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PURPOSE. This study aims to clinically compare the fitness and trueness of
zirconia crowns fabricated by different combinations of open CAD-CAM systems.
MATERIALS AND METHODS. Total of 40 patients were enrolled in this study, and

9 different zirconia crowns were prepared per patient. Each crown was made
through the cross-application of 3 different design software (EZIS VR, 3Shape
Dental System, Exocad) with 3 different processing devices (Aegis HM, Trione Z,
Motion 2). The marginal gap, absolute marginal discrepancy, internal gap(axial, line
angle, occlusal) by a silicone replica technique were measured to compare the fit
of the crown. The scanned inner and outer surfaces of the crowns were compared
to CAD data using 3D metrology software to evaluate trueness. RESULTS. There
were significant differences in the marginal gap, absolute marginal discrepancy,
axial and line angle internal gap among the groups (P <.05) in the comparison of
fit. There was no statistically significant difference among the groups in terms of
occlusal internal gap. The trueness ranged from 36.19 to 43.78 um but there was
no statistically significant difference within the groups (P >.05). CONCLUSION. All
9 groups showed clinically acceptable level of marginal gaps ranging from 74.26 to
112.20 um in terms of fit comparison. In the comparison of trueness, no significant
difference within each group was spotted. Within the limitation of this study,

open CAD-CAM systems used in this study can be assembled properly to fabricate
zirconia crown. [J Adv Prosthodont 2023;15:155-70]
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INTRODUCTION

Computer-aided design (CAD) and computer-aided manufacturing (CAM) sys-
tems have been broadly used for fabricating crowns and have already ap-
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peared to be a valid alternative to traditional pros-
thetic fabrication methods. All CAD-CAM systems are
composed of three elements: scanners, design soft-
ware and processing devices.! CAD-CAM systems are
divided into closed and open types depending on
their compatibility with scanners, design software,
or processing devices from other manufacturers. As
closed CAD-CAM systems rely on their own data for-
mat for fabrication, the system can only collaborate
with their specifically provided scanner, design soft-
ware, and processing devices. On the other hand,
open CAD-CAM systems, which use the Stereolithog-
raphy (STL) format, can be combined with other open
systems, which provide a larger range of products to
choose from. Therefore, the open systems can pro-
vide higher flexibility and compatibility compared to
closed systems.

As CAD-CAM products of various manufacturers are
released in the dental field, comparative studies on
closed and open CAD-CAM systems were being carried
out.>*Jang et al.? compared three-unit bridges fabri-
cated by combining open type Exocad (Exocad, Darm-
stadt, Germany) and EZIS HM (DDS, Seoul, Korea) to
those fabricated by representative closed type. The
open type showed lower marginal and internal gaps
than those of the closed type. In the study of Krichel-
dorf et al.,® the closed CAD-CAM system group had
higher marginal gap compared to the open system
group using Exocad and DM5 (Tecnodrill, Nova Ham-
burgo, Rio Grande do Sul, Brazil). Algahtani® reported
the group using 3Shape Dental System (3Shape, Co-
penhagen, Denmark) with Wieland Zenotec (Wieland
Dental, Pforzheim, Germany) showed lower marginal
gap compared to the group using conventional lost
wax technique and the closed system.

Outcome of CAD-CAM crown can be mainly influ-
enced by CAD-CAM system used. The success of CAD-
CAM crown is determined by several factors: esthetic
aspect, fracture resistance, and marginal adaptation.>
Marginal and internal fit is significant in assuring the
success of crowns,%” and can be affected by cement
space, marginal design, cement film thickness, seat-
ing force, material type, and CAD-CAM system used.810
Inadequate marginal fit of a crown may increase mi-
croleakage and plaque accumulation, which conse-
quently causes caries and periodontal diseases.!! In
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the conventional crown, a cement space of 25 - 50 um
is required to obtain an ideal marginal fit.1>13 Consid-
ering life expectancy of crowns, it has been reported
that a marginal gap of 100 - 200 pum is clinically ac-
ceptable.'*15> Appropriate internal gap is another cru-
cial factor dedicating to the success of crown. An ex-
cessive internal gap may weaken the fracture strength
of the crown.!® Moreover, an insufficient internal gap
may cause the incomplete placement of the crown.

CAD-CAM crowns are usually fabricated by process-
ing CAD-CAM blanks.1” The milling process can influ-
ence marginal and internal gap and therefore should
be precise.!® In order to assess the accuracy of the
milling process, the surface of the final crown should
be compared to the CAD data.?

Various materials, such as zirconia, composite res-
in, glass ceramic, cobalt chrome and hybrid biomate-
rials, may be used in the milling process.?>% Primar-
ily, zirconia prostheses, which is a crystalline dioxide
of zirconium, showed esthetically similar outcomes
as natural teeth and have been utilized in the ante-
rior region as crowns or implant abutments.?® Zirco-
nia has high flexural strength of 900 - 1200 MPa and
compressive strength of 2000 MPa, which is similar to
the mechanical properties of stainless steel,?! while
presintered zirconia blocks can be milled easily. Thus,
zirconia crowns fabricated using CAD-CAM systems
have been the most widely used. Furthermore, sev-
eral studies reported that marginal and internal fit of
CAD-CAM fabricated zirconia crowns resided within a
clinically acceptable range.?1-22

The majority of studies that compared open type
CAD-CAM systems to either a conventional method or
closed type systems was in vitro evaluations or used
a small number of systems. In addition, there have
been few clinical studies comparing the fit and true-
ness of zirconia crowns fabricated by various different
open type CAD-CAM systems. Therefore, this present
study was conducted to clinically evaluate the fit and
trueness of zirconia crowns fabricated by cross appli-
cation of the commercially available open systems in-
cluding 3 design software and 3 processing devices in
patients.

https://jap.or.kr



Comparison of fit and trueness of zirconia crowns fabricated by different
combinations of open CAD-CAM systems

MATERIALS AND METHODS

The present study was conducted from May 2019 to
December 2020 at Pusan National University Dental
Hospital and was approved by the Institutional Re-
view Board of Pusan National University Dental Hos-
pital (IRB No. PNUDH-2019-017-MD). Patients who
were offered a single full veneer crown prosthetic
treatment were given an explanation on the purpose,
and the study only enrolled patients who expressed
voluntary consent to participation. Patients who had
remaining healthy tooth structures and could be
treated with prosthetic treatment were included. A
total of 40 patients (5 males, 24 females; mean age, 40
years) were screened and enrolled in this study. The
tooth distribution of 40 patients were 4 maxillary inci-
sors, 6 maxillary premolars, 7 mandibular premolars,
9 maxillary molars, and 14 mandibular molars (Table
1).

The flow chart of the zirconia crown fabrication is
represented in Figure 1. First, tooth preparation was

Table 1. Locations of abutment teeth used in this study

J Adv Prosthodont 2023;15:155-70

performed for the fabrication of zirconia crowns. A
skilled prosthodontist prepared the abutment teeth
following the recommended zirconia prep guidelines.
A deep chamfer margin was formed, and all line an-
gles were rounded off.

A double cord technique was performed using gin-
gival retraction cords (Ultrapak; Ultradent, South Jor-
dan, UT, USA) for gingival displacement to clearly scan
the abutment margin. An intraoral scanner (i500; Med-
it, Seoul, Korea) was used to scan the abutment teeth
and record the occlusion. To design a zirconia crown,
the scanned file was transferred to respective CAD
software: EZIS VR (DDS, Seoul, Korea), 3Shape Dental
System (3Shape, Copenhagen, Denmark), and Exocad
(Exocad, Darmstadt, Germany) (Table 2). Correspond-
ing to the recommendation of a previous study, the
cement space was uniformly assigned as 40 um using
a recommended method provided by the manufactur-
er?

Zirconia blanks (Luxen; Dentalmax, Seoul, Korea)
were respectively processed using milling machines:
Aegis HM (DDS, Seoul, Korea), Trione Z (Dio, Busan,
Korea), Ceramil motion 2 (Amann Girrbach, Pforzheim,
Germany) (Table 3). The milled zirconia crowns were
sintered in the sintering machine (DuoTron Pro; ADD-

Incisor  Premolar  Molar Total IN, Yang-ju, Korea) according to the manufacturers’
Maxilla 4 6 9 19 instructions. All crowns were designed and fabricated
Mandible 0 7 14 21 by a single trained dental technician (Fig. 2). A total of
Total 4 13 23 40 360 zirconia crowns (9 crowns per each patient) were
)
Teeth Preparation
(n=40)
S
S
( ) 500
Intraoral Scan Intraoral Scanner
(Medit, Seoul, Korea)
E— . —
3sh
) ape
Design Software (DDzilfuxfma) " Degtal hSyst%m i B ,Ea)r(n?;ad:j Germany)
(3shape, Copenhagen, Denmark)

Trlone z
Devices

Trione Z Trione Z

) . 1 [ 1
; Motlon 2 : Motion 2 ; ; Motion 2
Processing Aegis HM P Aeg|s HM 0-10) Aegis HM 0-10)
i (=) (= (Amann Girrbach, (=) (=44 (Amann Girrbach, (=41 (@=20) (Amann Girrbach,
| ) (DDS, Seoul, Korea) (Dio, Busan Korea) Pfurzﬁelm Ge:ﬁay (DDS, Seoul, Korea) (Dio, Busan, Korea) Pforzﬁeim, Gel?n?a\’/) (DDS, Seoul, Korea) (Dio, Busan, Korea) Pforzf\eim, Gefn(:a\})

Fig. 1. Flow chart of zirconia crown fabrication in this study.
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Table 2. Parameter options for different design software

Design software EZISVR 3Shape Dental System Exocad

(Manufacturer) (DDS, Korea) (3shape, Denmark) (Exocad, Germany)
Space O O O
Proximal Contact O @) O
Occlusal Contact O O O
Minimum Thickness O @) O
Margin Cement Thickness O O O
Internal Cement Thickness O @) O
Additional Occlusal Space - O O
Additional Axial Space - O O
Margin Space Length O O O
Tool Compensation Radius O O O

In this study, the cement space was set to 40 um equally.
-: No adjustable option

Table 3. Operating conditions of processing devices used in this study

Processing Axis Spindle Processing  Accuracy Presented Machine

Device (Number of Spindle) Speed(max) Environment by Manufacturer Tool Manufacturer
. Grinding with
Aegis HM 4(2) 63,000 rpm Wet 10 um diamond bur DDS, Korea
. Grinding with .
Trione Z 5(1) 25,000 rpm Dry Unknown diamond bur Dio, Korea
Motion 2 5(1) 100,000 rpm Dry Unknown G.rlndlng LR ARl BT
diamond bur Germany
' Table 4. Experimental groups investigated in this study
EZIS/Tri Groups CAD software Milling machines n
EZIS/Ae Aegis HM 40
EZIS/Tri EZISVR Trione Z 40
EZIS/Mo Motion 2 40
) 3Shape/Ae Aegis HM 40
3Shape/Ae 3Shape/Tri 3Shape/Mo 3Shape/Tri BShg}?S‘etgn(:ntal Trione Z 40
3Shape/Mo Motion 2 40
Exocad/Ae Aegis HM 40
Exocad/Tri Exocad Trione Z 40
Exocad/Mo Motion 2 40

Exocad/Ae EZIS/Tri Exocad/Mo

EZIS/Ae: EZIS VR/Aegis HM, EZIS/Tri: EZIS VR/Trione Z, EZIS/Mo: EZIS VR/

. . . . . Ceramil motion 2, 3Shape/Ae: 3Shape Dental System/Aegis HM, 3Shape/
Fig. 2. Fabricated zirconia crowns of each group (mandlb Tri: 3Shape Dental System/Trione Z, 3Shape/Mo: 3Shape Dental System/

ular second premolar). Ceramil motion 2, Exocad/Ae: Exocad/Aegis HM, Exocad/Tri: Exocad/Trione
EZIS/Ae: EZIS VR/Aegis HM, EZIS/Tri: EZIS VR/Trione Z, Z, Exocad/Mo: Exocad/Ceramil motion 2.

EZIS/Mo: EZIS VR/Ceramil motion 2, 3Shape/Ae: 3Shape
Dental System/Aegis HM, 3Shape/Tri: 3Shape Dental Sys-
tem/Trione Z, 3Shape/Mo: 3Shape Dental System/Ceramil
motion 2, Exocad/Ae: Exocad/Aegis HM, Exocad/Tri: Exo-
cad/Trione Z, Exocad/Mo: Exocad/Ceramil motion 2.
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Fig. 3. Flow chart of the zirconia crown evaluation.

fabricated and divided into 9 groups (Table 4).

The flow chart of the zirconia crown evaluation is
represented in Figure 3.

Prior to the seating of zirconia crown, a prostho-
dontist confirmed that all the zirconia crowns of each
group were completely seated to the teeth by adjust-
ing the proximal contact of the zirconia crowns (Fig.
4). To prepare the fit evaluation using replica tech-
nique, each crown was filled by Fit Checker Advanced
(GC, Tokyo, Japan) and placed on the abutment by
applying constant finger pressure for 1 min until the
Fit Checker was polymerized. The crown was careful-
ly removed from the abutment, and then a polyvinyl-
siloxane impression material (Imprint 1I; 3M, St. Paul,

MN, USA) was injected into the Fit Checker applied in-
ner surface of the crown for the purpose of stabilizing
the film layer and preventing deformation. A total of
360 polyvinylsiloxane replicas were made using this
method.

The collected silicone replicas were embedded into
a 3D printed jig and polyvinylsiloxane impression ma-
terial (Imprint Il; 3M, St. Paul, MN, USA) was applied
for exact cutting (Fig. 5, Fig. 6).2* The replica was sec-
tioned in bucco-lingual and mesio-distal directions
(Fig. 6E). After taking the image of the specimen at
100X magnification using a camera-equipped mi-
croscope (Olympus BX 51; Olympus, Tokyo, Japan),
the film thicknesses at the reference points (9 points

Fig. 4. (A, B) Right and occlusal views of final zirconia crown (mandibular right first molar), (C) Periapical radiograph.

https://jap.or.kr
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Fig. 5. (A) Prepared mandibular right
first molar, (B) The zirconia crown
was filled by Fit Checker Advanced
(GC, Tokyo, Japan) and placed on the
abutment, (C, D) The zirconia crown
and Fit Checker film was carefully
removed from the abutment, (E) A vi-
nyl polysiloxane impression material
(Imprint 11; 3M, St. Paul, MN, USA) was
injected into the Fit Checker applied
inner surface of the crown.

Fig. 6. (A, B) 3D printed jig for silicone
replica technique, (C) Blue-colored

Fit Checker and yellow-colored vinyl
polysiloxane impression material sep-
arated from zirconia crown are buried
in the jig, (D) Filling remaining space
with green-colored vinyl polysiloxane
impression material, (E) Bucco-lingual
and mesio-distal cutting of replica.

on bucco-lingual side, 9 points on mesio-distal side)
were measured with an image analysis software
(I-Solution; IMT i-solution, Daejeon, Korea).
According to the classification of Holmes et al.,?
the fit of CAD-CAM zirconia crown was measured by
the absolute marginal discrepancy, marginal gaps,
and internal gaps (Fig. 7). The absolute marginal dis-
crepancy (AMD) is the vertical distance starting from
the edge of the tooth margin to the edge of the crown
margin (Fig. 7A, a, I, i). The marginal gap (MG) is the
vertical distance from the edge of the tooth margin to
the inner surface of the crown (Fig. 7B, b, H, h). The in-
ternal gap is the vertical distance from the tooth sur-
face to the inner surface of the crown. To measure the

160
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internal gap, the axial internal gap, line angle inter-
nal gap, and occlusal internal gap were measured in
this study. The axial internal gap (AG) was measured
at the center of the axial wall (Fig. 7C, ¢, G, g), the line
angle internal gap (LG) was measured on the line an-
gle transitioning from the occlusal surface to the axial
wall (Fig. 7D, d, F, f), and the occlusal internal gap (OG)
was measured at the center of the occlusal surface
(Fig. 7TE, e). All the measurements were performed
by blinded single investigator, and were repeated 3
times.

The inner and outer surfaces of zirconia crown were
scanned with a digital scanner (Trios3; 3shape, Co-
penhagen, Denmark). The design software data and

https://jap.or.kr
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Bucco-Lingual

Mesio-Distal

Fig. 7. Reference points to measure the thickness of the Fit Checker.
[A, a, |, i: Absolute marginal discrepancy (AMD); B, b, H, h: Marginal gap (MG); C, c, G, g: Axial internal gap (AG); D, d, F, f:

Line angle internal gap (LG); E: Occlusal internal gap (OG)].

scan data were compared using a 3D metrology soft-
ware (Geomagic Control X; Geomagic, Stuttgart, Ger-
many). The trueness in an optimal alignment was an-
alyzed by obtaining root mean square (RMS) values in
the order of the initial alignment of design data and
scan data. The formula to obtain the RMS value used
in this study is as follows.2¢

n
1
RMS = —- E Xyi — Xz0)?
\/n— izl( 1,0 2,1)

X, position of measurement point No. i in the CAD
reference model

X, position of measurement point No. i in the CAD
test model

n: number of all points measured in each analysis

According to the International Organization for
Standard (ISO) 12836, the RMS values mean a high-
er degree of 3D agreement as the value approaches
zero.?" A color difference map with a specified range
of 100 um (20 color segments) was presented to show
a 3D comparison. The red zone (10 - 100 um) indicates
a positive error. The blue zone (-10 to -100 pm) rep-
resents a negative error. The green zone (* 10 um)
shows precise machining accuracy.

SPSS software (version 25.0; SPSS, Chicago, IL, USA)
was used for the statistical analyses. Normality and

https://jap.or.kr

homogeneity of variance were verified with the Sha-
piro-Wilk test. Since fit and trueness values did not
show normality in the normality test, Kruskal Wallis
test (o =.05) was used to assess the statistical signif-
icance. For post hoc analyses, the Mann-Whitney U
test was used with the Bonferroni correction for mul-
tiple comparisons (a=.05/3=.017).

RESULTS

The following fit results were obtained by measuring
the Fit Checker film thickness of the reference point
on the specimen (Fig. 8).

When design software are compared to one anoth-
er by processing devices, the lowest marginal gap
(um) was shown in the Ezis/Tri (74.26 = 68.68), while
the highest was in the Exocad/Ae (112.20 *+ 68.96)
(Table 5). There was a statistically significant differ-
ence between the EZIS/Ae (84.58 X 67.35) and Exo-
cad/Ae (112.20 * 68.96), EZIS/Tri (74.26 £ 68.68) and
3Shape/Tri (108.11 £ 78.52), and EZIS/Tri (74.26 =
68.68) and Exocad/Tri (102.12 *+ 81.36), respectively
(P<.017).

There was no statistically significant difference be-
tween the groups (P >.05) when processing devices are
compared to each other by design software (Table 6).

When design software are compared to each other
by processing devices, the lowest mean absolute mar-
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Fig. 8. Bucco-lingual cross-section
view of replica specimen at measur-
ing points. [Magnification: X 100;
(A) Absolute marginal discrepancy
(AMD) and Marginal gap (MG), (B)
Axial internal gap (AG), (C) Line
angle internal gap (LG), (D) Occlusal
internal gap (OG)].

Table 5. Means and standard deviations of marginal gap (Comparison of processing devices by design software, um, n =40)

Processing Devices

Aegis HM Trione Z Motion 2
EZIS 84.58 = 67.352 74.26 * 68.68°4 87.20 = 78.06¢
Design Software 3Shape 105.84 £ 74.13° 108.11 + 78.52¢ 104.94 £ 79.45f
Exocad 112.20 £ 68.962 102.12 £ 81.36¢ 98.85 * 81.168

ab.cd.e.fe Same lowercase letters indicate significant difference at #<.017 in a column.

Table 6. Means and standard deviations of marginal gap (Comparison of design software by processing devices, um, n =40)

Design Software

EZISVR 3Shape Dental System Exocad
Aegis HM 84.58 & 67.35? 105.84 £ 74.132 112.20 + 68.962
Processing Devices Trione Z 74.26 £ 68.682 108.11 = 78.52° 102.12 + 81.36°
Motion 2 87.20 £ 78.06° 104.94 £ 79.452 98.85 * 81.162

2Same lowercase letter means no significant difference in the columns (P> .05).

Table 7. Means and standard deviations of absolute marginal discrepancy (Comparison of processing devices by design
software, um, n =40)

Processing Devices

Aegis HM Trione Z Motion 2
EZIS 120.31 £ 68.142 126.65 * 83.93<d 150.66 £ 91.42¢
Design Software 3Shape 142.02 *+ 69.28° 166.68 *+ 76.01¢ 174.42 £ 68.22¢
Exocad 160.18 £ 67.182 184.85 £ 79.57¢ 172.69 * 75.42f

a.b.c.d.e.f Same lowercase letters indicate significant difference at #<.017 in a column.

162 https://jap.or.kr



Comparison of fit and trueness of zirconia crowns fabricated by different
combinations of open CAD-CAM systems

ginal discrepancy (um) was in the Ezis/Ae (120.31 £
68.14), while the highest was in the Exocad/Tri (184.85
* 79.57) (Table 7). There was a statistically signifi-
cant difference between the EZIS/Ae (120.31 £ 68.14)
and the Exocad/Ae (160.18 * 67.18), EZIS/Tri (126.65
* 83.93) and 3Shape/Tri (166.68 = 76.01), EZIS/Tri
(126.65 * 83.93) and Exocad/Tri (184.85 £ 79.57),
and EZIS/Mo (150.66 & 91.42) and 3Shape/Mo (174.42
* 68.22), respectively (P <.017).

When processing devices are compared to each oth-
er by design software (Table 8), there was no statis-
tically significant difference between the groups (P >
.05).

When design software are compared to each other
by processing devices, the lowest axial internal gap
(um) was in the Exocad/Ae (41.26 £ 33.81), while the

J Adv Prosthodont 2023;15:155-70

highest was in the EZIS/Ae (100.31 % 65.03) (Table
9). There was a statistically significant difference be-
tween the EZIS/Ae (100.31 * 65.03) and 3Shape/Ae
(53.12 £ 43.84), EZIS/Ae (100.30 * 65.03) and Exocad/
Ae (41.26 £ 33.81), 3Shape/Ae (53.12 £ 43.84) and
Exocad/Ae (41.26 £ 33.81), EZIS/Tri (97.20 £ 66.79)
and 3Shape/Tri (54.13 % 45.69), EZIS/Tri (97.20 =
66.79) and Exocad/Tri (54.61 X 45.64), EZIS/Mo (99.49
+ 69.05) and 3Shape/Mo (51.12 *+ 49.58), and EZIS/
Mo (99.49 = 69.05) and Exocad/Mo (48.49 *+ 52.28),
respectively (P <.017).

When processing devices are compared to each oth-
er by design software (Table 10), there was no statis-
tically significant difference between the groups (P >
.05).

When design software are compared to each other

Table 8. Means and standard deviations of absolute marginal discrepancy (Comparison of design software by processing

devices, um, n =40)

Design Software

EZISVR 3Shape Dental System Exocad
Aegis HM 120.31 * 68.142 142.02 £ 69.282 160.18 * 67.182
Processing Devices Trione Z 126.65 * 83.932 166.68 = 76.012 184.85 £ 79.572
Motion 2 150.66 * 91.422 174.42 * 68.227 172.69 * 75.422

2Same lowercase letter means no significant difference in the columns (P >.05).

Table 9. Means and standard deviations of axial internal gap (Comparison of processing devices by design software, pm,
n =40)

Processing Devices

Aegis HM Trione Z Motion 2
EZIS 100.31 % 65.03%> 97.20 £ 66.79%¢ 99.49 + 69.05%¢
Design Software 3Shape 53.12 + 43.84a¢ 54.13 * 45.69¢ 51.12 * 49.58f
Exocad 41.26 * 33.81b¢ 54.61 * 45.64¢ 48.49 *+ 52.288

a.b.cd.efe Same lowercase letters indicate significant difference at P <.017 in a column.

Table 10. Means and standard deviations of axial internal gap (Comparison of design software by processing devices, um,
n =40)

Design Software

EZISVR 3Shape Dental System Exocad
Aegis HM 100.31 * 65.032 53.12 * 43.842 41.26 * 33.812
Processing Devices Trione Z 97.20 = 66.79° 54.13 £ 45.69° 54.61 £ 45.64°
Motion 2 99.49 *£ 69.052 51.12 * 49.582 48.49 £ 52.282

2Same lowercase letter means no significant difference in the columns (P> .05).

https://jap.or.kr 163



by processing devices, the lowest line angle internal
gap (um) was in the EZIS/Ae (83.05 £ 65.14), while the
highest was in the 3Shape/Mo (141.36 £ 79.69) (Ta-
ble 11). There was a statistically significant difference
between the EZIS/Ae (83.05 * 65.14) and 3Shape/Ae
(103.47 £ 69.49), EZIS/Ae (83.05 * 65.14) and Exo-
cad/Ae (110.87 £ 77.89), EZIS/Tri (98.82 £ 73.00) and
3Shape/Tri (123.84 + 73.91), EZIS/Tri (98.82 + 73.00)
and Exocad/Tri (124.41 + 78.28), and EZIS/Mo (117.64
* 76.53) and 3Shape/Mo (141.36 * 79.69), respec-
tively (P <.017).

When processing devices are compared to each
other by design software (Table 12), there was a sta-
tistically significant difference between the Aegis/
EZ (83.05 * 65.14) and Motion/EZ (117.64 =+ 76.53),
Aegis/3S (103.47 = 69.49) and Motion/3S (141.36 *
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79.69), respectively (P <.017).

When design software are compared to each oth-
er by processing devices, the occlusal internal gap
results (um) of each group were as follows (Table
13): EZIS/Ae (90.32 £ 64.49), 3Shape/Ae (103.99 *+
65.09), Exocad/Ae (113.97 * 87.76), EZIS/Tri (117.33
+ 85.00), 3Shape/Tri (133.78 * 91.47), Exocad/Tri
(142.09 =+ 79.70), EZIS/Mo (122.62 *+ 77.08), 3Shape/
Mo (143.99 * 84.89), and Exocad/Mo (144.17 &=
81.30). There was no statistically significant difference
among the groups (P >.05).

When processing devices are compared to each oth-
er by design software (Table 14), there was no statis-
tically significant difference between the groups (P >
.05).

The means and standard deviations of trueness re-

Table 11. Means and standard deviations of line angle internal gap (Comparison of processing devices by design software,

um, n =40)
Processing Devices
Aegis HM Trione Z Motion 2
EZIS 83.05 £ 65.14%b 98.82 £ 73.00° 117.64 £ 76.53¢
Design Software 3Shape 103.47 £ 69.49° 123.84 = 73.91¢ 141.36 £ 79.69¢
Exocad 110.87 &+ 77.89° 124.41 + 78.28¢ 134.12 + 80.83f

a.b.c.d.e.f Same lowercase letters indicate significant difference at #<.017 in a column.

Table 12. Means and standard deviations of line angle internal gap (Comparison of design software by processing devices,

um, n = 40)
Design Software
EZISVR 3Shape Dental System Exocad
Aegis HM 83.05 * 65.142 103.47 £ 69.49¢ 110.87 £ 77.89¢
Processing Devices Trione Z 98.82 = 73.0° 123.84 + 73.91¢ 124.41 +78.28f
Motion 2 117.64 £ 76.532 141.36 £ 79.69¢ 134.12 £ 80.83#

abcdefeSame lowercase letters indicate significant difference at P<.017 in a column.

Table 13. Means and standard deviations of occlusal internal gap (Comparison of processing devices by design software,

um, n = 40)
Processing Devices
Aegis HM Trione Z Motion 2
EZIS 90.32 £ 64.492 117.33 % 85.002 122.62 = 77.082
Design Software 3Shape 103.99 £ 65.092 133.78 £ 91.472 143.99 + 84.892
Exocad 113.97 £ 87.762 142.09 £ 79.702 144.17 £ 81.302

2Same lowercase letter means no significant difference in the columns (P >.05).
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Table 14. Means and standard deviations of occlusal internal gap (Comparison of design software by processing devices,

Design Software

3Shape Dental System Exocad

um, n = 40)
EZISVR
Aegis HM 90.32 * 64.49°
Processing Devices Trione Z 117.33 £ 85.00°
Motion 2 122.62 £ 77.082

103.99 £ 65.09°
133.78 = 91.472
143.99 £ 84.89°

113.97 £ 87.76°
142.09 £ 79.70°
144.17 £ 81.30°

2Same lowercase letter means no significant difference in the columns (P >.05).

Table 15. Means and standard deviations of RMS value results (um, n = 40)

Processing Devices

Aegis HM Trione Z Motion 2
EZIS 39.68 £ 7.282 39.20 £ 9.522 36.19 £7.182
Design Software 3Shape 43.78 +7.802 42.00 + 25.752 37.15 + 8.262
Exocad 41.73 £ 6.892 37.67 £ 7.762 36.79 £ 6.372

2Same lowercase letter means no significant difference in the columns (P >.05).

sults (um) are shown in Table 15 and Figure 9: EZIS/
Ae (39.68 *+ 7.28), 3Shape/Ae (43.78 £ 7.80), Exocad/
Ae (41.73 £ 6.89), EZIS/Tri (39.20 * 9.52), 3Shape/Tri
(42.00 £ 25.75), Exocad/Tri (37.67 £ 7.76), EZIS/Mo
(36.19 £ 7.18), 3Shape/Mo (37.15 % 8.26), and Exo-
cad/Mo (36.79 % 6.37). There was no significant sta-
tistical difference among the groups (P > .05).

DISCUSSION

As the CAD-CAM system evolves, the results with CAD-
CAM are becoming more precise,?® and systems have
evolved to be more compatible with those of other
manufacturers. Numerous different open CAD-CAM
systems are being released. Meanwhile, studies com-
paring them are insufficient. Thus, this study aims to
comprehensively view the fit including the marginal
gap and trueness through cross application of three
different design software and processing devices.

In this study, software which are commonly used in
dental clinics and laboratories were selected.3* Do-
mestic design software developed and used relatively
recently was also adopted to be compared with ex-
isting products in the present study.'? In terms of the
milling machine selection, one of the machine (Mo-
tion 2) commonly used was selected and a domes-
tic machine (Trione Z) was selected as a comparison.
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Since the two milling machines both were 5-axis, an-
other newly developed machine (Aegis HM) was add-
ed to compare with those with 4-axis.

In this study, the fit of nine different groups of
crowns were compared through a replica technique.
There are basically four methods of measuring mar-
ginal fitness: direct view, cross-sectional, impression
technique, and explorer and visual examination.?®
The replica technique has been used positively in
measuring fit as it uses materials with improved pre-
cision.3® When considering the preparation of abut-
ment teeth, there was a study on the effect of margin
shapes on the fit of the crown.31:32 Pera et al.3! mea-
sured the marginal fit according to the shape of the
margin and the gap size increased accordingly in the
order of chamfer margin, 50° shoulder margin, and
90° shoulder margin. Koo et al.3? reported that the
margin gap of 90° shoulder margin was larger than
those of chamfer and 130° shoulder margin. There-
fore, in this study, abutment preparation was per-
formed with a deep chamfer margin. A cement space
of 40 um of all the design software was established,
as Mously et al.23 recommended a spacer thickness
of 30 - 60 um when fabricating ceramic crowns with
CAD-CAM.

The fit evaluation results of this study showed that
the overall marginal gap values were 74.26 - 112.20
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Fig. 9. Comparison of the 3D color difference map of trueness. The deviation range is color coded from -100 pm (blue) to
+100 um (red). A negative deviation (blue) indicates more removal of block during the milling process, while a positive
deviation (red) indicates less removal of block compared to the digital-calculated crown dimensions. (A) outer surfaces of
the crowns. (B) inner surfaces of the crowns.
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pum. Current study reported that CAD-CAM systems
achieved marginal gaps which were below 80 um.33
Although there have been arguments regarding the
clinically acceptable marginal gap, a number of re-
searches have accepted the marginal gap of 120 um
as described by McLean and von Fraunhofer.343¢ Thus,
all the marginal gaps in this study fit the clinically ac-
ceptable level. 9 groups of zirconia crowns had appro-
priate marginal gap. However, the standard deviation
of fit including marginal gap tended to be large when
compared with other studies. The present study was
conducted in a clinical environment, being influenced
by varying parameters in the process of tooth prepa-
ration, including saliva, bleeding, finish lines, limit-
ed access, and their effects on the impression tech-
niques.* Therefore, chronic and uncontrolled medical
history was controlled at the patient level to obtain
unaffected data from various parameters. In addition,
the optimal marginal gap was obtained by applying
the double cord technique to minimize the effects of
bleeding, saliva, and gingiva. The definitive zirconia
restoration was controlled to have the same cement
space by only one skilled dental technician. Seating
force is another important factor influencing margin-
al fit.373% It is difficult to apply such force with finger
pressure, which is thought to be one of the causes
explaining the large standard deviation compared to
previous studies.

The gap of CAD-CAM fabricated crowns is wider in
the internal areas than at the marginal region in this
study, as in a number of previous studies.3¥4° Edges of
the prepared tooth may appear to be slightly round-
ed on the design software, which may cause prema-
ture contacts. To prevent this, a spacer parameter of
the design software or adjustment by the technician
should take place, and this may lead to larger internal
gaps.*! If there is a structure smaller than the diame-
ter of the bur on the milling machine, larger amount
than necessary will be removed, which may be the
cause of wider internal gaps.’

In this study, there were also differences in the val-
ues according to the reference points of the internal
gap. The occlusal internal gap (90.32 - 144.17 um)
tended to be larger than the axial internal gap (41.26
- 100.41 um). This suggests that narrow axial inter-
nal gap prevents Fit Checker or cement escape at the
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margin of the crown and results in poor seating and a
thick occlusal internal gap.1® Differences in the func-
tions of design software may have caused differences
in the internal gap of crown.*?

Trueness, explaining the closeness between a mea-
surement value and the true value, is used to evalu-
ate accuracy.® The milling device accuracy and the
sintering shrinkage compensation can influence the
trueness of the crowns.** Previous studies reported
that five-axis milling machine showed excellence in
trueness compared to the 4-axis milling machine,*46
but no significant difference in trueness according to
the number of axes of the milling machine was spot-
ted in the present study. The results reveal that the
open type design programs and processing devices
used in this study have compatibility with other man-
ufacturers’ products.

Studies discussing whether prostheses fabricated
with open CAD-CAM systems are clinically acceptable
have been previously reported. Ben-lzhack et al.*" re-
ported a prosthetic marginal gap of 38.4 + 4.354 um
when the Exocad design software and CEREC inLab
MC XL processing device (Dentsply Sirona, Milford,
DE, USA) were used in combination. According to
Jang et al.,? the prosthesis fabricated with Exocad de-
sign software and EZIS HM showed a clinically accept-
able marginal fit of less than 120 pm (113 % 62.3 um).
The crowns fabricated with the 9 groups of open type
systems tested in this study also showed a clinically
acceptable marginal gap (74.26 - 112.20 pm).

Unlike comparing design software by processing
devices, when processing devices are compared to
each other by design software, the statistically sig-
nificant difference was less in fit values. This may
support the fact that differences in the fit depending
on the choice of processing device do not stand out
and is in line with the trueness results of the present
study.

It was not possible to target the same tooth due to
the limitations of the clinical study. Therefore, by set-
ting the number of patient to 40, we tried to minimize
the error. Further studies on the length of the pros-
thesis or area of the edentulous part are required,*®
and a comparative study using a new measurement
method seems to be necessary.*® Follow-up studies
using various materials are also needed.? The fit and
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trueness of the zirconia crowns fabricated by cross
application of open CAD-CAM systems were compared
in this study. All the different zirconia crowns showed
clinically acceptable trueness and fit in a single tooth
restoration. However, as new CAD-CAM systems are
being released in the dental field,>® continuous fol-
low-up studies on newly released open systems are
necessary.

CONCLUSION

In this study, there was no problematic combination
of open CAD-CAM systems. Within the limitation of
this study, all nine combinations of open CAD-CAM
systems are clinically acceptable for fabricating zirco-
nia crowns.
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