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ABSTRACT 
Objective: To evaluate the marginal adaptation of computer-aided designing and computer-aided 
machining (CAD/CAM) fabricated cobalt-chromium and zirconium-oxide-based ceramic crowns compared 
to those produced by a conventional method. Material and Methods: The study consists of three groups; 
45 crowns fabricated from cobalt-chromium (CAD-CoCr) and 45 crowns manufactured from zirconium 
CAD/CAM technology (CAD-Z), and 45 control (C) which consists of conventional metal-ceramic crowns. 
The marginal discrepancies in vertical dimensions were assessed utilizing a microscope in four surfaces 
(mesial, distal, vestibular, and oral) for each crown. On completion of the microscopic evaluation, 
multivariate analysis of variance (MANOVA) was used to study the difference in the four surfaces, 
considered altogether. Two-way ANOVA revealed the effect of three systems used for gap measurements of 
each landmark. The differences observed were considered significant at p<0.05. Results: There were no 
differences in the four surfaces revealed by АNOVА in the three groups when considered altogether. Two-
way ANOVA of each surface discovered no differences among all groups as well. Conclusion: The 
CAD/CAM crowns revealed a comparable and satisfactory marginal adaptation compared to conventional 
metal-ceramic crowns. 
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Introduction 

Presently, the use of ceramic restorations has considerably increased in dentistry [1] due to their 

constant improvement in such characteristics as aesthetics, biocompatibility, greater resistance to staining, 

corrosion, wear, and mastication forces time [2,3]. Clinical success and longevity of restorations are 

determined by the mechanical, biological, and esthetic requirements. Further, a good impression also helps in 

the success of the prosthetic restoration [4]. Silicone elastomeric polymers are widely used in dentistry, and 

among them, polyvinyl siloxane is considered the first line of impression material for making prosthetic crowns 

and veneers due to its high accuracy and dimensional stability [5,6]. Good impressions are also crucial for the 

internal and marginal adaptations, structural rigidity, and maintenance of pulpal and periodontal health as they 

are essential for the longevity of the restorations [7]. Several factors such as the condition of abutment teeth, 

construction type, pontic design, occlusion, restorative biomaterial used may contribute to the durability of 

fixed prosthetic constructions, with the internal and marginal fit of restoration being the most essential [8,9]. 

Meanwhile, design preparation, the form of the finish line, restoration material and technique, cement 

type, dentist's expertise, among other factors, might impact the restoration adaptation [10-12]. Marginal 

distortion around metal-ceramic construction might occur at any stage of fabrication. The increased marginal 

discrepancy results in the thicker layer of cement affected by the oral cavity environment, causing cement 

dissolution, with further tooth biofilm accumulation, marginal discoloration, and hypersensitivity. Other 

expected consequences include caries, gingival crevicular fluid overflow, microleakage, pulpal infection, 

subsequent bone loss, and the development of periodontal pathology [10-13]. In addition, the insufficient 

internal fit might bring restoration retention deficiency and low resistance to the tooth-restoration complex 

[10]. 

Various fabrication techniques for various types of constructions are described in the literature. The 

wide application of computer-aided designing and computer-aided machining (CAD/CAM) systems among 

dentists is conditioned by the simplification of their clinical and laboratory procedures [14,15]. Clinical 

evaluation of marginal adaptation is carried out by probing. Marginal adaptation is evaluated using 

radiographic examination and scanning electron microscopy [16-19]. The silicone replica is another non-

destructive technique to assess the internal and marginal adaptation. The gap between the prepared tooth and 

the internal surface of the construction is recorded by a light body polyvinylsiloxane impression material [17]. 

However, there is still no standard of the acceptable value of marginal fit. The acceptable value ranges from 

lower or equal to 120 μm [15,16] to that less than 100μm [20-23]. Another study revealed no significant 

difference between marginal fit between the crowns fabricated from lost wax and CAD/CAM lithium disilicate 

[19]. There is existing data on a more considerable marginal discrepancy in the crown fabricated by the 

CAD/CAM technology [20,21]. One study suggested the mean marginal discrepancy values of 86.64 μm for 

CAD/CAM machining, 96.23 μm for direct metal laser sintering, and 75.92 μm for conventional casting [24]. 

Studies also show that the marginal adaptation of conventional and CAD/CAM-fabricated lithium disilicate 

crowns was inconsistent [25-30]. 

The latest systematic review reported insufficient data on crown restorations' internal and marginal fit 

[25-27]. Hence, the study's objective was to assess in vitro the marginal adaptation of single CAD/CAM-

fabricated cobalt-chromium and zirconium-oxide-based ceramic crowns compared to those fabricated by the 

conventional method. 
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Material and Methods 

Study Samples 

The overview of the study is shown in Figure 1. A total of 135 unprepared, intact phantom teeth 

attached to the phantom jaws were selected. All procedures were carried out by one operator with the same 

technique applied.  

 

 
Figure 1. Overview of the study. 

 

Tooth Preparation Protocol 

The teeth were prepared following standards, i.e., with 1.5-2.0 mm incisal/occlusal reduction; 1-1.5 

mm axial reduction, and 360˚ rounded shoulder located in the cervical area. According to the proper guideline 

[31], the tooth preparations for the conventional metal-ceramic and CAD/CAM fabricated restorations were 

made similar [32]. 

The preparation of the selected teeth started from making 3 depth grooves (tooth midline, mesiofacial 

and distofacial) on the tooth vestibular surface. Depth grooves were also placed in the incisal/occlusal region to 

ensure adequate and even tooth reduction. Groove depth was verified using a silicone index and periodontal 

probe. After reducing the appropriate amount of tooth structure from the incisal/occlusal region, a preparation 

of the vestibular surface in cervical and incisal planes was carried out. Tooth structure was removed between 

the depth grooves, making a round shoulder margin at the cervical region. The width of the round shoulder 

margin was 1mm, which was confirmed by a periodontal probe. When vestibular surface preparation was 

completed, axial reduction of lingual and proximal surfaces was carried out, keeping rotary diamond 

instrument parallel to the path of insertion of the crown. A football-shaped diamond bur was used to prepare 

the lingual surface of anterior teeth. During the finishing procedure, the line angles were rounded to facilitate 

the impression-making and die-pouring steps. A flat-ended diamond in a low-speed handpiece was used to 

create the flat shoulder margin. 

 

Fabrication of Various Crowns 

Impression making procedure was carried out using standard metallic impression trays (Zhermack 

SpA, Badia Polesine, RO, Italy), which have high deformation resistance as well as provide greater precision of 

the impression. Polyvinyl siloxane polymer impression material (Zhermack SpA, Badia Polesine, RO, Italy) 

was used to take impressions from the prepared teeth, and a two-layer one-step impression technique is 

applied. After setting, the polyvinyl siloxane polymer impression material was removed from the artificial jaw 
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and poured with type V dental stone (Heraeus Kulzer, Hanau, Germany) according to the manufacturer's 

instructions. All prepared 135 teeth were divided into three groups (Figure 2). The study consists of three 

groups; 45 crowns fabricated from cobalt-chromium (CAD-CoCr) and forty-five crowns fabricated from 

zirconium (CAD-Z) CAD/CAM technology, and 45 control crowns (C) consisting of conventional metal-

ceramic crowns. 

Group CAD-CoCr: Optical 3D scanning (Lava Scan; 3M ESPE, Seefeld, Germany) was used for 

digitizing the casts. The preset cement space was designed 50 µm for all copings since this provides the least 

marginal discrepancy [33,34]. The milling was carried out from the pre-sintered hard Co-Cr blocks 

(CORITEC Co-Cr disc; imes-icore GmbH, Eiterfeld, Germany) to fabricate 45 metal copings with the 

CAD/Milling system. After milling the crowns, the cleaning was done meticulously with a steam cleaner, 

blow-dried in an airstream, and examined the fit. Finally, porcelain was applied to the comings in layers and 

sintered according to acceptable protocols in a special furnace (Programat P310; Ivoclar Vivadent AG, Schaan, 

Liechtenstein) [35,36]. 

Group CAD-Z: The casts of this group were digitized using the same scanner (Lava Scan; 3M ESPE) 

and the same method as for CAD-CoCr. Milling was carried out from the semi-sintered zirconia by a three-axis 

milling machine (Lava Form; 3M ESPE, Seefeld, Germany). Sintering of copings was carried out in a special 

furnace (Lava Therm; 3M ESPE, Seefeld, Germany) for eight hours and was veneered by appropriate ceramics 

(Lava Ceram; 3M ESPE, Seefeld, Germany). The final restorations were tested, fitted on their corresponding 

casts, and glazed. 

Group C: The 45-regular metal-ceramic crowns were fabricated with metal copings made from cobalt-

chromium alloy and layered feldspathic ceramic (Vita Vm9; Vita Zahnfabrik, Bad Sackingen, Germany). 

Sintering of all the crowns was done in a ceramic furnace (Programat P310; Ivoclar Vivadent AG, Schaan, 

Liechtenstein). 

 

 
Figure 2. Distribution of the studied 135 teeth in three groups. 

 

The definitive crowns were evaluated visually and utilized zoning afterward. A viscous layer of 

silicone impression material was used (Elite HD+ Super Light Body, Fast Set) to assess the restoration 

adaptation, and all necessary correction was made, if needed. 

 

Marginal Gap Measurement 

The analysis of marginal fit between the crown and preparation margins was carried out under a 3D 

optical microscope with an accuracy of 1 μm and a magnification of 250x (Roi, RAM Optical Instrumentation, 
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Irvine, CA, USA). The measurement was defined as the vertical marginal discrepancy by Holmes et al. [37]. 

One operator carried out all measurements. The values below 1µm were considered 0. 

 

Statistical Analysis 

Descriptive statistics from every crown's four surfaces (mesial, distal, vestibular, and oral) were 

applied. Multivariate analysis of variance (MANOVA) was done to define whether the four surfaces altogether 

varied between groups. Two-way ANOVA was carried out to define a comprehensive assessment for each 

surface and to conclude how three techniques used to fabricate the crowns influenced the gap measurements. 

Significance was set at p<0.05. 

 

Results 

Figure 3 shows the descriptive statistics of the four surfaces of the crowns (mesial, distal, vestibular, 

and oral) for each group (C, CAD-CoCr, CAD-Z). MANOVA disclosed no significant differences between the 

four surfaces when considered altogether in the three observation groups (p<0.001). Two-way ANOVA 

disclosed no quantitative differences in the three study groups (p<0.0001 for each surface).  

 

 
Figure 3. Mean and standard deviation (µm) of the four surfaces (vestibular, oral, mesial, and distal) at 

all crowns for all groups. 
 

Discussion 

The current study investigated the marginal adaptation of conventional metal-ceramic, CAD/CAM-

fabricated cobalt-chromium, and zirconium-oxide-based ceramic made using the polyvinyl siloxane polymer 

impression material as they are widely used in making impressions due to high accuracy [5,6]. This study 

revealed that crown type did not considerably influence marginal fit. Thus, the null hypothesis was partially 

rejected. In conventional restorations, the finish line impacts marginal fit either, providing a cement outflow of 

a certain amount. Finishing with a beveled shoulder ensures smaller marginal discrepancy, while deep chamfer 

provides better internal adaptation [29]. Generally, deep chamfer and round shoulder are considered two main 

finish lines for metal-free crowns. However, the round shoulder finish line provides better marginal adaptation 

values than the deep chamfer, while the application of ceramics affects the marginal adaptation. The variations 

in the marginal adaptation, which take place at various stages of manufacturing, were also assessed by some 

researchers [30]. 
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Another study revealed no difference between the digital and conventional's marginal fit crowns 

[18,38]. Nevertheless, these findings differ from the study results reported about the advantage of the 

conventional method for single metal crown fit [9,32] and the benefit of the digital method for metal crowns 

[24,27]. The variance in these study results could be due to the wide range of measurement protocols, 

specimen design, sample size, and tooth type. Metal and zirconia frameworks manufactured by direct scanning, 

impression scanning, and lost-wax techniques were reported to show similar marginal discrepancies [26]. 

Recently published clinical studies showed that CAD/CAM fabricated metal and zirconia-based restorations 

demonstrated better clinical outcomes due to improved marginal fit over conventionally fabricated metal-based 

restorations [35,39-41]. Previously published results were found not to coincide with the data obtained in the 

present study. First, it can be due to differences in study designs (in vivo versus in vitro). Furthermore, we 

aimed to assess only crowns marginal fit. However, the mentioned studies included both crowns and fixed 

partial dentures, which also can affect the final results. 

The means for the studied groups ranged within the acceptable limits reported in the literature 

[17,18]. However, the sufficient value of marginal fit has not been standardized yet. Different specialists 

suggest a range of fair values from lower or equal to 120 μm [19]. Particular difficulties in comparing the 

results of various researches arose due to a great diversity of restorative materials and CAD/CAM techniques, 

the difference in the terms used to define marginal fit, and various methods for quantifying marginal fit [9]. 

No general opinion on a definite number of measurements required is found in the literature. Gassino 

et al. [42] used 18 and 90 measurement sites for study and clinical crowns, respectively, to produce a sample 

mean value ±5 μm of the true mean. Nawafleh et al. [43] suggested testing at least 30 specimens with 50 

measurements each to provide reliable data. 

This is an in-vitro study and has the advantage over clinical research. The impression materials are 

the vulnerability to the dentine as they can remain inside the dentinal tubules while making an impression that 

can adversely affect the crown adhesion and subsequent adhesion marginal adaptation [38,44,45]. Dentinal 

tubules contaminations from oral fluids have also been found during tooth preparation and impression 

procedures [46-50]. Moreover, cement selection is also vital in marginal adaptation of fixed restorations 

[51,52]. The replica technique has been widely used in in-vitro and in-vivo studies both and the results 

obtained are reliable and accurate. The only major drawback that has been seen in using this technique is that 

there have been reports of the elastomeric film tearing when removed. There have also been reports of 

problems in identifying the finish lines as well as the margins of the crowns [53]. 

The limitations of this study are that the measurements obtained in the process of in vitro study might 

differ from those acquired during in vivo studies. The accuracy of the crown fit is estimated by the 

measurements of both horizontal and vertical planes. Only vertical gaps were assessed in this study. Also, any 

internal discrepancies that could impact the crown's strength were not considered in this study. The study 

confirmed that proper marginal fit in single-unit crowns could be achieved using CAD/CAM systems. 

However, further research should be done to create various finish lines of preparation and evaluate marginal fit 

under different cement types. Moreover, the accuracy of the crown adaptation should be assessed both in 

horizontal and vertical planes. 

 

Conclusion 

The type of crown (conventional metal-ceramic, CAD/CAM-fabricated cobalt-chromium-based 

ceramic, and zirconium-oxide-based ceramic) did not have a significant effect on the marginal fit. The 
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CAD/CAM fabricated restorations demonstrate a comparable and satisfactory marginal adaptation in single-

unit crowns compared to conventional ones. In addition, the manufacturing technique of different single 

crowns did not affect the marginal gaps. 
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