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How adjustment could affect internal and
marginal adaptation of CAD/CAM crowns
made with different materials
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PURPOSE. Recently introduced hybrid and reinforced glass ceramic computer-aided design/computer-aided
manufacturing (CAD/CAM) materials have been used for full-coverage restorations. However; the effect of
adjustment and type of materials on internal and marginal adaptation are unknown. This study aimed to evaluate
and compare the marginal and internal adaptations of crowns made of three different CAD/CAM materials before
and after adjustment. MATERIALS AND METHODS. One acrylic resin maxillary first molar was prepared and
served as the master die. Thirty-six restorations were fabricated using CAD/CAM system (CEREC Omnicam,
MCXL) with three materials including lithium disilicate (IPS e.max CAD), zirconia-reinforced lithium silicate
(Suprinity), and hybrid ceramic (Enamic). Internal and marginal adaptations were evaluated with the reference
point matching technique before and after adjustment. The data were analyzed using mixed ANOVA considering
a=.05 as the significance level. RESULTS. The effect of adjustment and its interaction with the restoration material
were significant for marginal, absolute marginal, and occlusal discrepancies (P<.05). Before adjustment,
Suprinity had lower marginal discrepancies than IPS e.max CAD (P=.18) and Enamic (P=.021); though no
significant differences existed after adjustment. CONCLUSION. Within the limitations of this study, crowns
fabricated from IPS e.max CAD and Suprinity resulted in slightly better adaptation compared with Enamic
crowns before adjustment. However, marginal, axial, and occlusal discrepancies were similar among all
materials after the adjustment. [J Adv Prosthodont 2020;12:344-50]
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INTRODUCTION

Full-coverage crowns ate one of the most common fixed
restorations for reconstruction of severely damaged teeth.!
Metal-ceramic restorations were the gold standard for
restoring teeth for many years. However, all-ceramic restora-
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tions are gradually substituting the metal-based restorations
due to the growing demand of a high-quality esthetic. Due
to the elimination of the metal element, there would be a
better distribution of the reflected light, which in turn pro-
vide the improved shade matching in all-ceramic restora-
tions.”

Similar to any newly developing technique, computer-
aided design/computer-aided manufacturing (CAD/CAM)
crowns restorations still need evaluations to be applied suc-
cessfully in the clinical settings. One of the important fac-
tors determining the survival of the restorations is crown
adaptation. Impropetly fitted restorations lead to periodon-
tal disease, secondary caries, and ultimately failure of the
testorations.™ Choosing the right fabrication material can
play a significant role in various characteristics of final res-
torations. CAD/CAM crowns can be manufactured from a
variety of materials including composite resins, ceramics,
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reinforced ceramics, sintered-alumina, and hybrid ceram-
ics.* One of the materials which have been broadly used in
the last decade is lithium disilicate glass-ceramic (LDGC)
due to its esthetic privilege.”” However, the sutvival rate of
restorations fabricated from LDGC is still questionable.”
Therefore, modified ceramics such as zirconia-reinforced
lithium silicate (ZLS) and polymer-infiltrated ceramic net-
work (PICN) have been developed to address some of
these deficiencies.

Vita Suprinity, a type of ZLS material, is enriched with
zirconia (ZrO,, 10 wt%)"" and provides the strength of zir-
conia with the translucency of glass ceramics. ZLS restora-
tions can be polished more efficiently than LDGC restora-
tions due to smaller crystal size (6 um vs. 1 um).”? Moreover,
except for the lower brittleness index of LDGC which indi-
cates better machinability, ZLS have shown superiority to
LDGC regarding most mechanical properties such as frac-
ture toughness, flexural strength, elastic modulus, and hatrd-
ness.”

One of the commercialized PICN materials is Vita
Enamic, which is obtained by infiltrating an acrylate poly-
mer (14 wt%) into a feldspathic ceramic matrix (86 wt%o),
resulting in a fully integrated network. PICNs have better
machinability compared with lithium disilicates due to lower
flexural modulus and Vickers hardness."*!” The main advan-
tage of PICNs compared with other ceramics is a close
elastic modulus (30 GPa,) to dentine (20 Gpa).'*"”

High marginal accuracy and an adequate internal fit are
the major predictors of successful clinical performance.'"
When choosing an all-ceramic restoration, obtaining a mar-
ginal adaptation in a clinically acceptable range, which is less
than 120 um, is of major importance. Besides the type of
material, adjustment of restorations before cementation is a
matter of great importance and can determine the final
internal and marginal discrepancies.”*

This study aimed to evaluate and compare the marginal
and internal adaptations of crowns made of three different
CAD/CAM materials before and after adjustment. The first
null hypothesis was that there would be no difference
between LDGC (IPS e.max CAD), ZLS (Vita Suprinity),
and PICN (Vita Enamic) regarding marginal and internal
adaptation of full-coverage restorations. The second null
hypothesis was that adjustment would not affect marginal
and internal adaptation of full-coverage crowns.

MATERIALS AND METHODS

A maxillary first molar typodont (Nissin Dental Prod. Inc.,
Tokyo, Japan) was considered as the master model and was
mounted in an aluminum base with an accurate geometric
index, which was used to determine X, Y, and Z axis. The
tooth model was secured by fast-cure actylic resin (Fastray,
Harry J. Bosworth Co., Skokie, 1L, USA) so that the tooth
was embedded up to 2 mm below the hypothetical cemen-
toenamel junction and scanned by an intraoral scanner
(CEREC; Omnicam Sirona Dental System, Bensheim,
Germany) to record the outer surface. Then the standard

preparation for an all-ceramic with 2 mm reduction of the
occlusal surface and 1 mm reduction of all the axial walls
with a deep chamfer finish line was performed using a
round end taper diamond bur (806314290 coarse, Jota,
Ruthi, Switzerland). A similar round end taper fine diamond
bur (806314290 fine Jota, Ruthi, Switzerland) was used for
smoothing the prepared surface. The completed tooth prep-
aration was checked by two clinicians who had not per-
formed the preparation to verify the standard preparation
of crown for full ceramic restoration without undercut (Fig,
1.

In order to create the die scan, the prepared typodont
was scanned using an intraoral scanner (CEREC; Omnicam
Sirona Dental System, Bensheim, Germany). Using the bio-
generic copy mode of the CEREC device, the original scan
of the occlusal surface of the master model was transferred
to the milled restorations. Based on the clinician’s experi-
ence, 60 um and 10 um relief was considered for the
crowns as the axial and marginal cement space accordingly.
Overall, 36 crowns were obtained, and three groups of full
contour crowns, ecach containing 12 samples, were consid-
ered based on the materials used: ZLS (Suprinity, VITA
Zahnfabrik H. Rauter GmbH & Co.KG, Bad Sickingen,
Germany), PICN (Enamic, Zahnfabrik H. Rauter GmbH &
Co.KG, Bad Sickingen, Germany), and LDGC (IPS e.max
CAD, Ivoclar Vivadent AG, Schaan, Liechtenstein). Restorations
were milled using a milling unit CEREC MCXL (Dentsply
Sirona, Bensheim, Germany) with 12 s step and cylinder-
pointed burs that were 1.3 mm and 1.8 mm in diameter,
respectively. The milling burs were replaced when the
changing instrument notification appeared on the system.”
For complete crystallization of IPS e.max CAD and
Suprinity restorations, the milled crowns were fired in a fur-
nace (CEREC Speed Fire, Dentsply Sirona, Bensheim,
Germany).

After completing the fabrication process, the internal and
marginal adaptations were measured using a reference point

Fig. 1. Prepared tooth for full-coverage restoration.

The Journal of Advanced Prosthodontics 345



J Adv Prosthodont 2020;12:344-50

matching scan protocol, and the GOM software (GOM
inspect v7.5, GOM mbH, Braunschweig, Germany) was used
to analyze the dataset of each specimen. The scanning proce-
dure was undertaken using a non-contact triple scanner
(ATOS Core 5Mp 80 mm; Rev.02; GOM, Braunschweig;
Germany), and four scans were obtained: 1. The master die
(prepared tooth) attached to the aluminum base, 2. The res-
torations sat on the master die in a correct position under 50
N load fixed by light body silicon (Speedex, Colten), 3. Hex-
shaped cylinder index was fixed on the occlusal surface of
restoration, and all parts including base, tooth, restoration
and hex-shaped index assembly were scanned, 4. The restora-
tion was removed from the tooth by the index being in its
place, and then the inner and outer surfaces of the crown and
hex-shaped index were scanned. After the initial measure-
ment, a specialist adjusted all restorations using fine diamond
bur (806 314 199 514016, JOTA AG, Hirschensprungstrasse,
Riithi, Switzerland) with high speed handpiece and a blue fit
checker material (Kettenbach, Eschenburg, Germany) under
magnification of dental loop (HDL 2.5 Macro, Orascoptic,
WI, USA). Adjustment continued until achievement of best
seating possible according to the opinion of clinician.
Measurements of the internal and marginal gap of adjusted
restorations were repeated similarly to the initial procedure.
Mesh data were transferred into a defined coordinate
system, and two sections were created in mesiodistal and
buccolingual direction using intersecting edges of the star in
the base to serve as a reference in order to have sections in
the same position in all samples (Fig. 2). Measurements
were done in the following three sites for buccal, lingual,
mesial, and distal parts: marginal, axial, and occlusal. The
perpendicular measurement from the internal surface of the
restoration to the prepared tooth at margin was recorded as
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Fig. 2. The virtual model sectioned in mesiodistal and
buccolingual directions.
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the marginal discrepancy, and the absolute marginal discrep-
ancy was considered the combination of horizontal and ver-
tical marginal gap. For axial discrepancy, the perpendicular
distance from the internal surface of restoration to the pre-
pared tooth at the mid-axial point was recorded (Fig. 3).

All of the analyses were performed using the Statistical
Package for the Social Sciences (SPSS, IBM Corp. Version
22.0, Armonk, NY, USA). The quantitative data were present-
ed by the mean and standard deviation. The Kolmogorov-
Smirnov test was used to verify the normality of the collect-
ed data. Descriptive statistics including mean and standard
deviation were reported for each group of material before
and after adjustment. Mixed ANOVA was used to compare
internal and marginal discrepancies among the three fabrica-
tion materials (between-subject factor) before and after
adjustment (within-subject factor). The t-test was used to
assess the simple effects of adjustment, and one-way
ANOVA was used to determine the effect of fabrication
material when there was a meaningful interaction between
the main effects. A P value less than .05 was considered to
be statistically significant.

RESULTS

The descriptive results regarding internal and marginal dis-
crepancies before and after adjustment for Suprinity,
Enamic, and IPS e.max CAD have been presented in Table
1. The results showed that there was an interaction between
the fabrication materials and adjustment for marginal (P =
.014), absolute marginal (P = .038), and occlusal (P = .021)
discrepancies. Further analyses showed that the simple
effect of adjustment was significant (P < .001). Before the
adjustment, the type of fabrication material had a significant

[Occlusal gap |

Y

1 Marginal gap

Absolute marginal gap

Fig. 3. A section of specimen. The lines represent the
measurement discrepancies between the crown and the
abutment tooth.
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Table 1. Mean and standard deviation of discrepancies (um) for the three materials at four sites before and after adjustment

Material Mean and SD (um) before adjustment Mean and SD (um) after adjustment
Marginal discrepancy e.max CAD 187.125 + 50.859 56.791 + 29.489
Enamic 190.090 + 67.684 50.568 + 14.746
Suprinity 129.454 + 37.795 62.590 + 25.689
Absolute marginal discrepancy e.max CAD 277.7083 + 67.692 162.541 £ 51.089
Enamic 356.295 + 118.661 147.159 + 30.631
Suprinity 372.522 + 94.126 177.045 + 60.685
Occlusal discrepancy e.max CAD 385.916 + 60.571 248.500 + 64.740
Enamic 462.227 + 116.000 219.818 + 35.744
Suprinity 475.409 + 94.446 232.181 + 80.017
Axial discrepancy e.max CAD 57.885 £ 17.750 66.875 + 20.158
Enamic 76.920 + 17.500 78.102 + 13.436
Suprinity 66.988 + 13.322 73.102 + 14.953

Table 2. Pairwise comparisons of discrepancy measurements among restorative materials

Dependent variable Restorative material Mean difference Std. error Sig.
Marginal discrepancy e.max CAD vs Enamic 1.41667 21.99622 .998
before adjust e.max CAD vs Suprinity 63.64583 21.99622 .018*
Suprinity vs Enamic -62.22917 21.99622 .021*
Absolute marginal e.max CAD vs Enamic -92.47917 39.30448 .062
discrepancy before adjust e.max CAD vs Suprinity -96.93750 39.30448 .049*
Suprinity vs Enamic 4.45833 39.30448 1993
Occlusal discrepancy e.max CAD vs Enamic -96.04167 40.01870 .056
before adjust e.max CAD vs Suprinity -92.95833 40.01870 .066
Suprinity vs Enamic -3.08333 40.01870 997
Axial discrepancy e.max CAD vs Enamic -17.62500 21.99622 .039*
before adjust e.max CAD vs Suprinity -6.64583 21.99622 .603
Suprinity vs Enamic -10.97917 6.87660 .261
impact on marginal (P = .009), absolute marginal (P = .031), DISCUSSION

and occlusal (P = .035) discrepancies. Table 2 shows the
pairwise comparisons in each site. On the contrary, after the
adjustment, the type of fabrication material did not change
the discrepancies significantly (P > .05).

Regarding the axial discrepancy, there was no interaction
between the fabrication material and adjustment (P = .640).
Unlike the three other sites, the adjustment had no signifi-
cant effect on the discrepancies between the axial wall and
restorations (P = .125). On the contrary, the type of fabrica-
tion material had significant impact on the axial discrepan-
cies (P = .032). The pairwise comparison has been present-
ed in Table 2.

Based on the results, the null hypotheses were partially reject-
ed. Depending on the evaluated site, both adjustment and
type of fabrication material could impact the discrepancies.
With regards to the marginal, absolute marginal, and occlusal
discrepancies, adjustment significantly decreased the discrep-
ancies. Before the adjustment, there were differences between
the fabrication materials, but the adjustment moderated the
impact of fabrication materials since there were no significant
differences after adjustment between Suprinity, Enamic, and
IPS e.max CAD. With regards to the axial wall discrepancies,
the effect of fabrication materials and adjustment were not
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dependent on each other, and while adjustment had no effect,
the type of fabrication material significantly changed the dis-
crepancies. Moreover, unlike the other three sites, axial dis-
crepancies increased after adjustment. The unique trend
observed for the axial discrepancy can probably be attributed
to the removal of a layer from the axial walls during the
adjustment.

Both clinical and laboratory related factors play roles in
the internal and marginal adaptation of full-coverage resto-
rations.”?** That being said, based on our results, it seems
chemical and microstructural properties specific to each
material, which are translated into the mechanical proper-
ties, can impact the accuracy and precision of the CAD/
CAM restorations. However, these differences could be
compensated after adjusting the restorations. Importantly,
after the adjustment, the values for the marginal discrepan-
cies fell below 120 um, which is the clinically acceptable
threshold.?

Based on the brittleness index values of Suprinity (2.84
pum™?), Enamic (1.67 um™"/?), and IPS e.max CAD (2.72
Hm—l/Z)’la,zs
the most accurate restorations. Moreover, when evaluated
directly with the scanning electronic microscope (SEM) and
digital microscope, Enamic was more machinable and less
rough on the margins than IPS e.max CAD.”* Howevet,
the results indicated that Suprinity and IPS e.max CAD
were at least as accurate as Enamic meaning that the milling
machine could efficiently fabricate the restorations from all
the three materials despite their hardness and machinability.
These results may be partly due to the fact that all the values
for brittleness index fell below 4.3 um™/? which is consid-
ered the acceptable cut-off point for machinability; there-
fore, all restorations could be milled accurately.*”*" Also, the
marginal discrepancy for IPS e.max CAD was higher than
Suprinity, which can be due to the high flexural strength of
Suprinity which made it more resistant to the chipping and
crack propagation.'

Overall marginal and axial discrepancies of all groups
were less than absolute marginal and occlusal discrepancies.
The higher range of absolute marginal discrepancies com-
pared to marginal discrepancies might be due to the fact that
absolute marginal discrepancy shows the total adaptation
errors including the over-extension or under-extension of
the restoration.” The reason behind the high discrepancies
at the occlusal site might be due to the overmilling, since
milling instruments are available in limited diameters and
occlusal surfaces that deducted following anatomical con-
tours may not be milled accurately. High occlusal discrepan-
cy can result in a thicker layer of the luting agent, which lead
to incomplete seating of the restoration which in turn cause
the tensile stresses in resin cement.” Other studies that eval-
uated the marginal and internal adaptation of lithium disili-
cate reported similar high occlusal discrepancies.'*

Until now, few studies have reported on the internal and
marginal discrepancies of crowns considering material
types. Yildirim ef a/. used similar fabrication materials and
CAD/CAM device as used in this study, but reported differ-

it was anticipated that Enamic would result in
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ent results.’ In our study, the overall internal and marginal
discrepancies were higher probably due to higher cement
space (60 um vs. 40 pm). In the study by Yildirim e7 a/.,
Enamic resulted in the best and IPS e.max CAD resulted in
the worst internal and marginal discrepancies before adjust-
ment. Measuring methods, which seems to be one of the
most influential parameters in the reported results, were dif-
ferent between the two studies.™ In this study, a reference
matching scan method was used to evaluate the restoration
fit, which had 3D nature. On the contrary, Yildirim e /.
used microcomputed tomography (m-CT) that employs 2D
measurement.

Results of this study showed decreased marginal and
internal gap after adjustment. The clinical adjustment may
have undesirable consequence on the strength of ceramic.
The results of previous studies on the effect of grinding
have varied from detrimental effect to the ineffective-
ness.”?7 A study suggested that effect of grinding may
depend on the bur grit size, handpiece speed, wet or dry
conditions, and mechanical properties of ceramic submitted
to grinding.”® Curran ef al. reported that grinding was quite
detrimental to the IPS e.max CAD, with chip crack forma-
tion and a strength loss estimated at 42%.%° However,
another study showed that grinding did not affect the frac-
tute tesistance of Suprinity, Enamic, and IPS e.max CAD.*

Some notes should be considered when interpreting the
results of this study. First, although the cement space was
considered 60 pm, transferring this value with the same pre-
cision to the milled restorations might have been question-
able. Second, parameters related to milling units such as the
drill diameter, milling material, and application time, as well
as the preparation design of the master model, can affect
the precision.™ Rotary instruments with smaller diameters
can yield improved details and more accurate restorations.
Third, only one cement thickness was evaluated, but the
internal fit may be influenced by altering the spacer thick-
ness. Fourth, measuring the internal gap was done before
cementation, which disregards the influence of the luting
procedure and cement type on the internal gap. Fifth, the 7
vitro nature of this study prevents extending results to clini-
cal settings, and whether these marginal and internal dis-
crepancies are clinically acceptable remains unknown. The
future studies also need to evaluate the relationship between
the large occlusal gap and the fracture of the CAD/CAM

restoration in the long-term period.

CONCLUSION

Within the limitations of this study, it could be concluded
that crowns made of IPS e.max CAD and Suprinity resulted
in slightly better adaptation compared to crowns made of
Enamic. After the adjustment, the restorations fitted more
accurately, and the differences among the materials were not
significant.
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