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Influence of object translucency on the scanning accuracy of a
powder-free intraoral scanner: A laboratory study
Hong Li, PhD,a Peijun Lyu, DDS, PhD,b Yong Wang, MS,c and Yuchun Sun, DDS, PhDd
ABSTRACT
Statement of problem. Limited information is available regarding the influence of object trans-
lucency on the scanning accuracy of a powder-free intraoral scanner.

Purpose. The purpose of this in vitro study was to evaluate the scanning accuracy of a confocal
microscopy principle powder-free intraoral scanner on ceramic copings and to analyze the
relationship between scanning accuracy and object translucency.

Methods. Six slice specimens (12×10 mm) and 6 offset copings (1.00-mm thickness) were made
from different translucent homogeneous ceramic blocks (CEREC Blocs, S0-M to S5-M, highest to
lowest translucency). The primary sintered zirconia offset coping was produced in the same way
as the control. Optical parameters related to the translucency of each slice were measured with
a spectrophotometer. Three-dimensional (3D) datasets of the surface morphology of offset
copings were obtained by using the intraoral scanner. The same white wax resin bases were
used for registration. Quantitative parameters of scanning trueness and precision were
measured. One-way ANOVA was used to analyze the values of each parameter among the 6
ceramic blocks. Bivariate correlation was used to analyze the relationships between each
parameter of scanning accuracy and translucency (a=.05).

Results. Translucent copings showed a positive 3D bias (S0-M to S5-M: 0.149 ±0.038 mm to 0.068
±0.020 mm), a narrower collar diameter (Dd=−0.067 mm), larger convergence angle (DF=2.79
degrees), and larger curvature radius of the internal gingivoaxial corner (Dr=0.236 mm). The
smaller the percentage sum of scattering and absorption, the greater was the occurrence of
scanning bias (r=−0.918) and curvature (r=−0.935) decrease.

Conclusions. Use of the tested powder-free intraoral scanner, higher translucency objects (greater
translucency than S1-M/A1C) resulted in lower scanning accuracy and morphological changes.
Therefore, more suitable methods of measurement are still required. (J Prosthet Dent
2017;117:93-101)
Intraoral scanning technology
marks the beginning of a new
era of fully digital dental pro-
cessing. Direct optical sur-
veying of intraoral structures is
now being widely tested as a
clinical alternative to conven-
tional impression making.1-4

Clinically, intraoral tissues
and many different dental
materials are translucent.
When light encounters a
translucent object, some light
is reflected at the surface,
some is scattered inside the
object, and some is trans-
mitted. Moreover, some of the
scattered light exits the surface
again, some is absorbed within
the object, and some finally
passes through the object.5

Subsurface scattering (SSS)
refers to the phenomenon by
which light scattered within an
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Clinical Implications
Powder-free intraoral scanning should be used with
care for scanning high-translucency tooth structure
or dental materials. The use of a suitable
measurement method such as powder or software
compensation should be considered.
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object is subsequently emitted at a different point and at
a different angle than it would have had it been reflected
directly off the surface. SSS light contaminates the
measurements of directly reflected surface light detected
by the charge-coupled device sensor of an intraoral
scanning system, thus reducing the accuracy of its
resulting datasets.6 Previous studies7,8 have described
the use of silicon dioxide powder with intraoral
scanning systems to limit this problem, albeit with the
possibility of added inaccuracies due to overlapped
spray.9 Contemporary intraoral scanners designed on
the principle of confocal measurement,10,11 as used in
this study, allow for the capture of intraoral tissue
morphology without the need for powder. Modern
dental ceramics exhibit the major translucent optical
properties of natural teeth.12 The use of such translucent
dental materials with a confocal system has not yet
been analyzed. A recent study measured the height of
nine 2-mm-thick material specimens (ceramic, composite
resin, and metal), and calculated the differences between
the surfaces of the test specimens and the reference
enamel specimen.13 However, the object tested was a
flat plane; the scanning accuracy of a translucent prep-
aration shaped object should also be tested. Some
studies have suggested that scanning accuracy is relative
to the refractive index, translucency parameter, but
with only 1 kind of translucent material or lots of mate-
rials with the same shade (A2).13,14 To date, the rela-
tionship between translucency and scanning accuracy
has still not been determined. In dental color science,
the translucency parameter and contrast ratio (CR) are
often used to assess the translucency of a material.13

Translucency describes the color difference between a
material with a black backing and that with a white one.
Contrast ratio is the ratio of the reflectance of a specimen
over a black backing to that over a white backing. Neither
of them can assess the influence of SSS light. In this
study, parameters refer to different parts of incident
light were used: R refers to the reflected light, T refers to
the transmitted light, and S+A refers to the residual part
of the light.

To evaluate the 3-dimensional (3D) scanning error of
the intraoral scanner, a limited number of studies have used
the definitions of “accuracy,”7,8,15-20 which includes both
“trueness” and “precision.” According to International
THE JOURNAL OF PROSTHETIC DENTISTRY
Organization for Standardization (ISO) standard 5725,21

the measure of trueness is usually expressed in terms of
“bias,” which refers to the total systematic error of a
measuring method. The measurement of precision is usu-
ally expressed in terms of “imprecision,” computed as a
standard deviation of the test results and depends solely on
the distribution of random errors. With this method,
however, local differences cannot be reflected. Previous
studies have displayed different distributions with a color
map.15,22,23 Taking this technique one step farther, mea-
surements in cross-sections are needed to describe local-
ized misfit for supplementing trueness.

The purpose of this in vitro study was to assess the
influence of object translucency on powder-free intraoral
scanning accuracy by using offset copings of serial
translucent ceramics fabricated from the same datasets.
Primary sintered zirconia was used as the control. The
null hypothesis was that object translucency would not
influence the scanning accuracy of the tested powder-
free intraoral scanner.

MATERIAL AND METHODS

Six 1.00-mm-thick, lightness gradually decreasing,
rectangle-shaped ceramic specimens (12- ×10- mm
CEREC Blocs; S0-M to S5-M; lot number 21490; Sirona)
were sliced with a diamond wire saw (product STX-202;
Shenyang Kejing Auto-instrument Co, Ltd). Spectral
transmittance and reflectance in the wavelength of visible
light (360 to 780 nm) under standard illuminant D65
were obtained at 10-nm intervals (n=43) by using a
computer-controlled spectrophotometer (Color-Eye
7000A; X-Rite) with a 1-nm spectral resolution. Three
translucency related parameters were calculated based on
these data according to the studies of Shiraishi et al24 and
Friebel et al.25 The average reflectance with black backing
(Rb) was defined as the mean of the 43 spectral reflec-
tance data, which refers to all light detected by the
scanning system, including reflected light and SSS light.
The average transmittance (T) was defined as the mean
of the 43 spectral transmittance data, which refers to
light that passes through the specimen. The percentage
sum of scattering (S) and absorption (A) refers to the
light of the residual part (computational formula:
S+A=100% − Rb − T). Similar to that in dental hard tis-
sues, absorption is typically much lower than scatter.26

Therefore, S+A mostly represents the light scattered in-
side the material. All parameters related to translucency
in this study were percentages of the incident light.

A 1.00-mm offset coping with a shoulder collar
(finish line configuration of 90 degrees) of a prepared
right maxillary first molar was designed by using
computer-aided design (CAD) software (inLab; product
4.2.5.82936; Sirona). One primary sintered zirconia
coping and 6 ceramic copings were fabricated with the
Li et al



Figure 1. Scanning route.

Table 1. Settings for 2 different CAD-CAM materials according to CEREC
specifications

Parameter
Ceramic
Blocks

Primary Sintered
Zirconia

CAD

Thickness, mm 1000 1000

Cement spacer, mm 0 0

Above margin, mm 300 300

Considering pin shape No No

Remove undercut No No

Diameter of the pin, mm D1=1.7 D2=1.3

Batch no. 21490 2013298238

CAD, computer-aided design.
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same dataset by using a 3-axis computerized numerical
control milling machine (CEREC XL premium package;
Sirona). Table 1 shows the settings for both CAD and
computer-aided manufactured (CAM) materials. A
standard base was designed by using dimensional
reverse engineering software (Geomagic Studio; 3D
Systems) and fabricated by using a high-precision 5-axis
computerized numerical control milling machine
(Zenotech Ti; nominal accuracy ±10 mm; Wieland
Dental). Bases were made of white wax-resin (Organic;
R+K CAD/CAM Technologie, GmbH & Co KG) with a
“preparation” in the center to locate the offset coping.
Figures of spheres were distributed around the prepara-
tionto offer curvature characteristics to decrease the 3D
image mismatch and establish proper measurement co-
ordinates. Each coping was placed onto the base with its
inside surfaces painted black, axially loaded with finger
pressure27 until a noneugenol interim cement (Meta
Biomed Co Ltd) had set, and examined for any visible
gap around the coping margin.

An intraoral scanner designed on the basis of confocal
measurement principle (Organic; R+K CAD/CAM Tech-
nologie, GmbH & Co KG) was used. Scanning began at
the center of the occlusal surface and then radiated out-
ward toward the periphery along the radial lines (Fig. 1).
Every part of the surface was scanned at a 90-degree angle
to obtain 3D shape datasets of a specimen in stereo-
lithography (STL) format. Data with obvious faults (for
example, double layers or missing data) were excluded.
Each offset coping was scanned 5 times. All datasets were
imported in a 3D metrology software (Geomagic Qualify
2013 inspection; 3D Systems) for analysis. The upside of
the base and the outside of the offset copings areas were
reserved, including the collar while excluding the con-
nected pole. The upper base area was used for 3D shape
dataset alignment, and the coping area was for scanning
accuracy evaluation. If the precision of the base alignment
process satisfied the assumption of less than 0.010 mm,
then the evaluation of scanning accuracy began.

The scanning precision of each of the 7 specimens
was evaluated separately. Among the 5 3D shape
Li et al
datasets of a specimen, 1 was randomly selected as a
reference dataset (ref-datum) by using “Data-Select
Cases-Random sample of cases” order in SPSS software,
and the remaining specimens (n=4) were regarded as
test datasets (test-data). The field of all test-data was
the same and was modified to be slightly smaller
than that of the ref-datum. Then, 1 test-datum was
superimposed on the ref-datum by using the “best
fit alignment” tool of a report and a 3D comparison
analysis histogram spectrum was exported. The report
exported 4 parameters: mean (mm), positive mean
(mean+, mm), negative mean (mean−, mm), and stan-
dard deviation (SD, mm) of the 3D deviation. The mean
value related to the whole coping area and indicated
the superiority of positive or negative errors. Mean+
related to the mean error of area that the test-data
above the ref-data. Mean− related to the mean error of
area that the test-data beneath the ref-data. SD shows
the fluctuation of 3D deviation within a test-datum.
The remaining 3 test data were analyzed similarly. The
mean±SD of the 4 means, means+ and means− of the
specimen were defined as the scanning imprecision of
the specimen.

The scanning trueness of the specimens of the 6
translucency gradient changing ceramic copings were
evaluated separately in a similar process. One primary
sintering offset coping 3D shape dataset was randomly
selected as ref-datum in the same way mentioned above.
Five 3D shape datasets of each ceramic offset coping
were regarded as test-data. The mean ±SD of the 5
means, means+ and means− of a specimen were defined
as the scanning bias of the specimen.

For the cross-sectional difference measurement of the
specimens of 6 translucency gradient changing ceramic
copings, the same ref-datum and 1 test-datum of each
specimen for scanning bias evaluation were used for the
second time. A measurement of the coordinate system
was established based on the 3 largest feature spheres
on the base of the ref-datum. Specifically, the x-, y-, and
THE JOURNAL OF PROSTHETIC DENTISTRY
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Figure 2. Measurement of cross-sectional differences. A, Coordination construction and cross-section selection. B, Measurement diagram of
cross-section. Coping diameter (d): largest horizontal distance of offset coping collar; convergence angle (F): angle of convergence between
middle one-third of opposite axial walls; curvature radius (r): of internal gingivoaxial corner of offset coping collar (area of 1×1 mm).
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z-axes referred to the mesial-distal direction, labial-
lingual direction, and location direction relative to the
coping in the center. After the base alignment process,
3 cross-sections (rotation angle from positive direction of
x-axis: 0 degree, 30 degrees, and 133 degrees) were
made. In each cross-section, 3 parameters were defined
as follows (Fig. 2): coping diameter (d, mm), meaning
the largest horizontal distance of the collar of the offset
coping; convergence angle (F, degree), meaning the
angle of convergence between the middle one-third of
the opposite axial walls; and curvature radius (r, mm),
meaning the internal gingivoaxial corner of the offset
coping collar (measuring area of 1×1 mm). Mean differ-
ences of each parameter (Dd, DF, Dr) in each cross-
section between ref-datum and test-datum were
measured to evaluate the cross-sectional difference of
each specimen.

The normality of data distribution was tested by
using the Kolmogorov-Smirnov and Shapiro-Wilk
tests. One-way ANOVA based on the assumption of
normal data distribution was used to analyze the pa-
rameters of scanning accuracy (bias, imprecision, Dd, DF,
and Dr) among 6 ceramic offset copings, and post hoc
comparisons were made by using the Tukey honest sig-
nificant difference test separately. Bivariate correlation
was used to analyze the relationships between each
parameter of scanning accuracy (bias, imprecision, Dd,
DF, and Dr) and translucency (Rb, T, and S+A) (a=.05).
6
300 400 500 600 700

S5-M

800 900

Wavelength (nm)

B

Figure 3. Spectral reflectance. A, Transmittance. B, Curves for slice
specimens ranging from S0-M to S5-M. Both spectral reflectance and
transmittance showed serial decrease in relatively short wavelengths
(360-580 nm). S1-M and S2-M showed similar reflectance but different
transmittance values. S0-M exhibited spectral transmittance.
RESULTS

Figure 3 shows the typical curves of spectral reflectance
and transmittance data of dental ceramics. The reflec-
tance and transmittance of ceramic blocs from S0-M
to S5-M in the short wavelength range (approximately
580 nm) systematically decreased. No obvious differences
were found in reflectance between S1-M and S2-M,
and S0-M exhibited a less variable pattern of trans-
mittance than the others. Optical parameter data for Rb,
T, and S+A are shown in Table 2.

The imprecision of the base alignments was 0.000
±0.002 mm. The 3D deviation of the third 3D shape
THE JOURNAL OF PROSTHETIC DENTISTRY
dataset of S5-M was checked as an outlier by drawing a
box plot and deleted. The scanning imprecisions of the
7 specimens are given in Figure 4 and Table 3.
Li et al



Table 2.Optical parameters related to translucency of each ceramic slice

Ceramic Slice Rb (%) T (%) S+A (%)

S0-M 34.55 14.06 51.39

S1-M 28.79 15.97 55.24

S2-M 29.59 15.37 55.04

S3-M 28.44 14.37 57.19

S4-M 26.86 13.67 59.47

S5-M 26.20 13.12 60.68

Rb, average reflectance of ceramic slices with black backing; S+A, percentage sum of scat-
tering (S) and absorption (A); T, average transmittance of ceramic slices.
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Figure 4. Imprecision of six ceramic offset copings. Means and standard
deviations are shown.

Table 3. Scanning bias of each ceramic copings

Ceramic
Coping

Bias (mm)

Mean ±SD Mean ±SD Mean ±SD

S0-M 0.149 ±0.038 0.149 ±0.038 -0.005 ±0.002

S1-M 0.132 ±0.038 0.148 ±0.022 -0.018 ±0.010

S2-M 0.103 ±0.039 0.107 ±0.036 -0.015 ±0.009

S3-M 0.117 ±0.038 0.120 ±0.038 -0.013 ±0.006

S4-M 0.073 ±0.039 0.079 ±0.035 -0.016 ±0.110

S5-M 0.068 ±0.020 0.072 ±0.018 -0.010 ±0.001

Mean, average deviations of whole coping area; Mean+, average deviations of area that test
data above reference data; Mean−, average deviations of area that test data beneath the
reference data; SD, fluctuation of 3-dimensional deviation within test datum.
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Figure 5. Bias of six ceramic offset copings. Means and standard devi-
ations are shown. *Significant difference was found between S0-M and
S4-M, S0-M and S5-M (P<.05).

Table 4. Scanning imprecision of each coping

Coping

Imprecision (mm)

Mean ±SD Mean ±SD Mean ±SD

ZrO -0.002 ±0.026 0.042 ±0.018 -0.046 ±0.012

S0-M 0.001 ±0.038 0.029 ±0.018 -0.030 ±0.013

S1-M -0.014 ±0.039 0.025 ±0.009 -0.036 ±0.025

S2-M 0.006 ±0.044 0.032 ±0.022 -0.027 ±0.012

S3-M -0.014 ±0.038 0.018 ±0.016 -0.032 ±0.019

S4-M 0.011 ±0.040 0.033 ±0.024 -0.018 ±0.015

S5-M 0.009 ±0.024 0.019 ±0.015 -0.012 ±0.007

Mean, average deviations of whole coping area; Mean+, average deviations of area that test
data above reference data; Mean−, average deviations of area that test data beneath the
reference data; SD, fluctuation of 3-dimensional deviation within test datum; ZrO, zirconiu-
m(II) oxide.
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The scanning biases of the 6 translucent copings are
shown in Figure 5 and Table 4. A significant difference in
both mean+ and mean of bias was found among 6
translucent copings (P<.05), and a difference exists be-
tween S0-M and S4-M and between S0-M and S5-M
(P<.05). Figure 6 shows the 3D comparison analysis his-
togram spectrum of each specimen, with the major area
showing a positive deviation, a negative difference mainly
distributed around the finish line area of the coping, and
minimal difference in the middle of the axial wall.

Mean ±SD of 2D cross-section difference (Dd, DF,
Dr) between ceramic and zirconia copings measured in 3
cross-sections are given in Figure 7 and Table 5. 3D
shape datasets of ceramic copings showed a smaller
mean diameter (Dd=−0.067 mm), larger convergence
angle (DF=2.79 degrees), and larger curvature radius
(Dr=0.236 mm). The morphology change of the internal
gingivoaxial corner is given in Figure 8. No significant
differences were found among the 6 ceramic offset cop-
ings (Dd: P=.444; DF: P=.857; Dr: P=.828).

Significant correlation existed between S+A and the
mean of scanning bias (P<.01), S+A and mean+ of
scanning bias (P<.05), as well as between Rb and mean
of scanning bias (P<.05). Additionally, Dr measurement
of cross-sectional difference was significantly associated
with S+A (P<.01). Details are given in Table 6.

DISCUSSION

Results of this study do not support the null hypothesis
that object translucency would not influence the scanning
accuracy of the tested powder-free intraoral scanner. The
Li et al THE JOURNAL OF PROSTHETIC DENTISTRY



Figure 6. Difference color map of bias measurement. One coping with median bias value of each specimen. A, S0-M. B, S1-M. C, S2-M. D, S3-M. E, S4-M.
F, S5-M. Deviation spectrum was set from -0.120 to 0.120 mm. Maroon areas refer to areas beyond ±0.120 mm.
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Figure 7. Means of coping diameter difference (A, Dd), convergence
angle difference (B, DF), and curvature radius difference (C, Dr) of all
specimens in three cross-sections.

Table 5.Means of 2D cross-section differences between ceramic and
zirconia copings

Ceramic
coping

Dd (mm),
Mean ±SD

DF (degree),
Mean ±SD

Dr (mm),
Mean ±SD

S0-M -0.020 ±0.027 2.838 ±1.353 0.275 ±0.102

S1-M -0.107 ±0.038 4.255 ±0.430 0.270 ±0.213

S2-M -0.088 ±0.055 3.488 ±1.233 0.267 ±0.119

S3-M -0.016 ±0.051 3.183 ±0.136 0.222 ±0.085

S4-M -0.079 ±0.024 4.603 ±1.531 0.200 ±0.139

S5-M -0.095 ±0.032 3.695 ±1.036 0.183 ±0.156

2D, two-dimensional; Dd, coping diameter difference; DF, convergence angle difference; Dr,
curvature radius difference.

Figure 8. Morphology change of internal gingivoaxial corner of ceramic
offset coping. Opaque primary sintering zirconia offset coping (O)
showed clear internal gingivoaxial corner while translucent ceramic
offset coping (T) lost curvature features.
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scanner used in this studywas designed on the basis of the
principle of confocal measurement, which should theo-
retically counteract the influence of translucence14 by
detecting the surface shape layer by layer or point by
point, thus leading to a lower scanning efficiency.
Li et al
Measurement errors tend to appear as displacement and
curvature at the corner tend to decrease.

In this study, a significantly large positive bias (S0-M
to S5-M: 0.149 ±0.038 mm to 0.068 ±0.020 mm) of
translucent offset copings was found, which is a trend
similar to that found by Nedelcu et al.9 Offset copings
made of ceramic blocks of larger translucency showed a
larger bias (P<.05), which means different translucent
materials will deviate and deform the preparation. The
reasons can be analyzed as follows. As the contaminant
light originated from the subsurface layer, the bias was
suggested to be negative. However, the mean bias in
this study was positive. The first assumption is that
the powder-free intraoral scanning system software is
thought to create an internal correction value for
counteracting measurement bias in this situation, even
though the results of this correction are not clinically
acceptable. Second, the influence of the specific base
should also be analyzed. Previous studies analyzed
the scanning accuracy of different scanners by using
a standard model,7,15,22 whereas other studies judged
different digital modeling methods with the same
scanner.28,29 In these examples, the same area may be
used for both registration and measurement. In the
present study, even when scanning the offset copings of
THE JOURNAL OF PROSTHETIC DENTISTRY



Table 6. Correlation coefficients (r) among bias and optical parameters

Parameter Rb (%) T (%) S+A (%)

Bias

Mean

r 0.843a 0.556 -0.918b

P 0.035 0.252 0.010

Mean+

r 0.736 0.648 -0.877a

P 0.078 0.164 0.022

Mean−

r 0.605 -0.565 -0.354

P 0.203 0.243 0.491

Imprecision

Mean

r -0.173 -0.594 0.341

P 0.743 0.214 0.509

Mean+

r -0.347 -0.560 0.483

P 0.501 0.247 0.332

Mean−

r -0.540 -0.801 0.730

P 0.269 0.055 0.100

Cross-sectional difference

Dd

r 0.566 -0.273 -0.412

P 0.241 0.600 0.417

DF

r 0.418 0.392 -0.492

P 0.410 0.442 0.321

Dr

r 0.784 0.772 -0.935b

P 0.065 0.072 0.006

Dd, coping diameter difference; DF, convergence angle difference; Dr, curvature radius dif-
ference; Rb, average reflectance of ceramic slices with black backing; S+A, percentage sum of
scattering (S) and absorption (A); T, average transmittance of ceramic slices. aSignificant at
P<.05. bSignificant at P<.01.
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the same surface morphology measured by the same
scanner, various translucencies might affect the scan-
ning outcomes; thus, a specific opaque base offering
common regions for dataset registration is necessary. To
obtain the complete morphology of the offset coping,
the base should be low in case of impeding measuring
light. As a result, the registration area was relatively
lower than the test area. When the coping specimen
was scanned, the occlusal plane and upside surface of
the base were scanned at the same time. Combining
these specific experimental conditions, the use of the
base produced 2 factors that may contribute to scan-
ning bias. First, at an unsuitable depth of focus, the
quality of measurement will decrease. Second, when the
registration area is far from the test area, the value of
scanning bias will be relatively larger. As the operation
is unified, the effect of the base will be the same for all
coping digitalization processes.

Translucent offset copings showed a curvature decrease
on a surface with large curvature (small curvature radius).
THE JOURNAL OF PROSTHETIC DENTISTRY
In other words, the curvature radius becomes larger (pos-
itive Dr, P<.05), specifically, sharp corners become more
rounded. Because the preparationfinish line is sharp, at the
extreme, with a 90-degree finish line corner, an increase of
r makes the offset coping collar slightly narrower
(Dd=−0.067 mm). Considering the difference of pin di-
ameters (0.2 mm) between objects, highly translucent
specimens (S0-M to S3-M) showed larger Dr values
(Dr=0.236 mm). As a result, the convergence angle be-
comes larger (DF=2.79 degrees). With this dataset, the
prosthesis will be difficult to locate, and the shoulder of the
crown will be shorter, thus forming a step. To solve this
problem, a suitable margin compensation, such as
lengthening the restoration margin, should be added
during theCADprocess. IncreasingF is another integrated
representation of Dr, which increases the difficulty of
seating the restoration. The spheres on the base helped
decrease the error associated with the registration calcu-
lation of the offset coping axial wall during scanning, as
mismatched data would be corrected when the central
coping and figure spheres are maintained with the scan
wand in the same field of view for several seconds. How-
ever, the trend of change ofF and d without the spheres is
unclear. Future studies will address this topic. From S0-M
to S5-M, Rb and T decreased, whereas S+A increased,
which is a result similar to that of Shiraishi et al.24

Significant correlation existed between S+A and mean
values (P<.01), S+A and mean+ values (P<.05), and be-
tween Rb andmean values (P<.05). The total light reflected
on a surface, scattered inside the material, and then
emitted from thematerial (SSS light) is detected as awhole,
which can be represented by Rb. The emitted SSS light
producesmostmeasurement errors,6,30-33 and SSS light, or
the maximum response of a laser or light beam striking a
translucent surface as seen by a camera is often below the
actual surface.31 Furthermore, the amount of SSS light is
related to the inner structure of themeasured object, so the
optical parameter S+A, which is affected by the material’s
inner features, has the largest correlation with measure-
ment bias in this study.

As translucency varies, even within a single natural
tooth,30 the difference of bias could be another source
of morphological change. In contrast, as the range
of translucency is limited in tissues of the human
tooth, the influence of translucent materials is not so
sensitive. A significant difference of displacement
occurs with higher translucency objects (greater trans-
lucency than S1-M/A1C), and curvature decrease
occurs on all translucent materials. Different translu-
cent ceramic coping showed no obvious difference
in scanning deformation. However, in this study, only
glass ceramics were evaluated. As figures of translu-
cency of material are closely influenced by their interior
structure, more clinical prosthetic materials should be
tested.
Li et al
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In addition, different scanning principles for the
powder-free intraoral scanner are available now. Jeon
et al34 found that repeatability (mean ±SD) of a blue-light
scanner was smaller than the white-light one. Thus
illustrate that scanning principle will be a key factor of
scanning accuracy of powder-free scanners. Whether the
influence of objective translucency is similar to the
scanning accuracy of other powder-free intraoral scan-
ners needs to be further elucidated.

CONCLUSIONS

Using the tested powder-free intraoral scanner, higher
translucency objects (greater translucency than S1-M/
A1C) resulted in lower scanning accuracy and larger
morphological changes. Therefore, more suitable methods
of measurement are still required.
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