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ABSTRACT

Aim: to investigate the effect of two CAD/CAM milling protocols on the marginal accuracy of 
delicate thin margins of laminate veneers fabricated from different esthetic materials.

Materials and Methods: A typodont maxillary central incisor was prepared with a butt-joint 
incisal preparation design and 0.4 mm chamfer finish line to receive 36 laminate veneers constructed 
from (L) lithium disilicate (IPS e.max CAD), (Z) ultra-translucent zirconia (UTML KATANA), and 
(C) machinable composite (Brilliant Crios) (n=12). Each group was subdivided into 2 subgroups 
according to milling protocol used: fast and normal (n=6). The margins of each laminate veneer 
were measured under stereomicroscope. Three points were measured for each surface (mesial, 
distal, incisal and cervical). Each measurement was repeated three times then mean values were 
calculated. Data were analyzed statistically using One-Way Anova, post hoc test and Paired t-test.

Results: normal milling protocol, showed statistically significant difference between materials 
(P-value=0.01*). Ultra-translucent zirconia showed the lowest mean marginal gap. Regarding 
fast milling protocol, there was statistical significant difference between materials with (P-value= 
0.012*). Machinable composite showed the lowest mean marginal gap. Finally, there was no 
statistically significant difference between fast and normal milling protocols except for with 
machinable composite. 

Conclusion: Ultra-translucent zirconia and machinable composite can be considered as a 
great revolution in laminate veneers fabrication, also as substitutes for lithium disilicate. Ultra-
translucent zirconia laminates exhibited the lowest marginal gaps in normal milling while, 
machinable composite exhibited the lowest marginal gaps in fast milling protocol. Also, Fast 
milling can substitute normal milling protocol.
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INTRODUCTION 

Laminate veneer is a thin labial restoration kept 
within enamel and considered as the most popular 
treatments for achieving a perfect smile (1,2,3). Recent 
CAD/CAM ceramic systems have an demonstrated 
improved mechanical and superior physical 
properties which are essential for dental restorations 
especially in thin thicknesses (4,5,6). 

Lithium disilicate has superb optical and im-
proved mechanical properties. It has been widely 
regarded as a benchmark material for laminate ve-
neers construction(7,8,9) . Zirconia is an esthetic ce-
ramic material with an exceptional mechanical prop-
erties and high biocompatility. However, it naturally 
suffered from opacity (8,9,10). Recently, monolithic 
translucent zirconia restorations have improved 
the ability to match the color and translucency of 
natural teeth without needing a porcelain overlay 
layer(5). It even could be used as laminate veneer 
material restoring the aesthetics of the tooth struc-
ture in thin or ultrathin restoration with thickness 
down to 0.1 to 0.3 mm thanks to its high mechani-
cal properties(11-16). Recently introduced resin-based 
CAD/CAM blocks have emerged as alternatives to 
CAD–CAM glass ceramics. They are easier to mill, 
provide a smoother final surface, and require fewer 
steps (17-20). Their high edge stability increases the ac-
curacy of the milling process. Allowing for reduced 
thickness of the restoration without compromising 
marginal integrity, which can be an advantage over 
thin glass ceramic restorations (17,18,21,22,23).

Over the past 25 years, CAD/CAM technology 
has advanced signficantly. The development of 
CAD/CAM technology in dentistry had significantly 
altered treatment plans and the production of 
prostheses (16,24). The use of CAD/CAM technology 
reduced construction time, allowing practitioners 
to choose from various designing and milling 
protocols. The normal milling option can be used for 
all materials and indications. The fast milling option 
accelerates the process, allowing quicker restoration 
fitting as claimed by the manufacturer (4,15). 

Marginal fit is crucial for long-term success of 
dental restorations. Since laminate veneers are ce-
mented using resin cement, they become a part of 
the tooth and subjected to functional forces, ther-
mal changes, and the hydrolytic effect of water and 
oral environment (15,25-30). Marginal discrepancies ex-
poses the luting cement to oral environment causing 
increased rate of cement dissolution, secondary de-
cay, microleakage, discoloration, esthetic problems 
or fracture of the restoration (16,17). The clinically 
acceptanle marginal gap should not exceed 120μm 
for any restoration(31,32). According to Baig et al. 
(2024) marginal gap around 50 μm are considered 
ideal for CAD/CAM restorations (24)  From prepa-
ration to cementation many factors influence the 
accuracy and fit of the margins(33-36). These factors 
include; the finish-line configuration and thickness 
(33,36,37,38), method of recording whether conventional 
impression or digital scanning intra or extra-oral 
(18,20,25,29,31,39,40), processing technique and fabrica-
tion (4,15,17,29,31,33,34,36,41,42), material type used(2,9,14,18,19,23 

25,34,43 – 46) and cementation procedure (16,22,34).

Due to the insufficient researches related to 
the marginal accuracy of laminate veneers with 
different milling protocols, the aim of the present 
study was to evaluate and compare the marginal 
accuracy of three different CAD-CAM materials 
used for fabrication of laminate veneers utilizing 
two different milling speeds.

METHODOLOGY

Power analysis was constructed to ensure 
adequate power to test a statistical test for the 
null hypothesis that there will be no difference in 
marginal adaptation between Ultra-translucent 
zirconia, machinable composite and Lithium 
disilicate glass ceramic when milled into laminate 
veneers. Additionally, there would be no difference in 
marginal adaptation between laminate veneers after 
both normal and fast milling protocols. By adopting 
an alpha and beta levels of (0.05) i.e., power=95% 
and an effect size (f) of (0.899) calculated based on 
the results of previous studies (4,30). The predicted 
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sample size (n) was a total of (36) samples. Sample 
size calculation was performed using G*Power 
version 3.1.9.7 (47).

A number of 36 laminate veneers were constructed 
from 3 materials (n=12); L: Lithium disilicate 
[IPS e.max® CAD Blocks (Ivoclar Vivadent, 
Schaan, Liechtenstein)], C: Machinable resin 
composite [BRILLIANT Crios (Coltène Whaledent 
Feldwiesenstrasse, Altstätten, Switzerland)], and 
Z: Ultra-translucent zirconia [UTML Katana 
Zirconia (Kuraray Noritake, Tokyo, Japan)]. Half 
of each group was milled using normal milling 
speed subgroups (Ln, Zn, Cn), the other half with fast 
milling speed subgroups Lf Zf Cf (n=6).

Tooth preparation.

An upper right maxillary central incisor tooth of 
a typodont model (NISSIN Dental Model, Koyota, 
Japan) was selected to be prepared and serve as a  
die (34). A butt-joint incisal preparation design was 
chosen for incisal edge by 1mm using a wheel 
stone (Frank, Germany). Labially depth grooves 
were obtained using 0.3 and 0.5 depth cutter 
diamond stones (Frank, Germany) in two planes. 
The preparation was done using tapered diamond 
stone with a round end (Frank, Germany) to obtain 
chamfer finish line 0.3-0.4mm thickness and 0.5mm 
supragingivally. Mesial and distal boundaries 
were extended 1 mm just before the contact point. 
Finishing diamond stones were used to finish the 

tooth and a prepared putty index section was used 
to evaluate and ensure the required amount of 
reduction (40) Figure (1).

Construction of laminate veneers.

Scanning was done using an intraoral scan-
ner “Medit i500” (Medit, South Korea). Then the 
scan was sent to Exocad designing software (Exo-
cad chairside 2.3 Matera software). The restoration 
shape was determined using the copy then mirror 
option, and cement gap was set at 50 µm and 1 mm 
away from the margins. The same final design was 
used to fabricate the full number of samples 36. The 
design was electronically sent to the milling ma-
chine “Cerec MCx5” (sirona, dental, Benhshiem, 
Germany). 

On the CAM software, after collection of data, 
and arrangement of the restoration, the final phase 
that gave the order of milling the restoration with 
milling speed set as required for the research once 
normal milling speed; with estimated time per unit; 
(Ln) 25:26 minutes, (Cn) 28:00 minutes, and (Zn) 
20:00 minutes. Then other time with fast milling 
speed with estimated time per unit; (Lf) 18:24 
minutes, (Cf) 22:47 minutes, and (Zf) 13:24 minutes. 

According to manufacturer instructions, for 
group L combined crystallization/ glazing program 
was conducted in programat CS3 furnace (Ivoclar 
Vivadent, Schaan, Liechtenstein). Group C does not 
require a firing process but only polishing. Group 

Fig. (1) Prepared tooth after finishing and polishing Fig. (2) Determinig the milling protocol on the CAM software
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Z veneers were sintered in the inFire HTC speed 
furnace (sirona, dental, Benhshiem, Germany) then 
glazed and fired using glaze cycles in Programat CS3 
furnace (Ivoclar Vivadent, Schaan, Liechtenstein).

Marginal accuracy Measurements 

The vertical marginal gap was assessed by fixing 
veneers directly on the prepared tooth as a master 
die, with a drop of Te-Econom Bond adhesive 
(Ivoclar Vivadent, Schaan, Liechtenstein) without 
curing to form reversible seating between the die and 
veneers, then the restoration-tooth assembly were 
examined under digital stereomicroscope Lecia 
SAPO (Leica Microsystems, Bensheim, Germany) 
at magnification 45X. Images were processed 
by Leica application suites (LAS) version 4.0 
software. Three predetermined point were selected 
on each surface with distances arbitrary detected at 
cervical (misocervical, midcervical, distocervical), 
mesial (cervicomesial, midmesial, incisomesial), 
distal (cervicodistal, middistal, incisodistal), incisal 
(misoincisal, midincisal, distoincisal)  were selected 

on the typodont finish line and restoration margin 
then the software measures the perpendicular 
distance between both points. Then measurements 
were repeated 3 times for each point.

TABLE (1) The Mean and standard deviation (SD) values of marginal accuracy (µm) of materials after fast 
and normal milling using a paired t-test.

Normal Milling Fast Milling
P-value

Mean SD Mean SD
Group L

Cervical 15.74a 2.19 15.76a 2.02 0.99ns
Mesial 14.22a 1.94 12.32a 1.03 0.54ns
Distal 15.06a 2.82 13.35a 1.76 0.15ns
Incisal 15.04a 0.72 17.06a 1.93 0.09ns

Group C
Cervical 15.11a 1.24 11.74b 1.79 0.001*
Mesial 11.2a 1.58 9.76a 1.46 0.09ns
Distal 14.98a 1.35 11.76b 2.27 0.0*
Incisal 18.87a 3.65 18.93a 0.30 0.83ns

Group Z
Cervical 12.78a 1.92 14.98a 1.52 0.17ns
Mesial 12.91a 1.85 10.22a 1.93 0.26ns
Distal 13.76a 2.28 13.63a 0.66 0.9ns
Incisal 13.76a 1.45 14.96a 0.53 0.14ns

Letters indicate statistical difference within the same row, *; significant (p≤ 0.05)     ns; non-significant (p>0.05)

Fig. (3) Points of measurements at distal surface of Cf group

RESULTS

Comparison between the mean marginal gap 
values of the two milling speed groups (normal and 
fast) [Table 1] revealed that; group L showed no 
statistically significant difference between Ln and Lf 
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groups in either all surfaces, group C showed no 
statistically significant difference between Cn and Cf 
groups in all surfaces except cervical surface where 
the P-value= 0.001, group Z showed no statistically 
significant difference between Zn and Zf groups in 
either all surfaces.

Correlation between different groups in the same 
milling speed group: [Table 2]

Normal Milling in all three materials (Ln, Cn, and Zn) 

Cervical surfaces showed statistically significant 
difference was recorded between the groups 
(P-value= 0.032) with the lowest mean value 
recorded for Zn group. Mesial surfaces showed 
statistically significant difference was recorded 
between the groups (P-value= 0.037) with the lowest 
mean value recorded for Cn group. Distal surface 
showed no statistically significant difference was 
recorded between the groups (P-value= 0.26). Incisal 
surface showed statistically significant difference 
was recorded between the groups (P-value= 0.001) 
with the lowest mean value recorded for Zn group.

Fast Milling in all three materials (Lf, Cf, and Zf)  

Cervical Surface showed statistically significant 
difference between the groups (P-value=0.003) 

where the lowest mean value was for Cf group. 
Mesial Surface showed no statistically significant 
difference between the groups (P-value= 0.99). 
Distal Surface showed no statistically significant 
difference between the groups (P-value= 0.15). 
Incisal Surface showed statistically significant 
difference between the groups (P-value= 0.001) 
where the lowest mean value was for Zf group. 

Overall correlation for all surfaces after both 
fast and normal milling [Table 3] 

There was no statistically significant difference 
between both milling protocols except for group C 
(P-value <0.001), with the lowest mean marginal 
gap was recorded at fast milling group. 

Multiple comparisons, between each 2 groups of 
materials separately

For normal milling, group L was significantly 
higher than group Z (P-value= 0.02), and 
insignificantly lower than group C (P-value= 1) 
and group Z was significantly lower than group C 
(P-value= 0.02). Regarding fast milling protocol, 
group L was insignificantly higher than group Z 
(P-value= 0.58), and significantly higher than group 
C (Pvalue=0.01), group Z was insignificantly higher 
than group C (P-value= 0.11).

TABLE (2) One Way ANOVA test comparing the Mean and Standard deviation (SD) values of marginal 
accuracy (µm) of different groups after normal and fast milling.

surface
L C Z P-value

Mean SD Mean SD Mean SD

Normal 
milling

Cervical 15.74b 2.19 15.11b 1.24 12.78a 1.92 0.032*

Mesial 14.22b 1.94 11.2a 1.58 12.91ab 1.85 0.037*

Distal 15.06a 2.82 14.98a 1.35 13.76a 2.28 0.26ns

Incisal 15.04b 0.72 18.87c 3.65 13.76a 1.45 0.001*

Fast 
milling

Cervical 15.76b 2.02 11.74a 1.79 14.98ab 1.52 0.003*

Mesial 12.32a 1.03 9.76a 1.46 10.22a 1.93 0.99 ns

Distal 13.35a 1.76 11.76a 2.27 13.63a 0.66 0.15 ns

Incisal 17.06a 1.93 18.93b 0.30 14.96a 0.53 0.001*

Letters indicate statistical difference within the same row, *; significant (p≤ 0.05)     ns; non-significant (p>0.05)
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DISCUSSION

Lithium disilicate is considered the most widely 
used for laminate veneers fabrication due to its 
mechanical and optical properties (8,9).

Zirconia has an outstanding strength, and 
biocompatility. However, its main problem was 
its opacity. Now with the invention of different 
translucencies of monolithic zirconia, it is possible 
to fabricate esthetic restorations with very thin 
sections and high strength (8,10,13).

Recently introduced composite resin CAD–
CAM materials were used as alternatives to glass 
ceramics, with easier milling, repairability, and 
fewer steps (7,19,21). 

Artificial tooth was selected to eliminate natural 
tooth variations, and a single operator prepared 
the typodont tooth for standardization (4,33). Tooth 
preparation was done according to the stated 
guidelines for laminate veneers preparation (35,50). A 
sectioned silicone putty index was used to ensure 
even and adequate reduction (4,17,37).

“Medit i500” scanner was chosen for acquisition 
because it does not need powder application which 
can affect the accuracy (40,51) with high trueness and 
precision as claimed by manufacturer (39). Designing 

was completed using Exocad software2 (52). Milling 
was done using a 5-axis milling machine 24,43. 
Milling process was accomplished with normal and 
fast milling speeds (4,15). 

Measuring the vertical marginal gap was done 
directly on the prepared typodont tooth to eliminate 
variants that may occur during fabrication of new 
dies. As our scope was to examine the effect of 
material type and milling protocol on laminate 
veneers’ margins thus, no cementation step was 
performed during examination (34,44) and laminate 
veneers restorations were seated on the typodont 
tooth using boning agent (4).

The vertical marginal gap is thought to be the most 
representative of restorations’ marginal accuracy so 
it was employed in the present study and measured 
using stereomicroscope, at the national institution 
of researches, Egypt (11). Three predetermined points 
were marked for marginal gaps measurements for 
each surface’s finish line (mesial, distal, incisal and 
cervical) (27,28,29).

Results of this study showed no significant 
difference in marginal accuracy between both 
milling speeds for lithium disilicate veneers. Also, 
there was no significant difference between any 
surface and its corresponding surface for both 

TABLE (3) The Mean and standard deviation (SD) values of marginal accuracy (µm) of all materials after 
both fast and normal milling speeds

Groups
Normal Milling Fast Milling

P-value
Mean SD Mean SD

L 15.2Aa 1.83 14.92Aa 2.3 0.68ns

C 15.2Ab 3.33 12.05Ba 3 <0.001*

Z 13.3Ba 1.83 13.97ABa 1.47 0.2ns

P-value 0.01* 0.012*

Capital letters indicate statistical difference within the same column,
Small letters indicate statistical difference within the same row.
*; significant (p≤ 0.05)     ns; non-significant (p>0.05)
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milling protocols with the highest marginal gap 
recorded for incisal edge at fast milling protocol. 
This was consistent with the results of Hany& 
Taymour (2019) (4) who reported no statistically 
signficant difference in marginal gap values after 
fast and normal milling of lithium disilicate veneers. 
Also Lubauer et al. (2021) (41) found no statistical 
significant difference in marginal integrity values 
after rough fast grinding and fine slow grinding of 
lithium disilicate restorations.

However, machinable composite showed a 
statistically significant difference among both 
milling protocols with normal milling showing the 
highest mean marginal gap. This could be attributed 
to differences in the resin matrix composition, size, 
and type of the particles used as fillers, the dispersed 
particles on the milled surface that could be easily 
washed away with the effect of water in wet milling. 
The wash away effect was also explained by Goujat 
et al. (2018) (45) who compared different types of 
machinable composites with different amounts 
of fillers and showed that the lowest filler content 
type of composites had the highest marginal gap. 
The wash away effect in our study might have been 
reduced when fast milling protocol is used with less 
friction and less exposure to water during milling. 

For ultra-translucent zirconia there was no 
statistical significant difference between fast and 
normal milling protocols. Also, there was no 
significant difference between any surface and its 
corresponding after both protocols. This has been 
in accordance with Wallum et, al. (2024) (15) who 
examined three milling protocols for zirconia 
laminate veneers; super-fast, fine (fast) and extra 
fine (normal) and found no statistical difference 
between both fine and extra fine milling protocols 
which agrees with our study.

 Normal milling showed, no statistical 
significant difference between lithium disilicate 
and machinable composite veneers. While ultra-
translucent zirconia showed statistically significant 

difference when compared to lithium disilicate and 
machinable composite veneers. Particularly, zirconia 
laminate veneers showed the best marginal fit. The 
decreased gap values of zirconia could be explained 
by several factors; mainly CAD/CAM systems were 
initially used for milling polycrystalline materials, 
carbide milling tools were used to mill zirconia 
while diamond tools were used for the other two  
materials (42,53). Also, sintering causes shrinkage 
of the material and in consequence reduces 
irregularities at marigns (42). Another explanation 
could be attributed to the ultimate mechanical 
properties of zirconia material that reduces edge 
chipping and in turn better adaptation (46).

Our results are matched by findings of Naffah 
et al. (2019) (19) who found no significant difference 
in marginal adaptation of machinable composite, 
and lithium disilicate crowns. Also, de Paula et 
al., (2017) (18) who found no statistically significant 
difference in the marginal fit of lithium disilicate 
and Lava Ultimate crowns.

While our results were in partial disagreement 
with Kapler et al. (2020) (25) who studied marginal 
adaptation of Lithium Disilicate, and two composite 
resin (Grandio and Brava) crowns. They found 
statistically insignificant differences between 
lithium disilicate and Grandio while there was 
significant difference between lithium disilicate 
compared to Brava. The difference of results of both 
composite materials could be due to the difference 
in organic content of blocks. 

Results are in disagreement with, Elsharkawy 
(2021)(23) who found statistically significant 
difference between lithium disilicate and 
machinable composite for endocrowns with the 
lowest marginal gap recorded for composite. 
This could be explained due to the fact that 
endocrown restorations were easier to obtain 
more define margins during impression recording. 
Moreover, Mohammed & Majeed, (2020) (22) who 
measured marginal accuracy of lithium disilicate 
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and composite overlays, reported a statistically 
significant difference. Composite recorded better 
marginal adaptation. This disagreement of results 
could be explained by the difference in properties 
between natural teeth used in this study and typodont 
tooth used in our research.

The results of zirconia marginal adaptation 
superiority over lithium disilicate goes with 
the findings of Wahsh & Taha. (2020) (12) who 
studied marginal gaps of lithium disilicate and 
high translucent zirconia and reported statistically 
significant difference favouring high translucent 
zirconia marginal adaptation.  Another agreement 
with Ferrini et al, (2023) (14) who found that 
zirconia showed statistically significant difference 
when compared to Lithium Disilicate, and 
Composite crowns. While there was no significant 
difference between both lithium disilicate and 
composite materials. Zirconia crowns showed the 
lowest marginal gap value, followed by composite 
and lithium disilicate. Another agreement with 
Nawafleh et al., (2023) (11) who found a statistically 
significant difference between lithium disilicate 
and zirconia restorations with the least marginal 
gap values recorded for zirconia group. Also our 
results were in match with a study by Basheer, et al. 
(2017) (30) who compared the marginal accuracy of 
monolithic zirconia and lithium disilicate laminate 
veneers, and found that the former had the highest 
gap.

Our results was in contrast to Riccitiello et al., 
(2018) (42) whose Results revealed that no statistically 
significant difference between lithium disilicate 
and zirconia crowns. This may be explained due to 
different recording methods, as they used micro CT 
for measurement which records in black and white, 
while in our study we used a stereomicroscope with 
a colored records.

For fast milling protocol results showed that, 
there was statistically significant difference between 
lithium disilicate and machinable composite with 
p-value = 0.01. The composite veneers showed 

the lowest mean marginal gap. This could be due 
to edge stability of composite during milling. 
There was no statistically significant difference 
between zirconia compared to lithium disilicate or 
machinable composite with p-values= 0.58 and 0.11 
respectively. 

Based on the present results the null hypothesis 
was partially rejected, since ultra-translucent zirconia 
veneers showed superior marginal adaptation than 
both lithium disilicate glass ceramic and machinable 
composite veneers in normal milling. There were 
no significant differences in marginal adaptation of 
both ultra-translucent zirconia or lithium disilicate 
veneers when milled with either normal or fast 
milling speeds. While, with machinable composite 
veneers the fast milling offered significantly better 
marginal adaptation than normal milling.

LIMITATIONS 

• The utilization of an acrylic typodont instead of 
natural teeth

• Lack of cementation although justification was 
previously discussed. 

• In vitro study needing further clinical researches. 

CONCLUSION 

1. Fast milling protocol can be a substitute for 
normal milling without compromising marginal 
accuracy.

2. Although there were statistically significant 
difference between the three materials, all 
values fall within the clinically accepted range 
(<50 µm).

3. Ultra translucent zirconia exhibited the lowest 
marginal gap in normal milling and comparable 
marginal gaps to composite in fast milling, 
while machinable composite performed best 
with fast milling. Both materials may be viable 
alternatives to lithium disilicate, especially in 
ultra-thin veneer applications.
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