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The marginal fit of lithium disilicate
crowns: Press vs. CAD/CAM

Abstract: This study aimed to compare the vertical marginal gap
of teeth restored with lithium disilicate crowns fabricated using
CAD/CAM or by pressed ceramic approach. Twenty mandibular third
molar teeth were collected after surgical extractions and prepared to
receive full veneer crowns. Teeth were optically scanned and lithium
disilicate blocks were used to fabricate crowns using CAD/CAM
technique. Polyvinyl siloxane impressions of the prepared teeth
were made and monolithic pressed lithium disilicate crowns were
fabricated. The marginal gap was measured using optical microscope
at 200x magnification (Keyence VHX-5000, Japan). Statistical
analysis was performed using Wilcoxon test. The lithium disilicate
pressed crowns had significantly smaller (p = 0.006) marginal gaps
(38 £12 pm) than the lithium disilicate CAD/CAM crowns (45 £ 12 pm).
This research indicates that lithium disilicate crowns fabricated with
the press technique have measurably smaller marginal gaps compared
with those fabricated with CAD/CAM technique within in vitro
environments. The marginal gaps achieved by the crowns across all
groups were within a clinically acceptable range.
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Introduction

Lithium disilicate is a ceramic material that is recommended for the
fabrication of dental restorations including single crowns and short span
fixed dental prostheses. The material is available in pre-sintered blocks for
chairside milling using CAD/CAM systems.! With this method, clinicians
can fabricate restorations during a single visit by using intraoral digital
impressions and in-office milling.? Following the initial stages of fabrication,
crowns must be heat-treated to allow the crystallization process to take
place and to achieve maximum strength.** Lithium disilicate restorations
can also be fabricated using the lost-wax, pressed ceramic technique.
Ingots of lithium disilicate are heat-pressed into a mold within the ceramic
furnace to obtain the desired shape after the wax burn-out.>® Regarding the
strength of the material, pressed lithium disilicate is 11% stronger than the
CAD/CAM lithium disilicate according to Ivoclar’s 2011scientific report.

The recent FDI document on oral health states that modern dentistry should
provide oral care that allow patients to achieve an improved oral health status.”
One factor that should be considered is the fit of the prosthesis to the tooth.®
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The terminal portion of the prepared tooth is termed
the finish line.” The marginal gap is the perpendicular
distance from the internal surface of the restoration to
the finish line of the preparation.’Classic descriptions
of acceptable marginal gaps have generally been based
upon the anticipated technical limits associated with the
making of a new restoration. Technical limits however
may not allow the achievement of the goals associated
with a new restoration. A gap between the margin of the
restoration and the finish line of the tooth preparation
should, in theory, be small enough to prevent ingress
of saliva and/or lactic acid, which is the byproduct of
bacterial metabolism." Obviously, such a gap would
be measured at the molecular level. However, most
definitions of “closed margins” describe gaps of 100
um or greater.>* Considering that Streptococcus mutans
is a bacteria of approximately 0.75 um in diameter,"
such a marginal discrepancy would not only fail in the
molecular level but it would not even preclude ingress
of bacteria. These observations highlight the difference
between idealized theoretical marginal discrepancy
and clinical reality.

Marginal fit is one of the basic factors in the success
of restorations.”>'® Poor marginal fit might lead to
cement dissolution, marginal discoloration or staining,
microleakage, and secondary caries.” Therefore, it is
important to minimize marginal gaps to decrease the
incidence of associated complications. Moreover, it is not
clear if the restorations fabricated by the CAD-CAM
systems show comparable adaptation level to the
restorations fabricated by the dental laboratory technician,
as the literature is usually limited to the comparison
between different CAD-CAM systems**? and only few
studies have a control group.** Therefore, the aim of this
study was to compare the marginal opening of pressed
lithium disilicate crowns with those using CAD/CAM
techniques. The null hypothesis was that there is no
statistically significant difference between the marginal
gaps of the 2 techniques (press and CAD/CAM).

Methods

This study has been conducted in full accordance
with the World Medical Association Declaration of
Helsinki. The study has been independently reviewed
and approved by an ethics committee at Palacky
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University. A verbal consent - approved by the ethics
committee - was obtained from the teeth donors
involved in the study. Twenty extracted mandibular
third molars were collected at the department of oral
surgery, Palacky University. Following disinfection with
10% formalin solution for 7 days (Histofor, Pro-charitu,
Czech Republic), teeth were inserted in acrylic bases
(Dentalon, Heraeus Kulzer GmbH, Germany). As an
attempt to standardize teeth preparations, teeth were
prepared by only one author under 4x magnification
(Univet, Italy) to receive lithium disilicate ceramic
crowns (IPS emax, Ivoclar Vivadent, Liechtenstein)
following the protocol: chamfer finishing line of Imm,
occlusal reduction of 2 mm, and axial reduction of 1.5
mm (Figure 1). Teeth were digitally scanned using
(CEREC Omnicam, Sirona, Germany). Crowns were
designed on the software CEREC SW 4.4 (Sirona,
Germany), before milling crowns from blocks (IPS
e.max CAD, Ivoclar Vivadent, Liechtenstein) in a
milling machine (CEREC MC XL, Sirona) and fully
crystallizing the crown in a special furnace (Programat
CS2, Ivoclar Vivadent, Liechtenstein).

Traditional dental impressions of the prepared
teeth were made using polyvinyl siloxane (Express XT,
3M ESPE, USA). Type IV Stone models (Shera premium
type IV, SHERA, Germany) were then fabricated. Wax
patterns (Geo classic opak, Renfert, Germany) for crowns
were created by one technician. The wax patterns were
invested in flasks using investment material (Pressvest
speed, Ivoclar Vivadent, Liechtenstein), before burning
the wax out in a furnace. Lithium disilicate press ingots
(IPS e.max press, Ivoclar Vivadent, Liechtenstein) were
heat-pressed. As a result, 20 pressed crowns and 20
CAD/CAM crowns were fabricated.

Measurement of the marginal gap was done at the
Faculty of Science - Palacky University using optical
microscope at 200x magnification and a special
image analyzing software attached to the microscope
(Keyence VHX-5000, Japan). The measurements were
performed on 25 points on the finishing line of each
tooth (Figure 2). Statistical analysis was performed
using Wilcoxon test to compare the differences
between the marginal gaps of e max press and e.max
CAD crowns. In addition, Kruskal-Wallis test was
used to compare the differences between values
measured on different teeth for each technique.
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Figure 2. Example of the measurements done on a lithium disilicate pressed and CAD/CAM crown.

Results non-parametric Wilcoxon test. This test demonstrated
that lithium disilicate pressed crowns had significantly

The Shapiro-Wilk normality test failed to lower values of marginal gaps compared to CAD/CAM
demonstrate normal distribution. Therefore, the crowns (p=0.006). The mean marginal gap of lithium
comparison of the 2 methods was performed by disilicate pressed crowns was (38 + 12 pm), while
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the mean marginal gap of emax CAD crowns was
(45 £12 um). Data distribution is shown in a box chart,
in which the horizontal line in the box represents the
median value (Figure 3). The minimum, maximum,
and mean marginal gaps are shown in Table 1. The
Kruskal-Wallis test showed that different teeth
had statistically significant differences within each
technique (press and CAD/CAM) (p < 0.0001). Box
charts show the distribution of values for every tooth
in each technique (Figures 4 and 5).

Discussion

The results of this study demonstrated statistically
significant differences between the marginal fit of
lithium disilicate CAD/CAM and pressed crowns.
The null hypothesis was rejected. The mean marginal
gap in the pressed group (38 um) was smaller than
in the CAD/CAM group (45 pm).

Our results agree with the results of many previous
studies,®?* which found better marginal fit in
pressed lithium disilicate restorations in comparison
to lithium disilicate CAD/CAM ones. However, Guess
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Figure 3. Data distribution. The horizontal line in the boxes
represents the median value.

et al.”® found no significant difference between the
marginal gaps of lithium disilicate CAD/CAM (CEREC
3D InLab) and pressed onlays. Furthermore, Ng et
al.” found better marginal fit in lithium disilicate
CAD/CAM (LAVA C.O.. scanning unit) than pressed
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Figure 4. Data distribution for marginal gaps of crowns
fabricated with the press technique in each tooth. The horizontal
line in the boxes represents the median value in microns.
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Figure 5. Data distribution for marginal gaps of crowns
fabricated with the CAD/CAM technique for each tooth. The
horizontal line in the box represents the median value in microns.

Table 1. Minimum, maximum, and mean marginal gaps of e.max press and e.max CAD crowns.

CAD Press
Median Min Max Mean SD Min Max Mean SD P
44 27 70 45 12 27 66 38 12 0.006
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crowns. These discrepancies might be due to the
different CAD/CAM units, magnifications, and types
of microscopes used in each study.

The size of the marginal gaps of crowns fabricated
with the two techniques in the current study and in
the previously published studies, regardless of the
differences found, are still far from perfect when
considering the marginal gap in the molecular and
bacterial level. Although perfection may not be
feasible, ongoing research should be performed in
an effort to improve clinical outcomes.

Each technique (press or CAD/CAM) involves
a series of steps, and an error could affect the fit
of the final restoration. The press method requires
transporting the impression to a dental laboratory,
subjecting the impression to temperature variations,
which has been shown to result in a 1 to 18 mm
dimensional change when temperatures vary from
4°C to 40°C.*® Moreover, the length of time between
taking the impression and pouring the stone cast,
the ambient temperature, the surface wettability of
the gypsum product, and disinfection may cause
additional distortions.*"** The application of a die
spacer, the fabrication of a wax pattern of the intended
crown, and the investment and pressing processes
may also induce error.*** The CAD/CAM technique
is subjected to software limitations in the design
of restorations and hardware limitations within
scanning equipment and the milling machine.
Moreover, the expertise of the technician with
the CAD/CAM system also affects the outcome of
CAD/CAM fabricated restorations.?®

The marginal gaps were different between
the different teeth in each technique (press and
CAD/CAM), although the study was conducted on
the same types of teeth (intact lower third molars),
and using the same preparation protocol performed
by a single investigator. Moreover, a single technician
fabricated all the crowns using the same protocol
according to the manufacturer instructions (Ivoclar
Vivadent AG). The differences found in this study
can then be explained by a less-than-optimal
standardization. In other words, the teeth in this study
were prepared by an individual (not a machine), and
the extracted lower third molars had different shapes,
therefore achieving exactly the same preparation on
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all teeth was impossible. Thus, the final shape of the
preparations could differ between different teeth,
which might influence the fit of crowns.

The results of this study are limited by some
methodological aspects. The study used only lithium
disilicate crowns. Thus, the results cannot be applied
to other types of restorations or other restorative
materials. The study compared the press technique
to a specific CAD/CAM technique, which makes the
results inapplicable to other CAD/CAM techniques.
Despite the drawbacks, this study has some positive
aspects, providing important information to the
field. The sample size was sufficiently large to
avoid type Il errors, giving reliability to the results
reported. The study was conducted on extracted
human teeth, allowing the experiment to be as
similar as possible to the intraoral environment.
The marginal gap was measured at 25 locations of
each restoration, minimizing measurement error,
allowing the circumferential fit of the restoration to
be estimated with the highest accuracy.

This research provides information about the
dimensions of vertical marginal gaps that can be
achieved under experimental conditions in vitro
with lithium disilicate crowns. However, these
in vitro measurements not necessarily reflect
the clinical environment, as in vitro studies may
differ considerably from everyday clinical practice.
The existence of soft tissues and saliva in an
intraoral tooth preparation and impression makes
the procedures more complicated than in vitro
operations. Other related factors might also influence
the outcomes, giving the results a low external
validity. Despite these limitations, the information
reported provides researchers with an important
starting point to guide hypotheses for future
clinical research. Further studies are required in
two separate domains: (1) the consequences of such
marginal gaps on the longevity of restorations; and
(2) the variations of marginal gaps across different
restorative materials.

Conclusion

Based on this study, which assessed the marginal
gaps of lithium disilicate crowns fabricated using a
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press method or a CAD/CAM method, the following
observations were made:

1.

The
significantly smaller marginal gap than the
CAD/CAM technique;

Both techniques allowed the fabrication of

press technique demonstrated a

crowns that are within the accepted clinical
recommendations for marginal gaps.
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