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ABSTRACT 

Background and Objective: Marginal accuracy is considered as a fundamental aspect in the success and longevity of indirect 

restoration. The aim of present study was to compare shoulder & chamfer finish line designs on marginal adaptation of IPS e.max 

Press and IPS e.max ZirCAD restorations. Materials and methods: An extracted intact maxillary first premolar tooth was selected for 

the study. A chamfer finish line design (50°, 0.8 mm deep) was prepared using a cylinder round end diamond bur and impression 
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was taken using polyvinyl siloxane impression material and a cast was fabricated. The impression process was repeated 20 times 

with the same coping. The 50 °chamfer margin then turned to 90° shoulder margin (1 mm deep). Resin dies were prepared and 

impressions of each epoxy resin die were made and poured with stone die. A total 20 IPS e.max Press and 20 IPS e.max ZirCAD were 

made on the stone dies and the marginal gap was assessed using scanning electron microscope (SEM). Data were analyzed using 

two-way ANOVA, SPSS ver, 19. Results: The marginal gap in chamfer ZirCAD was 21±43.54μ and in chamfer Press was 9±50.77μ and 

the marginal gap in shoulder ZirCAD was 21±67.12μ and in chamfer Press was 25±95.97μ. The differences were statistically 

significant (P<0.05). Conclusion: Marginal adaptation in chamfer finish line is preferred than shoulder finish line (P=0.000), as well as 

ZirCAD restoration produces a good marginal adaptation than Press restoration (P=0.011). The marginal gaps achieved by the 

restorations (<120 microns) is clinically acceptable. 

 

Keywords: Finish Line Designs, Marginal Adaptation, Restorations 

 

 

1. INTRODUCTION 

All ceramic restorations introduced in aesthetic dentistry provide the best optical and aesthetic properties including natural 

appearance, outstanding mechanical, optical, thermal, and chemical properties. The use of all-ceramic restorations due to 

biocompatibility, aesthetics, low thermal conductivity, abrasion resistance, and colour stability have become the basis of the modern 

practice of fixed prosthodontics. All-ceramic restorations (non-metallic compound) are favorable alternatives to metal-ceramic and 

all-metal restorations. The metallic component of restorations can be problematic due to chemical toxicity, Kerogen, gingival colour 

changes, and allergic reactions to certain metals such as nickel. As well as, achieving a close shade match in metal ceramic 

restoration is a complex process. Therefore, people who are prone to teeth sensitivity can benefit from all ceramic restorations as 

well (Jung et al., 2010). 

IPS Empress is one of the agents of all ceramic restoration system which offers superior aesthetics and physical properties and 

comprises of IPS e.max (the highly aesthetic lithium disilicate glass-ceramic for the PRESS technique) and IPS e.max ZirCAD 

(fluorapatite glass-ceramic for the rapid and efficient press-on technique onto zirconium oxide frameworks) (Rosenstiel et al., 2006). 

In addition to physical properties and biocompatibility, the marginal fit is a decisive factor for long term success of restoration. The 

design of the finishing line is one of the elements that affect marginal adaptation and poor marginal adaptation may result in 

recurring caries. Unfitting marginal adaptation between tooth and restoration or the gap between the tooth and crown finish line 

causes plaque, gingivitis and gingival margin discoloration, and in progressive cases step ups pocket depth and losses attached 

gingival (Jalalian et al., 2008; Beuer et al., 2009; Holden et al., 2009; Beuer et al., 2008; Beuer et al., 2010). 

 Chamfer and shoulder marginal preparation designs are the most preferred factors for all ceramic restorations (Quintas et al., 

2004; Pera et al., 1994). Considering the importance of the marginal adaptation, using the appropriate finish line preparation design 

for marginal adaptation is essential for the long-term success of dental restorations. However, selecting the proper finish line 

designs (chamfer, shoulder, radial shoulder) can be challenging and are considered as sensitive technique (Komine et al., 2007; Zhao 

et al., 2003). The aim of present study was to compare shoulder & chamfer finish line designs on marginal adaptation of IPS e.max 

Press and IPS e.max ZirCAD restorations. 

 

2. MATERIALS AND METHODS 

An extracted intact maxillary first premolar tooth without decay, crack or fracture was selected for the current in vitro study (Ethical 

Code: IR.AJUMS.REC.1393.33000010). A 50° chamfer finish line design (0.8 mm deep) was prepared using a cylinder round end 

diamond bur (#881-016, 1.6 mm, Tiscavan, Iran). The axial wall was 12° convergent. For more strength resistance occlusal surface 

was prepared, three-dimensionally. Then, to create enough space for molding two layers of rose wax (Cavex Holland, Netherlands) 

were placed on the teeth mounted in plaster and two stoppers (2×2 mm) were embedded. A special tray was made and impression 

was made using a polyvinylsiloxane (Elite. HD, Zhermack, Badia Polesine, Italy). The impression process was repeated 20 times with 

the same coping. The impressions were poured using Exakto-Form epoxy resin (Bredent, Senden, Germany), i.e. 20 identical resin 

dies with 50° chamfer finish line were created. Subsequently, the tooth was retrieved and the 50° chamfer finish line was converted 

into 90° shoulder finish line using diamond burs flat end cylinder 837-010 (1 mm depth). In the interim of conversion just the design 

of finish line was changed and the depth remained unchanged. Once again, polyvinylsiloxane impressions were made and 20 epoxy 

resin dies were created from these impressions. Impressions of each epoxy resin dies were taken using a polyvinylsiloxane 

impression material and master casts were obtained using type IV dental stone (GC Fujirock EP die stone, GC Europe, Belgium). After 
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setting, a thin layer of a die spacer (Renfert GmbH, Hilzingen Germany) was applied, covering the entire preparation except the 

apical 0.5 mm of the preparation, to simulate the luting agent. 

As a result, 40 dies of epoxy resin and 40 dies of modified type IV dental stones were prepared. Last of all, 10 samples with IPS 

e.max ZirCAD restoration (chamfer finish line), 10 samples with IPS e.max Press restoration (chamfer finish line), 10 samples with IPS 

e.max ZirCAD restoration (shoulder finish line), and 10 samples with IPS e.max Press restoration (shoulder finish line) were created. 

The dies and crowns were scored, respectively. The marginal Gap was measured using the scanning electron microscope (SEM). Data 

were analyzed using two-way ANOVA, SPSS ver, 19. 

 

3. RESULTS 

The marginal gap for each individual specimen was measured using two-way ANOVA and the mean scores± standard deviations 

were recorded for each group (Table 1). Marginal adaptation in chamfer finish line design was better than shoulder finish line design 

(P=0.000), as well as marginal fit in IPS e.max ZirCAD was better than IPS e.max Press (P=0.011). Finish line design did not influence 

the marginal adaptation of all-ceramic crowns (Table 2 and Figure 1). 

 

Table 1 The mean ± SD of the marginal gaps (in µm) in the studied groups 

Finish line Crown Mean SD 

Camfer 

Zircad 43.0000 21.54582 

Press 50.4000 9.77753 

Total 46.7000 16.72093 

Shoulder 

Zircad 67.8000 21.12818 

Press 95.3000 25.97884 

Total 81.5500 27.02139 

Total 

Zircad 55.4000 24.35570 

Press 72.8500 29.92495 

Total 64.1250 28.34331 

 

 

 

 

Figure 1 Comparison of the mean values of marginal gap (µm) in the studied groups 
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Table 2 P value of crowns and finish line designs 

P value    

.000   Finish line                                     

.011 Crown              

.130 Finishline*Crown                            

 

4. DISCUSSION 

Marginal adaptation is one of the most significant factors for long-term success of full-coverage restorations (Shillingburg et al., 

1997; Bindl & Mörmann, 2005). The type of finish line design is the most critical factor affecting marginal adaptation (Quintas et al., 

2004; Shillingburg et al., 1997). Open margins can be a residence for micro-organisms and result in plaque accumulation, 

periodontal disease, and bone resorption (Jung et al., 2010; Goldin et al., 2005). Ceramic-based restorations due to high translucency 

are the preferred choice in aesthetic dentistry (Giordano, 1996; Lee et al., 2008). 

The result of the present study showed that the marginal adaptation in chamfer finish line design was better than shoulder finish 

line design. This could be due to the angle between a chambered surface and the original surfaces from which the chamfer angle 

was cut greater than rounded, obtuse angle (Shillingburg et al., 1997). As well as, marginal fit in IPS e.max ZirCAD due to high 

mechanical stability, thin restoration walls, and natural-looking esthetics was better than IPS e.max Press. Pera et al., 1994 evaluated 

the dimensional stability during firing of In-Ceram alumina porcelain ceramic and examined the marginal fit for three different 

configurations of tooth preparation and reported better marginal fit in 50-degree chamfer finish line compared to 90-degree 

shoulder tooth preparation (Pera et al., 1994). The result of the study was consistent with the result of the present study.  

Similarly, Bindl et al., 2005 examined the marginal and internal fit of all- ceramic CAD/CAM crown-copings on chamfer 

preparations. The results of the study showed that the marginal gap in chamfer finish line (0.8 depth) was 17-44 µm, and Poreca (17 

µm) and Empress II (44 µm) showed the lowest and highest marginal gap, respectively. The difference between the Bindle et al.'s 

study and present study was attributed to different coping designs, marginal adaptation measurement technique, and seating of 

crowns during cementation, in the present study the examination of the marginal fit was carried out without cementation of crowns 

(Bindl & Mörmann, 2005). 

Some studies suggested that the finish line preparation design had no effect on marginal adaptation (Shearer et al., 1996; Syu et 

al., 1993; Akbar et al., 2006). The cause could be related to different measuring instrument along with other factors such as sample 

size and measurement repetition (Sulaiman et al., 1997). Quintas et al., 2004 studied the effect of different finish lines, ceramic 

manufacturing techniques, and luting agents on the vertical discrepancy of ceramic copings using shoulder finish line design. The 

distance (microm) between two predetermined points was measured before and after cementation by a profile projector under a 

torquing force. The results of the study showed that the Procera copings showed the lowest vertical marginal gap before and after 

cementation (25/44 µm) compared to Empress II (68/110 µm) and In Ceram Alumina copings (57/117 µm) (Quintas et al., 2004). The 

difference between the Quintas et al.'s study and the present study was attributed to different coping designs, and by contrast of 

the present study, all the samples were cemented onto corresponding resin dies. 

Similarly, Komine et al., 2009 examined the marginal and internal adaptation of single-tooth zirconium dioxide (ZrO2) ceramic 

copings or crowns with shoulder, rounded shoulder, and chamfer finish line designs. The results of the study showed no significant 

differences among the three groups concerning marginal discrepancy median value: shoulder, 73/69; rounded shoulder, 61/60; 

chamfer, 64/55 (µm), but significant differences were widely found regarding internal adaptation among all groups: shoulder, 

117/111; rounded shoulder, 72/75; chamfer, 56/57 (µm). The difference between the Komine et al.'s study and the present study was 

attributed to the number of dies (24 steel dies) prepared for crowns compared to a standard die used in the present study (Komine 

et al., 2007). Ayad et al., 2008 investigated the effect of different preparation designs (light chamfer, deep chamfer, and shoulder) 

and die-making materials (stone and epoxy) on the resulting margin misfit for fibre-reinforced composite crowns using a measuring 

microscope and concluded that significant differences were found among the die material used for the shoulder margin design. 

However, there was no significant difference between light chamfer and deep chamfer margin designs for both die materials. The 

difference between the Ayad et al.'s study and the present study was attributed to die-making materials and measuring instrument 

(Ayad, 2008).  

In the present study the marginal adaptation was measured using scanning electron microscope (SEM) which provide results that 

are more accurate and reliable (Stoll et al., 2002; Behr et al., 2001). All the samples were measured without being cemented onto 
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their respective die-stone models, i.e.  The viscosity of the luting cement could affect the seating of the restoration and the results of 

measurement (Tinschert et al., 2001). 

 

5. CONCLUSION 

According the results of present study, the marginal fit <120 microns in both chamfer and shoulder finish line designs was clinically 

acceptable and good marginal adaptation strengthen ceramic inlay restorations. Marginal adaptation in chamfer finish line is 

preferred than shoulder finish line design, as well as ZirCAD restoration produces a good marginal adaptation than Press restoration. 
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