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A B S T R A C T   

Objectives: To evaluate whether post-milling firing and material type affect the fabrication trueness and internal 
fit of lithium disilicate crowns. 
Methods: A prefabricated cobalt chromium abutment was digitized to design a mandibular right first molar 
crown. This design file was used to fabricate crowns from different lithium disilicate ceramics (nano-lithium 
disilicate (AM), fully crystallized lithium disilicate (IN), advanced lithium disilicate (TS), and lithium disilicate 
(EX)) (n = 10). Crowns, the abutment, and the crowns when seated on the abutment were digitized by using an 
intraoral scanner. Fabrication trueness was assessed by using the root mean square method, while the internal fit 
was evaluated according to the triple scan method. These processes were repeated after the post-milling firing of 
AM, TS, and EX. Paired samples t-tests were used to analyze the effect of post-milling firing within AM, TS, and 
EX, while all materials were compared with 1-way analysis of variance and Tukey HSD tests (α = 0.05). 
Results: Post-milling firing reduced the surface deviations and internal gap of AM and EX (P ≤ 0.014). AM mostly 
had higher deviations and internal gaps than other materials (P ≤ 0.030). 
Conclusions: Post-milling firing increased the trueness and internal fit of tested nano-lithium disilicate and 
lithium disilicate ceramics. Nano-lithium disilicate mostly had lower trueness and higher internal gap; however, 
the maximum meaningful differences among tested materials were small. Therefore, the adjustment duration and 
clinical fit of tested crowns may be similar. 
Clinical Significance: Tested lithium disilicate ceramics may be suitable alternatives to one another in terms of 
fabrication trueness and internal fit, considering the small differences in measured deviations and internal gaps.   

1. Introduction 

Along with the implementation of computer-aided design and 
computer-aided manufacturing (CAD-CAM) systems into dentistry, 
lithium disilicate ceramics have become one of the most commonly 
preferred materials for esthetic restorations ever since the introduction 
of IPS e.max CAD (EX, Ivoclar AG, Schaan, Liechtenstein) in early 21st 
century [1,2], given their pleasing esthetic and mechanical properties 
[3,4]. However, the number of available materials in the dental market 
is constantly increasing, and after the patent expiration of EX in 2019 
[5], new lithium disilicate ceramics with different properties and crys-
talline structures have started to be introduced [6,7]. Among these new 
materials, nano-lithium disilicate has a unique feature of translucency 

adjustment based on crystallization firing temperature [8,9]. Another 
new material is advanced lithium disilicate, which has a secondary 
crystal called virgilite in its chemical composition along with lithium 
disilicate [10]. This new material also has the advantage of a shorter 
post-milling process when the proprietary furnace of the manufacturer 
(CEREC SpeedFire; Dentsply Sirona, Bensheim, Germany) is used for the 
mandatory matrix firing that may also involve glazing [6]. CAD-CAM 
blocks that do not need any crystallization firing have also recently 
been marketed as fully crystallized lithium disilicate (Initial LiSi Block; 
GC Corp, Tokyo, Japan) and can be delivered after milling and polishing 
[7,11]. 

CAD-CAM systems and lithium disilicate ceramics have facilitated 
prosthetic rehabilitation to be completed in a single appointment [12]. 
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However, this trend increased the importance of fabricating prostheses 
that have the utmost congruence with the CAD file, which not only 
minimizes the number of adjustments required but also increases the 
internal fit of the prostheses [13]. As mentioned above, some of the 
available lithium disilicate ceramics require a post-milling firing before 
further processes and the manufacturer of EX has disclosed a 0.2 % 
densification during crystallization [12,14–16]; however, to the au-
thors’ knowledge, whether nano-lithium disilicate or advanced lithium 
disilicate undergoes a similar linear shrinkage after post-milling firing 
has not been disclosed. 

The studies on newly introduced lithium disilicate ceramics have 
mainly focused on their optical or mechanical properties [4,6–10, 
17–21]. The authors are aware of only 4 studies that investigated the 
fabrication trueness of those newly introduced lithium disilicate ce-
ramics [11,22–24]. However, none of those studies investigated the 
internal fit of lithium disilicate ceramics and involved the effect of 
post-milling firing (crystallization or matrix firing) on the fabrication 
trueness of newly introduced lithium disilicate ceramics. Considering 
that currently available lithium disilicate ceramics differ in chemical 
composition, crystalline structure, and crystalline size, a study based on 
the fabrication trueness and internal fit of different lithium disilicate 
ceramics may elaborate the knowledge of clinicians and dental techni-
cians on these materials and facilitate their implementation into clinical 
practice. In addition, dental laboratories and clinicians may benefit from 
the fit evaluation of prostheses on master casts immediately after 
fabrication to facilitate the preparations for try-in appointments by 
using readily available equipment such as laboratory scanners or 
intraoral scanners (IOSs) to generate the test scans. Therefore, the pre-
sent study aimed to evaluate the effect of post-milling firing and material 
type on the fabrication trueness and internal fit of newly introduced 
lithium disilicate ceramics by comparing them with well-established EX. 
The null hypotheses were that i) post-milling firing would not affect the 
fabrication trueness of lithium disilicate ceramics that require crystal-
lization or matrix firing, ii) post-milling firing would not affect the in-
ternal fit of lithium disilicate ceramics that require crystallization or 
matrix firing, iii) material type would not affect the fabrication trueness 
of lithium disilicate ceramics, and iv) material type would not affect the 
internal fit of lithium disilicate ceramics. 

2. Material and methods 

The number of specimens was decided based on a priori power 
analysis (G*Power v3.1; Heinrich Heine University of Düsseldorf, Dus-
seldorf, Germany), which yielded a minimum of 4 specimens sufficient 
(for%95 CI (1-α), 95 % power (1-β), and effect size of f = 1.67) [16]. 
However, 10 crowns per material were fabricated to increase the sta-
tistical power. One nano-lithium disilicate (Amber Mill; HASSBio, 
Kangneung, Korea (AM)), one fully crystallized lithium disilicate (Initial 
LiSi Block; GC Corp, Tokyo, Japan (IN)), one advanced lithium disilicate 
(CEREC Tessera; Dentsply Sirona, Bensheim, Germany (TS)), and one 
lithium disilicate (IPS e.max CAD; Ivoclar AG, Schaan, Liechtenstein 
(EX)), which are elaborated in Table 1, were tested in the present study. 
Other than AM, all specimens were fabricated by using A2-shaded highly 
translucent blocks, while AM specimens were fabricated by using 
A2-shaded blocks, which were crystallized to achieve high translucency. 

A prefabricated 7.5 mm-long cobalt chromium abutment with 1 mm- 
thick shoulder finish line and 12◦ convergence on a base with 3 hemi-
spheres placed at the corners was digitized by using a laboratory scanner 
(inEos X5; Dentsply Sirona, Bensheim, Germany) to generate its stan-
dard tessellation language (STL) file. This STL file was then imported 
into a dental design software program (CEREC inLab CAD SW 20.0.3; 
Dentsply Sirona, Bensheim, Germany) and a mandibular right first 
molar crown with 80 µm cement space [25] was designed in STL format 
(Fig. 1). Other parameters were 25 µm of proximal, occlusal, and dy-
namic contact strength, 50 µm of margin thickness, 1 mm of minimum 
axial thickness, and 1.5 mm of minimum occlusal thickness. This master 

STL (M-STL) was then imported into a nesting software program (CEREC 
inLab CAM SW 20.0.1; Dentsply Sirona, Bensheim, Germany) to mill 
lithium disilicate crowns with a 4-axis milling unit (CEREC Primemill; 
Dentsply Sirona, Bensheim, Germany) in normal machining mode with 
high details. A new set of burs (Diamond 1.2 and Diamond 1.4; Dentsply 
Sirona, Bensheim, Germany) was used for each group. After fabrication, 
a single operator (M.D.) removed the supports on the external surfaces of 
the crowns with a cut-off wheel, which were then gently smoothed with 
a small round bur by using optical magnification loupes (EyeMag Pro; 
Carl Zeiss, Oberkochen, Germany) under ×3.5 magnification. Crowns 
were then ultrasonically cleaned for 10 min in distilled water. 

All crowns were randomly (Excel; Microsoft Corp, Seattle, WA, USA) 
digitized by using an IOS (CEREC Primescan SW 5.2; Dentsply Sirona, 
Bensheim, Germany). IOS was calibrated before the scans and recali-
brated after every 5 scans until all crowns were digitized to generate test 
scan STLs (T-STLs). In addition, fatigue-related deviations were mini-
mized as the operator (M.D.) took 5-minute breaks after every 5 scans 
[26], and all scans were performed in the same temperature- (20 ◦C) and 
humidity-controlled (45 %) room in which the cobalt-chromium abut-
ment was digitized. The room was lit by sunlight. The abutment and its 
base were also digitized by using the same IOS to generate its STL file 
(A-STL). Finally, each crown was seated on the abutment and this 
complex was digitized with the same IOS to generate 
crown-on-abutment STLs (C-STLs). Precrystallized AM, TS, and EX 
crowns were then crystallized in a porcelain furnace (Programat P300; 
Ivoclar AG, Schaan, Liechtenstein) in line with their respective manu-
facturers’ recommendations (Table 2). Fired crowns were also ultra-
sonically cleaned for 10 min in distilled water, and were digitized as 
mentioned above to generate their T-STL and C-STL files. Regardless of 
the presence of the post-milling firing, no additional glazing or polishing 
was performed on any of the crowns [26–29] as any human intervention 
would have affected the measured deviations from the original CAD 
data. 

T-STLs and M-STL were imported into a 3-dimensional analysis 
software program (Medit Link v3.0.6; Medit, Seoul, Korea) to evaluate 
the fabrication trueness of lithium disilicate crowns [26,27,30]. To su-
perimpose T-STL over the M-STL, 3 points (one point on the mesial 
triangular fossa, one point on the distal triangular fossa, and one point 
on the central sulcus) were simultaneously selected on both files. To 
quantitatively evaluate deviations, color maps with maximum and 
minimum nominal values set at +100 µm and − 100 µm and the 

Table 1 
List of lithium disilicate ceramics tested in this study.  

Material Chemical 
Composition (wt 
%) 

Crystal Size Manufacturer 

Amber Mill 
(Nano-lithium 
disilicate, AM) 

SiO2: <78 % 
Li2O: <12 % 
Coloring oxides: 
<12 % 

0.2 µm HASSBio, 
Kangneung, 
Korea 

Initial LiSi Block 
(Fully 
crystallized 
lithium 
disilicate, IN) 

SiO2: 81 % 
P2O5: 8.1 % 
K2O: 5.9 % 
Al2O3: 3.8 % 
TiO2: 0.5 % 
CeO2: 0.6 % 

1–1.5 µm GC Corp, Tokyo, 
Japan 

CEREC Tessera 
(Advanced 
lithium 
disilicate, TS) 

Li2Si2O5: 90 % 
Li3PO4: 5 % 
Li0.5Al0.5Si2.5O6 

(virgilite): 5 % 

0.5 µm lithium 
disilicate and 
0.2–0.3 µm 
virgilite 

Dentsply Sirona, 
Bensheim, 
Germany 

IPS e.max CAD 
(Lithium 
disilicate, EX) 

SiO2: 57–80 % 
Li2O: 11–19 % 
K2O: 0–13 % 
P2O5: 0–11 % 
ZrO2: 0–8 % 
ZnO: 0–8 % 
Coloring oxides: 
0–8 % 

1–1.5 µm Ivoclar AG, 
Schaan, 
Liechtenstein  
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tolerance range set at +10 µm and − 10 µm were generated [31]. Root 
mean square (RMS) values were automatically calculated by the soft-
ware program for the qualitative evaluation of overall deviations [32]. 
STL files were imported again and external, intaglio, and marginal 
surfaces were virtually separated to further analyze deviations [26] 
(Figs. 2 and 3). T-STLs, C-STLs, and A-STL were imported into the same 
analysis software program to evaluate internal fit by using the triple scan 
method [28,29]. C-STL was initially superimposed over the A-STL by 
selecting 1 point on each of the spheres at the base. Then, T-STL was 
superimposed over this merged STL by selecting 3 points on the occlusal 
surface of the crowns (one point on the mesial triangular fossa, one point 
on the distal triangular fossa, and one point on the central sulcus), 
similar to fabrication trueness analyses. These consecutive superimpo-
sitions merged T-STL, C-STL, and A-STL on the same coordinate system 
and C-STL was deleted after superimpositions were completed. The 
average gaps between the intaglio surface of the crowns and the abut-
ment surface were automatically calculated (Figs. 4 and 5). All deviation 
and average gap analyses were performed by a single operator (M.D.). 

The normality of data was assessed by using Kolmogorov-Smirnov 
tests, while the homogeneity of variances was assessed with Leven’s 
test. These tests showed that data had normal distribution and the var-
iances were distributed homogeneously. Paired samples t-tests were 
used to evaluate the effect of post-milling firing on the fabrication 
trueness and internal fit of AM, TS, and EX. One-way analysis of variance 
(ANOVA) and Tukey HSD tests were used to compare the RMS values at 
each surface and average gap values among tested materials. All 

statistical analyses were performed by using a statistical analysis soft-
ware program (SPSS v23; IBM Corp, Armonk, NY, USA) with the sig-
nificance level set at α = 0.05. 

3. Results 

Table 3 shows the descriptive statistics of RMS values of AM, TS, and 
EX before and after post-milling firing. Regardless of the surface, post- 
milling firing did not affect the RMS values of TS (P ≥ .217), whereas 
AM and EX had higher deviations before post-milling firing within each 
surface (P ≤ 0.014). AM and EX had lower average gap values after post- 
milling firing (P < .001). However, post-milling firing did not affect the 
average gap values of TS (P = .845) (Table 4). 

Table 5 lists the descriptive statistics of RMS values for each material- 
surface pair. One-way ANOVAs showed significant differences among 
tested materials within each surface (P ≤ 0.011). When the overall RMS 
was considered, AM had the highest deviations (P ≤ 0.030). When the 
external and marginal surface RMS values were considered, AM had 
higher deviations than EX and IN (P ≤ 0.024). When the intaglio surface 
RMS was considered, EX had lower deviations than TS and AM (P ≤
0.038). The differences among materials when average gap values were 
considered were significant (P < .001) as AM had higher average gap 
values than TS and IN (P ≤ 0.001) (Table 6). 

4. Discussion 

Post-milling firing increased the fabrication trueness and internal fit 
of AM and EX, which led to the rejection of the first and the second null 
hypotheses. Color maps of AM, TS, and EX represent the fact that these 
materials were milled larger than the CAD file as red, orange, and yel-
low, which represent overcontoured areas of different intensities, were 
dominant on most of the external and occlusal surfaces of the crowns. 
Considering that red was also visible on the axial walls of the intaglio 
surfaces and the same color scheme was evident on the marginal sur-
faces, a possible misfit might be encountered at this stage, particularly 
for AM and EX as they also had higher gaps before post-milling firing, 
which supports this hypothesis. Intraoral adjustment of EX crowns 
before crystallization has been reported [33]; however, based on the 
results of the present study, this process might lead to open contacts 
after crystallization and should be avoided, particularly in the case of 
multiple adjacent restorations. Before and after post-milling firing color 
maps of TS were almost identical, which is in line with the measured 
deviations as post-milling firing did not affect the surface trueness of TS. 

Fig. 1. Digitized abutment and crown design from proximal and occlusal aspects.  

Table 2 
Post-milling firing parameters used in this study. AM, Nano-lithium disilicate; B, 
Stand-by temperature; EX, Lithium disilicate; L, Long-term cooling; S, Closing 
time; t1/t2, Heating rate; T1/T2, Holding temperature; TS, Advanced lithium 
disilicate; Vac. 1, Vacuum 1; Vac. 2, Vacuum 2.   

B 
[◦C] 

S 
[min] 

t1/t2 
[◦C/ 
min] 

T1/T2 
[◦C] 

H1/H2 
[min] 

Vac. 1 
[◦C] 

L 
[◦C] 

Vac. 2 
[◦C] 

AM 400 
◦C 

3 min 60 ◦C/ 
min 

815 ◦C 15 min 550 ◦C 690 
◦C 815 ◦C 

TS 403 
◦C 

2 min 55 ◦C/ 
min 

760 ◦C 2 min 0 0 

EX 403 
◦C 

6 min 90/34 
◦C/min 

830/ 
850 ◦C 

10 s/7 
min 

550 ◦C 
− 830 ◦C 

710 
◦C 

830 ◦C 
− 850 ◦C  
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However, the color distribution on the external surface of TS changed 
with post-milling firing, and when the occlusal surface was evaluated, 
the intensity of red at the buccal inclination of the lingual cusps was not 
that evident after post-milling firing. The chemical composition of AM, 
TS, and EX may be related to the different behavior of these materials to 
post-milling firing as TS comprises virgilite crystals, which are not 
present in AM and EX. Post-milling firing parameters may be another 
factor that contributed to this difference as TS has a lower final tem-
perature and the firing process does not involve vacuum. 

The authors think that the present study was the first on the effect of 

post-milling firing on fabrication trueness and internal fit of AM and TS; 
therefore, comparison with previous studies was not possible. Yama-
moto et al. [22] evaluated the effect of crystallization fabrication true-
ness of EX by using an analysis software program and concluded that 
crystallization reduced the trueness of the crowns. This difference be-
tween the present and Yamamoto et al. [22] studies may be related to 
the fact that a different milling unit was used to fabricate the crowns 
with a different design to those of the present study, an optical precision 
measuring machine (ATOS Capsule; GOM, Braunschweig, Germany) 
was used to generate test scan data, and another software program 

Fig. 2. Representative color maps generated after superimposition for materials that require post-milling firing.  

Fig. 3. Representative color maps generated after superimposition from each material-surface pair.  
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(GOM Inspect; GOM, Braunschweig, Germany) was used for deviation 
analyses. Other studies on the dimensional change of EX after crystal-
lization have used silicone replica technique [12], x-ray micro-
tomography [14], or optical microscopy [15,25] to evaluate the 
marginal and internal gap; therefore, a direct comparison with the 
present study might be misleading. Nevertheless, crystallization was 
reported to both increase [12,14,15,25] and decrease the internal gap 
[12,14]. 

Fig. 4. Representative color maps generated after superimpositions according to triple scan method for materials that require post-milling firing.  

Fig. 5. Representative color maps generated after superimpositions according to triple scan method for each material.  

Table 3 
Mean ± standard deviation RMS (µm) values (95 % confidence interval) of 
materials that require post-milling firing. AM, Nano-lithium disilicate; EX, 
Lithium disilicate; TS, Advanced lithium disilicate.    

Overall External Intaglio Marginal 

AM Before post-milling 
firing 

52.7 ±
1.8b 

42.3 ±
3.1b 

60.9 ±
3.3b 

36.7 ±
3.0b 

After post-milling 
firing 

48.1 ±
3.1a 

35.2 ±
2.9a 

53.5 ±
3.0a 

34.2 ±
2.9a 

TS Before post-milling 
firing 

44.5 ±
2.8a 

32.6 ±
2.5a 

52.3 ±
2.8a 

30.5 ±
2.6a 

After post-milling 
firing 

43.3 ±
3.4a 

33.2 ±
1.6a 

52.0 ±
2.8a 

31.3 ±
1.9a 

EX Before post-milling 
firing 

60.2 ±
2.9b 

46.1 ±
6.1b 

68.7 ±
3.0b 

35.1 ±
2.4b 

After post-milling 
firing 

40.6 ±
2.6a 

31.9 ±
2.1a 

47.9 ±
3.7a 

29.7 ±
2.4a 

Different superscript lowercase letters indicate significant differences between 
different conditions of the same material within each surface (P < .05). 

Table 4 
Mean ±standard deviation average gap (µm) values of materials that require 
post-milling firing. AM, Nano-lithium disilicate; EX, Lithium disilicate; TS, 
Advanced lithium disilicate.  

AM TS EX 

Before 
post- 
milling 
firing 

After post- 
milling 
firing 

Before 
post- 
milling 
firing 

After post- 
milling 
firing 

Before 
post- 
milling 
firing 

After post- 
milling 
firing 

149.0 ±
6.0b 

115.2 ±
8.3a 

102.8 ±
4.8a 

102.3 ±
5.4a 

147.4 ±
4.8b 

108.6 ±
3.8a 

Different superscript lowercase letters indicate significant differences between 
different conditions within each material (P < .05). 

Table 5 
Mean ±standard deviation RMS (µm) values (95 % confidence interval) of each 
material-surface pair in µm. AM, Nano-lithium disilicate; EX, Lithium disilicate; 
IN, Fully crystallized lithium disilicate; TS, Advanced lithium disilicate.   

Overall External Intaglio Marginal 

AM 48.1 ± 5.1b 

(44.4–51.8) 
35.2 ± 2.9b 

(33.1–37.2) 
53.5 ± 3.0b 

(51.4–55.6) 
34.2 ± 2.9b 

(32.1–36.3) 
IN 43.3 ± 3.1a 

(41.2–45.5) 
32.1 ± 2.4a 

(30.3–33.8) 
51.5 ± 3.6ab 

(48.9–54.1) 
30.4 ± 3.9a 

(27.8–33.0) 
TS 43.3 ± 3.4a 

(40.8–45.8) 
33.2 ± 1.6ab 

(32.0–34.6) 
52.0 ± 2.8b 

(50.0–54.0) 
31.3 ± 1.9ab 

(29.9–32.7) 
EX 40.6 ± 2.6a 

(38.7–42.5) 
31.9 ± 2.1a 

(30.4–33.4) 
47.9 ± 3.7a 

(45.3–50.5) 
29.7 ± 2.4a 

(28.0–31.4)  

Table 6 
Mean ± standard deviation and 95 % confidence interval (CI) average gap (µm) 
values of each material. AM, Nano-lithium disilicate; EX, Lithium disilicate; IN, 
Fully crystallized lithium disilicate; TS, Advanced lithium disilicate.   

Mean ±standard deviation 95 % CI 

AM 115.2 ± 8.3b 109.3–121.1 
IN 103.6 ± 6.2a 99.2–108.0 
TS 102.8 ± 4.8a 99.3–106.3 
EX 108.6 ± 3.8ab 105.9–111.3 

Different superscript lowercase letters indicate significant differences among 
materials (P < .05). 
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The fabrication trueness and internal fit of tested lithium disilicate 
ceramics had significant differences as AM mostly had higher deviations 
and higher internal gaps. Therefore, the third and the fourth null hy-
potheses were rejected. However, it should be emphasized that the 
greatest mean difference among tested materials when surface de-
viations were considered was 7.5 µm (AM and EX), which may be 
clinically small and negligible. Color maps support this interpretation as 
all materials had similar color schemes. Clinically undercontoured 
areas, which are indicated in blue, were evident on the buccal surface of 
all crowns. In addition, a range of blue color was visible on the inter-
proximal surfaces of AM, IN, and EX, and on the mesial axial surface of 
TS. However, red was visible on the distal axial wall of TS. Therefore, it 
can be hypothesized that all crowns would require additional veneering 
for esthetic purposes, and AM, IN, and EX crowns would require 
veneering to compensate for possible light or open interproximal con-
tacts, whereas TS crowns would require adjustments on the distal axial 
wall for tight interproximal contacts. This additional veneering on the 
buccal surface would also be beneficial for the laterotrusive movements 
as blue in varying chroma was evident on the buccal inclination of the 
buccal cusps. The buccal contour of the M-STL might have also 
contributed to the undercontoured areas as the milling unit might have 
over-milled this contour to reach the undercut areas. However, this 
hypothesis needs to be supported with a study on the trueness of lithium 
disilicate crowns designed on a model with antagonist and adjacent 
teeth. When the occlusal surfaces were further evaluated, a color scheme 
with red, yellow, and green was observed for all materials, indicating a 
possible need for occlusal adjustment. However, considering the small 
differences among tested materials when overall and external surface 
deviations were considered, the duration of adjustments may be similar. 
Color maps of all materials when the intaglio surface was considered 
were somewhat similar with blue and green colors dominant on the 
occlusal surface and a range of colors from red to green on the axial 
surfaces. However, the color map of TS differed from those of other 
materials with dominant red on the axial walls. Therefore, the clinical 
duration of intaglio surface adjustments of TS may be longer. Even 
though the color maps of TS and EX showed overcontoured areas when 
marginal surface was concerned, the greatest mean difference among 
materials was 4.5 µm (AM and EX). This could be interpreted as tested 
materials having similar marginal gap values; however, this hypothesis 
needs to be supported with studies on the marginal gap of tested ma-
terials evaluated by using different techniques. Given that the greatest 
mean difference among tested materials when average gap values were 
considered was 12.4 µm (AM and TS), which is smaller than the 80 µm 
cement gap of M-STL, and the color maps generated after triple scan 
protocol are parallel to those generated after superimpositions for the 
intaglio surface, the authors think that the methodology and the results 
of internal fit analysis are justified. Tested crowns may also have a 
similar clinical fit after necessary adjustments. However, none of the test 
groups had a mean average gap value similar to or lower than the 80 µm 
cement gap of the M-STL, which could be related to the diameter of the 
burs used for milling [29]. In different clinical situations that require a 
higher cement gap value such as an increased number of units or while 
using advanced cement gap settings of the design software program, 
tested lithium disilicate ceramics may have higher intaglio surface 
trueness and lower internal gap values. 

A recent study has reported that IN had higher trueness when 
compared with TS and EX [22]. However, methodological differences 
elaborated in the second paragraph might have led to these contradic-
tory results. Another study concluded that AM and EX had similar 
external surface trueness while reporting higher trueness for EX at in-
taglio and higher trueness for AM at marginal surfaces [23]. The fact 
that the crowns were digitized by using a laboratory scanner in Kang et 
al’s [23] study may be associated with this difference as the IOS used in 
the present study allows the digitization of the entire crown with a single 
movement. However, while using laboratory scanners, separate scans of 
the external and intaglio surfaces require digital stitching to generate 

the STL file of the milled crown. Crystallized EX was shown to have 
trueness similar to or higher than that of zirconia-reinforced lithium 
silicate [16], while precrystallized EX was shown to have lower trueness 
than that of the same zirconia-reinforced lithium silicate [31], which 
highlights the effect of crystallization on measured deviations. Marginal 
adaptation of IN, TS, and EX was also investigated by using x-ray 
microtomography and while EX was reported to have lower marginal 
gap values regardless of the firing condition, only IN had higher mar-
ginal gap values after glaze firing [11]. 

A limitation of the present study was that the number of tested ma-
terials was limited to four and lithium disilicate ceramics from different 
manufacturers may have different results. Another limitation was that 
no post-milling processes other than post-milling firing were involved, 
and additional glazing or polishing may affect measured deviations. It 
should also be emphasized that all specimens were fired by using the 
same furnace. These are particularly critical for TS as the mandatory 
matrix firing may be performed along with glazing and performing these 
processes by using the proprietary induction furnace of TS’ manufac-
turer may lead to different results considering that the process takes only 
four and a half minutes [6]. In addition, only one milling unit and one 
IOS were tested in the present study. IOSs enable the digitization of 
dental appliances in one rounded motion, which eliminates possible 
stitching-related inaccuracies that could be encountered if a desktop 
scanner is used [29]. The tested IOS was reported to have high accuracy 
[34,35] and precision similar to that of laboratory scanners [36]. 
Nevertheless, another IOS or a laboratory scanner may affect the results. 
Another limitation was that only specimens of high translucency were 
tested in the present study. This may be particularly important for AM as 
its translucency can be adjusted with firing temperature, and for those 
situations where a less translucent restoration is required, a higher firing 
temperature may affect the shrinkage of the restoration. All materials 
were fabricated by using a standardized milling mode and more detailed 
modes may lead to different results. Deviation analysis by using 
compatible software programs [16,22,23,26,27,30–32] and using triple 
scan protocol to analyze the internal fit has been well-documented [28]. 
However, the present study did not investigate the marginal adaptation 
of lithium disilicate ceramics, which can be affected by the cementation 
process along with material type, and it should be mentioned that 
analysis methods suitable to evaluate both internal and marginal 
adaptation have been reported [12,14]. The present study was limited to 
crowns and different restoration designs may affect the results. Finally, 
fabrication trueness and internal fit of restorations are not the only 
clinically relevant parameters that could be affected by the post-milling 
firing process as mechanical properties may also be affected. Future 
studies should investigate how further processes such as glazing or 
polishing affect measured deviations and internal and marginal fit of 
restorations with different geometries along with how tested parameters 
change after long-term aging to further elaborate the knowledge on 
newly introduced lithium disilicate ceramics and their applicability. 

5. Conclusions 

Within the limitations of the present study, the following conclusions 
were drawn: 

1. Post-milling firing of tested lithium disilicate ceramics led to signif-
icantly increased fabrication trueness and internal fit, whereas the 
effect of post-milling firing on the fabrication trueness and internal 
fit of nano-lithium disilicate ceramic was nonsignificant.  

2. Tested nano-lithium disilicate ceramic had fabrication trueness that 
was similar to or lower than those of other materials. In addition, it 
mostly had higher internal gaps. However, the mean differences 
among tested materials were relatively small and may be clinically 
negligible. 
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B. Vecsei, Digital intraoral scanner devices: a validation study based on common 
evaluation criteria, BMC Oral Health 22 (1) (2022) 140, https://doi.org/10.1186/ 
s12903-022-02176-4. 

[36] A.B. Nulty, A comparison of full arch trueness and precision of nine intra-oral 
digital scanners and four lab digital scanners, Dent. J. 9 (2021) 75, https://doi.org/ 
10.3390/dj9070075. 

M. Demirel and M.B. Donmez                                                                                                                                                                                                                

https://doi.org/10.1016/j.prosdent.2020.08.012
https://doi.org/10.3390/ma14123215
https://doi.org/10.1016/j.dental.2021.12.013
https://doi.org/10.1016/j.jmbbm.2021.104456
https://doi.org/10.1016/j.jmbbm.2021.104456
https://doi.org/10.1111/jerd.12864
https://doi.org/10.1111/jerd.12864
https://doi.org/10.1111/jerd.12960
https://doi.org/10.1111/jerd.12960
https://doi.org/10.1111/jopr.13632
https://doi.org/10.3390/ma15114011
https://doi.org/10.3390/ma12142252
https://doi.org/10.11607/ijp.7820
https://doi.org/10.23805/JO.2022.14.04.1
https://doi.org/10.23805/JO.2022.14.04.1
https://doi.org/10.1155/2016/8635483
https://doi.org/10.1016/j.prosdent.2021.05.024
https://doi.org/10.1016/j.prosdent.2021.05.024
https://doi.org/10.1111/jerd.12574
https://doi.org/10.1111/jopr.12638
https://doi.org/10.1016/j.jpor.2019.06.004
https://doi.org/10.1016/j.jpor.2019.06.004
https://doi.org/10.4047/jap.2022.14.1.56
https://doi.org/10.4047/jap.2022.14.1.56
https://doi.org/10.1111/jerd.12738
https://doi.org/10.1111/jerd.12738
https://doi.org/10.1111/jerd.12984
https://doi.org/10.11607/ijp.7207
https://doi.org/10.3390/ma15217834
https://doi.org/10.3390/ma15217834
https://doi.org/10.23805/JO.2022.14.04.2
https://doi.org/10.23805/JO.2022.14.04.2
https://doi.org/10.3390/ma13204680
https://doi.org/10.3390/ma16062413
https://doi.org/10.1111/jopr.12683
https://doi.org/10.1016/j.prosdent.2022.10.012
https://doi.org/10.1016/j.prosdent.2022.10.012
https://doi.org/10.3390/app11199246
https://doi.org/10.3390/app11199246
https://doi.org/10.1016/j.jdent.2023.104548
https://doi.org/10.1016/j.jdent.2023.104548
https://doi.org/10.1016/j.jdent.2023.104621
https://doi.org/10.1016/j.jdent.2023.104621
https://doi.org/10.1016/j.jdent.2022.104221
https://doi.org/10.1016/j.jdent.2022.104221
https://doi.org/10.3390/app9091798
https://doi.org/10.1016/j.jdent.2023.104434
https://doi.org/10.1016/S0022-3913(12)60020-1
https://doi.org/10.1016/j.jdent.2021.103938
https://doi.org/10.1016/j.jdent.2021.103938
https://doi.org/10.1186/s12903-022-02176-4
https://doi.org/10.1186/s12903-022-02176-4
https://doi.org/10.3390/dj9070075
https://doi.org/10.3390/dj9070075

	Fabrication trueness and internal fit of different lithium disilicate ceramics according to post-milling firing and materia ...
	1 Introduction
	2 Material and methods
	3 Results
	4 Discussion
	5 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgment
	References


