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Effect of Cement Space on 
the Marginal Adaptation of 
Monolithic Zirconia Crowns

ABSTRACT
Purpose: To evaluate effect of cement space on marginal fit of monolithic zirconia 

crowns after sintering, glazing, and cementation. Materials and Methods: Molar typodont 
teeth were prepared to receive crowns, and were scanned with a laboratory scanner to 
generate virtual dies. Crown design was planned with the CAD software with a simulated 
cement space of 60 µm or 80 µm. Zirconia crowns for the 60 µm and 80 µm groups 
were milled from zirconia discs. Milled crowns were sintered, glazed, and cemented. 
Marginal discrepancy was measured after sintering, glazing, and cementation. Measure-
ments were carried out under 200X magnification, and data obtained were statistically 
analyzed. Results: Increasing cement space from 60 to 80 µm resulted in a non-signifi-
cant decrease in marginal discrepancy. Marginal discrepancy was the lowest in the post 
sintered specimens, and increased significantly after glazing and cementation in both 
the groups. Conclusions: It was concluded that the glazing and cementation procedures 
significantly increased the marginal discrepancy. Increasing the cement space resulted 
in an insignificant decrease in the marginal discrepancy. Clinical relevance: The results of 
this study suggest that 60 µm of simulated cement space is recommended for achieving 
clinically acceptable marginal fit of the monolithic zirconia crowns.

INTRODUCTION
Yttria-stabilized tetragonal zirconia polycrystals (YTZP), often referred 

to as zirconia, has been used in dentistry to replace metal substructures 
because of its superior esthetics, acceptable strength and fracture tough-
ness, chemical stability, biocompatibility, and ease of fabrication.1 A com-
mon clinical problem observed with zirconia prosthesis has been chip-
ping, delamination or fracture of the porcelain veneer component in the 
restoration.2 The incidence of these complications and failures related to 
zirconia prostheses, reported in various clinical studies is found to be 25% 
in a 3 years, 26% after 31.2 months, 54% after 2 years, and 10-60% after 
5 years.3-6 Full-contour zirconia or monolithic zirconia (MZ), that does not 
require the application of veneering porcelain, has been introduced to 
overcome this limitation of the veneered zirconia. MZ has decreased alu-
mina content to improve the translucency, and increased sintering tem-
perature to reduce the porosity and increase the grain size.7 MZ requires 
less tooth preparation, and is applicable in limited occlusal crown space, 
due to its higher fracture resistance compared to the veneered counter-
parts and other monolithic ceramics.7,8 The performance of MZ has been 
studied extensively to evaluate its surface roughness, fracture resistance, 
flexural strength, chipping resistance, compressive strength, elastic modu-
lus, hardness, low temperature degradation, translucency, and color.9-19
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Accurate marginal adaptation, esthetics, and fracture resist-
ance are considered to be the most important qualities for 
the clinical success of ceramic crowns.20 Inaccurate marginal 
fit is responsible for plaque retention, microleakage, cement 
breakdown and tooth sensitivity.21 Long term consequences of 
crowns with marginal gap include carious lesions, endodontic 
inflammation, and deterioration in optical properties, where-
as overextended margins in crowns may result in gingival in-
flammation, periodontal disease, and bone loss.22 Holmes has 
defined the marginal discrepancy (MD) as the perpendicular 
measurement from the cervical margin of the restoration to the 
preparation margin.23 The vertical marginal misfit measured 
parallel to the path of draw of the casting has been described 
as the vertical marginal discrepancy (VMD), while the horizontal 
marginal misfit measured perpendicular to the path of draw 
of the casting is known as the horizontal marginal discrepancy 
(HMD).23 The absolute marginal discrepancy (AMD) is the angu-
lar combination of the VMD and the HMD, and is indicative of 
the underextension or overextension of the restoration mar-
gins relative to the margins of the preparation.23 

The marginal fit of the MZ crowns is affected by various fac-
tors like the proprietary materials used for fabrication, the 
differences between various CAD-CAM systems, the scanning 
device accuracy, software design, zirconia state at milling, 
milling machine accuracy, and manual adjustments of crowns 
by dental technicians.21,22 Besides, the cement spacer settings 
applied during the computer aided design procedure, aimed 
at creating a space between the die and the crown for the 
cement layer, and the cementation procedure significantly 
affect the marginal fit of the MZ crowns.24 A small cement 
space could lead to premature contacts between the internal 
surface of the crown and the abutment tooth, and resultantly 
widen the marginal gap.25-29 Even though increasing the ce-
ment space can improve the marginal fit of crown restora-
tions, an internal gap of more than 120 μm might decrease 
the fracture resistance of ceramic crowns without significantly 
improving marginal fit.30,31 Controversies exist in the recom-
mended values of the cement space related to the MZ crowns, 
and the spacer setting most conducive to the appropriate 
marginal adaptation remains unknown. 

Kale et al. recommended a cement space greater than 30 μm 
to achieve improved marginal fit of the MZ crowns, whereas 
Hasanzade et al reported that the cement space should not 
exceed 30μm.32,33 Morsy et al. recommended a cement spacer 
setting of less than 50 μm for the zirconia fixed dental pros-
theses (FDP), while Rinke et al. suggested that the cement 
space should be no smaller than 60 μm.34,35 Iwai et al. re-
ported improved internal and marginal adaptation of zirconia 
copings at 60 µm cement space, whereas Lee et al. observed 
similar results with 80 µm cement spacer setting.36,37 Taha et 
al. observed a decrease in the retention of the MZ crowns at 
100 µm cement space, and cautioned against increasing the 
cement space beyond 80 µm.38 Ibrahim et al. noted that most 
CAD-CAM technicians simply follow the default CAD software 

program design parameters or manufacturer recommended 
values for the cement space, like 50 µm by Ceramill system, 35 
µm by the Zirkonzahn system, and 80 µm by Katana, and pro-
posed that these parameters may not produce the best fit.39 A 
clinician understanding the importance of modifying the CAD 
parameters can guide the technician regarding optimal ce-
ment spacer settings for improved marginal adaptation. The 
present study therefore aimed at evaluating the effects of two 
different spacer settings on the marginal fit of the CAD-CAM 
fabricated MZ crowns. The null hypothesis was that no differ-
ence would be found in the marginal fit of MZ crowns fabri-
cated using the different cement space settings, evaluated at 
the end of sintering, glazing, and cementation of the crown.

MATERIAL AND METHODS
A total of 20 right mandibular first molar typodont teeth 

(ANA-4 ZP; Frasaco) were prepared for a complete-coverage 
MZ crown with 2 mm occlusal reduction, 1.5 mm axial reduc-
tion and 360-degree 1 mm deep chamfer margin.40 Tooth re-
duction was uniformly conducted with handpiece (NSK Pana 
Air; Nakanishi) attached to a jig mounted on a dental surveyor 
(Neytech; Dentsply), with total occlusal convergence angle of 
12 degrees.31 The teeth were then randomly divided into two 
groups of ten teeth each, designated as CS60 for the cement 
space of 60 µm and CS80 for the cement space of 80 µm that 
would be incorporated during the design phase (Figure 1). 
Each prepared tooth was then scanned with a 3-dimensional 
(3D) laboratory scanner (MD-ID200; Medit) following the man-
ufacturer’s instructions to generate 10 individual virtual 3D 
dies per group in the standard tessellation language (STL) for-
mat. The crown design and finish line marking were planned 
with the software (DentalCAD; Exocad) and virtual anatomic 
contour crowns with a simulated cement space of 60 µm or 80 
µm were designed for the ten prepared teeth in each group. 
The design was enlarged by 20% to offset the post sintering 
shrinkage. The designed crown data were used to mill 10 MZ 
crowns for the CS60 group, and 10 MZ crowns for the CS80 
group (n = 10) from the pre-sintered zirconia discs (Zenostar 
T; Wieland Dental) with a CAM software (Mill box; CIM System) 

Figure 1: Cement space design on scanned typodont tooth.
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and a CAM dental milling-device (X-Mill 300; XTCera). The 
milled crowns were sintered (Zubler S400; Zubler) at 1550°C 
for 8 hours. An experienced technician familiar with the CAD-
CAM system fabricated the crowns, and manually adjusted 
them post sintering with a high-speed diamond rotary instru-
ment (ZR6801; Komet) under water cooling. The premature 
contacts on the internal surface of the crown were recorded 
with disclosing material (SD-Fit control; Servo-Dental), and re-
duced with a small grit size diamond bur as recommended 
in previous studies.35,41 The crowns were then glazed (Vario 
230ZR; Zubler) at 900°C for 10 minutes, and cemented with 
a self-adhesive resin cement (RelyX U-200; 3M ESPE), apply-
ing finger pressure for 3 minutes. The VMD was measured at 
three stages, on eight predetermined points, after sintering, 
glazing, and cementation using the following technique (Fig-
ure 2 and 3). Each zirconia crown was firmly seated over the 
abutment after the sintering and glazing, and mounted on a 
special cone shaped holding instrument, which allowed defi-
nite placement for the crowns. The VMD was measured with 

a light microscope (Stemi 305; Zeiss) equipped with a digital 
camera (Axiocam 305 Color; Zeiss) under 200X magnification, 
and images were transferred to an image analysis program 
(Smartzone5v1.3; Ruckus). The average value of the eight 
measurement points was calculated for each specimen and 
considered as the circumferential VMD for that specimen. The 
data obtained were collected, tabulated with a spreadsheet 
(Excel 2021; Microsoft Corp), and analyzed with statistical soft-
ware (SPSS Statistics v27.0; IBM Corp). The means and stand-
ard deviations were calculated for each group and statistically 
analyzed for significant differences with one-way ANOVA, 
Tukey honestly significant difference (HSD) test, and unpaired 
t test. The level of significance was set at 0.05.

RESULTS
The results of the present in vitro study are expressed in Ta-

ble 1 and Figure 4. The lowest value of the mean marginal 
discrepancy (52.31±6.91) was recorded for the post-sintered 
specimens in the CS80 group, while the greatest discrepancy 
(78.50±8.81) was observed at the post-cementation stage in 
the CS60 group. In both the CS60 and the CS80 groups, the 
recorded marginal discrepancy was the least in the post sin-
tered specimens, and increased significantly after glazing and 
cementation. All the values of the mean marginal discrepancy 
recorded were below the clinically acceptable value of 120 µm 
for the marginal discrepancy. Increasing the cement space 
from 60 to 80 µm resulted in a non-significant decrease in 
marginal discrepancy recorded at the three stages.

DISCUSSION
The results supported acceptance of the null hypothesis for 

the VMD between the groups, since no statistically significant 
difference was observed in the marginal discrepancy with the 
increase in cement space from 60 µm to 80 µm. These results 
are in agreement with Eldamaty, who reported statistically 
non-significant difference in marginal gap when spacer thick-
ness was increased from 20 to 50 µm, but contradictory to 
the results of Kale, who reported a significant decrease when 
the cement space was increased from 30 to 50 µm.32,46 This 
difference in the results could be attributed to the differ-
ences in the proprietary materials used during the fabrication 
and cementation of the crowns, and variation in the cement 
spacer settings. Glazing of the sintered crowns resulted in a 
significant increase in the marginal gap in both groups in the 
present study. This finding is in agreement with Toksoy et al., 
but contradictory to Kale who found no significant difference 
in the marginal gap after glazing.24,47 Miura proposed that the 
marginal gap may increase after glazing due to the shrinkage 
of zirconia during the firing.48 Hence, glaze application and fir-
ing might result in widening the marginal gap, as observed in 
the present study. Cementation of the crowns resulted in a 
significant increase in the marginal gap in both groups, which 
is in agreement with previously published studies.24,49 Evidence 

Figure 2: Diagrammatic representation of eight measurement 
locations for marginal discrepancy.

Figure  3:. Vertical marginal discrepancy measurement at 200 
X magnification.
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indicates that an increase in VMD should be expected as the 
consequence of forming film of luting agent between the 
crown and abutment during cementation.24,49 A direct com-
parison of the results of the study could not be made as the 
authors could not locate a study evaluating the effect of dif-
ferent cement spaces on the marginal discrepancy of the MZ 
crowns evaluated after sintering, glazing and cementation.

The methods of measuring the marginal discrepancy can be 
broadly divided into two-dimensional (2D) and three-dimen-
sional (3D) measurement methods, each of which can be fur-
ther subclassified as invasive and noninvasive.43,44 The 2D meas-
urements evaluate the thickness of marginal discrepancy on 
the images of the specimens by image analysis, while 3D meas-
urement methods consist of global thickness measurements 
at numerous points of the marginal and internal areas.44 The 
invasive method is the one that involves sectioning of the speci-
men for measurement of the marginal discrepancy, whereas 
the specimen remains intact in the noninvasive method.45 Com-
monly followed 2D methods include the photographic method, 
the cross sectional method, the silicone replica technique, opti-
cal coherence tomography, profile projection, and digimatic mi-
crometre measurement. Some examples of the 3D method are 

the triple scan method, micro-computed tomography, and opti-
cal coherence tomography.43,45 Photographic method captures 
external views of noncemented and cemented restorations to 
measure the distance between specific points on the marginal 
area under a microscope with image analysis software, and was 
used in the present study as it permitted a noninvasive quanti-
fication and multiple measurements. 

Large variations exist regarding the acceptable marginal gap 
values of crowns in the literature. Christensen proposed that, 
a marginal gap value of 34 to 119 μm for subgingival mar-
gins, and 2 to 15 μm for the supragingival margins would be 
acceptable.25 However, McLean and von Fraunhofer, after a 
clinical examination of more than 1000 crowns at 5-years, rec-
ommended 120 µm as the upper limit for the marginal gap 
value.26 While many authors accept this criterion, authors of 
several studies recommended that the marginal gap value 
of no more than 100 µm would be acceptable.26-28 Marginal 
discrepancies in the range of 11 μm to 58 μm have been ob-
served for CAD-CAM fabricated full zirconia crowns, while all 
the values of the mean marginal discrepancy recorded in the 
present study were below 100 µm.21,29

Table 1. Mean (SD) marginal gap values(µm) for groups CS60 and CS80 at different stages of measurement. Same superscript 
letters indicate statistically insignificant difference.

Group

Stage of Measurement

Post Sintering Post Glazing Post Cementation

Mean (SD) Min Max Mean (SD) Min Max Mean (SD) Min Max

CS60 56.56±9.04a 46.01 78.38 66.25±8.23b 56.38 93.00 78.50±8.81c 69.25 100.10

CS80 52.31±6.91a 44.38 68.88 61.31±8.2b 51.5 80.88 71.44±8.74c 62.38 92.50

Figure 4: Mean values and standard errors of vertical marginal discrepancy at different stages of crown fabrication for CS60 and 
CS80 groups.
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Creating cement space for crowns facilitates proper adap-
tation of crown to the abutments, improves the outflow of 
excess cement, and reduces the force needed to adapt the 
crown on the abutment tooth during cementation.31 However, 
increasing the cement space to improve the marginal adapta-
tion of ceramic crowns may result in compromised retention 
and decrease in fracture strength.39 Moreover, the cement 
space determined during the CAD phase may not be repro-
duced exactly into the restorations, as observed in some pre-
vious studies.50,51 The present study incorporated 0 μm space 
at the margins, and a uniform 60 or 80 µm cement space start-
ing 1 mm above the margin. Hammond et al. observed that in-
creasing the cement space at marginal area to 25 µm reduces 
the marginal opening, owing to the increased chances of es-
capement of excess cement through the margin and decrease 
in the hydraulic pressure build-up during cementation.52 Ibra-
him et al. observed that modifying the occlusal cement space 
significantly affects the fit of the MZ crowns, and reducing the 
occlusal cement space to 40 or 0 µm resulted in improved 
marginal adaptation of the crowns.39 Further studies can be 
conducted with these variations in the cement space suggest-
ed by the researchers.

Some of the limitations identified in the present study were 
its in vitro nature with the typodont teeth used as abutments, 
the application of finger pressure to lute the crowns, the use 
of only one proprietary type of the MZ, software, and milling 
machine, and the two-dimensional nature of the measure-
ments. The specimens were produced and examined under 
laboratory conditions which may not reflect the actual clini-
cal situation including intraoral variables like saliva, occlusal 
forces, and temperature fluctuations. Hence, every effort was 
made to standardize the testing conditions and the results 
might provide valuable insights for the clinical applications. 
Future studies could include thermal cycling, mechanical 
loading, or other simulations to mimic intraoral conditions, 
along with other clinical parameters such as the crown reten-
tion, fracture resistance, and long-term wear.

CONCLUSIONS
Within the limitations of this study, the following conclusions 

were drawn: 

•	 Increasing the cement space from 60 to 80 µm resulted 
in a statistically non-significant decrease in the VMD of 
the CAD-CAM fabricated MZ crowns. 

•	 The glazing and cementation procedures significantly 
increased the VMD of the MZ crowns.

•	 The mean VMD values were within the clinically accepta-
ble limits for all the specimens tested at different stages 
of fabrication and cementation.

REFERENCES
1.	 Raigrodski, A.J., Hillstead, M.B., Meng, G.K. and Chung, K.H. Survival 

and complications of zirconia-based fixed dental prostheses: a system-
atic review. J Prosthet Dent 2012; 107:170-177.

2.	 Pjetursson, B.E., Sailer, I., Makarov, N.A., Zwahlen, M. and Thoma, D.S. 
All-ceramic or metal-ceramic tooth-supported fixed dental prostheses 
(FDPs)? A systematic review of the survival and complication rates. Part 
II: Multiple-unit FDPs. Dent Mater J 2015; 31:624-639.

3.	 Kanat, B., Çömlekoğlu, E.M., Çömlekoğlu, D.M., Hakan Sen, B., Özcan, 
M. and Ali Güngör, M. Effect of various veneering techniques on me-
chanical strength of computercontrolled zirconia framework designs. J 
Prosthodont 2014; 23:445-455.

4.	 Teng, J., Wang, H., Liao, Y. and Liang, X. Evaluation of a conditioning 
method to improve core-veneer bond strength of zirconia restora-
tions. J Prosthet Dent 2012; 107:380-387.

5.	 Tang, X., Nakamura, T., Usami, H., Wakabayashi, K. and Yatani, H. Effects 
of multiple firings on the mechanical properties and microstructure of 
veneering ceramics for zirconia frameworks. J Dent 2012; 40:372-380.

6.	 Aktas, G., Sahin, E., Vallittu, P., Ozcan, M. and Lassila, L. Effect of colour-
ing green stage zirconia on the adhesion of veneering ceramics with 
different thermal expansion coefficients. Int J Oral Sci 2013; 5:236-241.

7.	 Malkondu, Ö., Tinastepe, N., Akan, E. and Kazazoğlu, E. An overview 
of monolithic zirconia in dentistry. Biotechnol Biotechnol Equip 2016; 
30:644-652.

8.	 Mundhe, K., Jain, V., Pruthi, G. and Shah, N. Clinical study to evaluate 
the wear of natural enamel antagonist to zirconia and metal ceramic 
crowns. J Prosthet Dent 2015; 114:358-363.

9.	 Sabrah, A.H., Cook, N.B. and Luangruangrong, P. Full-contour Y-TZP ce-
ramic surface roughness effect on synthetic hydroxyapatite wear. Dent 
Mater 2013; 29:666-673.

10.	Janyavula, S., Lawson, N. and Cakir, D. The wear of polished and glazed 
zirconia against enamel. J Prosthet Dent 2013; 109:22-29.

11.	Beuer, F., Stimmelmayr, M. and Gueth, J. In vitro performance of full-
contour zirconia single crowns. Dent Mater 2012; 28:449-456.

12.	Preis, V., Behr, M., Hahnel, S., et al. In vitro failure and fracture resist-
ance of veneered and full-contour zirconia restorations. J Dent 2012; 
40:921-928.

13.	Nakamura, K., Harada, A., Inagaki, R., et al. The influence of low-tem-
perature degradation and cyclic loading on the fracture resistance of 
monolithic zirconia molar crowns. Mech Behav Biomed Mater 2015; 
47:49-56.

14.	Zhang, Y., Lee, J.J.W., Srikanth, R., et al. Edge chipping and flexural re-
sistance of monolithic ceramics. Dent Mater 2013; 29:1201-1208.

15.	Kok, P., Kleverlaan, C.J. and Jager, N. Mechanical performance of im-
plant-supported posterior crowns. J Prosthet Dent 2015; 114:59-66.

16.	Mormann, W.H., Stawarczyk, B. and Ender, A. Wear characteristics of 
current aesthetic dental restorative CAD/CAM materials: two-body 
wear, gloss retention, roughness and Martens hardness. J Mech Behav 
Biomed Mater 2013; 20:113-125.

17.	Alghazzawi, T.F., Lemons, J., Liu, P.R., et al. Influence of low tempera-
ture environmental exposure on the mechanical properties and struc-
tural stability of dental zirconia. J Prosthodont 2012; 21:363-369.

18.	Ebeid, K., Wille, S., Hamdy, A., et al. Effect of changes in sintering param-
eters on monolithic translucent zirconia. Dent Mater 2014; 30:419-424.

P134

http://www.ncbi.nlm.nih.gov/pubmed/22330322
http://www.ncbi.nlm.nih.gov/pubmed/22330322
http://www.ncbi.nlm.nih.gov/pubmed/22330322
http://www.ncbi.nlm.nih.gov/pubmed/24158142
http://www.ncbi.nlm.nih.gov/pubmed/24158142
http://www.ncbi.nlm.nih.gov/pubmed/24158142


European Journal of Prosthodontics and Restorative Dentistry (2025)  33,  130–135

ejprd.org - Published by Dennis Barber Journals.		  Copyright ©2025 by Dennis  Barber Ltd. All rights reserved. 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •EJPRD

19.	Kim, H.K. and Kim, S.H. Effect of the number of coloring liquid appli-
cations on the optical properties of monolithic zirconia. Dent Mater 
2014; 30:229-237.

20.	Khaledi, A.A., Vojdani, M., Farzin, M., Pirouzi, S. and Orandi, S. The ef-
fect of sintering time on the marginal fit of zirconia copings. J Prostho-
dont 2019; 28:e285-289.

21.	Meirowitz, A., Bitterman, Y., Levy, S., Mijiritsky, E. and Dolev, E. An in vit-
ro evaluation of marginal fit zirconia crowns fabricated by a CAD-CAM 
dental laboratory and a milling center. BMC Oral Health 2019; 19:1-6.

22.	Freire, Y., Gonzalo, E., Lopez-Suarez, C. and Suarez, M.J. The marginal 
fit of CAD/CAM monolithic ceramic and metal-ceramic crowns. J Pros-
thodont 2019; 28:299-304.

23.	Holmes, J.R., Bayne S.C., Holland G.A. and Sulik W.D. Considerations in 
measurement of marginal fit. J Prosthet Dent 1989; 62:405-408.

24.	Kale, E., Yilmaz, B., Seker, E. and Özcelik, T.B. Effect of fabrication stages 
and cementation on the marginal fit of CAD-CAM monolithic zirconia 
crowns. J Prosthet Dent 2017; 118:736-741.

25.	Christensen, G.J. Marginal fit of gold inlay castings. J Prosthet Dent 
1966;v16:297-305.

26.	Grenade, C., Mainjot, A. and Vanheusden, A. Fit of single tooth zirco-
nia copings: comparison between various manufacturing processes. J 
Prosthet Dent 2011; 105:249-255.

27.	Colpani, J.T., Borba, M. and Della Bona, Á. Evaluation of marginal and 
internal fit of ceramic crown copings. Dent Mater 2013; 29:174-180.

28.	Mously, H.A., Finkelman, M., Zandparsa, R. and Hirayama, H. Marginal 
and internal adaptation of ceramic crown restorations fabricated with 
CAD/CAM technology and the heat-press technique. J Prosthet Dent 
2014; 112:249-256.

29.	Quintas, A.F., Oliveira, F. and Bottino, M.A. Vertical marginal discrepan-
cy of ceramic copings with different ceramic materials, finish lines, and 
luting agents: an in vitro evaluation. J Prosthet Dent 2004; 92:250-257.

30.	Contrepois, M., Soenen, A., Bartala, M. and Laviole, O. Marginal adap-
tation of ceramic crowns: a systematic review. J Prosthet Dent 2013; 
110:447-454.

31.	Ji, M.K., Park, J.H., Park, S.W., Yun, K.D., Oh, G.J. and Lim, H.P. Evalua-
tion of marginal fit of 2 CAD-CAM anatomic contour zirconia crown 
systems and lithium disilicate glass-ceramic crown. J Adv Prosthodont 
2015; 7:271-277.

32.	Kale, E., Seker, E., Yilmaz, B. and Özcelik, T.B. Effect of cement space on 
the marginal fit of CAD-CAM-fabricated monolithic zirconia crowns. J 
Prosthet Dent 2016; 116:890-895.

33.	Hasanzade, M., Shirani, M., Afrashtehfar, K.I., Naseri, P. and Alikhasi, 
M. In vivo and in vitro comparison of internal and marginal fit of digi-
tal and conventional impressions for full-coverage fixed restorations: 
A systematic review and meta-analysis. J Evid Based Dent Pract 2019; 
19:236–254.

34.	Morsy, N., El Kateb, M., Azer, A. and Fathalla, S. Fit of zirconia fixed 
partial dentures fabricated from conventional impressions and digital 
scans: A systematic review and meta-analysis. J Prosthet Dent 2023; 
130:28-34.

35.	Rinke, S., Fornefett, D., Gersdorff, N., Lange, K. and Roediger, M. Mul-
tifactorial analysis of the impact of different manufacturing processes 
on the marginal fit of zirconia copings. Dent Mater 2012; 31:601–609.

36.	Iwai, T., Komine, F., Kobayashi, K., Saito, A. and Matsumura, H. Influ-
ence of convergence angle and cement space on adaptation of zirco-
nium dioxide ceramic copings. Acta Odontol Scand 2008; 66:214-218.

37.	Lee, J.H. and Ahn, J.S. Effect of cement space on the marginal and in-
ternal fit of zirconia restorations fabricated by CAD/CAM system. J Tech 
Dent 2017; 39:235-242.

38.	Taha, F.A. and Ibraheem, A.F. The effect of die spacer thickness on re-
tentive strength of all zirconium crowns -an in vitro study. Int J Med Res 
Heal Sci 2019; 8:22-27.

39.	Ibrahim, H., El Kateb, M. and Morsy, N. Effect of modifying occlusal 
cement spacer on the fit accuracy of digitally manufactured zirconia 
crowns. J Prosthet Dent 2024; 131:93.e1-e6.

40.	Çin, V., İzgi, A.D., Kale, E. and Yilmaz, B. Marginal and internal fit of 
monolithic zirconia crowns fabricated by using two different CAD-CAM 
workflows: An in vitro study. Prosthesis 2023; 5:35-47.

41.	Abduo, J, Lyons, K. and Swain, M. Fit of zirconia fixed partial denture: a 
systematic review. J Oral Rehab 2010; 37:866-876.

42.	Contrepois, M., Soenen, A., Bartala, M. and Laviole, O. Marginal adap-
tation of ceramic crowns: a systematic review. J Prosthet Dent 2013; 
110:447-454.

43.	Nawafleh, N.A., Mack, F., Evans, J., Mackay, J. and Hatamleh, M.M. Ac-
curacy and reliability of methods to measure marginal adaptation of 
crowns and FDPs: a literature review. J Prosthodont 2013; 22:419-428.

44.	Son, K., Lee, S., Kang, S.H., Park, J., Lee, K.B., Jeon, M. and Yun, B.J. A 
comparison study of marginal and internal fit assessment methods for 
fixed dental prostheses. J Clin Med 2019; 8:785-802.

45.	Boitelle, P., Tapie, L., Mawussi, B. and Fromentin, O. Evaluation of the 
marginal fit of CAD-CAM zirconia copings: Comparison of 2D and 3D 
measurement methods. J Prosthet Dent 2018; 119:75-81.

46.	Eldamaty, M., Abdel-Aziz, M., El-Kouedi, A. and Hamza, T. Effect of fin-
ish line design and cement space thickness on the marginal accuracy 
of monolithic zirconia crowns. Braz Dent Sci 2020; 23:1-8.

47.	Toksoy, D. and Önöral, Ö. Influence of glazing and aging on the mar-
ginal, axial, axio-occlusal, and occlusal fit of 3-unit monolithic zirconia 
restorations fabricated using additive and subtractive techniques. J 
Prosthet Dent 2024; 131:658.e1-e9.

48.	Miura, S., Inagaki, R., Kasahara, S. and Yoda, M. Fit of zirconia all-ce-
ramic crowns with different cervical margin designs, before and after 
porcelain firing and glazing. Dent Mater 2014; 33:484-489.

49.	Euán, R., Figueras-Álvarez, O., Cabratosa-Termes, J. and Oliver-Parra, 
R. Marginal adaptation of zirconium dioxide copings: influence of the 
CAD/CAM system and the finish line design. J Prosthet Dent 2014; 
112:155-162.

50.	Schriwer, C., Skjold, A., Gjerdet, N.R. and Øilo, M. Monolithic zirconia 
dental crowns. Internal fit, margin quality, fracture mode and load at 
fracture. Dent Mater 2017; 33:1012-1020.

51.	Beuer, F., Schweiger, J., Eichberger, M., Kappert, H.F., Gernet, W. and 
Edelhoff, D. High-strength CAD/CAM-fabricated veneering material 
sintered to zirconia copings—a new fabrication mode for all-ceramic 
restorations. Dent Mater 2009; 25:121-128.

52.	Hammond, E.D. and Ibraheem, A.F. Evaluate and compare the effect 
of different marginal cement space parameter setting in the CAD 
software on the marginal and internal fitness of monolithic zirconia 
crowns with different types of luting agents -a comparative in vitro 
study. J Res Med Dent Sci 2020; 8:74-80.

P135


