparently sound root fillings. They considered that leakage of this nature should be 

taken into account as a potential etiological factors in failure of endodontic treatment. 

Madison & Wilcox7 confirmed that exposure of root canals to the oral environment 

allowed coronal leakage to take place, in some cases along the whole length of the root 

canal. 

 Further studies have confirmed the importance of coronal leakage as a 

possible cause of failure of endodontic treatment. Torabinejad et al.8 found that 50% of 

single rooted teeth, root filled using lateral condensation of gutta-percha and a sealer 

cement, were contaminated with bacteria along the whole length of the root after 19 

days or 42 days, depending on the contaminating organism. Another study9 assessed 

salivary penetration through obturated root canals. The results led to recommendation 

that root fillings which had been contaminated coronally  for at least 3 months ,should 

be re-done  prior to placement of the definitive restoration. More recently, Khayat et 

al.10 have showed that root conal obturated with guttapercha and Roth’s sealer, using 
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either lateral condensation or vertical condensation were contaminated apically with 

bacteria from saliva exposed to the coronal part of the root canal only. All canal were 

contaminated with in 30 days exposure.  

 

 Foundation restorations 

 Foundation restorations involves many materials and techniques used in 

every day dental practice. Limitations in knowledge are discussed, and suggestions for 

future research to improve the profession’s understanding of the clinical performance 

of foundation restorations are made. 

 Successful fixed prosthodontic treatment depends on the ability of 

cemented cast restorations to resist dislodgement from tooth preparations. The three 

factors that influence potential for dislodgement are design of the tooth preparation, fit 

of the casting and nature of the cement. 

 Tooth preparations must possess retentive to prevent dislodgement of a 

casting along the path parallel to the path of insertion of a restorations and resistance 

will prevent dislodgement along any other path. Cast restorations are commonly 

placed on damaged teeth, so retention and resistance form became compromised as the 

height of the prepared tooth is reduced in relation to the width of the preparations and 

overall height of the final cast restoration11. A foundation restoration is indicated when 

inadequate coronal tooth structure remains to permit development of retention and 

resistance form. Shillingburg et al12 advocated the placement of a core reconstruction 

or foundation restoration when one half or more of a coronal tooth structure is 

missing, and pins can be used to augment the retention of the foundation restoration13. 

After the restorative core material is secured, the tooth with its core reconstruction can 

be prepared following accepted guidelines for tooth preparations of intact teeth14. 

 Desirable features of foundation restorations depended on clinical 

conditions, if natural tooth structure has adequate retention and resistance form, the 

foundation restorations strength is less critical, and these minor irregularities can be 

restored with the adhesive restorative materials15. Some desirable feature of a core 

material include adequate compressive strength to resist intraoral force,16 sufficient 

flexural strength to prevent fracture of the core during intraoral functions, 

biocompatibility17, resistance to leakage of oral fluids18,19, ease of manipulation20, 
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ability to bond to tooth structure21-23, thermal coefficient of expansion and contraction 

similar to tooth structure18, dimensional stability24, minimal potential for water 

absorption, 25-27and inhibition of dental caries28. 

 

 Cast posts and cores 

 For endodontically treated anterior teeth with moderate to severe 

destruction, cast posts and cores have been the restorative method of choice29. 

Conversely, molars often perform satisfactorily with direct cores retained by engaging 

the pulpal chamber and a portion of the root canals30,31, and retention of the core can 

be augmented by placement of 1 or more prefabricated intraradicular posts. Premolars 

may be restored with either custom cast posts and cores or prefabricated posts with 

direct cores. 

 

 Prefabricated posts 

 Prefabricated posts have become more popular, the most popular 

prefabricated posts was the parallel sided serrated post32. The use of prefabricated 

posts with a direct core reconstruction is regarded as the restorative method of choice 

for restoration of pulpless molars with substantial loss of tooth structure. Some of 

prefabricated posts are passive, and others actively engage tooth structure with threads 
33,34. Active posts are more retentive, but can generate unfavorable stresses and 

predispose the root to fracture35-37. The most retentive passive post is a long, parallel-

sided post with a rough ended surface. 

 At this time the long term effects of restoring pulpless teeth with these 

posts are unknown. Purton and Payne38 reported a transverse modulus of elasticity for 

these posts that exceeded the values recorded for stainless steel posts, even if  the 

elastic modulus of the posts were comparable to human dentin, it will not similar 

clinical behavior for the posts and radicular dentin. The radicular configuration of the 

root compared with the interpose composite resin luting material suggest that the 

flexibility of the post will not match the flexibility of the root. A flexible post can be 

detrimental especially when there is little remaining natural tooth structure between 

the margin of the core and the gingival extension of the artificial crown. When the 

ferrule is absent, occlusal loads may cause the post to flex with micromovement of the 
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core and the cement seal at the margin of the crown may fracture in a short time. 

Marginal leakage with recurrent dental caries will ensue, but the deterioration will be 

unnoticed until substantial destruction of tooth structure occurs39. Sorensen40 described 

a method of combinding this post with IPS Empress pressed-glass technology to 

compensate for the disadvantage of a composite core for an all-ceramic restoration. An 

alternative to this all-ceramic post is a cast post and core made from a metal ceramic 

alloy. Opaque porcelain can be fused to the core portion to provide a durable post and 

core that will disguise the graying effect that can occur with conventional cast metal 

post and core when combined with all-ceramic crowns41. 

 

 Cement and cementation of posts 

 Dental cements lute the post to radicular dentin and properties such as 

compressive strength, tensile strength, and adhesion of the cement are commonly 

described as predictor success of a cemented post. There are several luting cement 

available to the dentist and they include: zinc phosphate, polycarboxylate, glass 

ionomer, and resin cements. There are distinct advantages and inherent disadvantages 

to each product. Resin cement have been studied extensively, and several 

investigations have evaluated the ability of adhesive resin to retain intraradicular posts. 

Some studies have reported greater retention for posts cemented with adhesive resins 

42-45, whereas others have reported conflicting result46-48. One factor that has a 

detrimental effect on resin cements is eugenol contamination of dentin. 

  

 Direct cores  

 The 3 basis direct core materials are silver amalgam, composite, and glass 

ionomer-based core materials. There have been some studies conducted with crowns 

cemented over cores to more appropriately mimic clinical conditions, and others have 

loaded the core materials directly to determine their strengths. Conclusions often differ 

depending on the design of the study, and factors such as applied loading angle have 

been shown to substantially alter the results49. Silver amalgam has been reported to 

perform best as a core material under stimulated clinical conditions because its high 

compressive strength and rigidity16,50. Conversely, a number of studies have indicated 

that glass ionomer cement perform poorly as a load barring core material50-55. 
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Composite has a strength intermediate between silver amalgam and glass ionomer 

cement core material and is more flexible than silver amalgam16. Several composite 

core materials contain a fluorosilicate inorganic filler similar to the aluminium 

fluorosilicate glass in glass ionomer cements. These composites release trace amounts 

of fluoride that may continue for up to 5 years56, 57. 

 

 Bonded cores 

 Contemporary adhesive dentistry allows for the bonding of cores to the 

remaining tooth structure21,22,58-60 The high fracture strength of silver amalgam can be 

improved in vitro with the use of an amalgam bonding agent, although the clinical 

relevance of the effect of the bonding procedure after prolonged intraoral function are 

unknown22. 

 

 IPS-Empress  

 Leucite (K2O – Al2O3 – 4SiO2) is a mineral formed by the incongruent 

melting of feldspar (K2O – Al2O3 – 6SiO2). Recently, leucite has been used in all-

ceramic materials as a reinforcing material.  

 IPS Empress is a leucite-reinforced ceramic material developed in 1983 by 

The Department of Fixed and removable Prosthodontics and Dental Material at The 

University of Zurich. Since 1986 the development has proceeded in conjunction with a 

dental Company (Ivoclar, Schaan, Liechenstein) 61. IPS Empress is formed into the 

desired restoration using a heat-pressing (high-temperature injection molding) 

technique62-65. The esthetic of the restoration can either be enhanced by surface 

characterization or layered to achieve the maximum esthetic possible. 

 The IPS EmpressII glass-ceramic represent a new type of material which 

does not bear any resemblance to the leucite glass ceramic IPS - Empress as far as 

materials science is concerned. IPS EmpressII is a lithium disilicate glass-ceramic, and 

the chemical basis for the material is the SiO2-Li2O system62. 
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 Preparation 

 Crowns 

   In the preparation of posterior teeth, even reduction of the anatomic 

form must occur. The preparation should provide enough room for the IPS Empress II 

ceramic to allow adequate strength. Sharp internal edges and angles should be 

avoided. Maintaining of shoulder preparation with built joint margins are 

recommended62.   

   A shoulder preparation of 1 mm at a 90-110 degree angle must be 

executed. Avoid taper margin, feather edges or beveled shoulders. 

 Onlay Restorations 

   An onlay restoration is indicated when the preparation margin is less 

than 0.5 mm. Away from the cusp tip on when the enamel is severely undermined. 

Cusp reduction of 2.0 mm. is recommended62. 

 

 Strength Properties 

 The flexural strength test is a standard evaluation of the physical properties 

of porcelain. Heat-pressing technique of IPS Empress not only shapes and forms 

restorations, but it also strengthens the material (flexural strength of 160 to 180 MPa) 

by improving dispersion of the leucite crystals in the matrix. The strength is increased 

after firing treatment which is required to produce the final restoration63,64.  

 

 In vitro studies  

 Stappert CF, et al used a mastication simulator to find out the physical 

properties of IPS Empress PCRs on maxillary molars by stimulated function for 5 

years. IPS Empress PCRs demonstrated a high fracture resistance and acceptable in 

marginal adaptation after stimulated mouth motion fatigue loading. IPS Empress PCRs 

can be recommended for clinical applications as an a less invasive and high esthetic 

alternative to complete crown restoration66, 67, 68. 

 

 In clinical study 

 Inlay and Onlay restoration studies  
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 Frankenberger, et.al.69 conducted a controlled prospective clinical trial of 

IPS Empress inlays and onlays. Among the teeth included in the study 30% had 

proximal margins below the cemento-enamel junction. Six dentists placed a total of 96 

restorations in 34 patients, and 2 examiners using a calibrated technique used modified 

United States Public Health Service (USPHS) criteria to assess the quality of the 

restorations at baseline and periodically thereafter up to 72 months. At 4 years 92% of 

the restorations were available for assessment, whereas at 6 years only 69% were 

available. Seven of the original 96 restorations had to be replaced, 5 because of bulk 

fracture and 2 because of endodontic treatment. Of the surviving restorations, 94% 

exhibited marginal deficiencies, independent of the luting cement. However, even at 

baseline, marginal quality was rated as “good” for only 43% of the restorations. The 

absence of enamel at the gingival margins had no effect on marginal integrity or 

secondary caries. At 6 years, the survival rate was calculated as 93%. The authors 

concluded that restorations of larger cavities in molar teeth performed satisfactorily 

and that cuspal reconstruction was not a limiting factor for clinical success.  

 Fradeani, et.al.70 reported on the performance of 125 IPS-Empress inlay 

and onlay restorations. Although only 18 of these restorations were onlays, 60% of the 

restorations were placed in molar teeth. The restorations were placed in a private 

practice, and the patients were followed for up to 56 months (mean follow-up period 

40.3 months). All restorations were evaluated during periodic recall visits by the 

dentists who had placed them. Apart from 4 restorations that underwent bulk fracture, 

the remaining restorations were rated as either “good” or “satisfactory” according to 

the modified USPHS criteria that were used for their evaluation. Estimated survival at 

4.5 years was 96%.  

 Lehner, et.al.71 conducted a clinical trial involving 138 inlays and 17 

onlays. The restorations were placed by18 clinicians who used a calibrated technique 

in a university clinic. The restorations were evaluated by 2 examiners according to 

modified USPHS assessment criteria. At a mean observation time of 5.3 years, 7 

restorations were judged as clinical failures. At 6 years the authors estimated a 

survival rate for the restorations of 95%. There was no statistical difference in 

performance between onlays and inlays or between premolars and molars. In a later 
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report of the same patient group at 7-year recall, 9 fractures had occurred, and 3 teeth 

had recurrent caries. The Kaplan–Meier survival rate had dropped to 91% at 7 years. 

 Molin and Karlsson72 conducted a prospective, randomized clinical trial of 

3 ceramic inlay systems, including the IPS-Empress system. Twenty patients were 

included in this study, and each received 4 inlay restorations, one of cast gold, one 

with the IPS-Empress system, one with the Cerec system (Vita Zahnfabrik, H. Rauter 

GmbH & Co. KG, Sackingen, Germany) (made with computer-aided design and 

manufacturing technology) and one with the Mirage system (Chamelon/Mirage Dental 

Products Inc., Kansas City) (conventional porcelain buildup sintering technique). Of 

the IPS-Empress restorations, 9 were placed in molars and 11 in premolars. Eleven of 

these restorations involved 3 surfaces and the remainder 2 surfaces. The restorations 

were inserted according to standard techniques, with etching of both enamel and 

dentin and use of bonded resin cement. Two calibrated examiners used California 

Dental Association criteria to assess the restorations during recall appointments 

conducted at 1, 3 and 5 years. At 5 years, 4 of the 20 inlays had fractured. Unresolved 

postoperative hypersensitivity was not experienced with any of the IPSEmpress 

restorations. However, marginal ditching occurred frequently, and at 5 years 45% of 

the restorations showed evidence of this problem. 

 Van Dijken and others73 reported the results of a shortterm (2 years) 

clinical trial involving 79 IPS-Empress inlay restorations placed by 3 dentists in a 

university clinic. Two different resin-based luting cements were used for cementation 

of the inlays. Six inlays were not available at the 2-year recall assessment. Of the 

remaining restorations, 2 exhibited evidence of small chip fractures at the marginal 

ridge areas but did not need replacement. All of the other restorations were judged to 

be performing satisfactorily. 

 Tidehag and Gunne74 reported on the performance of 62 IPS-Empress 

inlay and onlay restorations, 40 in premolars and 22 in molars, followed for 2 years. 

The restorations were inserted by 2 investigators in 18 patients and were examined 

during recall appointments at 7 and 26 months. Only one failure (due to fracture) was 

identified. Marginal ditching was detected in 13% of the restorations, and 23% had a 

slight colour mismatch. Excellent rating for anatomic form was reported for 82% of 

the restorations. 
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 Crown Studies 

 Sjögren, et al.75 reported on the performance of 110 IPS-Empress crowns 

and onlays placed in anterior and posterior teeth after 3.5 years of service. Of the 110 

restorations, 35 were onlays. Fractures occurred in 6% of all restorations: 7% of molar 

restorations, 12% of premolar restorations and 3% of anterior restorations. The authors 

used the California Dental Association criteria for assessment of the restorations. At 

3.5 years 92% of the crowns and onlays were rated “satisfactory.” Recurrent caries 

occurred in only 2% of the restorations. 

 Fradeani and Aquilano76 reported on the performance of 144 anterior and 

posterior IPS-Empress crowns that were followed for up to 68 months (mean follow-

up period 37 months). One hundred and one of these crowns were inserted in anterior 

teeth, 28 in premolars, 11 in first molars and 4 in second molars. Two resin-based 

luting cements were used for cementation. Five of the 144 crowns failed, 3 because of 

fracture and 2 because of failure of the underlying core buildup. Two of the 4 crowns 

inserted in second molar teeth were among the 3 that experienced fracture. All failures 

involved the same resin cement. For the remaining crowns, modified USPHS criteria 

for assessment indicated satisfactory performance in terms of contour, marginal 

integrity, marginal discoloration, color match and recurrent caries. At 3 years Kaplan–

Meier survival analysis revealed a survival rate of 95%. 

 Sorensen, et.al.77 reported the results of a 3-year prospective clinical trial 

of IPS-Empress crowns conducted in a university clinic. A total of 75 crowns were 

placed in 33 subjects: 47 in anterior teeth, 15 in premolars and 13 in first molars. The 

authors elected not to include any second molar teeth in the study. The gingival 

margins of selected teeth were located 1 mm subgingivally, and 2 resin cements were 

used. At 3 years only one molar crown had fractured. Of the 75 crowns, 53 were 

cemented on vital teeth, and postoperative sensitivity was experienced with 3 of them, 

2 cemented with one cement and one with the other cement; however, this sensitivity 

subsided in 3–8 weeks. 
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CHAPTER III 

PATIENTS AND METHODS 

 

 

Clinical Procedure 
 

 During June 2002 to February 2003, department of Prosthodontics, Faculty 

of Dentistry, Mahidol University created a continuing education course for general 

practitioners in scope of direct post (DT-Light post, DT-composipost) and core (hybrid 

light cured resin composite) technique, and then restored with all ceramic (IPS 

Empress) partial coverage restoration ( PCR). 

 All operators (80 dentists) were instructed in a special course arranged by 

department of Prosthodontics, Faculty of Dentistry, Mahidol University.  The outlines of 

contents were cover to principle and method (post and core build-up, PCR preparation, 

PCR fabrication, PCR cementation) step by step. The whole treating process were 

exercised under instruction of the instructors (specialized in prosthodontics) from the 

department. 

 The patients were informed about the aim, time needed and risks of this 

study. The patients signed the consent form to accept the treatment and recall procedure 

for a period of 5 years (approval by the committee on Human Rights Related to Human 

Experimentation, 12th April 2002). 

 90 endodontically treated molars in 89 patients 25male (28%), 64 female 

(72%) (Table I), age arrange form 20 to 72 years old, mean of age was 44 years old, 

were selected from the post and crown waiting list of  Department of  Prosthodontics, 

Faculty of  Dentistry,  Mahidol University. 

 Selection criteria for endodontically treated teeth were following by:  

   The molar teeth were root canal treatment completed.  

   No any symptom such as pain, positive to percussion etc.  

   No severely parafunctional habit such as bruxism.  

   Tooth remaining not less than 60%in crown structure (at least 2 surfaces). 
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Table I: Descriptive data of patient and detail of treated teeth. 

 

Variable 
Number 

of Patients 

N (start) N (total) N (after 

censored) 

N of Events 

(Failed) 

Overall 89 90 95 80 15 

Gender      

 Male 25 25 28 23 5 

 Female 64 65 67 57 10 

Location      

 Maxillary molar  32 33 29 4 

 Mandibular  molar  58 62 51 11 

Types of molar      

 First molar  70 74 63 11 

 Second molar  20 21 17 4 

Number of proximal contact      

 1 contact  20 21 17 4 

 2 contacts  70 74 63 11 

Opposing dentition      

 Natural dentition/FPD  6 6 6 0 

 RPD  84 89 74 15 

 

Follow-up Procedures 
 

 The clinical evaluation were carried out by two instructors of the 

department who are not involved in the placement of the restorations (retrospective 

cohort study). An examination sheets were used for the clinical investigation.  

1. Marginal adaptation and recurrent caries, which will be examined 

using a dental probe ( Hu-Friedy No. EXS 9 ) , and a marginal discoloration of the 

restorations were evaluated  according to the modified United States Public Health 

Service (USPHS) criteria by Krejci et al.81, rating as Alpha, Bravo, Charlie and Delta.  

2. Additionally, fracture of the restoration and fracture of the tooth was 

included in the evaluation and rated dichotomously ( yes/ no) .  The papilla bleeding 

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ.                                                                M.Sc.(Prosthodontics) / 17 

index (PBI)  of Saxer and Mullermann was used to evaluate the oral hygine of each 

patient.  

 

Recall period  
 

 All patients received hygiene instructions, complete plaque removal in 

every 6 months. In order to continuous and completed, the project’s beneficial to 

volunteer when come back to recall.  

 

Statistical analysis 
 

 IPS Empress PCRs were defined as either surviving or not surviving 

according to the modified USPHS criteria: survival (Alpha and Bravo score) was a 

positive, censored event, whereas non-survival (Charlie score) was defined as the 

negative, uncensored event. Based on this definition, survival rates from time-related 

events were calculated using the non parametric survival analysis (Kaplan-Meier) 82. 

 Time until failure or censoring (i.e. last follow-up examination) was 

recorded in months. The end of observation time for a successful restoration 

corresponded to the re-evaluation date. The end of observation for a failed restoration 

was the date when this event was not in record or when the failed restoration was 

detected during the re-evaluation appointment. 

 Statistical analysis was performed to determine the survival rate with 

software SPSS version 13.0 for Windows. 

 The Log-Rank test was used for comparing the differences under all 

factors 
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CHAPTER IV 

RESULTS 

 

 
 A total of 95 IPS Empress PCRs adhesively luted (bonded) on 

endodontically treated molars restored with prefabricated posts and resin composite 

cores were placed in 89 patients ( 25 males, 64 females; age between 20-74 years, 

mean 44 years). Thirty three PCRs were placed in maxillary molars, sixty two PCRs in 

mandibular molars. 74 PCRs were placed on first molars, 21 PCRs were placed in 

second molars. Regarding opposing dentition, 89 PCRs were opposed to natural 

dentition (87 PCRs contact to enamel, 1 PCR contact to metal, 1 PCR occluded to 

porcelain), 6 PCRs were occluded to acrylic denture tooth (all of 6 PCRs contact to 

acrylic resin). Concerning proximal contact, 73 PCRs had two contacts (mesial and 

distal), 22 PCRs had only one contact (mesial or distal). 

 After 4 years follow-up according to modified USPHS criteria by 2 

evaluators the rating score is presented in Table I. During 4-year observation period, 

total of 11 PCRs (11 patients) were drop-out. Eight patients could not be contacted. 

One patient had endodontic problem. One patient had periodontic problem. The last 

PCR was broken by elevator instrument during adjacent teeth was extracted (Figure 

6). The time of occurrences are presented in Table II. Within the category of recurrent 

caries, two cases (2.1%; Bravo rating) had recurrent caries during 4-year observation 

period, and all can be solved by adhesive composite fillings. These two PCRs have 

been survived over 4 years. One patient (1.1%, Charlie rating) was not satisfied with 

this clinical study, and this patient (1.1%, Charlie rating in category of postoperative 

sensitivity) needed endodontic retreatment and restored with PFM crown.  

 Between observation periods, 15 failures of IPS Empress were founded 

(15.7%, Charlie rating with in category of anatomic form) All were bulk fracture 

(Figure 7). Five PCRs could be replaced with the same restorative material (IPS 

Empress) and were included in the sample size. Thus, the sample size in this study was 

95 PCRs (N=95). This re-included had no effect to calculate with Kaplan-Meier 
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statically analysis for determining the survival behavior (time zero were started at the 

same point). The time occurrences of failure are presented in Table III.  

 The results of Kaplan-Meier analysis of cumulative survival are presented 

in Figure 1. The overall 4-year survival rate of IPS Empress PCRs on endodontically 

treated molars with prefabricated posts and resin composite cores was 84.2%. 

 The Log-Rank test determining the differences under the location 

(maxillary molars (87.9%) and mandibular molars (82.3%)). There was no significant 

difference between the groups (p=0.438). The survival curves are plotted in Figure 2.  

 The Log-Rank test determining the differences under type of molar (first 

molars (85.1%) and second molars (81.0%)) showed no significantly difference 

between the groups (p=0.649). The survival curves are plotted in Figure 3. 

 The Log-Rank test determining the differences under the number of 

proximal contact (one proximal contact PCRs (81.0%) and two proximal contacts 

PCRs (85.1%)). There was no significant difference between the groups (p=0.672). 

The survival curves were plotted in Figure 4. 

 The Log-Rank test determining the differences under opposing dentition 

(opposing tooth contact with natural dentition (83.1%) and RPD (100%)) showed no 

significant difference between the groups (p=0.316). The survival curves were plotted 

in Figure 5. 

 

Table II: Results of clinical investigation after 4 years 

 

Rating (%) 
Category 

Alpha Bravo Charlie 

Marginal adaptation 96.8% 3.2% 0.0% 

Marginal discoloration 94.7% 5.3% 0.0% 

Anatomic form 75.8% 8.4% 15.7% 

Surface texture 89.5% 10.5% 0.0% 

Recurrent caries 97.9% 2.1% 0.0% 

Degree of satisfaction 82.1% 16.8% 1.1% 

Postoperative sensitivity 94.7% 4.2% 1.1% 

Distribution of fracture 0.0%(no) 100.0%(yes) 0.0%(yes) 
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Table III: Drop-out times and reasons. 
 

Patient Drop-out reason Time (months) 

1 Could not be contacted 6 

2 Could not be contacted 12 

3 Could not be contacted 12 

4 Endodontic problem 12.5 

5 Could not be contacted 13 

6 Could not be contacted 14 

7 Could not be contacted 18 

8 Could not be contacted 27.25 

9 Periodontal problem 32 

10 Could not be contacted 34.5 

11 Iatrogenic accident 46 

 

Table IV: Demonstrated times and type of failure. 
 

Patient Type of failure Time (months) 

1 Fracture 3 
2 Fracture 4 
3 Fracture 5.5 
4 Fracture 8.5 
5 Fracture 9.25 
6 Fracture 9.25 
7 Fracture 11.25 
8 Fracture 11.5 
9 Fracture 20 
10 Fracture 27.5 
11 Fracture 34 
12 Fracture 34 
13 Fracture 36 
14 Fracture 40 
15 Fracture 48 
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Figure 1: Kaplan-Meier survival curve of overall IPS Empress PCRs 
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Figure 2: Kaplan-Meier survival curve concerning location of molar. 
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Figure 3: Kaplan-Meier survival curve concerning type of molar. 
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Figure 4: Kaplan-Meier survival curve concerning number of proximal contact. 
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Figure 5: Kaplan-Meier survival curve concerning type of opposing tooth contact. 
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Figure 6: Photograph of PCR fracture by elevator instrument during extraction of the 

adjacent tooth. 

 

 
 

Figure 7: Photograph of bulk fracture PCR. 
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CHAPTER V 

DISCUSSION 

 

 
 The present study investigated the 4-year performance of IPS Empress on 

endodontically treated molars utilizing the modified USPHS criteria. The failure of 

post and foundation was not shown. 

 In cases classified into drop-out, eight cases could not be longer attended 

because the telephone number was changed, and all of them changed the address. So 

that could be classified into drop-out with could not be contacted reason. One case 

could not be longer attended by the endodontic problem reason at 12.5 months during 

services because of the sensitivity criteria in additional investigation was increasing 

during the first recall (6 months) to the second recall (12 months) (1.1%; Charlie 

rating). In this case, after the endodontic consultation, the palatal root amputation was 

done. The new restoration was prepared by porcelain fused to metal crown (Figure 8-

10). Another case could not be longer attended by the periodontal problem reason at 

32 months during services because the increasing of pocket depth was founded and the 

criteria in additional investigation in periodontal  pocket depth was increasing during 

the fourth recall (24 months) to the fifth recall (32 months). In this case, after the 

periodontal consultation, the prognosis in this tooth was poor. So the extraction was 

done, and classified this PCR into drop-out case. Although another one case was 

fracture but this case was classified into drop-out case because of the PCR fracture 

was done by elevator instrument during adjacent teeth was extracted. Thus, the 

suggestion for the clinical practice when have the patient who need to extraction with 

PCR(s) on adjacent tooth, extraction technique should not be used PCRs as a fulcrum 

area (Figure 6, 11, 12). 

 Not only the fatigue mechanism of materials had influenced on the longer 

time of survival period (5 years) that had been prove in the experimental66,67,68. But in 

clinically situation with many factors also produced the microcracks especially by 

occlusal correction without polished sufficiently, or because of unfavorable intraoral 
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situation. Graf et al reported of considerably decreased flexural fatigue limits of dental 

ceramics after simulating occlusal corrections78. Combined with occlusal stress during 

clinical service, the probability of ceramic fractures seems to be increased. However, 

the total failure rate is comparable to that noted in other clinical trials78,79,80. 

Nevertheless, an accurate polish of occlusally adjusted areas should arouse 

considerable attention to prevent this problem. 

 The most common failure (15.7%; Charlie rating in mode of anatomic form) 

of IPS Empress in posterior regions in this study were bulk fracture (100%; Bravo rating 

in mode of distribution of fracture). Many clinical studies supported69,70,71. 

 To be discussed on the clinical studies within  the correlations, the 

comparisons and also included the authors comments between this study and other 

clinical studies that focusing on IPS Empress PCRs (inlays and onlays) on posterior 

region those can be drown. Three studies69,70,71 involved a total of 376 restorations and 

survival rates ranging from 96% at 4.5 years to 91% at 7 years. Recurrent caries were 

not a major factor in failure; instead, bulk fracture was the most frequent cause. The 

size of the restoration (inlay or onlay) did not seem to influence failure. Although 

marginal ditching was common, it was not severe enough to warrant replacement of 

the restorations. When dentists are prescribing such relatively new treatment 

modalities they must inform their patients about the 5% to 10% possibility of failure, 

mainly due to fracture, that can occur in the first 5 years. The clinical trial reported by 

Molin and Karlsson72 lasted 5 years, but the number of IPS-Empress restorations 

included (N=20) was too small to allow any meaningful conclusions. In addition, 4 of 

the 20 restorations fractured. A proportion much higher than that experienced in the 

first 3 studies, which had much bigger sample sizes. When the results of the 3 studies 

of IPS Empress crowns (which accounted for a total of 329 crowns)75,76,77 are 

considered collectively, some overall conclusions can be drawn. The survival rate 

ranged from 92% to 99% at 3 to 3.5 years. Most failures were due to fracture. Because 

more crowns were placed on anterior teeth and fewer on posterior teeth, any 

conclusions will be more applicable to anterior than to posterior crowns. When 

prescribing this type of treatment dentists must inform patients of the 1.3% to 8% 

possibility of fracture after 3 to 3.5 years. 
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 For inlay and onlay restorations, preparation designs that allow for 

sufficient bulk of material at the isthmus portion will improve longevity. The results of 

the nine studies reviewed here must be interpreted with care as most of the restorations 

were placed in a university clinic setting under ideal conditions with virtually no time 

limit on the procedures. The patients were selected carefully, and only those with good 

oral hygiene, low risk of caries and without bruxism were included. In a busy private 

practice, where time can sometimes be limited, it is possible that such restorations will 

not perform to the level reported in these studies. Dentists should select cases for IPS 

Empress restorations with great care. Situations in which excessive occlusal loading is 

anticipated should be avoided. The use of reliable dentin bonding systems along with 

proven resin cements for the cementing procedure will reduce problems during 

placement and enhance longevity. 

 However, the large numbers of subjects (89 patients), many clinicians (80 

clinicians) (almost all) had no experience to deal with IPS Empress PCRs before, and 

this study specificity on molars region. All of these factors might be made the lower 

success rate than the other studies69-77. 
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Figure 8: Radiographic of drop-out case before palatal root amputation treatment. 

 

 
Figure 9: Radiographic of drop-out case after palatal root amputation treatment. 

 

 
Figure 10: Photograph of drop-out case with new restoration. 
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Figure 11: Photograph of drop-out case (before adjacent tooth was extracted). 

 

 

                    
Figure 12: Photograph of drop-out case (after adjacent tooth was extracted). 
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CHAPTER VI 

CONCLUSION 

 

 
 Within the limitations of this study, it can be concluded that 

1. The 4-years survival result of this study had shown the satisfactory 

outcome of leucite-reinforced glass ceramic PCRs (84.2%). All failures are bulk 

fracture. 

2. All factors (location in jaw, position  of molar, number of proximal 

contact, and opposing dentition) have no influence on the 4-year survival rate of IPS 

Empress PCRs (Log-Rank test; P-value >0.05). 
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APPENDIX B 

CRITERIA FOR CLINICAL EVALUATION OF ALL-CERAMIC 

RESTORATIONS EMPRESS) 

 

 
1. Marginal adaptation 

______ Alpha (A) : The explorer does not catch when drawn across the surface 

of the restoration towards the tooth or if the explorer does 

catch, there is no visible crevice along the periphery of the 

restoration. 

______ Bravo (B) : The explorer catches and there s visible evidence of crevice 

into which the explorer Penetrates, indicating heat he edge of 

the restoration does not adapt closely to the tooth structure. 

The dentine and/or the base is not exposed and the 

restoration is not mobile. 

______ Charlie (C) : The explorer penetrates a crevice defect that extends to 

cement enamel junction 

 

2. Marginal discoloration 

______ Alpha (A) : There is no visual evidence of marginal discoloration 

different from he color of the restoration material and 

from the color of the adjacent tooth structure. 

______ Bravo (B) : There is visual evidence of marginal discoloration at the 

junction of the tooth structure and the restoration, but the 

discoloration has not penetrated along the restoration in a 

pulpal direction. 

______ Charlie (C) : There is visual evidence of marginal discoloration at the 

junction of the tooth Structure and the restoration that has 

penetrated along the restoration in a pulpal direction. 
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3. Anatomic form 

______ Alpha (A) : Correct contour with tight proximal contacts (checked 

with wax dental floss). 

______ Bravo (B) : Slightly under – or over contour, weak proximal contact. 

______ Charlie (C) : Distinct under – or over contour, missing proximal contact. 
 

4. Surface Texture 

______ Alpha (A) : Smooth surface, glazed, glossy 

______ Bravo (B) : Slightly rough surface, dull surface 

______ Charlie (C) : Porous surface, rough or with deep pores, unevenly 

distributed pits, cannot be finished 
 

5. Recurrent caries 

______ Alpha (A) : There is no visual evidence of dark, deep discoloration 

adjacent to the restoration. 

______ Bravo (B) : There is visual evidence of dark, deep discoloration 

adjacent to the restoration (but not directly associated with 

cavo surface margins). 

______ Charlie (C) : There is visual evidence of dark, deep discoloration 

adjacent to the restoration and directly associated with cavo 

surface margins. 
 

6. Degree of satisfaction with restoration from patient 

______ Alpha (A) : Yes, I am satisfied; highly satisfied. 

______ Bravo (B) : I am somewhat satisfied, would do it again. 

______ Charlie (C) : I am not satisfied, would not do I again. 
 

7. Postoperative sensitivity 

______ Alpha (A) : Had no sensitivity at all to date. 

______ Bravo (B) : Had minor sensitivity, but sensitivity is bearable at this 

tooth. 

______ Charlie (C) : Unbearable sensitivity (with pain); patient asks for 

replacement. 
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8. Distribution of fractured 

______ Alpha (A) : Within porcelain layer. 

______ Bravo (B) : Involve to Empress core substructure. 

______ Charlie (C) : Involve dentine on root of tooth. 

 

9. Percussion 

______ - Negative : No any symptom. 

______ + Positive : Feel dull pain when compared with the beside teeth. 

 

10. Pocket depth (mm.) 

 

 Mesio B Mid B Disto B 

    
Bleeding on probing    
Bleeding on probing    

    

 Mesio Li  Mid Li Disto Li 

 

 Keratinized gingival (mm.) 

Mesio B Mid B Disto B 

   
 

11. Margin of restoration level ( )  

Buccal surface _______Supragingival level 

      _______At gingival level 

      _______Subgingival level 

 

Lingual surface _______Supragingival level 

      _______At gingival level 

      _______Subgingival level 
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12. Radiographic finding 

- Rarified area        Yes  or  No 

 

       Upper tooth     Lower tooth 

       - mesial root     - mesio-buccal root 

       - distal root     - mesio-lingual root 

       - palaal root     - distal root 

 

- PDL appearance     normal  or  thickening 
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