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Abstract

:

Purpose: The purpose of this in vivo study was to investigate whether the less invasive approach (reduced thickness of the restoration) will result in a comparable risk of failure and similar aesthetic results, compared to conventional layered full porcelain crowns, and can, therefore, be used as a good alternative. Material and Methods: The tested ceramic was lithium-disilicate ceramic (IPS e.max). Forty-four patients with endodontically treated premolars or molars were randomized into two groups and provided with single crowns. One group received conventional all-ceramic crowns made from a lithium-disilicate core and hand-veneered aesthetic ceramic, while another group received full-contoured lithium-disilicate ceramic crowns with reduced wall thickness than manufactures recommendations. The teeth for conventional crowns were prepared with 1 mm rounded shoulder and 2 mm occlusal reduction, while teeth for monolithic crowns were prepared with 0.6 mm wide rounded shoulder and 1 mm occlusal reduction. All crowns were prepared by the same clinician and manufactured in the same laboratory by the same technician. The survival and aesthetics of the crowns were assessed by the independent clinician. Apart from this, patients’ aesthetic satisfaction was evaluated. The assessment was double blind as both the examiner and the patients did not know which type of crown was provided. The observation period was 36 months. Survival of the crowns was assessed using the modified United States Public Health Service (USPHS) criteria and aesthetics and participants’ aesthetic satisfaction with the crowns was evaluated using a visual analogue scale. Results: The one-year survival rate for layered crowns was 100% and for monolithic crowns 95.5%. The median patients’ aesthetic satisfaction with both crowns was 100%. Conclusions: The results indicate similar one-year survival rate of reduced-thickness monolithic lithium-disilicate crowns and conventional veneered crowns. Differences with patients’ satisfaction with the aesthetics of both crowns were not statistically significant and it can be said that the patients’ aesthetic satisfaction was the same for both crowns.
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1. Introduction


Endodontic treatment causes weakening of the tooth. As most of these teeth have already lost some tooth structure due to caries, fractures or previous restorations, restoring of these teeth should ensure functional stability and long-term survival. This is particularly the situation with posterior teeth, which must be able to withstand great occlusal forces during mastication.



Crown coverage increases survival of root canal treated (RCT) teeth for six times [1,2,3]. Eckerbom et al. [4] showed that crowned RCT teeth have a similar risk of failure as the vital ones. Besides only cuspal coverage, good occlusal design of the restoration is very important to ensure axial force distribution and minimize the amount of non-axial forces [5]. As the remaining tooth structure plays the major role in structural integrity and survival of pulpless teeth, sufficient tooth structure excludes the need for post placement [6].



In cases where we have severe destruction of clinical crown, lack of enamel or cervical defect, the crowning of these teeth would be the best option. Apart from this, when the majority of clinical crown is intact and we have enough enamel, minimally invasive onlay, overlay or endocrown restoration can also be the choice of therapy.



Lithium-disilicate ceramic was introduced in 1998 as IPS Empress 2 (Ivoclar, Vivadent). It consisted of a glass matrix filled with micron-sized lithium-disilicate crystals and submicron lithium orthophosphate crystals dispersed between them [7]. Lithium-disilicate crystals constituted about 70% of the volume. Empress 2 had good aesthetic and mechanical characteristics but due to low translucency, it was only used as a core material on which the veneering ceramic was applied. Later on, IPS e.max lithium-disilicate ceramic was introduced. It has the same chemical base of Empress 2 but better mechanical properties and translucency due to a different firing procedure during laboratory processing [7]. Besides its use as a core material, excellent optical properties allow its use for monolithic, full-contoured restorations.



IPS e.max lithium-disilicate ceramic is available in two forms: e.max Press for the lost-wax hot pressing technique; and e.max CAD for the CAD/CAM milling technique. Pressable e.max comes in the form of fully crystalized ingots containing approximately 70% lithium-disilicate crystals and flexural strength of about 400 MPa. Machinable (CAD/CAM) e.max comes in blocks that are partially crystalized. It consists of approximately 40% lithium-metasilicate crystals in a glassy phase and has flexural strength of 130 MPa. Blocks like this are blue and quite soft, which allows easy milling without excessive wear of bur and possible damage of the material. After try-in procedure, the blue restorations are fired to get full crystallization with transformation of lithium-metasilicate to lithium-disilicate, and final strength and shade of ceramic. Fully crystalized e.max CAD also consists of 70% lithium-disilicate crystals in a glassy matrix, with flexural strength of 360 MPa [8,9].



Both systems, press and CAD/CAM, can be used for conventional veneered or fully anatomic crowns. In addition, both ingots and CAD blocks are industrially produced in a reproducible manner, which prevents formation of defects, possible in hand mixing veneering ceramic, and leads to dense, high-quality material free of pores [8,10,11].



Veneered crowns are made from the lithium-disilicate as a base (core) on which the aesthetic, but weak, veneering ceramic is applied. The technique is called the layering technique. Due to the multi-layering technique, the unique combination of opalescence, brightness and translucency ensures the superb aesthetic, and a natural-looking appearance can be achieved. On the other hand, a monolithic crown is fully anatomic and is fully made from the same material. As the whole crown is made from lithium-disilicate ceramic, the use of weaker veneer ceramic is excluded, thus minimizing the possibility of chipping or delamination. This was confirmed in different laboratory studies where a monolithic IPS e.max lithium-disilicate crown showed superior fracture resistance behavior and reliability compared to a veneered IPS e.max lithium-disilicate crown [12] and a veneered zirconia all-ceramic crown [11,13]. This high reliability was also confirmed in clinical studies where monolithic IPS e.max lithium-disilicate crowns achieved a success rate of more than 96% after two and four years [9,14,15].



Monolithic e.max lithium-disilicate restorations can be produced with either the press or CAD/CAM technique. If the press technique is used, the crown becomes fully crystallized after firing, and if needed, it can be stained to get a better aesthetic. If the milling technique is used, partially crystallized blue blocks are milled and tried in the mouth, and, if needed, adjustments made. The restoration is stained and then finally fired to fully crystallize the restoration. The advantage of e.max CAD over press is the possibility for chairside production. It allows fitting of the final restoration at the same appointment the teeth are prepared.



As RCT teeth already have impaired structural integrity due to access preparation, it is desirable that any further preparation preserves as much remaining tooth as possible. Conventional veneered all-ceramic crowns require an occlusal reduction of 1.5–2 mm and axial reduction of 1.2–1.5 mm with addition of 0.8–1 mm heavy chamfer of shoulder [16,17,18]. Preparation like this removes the majority of hard tooth structure leaving structurally weakened tooth, with residual dentine thickness of less than 1.5 mm [19].



This study was planned as a prospective, randomized, controlled clinical trial. The aim of this study is to examine whether a thinner porcelain crown (full-contoured lithium-disilicate ceramic crown) can provide a satisfactory aesthetic result, assessed by the patient, together with a good survival rate compared to conventional all-ceramic crowns made from a lithium-disilicate core and hand-veneered aesthetic ceramic. The null hypothesis for this study was that there is significant difference in the aesthetics and survival rate between thinner monolithic IPS e.max CAD and veneered IPS e-max CAD single posterior crowns.




2. Materials and Methods


The research protocol was approved by the Ethical Committee of the School of Dentistry, University of Zagreb, Croatia. Conventional all-ceramic crowns made from hand-veneered IPS e.max PRESS (Ivoclar Vivadent, Schaan, Lichtenstein) lithium-disilicate core were compared to reduced-thickness full-contoured monolithic IPS e.max CAD (Ivoclar Vivadent, Schaan, Lichtenstein) lithium-disilicate crowns. Participants for the study were selected among patients attending general dental practice (GDP) in Bjelovar and Zagreb, Croatia. The screening and examination processes were performed by the same clinician (operator) who provided treatment for selected patients. The operator was well trained for providing the determined treatment and experienced in all kinds of prosthodontics procedures. All patients attending the named GDP were screened according to determined inclusion and exclusion criteria (Table 1 and Table 2). Apart from this, patients’ dental history was examined. The duration of the study was 36 months (three years) with regular recalls every six months. The patients were recruited and treated as soon as they were identified and did not wait until the full sample was identified.



Using OpenEpi statistical software, the number of participants needed for each group was determined to be 22. Using computer software, the participants were randomized into two groups and each participant was assigned an identification number. Each patient was provided with only one crown. If a participant had more than one eligible tooth, the operator chose the tooth that fitted the inclusion criteria the best. With only one crown provided per participant, the possibility to compare two or more provided crowns and judge the aesthetics based on other ones was excluded. All crowns were prepared by the same clinician.



Before preparation, two silicon impressions were taken using putty material (EXA’lence®; GC, Tokyo, Japan). The first one was vertically sectioned and used as a silicon key to guide optimum axial and occlusal tooth preparation. The other impression was used for making direct temporary crowns. The teeth for veneered crowns were prepared with gingival finish line equigingival or supragingival, 1 mm wide rounded shoulder, 2 mm occlusal reduction, axial inclination approximately 10° and all angles rounded. The teeth for monolithic crowns were prepared the same way as for the veneered ones, except that for monolithic crowns, 0.6 mm wide rounded shoulder and 1 mm occlusal reduction was done.



Tooth preparation started with making depth-orientation groves on occlusal and buccal/lingual surfaces [18]. For veneered crowns, a rough 1.8 mm wide round-end fissure bur (Komet 6881.314.018; Brasseler, Lemgo, Germany) was used. For the monolithic crowns, rough 1.8 mm wide round-end fissure bur for occlusal surface and 1.2 mm wide round-end fissure bur (Komet 6881.314.012; Brasseler, Lemgo, Germany) for buccal/lingual surfaces was used. The amount of reduced tooth tissue was regularly controlled with the silicon key. According to the sulcus width, the appropriate cord size (000, 00, 0, 1) was selected (Ultrapak®; Ultradent Products, Inc., South Jordan, UT, USA), applying the single-cord technique. The teeth were polished using fine 1.8 mm wide round-end fissure bur (Komet 8881.314.018; Brasseler, Lemgo, Germany) for teeth crowned with veneered crown, and 1.2 mm wide round-end fissure bur (Komet 8881.314.012; Brasseler, Lemgo, Germany) for teeth provided with monolithic crown. With the cord in the sulcus, the impression was taken using vinyl polyether silicone material (EXA’lence®; GC, Tokyo, Japan), and two-phase technique. Bite registration was taken using thermoplastic material (Bite Compound®; GC, Tokyo, Japan). After tooth preparation, temporary crowns were made (Protemp 4®; 3M ESPE, Seefeld, Germany) and placed using eugenol-free temporary cement (Freegenol®; GC, Tokyo, Japan). Finally, the occlusion was checked and adjusted if needed.



The tooth shade was determined using VITA Easyshade Advance 4.0 (VITA Zahnfabrik, Bad Säckingen, Germany). In addition, the photography with Vita Linearguide 3D-MASTER (VITA Zahnfabrik, Bad Säckingen, Germany) was taken. The first adjacent tooth was used as a base for color determination. If the first adjacent tooth was not appropriate for shade determination, due to multiple fillings, heavy destruction or severe discoloration, the operator chose the tooth for color determination. The color of prepared tooth was also recorded.



All crowns were produced in the same laboratory by the same technician. The restorations were produced using the CAD/CAM system (Sirona Dental System GmbH, Bensheim, Germany). The impressions were casted using type 4 dental stone (Fujirock EP®; GC, Tokyo, Japan), and the die was prepared. The abutment teeth were scanned using an inEos X5 scanner (Sirona Dental System GmbH, Bensheim, Germany). With computer software (inLab SW 4.4; Sirona Dental System GmbH, Bensheim, Germany), the cores for the veneered crowns were designed on uniform thickness of 0.6 mm. Using the same software, the full monolithic crowns were designed with 0.6 marginal and 1 mm occlusal thickness. Partially crystallized lithium-disilicate blocks were milled using a CAD/CAM milling unit (inLab MC XL; Sirona Dental System GmbH, Bensheim, Germany).



Partially crystallized ceramic cores and monolithic crowns were tried in the mouth. The cores were evaluated regarding marginal seating. As the monolithic crowns were full-contoured, the marginal seating was checked as well as the occlusal and approximal contacts. The marginal seating of cores and monolithic crowns were assessed using a sharp dental probe under 3× magnification. Any necessary adjustments regarding occlusal or approximate contacts were made using a fine diamond bur.



After try-in, the crowns were sent back to the laboratory and finished. Monolithic crowns were manually stained and fired to achieve full crystallization. The cores were fired to achieve full crystallization and veneered with nano-fluorapatite ceramic (IPS e.max Ceram®; Ivoclar Vivadent, Schaan, Lichtenstein). The VITA Easyshade Advance 4.0 and Vita Linearguide 3D-MASTER (VITA Zahnfabrik, Bad Säckingen, Germany) were also used in the laboratory to check the color.



The final crowns were tried in the mouth. The occlusal contacts were checked in centric occlusion and lateral excursive movements using 8µm articulation foil (Articulating foil®; Interdent, Celje, Slovenia). Final adjustments regarding occlusion or approximal contacts were made. Both the clinician and technician evaluated the color and, if needed, recorded changes that should be made. The crowns that were adjusted were sent back to the laboratory and finished.



The final crowns were cemented using transparent dual-cure self-adhesive resin cement Variolink Esthetic DC (Ivoclar Vivadent, Schaan, Lichtenstein).



The baseline assessment was carried out one week after cementation. After baseline examination, regular follow-up appointments were conducted every six months. On each appointment, the same assessment protocol regarding technical performance of the crowns was done. The aesthetic evaluation was performed at the baseline assessment and patients’ satisfaction with the aesthetics at the baseline assessment and after one year.



Participants’ aesthetic satisfaction with the crowns was evaluated using a visual analogue scale. This assessment tool is simple to use. All participants receive the same questionnaire with 100 mm straight line and left and right end points. The left endpoint is rated as “Unsatisfied” and the right end point is rated as “Fully satisfied”. Participants are asked to mark the point on the line at the place they feel represents their aesthetic satisfaction with provided crowns. By measuring the distance from left to right the numeric value of patients’ satisfaction is obtained.



Survival of the crowns was assessed using the Modified United States Public Health Service (USPHS) criteria [20,21]. Restorations rated with Alfa or Beta in both categories are defined as a success, while restorations rated Charlie or Delta, in either category, are defined as a failure, and a replacement is needed.



The assessment was double blind as both the participants and the examiner did not know which type of crown was provided. As the intervention was the same for all participants (tooth preparation), they could not see any differences among them. The crowns were clinically examined using standardized diagnostic dental instruments under 3× magnification and all the findings were recorded.



Differences between study groups in clinical characteristics of crowns immediately after the cementation and after 12 months were performed by Fisher–Freeman–Halton’s exact test. The Mann–Whitney U test was used to analyze differences in patients’ aesthetic satisfaction in each time point, while the Wilcoxon test was used to analyze differences between two time points in each study group. The survival rate was calculated as the total percentage of success after 12 months for each study group with corresponding 95% confidence intervals (95% CI). All P values below 0.05 were considered significant. MedCalc® Statistical Software version 19.8 (MedCalc Software Ltd., Oostende, Belgium) was used for all statistical procedures.




3. Results


Differences between study groups in clinical characteristics of crowns immediately after the cementation are shown in Table 3. The only significance was noted in color where monolithic crowns showed more discoloration compared to the layered crowns (P < 0.001). After 12 months, initial difference in color remained—a significantly better result was in the layered crowns group (P < 0.001); B classification in the monolithic group was in 10 (47.6%), while in the layered crowns group, all samples were classified as A. In addition, the monolithic crowns group had more marginal discoloration after 12 months compared to the layered crowns group (Table 4). There were no significant differences in patients’ satisfaction with aesthetics of the crowns between study groups immediately and 12 months after the cementation. Median values of patients’ aesthetic satisfaction were 100.0% in both study groups (Table 5). Significant improvement was shown in both groups after 12 months with P values P = 0.020 and P = 0.019 respectively (Figure 1). Survival rate after 12 months for the layered crowns group was 100.0% (95% CI 84.6% to 100.0%), while in the monolithic group, it was 95.5% (95% CI 77.2% to 99.9%).




4. Discussion


The results of this study support the rejection of null hypothesis. First, there is no significant difference in aesthetics between thinner monolithic IPS e.max and veneered IPS e.max crowns as median values of patients’ satisfaction with aesthetics of both groups were the same. Second, the difference in survival rate between thinner monolithic crowns and veneered crowns is not statistically significant and, therefore, survival of monolithic crowns is comparable to veneered ones.



Up to date, there are no reported studies about clinical survival of monolithic lithium-disilicate crowns with a reduced thickness to the manufacturers’ recommendations, nor that compare the reliability of reduced-thickness monolithic with veneered lithium-disilicate crowns. Previous laboratory studies have shown great fracture resistance of reduced-thickness monolithic IPS e.max lithium-disilicate crowns [13,22]. The results of the study show high values of single-load-to-fracture (SLF) for monolithic crowns with 1 mm occlusal thickness and fracture resistance higher than those of veneered zirconia-based crowns and comparable to those of metal-ceramic [13]. In another laboratory study, fracture resistance of monolithic IPS e.max CAD crowns with 1 mm wall thickness show similar results for crowns with wall thickness of 1 and 1.5 mm, and the differences in loads to failure were not significant. Ageing also did not significantly influence the fracture resistance [22]. Unlike these two studies that show high fracture resistance of monolithic IPS e.max crowns, a laboratory study by Noor et al. shows a significant decrease in fracture resistance for reduced-thickness e.max CAD crowns [23].



Apart from this, two in vitro studies tested the influence of ceramic thickness on the fracture resistance of ultrathin occlusal lithium-disilicate veneers. The results show that occlusal thickness of 0.7–1 mm is suggested and survived cyclic loading without damage [24], while another study shows high fracture strength under cyclic loading for even thinner occlusal IPS e.max CAD veneers with only 0.3/0.5 mm fissure/cusp thickness [25].



The results of this study are in correlation with the results of previous laboratory studies where monolithic crowns with wall thickness of 1 mm or smaller show great fracture resistance. After one year, one monolithic crown fractured, while all others showed no ceramic fracture or ceramic chipping. The fracture line was noticed on the occlusal surface and the crown was replaced with the new crown, and the patient was excluded from the study.



Regarding the survival rate of classic monolithic crowns, the current results are in correspondence with previous clinical studies regarding clinical performance of monolithic IPS e.max lithium-disilicate crowns. Two to ten years survival rate ranged from 96% to 100% [7,9,14,15,26,27]. Laboratory studies regarding fracture resistance of both monolithic and veneered lithium-disilicate crowns also showed high probability of survival [28,29]. On the other hand, the survival rate of tested veneered crowns is also comparable to those of previous clinical studies [26,30].



Furthermore, as the thickness of ceramic is directly related to aesthetics, it was the second thing that was tested. Unlike most other studies we wanted to see patients’ satisfaction with provided crowns. In many cases, patients’ expectations are lower than dentists’, especially in the lateral region, and often the teeth are even overprepared to get enough space for aesthetic material. That was also seen in this study where patients’ satisfaction with the aesthetics of monolithic crowns was much higher than those of the trained clinician. While the clinician scored color for half of the monolithic crowns A and half B, the patients’ average aesthetic satisfaction after cementation was 99%. The difference is probably a result of thinner ceramic and a difference in translucency, which the clinician noticed, but in most cases, the patients did not. When speaking about veneered crowns, the difference was not so big, as the clinician scored all the crowns A, while patients’ average satisfaction was 98%. It is interesting that despite the fact that the clinician scored all veneered crowns A, patients’ average aesthetic satisfaction with veneered crowns was almost the same as for monolithic crowns. These results are in correspondence with study assumption that patients do not notice minor details that can affect the aesthetics and color so much, and that the patients’ expectations are often lower than the clinician, leading to much higher satisfaction. After one year, patients’ average aesthetic satisfaction even increased, which lead us to conclude that only aesthetics is not as important to patients as we think, and if there are some minor imperfections or the material of choice, it doesn’t enable perfect aesthetics; after some time, most of the patients would not notice any difference.



Development in ceramic materials and adhesive bonding agents led to modification of classic preparation principles in fixed prosthodontics with a trend shifting to preservation of as much tooth structure as possible. Increasing demands for metal-free restorations and superb aesthetics have also led to the development of many new all-ceramic systems that allow all-ceramic restorations to be made wholly from strong material without compromising the aesthetics. Therefore, the primary objective of this study was to see whether the thinner lithium-disilicate crown can achieve satisfactory clinical survival rate and aesthetics, and thus lead to additional tooth preservation.



The limitation of current results, regarding survival of the crowns, is the time of the study. As these are one-year follow-up results, further assessment is planned to see the clinical performance of reduced-thickness monolithic crowns.




5. Conclusions


Within the limitation of this study, it can be said that the one-year survival rate of reduced-thickness IPS e.max lithium-disilicate posterior crowns is similar to those of veneered IPS e.max lithium-disilicate crowns. Furthermore, patients’ satisfaction with the aesthetics of both crowns is almost the same.
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Figure 1. Differences in patients’ aesthetic satisfaction score before and after 12 months for each group: Wilcoxon test. 
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Table 1. Inclusion criteria.
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	Inclusion Criteria



	
	
Men and women with endodontically treated premolar or molar teeth;








	
	2.

	
Aged between 18 and 65;









	
	3.

	
Successful endodontic treatment assessed by the post-endodontic radiograph;









	
	4.

	
Presence of opposite tooth (to have occlusal contact after placement of the crown);









	
	5.

	
Good oral hygiene and no active caries lesions on selected tooth;









	
	6.

	
Patient’s ability to attend regular follow-up appointments according to agreed schedule.
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Table 2. Exclusion Criteria.






Table 2. Exclusion Criteria.








	
	1.

	
The tooth is restored with amalgam restoration, in this case, the restoration will be replaced with a composite one;









	
	2.

	
Previous indirect restoration on selected teeth;









	
	3.

	
Pain or any other discomfort from selected tooth;









	
	4.

	
General uncontrolled periodontal disease;









	
	5.

	
Acute gingivitis on selected tooth;









	
	6.

	
Sulcus depth more than 3.5 mm;









	
	7.

	
Grade 2 or more mobility of selected tooth;









	
	8.

	
Furcation involvement on selected tooth;









	
	9.

	
Signs of parafunctions (cheek ridging, tongue scalloping, history of tooth/restoration fracture).
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Table 3. Differences between study groups in clinical characteristics of crowns immediately after the cementation.
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Group

	
P




	
Monolithic

N = 22

	
Layered

N = 22




	
N

	
%

	
N

	
%






	
Ceramic fracture

	
A

	
22

	
100.0%

	
22

	
100.0%

	
1.000




	
B

	
0

	
0.0%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
0

	
0.0%




	
D

	
0

	
0.0%

	
0

	
0.0%




	
Marginal adaptation

	
A

	
21

	
95.5%

	
22

	
100.0%

	
1.000




	
B

	
1

	
4.5%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
0

	
0.0%




	
D

	
0

	
0.0%

	
0

	
0.0%




	
Color

	
A

	
11

	
50.0%

	
22

	
100.0%

	
<0.001




	
B

	
11

	
50.0%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
0

	
0.0%




	
D

	
0

	
0.0%

	
0

	
0.0%




	
Caries

	
A

	
22

	
100.0%

	
22

	
100.0%

	
1.000




	
B

	
0

	
0.0%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
0

	
0.0%




	
D

	
0

	
0.0%

	
0

	
0.0%




	
Marginal discoloration

	
A

	
22

	
100.0%

	
22

	
100.0%

	
1.000




	
B

	
0

	
0.0%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
0

	
0.0%




	
D

	
0

	
0.0%

	
0

	
0.0%




	
Occlusal contact

	
A

	
22

	
100.0%

	
22

	
100.0%

	
1.000




	
B

	
0

	
0.0%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
0

	
0.0%




	
D

	
0

	
0.0%

	
0

	
0.0%




	
Approximal contact

	
A

	
22

	
100.0%

	
22

	
100.0%

	
1.000




	
B

	
0

	
0.0%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
0

	
0.0%




	
D

	
0

	
0.0%

	
0

	
0.0%




	
Retention

	
A

	
22

	
100.0%

	
22

	
100.0%

	
1.000




	
B

	
0

	
0.0%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
0

	
0.0%




	
D

	
0

	
0.0%

	
0

	
0.0%




	
Postoperative

sensitivity

	
A

	
22

	
100.0%

	
22

	
100.0%

	
1.000




	
B

	
0

	
0.0%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
0

	
0.0%




	
D

	
0

	
0.0%

	
0

	
0.0%




	
Ceramic fracture

	
A

	
22

	
100.0%

	
22

	
100.0%

	
1.000




	
B

	
0

	
0.0%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
0

	
0.0%




	
D

	
0

	
0.0%

	
0

	
0.0%




	
Marginal adaptation

	
A

	
21

	
95.5%

	
22

	
100.0%

	
1.000




	
B

	
1

	
4.5%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
0

	
0.0%




	
D

	
0

	
0.0%

	
0

	
0.0%




	
Color

	
A

	
11

	
50.0%

	
22

	
100.0%

	
<0.001




	
B

	
11

	
50.0%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
0

	
0.0%




	
D

	
0

	
0.0%

	
0

	
0.0%




	
Caries

	
A

	
22

	
100.0%

	
22

	
100.0%

	
1.000




	
B

	
0

	
0.0%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
0

	
0.0%




	
D

	
0

	
0.0%

	
0

	
0.0%




	
Marginal discoloration

	
A

	
22

	
100.0%

	
22

	
100.0%

	
1.000




	
B

	
0

	
0.0%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
0

	
0.0%




	
D

	
0

	
0.0%

	
0

	
0.0%




	
Occlusal contact

	
A

	
22

	
100.0%

	
22

	
100.0%

	
1.000




	
B

	
0

	
0.0%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
0

	
0.0%




	
D

	
0

	
0.0%

	
0

	
0.0%




	
Approximal contact

	
A

	
22

	
100.0%

	
22

	
100.0%

	
1.000




	
B

	
0

	
0.0%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
0

	
0.0%




	
D

	
0

	
0.0%

	
0

	
0.0%




	
Retention

	
A

	
22

	
100.0%

	
22

	
100.0%

	
1.000




	
B

	
0

	
0.0%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
0

	
0.0%




	
D

	
0

	
0.0%

	
0

	
0.0%




	
Postoperative

sensitivity

	
A

	
22

	
100.0%

	
22

	
100.0%

	
1.000




	
B

	
0

	
0.0%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
0

	
0.0%




	
D

	
0

	
0.0%

	
0

	
0.0%
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Table 4. Differences in clinical characteristics of crowns between study groups 12 months after cementation: Fisher–Freeman–Halton’s exact test.
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Group

	
P




	
Monolithic

N = 22 *

	
Layered

N = 22




	
N

	
%

	
N

	
%






	
Ceramic fracture

	
A

	
21

	
95.5%

	
22

	
100.0%

	
1.000




	
B

	
0

	
0.0%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
0

	
0.0%




	
D

	
1

	
4.5%

	
0

	
0.0%




	
Marginal adaptation

	
A

	
18

	
81.8%

	
22

	
100.0%

	
0.108




	
B

	
3

	
13.6%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
0

	
0.0%




	
D

	
1

	
4.5%

	
0

	
0.0%




	
Color

	
A

	
11

	
52.4%

	
22

	
100.0%

	
<0.001




	
B

	
10

	
47.6%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
0

	
0.0%




	
D

	
0

	
0.0%

	
0

	
0.0%




	
Caries

	
A

	
21

	
100.0%

	
22

	
100.0%

	
1.000




	
B

	
0

	
0.0%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
0

	
0.0%




	
D

	
0

	
0.0%

	
0

	
0.0%




	
Marginal discoloration

	
A

	
16

	
76.2%

	
22

	
100.0%

	
0.021




	
B

	
5

	
23.8%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
0

	
0.0%




	
D

	
0

	
0.0%

	
0

	
0.0%




	
Occlusal contact

	
A

	
21

	
100.0%

	
22

	
100.0%

	
1.000




	
B

	
0

	
0.0%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
0

	
0.0%




	
D

	
0

	
0.0%

	
0

	
0.0%




	
Approximal contact

	
A

	
21

	
100.0%

	
20

	
90.9%

	
0.488




	
B

	
0

	
0.0%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
2

	
9.1%




	
D

	
0

	
0.0%

	
0

	
0.0%




	
Retention

	
A

	
21

	
100.0%

	
22

	
100.0%

	
1.000




	
B

	
0

	
0.0%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
0

	
0.0%




	
D

	
0

	
0.0%

	
0

	
0.0%




	
Postoperative

sensitivity

	
A

	
21

	
100.0%

	
22

	
100.0%

	
1.000




	
B

	
0

	
0.0%

	
0

	
0.0%




	
C

	
0

	
0.0%

	
0

	
0.0%




	
D

	
0

	
0.0%

	
0

	
0.0%








* One sample was lost in the monolithic group due to the crown fracture after 6 months.
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Table 5. Differences in patients’ aesthetic satisfaction between groups immediately and 12 months after the cementation: Mann–Whitney U test.
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Group

	
N

	
Minimum

	
Maximum

	
Percentiles

	
P




	
25th

	
50th (Median)

	
75th






	
Patient satisfaction after cementing

	
Monolithic

	
22

	
97.00

	
100.00

	
98.75

	
100.00

	
100.00

	
0.458




	
Layered

	
22

	
90.00

	
100.00

	
98.00

	
100.00

	
100.00




	
Patient satisfaction after 12 months

	
Monolithic

	
22

	
97.00

	
100.00

	
100.00

	
100.00

	
100.00

	
0.578




	
Layered

	
22

	
98.00

	
100.00

	
99.75

	
100.00

	
100.00
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