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Evaluation of the reproducibility of various
abutments using a blue light model scanner
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PURPOSE. To evaluate the reproducibility of scan-based abutments using a blue light model scanner.
MATERIALS AND METHODS. A wax cast abutment die was fabricated, and a silicone impression was prepared
using a silicone material. Nine study dies were constructed using the prepared duplicable silicone, and the first
was used as a reference. These dies were classified into three groups and scanned using a blue light model
scanner. The first three-dimensional (3D) data set was obtained by scanning eight dies separately in the first
group. The second 3D data set was acquired when four dies were placed together in the scanner and scanned
twice in the second group. Finally, the third 3D data set was obtained when eight dies were placed together in
the scanner and scanned once. These data were then used to define the data value using third-dimension
software. All the data were then analyzed using the non-parametric Kruskal-Wallis H test (a=.05) and the post-
hoc Mann-Whitney U-test with Bonferroni’s correction (a=.017). RESULTS. The means and standard deviations of

the eight dies together were larger than those of the four dies together and of the individual die. Moreover,
significant differences were observed among the three groups (P<.05). CONCLUSION. With larger numbers of

abutments scanned together, the scan becomes more inaccurate and loses reproducibility. Therefore, scans of

smaller numbers of abutments are recommended to ensure better results. [J Adv Prosthodont 2018;10:328-34]
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INTRODUCTION

Currently, gypsum models are used to construct dental
prostheses. Such models are trimmed first, and then wax is
directly engraved using the model abutment. Next, the pros-
thesis is fabricated using typical investment, burn-out, and
casting methods.'” However, this traditional manufacturing
process is complicated and time-consuming. Since the
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recent introduction of dental computer-aided design and
manufacturing (CAD/CAM), clinicians have been able to
manufacture various prostheses more easily.*® Specifically,
CAD/CAM systems reduce both time and cost by simplify-
ing the work and considerably improving the working envi-
ronment of prosthesis manufacture. Indeed, CAD/CAM
systems have already made a large impact in the field of
dentistry.

CAD/CAM systems for prosthetic manufacturing are
generally categorized in terms of model design. To use
CAD/CAM systems, clinicians obtain scan data with a den-
tal scanner.” In this tegard, the most commonly used scan-
ners are extraoral and intraoral scanners.!”!® Extraoral scan-
ners to obtain three-dimensional (3D) data ate laser, optical,
white light, and blue light model scanners.

Although great progress has been made in the field of
oral scanners, several issues remain unresolved. In particu-
lar, it is difficult to obtain consistent quality data because of
patient movement, oral saliva, and the humid oral environ-
ment.”' However, new model scanners are continuously
being developed to mitigate these problems, and many stud-
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ies have reported clinical evaluation using stability measure-
ments.!MH3720 Model scanners are usually laboratory-
based, with the most commonly used being laser model
scanners and optical model scanners. However, the scanning
speed of the laser model scanner is slower than that of the
optical model scanner.”

The blue light model scanner has been widely used clini-
cally, as well as in many studies focusing on the accuracy of
scanning data. It has better accuracy than white light scan-
ners.'! The stability of the blue light model scanner has
been evaluated using the test methods described in ISO
128306, which focuses on the repeatability and reproducibili-
ty of data.'®?"# Specifically, Jeon e al'® reported that the
scanner’s data were repeatable and reproducible within a
margin of 10 um, and that it was capable of scanning the
entire scanning platform, regardless of the number of abut-
ments. However, no validated studies have evaluated the
accuracy of the scanner when scanning multiple abutments
simultaneously.

In the present study, we evaluated the reproducibility of
the blue light scanner by simultaneously scanning one, four,
and eight abutments on a multi-die tray. The null hypothesis
was that there is no difference among the three groups
scanned.

MATERIALS AND METHODS

The master die used was referenced as the posterior abut-
ment. The occlusal surface width was 6 mm and its height
was 5.2 mm; the axial wall was milled by 6°. The die was
designed using software that was set up with the chamfer
margin. The designed abutment was manufactured with
Wax Block (D-max, Seoul, Korea) using a milling machine
(DWX-50, Roland DG Corporation, Shizuoka, Japan). The
prepared wax milling abutment was constructed with a tri-
angular notch that had an additional width of 1.5 mm and a
length of 1 mm on the bucco-occlusal line angle (Fig. 1).

A piece of silicone (Deguform, Degudent GmbH,
Hanau, Germany) was prepared from the main model, and
a scannable die stone (Esthetic-base gold, Dentona AG,

Dortmund, Germany) was poured onto the prepared silicone
for duplication. The stone was mixed for 60 seconds at a mix-
ing ratio of 50 g/10 mL. Ultimately, nine study dies were
constructed. The first of these nine models was defined as
the reference model. It was placed and scanned on the
multi-die tray of a blue light model scanner (Identica Blue,
Medit, Seoul, South Korea). The scanned files were saved as
stereolithography (STL) files.

The OS, FS, and ES groups were scanned as follows: the
abutments in the OS group were scanned one by one on the
multi-die tray. Those in the FS group were scanned in
groups of four on the multi-die tray, while those in the ES
group were scanned in groups of eight on the multi-die tray.

In the OS group, the second to the ninth die models
were arranged and scanned one by one on the multi-die tray.
Eight series of 3D data were acquired and stored as STL
files (Fig. 2, Table 1).
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Fig. 1. Wax master die for this study. (A) Occlusal surface
width of 6 mm, (B) Axial wall height of 5.2 mm, (C) Axial
wall base of T mm, (D) Axial angle of 6°, (E) Width of 1,5
mm for triangular notch, (F) Length of 1T mm for triangular
notch.

Fig. 2. One study die placed on multi-die tray in blue light model scanner. (A) Scan of abutment teeth in position 1, (B)

After placement of one abutment in position 1 and scanning.
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Table 1. Production time of the abutment scan in each group (n = 8)

Group Arrangement on multi-die tray Once produced (min) Repetitions (number) Total time (min)
0s
FS 2 2
ES 8 1

OS group, abutments were scanned one by one on the multi-die tray; FS group, abutments were scanned in groups of four on the multi-die tray; ES group, abutments

were scanned in groups of eight on the multi-die tray.

In the FS group, the second to ninth die models were
placed in the multi-die tray. The second to the fifth study
dies were scanned first, followed by the sixth to the ninth
dies. During these scans, the abutments were arranged on
the first to fourth positions of the multi-die tray. After scan-
ning, the 3D data were saved as STL files (Fig. 3).

In the ES group, the second to eighth study dies were

placed in the first to eighth positions of the multi-die tray.
They were then scanned once to obtain the 3D data sets,
which were saved as STL files (Fig. 4).

Before superimposing the processing of the reference
study dies of the three groups and their 3D data, every 3D
data point 1 mm below the margin, which is an unnecessary
structute, was eliminated.

Fig. 3. Four study dies placed on multi-die tray in blue light model scanner. (A) Scan of abutment teeth in positions 1 - 4,
(B) After placement of one abutment in positions 1 - 4 and scanning.

Vi

Fig. 4. Eight study dies placed on multi-die tray in blue light model scanner. (A) Scan of abutment teeth in positions 1 - 8,
(B) After placement of one abutment in positions 1 - 8 and scanning.
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The data wete analyzed using 3D softwate (Verify, Geomagic
GmbH, Stuttgart, Germany) to test for reproducibility. Both
the reference and 3D data from the three groups were
superimposed and analyzed. Specifically, the 3D software
was used to calculate the best-fit alignment of the reference
and data abutments of the three groups, and a color-differ-
ence map was subsequently composed and analyzed (Fig. 5).
The data were calculated using root mean square (RMS) val-

ues.
> .

Reference data Scan data

Best fit alignment

Color difference map

Fig. 5. Process for analyzing color difference maps.

A normality test was also conducted. However, the con-
ditions for normality were not met. Therefore, non-paramet-
ric data were assessed using the non-parametric Kruskal-
Wallis H test and the Mann-Whitney U-test (« = .05). The
Mann-Whitney U-test with Bonferroni’s correction was

used for post-testing (P <.05/3 = 0.017).
RESULTS

The RMS, standard deviation (SD), and average data point
values of the three groups are listed in Table 2. The OS
group showed the most repeatable values, while the ES
group exhibited the worst RMS, SD, plus average, and
minus average data point values. The RMS and minus aver-
age showed statistically significant differences among the
three groups (P < .026 and P < .010, respectively). However,
the SD and plus average did not show any statistically signifi-
cant differences (P> .073 and P > 492, respectively).

In the post-test, the OS group did not differ from the
FS group, nor did the FS group differ from the ES group.
However, the OS group differed significantly from the ES
group.

Fig. 6A- 6R show the abutment color-difference map
after superimposition processing in the OS, FS, and ES
groups. The OS group indicated mostly positive values at
the axial wall surface areas, but a few negative areas were
also observed (Fig. 6A- 6F). In addition, the green (no
error) area was dominant. The negative part of the axial
wall was more predominant in the S group than in the OS
group, while the positive fraction was lower (Fig. 6G - 6L).
In the ES group, the negative section of the axial wall was
larger than in the OS and FS groups (Fig. 6N - 6R).

Table 2. Reproducibility in the OS, FS, and ES groups using a blue light model scanner to scan abutment teeth (n = 8)

(05 FS ES
Group (um) P value®
Mean SD Mean SD Mean SD
RMS 8.22 1.5 10.12P 1.5 12.7° 5.8 .026
SD 8.12 1.5 9.52p 1.3 11,720 5.1 .073
+ 5.8 1.1 6.3 1.2 6.4 1.3 492
- 6.5% 1.3 8.6° 1.6 10.4° 3.9 .010

OS group, abutments were scanned one by one on the multi-die tray; FS group, abutments were scanned in groups of four on the multi-die tray; ES group, abutments
were scanned in groups of eight on the multi-die tray; RMS, root mean square; SD, standard deviation.
ab Values followed by the same letter in the row are statistically similar among the three groups (Mann-Whitney U-test with Bonferroni’s correction), ¢ Kruskal-Wallis H

test.
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Fig. 6. Evaluation of reproducibility in three groups using blue light model scanner. Color difference maps of OS group
(A - F), FS group (G - L), and ES group (M - R). Green area (No error), yellow to red (positive error), blue to dark blue

(negative error).

DISCUSSION

The blue light scanner used in this study provides more data
than the conventional laser scanner, and it shows better rep-
etition and reproducibility than the white light model scan-
net." The blue light scanner uses incident light in a grid or
striped pattern on an object, and data are acquired using
two cameras.” It can acquite a large amount of data in a
short time.

According to the ISO 128306, repeatability is defined as
the ability to repeatedly measure a parameter at a particular
location, while reproducibility is defined as the ability to
evaluate measured data in different locations. In the present
study, the range of the color difference map bar was set
from +50 pm (blue to dark blue) to -50 pm (red to yellow).
The range of clinical application was set from 10 to -10
pm."" The clinical application range is the range shown in
green color. This range indicates that there is little error
between reference and scan data. Therefore, the wider the
range expressed in green color, the more accurate it is.

Using the blue light model scannet, Jeon e al.'" reported
that repeatability values of canine, premolar, and molar
scans were approximately 4.4, 2.9, and 3.2 um, respectively,
and that these had excellent reproducibility values of 9.8,
10.6, and 11.2 um, respectively. Previous studies have also
shown that blue light model scanners can be used clinically
to produce final prostheses.??' Repeatability has been well
established, but reproducibility depends on the position and
size of the model."'?

332

In the present study, the reproducibility of the blue light
model scanner was evaluated using various arrangements in
the non-contact scanner. Specifically, the scanner used in
the present study can scan many abutments simultaneously,
and reproducibility was evaluated by increasing the number
of abutments in three stages and dividing the data into
three groups. The null hypothesis was rejected.

Statistically significant differences were observed among
the three groups. In particular, the OS group, which was
arranged in a sequential order, showed the best repeatability,
with an RMS value of 8.2 um. It also exhibited the highest
reproducibility among the three groups. Furthermore, green
was the most dominant color in the color difference map.

In the FS group, the RMS value was 10.1 um. It dis-
played less accurate reproducibility than the OS group, but
did not show any significant difference from the ES group.
A negative error was observed in the axial wall of the color
difference map.

In the ES group, the RMS value was 12.7 um, and it
exhibited the least accurate reproducibility. A significant dif-
ference was observed in the OS groups. In addition, both
positive and negative portions were observed on the occlu-
sal surface of the ES group. Nonetheless, in all three
groups, the green area was mostly in the chamfer and mar-
gin areas, and the positive and negative parts were not gen-
erated more than the other parts.

In light of the reproducibility of the conventional blue
light model scanner, it can be hypothesized that an RMS val-
ue of 12.7 pum indicates a clinically usable device. However,
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this constitutes a difference of approximately 4 pm from
the OS group, and the ES group exhibited the largest error.
The light transmission and scattering of light on the same
abutment position likely affected the surrounding abut-
ment.lI,IC),}Z

Thus, it became more likely that an error would occur as
the amount of the data per unit area was increased. The OS
and IS groups showed lower error because they necessitated a
smaller amount of data than the ES group. In all three groups,
there was an error in the axial wall area because it was wide
and rounded, unlike the flat occlusal surface. Therefore, we
believe that this error occurred when 3D data were acquired.
In previous studies involving a single abutment and full arch
model, the RMS value during reproducibility evaluation was
approximately 10 um." In contrast, the full-arch model
showed a value greater than 100 pm.* Thetefore, we reason
that a large error occurs when scanning a greater number of
objects, ot an object that requires mote complicated maintenance.

Recently, an increasing number of studies have addressed
3D measurement in the field of dentistry. In the present
study, nine identical stone abutments were fabricated from
one duplicable silicone replica. In addition, we used scan-
only stones to evaluate accuracy by increasing measurement
reliability. This study is meaningful because it attempts to
reduce error in the final restorations by decreasing errors in
the scanner.

When preparing the abutment teeth, a triangular notch,
with a width of 1.5 mm and a length of 1 mm, was made
on the occlusal buccal region. Thus, we could identify the
exact position of the notch when supetimposing the refer-
ence 3D data and scan data. The difference in the length
and width made the superimposing process effective.

The present study may not be generalizable because it
did not use the actual form of the tooth. To evaluate accu-
racy in terms of the size of various abutments, future stud-
ies should evaluate various parts using abutments that are
similar to those of actual teeth.

CONCLUSION

When a large number of abutments are scanned using a
blue light model scanner, inaccurate results are obtained.
Therefore, only a small number of abutments should be
scanned.
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