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ABSTRACT

Aim and objective: Interim restorations are a crucial part of fixed prosthodontic treatment. Frequently such prostheses are used to serve the
purpose of the therapeutical strength of a specific treatment plan or the form and function of the designed definitive prosthesis. The present
study has been projected to value the marginal fit of two dissimilar interim restorations fabricated by 3D printing and milling technique on
two different finish lines (shoulder and chamfer).

Materials and methods: Two typodont models of maxillary central incisors comprised prepared for the full coverage of dental restorations.
Each typodont model was prepared using two different finish lines one with chamfer (C) and the other shoulder (S). Both the preparations
were digitally scanned and exported as Standard Tessellation Language (STL) to software for the designing and fabrication of the full coverage
dental restorations. Total 24 restorations were fabricated, 12 were 3D printed and 12 were computer-aided design/computer-aided manufacture
(CAD/CAM) milled. In both types of restorations, half was fabricated on the chamfer finish line and the remaining half was fabricated on the
shoulder finish line. Descriptive and independent t-test was done for intergroup comparison. Quantitative data were summarized using mean
and standard deviation with a significance level of p < 0.001.

Results: In this study, it was found that on shoulder finish line CAD/CAM-milled restoration showed the maximum mean marginal gap in
the cervical margin as 77.42 um, while 3D printed showed a gap of 41.08 pm. On the shoulder finish line 3D-printed restoration showed a
maximum mean marginal gap in the cervical margin as 48.25 pm, while CAD/CAM milled showed a gap of 89.00 um. There was a statistically
highly significant difference present in the marginal gap between CAD/CAM and 3D printing at various locations in restoration with shoulder/
chamfer finish line. There was no statistically significant difference in the marginal gap in both finish lines irrespective of the fabrication method.
Conclusion: Both the shoulder and chamfer finish lines were equally effective. Restorations fabricated by 3D printing had less marginal gap
than CAD/CAM milling but both values were within the clinically acceptable limit.
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INTRODUCTION

The accurate fit of the restoration is the major determinant for
its longevity and success. Accuracy in each step of fabrication
of the restoration is the primary requisite for an accurate final
restoration. Thus, accuracy in impression, interocclusion record,
interim restoration, and final prosthesis fabrication process is highly

134Department of Prosthodontics and Crown and Bridge, Mithila
Minority Dental College and Hospital, Darbhanga, Bihar, India
’Department of Prosthodontics and Dental Technology, Riyadh Elm
University, Riyadh, Kingdom of Saudi Arabia

Corresponding Author: Mahesh Suganna, Department of
Prosthodontics and Dental Technology, Riyadh EIm University,

desirable. Focus has always been on the accuracy of impression and
the final restoration.’

For years, there has been gradual upgradation in each step of
the prosthodontic procedure. The influence of digitalization is seen
from impression-making techniques to final prosthesis fabrication.
But the procedure of interim restoration fabrication is still based
on conventional technique and has not changed much over the
years. Often such prostheses are used to assist in the determination
of the therapeutic effectiveness of a specific treatment plan or
the form and function of the planned definitive prosthesis. The
requirements of an interim restoration are essentially the same as
for the definitive restoration, apart from longevity and possibly the
sophistication of color.?

The term 3D printing is generally used to describe a
manufacturing approach that builds objects one layer at a time,
adding multiple layers to form an object. This process is more
correctly described as additive manufacturing and is also referred
to as rapid prototyping.>

The introduction of computer-aided design/computer-aided
manufacture (CAD/CAM) technology in dentistry has allowed the
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shaping of high-performance material that could not otherwise
be easily shaped to form a dental restoration.? Several researchers
have criticized the marginal fit of these restorations.>® However,
improvements in the CAD/CAM system and software have made
the fit more acceptable through precise operating procedures.’
This CAD/CAM system can be explored for the fabrication of the
interim restoration.

The success of dental restoration is determined by three
main factors: esthetic value, resistance to fracture, and marginal
adaptation. Inadequate fit leads to plaque accumulation, which
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increases the risk of carious lesions, and can cause microleakage
and endodontic inflammation. Plaque accumulation may also cause
periodontal diseases, especially with subgingival margins. Finally,
misfit could contribute to cement dissolution.®®

The factors that have been documented to influence the
marginal adaptation of dental restoration are the preparation
design, location, and design of finish line preparation, restorative
material, fabrication method, impression material, and technique.
The clinical goal of interim prosthesis restoration is to have a
minimal marginal gap, protect the tooth, and prevent carries and
poor gingival health.

The present study has been designed to evaluate the marginal
fit of two different interim restorations fabricated by 3D printing
and milling technique on two different finish lines (shoulder and
chamfer).

MATERIALS AND METHODS

This study was conducted in the Department of Prosthodontics and
Crown and Bridge of Mithila Minority Dental College and Hospital,
Darbhanga, Bihar.

Study Design

Two typodont models of maxillary central incisors were prepared
for full coverage of dental restorations. Each typodont model
was prepared using two different finish lines. One central incisor
was prepared using chamfer (C) and the other central incisor was
prepared using shoulder (S). Both the preparations were digitally
scanned and then scanned data were exported as Standard
Tessellation Language (STL) to CAD/CAM software for the designing
and fabrication of the full coverage dental restorations using
polymethyl methacrylate (PMMA). Total 24 restorations were
fabricated; 12 were 3D printed and 12 were CAD/CAM milled. In
both types of restorations, half were fabricated on the chamfer
finish line and the remaining half were fabricated on the shoulder
finish line. The categorization of fabricated restorations is as follows:

- Group SM: shoulder finish line fabricated by CAD/CAM milling
(n=6).

« Group SP: shoulder finish line fabricated by 3D printing (n = 6).

« Group CM: chamfer finish line fabricated by CAD/CAM milling
(n=6).

«  Group CP: chamfer finish line fabricated by 3D printing (n = 6).
Restorations were seated on respective prepared typodont

models without cementation. The accuracy of all the restoration

was assessed by observing them under an optical microscope and

measuring the marginal gap at the prefixed point with the help

of compatible software. The accumulated data are subjected to

statistical analysis.

Tooth Preparation

The typodont models were prepared following the basic principles
of tooth preparation. All models were prepared with 2 mm incisal
reduction. Two different finish line designs were used 1.2 mm
chamfer (C) and shoulder (S). All teeth were prepared with the use
of silicon index (Varioline addition silicon; Kulzer), together with
the use of magnifying loupe (Zumax x 3.5) for better visualization
during tooth preparation. The preparations were done using a
diamond bur kit under continuous water flow. All the preparation
protocols were followed during tooth preparation with 2 mm incisal
reduction, 1 mm facial and lingual shoulder and chamfer cervical
margin preparation, 1.5 mm facial and lingual axial wall reduction

and lingual concavity above cingulum. The finishing of the prepared
tooth was done by using the finishing diamond burs. Overall, a
total of 12 models were prepared with the shoulder finish line and
12 with a chamfer finish line.

Restoration Design and CAD/CAM Fabrication

All the scanning of typodont and fabrication of restorations
for 3D printing (Confident Dental Laboratory, Bengaluru) were
done. Prepared models were scanned (Intelli-denta master easy
dental 3D scan) with a desktop optical scanner. The scanner was
calibrated following the manufacturer’s instructions. A thin layer of
anti-reflective powder coating was sprayed from a fixed distance
before performing an optical scanning procedure (Easy scan spray;
Alphadent). It helps in displaying the preparation boundaries. The
individual dies were secured firmly in a multi-die holder (Fig. 1) and
placed in the Intelli-denta 3D scanner. After minor adjustments in
digital impression (Fig. 2), digital files were generated using Exocad
version 2016 and exported in STL format to CAM machine with
software DS Cam, for the designing of restorations.

Milled restorations were fabricated using 5-axis dry milling
machine Intelli-Denta (MB Maschinen, Germany). All milled
restorations were fabricated using A2 shade of PMMA disk
(Ruthinium disc; Ruthinium Dental Product Pvt. Ltd). The tool
path of the specimen design was calculated by computer-assisted
manufacturing software (DSCAM). Two kinds of burs of diameter
1 and 2 mm (conifil zirconia; VPT) were used during the milling
procedure. Then, the specimens were ground and polished with
silicon carbide paper of grain size 600 and 1,200 grit on a rotary
machine with water cooling. All the above process was carried
as per the manufacturer’s recommendations. All specimens were
stored separately for further study.

Fabrication of Restorations by 3D Printing

A digital impression of prepared typodont was exported to a
3D printing machine by CAD software through STL technique.
Printed restorations were fabricated by using liquid photopolymer
resin (Formlabsinc, Somerville, MA, USA). The specimens of the
3D-printed restorations were manufactured using a digital light
processing (DLP) 3D printer (CARA Print 4.0; Kulzer) (Fig. 3). The
laser was controlled by the digital micromirror. Then, the entire
layer of liquid photopolymer resin was polymerized at once. Printed
restorations were washed with 100% isopropyl alcohol in the

Fig. 1: Multi-die holder
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In this study, while the shoulder finish line was used, it was
found that there is almost the same marginal discrepancy present
on each surface if the restoration fabrication technique was
the same. But, the maximum marginal gap in CAD/CAM milled
restoration was 77.42 pm while in 3D-printed restoration it was
found 41.08 um. There was a statistically highly significant difference
present in the marginal gap between CAD/CAM and 3D printing
at various points in restorations fabricated on the shoulder finish
line.In the present study, marginal gaps in restoration fabricated on
shoulder finish lines were within the clinically acceptable limit. But
overall, there was a greater marginal gap in restorations fabricated
by CAD/CAM milling.

In the present study in restorations fabricated on the chamfer,
finish lines showed slightly increased marginal discrepancy than the
shoulder finish line. The maximum marginal gap in CAD/CAM milled
restorations was 89.00 um and in the 3D-printed restoration was
48.25 um. There was a less marginal gap in restorations fabricated
by 3D printing.

Statistical analysis showed that there was no significant
difference in the marginal gap in both finish lines. So, both the
finish lines were equally effective. Euan et al."" also found in their
study that there is no statistically significant difference in the
marginal gap when the restorations were fabricated on different
finish lines. Comlekoglu et al.'"? also found in their study that
both shoulder and chamfer finish lines exhibit the same type of
marginal gap between restoration and prepared tooth. Our result
is in concurrence with the findings from the above authors. But
in the study conducted by Cho et al.,'® it was found that marginal
gaps were greater in the chamfer finish line when compared to
the shoulder finish line.

In this study, a statistically highly significant difference was
present in the marginal gap between CAD/CAM and 3D printing in
both finish lines. It means restorations fabricated by 3D printing had
a less marginal gap irrespective of the finish line designs. This is in
accordance with the results of the study of Alharbi et al.'* concluded
that less marginal discrepancies were present in restorations
fabricated by 3D printing.

From the present study, it can be inferred that the restorations
fabricated by CAD/CAM milling are having a larger marginal gap
than 3D-printed restorations irrespective of finish line designs.
Boitelle et al.”® did a meta-analysis and found that most authors
agree that the marginal gap between prepared tooth and
restoration below 120 um are clinically acceptable. In the present
study, the maximum marginal gap on shoulder and chamfer finish
linesisin a clinically acceptable limit. Hence, it can be concluded
that clinically acceptable restorations can be obtained by CAD/
CAM milling or 3D printing technique on either of the finish line
design.

CONCLUSION

Both the shoulder and chamfer finish lines were equally effective.
Restorations fabricated by 3D printing had less marginal gap
than CAD/CAM milling but both values were within the clinically
acceptable limit.
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