Evaluation of marginal fit of IPS e.max ZirCAD crowns fabricated by a CAD-CAM - CEREC inLAB MC X5 system and LAVA milling center of LAVA
ABSTRACT 
Statement of problem. Mmarginal fit is critical for the success and longevity of a dental restoration. Zirconia crowns can be fabricated either in a chair -side manner, in a dental laboratory or in a milling center, and each can exhibit differentwith differing marginal fits produced by each method. However, the literature is lacking regardingdiscussion of the marginal fit of zirconia crowns compered withwhen different fabrication methods are compared is lacking in the literature. 
Purpose. To determine if there wasthe existence of a significant difference between the marginal discrepancy (MD) and absolute marginal discrepancy (AMD) of computer‐aided design, and computer‐aided machining (CAD-CAM) used in a dental laboratory and a mMilling center for producing monolithic zirconia crowns.

Methods. The marginal fit of 30 zirconia crowns cemented to typodont teeth was evaluated by means of a sectioning technique. Fifteen crowns were fabricated by with a CEREC inLAB MC X5 from IPS e.max ZirCAD blocks. Fifteen crowns were fabricated by using a LAVA milling center from LAVA Plus Zirconia Blocks. The 30 crowns were sectioned with a precision saw followed by measurement of the and MD and AMD were subsequently measured usingwith a light microscope. The dataData were analyzed with using the oOne-way ANOVA technique to investigate significant differences in the marginal fit between the two fabrication systems (α=.05).	Comment by Translator: or provide in full (“analysis of variance”) as first mention

Results. Mean AMD dimensions for zirconia crowns fabricated by the CEREC inLAB were 85  µm, and for the LAVA milling center 133  µm. The MD dimensions were 53  µm for the CEREC inLAB and 61  µm for the LAVA milling center. The AMD of the CEREC inLAB system had was significantly smaller AMD (P<.05). There was no significant difference between the two2 systems regarding the MD dimensions. 

Conclusions. The CEREC inLAB system demonstrated significantly better marginal fit in relation to the AMD. However, no difference between the systems was found in the MD between the systems. Monolithic zirconia crowns fabricated by the CAD-CAM CEREC inLAB system and the LAVA system milling center presented were within the clinically acceptance acceptable range offor marginal fit.

CLINICAL IMPLICATIONS
This in vitro study demonstrated that the marginal discrepancyMD of monolithic zirconia crowns produced by the CAD-CAM CEREC inLAB system and LAVA system milling center techniques were within the clinically acceptable range, with superior fit of provided by the CEREC inLAB system.

INTRODUCTION
In recent decades, the patients increasing demand from patients for natural-appearing dental restorations has led to the development of all-ceramic materials with improved mechanical characteristics that ensuring ensure suitable longevity. These which are now replacing traditional metal-ceramic restorations.1,2,3. With tThe introduction of CAD-CAM technology allows for the use of materials such as zirconia, which are free of metal, in restorations, such metal free restoration material as zirconia can be used.1
[bookmark: bbib16][bookmark: bbib12][bookmark: bbib11][bookmark: bbib13]Zirconia is a polycrystalline ceramic without a glassy phase and exists in several temperature-dependent forms which depend on temperature. At room temperature it exists in a monoclinic crystalline form, and by sintering it changeschanging to a tetragonal and cubic crystalline form when sintered.4 The cooling from cubic to tetragonal results in an expansion of 2.3 % and from tetragonal to monoclinic of 4.2 %. Theose expansions leads to are the cause of cracks propagation and, hence there is a need to stabilize the tetragonal form. The most common method of stabilizing the tetragonal phase and maintaining zirconia in a metastable condition at room temperature is by addingachieved via the addition of a small amount of yttria to the zirconia.3,4,5 Such treatment produces a stronger material that is stronger and tougher than other available ceramics. The zirconia is a biocompatible material with high mechanical properties of 1200 HV hardness, 900–-1200 MPa flexural strength and fracture toughness of the 6–8 MPa m.1/2,.6,7
Zirconia restorations fabricated by CAD-CAM technology can be produced in a side-chair mannerchair-side, in a laboratory or in a milling center. The restorations are processed either by soft machining of pre-sintered blanks with enlarged contours followed by sintering at high temperature during which they shrink to their desired and final size, or by hard machining of fully sintered blocks. 8
[bookmark: bbib27][bookmark: bbib31]Superior marginal fit is an important trait characteristic for the success and longevity of dental restorations success and longevity. Poor marginal fit results in plaque retention and microleakage; this can lead, leading to secondary dental caries, pulpal lesions, periodontal disease, and bone loss.9,10 Dental literature includes significant investigation of the Aaccuracy of marginal fit has been widely investigated in dental literature. Marginal discrepancies of between 50 and 120  μm are considered clinically acceptable regarding as regards longevity of the restoration, while more restricted studies proposed marginal discrepancies of less than 100  µm.11,12 AIn an in vivo study of more than 1000 crowns McLean and von Fraunhofer13 found a greater association between thata marginal discrepancy of less than 120  µm andmore likely to have higher longevity13. Studies on the marginal fit of zirconia copings fabricated by CAD-CAM have reported measured marginal discrepancies of as small low as 10  μm and as large high as 110  μm, with most being less than 80  μm.14 whereas In contrast, studies of full zirconia crown marginal fit are lacking. 	Comment by Translator: Consider replacing with ‘restrictive’ unless a ‘restricted study’ is a particular type
The definition of marginal fit can be used differently depend on whatdiffer and depends on the gap measured in the studies measured. Holmes et al.15 defined the marginal discrepancy (MD) as the perpendicular measurement from the cervical margin of the restoration to the preparation margin, while  and the AMD is measured from the cervical margin of the restoration to the cavosurface of the preparation.15 The MD represents the surface of the cement that is exposed to the oral environment and can be dissolved, resulting in microleakage. The AMD is indicative of the under- or over- extension of the restoration margins relative to the margins of the preparation and is important regardingplays a significant role in plaque accumulation (Fig. 1).15
Studies that have compared the marginal fit of zirconia copings to other ceramic restorations show higher accuracy in favor offor zirconia.16 The marginal fit of zirconia copings with produced using different CAD-CAM system has also have been investigated.17,18 Hhowever, since studies of monolithic zirconia crowns with produced using different fabrication methods are lacking. Since the increase in  and the use of monolithic zirconia crowns is increasing, a comparison between of fabrication methods should be performis justified.  Therefore, theThe  purpose of this in vitro study was therefore to compare the marginal fit of monolithic zirconia crowns with produced using 2two fabrication methods: dental laboratory and milling center. The null hypothesis was that no difference would be found in the marginal fit between of the fabrication methods. 
There are many differentMany methods to exist for the evaluatevaluation ofe marginal fit.12,16,17,19,20 In this study, the sectioning method17,20  was used in order to investigate the two2 parameters of marginal fit,: AMD and MD.17,20  

MATERIAL AND METHODS
Thirty custom-made, prefabricated, mandibular left first molar, typodont teeth (FLUX 8634; Columbia Dentoform) were used as abutment.
For the CEREC inLAB system group, the 15 typodont teeth were inserted into a typodont jaw and scanned with an intraoral scanner (CEREC Omnicam scanner; Dentsply Sirona). The data were transferred to the dental laboratory (TOTALI - AMIR LIFF LTD, Tel Aviv, Israel) for final crown design (inLAB SW 15.0; Dentsply Sirona). The crowns were prepared from partially sintered zirconia blocks (IPS eE.max ZirCAD; Ivoclar Vivadent) using a milling unit (CEREC inLAB MC X5; Dentsply Sirona), followed by sintering (Ceramill Therm 1; AMANNAmann GIRRBACHGirrbach) to produce completely sintered crowns (Fig. 2). Fifteen typodont teeth were sent to a milling center (LAVA; 3M ESPE) for scanning (Lava Scan ST; 3M ESPE) and designed (LAVA Design 5; 3M ESPE). The zirconia crowns were fabricated by partially sintered zirconia blocks (LAVA Plus Zirconia Blocks; 3M ESPE) using a CAD milling machine (LAVA Form; 3M ESPE) followed by sintering (LAVA Furnace 200; 3M ESPE) for production ofing the final crowns.
The following method is the same as that previously published by Dolev et al.21 and will be described here only briefly.21 The crowns were cemented with self-adhesive resin cement (Rely X U-200; 3M ESPE) and then sectioned with a cutting machine (Izomet Plus precision saw; Buehler), creating four4 specimens from each crown: Mesio-Buccal (MB), Disto-Buccal (DB), Disto-Lingual (DL), and Mesio-Lingual (ML). In each specimen, the AMD and MD were measured in two2 locations (Fig. 3) with using a light microscope (Axioplan 2; Zeiss) under at ×110× magnification.	Comment by Translator: Consider removing initial capitals and leaving capitals for abbreviations
OneRepeat measurements using the one-way ANOVA with a 1-way repeated measurements statistical test was usedwere carried out (α=.05) to examine significant differences among between the groups. 

RESULTS
The mean values with standard errors of for the AMD and MD dimensions for crowns fabricated by the CEREC inLAB and LAVA milling center are shown in Figure 4. The CEREC inLAB presented smaller AMD values than the LAVA milling center (Ffig.4A). The MD values of CEREC inLAB crowns were smaller than those produced in the LAVA milling center except for results from three3 locations: Mid-L/ML, Mid-L/DL, and Mid-M/ML (Ffig. 4B)
The CEREC inLAB originate generated an overall mean ± standard error (SE) AMD value for AMD of 85  ±2 µm, while the LAVA milling center originate produced an overall mean ±SE AMD value for AMD of 133  ±4  µm. The overall mean ±SE MD values for crowns milled by CEREC inLAB were 53  ±2  µm, with  and 61 ±3 µm for the crowns milled by using the LAVA milling center technique. The statistical outcome showed significant differences in for AMD (df=1, F=35.081; P=.000) whereas MD yielded no significant differences (df=1, F=1.799; P=.191) between CEREC inLAB and the LAVA milling center. The MD 95% confidence intervals found a lower bound of 43 µm for CEREC inLAB and 52 µm for the LAVA milling center, and an upper bound of 62 µm for CEREC inLAB and 71 µm for the LAVA milling center.

DISCUSSION 
According In accordance withto the study results, the null hypothesis was rejected regarding the AMD parameter was rejected, with the dental laboratory using the CEREC inLAB CAD-CAM shows displaying a significantly lower gap (85 ±2 µm) compared with to the LAVA milling center (133 ±4 µm). Whereas regardingFor the MD parameter, the null hypothesis was not rejected since no statistically significant differences were found between the two2 systems.
	Beuer et al.17 found identified significant differences when examininge the MD of 3three- unit zirconia frameworks.17 They found a smaller mean MD value in the milling center (, 29.1 µm), than in frameworks produced by CEREC inLAB (, 56.6 µm). However, in their study,this study made use of an Etkon milling center were used. Rajan et al. 18 compared the marginal fit of zirconia coping produced by CEREC inLAB with that of the CERAMILL system and found significant differences, whereby; CEREC inLAB copings had better adaptation than CERAMILL.18 The mMarginal fit for CERAMILL was 83 μm and for the CEREC -InLAB MC XL was 68 μm.18	Comment by Liron: See repeating footnote numbers that then jump to 22 
	Abduo et al22 iIn their systemic review of the fit of zirconia restorations, Abduo et al.22 indicated the difficulty in the comparison ofcomparing the many studies existing on the marginal gap of zirconia since each study usegiven the different methodology used in each study,22 including the sectioning technique,17,20 use of microcomputed tomography,16,19 and silicone paste technique.12 Additionally, each study examined and compared different parameters of marginal fit, MD and AMD are being a few of the many as that were described by Holmes et al.15 Hence there is a need for, standardization should be made.	
In this study, cCrown cementation has been used in the present study to reproduce the clinical conditions of the crown-abutment relationship. Earlier publications have found that crown cementation has ave negative effect on the marginal fit, which increases after cementation.19,23 
McLean and Fraunhofer ,13 showed that crown marginal discrepancies ranging up to 120 μm were clinically acceptable.13 According to the 95% confidence interval, the present study yielded MD values within the clinically acceptable range.
This study examined MD and AMD in four4 surfaces: buccal, lingual, mesial, and, distal without comparing those parameters between the different surfaces, because italthough this is clinically irrelevant . Sincegiven that this study used model teeth with a constant finish line, in an in-vitro conditionsetting.  
Sseveral limitations were identified in the study. The study was conducted in vitro where with typodont teeooth were used as abutments instead of natural teeth, and finger pressure was used to lute the crowns. These characteristics are differentdiffer from those of the intraoral environment. The cemented crowns were cut with a disk, which can have negative effect on the quality of specimens and the reading of marginal fit. Additionally, the cement thickness in the occlusal area that affects the internal marginal fit and reflects affects the seating quality of the crowns was not measured, and could therefore have influenced the MD. The two2 CAD-CAM systems used zirconia blocks manufactured by of different companies which may also have affected the results. 
Since zirconia monolithic crowns become popular treatment option, tThe study revealed that when using a well-known, experienced CAD-CAM system, zirconia monolithic crowns are a good treatment option as regards marginal fit during tooth for restoring a tooth regarding marginal fitrestoration, which is of relevance given the popularity of zirconia monolithic crowns as a treatment option. Because these systems are constantly developing with adding the arrival of newly manufacturering companies, furtherFuture  in vitro and in vivo studies are needed to substantiate these results.	Comment by Translator: Consider replacing with ‘established’

CONCLUSIONS 
Within the limitations of this study, the following conclusions were drawn:
1. The CEREC inLAB system shows a significantly smaller AMD than the LAVA milling center. 
2. No sSignificant difference was found in the MD between the systems.
3. Monolithic zirconia crowns fabricated by the CEREC inLAB system and the LAVA milling center produced MD values within the clinically acceptable standard (120 μm).
4. There is a necessity need to standardize somefor standard rules and guidance when comparing marginal fit between different CAD-CAM systems.  
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FIGURES
Figure 1. Discrepancies between crown and abutment finish line. (a) Marginal discrepancy (MD); (b) Absolute marginal discrepancy (AMD).  
[image: G:\for publish\figure\FIG1_TN.jpg]

Figure 2. Lower left first molar typodont tooth and corresponding CEREC inLAB zirconia crown.
[image: ]  

Figure 3. Illustration of sectioned mandibular left first molar. Ccolored points demonstrate eight8 measurement locations of finishing line discrepancies.	Comment by Translator: referred to as ‘finish line’ in reference #11 and elsewhere in text
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Figure 4. Comparison of mean values and standard errors at different marginal area different locations for CEREC inLAB system and LAVA milling center crowns. A, Absolute marginal discrepancy. B, Marginal discrepancy. 
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