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ABSTRACT
Aim: The current study aimed to investigate the marginal adaptation of two different designs of 

occlusal veneers manufactured from two different ceramic materials before and after aging.

Material and Methods: Twenty freshly extracted mandibular second molars were used in this 
study. The teeth were randomly divided into 2 groups according to the occlusal veneer material 
(n =10 each). The first group in which the teeth were restored with occlusal veneers constructed 
of reinforced lithium silicate (ZLS), (Celtra Duo, Dentsply Sirona, Germany), while the second 
group, the occlusal veneer material was the polymer-infiltrated hybrid ceramic (Vita Enamic, Vita 
Zahnfabrik, Germany).  Each group was further subdivided into 2 subgroups (n =5 each) according 
to the preparation design. In the first subgroup, the reduction of teeth involved conventional oc-
clusal reduction (planner preparation). In the second subgroup, the reduction of teeth involved the 
occlusal surface plus 1 mm axial reduction with rounded shoulder finish line.  The occlusal veneers 
were designed and milled using CAD/CAD technology. The vertical marginal gap was measured 
using stereomicroscope before and after the cemented teeth-veneer assemblies were imbedded in 
food/oral simulating liquids, and thermocycled. Two samples of the constructed occlusal veneers of 
the two studied materials were examined before and after ageing by FT-IR spectroscopy technique. 
Results  of marginal gap were collected ,tabulated and statistically analyzed using independent 
t-test, and 3way Anova for the interaction  between different variables results were considered 
significant at p≤0.05 .  

Results: the results showed that the marginal gap of the two preparation designs of the two 
materials were statistically non significant before ageing P≤ 0.05.while after ageing, the subgroups 
of Celtra recorded, 90.45±13.0 and88.7±11.60µm, for conventional and, rounded shoulder designs 
respectively, with no significant difference between the two designs, while the subgroups of Vita 
Enamic recorded 113±7.01µm and 105.2±8.01µm for conventional and, rounded shoulder designs 
respectively, with high significant difference p≤0.003**. The Anova test revealed that the interac-
tion between the materials, preparation designs and the ageing procedures, recorded very signifi-
cant influence on the marginal gap discrepancy. 

Conclusions: The choice of certain preparation design should be associated with meticulous 
knowledge of the material of the occlusal veneers properties .Both materials could be used in oc-
clusal veneers restorations .Celtra Duo had a marginal adaptation that survived  with  better values, 
qualitatively and quantitatively , even after the protocol of ageing  applied in this study.
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INTRODUCTION 

Tooth wear may be attributed to several factor 
such as the dietary habits, medical status, and/or 
oral habits. These factors can cause attrition, abra-
sion, and erosion of the tooth structure(1). This tooth 
damage is of great worry as it affects the musculo-
skeletal harmony, occlusal harmony, esthetics, and 
overall the patients contentment towards their own 
teeth (2, 3).

The treatment options for restoring severely worn 
down teeth may involve crowns, surgical crown 
lengthening, and optional tooth devitalization(4). 
The main driving force in restorative dentistry 
is the preservation of as much as possible sound 
tooth structure(5,6). From a biomimetic perspective, 
the conservation of tooth structure is vital in 
maintaining the subtle balance between biologic, 
mechanical, and esthetic factors(7). Keeping the pulp 
vital, avoiding the root canal treatment and the need 
for post and cores is of great concern. As these more 
invasive approaches compromise the function and 
esthetics of the restored teeth over time (7,8).

It have been reported that, partial coverage 
preparations such as onlay, partial coverage ceramic 
crowns require the removal of 40% of the tooth 
structure if compared to full coverage crowns (6). 
One of the most current conservative treatment 
options is the occlusal veneer. Posterior occlusal 
veneers are extra-coronal restorations that requires 
lesser preparation, this is governed by inter occlusal 
space and the variations in the anatomy. Occlusal 
veneers are indicated in case of reduction in the 
thickness of the occlusal enamel, so the underlying 
dentin is exposed at the occlusal surface. 

It was found that the combination of CAD/CAM 
technology and a state of the art bonding protocol 
resulted in paradigm shift regarding the treatment of 
wear cases where the space is limited (9,10).

Occlusal veneers can be manufactured from 
different ceramic materials. Among the available 
glass ceramic materials, it was found that Lithium 

disilicate ceramics has the highest mechanical 
properties. This may be contributed to their 
microstructure that involves interlocking, needle-
like crystals embedded in the glassy matrix (11). 
Ten percent zirconia is added to the glass matrix to 
enhance the mechanical properties (12). 

In another line for better mechanical properties. 
a ceramic network structure was infiltrated with 
a polymer material to gain the benefits of the two 
materials. The mechanical and physical properties 
of the machinable polymer restorative materials 
have been enhanced that allowed them to replace 
glass-ceramics, especially when thin restorations 
are subjected to heavy occlusal forces, because of 
their high fatigue resistance (13).

The longevity of these dental materials should be 
investigated when they are chosen for construction 
of occlusal veneers. The adaptation of the 
restoration margin is one of the most vital factors 
for the survival of the restorations. In order to 
prevent the dissolution of the cement, and to have a 
healthy periodontium, a perfect marginal fit must be 
considered. With the recent advances in CAD/CAM 
systems, the recorded marginal gap of the prosthesis 
is a very low value within 100 microns, while most 
of the literatures agreed that the clinically allowable 
marginal gap to be within a range of 100-120 
microns.

The food/oral simulating liquids have been 
recommended by the Bureau of Food, FDA. Some of 
them do exist in the mouth while, others can simulate 
its conditions (ingredients, pH, viscosity). Their 
use permits us to see a fast wear of the materials in 
short time and furthermore to take in consideration 
processes like chemical affinity, elution or bonding. 
It goes without saying that physical/mechanical 
properties are affected profoundly by the presence 
of the food simulating liquids (14). Food simulating 
fluids can mimic the oral environment; distilled 
water simulates the wet oral environment provided 
by saliva and water, while heptane simulates butter, 
fatty meats and vegetable oils. The citric acid and 
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ethanol mimic certain beverages including alcohol, 
fruits candies and syrups (15).

The aim of this study is to investigate the 
marginal adaptation of two different designs of 
occlusal veneers manufactured from two different 
ceramic materials before and after aging.

The null hypothesis of this study is 1- The 
marginal gap measurements will not affected either 
by the preparation design or the ceramic material. 
2- The aging will not affect the initial marginal gap 
measures.     

MATERIALS AND METHODS

Twenty freshly extracted mandibular second 
molars were collected from the outpatient clinic, 
Faculty of Dentistry, Minia University. The teeth 
were used after obtaining the patients’ informed 
consent to their use for research purposes. The teeth 
were free of caries and fillings and extracted for 
periodontal purposes. For standardization, the teeth 
to be included in the present experimentation were 
measured with a digital caliper and discarded if 
exceeding the following ranges: crown mesiodistal 
width, 9.8 ± 1.0 mm; crown bucco-lingual width, 8.8 
± 1.0 mm. The teeth were cleaned from calculous 
deposits and soft tissues using electric scaler, and 
stored in a 0.1% thymol solution. The teeth were 
embedded in 15 mm plastic cylinders containing 
partially- set auto polymerized resin so that the 
cemento-enamel junction was located 2mm above 
the resin. The teeth were randomly divided into 2 
groups according to the occlusal veneer material (n 
=10 each). The first group in which the teeth were 
restored with occlusal veneers made of reinforced 
lithium silicate (ZLS), (Celtra Duo, Dentsply 
Sirona, Germany), while  in the second group the 
occlusal veneer material was constructed of the 
polymer-infiltrated hybrid ceramic (Vita Enamic, 
Vita Zahnfabrik, Germany). Each group was further 
subdivided into 2 subgroups (n =5 each) according 
to the preparation design. In the first subgroup, the 
reduction of teeth involved conventional occlusal 

reduction (planner preparation). In the second 
subgroup, the reduction of teeth involved the 
occlusal surface plus 1 mm axial reduction with 
rounded shoulder finish line. 

Tooth preparation  

All the preparations were done by the same 
operator. For both subgroups, the occlusal reduction 
was carried out following the manufacturers’ 
recommendations about the least occlusal thickness 
for the final restoration. This was applied to the 
Celtra Duo and the Vita Enamic machinable blocks 
utilized in this study. Three addition silicone indexes 
were taken to each tooth before reduction. Figure 1

Fig. (1) Silicon indices to standardize the preparation. 

 The first and second ones were sectioned in a 
bucco-lingual and mesio-distal directions to check 
tooth structure removal during preparation. The 
third one was used as a template for wax pattern 
fabrication to rebuild the tooth again to verify the 
amount of reduction in all the surfaces that is equal 
to the thickness of the wax pattern.

The first subgroup: conventional occlusal 
reduction (planner preparation). Occlusal 
preparation: 1mm uniform reduction was carried 
out on the occlusal surface following the anatomy. 
This uniform reduction was done using short tapered 
round stone (855D 314 016, Komet, Germany). 
The stone has a black laser mark at 1mm from the 
instrument tip. The stone was applied to the occlusal 
surface in a vertical position, and a guide grooves 
was prepared with depth of 1 mm. Then the tooth 
structure between the groves was reduced using 
OccluShaper stones with medium grit (370 Komet). 
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The occlusal preparation was completed using 
finishers of matching shape (8370, Komet).

The second subgroup: The occlusal reduction 
was carried out as described in the first subgroup. A 
wider round-ended cylindrical diamond stone (836 
KR 314 018, Komet) was utilized to reduce the 
axial walls creating a rounded shoulder finish line, 
which was then finished using a fine-grit bur (88836 
KR 314 018, Komet). 

Restorations design and manufacturing

Each preparation was then scanned using an 
intraoral scanner (CEREC Omnicam, Dentsply 
Sirona, Germany). Then using the in-lab software 
(CEREC SW 4.4.4., Sirona Dental Systems GmbH, 
Bensheim, Germany). Each occlusal veneer was 

designed to rebuild its corresponding tooth. An 
internal relief spacer of 60 microns was used in all 
designs for standardization. The design data in the 
form of STL file was sent to the milling machine 
(inLab MCXL, Dentsply Sirona, Bensheim, 
Germany). The occlusal veneers were milled from 
the desired milling blocks. After milling, the veneers 
were cut from the sprues, and the connection sites 
were smoothed. For the Celtra Duo occlusal veneers, 
they were subjected to crystallization and glazing 
firing cycles (Programat P310, Ivoclar Vivadent, 
AG, Schaan, Liechtenstein). Each veneer was then 
checked for seating on its corresponding tooth. The 
Vita Enamic occlusal veneers were finished and 
polished (VITA Enamic Polishing set technical) 
according to the manufacturer’s recommendations.   

Fig. (2) The two designs of prepared occlusal veneers, and the digital caliber measuring the thickness of the final occlusal veneer 
(1.07mm)
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Cementation of the occlusal veneers

All the occlusal veneers were cleaned using 
99% isopropanol in an ultrasonic cleaner for 5 
minutes. The prepared teeth were cleaned from the 
preparation debris with fluoride-free pumice (Proxyt 
RDA 36, medium, Ivoclar Vivadent, AG, Schaan, 
Liechtenstein) for 15 seconds. After that, they were 
rinsed thoroughly with water for 15 seconds.

The fitting surface of the occlusal veneers of 
both materials were etched using 8% hydrofluoric 
acid (DENTOBOND Porcelain etch, 4167-29 
PFXE, ITENA, Paris, FRANCE) for 30 seconds in 
the Celtra Duo group and for 60 seconds for the Vita 
Enamic group. Then the etched sample was properly 
rinsed with thoroughly water spray and dried using 
oil-free compressed air. One coat of silane coupling 
agent (Silane, 4167-29 PFXE, ITENA, Paris, 
FRANCE) was brushed on the inner surface of the 
veneers and let to dry for 1 minute. A steam of dry 
air is applied to remove the remnants of the primer.

The prepared teeth were etched with 37% phos-
phoric acid (Total Etch, Ivoclar Vivadent) for 30 
seconds, then thoroughly rinsed with water spray 
for 20 seconds, and dried using oil-free air. Immedi-
ately, a tooth primer (Multilink Primer A/B, Ivoclar 
Vivadent) is mixed for 10 seconds and applied to all 
the preparation surfaces, thinned with gentle steam 
of dry air, leaving the surface appearing glossy. 
Dual-polymerizing composite resin cement (Rely X 
Ultimate, 3M Espe, Germany) was injected into the 
fitting surface of the veneers and each veneer was 
seated on its corresponding preparation with finger 
pressure. Seating pressure of 49 (equivalent to 5 kg 
force) was applied to the veneers by a universal test-
ing machine for 5 minutes. The excess cement was 
removed using a cotton pellet and the air inhibited 
gel was applied to the margins. Finally, light curing 
was applied for each surface for 20 seconds. 

Immersion in food simulating liquids

All samples were immersed, separately, into a 
tightly closed glass container for 15 days, at room 

temperature. The components of the Food simulating 
liquids were; distilled water, 75% aqueous solution 
of ethanol, heptane and 0.02N citric acid(15).

Thermocycling

The samples were thermo-cycled for 5000 cycles, 
each cycle includes immersion for 30 seconds into 
the hot path at 55 ± 1º C followed by immersion 
for same time into the cold path at 5 ± 1 ºC with 5 
seconds delay between the hot and cold paths. The 
vertical marginal gap was measured again for each 
veneer at the same predetermined points.

Marginal gap evaluation 

Each specimen was photographed using a stereo 
microscope (Lecia,205MC, USA) connected with an 
computer monitor screen using a magnification of 7.5 
up to 160X.  A digital image analysis system (Image 
J 1.43U, National Institute of Health, USA) was used 
to measure and evaluate the gap width. Shots of the 
margins were taken for each specimen, the scale bar 
was 2mm. Then morphometric measurements were 
done for each shot .Ten equidistant landmarks points 
along the cervical circumference for each surface of 
the specimen (Mesial, labial, distal, and palatal, a 
total of 40 points for each sample). Measurement at 
each point was repeated five times Figure 3. Then 
the data obtained were collected, tabulated and then, 
statistically analyzed.

Fig. (3) Occlusal, and axial view of the  cemented occlusal 
veneer. All surfaces will be examined for marginal, 
quality and vertical gap distance in µm.
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Fourier Transform Infrared Spectroscopy  
(FT-IR) measurements 

Two samples of the constructed occlusal veneers 
of the two studied materials were examined before 
and after ageing by FT-IR spectroscopy technique.

Fourier transform infrared spectroscopy was 
measured to figure out the kind of bonds that may 
be shifted, disappeared, or degraded inside the 
ceramics materials after ageing. FTIR instrument 
identifies chemical bonds in a molecule by 
production an infrared absorption spectrum. The 
spectra produce a profile of the sample, a distinctive 
molecular fingerprint that can be used to screen 
and scan samples for many different components. 
Two representative samples from each subgroups 
were studied with FT-IR. If the spectra of control 
samples differ than after ageing samples, in term 
of new bands or shift in existing bands, it denotes 
new formation of chemical bonds or breakdown of 
existing ones (new compound with new properties). 
ATR-FTIR is recorded on JASCO instrument. 
Samples were scanned at resolution of 4 cm-1 over 
a wavenumber range of 400-4000 cm-1. Enzyme 
activity measurements were conducted using UV-
Vis spectrophotometer (JASCO V630, Japan).

FT-IR spectrometer consists of a source, inter-
ferometer, sample compartment, detector, amplifier, 
analog-to-digital converter and a computer. The 
source generates radiation which passes the sample 
through the interferometer and reaches the detector. 
Then the signal is amplified and converted to digital 
signal by the amplifier and analog-to-digital con-
verter, respectively. Eventually, the signal is trans-
ferred to a computer in which Fourier transform is 
carried out. 

FT-IR measurement is the most accurate method 
that can be used to identify the different functional 
groups (O-H, N-H, C =C, C-H, Si-O) in the 
molecule.

RESULTS

Data were collected tabulated according to 
the randomization list, then analyzed using IBM 
SPSS v. 25 to investigate and detect if there were  

statistical significance differences of the obtained 
results. Quantitative data were described using 
range (minimum and maximum), mean, standard 
deviation and median. Comparison between the 
mean values of results, by using paired student test 
within each group to compare between before and 
after aging results, comparison between groups will 
be done using independent t-test. Descriptive and 
inferential statistics will be based upon if collected 
data considered normally distributed otherwise us-
ing nonparametric tests.

Three -way ANOVA used to show the effect of 
different groups and design on marginal gap,µm, of 
different groups and subgroups  followed by multi-
ple comparison with Bonferroni correction Signifi-
cant level was set at p≤0.05 (α≤ 0.05). 

The results of this study revealed  that the, high-
est recorded values of marginal gap were in Enamic 
samples after ageing,113±7.01µm, with high signif-
icant difference between the two subgroups before 
and after ageing (p≤0.001), while the two subgroups 
of Celtra Duo had recorded no significant difference 
either before or after ageing.  The studied reparation 
designs had recorded no significant difference in 
subgroups of Celtra Duo.   The results are presented 
numerically and graphically in table 1 and figure 4.

TABLE (1) Mean and standard deviations of the 
marginal gap µm, before, and after ageing,  
of the studied preparation designs of both 
materials of the studied occlusal veneers.

Design of 
preparation

Celtra groups,  
mean ±SD

Enamic groups, 
mean±SD

Conventional, 
planar 

Control Aged Control Aged

80±10.61 90.45±13.0 75±10.43 113±7.01

P value NS  0.064                  0.001***

Rounded 
shoulder

77.5±6.61 88.7±11.60 71±12.33 105.2±8.01

P value NS  0.0682 0.001***

P values were significant  ** at  ≤0.05
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Fig. (3) Histogram showing the values of marginal gap of all 
studied  subgroups, of the occlusal veneers materials.

Based on design and material types, status 
independent sample t-test was done to compare 
between marginal gap after ageing  in both types of 
materials, significant considered as p <0.05. 

As shown in table (2), although marginal gap 
values had increased after ageing, yet, no significant 
difference had recorded between the two preparation 
designs, in Celtra subgroups, while the results were 
significant after ageing in Vita Enamic subgroups.

TABLE (2) T-test analysis, showing the effect of age-
ing and preparation design on the margin-
al gap, µm, of the two studied materials.

Mean P value

Celtra_after ageing

Conventional, planar, 
90.45±13.0

≤0.06 
Rounded shoulder

88.7±11.60

Enamic_after ageing

Conventional planar
113±7.01

≤ 0.003 **
Rounded shoulder

105.2±8.04 

Sig.   P ≤ 0.05 **

The interaction between the studied variables, 
and their effect on the marginal gap is shown in table 
(3), it reveals that the highly significant variables 
were the material type and the ageing process, 

in addition to preparation together, affecting the 
marginal gap, while each variable individually, had 
no influence on violating the marginal adaptation of 
the studied occlusal veneers.

TABLE (3) Three way Anova test showing the 
effect of different studied variables, and 
the interaction between them on vertical 
marginal gap .

Variables F  ratio P value

Materials 3.07 = 0.05

 Design 0.468 0.603 ns

Ageing 0.732 0.753ns

Material * design 0.224 0.08 ns 

Materials *ageing 12.45 0.005**

Ageing * design 0.651 0.08 ns

Ageing * materials*design 10.023 0.003 **

Adjusted R square = 0.72

Stereo microscope photos: 

Showing representative selective samples of the 
different, quality, continuity, and the marginal dis-
crepancy, of different occlusal veneers subgroups 
before and after ageing. Figure 5, A and B repre-
senting the occlusal veneers before ageing. C-H 
representative samples ranging from minute to ap-
parent marginal discrepancy after ageing in differ-
ent subgroups, of the two materials and preparation 
designs.

Fourier Transform Infrared Spectroscopy  
(FT-IR) results

1. Celtra Duo spectra : 

The sharp peaks denoting the strong existence of 
the constituting elements forming the chemical or 
covalent bonds 

As regarding the recorded peaks, numbers and 
intensity of Celtra Duo samples, a very minute,  
apparent difference between the two spectra. A and B.
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Small and minute decrease in the intensities of 

different constituting functional bonds, in addition 

no disappearance, nor blunting or disintegration 

of any of the peaks in comparison to the control 

samples. Figure 6.

2- Vita Enamic spectra :

The difference between the two spectra of Vita 
Enamic is clearly apparent, the stretching vibration 
of the carbonyl group has a strong infrared absorption 
between 1710 and 1740 cm-1. Degradation of C=O 

Fig. (5) Representative samples of different marginal quality,control a,and b,after ageing C-H.

Fig. (6)  FT-IR spectra of Celtra occlusal veneer, A, control, B, 
after ageing Fig. (7 )FT-IR spectra of Vita Enamic A,control,B,after ageing.
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and C=C bond  double bond with, phenyl ring and 
ester ring,  lowers the stretching frequency, which 
is apparent, in addition there were disappearance 
of some peaks, denoting breakage of several bonds 
between the ceramic part and the polymer part of 
the ceramic. Figure 7.

DISCUSSION

Achieving esthetically attractive, and function-
ally ideal restorations, has been the goal of dental 
clinicians, prosthodontists, and patients, throughout 
the history of dentistry. Ceramic materials have a 
natural appearance and excellent biocompatibility, 
and their clinical use has now been extended to 
re-habilitation of the complete arch. The success 
of a dental restoration is determined by many fac-
tors among many, the importance of esthetic value, 
resistance to fracture, and marginal adaptation are 
mostly addressed as the governing determining  
factors(16) .

Inadequate fit leads to plaque accumulation, which 
increases the risk of micro leakage, discoloration, 
and carious lesions. Until the late 1980s, researches 
who evaluated marginal fit did not always measure 
the same distances. Holmes et al(17) proposed a 
clear terminology in 1989 that include internal 
gap, marginal gap, overextended margin, under 
extended margin, vertical marginal discrepancy, 
horizontal marginal discrepancy, absolute marginal 
discrepancy and seating discrepancy . Marginal fit 
is generally evaluated by measuring the marginal 
gap or the absolute marginal discrepancy (18) .

Sever loss of coronal tooth structure or excessive 
tooth wear is common in the general population 
(19) .The multifactorial etiology of tooth wear is 
associated with dietary habits, medical conditions, 
oral habits and aging that lead to attrition, abrasion, 
and erosion of the enamel and dentin (20)

 Treatment of patients with severe erosion or 
tooth wear is complex.  In the past, treatments 
involved more tooth structure removal which may 
be inappropriate for patients who have already lost a 

significant amount of dental tissue due to erosion or 
attrition. Minimally invasive dentistry has recently 
become an area of interest. Maximum sound 
tooth structure conservation is crucial for tooth 
restorations and, biocompatibility and extended 
durability. This concept can be applied successfully 
with occlusal veneers.(21) , restorations needing less 
preparation guided by inter occlusal space and teeth 
anatomy(22) .

In this research, the vertical marginal gap 
of two preparation designs of occlusal veneers 
constructed of two different ceramic materials had 
been studied. The first preparation design was the 
planar, conventional more conservative preparation, 
guided   by the anatomy of the occlusal surface. 
The depth groove stone was used for standard 
preparation with 1 mm of cusp reduction and 1mm 
depth of the central fossa to provide ( 23, 24) enough 
thickness for the occlusal veneer restoration. The 
second preparation design had the same occlusal 
reduction features and, extended 1 mm on the axial 
surfaces of the tooth, ended with rounded shoulder 
finish line. Planar occlusal veneer preparation 
design have gained a huge reputation over many 
years as a conservative minimally invasive 
treatment in severely worn dentition cases, as 
reported in studies by many authors. Modifications 
to this design aimed to improve bonding strength 
of different available materials to tooth structure 
.The two ceramic materials used to construct the 
occlusal veneers were  ,zirconia reinforced -lithium 
silicate, ZLS, which comprising a good fatigue 
resistance comparable to Lithium Disilicate ,in 
addition to good cementation quality, improved 
polishing ability, excellent optical properties and 
translucency(25). The second material, polymer 
infiltrated ceramics network, PICN. Vita Enamic is 
a CAD/CAM material that is made of porous pre-
sintered feldspar ceramic network matrix (86 wt. 
%) infiltrated with organic polymer (14 wt. (%, in 
such a combinations, the properties of the material 
simulates the dentin modulus of elasticity, and 
with feldspathic ceramic that is similar to enamel.  
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ZLS materials have the high Weibull modulus 
indicates a uniform material quality.  Very fine 
lithium meta silicate and lithium Disilicate crystals 
with average size 0.5–0.7µm. The presence of 
zirconia provide homogeneous texture to form with 
a mean grit size of approximately 0.5 to 0.7µm. 
The ceramic have a very fine microstructure that 
allows a high flexural strength while simultaneously 
providing a high percentage of glassy matrices. 
These structural compositions provide the ceramics 
with good optical and good cementation (26,27)  . 

The occlusal veneers were constructed on a nat-
ural molars not on a die materials, in order to be 
close to the clinical situation. Exposure of restora-
tions, crowns cemented  on extracted teeth to cyclic 
thermal fluctuations to simulate one of the many 
factors in the oral environment, has been common 
in many tracer penetration, marginal leakage, mar-
ginal gap and bond strength  in laboratory tests).(28) 

Thermal cycling is one of the most widely used pro-
cedures to simulate the physiological aging experi-
enced by biomaterials in clinical practice .Yet, No 
standards of thermocycling techniques except for, 
showing only a certain consistency within the tem-
perature parameter (5–55ºC) and a great variability 
in the number of cycles and dwell time chosen. In 
this study, thermocycling for 5000 cycles between 
5-55ºC and dwell time 30 seconds ageing was ap-
plied on the subgroups of the two materials. Some 
authors report that in the mouth environment, there 
are 5000 thermal cycles in five years In addition, 
immersion of the specimens in food and liquids 
simulating solutions was also performed(29)

A comparisons between the results of vertical 
marginal gap of the two studied materials revealed 
that, both materials had initial good marginal 
fit, although Vita Enamic had a statistically non 
significant lesser marginal gap (75±10.43µm), 
(71±12.33µm) values, than Celtra Duo specimens 
(80±10.61), (77±6.61), in both, conventional and 
rounded shoulder preparation designs, respectively. 
(table 1). Both materials characterized by easy and 

good milling ability in addition to high edge strength 
in a relation to the chemical structure of them. 

Many investigators reported that rounded 
shoulder design is preferred than any other finish 
line configuration(30-32) many studies compared  
different width of chamfer finish lines with straight 
shoulder finish lines. Chamfer finish lines yielded 
better results than straight shoulders. The other 
articles provided a comparison between shoulder 
margins with a rounded internal angle and deep, or 
minimal thickness chamfer finish lines. For various 
ceramic systems, no significant difference was noted 
between the 2 finish line designs. On the contrary, 
studies of others (34-35) showed that minimal thickness 
finish lines resulted in significantly wider marginal 
gaps than rounded shoulder as it did not provide 
the good internal adaptation of the restoration. Non 
retentive full-coverage occlusal veneers are now a 
popular treatment option to restore the shape and 
anatomy of posterior teeth affected by occlusal 
wear and/or advanced erosive lesions(10) Minimally 
invasive designs or the “no-preparation” approach 
with indefinite finish line have many supporters, 
for teeth where a significant amount of dental 
tissue has already been lost by wear and erosion, as 
further tooth preparation may be counterproductive 
in these cases. However, it may be postulated 
that shoulder finish line gives more support than 
indefinite finish line as in the conventional design, 
Moreover, the cutting tools of the milling machine 
in CAD CAM system has a diameter that requires 
a minimum of 0.3 mm of the circumferential edge 
of the restoration, a condition which may not be 
possible in the conventional planar design. So this 
may give rise to the slightly increased values of 
the marginal gap in the conventional design. After 
ageing, the results had shown a high discrepancy in 
marginal adaptation of Vita Enamic subgroups, as 
marginal gap values recorded were 113±7.01 and 
105.2±8.01 µm at the conventional and rounded 
shoulder designs respectively, p≤0.003. While in 
Celtra Duo subgroups, the violation in marginal 
adaptation was less than in Enamic specimens 
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recording 90.45±13.0 and 88.7±11.60µm at 
the conventional and rounded shoulder designs 
respectively, with no significant difference between 
the two preparation designs. It seems that the 
ceramic materials has seldom negative affection by 
the ageing protocol of this study. These results were 
in agreement with  Daniele A.et al (36) how studied 
the influence of preparation designs on marginal 
adaptation and failure load of full-coverage occlusal 
veneers after thermo-mechanical aging simulation . 
They evaluated the fracture resistance and marginal 
quality of maxillary molars restored using lithium 
disilicate glass-ceramic (LDG) occlusal veneers 
with two finish line thickness; minimal chamfer 
and rounded shoulder. After ageing they measured 
the fracture load and the marginal discrepancy. The 
results showed that the thermocycling ageing did 
not had a significant effect on the lithium disilicate 
glass, fracture load, or its good marginal seal.  The 
internal structure of LDG nearly approximate the 
chemical structure of ZLS occlusal veneers used 
in the current study. On the contrary, Vita Enamic 
which is polymer infiltrated ceramic network, PICN, 
had apparent violation in marginal adaptation. The 
FT-IR spectra of the material showing that many 
peaks had degraded, the intensities of the C=OH 
and C=C had decreased and degraded.

The temperature gradient is created as a result 
of heating and cooling of the surface element, on 
the other hand, the surface and core of the material 
remaining in the force interaction, trying to counter 
act and inhibit the change of surface dimensions(37).

Thermal fatigue mainly, results from mechanical 
deformation after subjected to cycles of heating 
and cooling, in the material by the two acting 
bonds. These bonds can be classified as internal 
or external(38). External bonds include all elements 
that restrict the deformation of the material such as 
strong cementation bond between the tooth substrate 
and the restoration. Internal bonds can result 
from anisotropic structure, temperature gradient, 
and phases with different coefficients of thermal 

expansion. In polymer–ceramic composites, the 
filler and the matrix have different coefficients of 
thermal expansion. It could be seen that hydrolytic 
aging of polymer–ceramic composites occurs, but 
destruction mechanisms have not yet been clearly 
identified.  Many reported researches pointed out 
that water in a polymer matrix composite structure 
acts like a plasticizer, so deformation of the materials 
takes place(38-41). It is also probable that chemical 
compounds decompose the polymer network in the 
aqueous solution by disintegrating ester bonds(37).

In addition, immersion in food and liquid 
simulating solutions seems to have also a great 
effect on the Vita Enamic integrity. It is well known 
that citric acid affects both the polymer part and 
the filler part as well. When the PICN specimens 
exposed to low pH environment, the inorganic fillers 
tend to fall out from resin material and the matrix 
components decompose. Consequently, leakage of 
filler constituents has been shown to produce cracks 
at the resin– filler interface, which may lead to 
weakening of the material(42). In addition, The 75% 
ethanol solution has high solubility effect to Bis-
GMA-based materials, and the closer the solubility 
effect between solvent and solute, the greater the 
solute’s degradation(42). Compositional analysis of 
PICN showed a dominant ceramic-network with 
leucite as the major phase and zirconia as a minor 
phase interconnected with a polymer-based network 
mainly Bis-GMA. Thermocycling is a combination 
of hydrolytic and thermal degradation and a method 
to simulate temperature-related breakdown by 
repeated sudden temperature changes (43). Prolonged 
thermocycling may lead to water absorption by a 
diffusion-controlled process, and it causes leaching 
of unreacted monomers and swelling of the matrix.

The results of the current study showed that 
after ageing the design (2) with rounded shoulder 
and 1mm extension on the axial walls recorded 
better adaptation with less marginal gap. (Table 
1).Although the results not significant between the 
two designs, yet, it may be a clue that this design 
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offered more surface area for bonding in addition to 
the good internal support of the rounded shoulder 
finish line. The values of marginal gap of the two 
studied materials even after ageing were within 
the clinical accepted marginal gap, (90.45±13.0, 
and 88.7±11.60µm) for Celtra subgroups at 
conventional, and rounded shoulder respectively, 
while Vita Enamic subgroups recorded (113±10.01, 
and 105.2±11.04µm) at the conventional and 
rounded shoulder designs respectively. The 
American Dental Association states in Specification 
No. 8 that the film thickness of the zinc phosphate 
cement should not exceed 25 µm- 40µm for different 
cements types (44)

However, several studies that examined margin-
al adaptation have shown that this goal was seldom 
reached 25 µm. Gardne (45) observed that, even un-
der ideal conditions, it was very rare to achieve this 
level of accuracy. After a 5-year study conducted 
on more than 1000 restorations, McLean and Von 
Fraunhaufer(46) concluded that 120 µm was the 
maximum tolerable marginal. The marginal gap val-
ues of the current study  were considered accepted 
clinically according the reported values of many 
studies and review of the data retrieved for marginal 
gap that showed nearly 94.9% of the values mea-
sured in the literatures  were less than or equal to 
120 mm. While others reported much more values 
than these. The widest marginal gap measured was 
174 mm, and the smallest was 3.7 mm (36 ,47-50). 

The inter action between the material types and 
the ageing and the preparation design had shown a 
high significance on influencing the marginal gap 
values (table3), thus, the clinicians must be careful 
when choosing specific material for specific clinical 
situation that requires certain preparation designs, 
as the longevity of good marginal seal may be, 
questionable.

From the previous results and discussion, we 
may say that the null hypothesis of the current study 
was rejected.

Further studies should be performed on these 
conservative restorations, regarding the longevity 
and fracture strength of different materials and other 
preparation designs. 

CONCLUSIONS

1-	 The choice of certain preparation design should 
be associated with meticulous knowledge of the 
material of the occlusal veneers properties.

2-	 Both materials could be used in occlusal ve-
neers restorations.

3-	  Celtra Duo had a marginal adaptation that sur-
vived with better qualitatively and quantita-
tively values, even after the protocol of ageing 
applied in this study.
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