A unique method for evaluating marginal adaptation & internal fit of digitally designed lithium
disilicate crowns manufactured by CAD/CAM and the conventional heat-press technique

I.

INTRODUCTION: BACKGROUND & PROBLEM

Lithium disilicate has gained wide acceptance in its use for indirect crown restorations. This
trend is driven by numerous factors ranging from the materials’ excellent optical properties,
flexural strength, and relatively decreased material costs when compared to high noble alloys.
Lithium disilicate restorations have become a popular choice for inlays, onlays and full coverage
crown restorations.
Computer-aided design and computer-aided manufacturing (CAD/CAM) processes are
available in many dental practices, dental laboratories, and production centers.1 Currently, there
are more than eight companies that offer intra-oral imaging, with CEREC (Sirona), E4D (D4D
Technologies), LAVA COS (3M), and iTero (Cadent/Align) being the most widely recognized
and used. However, few have in-office milling options. For Laboratory CAD-CAM milling, Kavo,
Dentsply, Sirona and Ivoclar are popular companies. The PrograMill Series of milling machines
by Ivoclar was released in March of 2017. There are 3 models depending on the purpose, with the
PrograMill 7 being the most advanced. It is a 5-axis operation design that has a dry and wet drilling
mode, enabling a wide array of dental materials to be milled. The conventional wet drilling is used
for IPS e.max©, Titanium, and Cr-CO alloys. The dry milling feature enables the use of acrylic
resin, polyurethane, and wax. In the manufacture of indirect restorations, fabricating the wax
pattern is usually a time consuming step which relies on the experience, knowledge, and skill of
the dental technician. Thermal sensitivity, elastic memory, and a high coefficient of thermal
expansion of waxes2 contribute to inaccuracies. Fabricating CAD-CAM wax patterns with modern
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equipment can reduce or eliminate the inaccuracies of the conventional waxing technique.3,4 It is
said to be faster, more economical, predictable, consistent, and accurate. Ivoclar’s ProArt CAD
Wax discs are made from a dimensionally stable polyurethane material which are specifically
designed to suit the lithium disilicate glass ceramic IPS e.max© Press. The material burns without
leaving a residue.
It is thought that 40% of Dental Laboratories in the USA have milling units and although
CAD/CAM technology has improved significantly, studies reveal that the accuracy of these
restorations remains questionable. Controversies still exist on the effect of a milling procedure for
a prosthesis. When comparing CAD-CAM restorations to pressed restorations, results vary from a
better fit,5,6 to no difference,7,8 to a greater misfit.9, 10, 11, 12, 13, 14 Accuracy is affected by many
factors including the type of material, properties of the material, design of the preparation,
scanning device, software design, spacer thickness, and accuracy of the milling machine.
Crown adaptation may be determined by measuring marginal gaps and internal gaps of the
restorations. The fit of many full coverage restorative materials have been extensively studied in
the dental literature and remains a topic of significant interest due to its high clinical relevance.
Holmes et al characterized the internal gap as the perpendicular distance from the internal surface
of the restoration to the axial wall of the preparation, whereas the marginal gap is the perpendicular
distance from the internal surface of the restoration to the finish line of the preparation.15 Holmes
also stated that the marginal fit of any dental restoration is vital to its long-term success.16 Schwartz
et al evaluated unserviceable crowns and fixed partial dentures to determine causes of restoration
failures and determined that 11.3% restorations failing are the result of defective margins.17
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Behrend claims a ring of cement is inevitable at the margin and the presence of this cement line
must be accepted, contributing to marginal discrepancies.18
A range of 39 to 180 μm19, 20, 21, 22 has been proposed in the literature as a clinically
acceptable value for marginal gap depending on the restoration. However, no consensus has been
reached regarding a currently acceptable value for all. Several in vitro studies have reported the
marginal gap of CAD/CAM generated ceramic single tooth restorations to be between 64 and 83
μm.23, 24, 25, 26 May et al reported that the marginal fit of the Procera CAD/CAM system ranged
between 54 and 64 μm.27
Many studies have been used to evaluate the marginal and internal adaptation of crowns.
Assif et al compared the tactile method (with the explorer) to the use of radiographs and to a
technique using impression material.28 The results supported that the impression technique was
most accurate of the three. The replica technique has been validated in the past.29 The impression
technique is a popular method,30, 31, 32, 33 however, difficult and possibly inaccurate since the
impression material used could be easily distorted or damaged.34,

35, 36

Scanning electron

microscopy is a popular technique in the analysis of pre-sectioned specimens.37, 38, 39, 40 However,
the obvious limitations of this technique are the destruction of the samples which creates the need
for duplicates, the limited area that is evaluated since the sections have a minimum thickness and
the additional steps required to embed in the resin and section. Another powerful tool in dental
research is the computerized x-ray micro-tomography (micro-CT),41,42 which produces highresolution images that can be quantitatively analyzed with appropriate software. The disadvantages
of this method are the low capacity the CT can discriminate in comparison with optical or electron
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microscopy, possible artefacts from refractive radiation, and the compulsory radio-opacity of the
material being tested.
A significant drawback of the majority of published studies is the limitation of two
dimensional analyses. With the advancement of technology, recent use of sophisticated
professional engineering software have been gaining popularity.43,44,45,46 It is based on non contact
scanners and other hardware to capture point data, which are processed by algorithms in the
software to process this data into useful forms. Thousands of point cloud data are converted in to
a polygonal mesh as a 3D surface representation which are subsequently analyzed. However, bestfit registration algorithms are used for virtual alignment. The principle of this technique is adopted
from industrial quality control protocols, where the software attempts to align the greatest possible
contact area of the selected samples, which could skew the results, as areas of greater misfit are
virtually approximated and not accurately represent the true discrepancy. Holst et al. developed a
triple-scan protocol using a non-contact scanner (ATOS II SO, GOM mbH, Germany) for 3D fit
assessment of dental restorations.47 The sensitivity of the scanner is 3 microns. Three scans were
performed and the objects were digitized to surface tessellation/triangulation language (STL’s).
Surfaces were generated from point clouds with the scanner software (ATOS system, GOM).
Through a combination of best-fit algorithms and a subtractive method in the software, the fit
assessment was verified by intra-class correlation coefficients that revealed an almost perfect
coefficient for repeatability (r=0.981, p<.001). The same main investigator used this protocol in
another study to assess the precision of fit of CAD/CAM dental implant superstructures.48 The
statistical analysis, again similar to the previous study, resulted in an intra-class correlation of
0.991 and thereby a statistically significant repeatability of measurements.
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This triple-scan protocol represents a highly reliable method for analyzing marginal
adaptation and internal fit three dimensionally. The disadvantages of 2D measurements are
eliminated. This platform delivers the power to streamline the process, allow a non-destructive
approach, reduce human interaction in measurements and recording, decrease measuring time, and
enhance results to make this method a superior alternative.

II.

OBJECTIVES & HYPOTHESES

Currently, there are no publications on the accuracy of Ivoclar’s PrograMill 7 milling machine.
The objective of this study is to evaluate marginal adaptation & internal fit of the digitally designed
lithium disilicate crowns manufactured by CAD/CAM and the conventional heat-press technique
with Ivoclar’s PrograMill 7 milling machine using the triple-scan protocol. The null hypothesis is
that CAD/CAM fabrication does not improve internal adaptation and marginal accuracy when
compared with the conventional heat pressed technique.

III.

RESEARCH DESIGN & METHOD

A master die will be fabricated to simulate a mandibular molar with an all-ceramic crown
preparation. This master die will be scanned using a D1000 3-Shape scanner. Using 3-Shape
software, a full-coverage crown will be designed per the manufacturer’s (Ivoclar) minimum
dimensional specifications. This design will serve two purposes:
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1. To produce 15 milled wax patterns which will be used for fabricating lithium disilicate
crowns with the conventional heat pressed technique
2. To produce 15 milled monolithic lithium disilicate crowns (Ivoclar Vivadent IPS e.max
CAD, Schaan, Liechtenstein)

The scanned STL file will be sent to a fabrication laboratory. The wax patterns and milled
crowns will be manufactured by the same milling machine, i.e. Ivoclar PrograMill 7. The wax
patterns will be fabricated with the dry milling option, while the crowns will be milled with the
wet milling option.
From the milled wax patterns, a monolithic lithium disilicate crown will be heat-pressed
(Ivoclar Vivadent IPS e.max Press, Schaan, Liechtenstein), according to the manufacturer’s
recommendations.
The 30 samples will be scanned with the ATOS II SO scanner (GOM, Germany) per the triplescan protocol. The STL files will be used for alignment, registration, and subsequent fit
assessment. There will be three different scans: ‘Crown Solo’, ‘Master Die Solo’, and ‘Crown on
Master Die’. After the objects are digitized to the STL’s, the scanner software (ATOS system,
GOM) will be used. First the ‘Master Die Solo’ STL and the ‘Crown on Master Die’ STL are
registered by manual alignment by a best-fit registration. Then the same is done with the ‘Crown
Solo’ STL and ‘Crown on Master Die’ STL. The final step is to delete the ‘Crown on Master Die’,
and maintain the ‘Crown Solo’ STL with the ‘Master Die Solo’ STL for fit assessment.
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To three dimensionally measure the cement space between the Crown and Die, the outer
surface of the ‘Crown Solo’ STL is deleted, followed by measure the deviations of space between
the intaglio and the surface of the ‘Master Die Solo’ STL.
The mean value of cement space will be measured three times.

Statistical analysis will be

performed with SPSS v11.5 (SPSS Inc., Chicago IL). The data measurements collected from each
sample, within each group, will be reported in μm. Analysis will be completed using Paired t-test
estimated at 95% level of confidence (α = .05).
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