") Check for updates

https://doi.org/10.4047/jap.2022.14.1.56

Color stability of fully- and pre-crystalized
chair-side CAD-CAM lithium disilicate
restorations after required and additional
sintering processes

Carlos Alberto Jurado?, Tamer El-Gendy?, Jared Hyer?*, Akimasa Tsujimoto?

1Texas Tech University Health Sciences Center El Paso Woody L. Hunt School of Dental Medicine, El Paso, TX, USA
2A. T. Still University Arizona School of Dentistry and Oral Health, Mesa, AZ, USA
3Department of Operative Dentistry, University of lowa College of Dentistry, lowa City, IA, USA

ORCID
Carlos Alberto Jurado
https://orcid.org/0000-0001-7437-4855

Tamer El-Gendy
https://orcid.org/0000-0001-6200-6916

Jared Hyer
https://orcid.org/0000-0001-5274-7710

Akimasa Tsujimoto
https://orcid.org/0000-0002-7304-3971

Corresponding author

Jared Hyer

AT. Still University Arizona School
of Dentistry and Oral Health

5855 East Still Circle, Mesa, AZ,
85206, USA

Tel +001 480 248 8100

E-mail sa200602@atsu.edu

Received November 19,2021 /
Last Revision January 22,2022 /
Accepted January 25,2022

This research was supported

by the ATSU Warner/Fermaturo
Research Grant (#560-745).

56

PURPOSE. The aim of this study was to investigate shade changes in fully- and
pre-crystalized CAD-CAM lithium disilicate crowns after the required and addition-
al firing processes. MATERIALS AND METHODS. One hundred and five crowns of
shade Al with high translucency were milled out of CAD-CAM lithium disilicate
blocks and categorized as follows (n = 15): (1) restorations fabricated from Strau-
mann n!ce with no additional sintering process; (2) restorations fabricated from
Straumann n!ce with one additional sintering process; (3) restorations fabricated
from Straumann n!ce with two additional sintering processes; (4) restorations fab-
ricated from Amber Mill with one sintering process; (5) restorations fabricated from
Amber Mill with two sintering processes; (6) restorations fabricated from IPS e.max
CAD with one sintering process; (7) restorations fabricated from IPS e.max CAD
with two sintering processes. All restorations were evaluated with a color imaging
spectrophotometer. RESULTS. All restorations presented some color alteration
from the original shade both after a single and after two firing processes. CONCLU-
SION. The required and additional sintering processes for restorations fabricated
with chairside CAD-CAM lithium disilicate blocks cause an alteration of the original
shade selected. Shade Al high translucency restorations tend to change to a more
yellowish B1 shade after a sintering process. [J Adv Prosthodont 2022;14:56-62]
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INTRODUCTION

The use of computer-aided design and computer-aided manufacturing (CAD-
CAM) technologies in dentistry has greatly increased during the last decade
because they allow the clinician to fabricate high-quality restorations accu-
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rately, efficiently, and without errors, unlike conven-
tional methods.! Currently, CAD-CAM technology is
available in chairside systems for clinics, which makes
it possible to fabricate the final restoration in a single
visit, saving the time and effort required to take con-
ventional impressions and fabricate provisional res-
torations.?

A report in 2014 by one of the largest dental labo-
ratories in the US reported that 80.2% of restorations
were all-ceramic, compared to 23.9% in 2008.3 A prac-
tice-based research study in 2016 reported that 52%
of clinicians would choose all-ceramic restorations,
with 32% choosing zirconia and 21% reinforced ce-
ramic materials, such as lithium disilicate, even for
posterior teeth.# Lithium disilicate is now a popular
material, but it was first introduced as a core materi-
al in the late 1990s and the first version was obtained
by heat-pressing ingots, similar to the lost-wax tech-
nique used for restorations fabricated from metal al-
loys.> Lithium disilicate for CAD-CAM systems was in-
troduced in 2006 as pre-crystallized ceramic blocks
(IPS e.max CAD, Ivoclar Vivadent, Schaan, Liecht-
estein), and since then other manufacturers have
marketed similar materials with unique additional
characteristics, such as the ability to vary their trans-
lucency within a single block through different firing
temperatures (Amber Mill; Hass Bio, Gangwon-do, Ko-
rea).® Those materials are milled in a pre-crystalized
state and the restoration becomes fully-crystalized
after the firing process.” A fully-crystallized lithium di-
silicate (Straumann n!ce; Straumann, Basel, Switzer-
land) was recently introduced, and this material is in-
novative because the conventional in-office sintering
process is not mandatory, although extra firing pro-
cesses are possible.?

Although manufacturers fabricating lithium disili-
cate claim that it has excellent optical properties after
only milling and polishing, or the required firing pro-
cess, some adjustments such as staining or adding
material in contact areas may be necessary prior to
final cementation, and those adjustments necessitate
additional firing processes in the clinic.® However, no
studies have evaluated shade variation due to such
additional firing processes in fully- and pre-crystal-
ized CAD-CAM lithium disilicate restorations. There-
fore, the aim of this study is to evaluate the color sta-
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bility of fully- and pre-crystalized CAD-CAM lithium
disilicate anterior crowns after required and addi-
tional sintering processes. The first null hypothesis
is that the shade of pre- and fully-crystallized chair-
side CAD-CAM lithium disilicate restorations will not
differ from the original shade Al after firing. The sec-
ond null hypothesis is that restorations made with
fully-crystallized lithium disilicate (Straumann® n!ce®)
will show no difference from the original shade before
undergoing any sintering process and after undergo-
ing one or two optional sintering processes. The third
null hypothesis is that crowns fabricated with the
novel pre-crystallized lithium disilicate (Amber® Mill)
will show no difference from the original shade Al af-
ter undergoing one or two sintering processes. The
fourth null hypothesis is that crowns manufactured
with the conventional pre-sintered lithium disilicate
(IPS e.max CAD) will show no difference from the orig-
inal shade Al after undergoing one or two sintering
processes.

MATERIALS AND METHODS

A typodont (1560 Dentoform; Columbia Dentoform,
Lancaster, PA, USA) maxillary left central incisor in
ivory color was prepared for an all-ceramic crown
with 1.5 mm incisal reduction and 1.0 mm chamfer.
The prepared tooth and the typodont were scanned
with a chair-side intra-oral scanner (Primescan;
Dentsply Sirona, Charlotte, NC, USA) and a digital
crown design with ideal contours was provided by
the software. A total of 105 crowns were milled out
(MCXL Milling Unit; Dentsply Sirona, Charlotte, NC,
USA) of different brands of lithium disilicate blocks
(shade: Al high translucency) as follows: (1) resto-
rations fabricated from Straumann n!ce (fully-crystal-
lized block) with no additional sintering process (n!0);
(2) restorations fabricated from Straumann nlce with
one additional sintering process (n!1); (3) restorations
fabricated from Straumann n!ce with two additional
sintering processes (n!2); (4) restorations fabricated
from Amber Mill (pre-crystalized block) with one sin-
tering process (Am1l); (5) restorations fabricated from
Amber Mill with two sintering processes (Am2); (6)
restorations fabricated from IPS e.max CAD (pre-crys-
tallized block) with one sintering process (Em1); and
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(7) restorations fabricated from IPS e.max CAD with
two sintering processes (Em2).

The sintering process for all ceramics was carried
out with a ceramic and crystallization furnace for den-
tistry (Programat CS2; Ivoclar Vivadent) with the fir-
ing process recommended by each manufacturer: for
IPS e.max CAD, the standard cycle (P1 Cycle) at 403°
C standby temperature for 24 minutes; for Amber Mill,
a customized sintering cycle was used following the
manufacturer’s recommendation with Standard Mode
at 400°C for 30 minutes; and Straumann n!ce was also
sintered with a customized sintering cycle following
the manufacturer’s recommendation at 450°C base
temperature for 25 minutes. All restorations were
polished with a lithium polishing system (IPS e.max
Chairside Adjustment & Polishing System; Brasseler,
Savannah, GA, USA).

Each of the restorations was seated on the typodont
tooth without any resin cement or trying-paste and
then a color imaging spectrophotometer (Spectro-
shade Micro II; Oxnard, CA, USA) was used to obtain
one frontal image of the restoration. The outline of
the facial surface was delimited following the borders
but held 1.0 mm away from the gingiva as required by
the software, and a map of the shades was obtained
for each restoration (Fig. 1). The shade map for each
crown was evaluated with a software (The Image
Color Extract PHP; Kepler Gelotte) and the percent-
age of every shade present was obtained. Statistical
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analysis was performed with a non-parametric test
to analyze shade differences among the groups. The
Kruskal-Wallis test was performed to evaluate the dis-
tribution of shades across the groups.

The restorations were observed with field-emission
scanning electron microscopy (ERA 8800FE; Elionix,
Tokyo, Japan). A thin coat of gold was applied to the
specimens in a sputter coater (Quick Coater Type SC-
701; Sanyu Electron, Tokyo, Japan) to provide electri-
cal conductivity.

RESULTS

All the crowns showed a certain amount of shade
modification. The initial shade Al is reddish-brown,
but digital images revealed a significant presence of
shade B1 or B2, both of which are more reddish-yel-
low. The results are presented in Figure 1, and repre-
sentative images are shown in Figure 2.

Most of the groups showed some percentage of Bl
shade, except for group 1 (n!0), which showed some
percentage of B2 shade. Group 5 (Am2) showed the
highest amount of B1, followed by group 4 (Am1) and
group 2 (n!1). Group 1 (n!0) maintained the largest
area of Al shade in the restoration. Group 2 (n!'1) and
Group 3 (n!2) showed a statistically significant differ-
ence from the original shade after undergoing one
and two optional firing processes. Group 6 (Em1) and
7 (Em2) were very similar, with a high amount of Al
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Fig. 1. The shades displayed in each group.
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Group 5
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Group 6

Fig. 2. Representative spectrophotometer images showing the shades visible on the crowns.

shade. Group 5 (Am2) showed the highest statistically
significant difference from the original shade Al.

Representative SEM observations of the surfaces of
the prepared restorations at different magnifications
(a@: X20, b: X100 and c: X1,000) are shown in Fig-
ures 3,4,5,6,7,8,and 9. SEM observation of Group 1
(n!0) showed an irregular surface with some scratch-
es. The surfaces of Group 2 (n!1) and Group 3 (n!2)
were clearly different from Group 1, and the surfaces
appeared quite smooth at low magnifications (X20).
In addition, some voids were observed in Group 2 in
the higher magnification images, but the number of
voids in Group 3 were clearly reduced by the second
additional sintering. In Groups 4 (Am1) and 5 (Am2),
smooth surfaces were observed in both groups at
lower magnifications, but the characteristics of the
surface were different. In the higher magnification
images, smaller pores were observed in Group 4 than
in Group 5. In Groups 6 (Em1) and 7 (Em2), although
some voids were observed in both groups, similar
smooth surfaces were observed.

DISCUSSION

A dentist usually faces the challenge of replicating the
color of natural teeth, and the goal for restorations in
the esthetic zone is to achieve optical, biological, and

https://jap.or.kr

Fig. 3. SEM image of surface of restoration fabricated with
Straumann nlce with no additional sintering process.

(A) 20X magnification, (B) 100X magnification and (C)
1000 X magpnification.

Fig. 4. SEM images of surface of restoration fabricated
with Straumann n!ce with one additional sintering process.
(A) 20X magnification, (B) 100 X magnification and (C)
1000 X magpnification.
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Fig. 5. SEM image of surface of restoration fabricated with
Straumann nlce with two additional sintering processes.
(A) 20 X magnification, (B) 100X magnification and (C)
1000 X magnification.

Fig. 6. SEM image of surface of restoration fabricated with
Amber Mill with one sintering process. (A) 20 X magnifi-
cation, (B) 100 X magnification and (C) 1000 X magnifica-
tion.

Fig. 7. SEM image of surface of restoration fabricated with
Amber Mill with two sintering processes. (A) 20 X magnifi-
cation, (B) 100 X magnification and (C) 1000 X magnifica-
tion.

morphological esthetic results that are accepted by
patients.1® Color replication is a considered process
that includes shade selection followed by shade du-
plication. Shade can be chosen through visual assess-
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Fig. 8. SEM image of surface of restoration fabricated with
IPS e.max CAD with one sintering process. (A) 20 X magni-
fication, (B) 100 X magnification and (C) 1000 X magnifi-
cation.

Fig. 9. SEM image of surface of restoration fabricated with
IPS e.max CAD with two sintering processes. (A) 20 X mag-
nification, (B) 100X magnification and (C) 1000 X magni-
fication.

ment or by using digital devices.!! Although clinicians
usually perform a visual assessment of color using a
prefabricated shade guide, this process has been re-
ported in the literature to be inconsistent and unre-
liable.’21t can be influenced by the clinician’s inter-
pretation and environmental factors such as lighting
conditions, level of experience, fatigue of the human
eye, aging and emotion.!? Therefore, novel technol-
ogy can help secure more consistent and accurate
shade selection. Spectrophotometers have been
demonstrated to be very accurate for tooth color
matching.'* However, there are few spectrophotom-
eters for dentistry available on the market and they
evaluate the shade of teeth or ceramic in the gingival,
middle, and incisal thirds, and have black and white
displays. However, the spectrophotometer used in
this study provides high digital resolution colored im-
ages that evaluate every area of the tooth or prosthe-
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sis to obtain a full shade map.

Previous studies evaluating lithium disilicate res-
torations have found acceptable color stability after
aging and coffee staining processes.’® Unfortunate-
ly, color modification after the sintering process has
been little investigated to date. One study evaluated
the effect of the sintering process of a conventional
CAD-CAM lithium disilicate (IPS e.max CAD) on veneer
restorations over the course of 3 sintering processes,
and it was found that repeated sintering processes
significantly influenced the color.?® That study was,
however, limited by the use of a traditional non-col-
or spectrophotometer that splits the restoration into
three areas for measurement; the shade of thin res-
torations such as veneer may be strongly affected by
factors such as the color of the background holding
the veneer and the type and amount of ambient light.
As noted earlier, this study used a novel color digital
spectrophotometer that can produce a shade map of
the entire surface, and the restoration was a tradition-
al full coverage crown with 1.5 mm incisal thickness
and 1.0 mm chamfer, thus avoiding any issues due to
the thinness of restorations. We also evaluated a con-
ventional (IPS e.max CAD) and two novel fully- and
pre-crystalized materials (Straumann n!ce and Amber
Mill), meaning that the results of the present study
should be more broadly informative. For this study,
the thickness on the facial surface of the crown was
1.0 mm. Previous studies have shown that ceramic
restorations with thicknesses of 1.0 mm show no clin-
ically perceptible color changes when used with dif-
ferent shades of cement, so it was not necessary to
measure the interaction of cement shade and resto-
ration shade.17-19

If the shade of chair-side CAD-CAM lithium disilicate
remained stable through the fabrication process, the
clinician might be able to produce more predictable
esthetic restorations. However, the color deviation
from Al was significant among all the brands test-
ed, except for the fully-crystalized lithium disilicate
(Straumann nlce) when it is not sintered in the clinic,
so the first null hypothesis can be partially rejected. In
the majority of the groups, a considerable amount of
shade B1 appeared in the spectrophotometer image,
except for Group 1 (n!0), which is a fully-crystalized
material and was not sintered during the experiment.

https://jap.or.kr
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The restorations fabricated from fully-crystalized lith-
ium disilicate presented a small amount of shade B2,
but after one sintering process, shade B1 became
the major shade, and after the second optional sin-
tering process, Al shade became the more prevalent
shade, followed by B1. Therefore, the second null hy-
pothesis can be rejected. The novel pre-crystalized
lithium disilicate (Amber Mill) saw a considerable re-
duction in the amount of shade Al, leaving shade B1
covering the majority of the surface, after both one
and two firing processes, and thus the third null hy-
pothesis can also be rejected. The results of SEM ob-
servations of Groups 2-5 suggest that the increase of
the amount of B1 shade may be related to the bigger
voids and pores. Those defects may induce light scat-
tering, which would alter the shade. The convention-
al pre-crystalized lithium disilicate (IPS e.max CAD)
showed no statistically significant difference from the
original shade Al after undergoing one or two sinter-
ing processes, and SEM images of Group 6 and 7 were
quite similar, thus the fourth null hypothesis was not
rejected. The resulting SEM images concur with a pre-
vious study evaluating the mechanical properties of
lithium disilicate after multiple firing processes, in
which the SEM images showed that repeated firing
process for IPS e.max CAD cause the complex mesh
structure to disappear and be replaced by a dense
and porous surface.?’ Our SEM images also displayed
more porosities for IPS e.max CAD, Amber Mill, and
Straumann n!ce after repeating firing processes.

Further studies might include using a color digi-
tal spectrophotometer to evaluate the color changes
in a ceramic crown after several sintering process in
comparison with a natural tooth. Our study did not
evaluate color stability on sintering crowns that had
received stains, which may be an interesting topic for
future studies. Additionally, it would be valuable to
evaluate other chair-side CAD-CAM materials in the
same way.

CONCLUSION

Spectrophotometer evaluation demonstrated that ad-
ditional sintering processes cause significant changes
in shade for restorations fabricated from fully-sintered
and novel pre-crystalized CAD-CAM lithium disilicate,
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unlike the conventional pre-crystalized equivalent.
Restorations fabricated with shade Al shifted towards
shade B1 after one or two sintering processes. Res-
torations fabricated from fully-crystalized lithium di-
silicate blocks without a sintering process displayed
mainly Al shade, but some areas showed B2 shade.
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