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Comparison between digital superimposition and
microcomputed tomography methods of fit assessment of
removable partial denture frameworks

Pedro Conceicdo, DMD, PhD,? Jaime Portugal, DMD, PhD,” Margarida Franco, DPharm, MSc,
Nuno M. Alves, MSc, PhD,” Duarte Marques, DMD, PhD,° and Cristina B. Neves, DMD, MSc, PhD'

Removable partial dentures
(RPDs) are provided to replace
teeth, improving mastication,
phonetics, and esthetics, as
well as patient quality of life,
with an excellent cost-benefit
ratio.'® The correct fit to the
supporting teeth is essential
for treatment success. Poorly
fitting RPDs can lead to poor
function and patient dissatis-
faction, resulting in an unused
prosthesis.* Additionally, me-
chanical failures, such as den-
ture deformation or fracture, or
biological complications of the
surrounding tissues, including
ulcerations, tooth wear, dental
caries, and periodontal dis-
ease, can arise.””” Because of
processing distortions,” ” up to
75% of frameworks require
adjustment at the clinical

ABSTRACT

Statement of problem. The fit of removable partial denture frameworks should be assessed to
optimize clinical adaptation. Potential discrepancies between framework and supporting structures
are typically precisely measured with negative subtracts and high-resolution equipment. The
growth of computer-aided engineering technology allows the development of new methods for
the direct evaluation of discrepancies. However, how the methods compare is unclear.

Purpose. The purpose of this in vitro study was to compare 2 digital methods of fit assessment
based on direct digital superimposition and microcomputed tomography indirect analysis.

Material and methods. Twelve cobalt-chromium removable partial denture frameworks were
fabricated by conventional lost-wax casting or additive manufacturing techniques. The thickness of
the gap between occlusal rests and respective definitive cast rest seats (n=34) was evaluated by
using 2 different digital methods. Silicone elastomer impressions of the gaps were obtained, and
microcomputed tomography measurements were used as controls for validation purposes.
Digitization of the framework, the respective definitive cast, and the combination was followed by
digital superimposition and direct measurements with the Geomagic Control X software program.
Because normality and homogeneity of variance were not verified (Shapiro-Wilk and Levene tests,
P<.05), the data were analyzed with Wilcoxon signed rank and Spearman correlation tests (o.=.05).

Results. The thicknesses measured by microcomputed tomography (median=242 pum) and digital
superimposition (median=236 pum) did not reveal statistically significant differences (P=.180). A
positive correlation (p=0.612) was detected between the 2 methods of assessing fit.

Conclusions. The frameworks presented median gap thicknesses under the limit of clinical
acceptability without differences between the proposed methods. The digital superimposition
method was determined to be as acceptable as the high-resolution microcomputed tomography
method for assessing removable partial denture framework fit. (J Prosthet Dent 2023;m:m-m)
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Clinical Implications

The fit of removable partial denture frameworks can
be assessed in the dental laboratory with a high-
precision digital superimposition method. The use
of this quality control for framework production
could reduce chair time for adaptation, prevent
complications, and improve patient satisfaction.

evaluation appointment.” Thus, assessing frameworks in
the dental laboratory could optimize clinical fit, decrease
chair time, and ensure a successful prosthesis.**

Different methods have been proposed to assess RPD
fit based on the measurement of the discrepancy between
the framework and the supporting structures. Visual in-
spection and pressing tests have been the most described
methods, as they are rapid and straightforward to apply in
the dental laboratory or clinically.>*'"'” However, they
provide limited qualitative information and are prone to
subjectivity and human error.***** Other proposed direct
analog methods, such as measuring with a calibrated wire
scale or optical microscope, use low-resolution power or
may lead to structural damage.”'®**

A more detailed and objective evaluation can be ob-
tained with an impression of the discrepancy followed by
its quantitative analog measurement with calipers, a
profile projector, or optical microscopy.”**> These sensi-
tive techniques can lead to errors because of the low
dimension and resilience of the impression mate-
rials.®?'#2°3% Digital techniques, such as digital micro-
scopy, can identify errors imperceptible to the human eye
and overcome the limitations of analog methods.'”**%*
Furthermore, image capture digital techniques, such as
microcomputed tomography (LCT), have been used as
high-precision and high-resolution techniques in various
fields of biomedical analysis.>%3+3>37

The development of high-resolution scanners and
computer-aided engineering software programs for
dental laboratories has allowed new methods of directly
measuring 3-dimensional (3D) discrepancies, such as
digital superimposition, without an intermediate sub-
strate.??23>3844 However, studies validating the digital
superimposition method of measuring the fit accuracy of
RPD frameworks are sparse.*®

The purpose of this in vitro study was to compare 2
digital methods of assessing the discrepancies between
the occlusal rests of RPD frameworks and their respective
cast rest seats. The null hypotheses were that the
quantification of the discrepancy of RPD frameworks
would not be affected by the method of assessment used
and that no correlation between pCT and digital
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superimposition methods would be found in the RPD
framework fit evaluation.

MATERIAL AND METHODS

Twelve different cobalt-chromium RPD frameworks were
produced by conventional lost-wax casting or additive
manufacturing techniques to fit 12 different definitive
stone casts. The inclusion criteria were that the frame-
work included both sides of the dental arch and at least
1 occlusal rest per quadrant. The RPD fit was assessed
by measuring the gap between the occlusal rests of the
12 frameworks and their respective cast rest seats. Two
methods were used to measure each gap: an indirect
method through PUCT measurement of silicone speci-
mens (used as control) and a direct measurement after
digital superimposition as proposed by the authors.

The sample size (n=34 occlusal rests) was estimated
with a power analysis to provide statistical significance
(0=.05) at a power of 80%, based on pilot study data.*
The gap on each occlusal rest was evaluated once by
using 2 assessment methods. For the WCT indirect
method, an impression was made of the gap between
each occlusal rest and the respective cast rest seat. The
rest seat was cleaned with a prophylaxis brush (Pro-
phylaxis Brushlet RA 060 Soft; Edenta AG) and filled with
polyvinyl siloxane impression material (V-Posil Light Fast
Set; VOCO GmbH). The metal framework was posi-
tioned and maintained until the complete polymerization
of the impression material. After the removal of the
framework, each silicone specimen was detached from
the definitive cast, verified for the presence of surface
pores and irregularities, and shaped with a scalpel blade
(Aesculap blade #15; Aesculap, Inc) to remove excess
material. The specimen was then positioned on the
sample holder of a ICT system (Skyscanner 1174; Bruker
SA/NV) with orthodontic wax (Protection wax; Dentau-
rum GmbH & Co KG) and scanned with the following
parameters: 50 KV, 800 A, 6.6-um image pixel size, 5500
milliseconds exposure time, 0.9-degree rotation step, and
no aluminum filter. Then, specific software programs
were used to reconstruct (NRecon Server Local v1.7;
Bruker SA/NV) and spatially position (DataViewer v1.5;
Bruker SA/NV) the scanned grayscale image. The 9-point
area defined in the digital superimposition method rep-
resented the volume of interest (Fig. 1). After performing
the segmentation of the original reconstructed image, the
mean thickness of the specimen was directly calculated in
micrometer by a software program (CTAnalyser software,
v1.18; Bruker SA/NV) and represented the thickness of
the gap on each occlusal rest. Furthermore, the calculated
thickness was confirmed through a 2-dimensional mea-
surement of at least 3 transverse segments of the spec-
imen (Fig. 2).

Conceicdo et al
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Figure 1. A, Volume of interest of silicone specimen digitized by
microcomputed tomography in coronal (COR), sagittal (SAG), and
transversal (TRA) planes. B, Nine points defined by Geomagic Control X
software program.

For the digital superimposition method, the metal
framework was coated with scanning spray (Zirko
Scanspray; Zirkonzahn GmbH), and the definitive
stone cast and the combination were digitized with an
image assembly software program (Modellier;

Conceicdo et al

Zirkonzahn GmbH) installed in a scanner system (Arti
S600; Zirkonzahn GmbH), producing 3 individual
standard tessellation language (STL) files.?”*” Each file
was positioned with the best-fit tools of a software
program (Geomagic Control X, v2018; 3D Systems Inc)
by using the combined image as a reference (Fig. 3). A
grid of 10 virtual planes was created by using the plane
tool of the program and the 9 points identified where
those planes intersected at each of the occlusal rest
and rest seat surfaces. The distance of each pair of
points was measured, and the mean of the 9 distances
represented the thickness of the gap on each occlusal
rest (Fig. 4).

A single researcher (P.C.) collected the data after
training with experienced researchers (D.M. and M.F.)
and tested for reproducibility at a 1-week interval. The
distribution of the margin of error was 2.9% for the
digital superimposition method and 4.3% for the pCT
method.

The data were analyzed by using a statistical software
program (IBM SPSS Statistics, v25; IBM Corp). The
descriptive analysis was determined. Because normality
and homogeneity of variance were not verified (Shapiro-
Wilk and Levene tests, P<.05), the data were submitted
to related-samples Wilcoxon signed rank and Spearman
correlation tests with a scatter plot examination (0=.05).

RESULTS

A total of 34 occlusal rests were present in the 12 RPD
frameworks, with a mean of 2.8 occlusal rests, a minimum
number of 2 rests, and a maximum number of 4 occlusal
rests per framework. Similar distributions of the thickness
data were obtained by digital superimposition (me-
dian=236 pm) and by pCT (median=242 pm) methods
(Fig. 5), without statistically significant differences be-
tween methods (P=.180). A positive correlation (p=0.612)
was observed between the 2 assessment methods, which
was confirmed by examination of the scatter plot (Fig. 6).

DISCUSSION

This in vitro study aimed to compare 2 digital methods of
assessing the fit of RPD frameworks based on digital
superimposition and PCT analysis (control). Because a
positive correlation was found, the digital superimposi-
tion method appeared to be acceptable for assessing the
fit of RPD frameworks.

Assessment of fit is an essential step in controlling the
quality of the framework production and ensuring the
appropriate function of the prosthesis.*? The fit is based
on the intimate contact and residual discrepancies be-
tween the RPD framework and the supporting teeth.'**
Specifically, the design and fabrication standards of the
RPD mean that stability and support of the framework
are achieved when all rests are seated.”*'>3? Therefore,

THE JOURNAL OF PROSTHETIC DENTISTRY
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Figure 2. Two-dimensional thickness measurement of specimen transversal segment to confirm total mean thickness.

the present study focused on the discrepancy between
the occlusal rests and the respective rest seats.” "'

In the present study, an impression of the gap be-
tween each occlusal rest and rest seat allowed an indirect
quantitative assessment of the discrepancy. The impres-
sion material used was polyvinyl siloxane, a silicone
elastomer material better than acrylic resin to reproduce
details.®'*'*? Furthermore, digital technology was used
to analyze the impression specimens, as it permitted a
complete and reproducible analysis by preserving the
specimens.®!'>>#2¢34374> Some digital techniques, with
photography or microscopy, have shown limitations in
the 360-degree analysis of the specimens, namely in
measuring hidden locations.?** Another technique based
on digital superimposition of the specimens requires
several scans to provide high-precision levels of mea-
surement.”** Therefore, the present study used pCT, the
standard for analysis in various fields of biomedical sci-
ence.’”?1?> This high-precision and high-resolution
technique provides a complete analysis of low-
dimension specimens from a single scan.?%33>37

The direct measurement of the gaps avoids distortions
of the impression materials used in indirect methods.'*'®
The most frequently used direct method has been based
on visual inspection but provides unreliable qualitative
information, is limited to the border of the framework
structures, and is prone to subjectivity and human er-
ror.”'?"'* The development of the digital design and
production of restorations in the dental laboratory have
expanded the direct methods of assessing the quantita-
tive gap. Previous studies"*>*"*> compared the digitized
framework with the STL design but did not consider the

THE JOURNAL OF PROSTHETIC DENTISTRY

relationship with the supporting structures, which is
essential for a successful prosthesis.

The present study proposed a method that applied
the digital principles of a triple scan,?” followed by digital
superimposition with a specific software program. A
precise evaluation of discrepancies was made possible by
measuring the selected distances between 2 points in a
defined axis. In addition, this method avoided impinge-
ments of the RPD framework on the definitive cast
because of incorrect overlap, as with techniques that
evaluate a range of distances in a color map.>?***

The null hypothesis that the quantification of the
discrepancies of RPD frameworks was not affected by the
assessment method could not be rejected because no
differences were found between the 2 methods. How-
ever, a moderate positive correlation between the digital
superimposition and the nCT techniques rejected the null
hypothesis that no correlation between pUCT and digital
superimposition methods would be found. The results
indicated that digital superimposition by using the
available digital laboratory hardware and software
equipment is an acceptable method of quantifying dis-
crepancies during the quality control of the RPD frame-
work production.'*?*?*>3%  Nevertheless, this direct
method should be used with caution in intraoral evalu-
ations of discrepancies, as it requires a high-resolution
scanner and a precise technique.*®*°

Limitations of this study were related to the scanning
and best-fit alignment of the structures in the superim-
position method. Because of its complex shape, fewer
RPD frameworks had to be repositioned for a second
scan to digitize the complete information on the upper

Conceicdo et al
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Figure 4. Fit assessment method after digital superimposition. A, Grid resulting from 10 built planes with overlapping of 9 points projected on each
structure surface. B, Nine points projected on cast rest seat. C, Nine points projected on lower surface of occlusal rest. D, Distance (mm) between each

pair of points projected on each structure.

700 |-
600 |-

500 |- T
400 - —I_

300 -

200 |~

100 L
oz J_

ncT digital superimposition
indirect method direct method
(control) (test)

Gap Thickness (um)

Figure 5. Box plot representation of gap thicknesses (1tm) measured by
assessment methods under study.

and lower surfaces of the occlusal rest. In those situa-
tions, the final image was achieved by using the scan and
match tool of the scanning program. Also, only frame-
works with at least 1 occlusal rest per quadrant were
included in the study to minimize errors caused by un-
desirable inclinations. The 3D image acquisition and the
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Figure 6. Scatter plot of thicknesses (um) of gaps between occlusal rests
and respective cast rest seats obtained by assessment methods under
study.

value selection in the LHCT morphometric analysis are also
sensitive techniques. All the procedures were made by
the same researcher (P.C.), who was trained and cali-
brated by experienced researchers (D.M., M.F.) to pre-
vent bias. Furthermore, the mean thickness of each
silicone specimen was confirmed by a 2D measurement
in at least 3 transverse segments with the tools of

Conceicdo et al
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CTAnalyser software, v1.18 (Bruker SA/NV) (Fig. 2).
Further studies with larger sample sizes are required to
verify the validity of these results.

CONCLUSIONS

Based on the findings of this in vitro study, the following
conclusions were drawn:

1. The digital superimposition method of quantifying
discrepancies between the occlusal rests and their
respective cast rest seats had results similar to those
of the pCT analysis.

2. The positive correlation between the methods
determined that the digital superimposition method
was as acceptable as the high-resolution pCT
method for assessing the fit of removable partial
denture frameworks.
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