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INTRODUCTION 

Conservative or minimally invasive esthetic res-

torations have become increasingly popular among  

patients seeking esthetic rehabilitation of the ante-

rior region. The advances in ceramics have enabled 
the fabrication of such minimal preparation resto-
rations such as veneers for patients with discolor-
ation,  malpositioning, spacing, problems of propor-
tion and size of the teeth.1,2,3 Newer generations of  
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ABSTRACT

Statement of problem: Achieving lighter final shades of A1 and BL1 with lithium disilicate 
veneers and the impact of different lithium disilicate translucencies and thickness on the final color 
is unclear.  Aim:  The aim of this in vitro study was to investigate the effect of different translucen-
cies and thicknesses of lithium disilicate on the final shade of veneers. 

Materials and methods:  Eighty lithium disilicate specimens were fabricated from two 
translucencies of lithium disilicate blocks(IPS e.max CAD blocks, Ivoclar Vivadent); HT high 
translucency(HT)  and low translucency (LT), in two different shades; A1 and BL1, and with 4 
different thicknesses; 0.3mm, 0.5mm, 0.7mm,  and 0.9mm. The discs were placed on an A3 shade 
composite substrate with a 0.1 mm translucent resin cement. ΔE values were recorded to determine 
color differences between the specimens and the standard A1 and BL1 color parameters. ΔE values 
were directly recorded with a handheld spectrophotometer (Easyshade Advance) The ΔE values 
were compared with an acceptability threshold (ΔE=3.7). Two-way ANOVA, and the Bonferroni 
test were used to analyze data (α=.05).  

Results: The changes in both thickness and translucency showed high significance. For A1 
shade, the 0.9 mm LT showed the least mean ΔE value while the highest mean value was obtained 
by 0.9 mm HT. For BL1 shade, The 0.9 mm HT samples showed the least mean ΔE value while the 
highest mean value was obtained by 0.3 mm LT samples.

Conclusions:  The thickness and the translucency of lithium disilicate affected its final color. 
A minimum of 0.5 mm thickness of LT lithium disilicate was able to produce a clinically accept-
able A1 shade. Achieving BL1 final shade was not possible with both HT lithium disilicate and LT 
lithium disilicate in thicknesses up to 0.9mm.
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all-ceramic systems and adhesive cements allow 
dentists to use a minimally invasive approach with 
conservative preparations of thicknesses ranging 
from 0.5 to 2 mm.4 Laminate veneers may even per-
mit preparations of 0.3–0.7mm thickness to limit 
preparations within enamel to ensure efficient adhe-
sive cementation.5 

However, the thinner ceramic restorations can 
make masking underlying teeth color difficult due 
to the translucency of the ceramic and the resultant 
exposure through the ceramic material of the polym-
erized resin cement or tooth structure. Furthermore, 
lighter shades and bleached shades, which are popu-
larly preferred among patients, become more chal-
lenging to reach with thin ceramics.It is possible to 
improve the masking ability of ceramic veneers by 
increasing their thickness6 although, this would re-
quire an increased amount of tooth reduction. Using 
different shades and opacities of cements to mask 
underlying tooth color is also possible.

Begum et al7  concluded in their study that the 
color masking ability of a 0.5-mm veneer with an 
opaque shade of resin cement could be similar to a 
1.0-mm veneer with a translucent shade of resin ce-
ment, thus being more conservative.

Lithium disilicate (IPS eMax CAD Ivoclar Viva-
dent, Schaan, Liechtenstein) is one of the most 
commonly used glass ceramics for fabrication of 
laminate veneers. Owing to its excellent esthetic 
properties coupled with adequate strength,8,9 and 
bonding capacities10, enabling them to be used in 
thin veneers11. By producing a material where the 
lithium disilicate crystalline phase and the glassy 
phase possess a similar index of refraction, it is pos-
sible to produce the highly translucent formulation 
of the material12. 

Although the translucency of lithium disilicate 
glass ceramic is considered an advantage, the trans-
lucency can have a negative effect on the resulting 
color because of shadowing underlying tooth color. 
The originally heat pressed ceramic, is available 

also as partially sintered blocks for CAD/CAM 
milling. Besides coming in a wide variety of col-
ors, IPS eMax CAD is also available in different 
levels of translucency or opacity; high translucency 
(HT), medium translucency (MT), low translucency 
(LT) and medium opacity (MO). This variation is 
accomplished via differences in the microstructure 
of the material. Two levels of translucency may be 
acquired based on the precrystallization treatment 
of the CAD/CAM ceramic blocks: high-translu-
cency (HT) and low-translucency (LT) material.13 
Both formulations have identical crystal content but 
differ in crystal sizes, with HT ceramic exhibiting 
crystals of 1.5 × 0.8 mm dispersed in a glassy ma-
trix, whereas LT ceramic exhibits smaller crystals 
(0.8 × 0.2 mm) in a higher density matrix.14

IPS e.max CAD is available in the standard A 
through D shades and also includes a line of bleach 
shades. Like most dental ceramics, the color of the 
material is determined by colorant ions dispersed in 
the matrix15. While conservation of  tooth structure 
is a main goal, a superior esthetic result necessitates 
either matching adjacent natural dentition or achiev-
ing the desired final color, especially lighter shades, 
as A1 shade, which is the most commonly selected 
shade by patients.16,17

The final color of ceramic restoration is a result 
of several interacting factors; ceramic thickness 
and translucency, substrate color and the thickness 
and color of the cement.18,19,20,21,22 Since the typical 
thickness of a veneer is usually much larger than the 
cement thickness, the degree of veneer translucency 
was found to be more effective in masking the un-
derlying discolored substrate than the luting agent 
shade.23 Inspite of the well documented color modi-
fying effect of luting cements, several authors agree 
that the choice of cement color has less of an effect 
on the final color of restorations.18,24,25The effect of 
different thicknesses of lithium disilicate have been 
previously investigated in thickness ranging from 
0.3-2.5 mm. Most reported a significant decrease in 
ΔE value with increase in thickness. 7,18,26,27
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Ali et al28 recorded highest ΔE values with HT 
lithium disilicate in BL1 shade with darker sub-
strates. Czigola et al 19 demonstrated that crowns 
with greater translucency recorded higher ΔE 
values resulting in a lower quality shade match. 
Nonetheless, the results of HT crowns on yellow-
ish substrates showed a decreasing ΔE—despite 
the decreasing lightness of the shade (ND1-ND6)—
though ΔE increase was expected since HT crowns 
are more translucent. This phenomenon demon-
strates the complexity of the optical properties of 
these materials.

There is not enough available information or rec-
ommendations for the production of desired lighter 
and bleached shades by lithium disilicate ceramics. 
Therefore, the purpose of this in vitro study was to 
evaluate the color difference (∆E) from standard 
A1 and BL1 color parameters and corresponding 
shades of lithium disilicate used in four different 
thicknesses (0.3 mm, 0.5mm, 0.7mm  and 0.9mm) 
and two translucencies of the lithium disilicate ce-
ramic material, high translucency HT and low trans-
lucency LT (IPS e.max CAD).

The null hypothesis proposed that:

1.  There would be no effect from the use of dif-
ferent translucencies of lithium disilicate on the 
final color of ceramic veneers, and

2.  There would be no effect from the use of dif-
ferent thicknesses of different translucencies of 
lithium disilicate on the final color of ceramic 
veneers.

MATERIALS AND METHODS 

A total of 80 ceramic discs were prepared from 
lithium disilicate CAD blocks (IPS e.max CAD 
blocks) in shades A1 and BL1 using both high 
translucency and low translucency blocks. The 
discs were divided into two main groups accord-
ing to the shade of the blocks; shade A1 and shade 
BL1, 40 discs each. Each group was further subdi-

vided into two subgroups according to the translu-
cency of the lithium disilicate: Low translucency LT 
emax CAD and  high translucency HT emax CAD;  
20 discs each. Each subgroup was further subdi-
vided into four divisions, 5 discs each, according to 
disc thickness: 0.3, 0.5, 0.7 and 0.9mm thicknesses. 
ΔE values were recorded to determine color differ-
ences between the specimens and the standard A1 
and BL1 color parameters. ΔE values were directly 
recorded with a handheld spectrophotometer (Ea-
syshade Advance, VITA Zahnfabrik). The ΔE val-
ues were compared with an acceptability threshold 
(ΔE=3.7).

Disc Preparation 

I- Sectioning of IPS e.max CAD blocks:

A total of 80 ceramic specimens were sec-
tioned from IPS e.max CAD blocks in two different 
shades: A1 and BL1. Each shade was used in two 
different translucencies, LT-A1 (low translucent 
A1), HT-A1 (high translucent A1), LT-BL1 (low 
translucent bleach BL1) and HT-Bl-1 (high translu-
cent bleach BL1).  IPS e.max CAD block size C14 
(14x12x16mm) was used. The blocks in each sub-
group were cut into four different thicknesses using 
a slow-speed diamond saw (ISOMET 4000 micro-
saw, Buehler, USA) with a water-cooling system. A 
diamond disc of 0.7 mm thickness at a speed 2500 
rpm and a feeding rate 5mm/min was used to ob-
tain discs of approximately 0.3, 0.5, 0.7 and 0.9 mm 
thickness of each translucency. All specimens were 
fabricated from the same batch to avoid the differ-
ences in color with different batches of the same 
porcelain system.

All specimens were finished flat using a wet 
#120 grit silicon carbide sand paper to obtain the 
desired thickness from one side. From the other 
side they were finished flat using wet #600, #800, 
#1000 & #1200-grit silicon carbide sand papers re-
spectively by sliding each disc for 20 seconds us-
ing a light finger pressure on a line of 2 cm long on 
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each grit to obtain a smooth surface ready for glaz-
ing. The dimensions of the specimens were kept at 
(12X14 mm)  with thickness levels of (0.3 ± 0.05, 
0.5 ± 0.05, 0.7 ± 0.05 and 0.9± 0.05 mm). A manual 
micrometer was used to measure the thickness of 
each specimen. The specimens were ultrasonically 
cleaned in distilled water for 10 minutes.

II- Glazing:

The specimens were then coated on the smooth 
finished side with a layer of neutral-shade glaze (IPS 
e.max CAD crystal/glaze paste), placed over cotton 
& honey combed firing tray with the glazed surface 
facing upward and fired at 820/840 ̊C in Programat 
P300 (Ivoclar Vivadent) according to the manufac-
turer firing parameters, to obtain fully crystallized 
and glazed discs.

Fabrication of the composite substrate:

A composite substrate block shade A3, (Filtek 
Z250, 3M, USA) with the same dimensions as the 
ceramic specimens (12X14 mm) and thickness 
2mm was fabricated using a mold. The mold was 
fabricated by placing a 2-mm ceramic specimen (12 
X 14 X 2 mm) in a container filled with mixed poly-
vinyl siloxane impression material (Speedex putty; 
Coltène). A glass slab was placed on the top to form 
a space with the same dimension as the ceramic 
specimen. The composite was light cured incremen-
tally for 20 seconds, and a glass microscopic slide 
was put on top to obtain a smooth surface and light 
cured for 40 seconds.

Application of the cement to the composite substrate:

A layer of translucent shade cement (Rely X 
Veneer, 3M, USA) was applied over the compos-
ite substrate. A thickness of 0.1mm was controlled 
by pressing the surface of a glass microscopic slide 
with one end of a manual micrometer (Micrometer 
M110-50; Mitutoyo) after loading the cement onto 
the foundation block. The cement was completely 

polymerized using a photopolymerizing light cure  
over the cover glass for 90 seconds. The cover glass 
was then carefully separated from the cement, leav-
ing the cement layer intact on the composite sub-
strate block.

Color measuring:

The specimens were placed on the composite 
substrate without cementation. To reduce the edge 
loss effect (light within the specimen scattered to 
the edges without being absorbed), a drop of glycer-
in was placed between each specimen and the back-
ing to seal the airspace and ensure that the specimen 
was in optical contact with the backing.

All the specimens were tested for color repro-
duction using a handheld spectrophotometer (Easy-
Shade Advance)

All specimens were measured against the previ-
ously fabricated foundation (composite substrate 
+cement layer). Color measurements were per-
formed by positioning the aperture of the portable 
spectrophotometer (5mm diameter) perpendicularly 
against the center of the flat ceramic surface of each 
specimen-substrate assembly. The aperture of the 
spectrophotometer was fully contacting the surface 
of the disc. Vita Easyshade was used in the “resto-
ration mode” to determine the ∆E of all the speci-
mens. Three measurements were taken for each 
specimen. Vita Easyshade device was calibrated 
every two measurements in order to standardize re-
producibility.

Analysis of Variance (ANOVA), both two way 
and one way were used in testing significance 
for the effect of thickness, translucency and their 
interactions on mean color parameters. Bonferroni’s 
post-hoc test was used for pair-wise comparison 
when ANOVA test showed significance. The 
significance level was set at P ≤ 0.05. Statistical 
analysis was performed by IBM SPSS Statistics 
Version 17 for Windows.
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RESULTS

Statistical Analysis of Shade A1 Reproduction

The 0.9 mm LT showed the least mean ΔE value 
while the highest mean value was obtained by 0.9 
mm HT. The change of both the thickness and 
translucency of shade A1 showed high significance. 
Also the interaction between them was statistically 
highly significant. By using one way ANOVA and 
Bonferroni test for multiple comparisons to study 
the effect of the change in the thickness in each shade 
and translucency separately. Shade A1 LT specimens 
showed a statistically significant difference between 
all thicknesses. Also, for shade A1 HT specimens the 
comparisons between all thicknesses showed high 
significance (Table 1, Figure 1). A1 HT mean  ΔE 
values for all thicknesses were not within clinical 
acceptable levels. For A1 LT mean ΔE values were 
within clinically acceptable levels except for 0.3mm 
thickness.

Statistical Analysis of Shade BL1 Reproduction

The 0.9 mm HT samples showed the least 
mean ΔE value while the highest mean value was 
obtained by 0.3 mm LT samples.The change of 
both the thickness and translucency of shade BL1 
showed high significance. Also the interaction 
between them was statistically highly significant. 
For shade BL1 low translucency samples only 
the transition between 0.3 mm samples and 0.5 
mm samples showed non-significance. While 
that between all other thicknesses showed high 
significant differences (Table 2, Figure2). The 
results obtained from shade BL1 HT samples were 
all highly significant. All mean ΔE values of BL1 
in both HT and LT specimens were not within 
clinically acceptable levels.

By this, the null hypothesis was rejected, since 
both the translucency and thickness of lithium 
disilicate affected the final perceived color.

TABLE (1) Means and standard deviations of ΔE of 
e.max CAD shade A1 low translucency 
(LT) and high translucency (HT)  

Delta E shade A1

Thickness LD Translucency Mean St. Dev.

0.3 mm
LT 4.26 0.43

HT 4.06 0.17

0.5 mm
LT 3.19 0.35

HT 4.85 0.46

0.7 mm
LT 2.94 0.37

HT 6.61 0.13

0.9 mm
LT 2.49 0.32

HT 7.72 0.19

TABLE (2) Means and standard deviations of ΔE of 
e.max CAD shade BL1, low translucency 
(LT) and high translucency (HT)  

Delta E Shade BL1

Thickness LD Translucency Mean St. Dev.

0.3 mm
LT 14.19 1.26

HT 12.05 0.76

0.5 mm
LT 13.22 1.7

HT 9.07 0.52

0.7 mm
LT 8.7 1.05

HT 6.26 0.19

0.9 mm
LT 5.58 0.94

HT 5.02 0.29
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DISCUSSION

The challenge of maintaining a conservative 
preparation for esthetic veneers within enamel 
while obtaining a predictable change in the final 
shade of the teeth is a complex procedure. In addi-
tion, masking underlying tooth color to satisfy the 
popular demand of patients for lighter teeth, further 
complicates the procedure.

The different translucencies of glass ceramics 
are available to give the dentist the ability to choose 
the degree of masking/show through of underlying 
tooth color to achieve the desired final shade. Culp 
and Mclaren even state that “translucency proper-
ties of IPS™ e.Max CAD in both the HT and LT 
formulation, make it possible to place margins that 
blend with adjacent dentition, effectively masking 
the edges of the restoration” 29. 

Although reaching the desired shade is predomi-
nantly dependent on the nature of the ceramic23, the 
thickness of the ceramic and the cement shade can 
improve the masking ability of a ceramic restora-
tion. Hence, this study was designed to evaluate the 
effect of changing the thickness and translucency 
of lighter shades of lithium disilicate ceramics (IPS 
e.max CAD) on the resultant final shade of the ve-
neer, allowing the predictability of the final results 
without depending on the shade of the cement to 

mask the shade of the underlying abutment. This 
may assist in determining the amount of reduction 
necessary and the translucency of ceramic needed 
when contemplating a final shade of A1 or BL1.

Many studies have selected shade A1 for their 
research, as this tooth shade is the most commonly 
selected for ceramic restorations.24,28,30 BL1 shade 
was selected as it is a lightest bleached shade avail-
able.

As the present study was designed to simulate 
veneers bonded to tooth substrates, ceramic speci-
mens were chosen with thicknesses 0.3, 0.5, 0.7 
and O.9mm to simulate typical veneer restorations. 
31,32,33 ISO suggests specimen thickness of 1mm for 
composites and 0.3mm for ceramics when measur-
ing their masking ability.34An underlying tooth col-
ored composite resin substrate of 2mm thickness in 
shade A3 was used to simulate common undiscol-
ored tooth substrates.35

Cement layer thickness was chosen at 0.1 mm, 
which is the suitable cement thickness to ensure 
adequate internal fit of the veneers,36 RelyX veneer 
cement was chosen in this study as a representative 
of light cured resin cements recommended for ce-
mentation of anterior esthetic restorations. A trans-
lucent shade cement was used in this study to eval-
uate the impact of the ceramic per se without the  

Fig. (1) Mean ΔE for different thicknesses and LD translucency 
shade A1

Fig. (2) Mean ΔE for different thicknesses and LD translucency 
shade BL1
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modifying effect of the cement shade on the final 
shade. It is worth mentioning that increasing even 
white opaque cement layer thickness from 100 to 
300 μm did not affect the shade of lithium-disilicate 
restorations.22

Most studies on masking ability of different den-
tal materials have used dental spectrophotometers 
for color measurements18,37,38 Spectrophotometers  
are  among  the  most  accurate tools for tooth color 
measurement in dentistry.39 It is also not susceptible 
to being affected by environmental color factors, as 
is the human eye.40 The color measurements in this 
study were done using an intraoral spectrophotom-
eter EasyShade Advance, using “restoration mode” 
to compare the specimens with the corresponding 
stored color coordinate values of the A1 and BL1 
(Ivoclar, Vivadent), in order to calculate the ΔE. 

A drop of glycerin was placed between each 
specimen and the backing to seal the airspace and 
ensure the specimen was in optical contact with the 
backing to reduce the edge loss effect.22

Glycerin was used in this study as its refraction 
index is similar to porcelain, minimizing the light 
refraction that occurs when the light beam crosses 
substrates with different refractive indices as air and 
porcelain.41

The perceptibility and acceptability thresholds 
varied among the literature for various reasons. 
I. Ruyter et al.42 1987, referred to it to be 3.3, W. 
Johnston and E. Kao43 in 1989, referred to its value 
as being 3.7, J. Ragain and W. Johnston44 in 2000, 
reduced it to be 2.7, S. Azer et al.45 mentioned that 
there is a lack of understanding of the color sys-
tem, in addition to lack of a precise methodology 
to quantify color. Color assessment is considered 
a complex psycho-physiologic process that is sub-
ject to numerous variables. Also the available shade 
guides, in addition to minor differences in light con-
ditions, have been found to dramatically affect the 
outcome of restoration color and the production of 
an acceptable color match. Light source for dental 

procedures should be diffuse and comfortable to the 
eyes, and should be compatible with the light source 
in the dental laboratory. They reported that perceiv-
able color differences ranged from 1 to 2, whereas 
acceptable color differences for dental profession-
als ranged from 2.6 to 3.7.  Douglas et al46 in 2007, 
50% of the dentist observers could perceive a color 
difference of 2.6 ΔE, and 50% of these observers 
would remake the restoration because of color mis-
match (clinically unacceptable color match) with 
5.5 ΔE, and Da Silva et al.47 in 2008, lowered it to 
be 2.67. In this study 3.7ΔE was set as it was the 
maximum acceptable color difference.43 

The null hypothesis proposed was rejected since 
the results of this investigation indicate that both the 
thickness and the translucency of lithium disilicate 
affected the final shade of veneers. The results of 
shade A1 samples showed that the change in both 
the thickness and the translucency of the specimens 
had a highly significant effect on the final color of 
the restoration. A decrease in the mean ΔE of shade 
A1 LT samples was observed with the increase in the 
thickness, this may be attributed to the increase in 
the opacity and saturation of color with the increase 
in the thickness of the ceramic layer. On the other 
hand there was an increase in the mean ΔE of the 
A1 HT specimens with the increase of the thickness. 
This may be attributed to the high translucency of 
these specimens, and their chameleon effect, which 
means that the ceramic reflects the shade of the sur-
rounding dentition. Czigola et al  19 found that ce-
ramic thickness has less of an effect if the material 
is highly translucent. It is worth mentioning , that 
HT blocks exhibit a higher translucency and lower 
brightness value than do LT blocks which have been 
characterized by their high level of brightness and 
true-to-nature chroma. 5 Specimens of shade A1 LT 
with thicknesses of 0.5 mm and above  were able 
to match A1 standard shade within the acceptable 
clinical range. While none of the A1 HT samples 
were within the acceptable clinical range. 
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In the BL1 specimens,  a gradual decrease in the 
mean ΔE with the increase of the thickness was ob-
served in both LT and HT.The possible reason for 
the high ΔE values in the HT BL1 group may be the 
combined effect of the HT and the A3 substrate. Our 
results are in agreement with the findings of previ-
ous studies48, 49, 50which pointed out that increased 
thicknesses of ceramics will better mask a discol-
ored substrate. None of the BL1 specimens  were 
within clinically acceptable range. Bagis and Turgut 
16 investigated the ability of glass ceramics at 0.5 
mm thickness to match the color of shade guides. 
Their results showed that none of the full-ceramic 
systems was able to match the color of the shade 
guide. An additional possibility is the nature of the 
BL1 shade, which possesses less chroma than the 
other shades.28

For both A1 and BL1 shades,  none of the HT 
specimens was in the clinically acceptable  range. 
These results indicate that the substantial shade 
transformations was not possible in HT lithium dis-
ilicate in the thickness investigated in this study 0.3-
0.9mm.  These results are similar to those recorded 
for HT crowns by Czigola et al.19 The reason might 
be the material’s optical properties: LT blocks have 
more lithium-disilicate crystals than HT blocks. 
Crystals reduce the internal scattering of light as it 
passes through the material.  That means when the 
substrate has a dark color or the underlying tooth 
is much darker than the contemplated final shade 
of the restoration , the application of a CAD/CAM  
lithium disilicate with a HT ceramic block may re-
sult in limited success. 18, 25, 51, 52

Achieving a shade transition from shade A3 to 
shade BL1 was not attainable in thicknesses up to 
0.9 mm. Such a substantial shade transition appar-
ently would require an increased thickness of the 
veneer, and excessive removal of tooth structure is 
needed to allow room for the increase in the thick-
ness of the veneer. Pires et al 30 compared HO (high-
opacity) and LO ceramics and found ΔE00 values 

of ceramic HO to be lower than those of ceramic LT. 
Clinicians should consider increasing the thickness 
and opacity of the ceramic to mask the underlying 
color.30 In many studies, increasing ceramic thick-
ness is accompanied by better color results.18,22,25,28 

A possible whitening of the tooth substrates 
should be considered before teeth reduction to de-
crease the difference in the shade of the abutment 
teeth and the required final shade. Accordingly, the 
results of this investigation indicate that achieving 
final bleached shades with minimal preparation ve-
neers was not be possible in both HT and LT CAD 
lithium disilicate.

CONCLUSIONS 

Both the thickness and different translucencies 
had a significant effect on the final shade of CAD 
lithium disilicate. 

Achieving a shade transition from A3 to A1 using 
LT lithium disilicate was possible in the minimum 
thicknesses of 0.5 mm, and was not possible using 
HT lithium disilicate in thicknesses up to 0.9mm.

Achieving a shade transition from A3 to BL1 
was not possible in thicknesses of 0.3-0.9mm in 
both HT and LT lithium disilucate.
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