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Abstract

Aim: This in vitro study aimed to evaluate the marginal and internal fit of three monolithic
CAD/CAM zirconia ceramics with different Y-TZP contents, prepared with chamfer and rounded
shoulder finish lines. Methods. Sixty zirconia crowns were fabricated and equally divided into three
material groups, each further subdivided into chamfer and rounded shoulder designs. Marginal and
internal gaps were assessed using the silicone replica technique under a stereomicroscope by a single
operator. Statistical analysis was performed with three-way ANOVA and Tukey’s post hoc test (p <
0.05). Results: The occlusal region exhibited the largest gap values, while the axial region showed the
smallest across all groups. Mean marginal and internal gaps were 33.79 pm for chamfer and 43.37
pm for rounded shoulder finish lines. Zirconia with higher Y-TZP content demonstrated significantly
greater gap values than those with lower percentages (p < 0.05). Significant interactions were found
among finish line design, material type, and measurement region (P < 0.05), with rounded shoulder
margins showing larger gaps (p = 0.001). Conclusions: Y-TZP content significantly affects marginal
and internal adaptation, with higher percentages associated with increased gap values. Both finish
line types produced clinically acceptable fits, although chamfer margins provided superior
adaptation.

Keywords: multilayer zirconia; monolithic zirconia; finish line design; marginal fit; internal fit

1. Introduction

Aesthetic expectations in restorative dentistry have led to the development of advanced ceramic
materials that combine visual appeal with mechanical reliability. Zirconia, distinguished by its high
strength, fracture toughness, and biocompatibility, has become a widely preferred material among
full-ceramic options [1,2]. However, its limited translucency has necessitated the application of
veneering porcelains to achieve natural-looking results. This bilayer configuration often results in
technical complications, particularly chipping or fracture of the veneering layer. To overcome these
issues, monolithic zirconia restorations with improved translucency have been introduced through
CAD-CAM technologies, eliminating the need for veneering. Moreover, the emergence of
polychromatic, multilayered monolithic zirconia systems that replicate the natural color gradient of
teeth has further enhanced their clinical applicability and esthetic performance [3].

All dental restorations must exhibit an acceptable marginal fit. Insufficient marginal fit leads to
cement dissolution and subsequent microleakage [4]. The design of the finish line plays a crucial role
in marginal fit [5]. Ideally designed finish lines result in a more compatible marginal fit and,
consequently, less microleakage. Reduced microleakage leads to decreased plaque retention and a
reduction in recurrent caries formation [6]. Furthermore, internal marginal fit plays a primary role in
the retention and stabilization of the restoration [7]. This aspect is closely related to the uniformity
and thickness of the cement film within the internal gap, which directly influences both the
mechanical stability and longevity of the crown [8].
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The superior mechanical properties of zirconia allow for a minimal finish line width, thereby
enabling greater preservation of cervical dentin. Common finish line designs for ceramic crowns
include rounded shoulder and chamfer [9]. The “rounded shoulder” finishing line, typically
characterized by a rounded margin, is designed to enhance material thickness at the restoration
margin while simultaneously providing anti-rotational stability. Additionally, the “chamfer finishing
line” involves the use of a bur with a geometrically defined chamfer-shaped internal contour to form
the chamfer margin [10].

Various methodologies have been utilized to assess the marginal adaptation of dental
restorations. Notably, the silicone replica technique has been extensively adopted in the literature
owing to its cost-effectiveness and demonstrated reliability. Moreover, this method facilitates the
intraoral quantification of marginal discrepancies. Nonetheless, inherent limitations include the risk
of deformation or tearing of the impression materials during prosthesis removal, as well as the
constraint of the analysis being limited to two dimensions (2D) [11].

Current evidence regarding the clinical performance of recently developed monolithic zirconia
restorations is still limited. The aim of the present study is to evaluate and compare the marginal and
internal fit values of multilayer monolithic zirconia restorations fabricated using various finish line
designs and zirconia materials. This study tests two null hypothesis: (1) the finish line design would
not affect the marginal and internal fit of monolithic zirconia crowns; (2) the type of zirconia material
would not affect the marginal and internal fit of monolithic zirconia crowns.

2. Materials and Methods

The study design of this in vitro study was shown in Figure 1. In the present in vitro study, the
marginal and internal fit of three different monolithic CAD/CAM zirconia ceramics, applied to
chamfer and rounded shoulder finish lines, was evaluated using the silicone replica technique.
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Figure 1. Schematic representation of the study design.

In this study three different multilayer zirconia materials: KATANA High Translucent
Multilayer Zirconia (HTML) (Kuraray Noritake Dental Inc.,, Tokyo, Japan; lot number: EMY]I),
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KATANA Super Translucent Multilayer Zirconia (STML) (Kuraray Noritake Dental Inc., Tokyo,
Japan; lot number: EMBUD) and IPS e.max ZirCAD Prime (ZirCAD) (Ivoclar Vivadent, Schaan,
Liechtenstein; lot number: Z061CN) with two different finish line designs: chamfer (C) and rounded
shoulder (RS) were used to fabricate the restorations.

2.1. Sample size Calculation

A priori power analysis was conducted using G*Power version 3.1.9.4 to determine the required
sample size for three-way ANOVA. With a total sample size of 60 (n=10), significance level p < 0.05,
and effect size f = 0.50, the achieved statistical power was 0.93.

2.2. Sample Preparation

Elastomeric molds (ANA-4 G; Frasaco GmbH, Tettnang, Germany) of the maxillary and
mandibular arches were utilized for the fabrication of diagnostic casts. A typodont mandibular first
molar (Frasaco GmbH, Tettnang, Germany) was placed into a mandibular elastomeric mold and cast
using gypsum 4 (Extra Hard Dental Plaster, Cerestone; PERA Dental) to create mandibular and
maxillary models. These models were then mounted on a semi-adjustable articulator (Stratos 100;
Ivoclar AG, Liechtenstein). The mandibular right first molar was selected as the test abutment tooth
and was prepared with an occlusal reduction of 1.0 mm and a taper of 6 to 10 degrees by a
prosthodontist (D.G.D.). They were further subdivided into two subgroups (n=10) according to the
type of finish line design: RS, C. C finish line was created by a chamfer bur with a 1 mm-wide while
RS finish line was created by a rounded shoulder with a 90° internal angle. The finish lines were
prepared supragingivally. The rough surfaces of the prepared teeth were smoothed using a polishing
bur.

The maxillary and mandibular casts were scanned using a lab scanner (Dental Wings 7Series,
Straumann, Basel, Switzerland) and crowns were designed with a (designed with a) CAD program
(Exocad DentalDB 2.4 Plovdiv, Darmstadt, Germany) with a 50 pm cement thickness setting
according to the manufacturer’s recommendation.

Restorations were fabricated using a 5-axis milling machine (Redon Hybrid, Redon Group,
Istanbul, Tiirkiye). Three different types of zirconia, namely HTML, STML and ZirCAD, were
manufactured. Sintering of zirconia crown restorations was done using sintering furnace (Protherm
Furnaces, Czechoslovakia) at 1540°C to obtain the original size, strength, and color, and the intaglio
surface were facing upward according to manufacturer recommendations. The cooling protocol for
zirconia crowns was done according to a built-in program in the sintering furnace.

2.3. Evaluation of Marginal and Internal Fit

The replica technique as described by Molin and Karlsson was used to measure the marginal
and internal fit [12]. In this in vitro study, teeth from the Frasaco master model, created with two
different finish line design, were used. Each crown was filled with light-body silicone (Zhermack
Hydrorise Extra Light Body Fast Set 100ml, Dentsply Sirona, Badia Polesine, Italy) and placed on the
master model with finger pressure in accordance with the clinical procedure. After the light-body
silicone was set, the crowns were removed, with the thin silicone remaining on the master model.
Subsequently, a heavy-body silicone (Zhermack Elite HD+, Dentsply Sirona, Badia Polesine, Italy)
was put onto the thin silicone. After setting, the silicone replica was removed from the master model.
A total of 60 replicas were made, one for each crown. The replicas were sectioned at the center of each
crown in both the bucco-lingual and mesio-distal directions. These divided parts were numbered
from 1 to 4. The surfaces were examined individually. To utilize the smooth surfaces, the buccal
section of part 1, the distal section of part 2, the lingual section of part 3, and the mesial section of
part 4 were included in the study. The silicone replicas were then carefully separated from the inner
surface of the crowns. This procedure was repeated for each stage for a total of 60 restorations. Each
replica was carefully examined, and those showing surface tears were excluded from the study, with
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replication procedures repeated as necessary. The created silicone replicas were divided into four
equal parts in both the buccolingual and mesiodistal directions using a No. 11 scalpel (Plasmed
Sterilance Medical Inc, Suzhou, China). These divided parts were numbered from 1 to 4. The surfaces
were examined individually. To utilize the smooth surfaces, the buccal section of part 1, the distal
section of part 2, the lingual section of part 3, and the mesial section of part 4 were included in the
study. The sections placed on the slides were evaluated under 40x magnification using a
stereomicroscope (Leica DM4000 B, Wetzlar, Germany) in conjunction with the imaging program
(Leica Qwin Plus ,Leica Microsystems Imaging Solutions Ltd, Cambridge, United States of America).
Using the Leica Qwin Plus program, measurements were taken from 13 points on each section: 1
point from the marginal area, 5 points from the axial area, 2 points from the axio-occlusal area, and 5
points from the occlusal area, all in micrometers (um). A total of 52 measurements were taken for
each tooth, resulting in 3120 measurements across 60 teeth. As a result, 4 sections were evaluated for
each restoration, and for each section, 4 regions were examined. The average of the multiple
measurements was taken to calculate the average for the occlusal, axio-occlusal, axial, and marginal
surfaces of each tooth, resulting in a single value for each point. For each restoration, 20 occlusal
averages, 8 axio-occlusal averages, 20 axial averages, and 4 marginal averages were obtained,
yielding 4 different values for each tooth.

2.4. Statistical Analysis

A three-way analysis of variance (ANOVA) was performed to assess the main and interaction
effects of finish line design, material type, and measurement region on the gap values. The interaction
terms included finish line x material, finish line x measurement region, material x measurement
region, and the three-way interaction among all variables. Tukey’s post-hoc test was applied for
pairwise comparisons when significant differences were found. Statistical analysis was performed
using IBM SPSS Statistics for Windows, Version 21.0 (Armonk, NY: IBM Corp.), with the level of
significance set at p < 0.053.

3. Results

Descriptive statistics for each finish line design are summarized in Tables 1-3. For the C finish
line, all material types (HTML, STML, ZirCAD) showed the highest mean values in the occlusal
region and the lowest in the axial region, with overall means of 36.700 pm, 32.452 um, and 31.799 pum,
respectively. The general mean for the C group was 33.792, with the occlusal region reaching 43.562
pm and the axial region 21.460 pum. In the RS finish line group, HTML, STML, and ZirCAD materials
similarly exhibited their highest means in either the occlusal or marginal regions and their lowest in
the axial region. Overall mean values were 51.901 pum, 41.519 um, and 36.694 pum, respectively. The
general mean for the RS group was 43.371 um, with occlusal and axial means of 54.444 um and 24.990
um. When all measurements were considered collectively, occlusal regions consistently presented
the highest values, while axial regions showed the lowest across all material types. General mean
values were 43.939 um for HTML, 37.224 um for STML, and 34.246 pm for ZirCAD. The overall
average across all groups and regions was 38.582 um.

According to the results of the three-way ANOVA (Table 4), the mean measurement values
demonstrated statistically significant differences based on finish line type, material type, and
measurement region (p < 0.05). A significant interaction was observed between finish line type and
material type (F = 4.505, p = 0.012), as well as between finish line type and measurement region (F =
2.939, p = 0.034), and between material type and measurement region (F = 4.034, p = 0.001). However,
interaction among finish line type, material type, and measurement region was not statistically
significant (F=1.117, p = 0.354). When finish line types were compared, the RS finish line (mean =
43.371) exhibited significantly higher measurement values than the C type (mean = 33.792) (p = 0.001).

Tukey’s post-hoc multiple comparison test (Table 5) was performed to determine which specific
groups differed significantly. The results showed that the HTML material had a significantly higher
mean value of 43.939 um compared to both STML, with a mean of 37.224 um, and ZirCAD , with a
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mean of 34.246 pum (p < 0.05). In contrast, the difference between STML and ZirCAD was not
statistically significant (p > 0.05). Regarding the measurement regions, the occlusal region had the
highest mean value at 49.003 um and was significantly greater than both the axio-occlusal region,
which had a mean of 37.756 um, and the axial region, with a mean of 23.225 um (p < 0.05). Similarly,
the marginal region, with a mean of 44.343 um, was significantly higher than the axio-occlusal and
axial regions (p < 0.05). However, no statistically significant difference was found between the
occlusal and marginal region means (p > 0.05).

For both the C and RS finish line types, the mean value of the HTML material was greater than
that of the STML material, while the STML mean was also higher than that of the ZirCAD material.
In both C and RS finish line types, the mean value of the occlusal region was higher than that of the
marginal region, which was higher than the axio-occlusal region; additionally, the axio-occlusal
region exhibited higher mean values than the axial region. The difference between the occlusal and
marginal region means decreased when transitioning from the C to the RS finish line. In the HTML
material group, the regional means were ranked from highest to lowest as follows: occlusal, axio-
occlusal, marginal, and axial regions. In the STML material group, the ranking was occlusal, marginal,
axio-occlusal, and axial. For ZirCAD, the order was marginal, occlusal, axio-occlusal, and axial.

Table 1. Descriptive Statistics for the C Finish Line Type.

Material Type  Measured Region = Mean+SD?
HTML Occlusal Mean 51.117+19.01
Axio-occlusal 40.085+13.215
Mean
Axial Mean 23.317+3.306
Marginal Mean 34.426+10.245
Total 37.237+15.928
STML Occlusal Mean 42.913+6.140
Axio-occlusal 30.795+5.516
Mean
Axial Mean 19.750+2.950
Marginal Mean 35.901+8.060
Total 32.340+10.290
ZirCAD Occlusal Mean 36.654+6.266
Axio-occlusal 28.287+2.433
Mean
Axial Mean 21.311+3.184
Marginal Mean 40.944+6.300
Total 31.799+8.988
Overall Occlusal Mean 43.562+13.131
Axio-occlusal 33.056+9.598
Mean
Axial Mean 21.460+3.383
Marginal Mean 37.091+8.551
Total 33.792+12.262

1SD: Standard Deviation.
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Material Type =~ Measured Region Mean+SD?
HTML Occlusal Mean 66.663+14.895
Axio-occlusal Mean  55.164+12.050
Axial Mean 29.179+13.233
Marginal Mean 56.598+10.364
Total 51.901+18.616
STML Occlusal Mean 53.664+20.243
Axio-occlusal Mean  37.166+12.458
Axial Mean 20.283+4.331
Marginal Mean 54.962+15.504
Total 41.519+19.870
ZirCAD Occlusal Mean 43.004+10.589
Axio-occlusal Mean  35.036+6.548
Axial Mean 25.508+2.950
Marginal Mean 43.227+5.370
Total 36.694+9.918
Overall Occlusal Mean 54.444+18.101
Axio-occlusal Mean  42.456+13.815
Axial Mean 24.990+8.755
Marginal Mean 51.596+12.392
Total 43.371+17.771

1SD: Standard Deviation.

Table 3. Descriptive Statistics for All Measurements.

Material Type Measured Region Mean+SD!
HTML Occlusal Mean 58.890+18.440
Axio-occlusal Mean  47.625+14.538
Axial Mean 26.249+9.857
Marginal Mean 45.512+15.164
Total 44.569+18.729
STML Occlusal Mean 48.289+15.569
Axio-occlusal Mean  33.980+9.931
Axial Mean 20.017+3.617
Marginal Mean 45.432+15.500
Total 36.929+16.387
ZirCAD Occlusal Mean 39.829+9.073
Axio-occlusal Mean  31.662+5.925
Axial Mean 23.409+3.683
Marginal Mean 42.085+5.816
Total 34.246+9.722
Overall Occlusal Mean 49.003+16.610
Axio-occlusal Mean  37.756+12.711
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Axial Mean 23.225+6.817
Marginal Mean 44.343+12.842
Total 38.582+15.973
1SD: Standard Deviation.
Table 4. Three-Way ANOVA Test Results.
Variable df F p-value

Model 23 15.510 <0.001
Model intercept 1 3.355.358 <0.001
Finish Line Type 1 51.712 <0.001
Material Type 2 21.554 <0.001
Measured Region 3 71.062 <0.001
Finish Line Type * Material Type 2 4.505 0.012
Finish Line Type * Measured Region 3 2.939 0.034
Material Type * Measured Region 6 4.034 0.001

Finish Line Type * Material Type * Region 6 1.117 0.354
df: Degrees of freedom, F: ANOVA test statistic.

Table 5. Tukey Test Results for Multiple Comparisons.

Group Group2 Mean p-value
Material Type HTML 43.939+18.7142
STML 37.224+16.489° <0.001
ZirCAD 34.246+9.722b¢
Overall 38.582+15.973
Measured Region  Occlusal 49.003+16.6102
Ax%o—occlusal 37.756+12.711b <0.001
Axial 23.225+6.817¢
Marginal 44.343+12.8422
Overall 38.582+15.973

4. Discussion

In this study, the marginal and internal gap values of monolithic crowns fabricated using
different finish line designs and zirconia materials were compared. For this purpose, three different
monolithic zirconia materials were included in the study. Based on the findings of the study, it was
concluded that the finish line design had an effect on both marginal and internal fit, leading the
rejection of the first null hypothesis. Additionally, it was found that the type of zirconia material also
had an effect on the marginal and internal fit, resulting in the rejection of the second null hypothesis.

The success of dental restorations relies on four fundamental factors: marginal adaptation,
biocompatibility, aesthetics, and mechanical strength. Of these properties, marginal adaptation plays
a crucial role in fixed dental restorations. Inadequate marginal adaptation can lead to cement
dissolution, plaque accumulation, secondary caries, and root canal infection [6,13]. Conversely,
proper marginal adaptation minimizes the risk of microleakage and microcracks, thereby enhancing
the longevity of the restoration [9]. In addition, internal fit plays a critical role in long-term clinical
success, as insufficient fit may result in increased cement thickness, compromised retention, occlusal
discrepancies, and reduced fracture resistance [8].

There is no consensus on clinically acceptable marginal and internal gap values for fixed dental
restorations [5]. Clinically acceptable marginal gap has been reported as <120 pum and internal gap as
<300 um [14]. Although a universally accepted standard for clinically acceptable marginal and
internal gap values in fixed dental restorations has not been established, numerous studies have
proposed reference ranges based on clinical performance and long-term success [5]. For an optimal

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.1289.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 October 2025 d0i:10.20944/preprints202510.1289.v1

8 of 13

marginal seal, the space between the prepared tooth and the indirect restoration should be filled with
a luting agent. It is generally recommended that this gap be maintained between 50 pm and 200 pm
to ensure adequate bonding strength between the tooth and the restoration [15]. When the gap is less
than 40 um, the thin cement layer may compromise the bonding efficacy. Conversely, if the gap
exceeds 150 pm, the cement may become exposed to the oral environment, increasing the risk of
degradation and marginal leakage [16]. A frequently cited threshold value is 120 pum, as reported by
McLean and von Fraunhofer [17] in their study involving 1,000 crowns. In accordance with these
findings, several authors have considered a marginal gap of <120 um and an internal gap of <300 um
to be within clinically acceptable limits for fixed restorations [14]. In our study, the average marginal
and internal gap values of the restorations were 38.582 um, which falls within the acceptable range.

The cervical finish line design of a tooth preparation is a critical factor that directly affects the
marginal volume and contour of the restorative material, as well as the seating and marginal
adaptation of the restoration [18]. However, there is no consensus in the current literature regarding
the optimal finish line configuration [19]. While Haggag et al. [20] recommended a deep chamfer (C)
finish line for monolithic restorations, Yu et al. [21], in their meta-analysis, reported that the rounded
shoulder (RS) finish line provided better marginal adaptation compared to the chamfer, whereas the
chamfer demonstrated superior internal fit compared to the shoulder finish line. Conversely, Yadav
et al. [22] found that chamfer finish lines resulted in better marginal adaptation than shoulder finish
lines in zirconia and hybrid restorations. Some studies have found no significant difference between
C and RS designs. For instance, Angerame et al. [23] reported that both rounded 90-degree shoulder
and minimally invasive chamfer preparations yielded satisfactory results without significant
differences.

In the present study, the mean marginal gap was measured as 33.792 um for the chamfer finish
line and 43.371 um for the rounded shoulder, with the chamfer showing statistically significantly
better results. The superior marginal and internal fit observed with the chamfer finish line compared
to the rounded shoulder may be attributed to several factors. The chamfer finish line is more easily
recognized by CAD/CAM systems, allowing for higher accuracy during digital scanning and milling
[24]. Additionally, the geometry of milling burs is generally more compatible with chamfer designs,
facilitating better adaptation at the finish line. Moreover, the simpler and more defined form of the
chamfer margin provides a clearer seating area for the restoration, reducing the risk of excessive
material accumulation or misfit. High-strength ceramics such as zirconia have also been shown to
exhibit better adaptation with chamfer finish lines [22]. Furthermore, chamfer preparations are
considered more clinically feasible and reproducible, thereby minimizing operator-dependent
variability [21]. Intrinsic characteristics of CAD/CAM systems, such as production processes and
milling accuracy, also influence the precision of finish line reproduction. The combination of these
factors may explain the statistically superior outcomes observed with the chamfer design in this
study.

These findings align with the recommendations by Mansuco et al. [10], who emphasized the
advantage of preparation designs lacking internal angles to improve restoration seating accuracy.
Supporting this, Rizonaki et al. [8] evaluated lithium disilicate CAD crowns fabricated with three
different finish lines (chamfer, rounded shoulder, and feather-edge), reporting that crowns with a
rounded shoulder finish line exhibited the poorest internal fit. This result is consistent with our
findings, and importantly, all three finish line types were within clinically acceptable limits.

However, the discrepancy between our results and those of Yu et al. [21], who found better
marginal adaptation with the rounded shoulder finish line, may be attributed to differences in
ceramic materials, measurement methods, or the specific CAD/CAM systems used. Operator
experience and preparation standardization could also have contributed to these differences. Further
research is needed to elucidate the discrepancies observed in previous findings.

In this study, restorations fabricated using Katana HTML material exhibited higher marginal
and internal gap values compared to those made from STML and ZirCAD. Katana HTML is
composed entirely of 3Y-TZP zirconia, which is characterized by high flexural strength and hardness

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.1289.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 October 2025 d0i:10.20944/preprints202510.1289.v1

9 of 13

[25]. However, the increased hardness may present challenges during CAD/CAM milling, especially
in achieving accurate marginal adaptation [26]. In restorations with complex margin geometries, it
may be difficult to remove sufficient material during milling, or microstructural fractures may occur.
Additionally, 3Y-TZP-based materials undergo more substantial shrinkage during sintering,
potentially compromising the dimensional stability and negatively affecting the marginal and
internal fit of the restorations [2,27].

In contrast, multilayer zirconia materials such as STML and ZirCAD contain a higher yttria
content (approximately 4Y-5Y), which, while slightly reducing mechanical strength, improves
machinability and enhances translucency [1,3]. Their lower hardness and larger grain size enable
more precise milling, particularly in critical marginal areas. Moreover, the layered structure of these
materials helps to distribute internal stresses more uniformly during sintering, contributing to
improved dimensional stability [28-30].

Consistent with our findings, a study by Tabata et al.[15], identified the type of restorative
material as a statistically significant factor affecting marginal discrepancy.. Monolithic zirconia
restorations are subjected to a crystallization process prior to cementation [31]. While Kim et al. [32]
reported no significant change in internal fit following crystallization, they observed an increase in
marginal gap values, suggesting that the crystallization process may affect marginal and internal
adaptation differently.

Similarly, Yildirim et al.[33] reported higher marginal discrepancy values for the ceramic group
(IPS e.max CAD) compared to the composite resin group (Lava Ultimate). In another study, Goujat
et al.[34] evaluated the internal fit of four different CAD/CAM ceramic materials (Vita Enamic, Lava
Ultimate, IPS e.max CAD, and Cerasmart) and found a negative correlation between flexural strength
and internal discrepancy, indicating that materials with higher flexural strength may exhibit better
internal adaptation.

In conclusion, although Katana HTML offers superior mechanical properties, its high hardness
and limitations during the manufacturing process may adversely affect the marginal and internal fit
of restorations. Therefore, when selecting a material, factors such as machinability and sintering
behavior should be considered alongside mechanical strength.

Various methods have been employed to evaluate the marginal and internal adaptation of dental
restorations [35]. Among these, the silicone replica technique has gained prominence due to its cost-
effectiveness, reliability, and widespread use in the literature [12,36-39]. Its non-destructive nature
and applicability under both in vitro and in vivo conditions have established it as a well-accepted
and standardized method [40]. Furthermore, it enables the intraoral assessment of marginal
discrepancies [4]. Nevertheless, the technique presents certain limitations, such as the potential
deformation or tearing of the impression material during the removal of the prosthesis, and the
inherent restriction to two-dimensional (2D) analysis [11].

Several studies have reported varying numbers of marginal and internal gap measurements in
in vitro analyses [41,42]. In 2022, Guacheta et al. [42] conducted eight marginal and three internal
measurements to evaluate the fit quality of ceramic laminate veneers (CLVs) fabricated using a
conventional waxing technique, in comparison with those produced by 3D printing. Subsequently,
in 2023, Al-Dwairi et al. [41] performed two marginal and six internal measurements to assess the fit
of CLVs fabricated through both direct and indirect digitization techniques.

To mitigate these limitations and enhance measurement precision, multiple reference points
were utilized on each replica in the present study. Specifically, measurements were obtained from 13
distinct locations: one from the marginal area, five from the axial area, two from the axio-occlusal
area, and five from the occlusal area. Accordingly, a total of 52 measurements were recorded per
group. This methodological approach was adopted to increase the reliability of the data and to
provide a more comprehensive evaluation of crown adaptation.

Numerous studies have demonstrated that gap measurements can vary considerably based on
the specific location being assessed [22,38,41,42]. For example, Cunali et al. [38] evaluated both
marginal and internal adaptation using the silicone replica technique alongside micro-CT and
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reported clinically acceptable discrepancies at four distinct measurement points. Similarly, Yadav et
al. [22] presented findings that align with these observations. In the present study, the largest gap
values were recorded in the occlusal and marginal areas, whereas the axial surfaces exhibited the
smallest gaps. One potential explanation for the greater occlusal discrepancies is the loss of fine detail
and rounding of edges, which may result from the scanner’s resolution limitations. Supporting this
hypothesis, another study assessing gap widths in all-ceramic restorations produced via three
different CAD-CAM systems found a consistent increase in gap size from the margin toward the
center of the restoration. Such inconsistencies in measurement could stem from factors including
the precision of digital scanning and data processing, as well as the design and condition of the
milling tools employed during fabrication [43,44].

This study, which provides information on the physical properties of the increasingly used new
generation monolithic blocks, has some limitations. One limitation is that the in-vitro conditions used
in the study do not mimic the oral environment. In-vivo studies would provide more comprehensive
information on the longevity of restorations, potential complications, and changes in the supporting
teeth and surrounding tissues. Therefore, it is necessary to evaluate the marginal and internal fit of
new generation monolithic zirconia materials under in-vivo conditions. Also, the dimensional
stability changes of the silicone material used in the silicone replica technique may negatively affect
the marginal gap measurements. Additionally, as noted in other studies, the silicone replica
technique, unlike direct marginal gap measurement techniques, limits the areas where measurements
can be taken [43]. Therefore, studies that use different evaluation methods for marginal and internal
fit are needed.

5. Conclusions

Based on the findings of this in vitro study, the following conclusions were drawn:

The amount of Y-TZP in the material composition influences the marginal and internal fit, with
multilayer monolithic zirconia restorations demonstrating marginal and internal fit values within
clinically acceptable limits.

Finish line design affects the marginal and internal fit of multilayer zirconia restorations, with
the C design showing superior fit. Both designs had marginal and internal gap values within
clinically acceptable limits.
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R Rounded Shoulder
C Chamfer
um Micrometer

ANOVA A three-way analysis of variance
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