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Aim The aim of this in vitro study was to evaluate the geometric
accuracy of crowns designed by 3D CAD and fabricated with
CAD/CAM system.

Materials and methods Accuracy of geometric crown and
milling time were tested using three different ceramic blocks
available in the market: GC Initial® LiSi Block (GC Corp) (LS),
IPS e.max CAD (Vivoclar) (EM) and Cerec Tessera™ (Dentsply
Sirona) (TE). All crowns were fabricated using a CAD/CAM
milling machine (Cerec MC XL, Dentsply Sirona) by importing
the STL file using a CAM software (inLab CAM SW 20.0.1,
Dentsply Sirona). Milling time was recorded. Accuracy of the
crowns, defined as the percentage of measurement points
satisfying the production repeatability of Cerec MC XL (£25
um), was assessed after glaze firing process by means of an
optical precision measuring machine (ATOS Capsule, GOM)
superimposing the fabricated crowns and the original STL file
(GOM Inspect, GOM). Data were analyzed with one-way ANOVA
and Tukey’s tests. For each material a prismatic specimen was
cut and submitted to thermal expansion: the temperature of
maximum linear expansion was set as the dynamic softening
temperature.

Results LS showed the best accuracy before and after glaze
firing process. TE showed the worst accuracy while EM before
crystallization process showed no statistically significant
difference with LS, whereas after crystallization there was a
statistically significant difference. TE showed the longest milling
time (19.5 min), EM the shortest (12.0 min) and LS was processed
in 14.6 min, with a statistically significant difference from EM.
Conclusion From the results of this in vitro study LS shows
high accuracy of margins and acceptable milling time that
support its clinical use.

Geometric accuracy, Lithium disilicate, Crown
restoration.

Lithium disilicate materials for crown restorations have
been widely used because of their superiority in terms
of esthetics and physical properties. Especially, “single-
appointment treatment” using CAD/CAM blocks has
attracted clinician's attention in recent years (1-3).

The use of chair side procedures to make single unit
prosthetic rehabilitations in a reasonable time was
well received by practitioners and is still part of daily
dentistry (4-5). Chair side procedures require specific
esthetic materials in block formulation and a wide range
of materials are now available such as resins, reinforced
resins, porcelain, lithium disilicate and zirconia (6).
Lithium disilicate has become very popular owing to its
mechanical and esthetic properties (7-8). Among these
blocks, a novel lithium disilicate glass ceramic (Initial
LiSi Block, GC Co., Tokyo, Japan), which does not require
crystallization process after CAD/CAM fabrication, was
developed. Glass ceramics can be treated in a shorter time
by polishing to achieve gloss without glaze firing process.
Initial LiSi Blocks have already been tested under both in
vitro (9-12) and in vivo conditions showing favorable
and promising results (13). The possibility to design at
the chair side a crown that can have high accuracy is
important as well as the need of a reasonable milling
time to fabricate the crown. An important variable is the
heat treatment after milling, during which the crown
may partially lose accuracy of the margins.

The aim of the present study was to evaluate three
different lithium disilicate materials accuracy and
milling time when used according to the manufacturers’
instructions, to produce crowns. The null hypothesis
was that there were no differences among the three
materials about: accuracy and grinding time.

Three different blocks available in the market were
tested (Table 1): GC Initial® LiSi Block (GC Corp) (LS), IPS
e.max CAD (Vivoclar) (EM) and Cerec Tessera™ (Dentsply
Sirona) (TE). The STL file of the geometric crown was
created using a CAD software (Fig. 1). The crowns were
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Heat treatment
after grinding

Sample

Shade Lot.
code

Material

[nitial
S lsiglock A2

[PS
i e.max CAD LT A2

Cerec

TE MTLT BL2 16008743 Required
Tessera

Accuracy of geometric crown and milling time

2007310 |Not Required

ZOOFTM  Required

TABLE 1 The three materials tested.

Standby | Closing | Heating
temperature | time rate
(0 (min)

Firing Holding
temperature | time
(°C/min) Q) (min)

Vacuum

Initial
LiSi 1480
Block

4:00 |45 NO 740 1:00

TABLE 2 Heat treatment program of Initial LiSi Block.

fabricated (production repeatability: +25 um) using a
CAD/CAM machine (Cerec MC XL, Dentsply Sirona) by
importing the STL file using a CAM software (inLab CAM
SW 20.0.1, Dentsply Sirona). In addition, the processing
time necessary for milling the crown was measured. After
fabrication, LS, EM and TE were crystallized or glaze fired
using a furnace (Austromat 624, Dekema for LS; Programat
EP 5000, Ivoclar Vivadent for EM and TE) according to the
manufacturers' instructions (Table 2, 3).

The accuracy of the geometric crown was measured
using an optical precision machine (ATOS Capsule,
GOM), and was compared by superimposing the crowns
and the original STL file (GOM Inspect, GOM) (Fig. 2). The
accuracy was defined as the percentage of measurement
points satisfying the production repeatability of Cerec
MC XL (+25 pm).

Data were analyzed by means of one-way ANOVA and
Tukey's tests (* : p < 0.05, ** : p < 0.01).

Temperatures for dynamic softening
A prismatic specimen (18.0 mm x 1.5 mm x 1.5 mm) was
cut from each material using a precision cutting machine

(Isomet 2000, Buehler). The prismatic specimen was
polished with waterproof abrasive paper and the bases
were precisely adjusted to be parallel. The temperature
at which the linear expansion became maximum was set
as the temperature at which dynamic softening occurs;
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FIG. 1 The geometric crown.

FIG. 2 Superimposition of the fabricated crown and the STL file.

Standby | Closing | Heating | Heating
temperature | time rate rate
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Holding

temperature

Holding Holding | Holding | Vacuum | Vacuum | Long-term
temperature | time time On off cooling
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12 H H2 V1 V2 L

[PS e.max
CAD

403 6:00 60 30 770

850 0:10 10:00 | 550 770 700

Cerec | 400

Tessera

3:30 60 - 760

- 1:30 - - - 0

Temperatures for dynamic softening

TABLE 3 Heat treatment program of IPS e.max CAD and CEREC Tessera.
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FIG. 3 Accuracy of the crown
(accuracy of CAD/CAM machine:

80.0
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+25 pum) (Tukey's test, **:p<0.01).
It shows the accuracy between
the crown and STL file for

each sample. The accuracy of

LS was 63.2%. The difference

was observed before and after

Accuracy of the crown [%]

crystallization process of EM. The
400 | accuracy decreased from 53.6%
30.0 t0 27.2%. TE had an accuracy of
25.0% before heat treatment, and
20.0 .
) the accuracy was equivalent to
10.0 63.2 63.7 53.6 27.2 25.0 that of EM after heat treatment.
0.0
Before After Before After Before After
Glaze firing process Crystallization process Glaze firing process
LS EM TE
30 Sample Dynamic softening temperature [°C]
IS LS 792.8 + 4.7
2 I EM 809.8 + 2.4
TE 788.4 + 2.6
20

1
15 - - |

Milling time (min)

14.61 11.96 19.45

LS EM TE

FIG. 4 Milling time of the geometric crown using CEREC MX XL (Tukey’s
test,*; p<0.05,**: p<0.01).

for this procedure a thermal expansion measurement
device (TMA 8311, Rigaku Corp.) was used with 10 g
load, 10 °C/min temperature rise (Table 4).

RESULTS

The results of crowns accuracy are reported in Figure 3.
LS showed the best accuracy before and after glaze
firing process. TE showed the worst accuracy while EM
before crystallization process showed no statistically
significant difference with LS, while after crystallization
process the data was statistically different. When milling
time of the geometric crown using Cerec MX XL (Tukey's
test,*; p<0.05,*: p<0.01) was tested, it resulted that TE
had the longest milling time (19.5 min). On the contrary,
EM had the shortest processing time (12.0 min). LS
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TABLE 4 Temperature at which dynamic softening occurred in the samples
before crystallization and glaze firing.

was processed for 14.6 min and there is a statistically
significant difference from EM.

Figure 4 shows the milling time required to process
a geometric crown. TE had the longest milling time
(19.5 min), whereas EM the shortest (12.0 min); LS
was processed for 14.6 min and there is a significant
difference from EM.

The dynamic softening temperature of all samples
was about 800 °C (Table 4). Only EM is treated at a
temperature (850 °C) higher than that at which dynamic
softening occurs (809.8 °C).

DISCUSSION

The variety of available esthetic materials has increased
in recent years. CAD/CAM can be used not only for
porcelain and resin, but for lithium disilicate and zirconia
as well. Their use has different clinical indications, such
as single partial and full crowns and small bridges.

In the last years, lithium disilicate materials have
become more and more popular and often used by
practitioners. It has been reported that survival of
lithium disilicate crowns is between 85.5% and 100%
after 5 and 10 years (14-17). Different lithium disilicate
materials are available in the market and are produced
in two formulations: pressed and milled. From the
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mechanical point of view, pressed lithium disilicate
materials are stronger than milled ones (9), although
it is not clear yet if this affects clinical outcomes.
Pressed lithium disilicates are generally superior to CAD/
CAM materials, in terms of flexural strength, abrasion
resistance, and marginal/material discolorations (4-6).
Not only the materials themselves are different, but
also the manufacturing methods are (pressed vs CAD/
CAM), and the latter can influence both mechanical and
optical properties of the materials (7, 18).

It is still debated if indirect CAD/CAM resin composite
restorations perform clinically better than CAD/CAM
lithium disilicate restorations. However, no long term
clinical data are available neither for indirect CAD/CAM
resin composite restorations (19-21) nor for lithium
disilicates (13). The clinical performances of the material
can be predicted by its mechanical properties and
it can be expected that LS and EM perform clinically
better than TE. Marginal accuracy is a very important
clinical parameter because a wide marginal gap can
determine postoperative sensitivity, secondary decay,
discoloration of margins, unesthetic appearance and
mechanical failure. Marginal accuracy can be affected
by fabrication process. EM requires heat treatment at
high temperature (max 850 °C) for crystallization after
fabrication, therefore, it is thought that dimensions
are deformed during the process of transformation of
lithium metasilicate into lithium disilicate. TE requires
longer processing time, which means it is more difficult
to mill and this may affect marginal accuracy. Therefore,
it is considered that TE could not be milled accurately
with respect to the STL file, and lower accuracy values
were obtained. It was suggested that with LS accurate
crowns can be obtained owing to its good milling
properties using CAD/CAM machines and does not
require crystallization process.

From the results of this in vitro study it can be concluded
that LS has good marginal accuracy and an adequate
milling time which are strong indications for its clinical
use.

1. VichiA, Sedda M, Del Siena F, Louca C, Ferrari M. Flexural resistance of Cerec
CAD/CAM system ceramic blocks. Part 1: Chairside materials. Am J Dent
2013;26:255-259.

2. Sedda M, Vichi A, Del Siena F, Louca C, Ferrari M. Flexural resistance of Cerec
CAD/CAM system ceramic blocks. Part 2: Outsourcing materials. Am J Dent

20.

21

2014;2:17-22;

(havali R, Nejat AH, Lawson NC. Machinability of CAD-CAM materials. J Prosthet
Dent 2017; 118: 194-9.

Stawarczyk B, Liebermann A, Eichberger M, Guth JF. Evaluation of mechanical
and optical behavior of current esthetic dental restorative CAD/CAM composites.
JMech Behav Biomed Mater 2015;55:1-11.

Fuzzi M, Tricarico MG, Ferrari Cagidiaco E, Bonadeo G, Sorrentino R, Ferrari M.
Nanoleakage and internal adaptation of zirconia and lithium disilicate single
crowns with knife edge preparation. J Osseointegr 2017; 9:262-274.

Awada A, Nathanson D. Mechanical properties of resin-ceramic CAD/CAM
restorative materials. J Prosthet Dent 2015; 114: 587-93.

Gerogianni P, Lien W, Bompolaki D. Fracture resistance of pressed and milled
lithium disilicate anterior complete coverage restorations following endodontic
access preparation. J Prosthodont 2019; 28: 163-170T.

Skordou, L. Kebi, C. Osnes, A. Keeling. The effect of two different milling
instrument sets on CAD proposed cement thickness and fit surface of chairside
CAD crowns. S271-5278. https://doi.org/10.23805/J0.2021.13.504.3

(arrabba M, Nagasawa Y, Julosky J, Ferrari M. Flexural Strength of CAD/CAM and
Pressed Novel Lithium Disilicate. J Osseointegr (2018), in press.;

. Sorrentino R, Nagasawa Y, Infelise M, Bonadeo G, Ferrari M. In vitro analysis of

the fracture resistance of CAD-CAM monolithic lithium disilicate molar crowns
with different occlusal thick- ness. J Osseointegr 2018;10:50-6.

. G. Verniani, E. Ferrari Cagidiaco, C. Marruganti, G. Papavasileiou, M. Ferrari.

Comparison of internal fit of lithium disilicate crowns fabricated with CAD/
CAM technology using two different intraoral scanners. $293-5298 https://doi.
0rg/10.23805/J0.2021.13.504.7;

. E. Ferrari Cagidiaco, G. Verniani, C. Marruganti, P. Kamposiora, M. Ferrari,

Comparison of marginal fit and sealing ability of luted lithium disilicate crowns
fabricated with CAD/CAM technology using two different intraoral scanners
$299-5304 https://doi.org/10.23805/J0.2021.13.504.8

. Ferrari Cagidiaco E, Keeling A, Ferrari M. A randomized controlled clinical trial on

press and block LiSi partial crowns: a pilot study. J Osseointegr, 2020.

. van den Breemer CR, Vinkenborg C, van Pelt H, Edelhoff D, Cune MS. The dlinical

performance of monolithic lithium disilicate posterior restorations after 5, 10
and 15 years: a retrospective case series. Int J Prosthodont 2017; 30: 22-30.

. PiegerS, Salman A, Bidra AS. Clinical outcomes of lithium disilicate single crowns

and partial fixed dental prostheses: a systematic review. J Prosthet Dent 2014;
12:62-5.

. Malament KA, Margvelashvili-Malament M, Natto ZS, Thompson V, Rekow D, Att

W 10.9-year survival of pressed acid etched monolithic e.max lithium disilicate
glass-ceramic partial coverage restorations: Performance and outcomes as a
function of tooth position, age, sex, and the type of partial coverage restoration
(inlay or onlay). ) Prosthet Dent. 2021 Oct;126(4):523-532.

Malament KA, Margvelashvili-Malament M, Natto ZS, Thompson V, Rekow D,
Att W. Comparison of 16.9-year survival of pressed acid etched e.max lithium
disilicate glass-ceramic complete and partial coverage restorations in posterior
teeth: Performance and outcomes as a function of tooth position, age, sex, and
thickness of ceramic material. J Prosthet Dent. 2021 Oct;126(4):533-545.

. Kang SY, Lee HN, Kim JH, Kim WC. Evaluation of marginal discrepancy of

pressable ceramic veneer fabricated using CAD/CAM system: additive and
subtractive manufacturing. J Adv Prosthodont 2018; 10: 347-53.

. Vanoorbeek, S, Vandamme K, Lijnen |, Naert . Computer-aided designed/

computer-assisted manufactured composite resin versus ceramic single-tooth
restorations: a 3-year clinical study. Int J Prosthodont 2010; 23: 223-30.
Zimmermann M, Koller C, Reymus M, Mehl A, Hickel R. Clinical evaluation of
indirect particle-filled composite resin CAD/CAM partial crowns after 24 months.
JProsthodont 2018; 27: 694-99.

Gresnigt MM, Kalk W, Ozcan M. Randomized clinical trial of indirect resin
composite & ceramic veneers: up to 3-year follow up. J Adhes Dent 2013; 15: 181-
190.



