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Abstract

Objective: The international standard organization (ISO) evaluated the accuracy of the computer-aided-design and computer-aid-
ed-manufacturing (CAD-CAM) systems using their unique symmetry taper abutment. This study evaluated the effect of abutment
shape on the accuracy of two CAD-CAM systems by using symmetry cylindrical taper die (ISO) compared with normal tooth preparation
by marginal gap measurement.

Methods: The ISO taper die (ISO 12836; 2012) and plastic tooth form abutment (maxillary second premolar) were duplicated and casted
with nichrome (Ni-Cr) alloy, then used as master die. Both dies were scanned and the zirconia crown coping was fabricated by two CAD-
CAM systems, Cerec InLab (Dentsply Sirona Inc) and Ceramill (Amann Girrbach). The absolute marginal discrepancy (AMD) of the crowns
were measured. The data were statistically analyzed by two-way Analysis of Variance (ANOVA) and Tukey's test (a = 0.05).

Results: Cerec InLab showed a marginal discrepancy of the crown of 0.20 £ 0.03 mm in both abutment forms, and this was statistically
larger than the Ceramill system (0.09 = 0.04 mm and 0.07 + 0.03 mm for ISO abutment and tooth form abutment, respectively).

Conclusion: The different abutment shapes did not affect the accuracy of the crown coping produced from the CAD-CAM system,
whereas the different CAD-CAM systems affected the accuracy of the crown.
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Introduction

Computer-aided-design and computer-aided-manufacturing (CAD-CAM) technology has been used increasingly in den-
tistry for over 25 years.” The development of new materials such as zirconia ceramics, polycrystalline alumina ceramic, and
partial-sintering cobalt-chromium (Co-Cr) alloy has driven more developments in the CAD-CAM systems along with the
development of new materials to support the successful dental restorations of the patient.? Current CAD-CAM restorations
are better fitting, stronger, and more aesthetic than previous CAD-CAM restorations.3

A lot of dental CAD-CAM systems are available in the world market. Each system has its own technology, both for CAD and
CAM. Some systems have combined their own technology with some original equipment manufacturer (OEM) technology.*
However, most of the systems are a closed system and it is impossible to transfer data between systems. This would cost
higher expenses for restorations fabricated by CAD-CAM and spike the development of not only the CAD-CAM system but
also the development of the materials.®

In clinical settings, the shape and size of the abutment from the tooth preparation for crown restoration was individual-
ly varied from tooth to tooth. Several researchers evaluated the accuracy of different techniques for crown construction
based upon individual abutment shape and size; however, it is difficult to compare work by work.® The accuracy of the
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CAD-CAM system was evaluated by the ISO, based on their
typical abutment. The abutment was set up more simply
and repeatably. Therefore, the results of the accuracy of the
CAD-CAM system from different crown construction tech-
niques can be compared and justified from laboratory to lab-
oratory.” To avoid the uncontrolled shape of the abutment,
the symmetrical cylindrical taper abutment was used for
standard testing. This ISO abutment is quite big as compared
with the usual tooth preparation abutment.” However, the
accuracy of the restoration fabricated by CAD-CAM systems
is influenced by multi-factors, not only by the factors of the
fabrication process but also those of the shape and dimen-
sion of the restoration.®

Therefore, the purpose of this study is to evaluate of the
effect of abutment shape on the accuracy of two different
CAD-CAM systems using symmetry cylindrical taper die
(ISO) compared with normal tooth preparation by marginal
gap measurement.

Methods

The schematic picture of a symmetry cylindrical taper die is
shown in Figure 1. This die was fabricated from stainless steel
and is used for evaluating the accuracy of the CAD-CAM
system as indicated in ISO 12836; 2012 Dentistry-Digitiz-
ing devices for CAD-CAM systems for indirect dental resto-
rations-Test methods for assessing accuracy.’

The tooth form abutment was prepared from plastic Ivorine™
tooth (Columbia Dentoform Corp, NY, USA), using a maxil-
lary right second premolar tooth model. The tooth prepa-
ration was performed to approximately achieve a 0.8 mm-
deep chamfer finishing line, a 1.5 mm occlusal reduction,
and 6-degree total occlusal convergences. The preparation
of the plastic tooth was then duplicated and casted with Co-
Cr alloy (Vitallium®, Dentsply Inc, PA, USA) and used as the
master die.

Both die abutments were scanned and the crown coping
was fabricated by two CAD-CAM systems, Cerec InLab
(Dentsply Sirona Inc, PA, USA) and Ceramill (Amann Gir-
rbach, Koblach, Austria). The Cerec InLab system is com-
posed of an InEos Blue desktop scanner, an InLab software,
and an InLab MC XL milling machine, whereas the Ceramill
system is composed of a Ceramill map300 scanner, a Ce-
ramill Mind software, and a Ceramill Motion milling ma-
chine. The scanner and the milling unit of both CAD-CAM
systems were calibrated at the beginning of the study and
recalibrated before each test.

Main Points

e Thesize and shape of the abutment did not affect the crown
accuracy milled by the two dental CAD-CAM systems.

The crown accuracy was affected by the different CAD-CAM
systems.

The typical ISO die abutment can be used for testing the

accuracy of the CAD-CAM system employed.
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Both master dies were fixed to a special model holder in
the aligning tool provided by each CAD-CAM system and
scanned to obtain abutment data. After scanning, the res-
toration on the abutment was designed by each CAD-CAM
software. The full coverage cylindrical crown was designed
for the symmetrical cylindrical taper die, as indicated in the
ISO standard’, and a full coverage 0.5 mm-thick substruc-
ture for all-ceramic crowns was designed for the tooth form
abutment. The 20% oversize for zirconia shrinkage com-
pensation, including the final firing and cement space for
10 pm, was applied. The restoration design was sent to each
CAD-CAM milling machine to mill the zirconia block; InCoris
ZI (Dentsply Sirona Inc, PA, USA) was used for Cerec InLab,
and Ceramill ZI (Amann Girrbach, Koblach, Austria) was used
for Ceramill. AUl scanning, designing, and milling procedures
were repeated each time for ten coping for each group.

100

Abutment
Removable

Crown occlusal part

100 10,
PRLLIN.

Removable
shoulder

Crown Crawn

Baseling

4 Baseling -----, |
J A i
(Shauldar) gl2

Second baseline -1 %

Discrepancy  +A mm Discrepancy : =A = B-10mm

Figure 1. Schematic picture of the symmetry cylindrical
taper die, its dimension and the discrepancy measure-
ment (ISO 12836; 2012 Dentistry-Digitizing devices for
CAD-CAM systems for indirect dental restorations -Test
methods for assessing accuracy).
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Figure 2. Cross-section of the absolute marginal discrep-
ancy measurement (AMD); the gap from the margin of
restoration to cavo-surface angle of preparation.
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The absolute marginal discrepancy (AMD), which is the dis-
tance from the margin of the crown or the substructure to
the cavo-surface angle of the finish-line preparation (as
shown in Figure 2), was examined to represent the accu-
racy of the CAD-CAM system in this study. The discrepancy
was examined using cross-sectional combined with silicone
replica technique at four positions: mesial, distal, buccal, and
lingual. The average to one datum for a crown was also ex-
amined.

The silicone replica technique was performed by filling a light
body silicone into the crown coping and placing it on the
master abutment. A 10 N load was applied on the center of
the occlusal surface for 10 seconds, and then the load was
removed and there was a waiting period until the silicone was
completely set. The light body silicone films represented the
space between the crown copings and the abutment. Each
coping was stabilized by the application of a heavy body sil-
icone in a customized perforated plastic tray. After the re-
moval of the coping, the heavy body silicone was filled inside
of the crown again to represent the abutment. A cutting in-
strument was used to cut the copings in a mesiodistal direc-
tion and buccolingual direction, along the prepared slot on
the tray. The discrepancy of the crown was examined under
an optical measuring microscope (Nikon Eclipse E400, Tokyo,
Japan) at 50X magnification. The schematic picture of the
silicone replica technique procedure is shown in Figure 3.
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50X magnification picture when measured
the marginal discrepancy

s Bt

The cross sectional silicone at four direction of the crown

The replica silicone was cut mesio-distal and bucco-lingual
direction at the prepared slot on the tray

Statistical analysis

A statistical analysis software (IBM Corp. Released 2015. IBM
SPSS Statistics for Windows, Version 23.0. Armonk, NY, USA)
was used in this study. Shapiro-Wilk and Levene's test was
performed to test the normality and the equality of variances
of the data. If the distribution of the data is normal and has
equality of variances, a parametric analysis using two-way
ANOVA followed by Tukey's multiple comparisons test at a
significance level of a=0.05 will be used.

Results

The results of the mean and standard deviation of the mar-
ginal discrepancies of the crown fabricated from different
abutment shapes by two CAD-CAM systems are shown in
Table 1. The normality and equality of variances of the data
were statistical confirmed by Shapiro-Wilk and Levene's test
at a =0.05. The results of the ANOVA test, as shown in Table
2, demonstrated that the marginal discrepancy of the crown
was influenced only by the CAD-CAM system (P < .01), re-
gardless of abutment shape (P = .22) and their interaction
(P=.25).

The Cerec InLab system showed a marginal discrepancy of
the crown of 0.20 * 0.03 mm for both different abutment
forms, which was statistically (a = 0.05) larger than Ceramill
system (0.09 + 0.04 mm and 0.07 £ 0.03 mm for ISO abut-
ment and tooth form abutment, respectively).
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Table 1.

Results of the Mean and Standard Deviation of Marginal
Discrepancies of the Crown Fabricated from Different Abutment
Shapes Using Two CAD-CAM Systems

Marginal discrepancies in mm (mean * SD)

Cerec in Lab® Ceramill®
ISO abutment 0.20 £ 0.03° 0.09 + 0.04°
Tooth form abutment 0.20 £ 0.03¢ 0.07 £ 0.03®

Abbreviations: ISO, international standard organization; SD,
standard deviation.

Note: The value with same superscript letter means no statistically
significant difference (a = 0.05).

Table 2.
The Results of the Analysis of Variance Test

Type lll Sum Mean
Source of Squares df Square F Significance
System 0.16 1 016 135.16 0.00
Form 0.002 1 0.002 1.56 0.22
System * form 0.002 1 0002 1.34 0.25
Error 0.04 36 0.001 - -
Total 0.97 40 - - -

Abbreviations: df, degree of freedom; F, value of F-distribution.

Discussion

The mean marginal discrepancy, as determined in this study,
depends on the CAD-CAM system regardless of the different
abutment shapes. This result agreed with the results of several
studies®'°, which showed that different abutment shapes or
different margin types were not affected by the marginal gap
of the crown milled from the CAD-CAM system; however, dif-
ferent CAD-CAM systems did show different marginal gaps.

The definitions of marginal fit vary considerably among in-
vestigators. In this study, the marginal discrepancy was de-
termined according to the terminology previously reported
by Holmes."" There are eight misfit terminologies: internal
gap, marginal gap, overextended margin, underextended
margin, vertical marginal discrepancy, horizontal margin-
al discrepancy, AMD, and seating discrepancy. The AMD,
which is a parameter that measures the gap from the mar-
gin of restoration to the cavo-surface angle of preparation,
was chosen for measuring the marginal gap because it is the
angular combination of the marginal gap (both vertical and
horizontal, either of overextension or underextension) that
would reflect the true total misfit at the margin."” The AMD
was applied to measure the marginal misfit of both abut-
ment forms. Fortunately, the size of the crown prepared
from the ISO abutment was quite big and only a vertical dis-
crepancy without horizontal discrepancy was found; where-
as, in the crown prepared from the tooth form abutment,
both vertical and horizontal discrepancies were found. From
this finding, a direct measurement via optical microscope
can be applied to simplify the ISO test method.

In this study, Ceramill Motion, the milling unit of the Ceramill sys-
tem, has a 4-axis milling unit, whereas the Cerec MC XL machine
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of Cerec InLab has a 3-axis milling unit. More axis devices can
mill more complex geometry; this might be the reason for the
different marginal discrepancies between both CAD-CAM sys-
tems. The efficiency of the milling unit was also affected to the
discrepancy of the crown by the set-up of the cement space.
In this study, the minimum required space of the cement space
was set at 10 pm. A study' found that increasing the area of
the die surface covered with a spacer can decrease the marginal
gap. Also, the 20% oversize for zirconia shrinkage compensation
would have a great effect on the marginal gap. The success of
the shrinkage compensation of the zirconia material did not only
depend on the software's ability but also depended on the com-
position and homogeneity of the pre-sintered zirconia block.'3
This would cause a big effect on the efficiency of the system.

For different all-ceramic systems, the marginal gap reported in
several studies was within the range of 1-161 pm'-"7 for con-
ventionally fabricated ceramic crowns. In contrast, marginal
gaps of 17-118 pm have been reported for CAD-CAM-fab-
ricated ceramic crowns.’'7-2" Most investigators continue to
use the criteria established by McLean and von Fraunhofer??,
which is less than 120 pm, for evaluating a clinically accept-
able maximum marginal gap width. However, the marginal
gap in this study from the Cerec InLab system exceeds the
acceptable marginal gap for crowns in clinical usage. How-
ever, with cement space, the 3-axis machine of the Sirona
system used in several studies?>-2> show a marginal discrep-
ancy that is within the range of clinically acceptable. Several
studies?¢-2 showed that the axial wall space was found to be
the smallest space among several measuring points in the
crown and is sensitive enough to affect the other spaces in
the crown when there is any interference to this wall.

The different abutment shapes did not affect the accuracy of
the crown produced from the CAD-CAM system; whereas,
the different CAD-CAM systems affected the accuracy of the
crown. The typical ISO die abutment can be used for testing
the accuracy of the CAD-CAM system.
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