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Cement Thickness of CAD/
CAM Zirconia Laminate
Veneers: Impact of
Preparation Design
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The two most common tooth preparation designs for ve-
neers are the feather edge and incisal shoulder (Figure 1A
and B)'?'3 The feather edge preparation does not overlap the
incisal edge, and this design has been reported to be difficult
to seat correctly.™'” The shoulder preparation overlaps the
incisal edge and has been reported to improve esthetics and
facilitate veneer placement.''>'%20 The incisal preparation de-
sign for veneers has been widely discussed with a consensus
that shoulder preparations are superior.''>?' Key recommen-
dations are that an interproximal extension be incorporated
producing an interproximal wraparound, while also maintain-
ing the natural tooth interproximal contact. A major advan-
tage to the interproximal extension is that it can mask tooth
discoloration, and it also enables significant changes in mor-
phology to be achieved when indicated.?>?* To design a veneer
that maintains the proximal contact, there are 2 design op-
tions. The veneer’s proximal margin can be positioned labially
to the natural interproximal contact, or the preparation of the
veneer can extend 50% into the interproximal contact area.?

The modified veneer design being tested in this research is
a modified shoulder preparation that has had additions cut
into the gingival interproximal area of the preparation. A “C"
shape is prepared that extends into the gingival interproximal
area on both sides of the tooth as shown in Figure 1C. The ex-
tension effectively adds an additional interproximal wrapping
element to the veneer preparation. The impact of the modi-
fied veneer preparation design on margin discrepancy and
marginal overhang has been recently explored by Bennani et
al.*. However, the effect of this design on the resulting ce-
ment thickness remains unclear and warrants further investi-
gation. This study aims to build upon the previous research by
Bennani et al.?® to determine whether this preparation design
influences the thickness of the cement layer.

The null hypothesis was that no statistically significant dif-
ference would be found in an alternative tooth-preparation
design for veneers in relation to cement thickness.

METHODS

An in vitro study design was used to determine the effect of
preparation design on internal cement thickness. The meth-
ods described below follow the methods published in a recent
study investigating the effect of laminate veneer preparation
design on absolute margin discrepancy.?® The specimens were
divided into 3 groups (n=20): feather edge (FE), shoulder (S),
and shoulder with wings (SW) (Figure 1). The sample size was
established based on a previous study that compared the
marginal and internal fit of porcelain laminate veneers fab-
ricated using pressing and CAD-CAM milling.?” Variables were
controlled by using a standardized preparation tooth, a single
ceramic material, a single luting agent, and a standardized
cementation procedure. A single maxillary left central incisor
typodont tooth (A252A-UL 19B; Nissin Dental Products, Kyoto,
Japan) was prepared with an FE veneer preparation design
with a 0.5-mme-labial reduction that did not extend lingually
to the proximal contact (Figure 1A). This tooth was duplicat-
ed using a polyvinyl siloxane impression material (Light and
Regular body Exahiflex; GC, Tokyo, Japan) and poured into a
resin die material (Exakto-Form; Bredent, Chesterfield, Eng-
land). The resin die material was selected for its dimensionally
and structurally stable and for its homogeneous and uniform
bonding surface.?® Zirconia (3M Lava Esthetic; 3M, Maple-
wood, MN, USA) ceramic material was used to produce the ve-
neers which were milled using CAD-CAD techniques (Ceramill
Map 400, Ceramill Mind CAD software; Amann Girrbach AG,
Pforzheim, Germany). The veneer was then cemented onto
the prepared typodont teeth with a dual-polymerized adhe-
sive cement (Rely X ultimate; 3M, Maplewood, MN, USA).

For the subsequent shoulder preparation group the incisal
edge of the same typodont tooth was then reduced by 1.5
mm to simulate the S incisal preparation using a diamond
disk (Thin-flex; Premier, Plymouth, PA, U.S.A) and sharp edges
were rounded with a silicone point (Silicone Polishing Point,
X-Fine; Shofu, Kyoto, Japan) to avoid stress concentrations in
the veneers (Figure 1B).">'® All modifications were carried out
by 1 operator. For customization of the S group, the shoulder

Figure 1: A) Feather edge preparation. B) Shoulder preparation. C) Shoulder with wing preparation.
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master specimen was then duplicated by following the same
methodology as for group FE and then further modified by
placing a mesial and distal C shape wing using a chamfer dia-
mond rotary instrument (770.10, Two Striper; Premier Dental,
Plymouth, PA, U.S.A) as shown in Figure 1C. The SW master
specimen was then duplicated using the same methodology
as previously described. All specimens were evaluated for
consistency by using a master matrix made from laboratory
putty and confirmed with electronic calipers (Digital Ip54 Cali-
per; Moore & Wright, Sheffield, England).

One specimen for each group was scanned (Ceramill Map 400;
Amann Girrbach AG, Pforzheim, Germany), and veneers were
designed using CAD software (Ceramill Mind CAD; Amann Girr-
bach AG, Pforzheim, Germany). All 3 groups of ceramic veneers
were designed with a 0.5 mm labial thickness, and an internal ce-
ment spacer of 50 pm was incorporated into the design, with no
marginal gaps. On the surface of the veneers, 0.5x0.5-mm-raised
dimples were placed to act as guides when doing the vertical and
horizontal sectioning (Figure 2A). All the veneers were evaluated
for marginal fit by a single operator by seating them with finger
pressure and using an optical light microscope (Alphaphot-2 YS2;
Nikon, Tokyo, Japan). If a gap was observed a stereomicroscope
(Nikon SMZ800N; Nikon, Tokyo, Japan), was used to measure the
gap and, if it exceeded 50 pm, the veneer was discarded. The in-
taglio of each veneer was airborne-particle abraded (Basic mas-
ter; Renfert, Hilzingen, Germany) with 50-pm aluminum oxide at
0.2 MPa for 2 seconds at 10 cm from the specimen and the pre-
pared teeth and veneer were steamed clean (Wasi steam; Was-
sermann, Hamburg, Germany) and dried. Scotchbond Universal;
3M adhesive was applied to the prepared tooth and veneer sur-
faces (Scotchbond Universal; 3M, Maplewood, MN, USA), and the
excess was gently dispersed with oil-free air flow for 5 seconds. A
dual-polymerized adhesive cement (Rely X ultimate; 3M, Maple-
wood, MN, USA) was applied to the intaglio, and the veneer was
seated on the tooth using its path of insertion (vertical path for
FE and S and rotational path for SW). A custom-made device was
then used to apply sustained uniform pressure during cementa-
tion.” A disposable micro-applicator brush was used to remove
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excess cement (Microbrush; Microbrush International, Grafton,
Wisconsin, USA) and initial placement was secured by light po-
lymerizing a small area for 3 seconds using a polymerization light
on 650 mW/cm? mode (Bluephase; Ivoclar AG, Schaan, Liechten-
stein). Immediately afterwards, the margins were covered with
glycerin gel (Liquid Strip; Ivoclar AG, Schaan, Liechtenstein) and
the light-polymerizing process was repeated for 20 seconds on
all surfaces. The specimen was then left for 6 minutes to allow
complete auto-polymerization and then placed in distilled water
at room temperature for 48 hours. For each group, 10 veneered
teeth were sectioned vertically and the other 10 were sectioned
horizontally as shown in Figure 2A. All the sectioning was done
with a slow-speed diamond-coated saw (LECO VC-50 Model 801-
900; LECO, Stockport, England) under constant water irrigation to
@0.3-mm precision. One operator sectioned the specimens and
two other members of the research team evaluated the sections
for quality. Any sectioned veneers showing signs of fractures,
cracks, cement voids, or porosities were discarded. The cut sur-
faces were polished using 0.05-ym grain size disks (LaboPol-21;
Struers, Hovedstaden, Denmark) until the exact center of the
specimen. The sectioned veneered teeth were then stored in dis-
tilled water at room temperature for 24 hours before measuring.
The cement thickness was measured under a scanning electron
microscope (SEM) (JEOL JSM-6700F; JEOL, Tokyo, Japan) in both
the horizontal and vertical planes.

The cement thickness in the horizontal and vertical planes
were calculated on the cross-sections by measuring the dis-
tance between the laminate veneer and the abutment at 5
points after sectioning (Figure 2B and C). The measurement
points were selected based on the literature, with a point lo-
cated in the center of the buccal surface, a point 1T mm from
the margins (incisal and cervical margins for the vertical sec-
tions, mesial and distal margins for the horizontal sections),
and a point at the mid-distance between the center of the buc-
cal surface and the margins on each side.?” As seen in figure
2B the thicknesses measured on the vertical sections were as
follow: V1 cement thickness Tmm from the incisal margin; V2
cement thickness Tmm from the cervical margin; V3 cement

H4 H3 H5

HL H2

C

Figure 2: A) Frontal view locating the center of laminate veneer in the horizontal and vertical planes. B) Sagittal side view identifying
the measuring points on the vertical section: V1-V5. C) Axial incisal view identifying the measuring points on the horizontal sections:

H1-H5.
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thickness midway between V1 and V2; V4 cement thickness
midway between V1 and V3; V5 cement thickness at mid-dis-
tance between V3 and V2. Figure 2C illustrates, the thickness-
es measured on the horizontal sections as follows: H1 cement
thickness 1 mm from the mesial margin; H2 cement thickness
1 mm from the distal margin; H3 cement thickness midway
between H1 and H2; H4 cement thickness midway between

chosen for measurement were considered and the data was
transferred to IBM SPSS Statistics v27 for analysis. The mul-
tiple cement thickness measurement points were computed,
and the mean value was calculated separately for vertical
and horizontal sections. Later, the mean of all measurements
from 60 samples was calculated, and further descriptive and
comparative analyses were conducted to see the differences.

H1 and H3; H5 cement thickness midway between H3 and H2.

RESULTS

Descriptive analyzes were performed to identify missing data,
errors, and outliers for vertical, horizontal, and overall mean
cement thickness. The central tendency data, mean, standard
deviation, confidence interval, and range are presented in Ta-
ble 1. Later, the mean cement thickness on vertical, horizontal,
and overall means were compared across three groups. The
descriptive analysis showed that the cement thickness of the
FE preparation design was consistently higher than the mean
cement thickness of SW and S. Further bivariate analysis was
conducted to identify the better-performing preparation de-
sign concerning cement thickness between groups.

The overall cement thickness was obtained by combining the
values recorded for each point on the vertical and horizontal
sections. Two researchers observed the SEM measurement
data to avoid errors in interpretation. If any issue with the
measurement quality was found, the data and specimen were
coded and sent to an SEM data specialist to redo the measure-
ments. The final data were entered into a spreadsheet (Excel;
Microsoft, Redmond, Washington) by 1 operator and were
then checked by a second researcher to confirm the proper
transfer of data.

The data were transferred to a statistical software program
(IBM SPSS Statistics, v27; IBM, Armonk, New York). The cement
thickness measurements were taken from both vertical and
horizontal sections. In each section, the five specific points

Table 1. Descriptive analysis of average cement thickness.

95% Confidence
std. Interval for Mean
N Mean Deviation Minimum Maximum

Lower Upper

Bound Bound
Mean cement thickness in vertical sections
Shoulder with wings 10 68.55 11.228 60.51 76.58 54.89 86.75
Feather edged 10 101.19 28.089 81.10 121.29 56.02 145.60
Shoulder 10 86.85 31.278 64.47 109.22 54.71 163.30
Total 30 85.53 27.790 75.15 95.91 54.71 163.30
Mean cement thickness in horizontal sections
Shoulder with wings 10 75.25 23.538 58.41 92.09 49.74 117.42
Feather edged 10 80.17 19.069 66.53 93.82 53.31 109.32
Shoulder 10 67.58 20.005 53.26 81.89 36.77 102.61
Total 30 74.33 20.900 66.53 82.14 36.77 117.42
Mean cement thickness of all samples
Shoulder with wings 10 71.90 13.062 62.55 81.24 54.06 98.26
Feather edged 10 90.68 13.911 80.73 100.64 71.40 112.26
Shoulder 10 77.21 18.186 64.20 90.22 55.26 111.36
Total 30 79.93 16.743 73.68 86.18 54.06 112.26
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A normality test was conducted to investigate the assump-
tions for one-way ANOVA analysis. A factor level Shapiro Wilk
normality test (P>.05) suggested no evidence of non-normality
for the variables, mean cement thickness in the horizontal av-
erage. Hence, an ANOVA test was conducted for this variable.
A Kruskal Wallis test was conducted for other nonnormal data,
vertical mean, and overall mean.

A test for homogeneity of variance was conducted before the
ANOVA test, and the assumption was met to proceed further with
the ANOVA test for mean cement thickness in the horizontal sec-
tion. The ANOVA test suggested the overall F statistics were insig-
nificant (F=0.918, df=2, P>.05, n2=0.064); hence, pairwise com-
parison by Tukey's Honestly significant test was not performed.
The eta effect size was moderate for these results (Table 2).

Table 2. ANOVA test results for normal data.

The nonparametric multiple comparison tests suggested
a statistically significant difference in mean ranks between
groups when measured in vertical sections and combined
mean cement thickness, as shown in Table 3. The means rank
for SWwas lower than S and FE. However, Dunn’s Post hoc pair-
wise comparison suggested a statistically significant difference
between SW and FE but not between SW and S, and S and FE
(Table 4). These results had a very high effect size (n2=0.239).

DISCUSSION

Based on the findings of this study using milled zirconia
veneers, the null hypothesis that no statistically significant
difference would be found in the cement thickness of the 3
tooth-preparation designs for veneers was rejected, as the SW

Sum of Squares df Mean Square F Sig. Effect size
Mean cement thickness in horizontal section
Between Groups 806.211 2 403.106 918 412
Within Groups 11860.947 27 439.294 0.064*
Total 12667.158 29

*Medium effect size

Table 3. Non-Parametric test results.

N Mean Rank

Mean cement thickness in vertical section
Shoulder with wings

Feather edged

Shoulder

Mean of both vertical and horizontal
Shoulder with wings

Feather edged

Shoulder

Table 4. Dunn’s pairwise comparison.

H=8.385; df=2; p<0.015; Effect size= 0.102

10 9.80
10 21.20
10 15.50

H=6.483; df=2; p<039 Effect size = 0.239

20 25.10
20 38.45
20 27.95

Test Std. Std.Test . Adj.

Statistic Error Statistic © Sig.a

Shoulder with wings-Feather edged for mean cement thickness overall -13.350 5.523 -2.417 .016 .047
Shoulder with wings-Feather edged for mean cement thickness in vertical section | -11.400 3937 -2.896 .004 .011

2. Significance values have been adjusted by the Bonferroni correction for multiple tests.

cereeseeeseeeeeeeeeeeo Gement Thickness of CAD/CAM Zr Veneers: Prep Design Impact...

ejprd.org - Published by Dennis Barber Journals.

Copyright ©2025 by Dennis Barber Ltd. All rights reserved.



European Journal of Prosthodontics and Restorative Dentistry (2025) 33, 42-48

and S designs performed better than the FE design. The re-
sults indicated that the SW and S were comparable while the
FE was not as ideal. The superior performance of the SW and
S designs over the FE design suggests that the former two pro-
vide a more consistent and optimal cement thickness, which
is crucial for the longevity and stability of zirconia veneers.
The SW and S designs likely offer better marginal integrity and
resistance to mechanical stresses, which are critical factors in
the clinical success of dental restorations. The FE design, while
potentially more conservative in terms of tooth reduction, ap-
pears to compromise the uniformity of cement thickness, po-
tentially leading to weaker bonding and an increased risk of
veneer failure.37.%

Various studies have highlighted the importance of prepa-
ration design in the success of zirconia restorations. For in-
stance, a systematic review and meta-analysis by Baig et al.
(2024) emphasized preparations with specific geometry sig-
nificantly improve the fit of zirconia veneers. Additionally, a
study by Chai et al. (2021) concluded that a butt joint (BJ) in-
cisal preparation design provides a more uniform stress dis-
tribution within the ceramic veneer-tooth system compared
to a feathered edge (FE) design and that this could potentially
enhance the longevity and durability of ceramic veneers. A
recent study introduced the modified shoulder preparation
design incorporating a wing in the interproximal area.26 The
modified S design incorporates a modified “C" shape wings
into the interproximal region of a traditional S design. This
has been reported to enhance the positioning of the veneer
in 3 dimensions, but the cement thickness also needed as-
sessment. That study reported that the SW preparation design
produced the smallest cervical absolute margin discrepancy
(AMD) and overhang. The SW preparation design was also
proven to have comparable AMD and overhangs in the mesial
and distal proximal areas when compared with the BJ prepa-
ration design.?® These above studies align with our findings
that the SW and S designs, which involve more defined prepa-
ration geometries, perform better than the FE design.

This study elaborates further on findings from a previous
study on the modified laminate veneer S design published in
2023 by evaluating whether a modified shoulder veneer prep-
aration would influence the vertical, horizontal, and overall
cement thickness.?

Limitations of the study included the in vitro design, which
may not fully replicate the clinical situation. Therefore, the
new design concept needs clinical testing. The study exam-
ined one specific combination of cement and veneer material
and cannot be entirely applied to all materials or situations.
The use of typodont teeth allowed for improved standardiza-
tion of the test specimens and limited the variables but can-
not be directly applied to the bonding properties of a zirconia
veneer to a natural tooth. However, since bond strength was
not a parameter investigated in this study, this aspect does
not influence these results. Furthermore, the use of typodont
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teeth versus natural teeth allowed standardization of tooth
specimens and tooth preparation, limiting the variables in the
study, and therefore increasing the reliability of the results.

The Dunn’s Post hoc pairwise comparison (Table 4) suggests
a statistically significant difference between SW and FE but not
between SW and S, and not between S and FE. This again illus-
trates that the SW design is comparable with an S design and
superior to an FE design in terms of overall cement thickness
and the mean vertical dimension. This suggests the clinical vi-
ability of the SW and demonstrates a slight improvement in
both the overall measured cement thickness and the vertical
dimension when compared to FE and S designs.

A possible reason for these results is that the FE design only
provides a single surface/plane for 1-dimensional positioning
guidance during cementation. An S preparation design, on the
other hand, has 2 surfaces/planes for 2-dimensional position-
ing guidance during placement, while the SW design provides
3 surfaces/planes for 3-dimensional positioning assistance
during placement of the veneer, potentially resulting in im-
proved cementation thicknesses.’>?42¢ These findings support
the conclusions of an earlier study on the SW design laminate
veneer preparation. The study demonstrated that integrating
wing elements into the shoulder laminate veneer preparation
improves the ease of veneer positioning during cementa-
tion.? This enhancement leads to improved adaptation and
a decrease in cervical overhang, all achieved with minimal
removal of additional tooth structure.?® The interproximal
wrapping created by the SW preparation design also facili-
tates esthetics in the interproximal area and helps produce a
progressive emergence of the interdental extension.?>?%3 The
SW design has a modified interproximal wrap-around that has
curved wings cut into the interproximal cervical third while
still maintaining the natural tooth’s interproximal contact area
and marginal ridges of the tooth.?® The curve incorporated
into the SW design is intended to provide additional surfaces
for locational feedback during veneer placement. This addi-
tion to a standard S design essentially provides 3-dimensional
guidance during veneer cementation, with the C curve as-
sisting in the vertical placement of the veneer. Incorporating
wing elements into the shoulder laminate veneer preparation
indicates enhanced assistance in veneer positioning during
cementation. This leads to improved marginal adaptation, re-
duced cervical overhang, and a thinner cement layer in the
vertical direction compared to the S and FE designs.?®

This study underscores the importance of preparation design
in the performance of milled zirconia veneers. The results re-
inforce that preparation geometry can assist the clinician and
that the preparation design is essential for achieving the best
clinical result. Future research should continue to explore the
nuances of preparation designs to further refine these results.

Copyright ©2025 by Dennis Barber Ltd. All rights reserved.
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CONCLUSIONS

Based on the findings of this in vitro study, the following con-

clusions were drawn:

* The SW and S preparation designs are statistically com-
parable in terms of horizontal, and overall mean cement
thickness.

*  The SW preparation design produced the smallest ce-
ment thickness on the vertical dimension.
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