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Abstract
This study aimed to evaluate the fracture resistance of maxillary veneers with feather edge, butt-joint and palatal chamfer 
and traditional full coverage crowns fabricated out of chairside CAD/CAM advanced lithium disilicate and virgilite. Fifty-
two restorations for maxillary right canine were fabricated (n = 13 per group) as follows: veneers with feather edge, veneers 
with butt-joint, veneers with palatal chamfer and full coverage crowns out of chairside CAD/CAM lithium disilicate and 
virgilite (Cerec Tessera). The restorations were bonded to 3D printed resin dies with resin cement (Variolink Esthetic LC). 
The cemented restorations were subjected to 10,000 thermocycles at 5 to 55 °C with a dwell time of 30 s. The specimens 
were loaded until fracture using a universal testing machine and the resistance was recorded in Newtons. Two-way ANOVA 
was used to assess the fracture resistance among veneers with different incisal edge designs and between veneers and crowns. 
Scanning electron microscope (SEM) images of the fractured specimens were taken and descriptive analysis was carried 
out. Full coverage crowns displayed higher fracture resistance (1496 ± 41 N) than any type of veneers. Veneers with palatal 
chamfer showed the highest value (842 ± 28 N) among veneers followed by butt joint veneers (661 ± 22 N). Feather edge 
veneers provided the lowest fracture resistance values (464 ± 23 N). The fracture resistance of CAD/CAM advanced lithium 
disilicate maxillary veneers are significantly influenced by the incisal edge design. Palatal chamfer veneers displayed higher 
fracture resistance than feather edge and butt joint veneers. Full coverage crowns offered higher fracture resistance than any 
type of veneer.
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1  Introduction

In the past years, the use of computer-aided design and 
computer-aided manufacturing (CAD/CAM) has become 
increasingly prevalent in everyday clinical practice (Sug-
anna et al. 2022). Although initially limited to producing 
small, single restorations like inlays and onlays, (Mörmann 
2006) this technology now enables dentists to create more 
complex and multiple restorations in a faster and more reli-
able way compared to traditional techniques (Papaspyrida-
kos et al. 2021; Robles et al. 2023) CAD/CAM systems 
provide clinicians with the ability to design and fabricate 
restorations digitally, using either chairside (Blatz and 
Conejo 2019) or laboratory (Edelhoff et al. 2024) set-
ups based on their preferences and available equipment. 
Several studies in the literature outline detailed clinical 

protocols for using CAD/CAM technology to create res-
torations that meet the functional and aesthetic needs of 
patients (Durán Ojeda et al. 2017; Infante et al. 2014).

Chairside CAD/CAM dentistry provides the ability to 
create tooth-supported restorations in a single appoint-
ment (Christensen 2006). This technology has become 
so integrated into daily practice that it is now included 
in undergraduate education (Jurado et al. 2021; Brown-
stein et  al. 2015). Chairside CAD/CAM systems offer 
a variety of dental ceramics for restoration fabrication, 
including porcelain, leucite, lithium disilicate, zirconia, 
and hybrid materials, allowing clinicians to choose based 
on their specific requirements (Moshaverinia 2020). A 
recent systematic review and meta-analysis assessing the 
clinical performance of CAD/CAM all-ceramic tooth-sup-
ported restorations reviewed all relevant studies and con-
cluded that CAD/CAM-supported fixed dental prostheses 
achieve satisfactory survival and success rates for up to 
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10 years.12 As a result of these positive outcomes, CAD/
CAM restorations have become a widely utilized option 
among clinicians.

Lithium disilicate for chairside CAD/CAM restora-
tions was first introduced in 2006, (Saravi et al. 2021) 
and has since become a preferred material for many clini-
cians. This dental ceramic is initially in a pre-crystallized 
form, requiring a firing process in a dental furnace to fully 
crystallize and enhance its fracture resistance properties 
(Willard and Gabriel Chu 2018). A national dental sur-
veycollected information from 1777 dentistsregarding 
the most common ceramics used for single-unit restora-
tions,, and the results indicated that lithium disilicate is 
the most common choice to fabricate single crowns for 
anterior teeth, followed by layered zirconia and leucite, 
and it was the third most common for crowns in the poste-
rior region (Makhija et al. 2016). A recent study evaluated 
the marginal fit between CAD/CAM and hot-press lith-
ium disilicate crowns. The study evaluated 15 crowns per 
material and cemented to typodont teeth and the marginal 
discrepancy (MD) and the absolute marginal discrepancy 
(AMD) for each crown were evaluated with a microscope. 
They found thatthe AMD were 115 μm for the CAD/CAM 
and 130 μm for the hot-press restorations, and for the MD 
measurements, 87 μm for the CAD/CAM and 90 μm for 
the hot-press crowns. Theauthors concluded that no sig-
nificant differences between CAD/CAM and hot-press 
lithium disilicate crowns were found (Dolev et al. 2019).

A new iteration of CAD/CAM lithium disilicate has been 
introduced to the market, known as advanced lithium dis-
ilicate (CEREC Tessera, Dentsply Sirona, Charlotte, NC, 
USA). This innovative glass-matrix ceramic incorporates 
lithium aluminum silicate crystals, called virgilite, within a 
zirconia-based matrix (Marchesi et al. 2021; Rosentritt et al. 
2022; Demirel et al. 2023). The manufacturer asserts that the 
inclusion of virgilite crystals has enhanced the physical and 
optical properties of this updated lithium disilicate. How-
ever, there is limited independent data available to support 
these claims.

Chairside CAD/CAM veneer restorations are frequently 
carried out by dentists, with clinical studies showing that 
veneers made from lithium disilicate can meet both the aes-
thetic and functional needs of patients (Zimmermann et al. 
2013; Cunha et al. 2015). Clinicians can prepare teeth for 
anterior labial veneer restorations using various incisal edge 
designs, including feather edge (Imburgia et al. 2021), butt 
joint (Zarow et al. 2023), and palatal chamfer (Demirekin 
and Turkaslan 2022). However, no data has evaluated the 
fracture resistance of veneer restorations with different 
incisal edge designs (feather edge, butt joint and palatal 
chamfer) for maxillary canine. Therefore, the aim of this 
study was to evaluate the fracture resistance of chairside 
CAD/CAM advanced lithium disilicate veneers with three 

different incisal edge designs and full coverage crowns 
for maxillary canines. The first null hypothesis was that 
there is no difference in fracture resistance of veneers with 
feather edge, butt joint and palatal chamfer, and full cover-
age crowns. The second null hypothesis was that there is no 
difference in fracture resistance among veneers with feather 
edge, butt joint, and palatal chamfer.

2 � Materials and methods

2.1 � Specimen preparation

Four maxillary right typodont teeth (1560 Series, Colum-
bia Dentoform, Lancaster, PA, USA) were prepared for (1) 
feather edge labial veneer, (2) butt joint labial veneer, (3) 
palatal chamfer labial veneer, and (4) full coverage crown 
(Fig. 1).

The tooth preparations followed the manufacturer’s rec-
ommendation (CEREC Tessera, Dentsply Sirona, Charlotte, 
NC, USA) for labial veneers, the reduction was1.0 mm 
incisal, 0.6 mm labial surface and 0.4 mm chamfer finish 
line, and for full coverage crowns, the reduction was 1.0 
mm incisal, 1.0 mm axial reduction and 1.0 mm rounded 
shoulder. The prepared teeth were scanned and the restora-
tions were digitally designed following the anatomy of the 
preparation with a chairside CAD/CM system (Primescan, 
Dentsply Sirona, Charlotte, NC, USA). Fifty-two restora-
tions (13 per group) were fabricated out of advanced lithium 
disilicate (CEREC Tessera, Dentsply Sirona, Charlotte, NC, 
USA) using a 5-axis milling machine (MCXL, Dentsply 
Sirona, Charlotte, NC, USA). Restorations were cleaned 
with a steam cleaner, glazed (Universal Spray Glaze Fluo, 
Dentsply Sirona, Charlotte, NC, USA) and fully crystallized 
with a dental furnace (CEREC SpeedFire, Dentsply Sirona, 
Charlotte, NC, USA) following manufacturer’s recommen-
dationat 760 °C temperature (Standby Temperature: 400 °C; 
Closing Time: 3:30 min; Heating Rate: 60 °C/min; Holding 
Time 1:30 min), and then restorations were polished with a 
lithium disilicate polishing kit (Dialite LD, Brasseler USA, 
Savannah, GA, USA). The prepared typodont teeth were 
scanned with a laboratory desktop scanner (Freedom HD, 
DOF, Seoul, Korea), and digital models were created. Then, 
they were used to manufacture 52 dies using a 3D printer 
(Formlabs 3B, Formlabs Inc, Somerville, MA, USA) from 
a resin to create dental models (Model Resin, Formlabs, 
Somerville, MA, USA).

All the ceramic restorations were cleaned in an ultrasonic 
unit (Sweep Ultrasonic Cleaner, Quala Dental Products, 
Nashville, TN, USA) with 90% isopropyl alcohol for 5 min. 
Then restorations were treated with 5% hydrofluoric acid 
(Cerec Ceramic Etch, Vita Zahnfabrik, Baden-Wurttem-
berg, Germany) for 30 s, rinsed, and air dried, and then a 
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silane coupling agent (Calibra, Dentsply Sirona, Charlotte, 
NC, USA) was applied for 60 s. Finally, restorations were 
cemented to the printed resin dies with resin luting cement 
(Calibra Veneer Esthetic Resin Cement, Dentsply Sirona, 
Charlotte, NC, USA), following the manufacturer’s instruc-
tions using a light curing unitwith 400–500 nm wavelength 
(Elipar 2500, 3 M, St Paul, MN, USA)for 20 s from each 
direction (incisal, buccal, lingual, mesial and distal). A sin-
gle experienced prosthodontist performed all cementation 
procedures.

2.2 � Fracture strength test

All the cemented restorations were subjected to an artificial 
aging process with a thermocycling machine (Thermocy-
cler THE-1100, SD Mechatronik, Feldkirchen0Westerham, 
Germany) for 10,000 cycles between 5 and 55 °C with a 
dwell time of 30 s. All the restorations were subjected to 
compressive load on the incisal edge with a speed of 5 mm/
min until failure with a universal testing machine (ProLine 
ZwickRoell LP, Kennesaw, GA, USA). The fracture resist-
ance values were recorded in Newtons.

2.3 � Fractographic analysis

Scanning electron microscope (SEM) (ERA 8800 FE, Eli-
onix, STS Elionix, Wellesley Hills, MA, USA) was taken 
to two specimens per group. First, a thin coat of gold was 
applied on the surface of the fractured samples in a sput-
ter coater (Quick Coater Type SC-701, Sanyu Electron Co, 
Tokyo, Japan) in order to obtain electrical conductivity and 
then images with × 10 and × 25 magnification were taken 
with an accelerating voltage of 15 kV.

2.4 � Statistical analysis

The sample size for this in-vitro study was calculated from 
a previous publication (Jurado et al. 2023) with G*Power 
analysis (= 0.05, power 0.8) that was determined 11 to 40 
samples were needed for each group and 13 samples per 
group were deemed acceptable. A two-way ANOVA test 
was performed to evaluate differences among veneers versus 
crowns and among different veneers.

3 � Results

3.1 � Fracture strength test

The fracture resistance values of chairside CAD/CAM 
advanced lithium disilicate maxillary canine veneers with 
different incisal edge designs and full coverage crowns are 
shown in Table 1. The incisal design for the veneer restora-
tions significantly influenced the fracture strength. Two-way 
ANOVA indicated a significant effect of restoration design on 
fracture strength. Full coverage crowns displayed the highest 
fracture resistance with 1496 ± 41 N, while palatal chamfer 

Fig. 1   Schematic drawing of the restorations evaluated in this study. (A) Veneers with feather edge; (B) veneers with butt joint; (C) veneers with 
palatal chamfer; and (D) full coverage crowns

Table 1   Fracture strength (Standard deviation) of chairside CAD/
CAM advanced lithium disilicate restorations

Different superscript letter indicates significant difference

Type of Restoration Number of 
specimens

Mean Fracture 
Resistance in 
Newtons

Feather edge Veneers 13 464 ± (23)a

Butt-joint Veneers 13 661 ± (22)b

Palatal Chamfer Veneers 13 842 ± (28)c

Full Coverage Crowns 13 1496 ± (41)d
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veneers provided the highest value with 842 ± 28 N, followed 
by butt joint veneers with 661 ± 22 N. The lowest values were 
registered with the feather edge veneers with 464 ± 23 N.

3.2 � Fractographic analysis

Representative SEM images of fractured specimens of chair-
side CAD/CAM advanced lithium disilicate veneers and 
crowns are shown in Fig. 2, with annotations highlighting 
key features. The analysis shows clear differences in crack 
patterns across the various designs. Veneers with a feather 
edge incisal design (Fig. 2, Row 1: 1A-1D) displayed the 

most irregular and numerous cracks, suggesting greater vul-
nerability to fracture under stress. In comparison, veneers 
with butt joint (Fig. 2, Row 2: 2A-2D) and palatal cham-
fer (Fig. 2, Row 3: 3A-3D) designs had significantly fewer 
cracks, indicating better stress distribution along the facial 
surface. Full coverage crowns (Fig.  2, Row 4: 4A-4D) 
showed the least and cleanest cracks, demonstrating their 
superior fracture resistance. These results emphasize the role 
of design selection in improving the durability and perfor-
mance of dental restorations.

A flowchart describing the steps of the workflow imple-
mented in this study can be seen in Fig. 3.

Fig. 2   Scanning electron microscope (SEM) images of fractured (1A—D) veneers with feather edge, (2A-D) butt joint; (3A-D) palatal chamfer; 
and (4A-D) with 10 × and 25 × magnification. Straight arrows pointing cleaner cracks while curved arrows display irregular cracks
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4 � Discussion

Chairside CAD/CAM lithium disilicate veneer restorations 
have become widely used by clinicians due to their high 
accuracy (Soares-Rusu et al. 2021), reduced fabrication time 
(Sannino et al. 2015), and favorable optical (Jurado et al. 
2022; Ziyad et al. 2021) and mechanical properties (Zar-
one et al. 2019). Clinicians can perform veneer preparations 
with various incisal edge designs, such as feather edge, butt 
joint, and palatal chamfer (overlapped). The current in vitro 
study assessed the fracture resistance of maxillary canine 
veneers with feather edge, butt joint, and palatal chamfer, 
as well as full coverage crowns made from chairside CAD/
CAM advanced lithium disilicate ceramic.Based on the 
results, the first null hypothesis that there was no difference 
in fracture resistance of veneers with feather edge, butt joint 
and palatal chamfer, and full coverage crowns is rejected. 
Full coverage crowns displayed 1496 N that is significantly 
higher fracture resistance than any type of the veneer res-
torations that ranged from 464 to 842 N. Moreover, the 
second null hypothesis that there is no difference in frac-
ture resistance among veneers with feather edge, butt joint 
and palatal chamfer is also rejected. The fracture resistance 
values obtained by chairside CAD/CAM advanced lithium 
disilicate veneers with feather edge (464 N), butt joint (661 

N) and palatal chamfer (842 N) weresignificantly different 
among them.

The tooth preparations for the veneer restorations fol-
lowed the manufacturer’s recommendations (CEREC Tes-
sera, Dentsply Sirona, Charlotte, NC, USA) with 1.0 mm 
incisal reduction and 0.6 mm at the labial surface and 0.4 
mm for chamfer finishing line, and for full coverage crown 
was 1.0 mm incisal reduction, and 1.0 mm axial reduction 
and 1.0 mm shoulder with angles rounded.The maxillary 
right canine was selected in this in vitro study to evaluate the 
fracture resistance of veneers with different incisal designs 
because this tooth is commonly included in dental esthetic 
treatments with labial veneers (Cunha et al. 2015; Schmitter 
and Seydler 2012) Labial veneer restorations for maxillary 
canine teeth have shown positive clinical results.A recent 
retrospective study evaluated the performance and longev-
ity of 114 veneers, including 37 veneers for central incisors, 
41 for laterals and 36 for canine placed 7 to 14 years earlier, 
andthe findings demonstrated a survival rate of 98% with 
a low failure rate (Arif et al. 2019). Due to the popularity 
and positive clinical studies of labial veneers for maxillary 
canines, this tooth was selected for the in vitro study.

The use of chairside CAD/CAM technology for the fab-
rication of dental restorations has significantly increased 
worldwide. A recent survey of dentists in Austria indicates 

Fig. 3   Workflow implemented in this study. (1) Design and (2) fabrication of the restorations, (3) artificial aging provided with 10,000 thermal 
cycles, (4) fracture testing and (5) SEM evaluation
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that 51.8% of them use CAD/CAM technology, and 70.7% 
of them believe that CAD/CAM is important toincreasethe 
number of patients (Krastev et al. 2023). Another survey 
of clinicians in Saudi Arabia evaluated the dentists’ per-
ception and utilization of CAD/CAM systems, and the 
results indicated that 57% of them have a CAD/CAM 
system in their dental office, and 81% of them deem that 
the quality of this type of restorations is as good as those 
fabricated with traditional techniques by dental technicians 
(Nassani et al. 2021). Lastly, a recent cross-sectional study 
evaluated Egyptian dentists’ knowledge, awareness, and 
perception of digital dentistry.This study evaluated 402 
participants, including general dentists and specialists. The 
results indicated that 75.9% of them had a high perception 
of practicing digital dentistry (Hall et al. 2023). Therefore, 
due to its popularity among clinicians, the restorations 
evaluated in this study were fabricated with a chairside 
CAD/CAM system (CEREC Dentsply Sirona, Charlotte, 
NC, USA) that included an intraoral scanner and a milling 
machine.

Unfortunately, no data has evaluated the fracture resist-
ance of veneers and full coverage crowns for maxillary 
canines. However, our findings concur with studies per-
formed on veneers and crowns for other anterior teeth. A 
recent in vitro study evaluated the effect of incisal prepara-
tion design for maxillary central incisor veneers fabricated 
out of zirconia-reinforced lithium disilicate In that study, the 
restorations evaluated were veneers with feather edge, butt-
joint and palatal chamfer, and full coverage crowns. After 
that,the restorations were subjected to artificial aging with 
10,000 thermal cycles, and then fractured. As a result, the 
crowns showedthe highest fracture resistance (781 N) than 
the veneers with feather edge (194 N), butt joint (385 N) 
and palatal chamfer 618 N) (Jurado et al. 2024). The present 
study also evaluated the fracture resistance for maxillary 
canines and the results indicated the highest fracture resist-
ance for crowns with1496 N than any types of veneers that 
ranged from 464 to 842 N.

The current study also analyzed the fracture resistance of 
veneers with various incisal edge designs, such as feather 
edge, butt joint, and palatal chamfer. While the literature 
lacks a comparison for maxillary canines, it provides stud-
ies on central incisors, and the results align with our find-
ings. One study assessed the fracture resistance of porcelain 
veneers with incisal bevel, butt joint, and palatal chamfer. In 
this study, the restorations were bonded to natural maxillary 
central incisor teeth and subjected to loading until fracture.
The results indicated that palatal chamfer offers the high-
est fracture resistance (0.93 ± 0.10KgN) than both veneers 
with incisal bevel (0.61 ± 0.02 KgN) and veneers with butt 
joint (0.89 ± 0.09 N) (Jankar et al. 2014). Another study 
evaluated the fracture resistance of ceramic veneers with 
and without palatal chamfer on non-worn and worn teeth, 

the leuciteceramic veneers were loaded until fractured, and 
the results indicated that palatal chamfer offered higher frac-
ture resistance for both non-worn (166 N) and worn (119 N) 
teeth than restorations without palatal chamfer for non-worn 
(131 N) and worn (90 N) teeth, and the authors concluded 
that using palatal chamfer finish line significantly increases 
the fracture resistance of ceramic veneers (Schmidt et al. 
2011). Another study also evaluated the fracture resistance 
of veneer restorations with palatal chamfer, feather edge, 
and bevel. The restorations were made out of resin compos-
ite and cemented to maxillary central incisors, and received 
load at 45° angle to the long axis until fracture, and the 
results displayed the higher resistance ofoverlap-palatal 
chamfer (122 N) than the feather (107 N) and bevel (100 N) 
preparations, and the authors stated at the end that overlap-
palatal chamfer preparation design significantly increases the 
fracture resistance (Zlatanovska et al. 2016). The findings in 
the present in-vitro study also found that lithium disilicate 
veneers with palatal chamfer (841 N) offered higher fracture 
resistance than veneers with feather edge (464 N) and butt 
joint (661 N).

Full coverage crowns demonstrated higher fracture resist-
ance than any type of labial veneer, irrespective of the incisal 
edge design. The difference in fracture resistance values in 
this study can be attributed to the variations in thicknesses: 
the facial thickness of the veneer was 0.6 mm, while for 
the crown it was 1.0 mm, and the finish chamfer for the 
veneer was 0.4 mm, compared to 1.0 mm for the crown.
Some studies have shown that the thicker the restoration the 
higher the fracture resistance provided (Jurado et al. 2022; 
Lin et al. 2020). Regarding the veneers with different incisal 
edge designs, the palatal chamfer veneer offered the highest 
fracture resistance, and it could be explained that the frac-
ture force was provided in the incisal edge at 90 angle so 
the compressive force was transferred to the palatal overlap, 
creating a more homogenously distributed than the other 
type of veneers that all the force is concentrated at the incisal 
edge. A computerized 3D-finite element analysis evaluat-
edthe influence of tooth preparation designs for maxillary 
central incisor with veneers with window and palatal cham-
fer design, the study evaluated chewing static forces with 
an angulation of 60 and 125° to the long axis of the tooth, 
and the results indicated that the restorations with a window 
design had higher stress values. In addition,veneers with an 
overlap design offered a more favorable geometry for stress 
distribution, and they can perform better under functional 
loading (Zarone et al. 2005).

In this study, 10,000 thermal cycles were applied as an 
artificial aging process before fracturing the ceramic resto-
rations. The literature indicates that 10,000 thermal cycles 
simulate one year of clinical service (Thermal cycling pro-
cedures for laboratory testing of dental restorations. xxxx; 
Aljanobi and Al-Sowygh 2020). Furthermore, several 
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studies assessing margin integrity, bond strength, fracture 
resistance, and other properties of dental ceramic restora-
tions have used the same number of cycles (Lopez et al. 
2024; Alrabeah et al. 2023; Ziębowicz et al. 2023). There-
fore, this methodology is in line with current literature.

A limitation of our study is the use of printed resin dies 
rather than natural teeth. While this approach ensures stand-
ardization and consistency, it presents challenges for direct 
clinical application. Natural teeth have anatomical variations 
that printed resin dies do not fully replicate, which could 
affect the generalizability of our results. Nevertheless, using 
printed resin dies greatly reduces variability, improving the 
reproducibility and reliability of our findings. This method 
is widely supported in the literature and helps avoid ethi-
cal and practical issues associated with obtaining uniform 
natural teeth (Jurado et al. 2023; Kashkari et al. 2019; Sayed 
Ahmed et al. 2024). Despite these advantages, we acknowl-
edge the need for additional studies using natural teeth to 
better validate our results in clinical settings. Although arti-
ficial aging processes were included in our study, incorpo-
rating simulated chewing forces would offer more clinically 
relevant insights into the performance of different restora-
tion designs. These steps will help bridge the gap between 
our controlled experimental setup and real-world clinical 
scenarios. Lastly, a more in-depth analysis of the fracture 
patterns displayed in the SEM images should be provided.

5 � Conclusions

The fracture resistance of chairside CAD/CAM advanced 
lithium disilicate veneer restorations is affected by the 
incisal edge design. Veneers with a palatal chamfer exhibited 
greater fracture resistance compared to those with feather 
edge or butt joint designs. Full coverage crowns showed 
superior fracture resistance compared to any veneer. Accord-
ing to the findings of this study, if a clinician is concerned 
about occlusal forces or a patient’s parafunctional habits, 
veneers with a palatal chamfer are recommended due to their 
enhanced fracture resistance.
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