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Abstract

Aims: This in vitro study aimed to compare the trueness of
maxilla and mandible full-arch optical scans using one scan
path with five different light conditions.

Materials and methods: Standard maxilla and mandible
models were set in a dental chair using a holder to simulate
position and posture. The reference models’ Standard
Tessellation Language files were formatted using a desktop
scanner, and the operative model’s files were obtained
using an intra-oral scanner (Trios 3 Pod) and superimposed
using Exocad DentalCAD software. The same scan path was
designed to scan ten times per jaw with five light conditions
(room daylight [Original], unit [UL], white [WL], green
[GL], orange [OL]), creating 100 scan files that were then
compared with the reference files. The maximum deviation
of each tooth was recorded, and statistical analysis used
one-way analyses of variance followed by Tukey’s post hoc
test.

Results: The trueness of the optical impression for the
full arch using one path differed between the maxilla and
mandible and depended on the different light conditions (P
< 0.05). In the same path, peak deviation was found at the
turning points for the left central incisor, left first premolar,
left second molar, and right second molar in the maxilla,
and for the right first premolar, right second molar, and
left second molar in the mandible. The Original condition
showed the lowest deviation (0.121 # 0.095 mm) in the
maxilla and GL in the mandible (0.072 + 0.035 mm). The five
light conditions did not differ significantly in the maxilla (P
= 0.267). However, the UL condition differed significantly
from the other four light conditions in the mandible (P =
0.001).

Conclusions: UL is not recommended during the intraoral
scan. However, the trueness might be less affected by the
different light conditions from the headlamp of the loupes
during an optical intra-oral scan.

Key words: Light conditions, trueness, full-arch scan, intra-oral
scanner
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Introduction

In the digital dentistry era, dentists increasingly
use the intra-oral scanner (I0S) in clinical treatment
to replace the traditional impression.'2 From
image capture, software design, and biomaterial
selection to manufacturing type, digital dentistry
is changing the treatment process.>* However,
artificial intelligence,> augmented/virtual reality,®
navigation,” or the addition of other biomechanical
considerations®? is impacting the dental treatment
concept.

The pioneering I0S device used in clinical
dentistry was the CEREC system in 1987."° Many
IOS devices have been launched in dentistry and
are gaining popularity in dental offices in the
past decade.!” The accuracy studies for most I0Ss
have been compared and validated in meeting
clinical needs, and the accuracy of some IOSs
even exceeds traditional silicone impression
materials.’>'3 Conversely, the accuracy of 10Ss has
been shown to deviate significantly depending
on the model, scanning field, scanning strategy,
and environmental disturbances. Kim et al.'#'
showed significant deviations between different
|IOSs ranging from 17.80 to 200.24 pm. In
addition, Medina-Sotomayor'® stated that full-arch
scanning still had limitations and discrepancies,
although using I0S devices for single crown work
is increasingly popular.

While recording the digital data of the full dental
arch is very useful for full mouth rehabilitation,
correcting and verifying its limitations and errors
is necessary. Richert et al."” reviewed articles and
highlighted that saliva, blood, rebound after
gingivae, patient’s mouth-opening durability, and
cheek and tongue movement would affect oral
scan quality. Arakida et al.’”® demonstrated that
ambient light of 3900 K and 500 lux is suitable for
taking optical impressions.

Dentists use a magnifying glass, known as
loupes, in clinical applications to help them see small
details more clearly.’ This allows them to perform
procedures such as filling cavities, placing crowns,
and performing root canals with greater precision
and accuracy, improving the overall outcome of
the treatment for the patient. A headlamp provides
additional lighting, which can help the dentist see
small details more clearly. This additional lighting
can be beneficial when the natural lighting in the
room could be more optimal or when the dentist
works in an area that is difficult to access with
traditional overhead lighting.?® Additionally, a
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headlamp allows the dentist to position the light
source directly where needed, which can be more
efficient than attempting to position the patient or
chair to get the best lighting.

Loupes with headlamps often have different
light color options because different colors of light
can affect visibility and color perception differently.
A cool white light could provide a bright, clear view
of the teeth and gums, and a warm white light
could provide a more realistic scenery of the teeth
and gums and help reduce glare and reflections.?’
Some loupes with headlamps also have a red light,
which can be beneficial for specific procedures such
as endodontics since it helps to reduce the glare on
metal surfaces and the visibility of blood, making it
easier for the dentist to see the inside of the tooth.?
Since green light is less intense than white light, it
can be less harsh on the eyes and may cause less
eye fatigue for the dentist. In addition, green light
is a neutral color, so it does not affect the color
perception of the teeth and gums; it can be helpful
for the color matching of restorative materials and
natural teeth.?> Moreover, some headlamps also
come with UV light options?* that can be used
to detect the fluorescence of the dental materials
and teeth, helping the dentist identify the decay’s
specific location.

Wesemann et al.?> used the dental model in a
box with different ambient light sets, showing that
the ambient light would influence the accuracy
and scanning time of 10Ss. Ochoa-Lopez et al.?®
showed that ambient light influenced the accuracy
and scanning time of I0Ss, and the effect was
different for all devices. Revilla-Ledn et al.?”?® used
the lower model, showing similar results with
aforementioned study and revealing that Trios 3
provided better accuracy and mesh quality. In a
clinical study, Revilla-Ledn. et al. 2 showed that light
conditions significantly influenced the scanning
accuracy of the IOS. The higher the extension of
the digital scan performed, the lower the accuracy
values obtained.

To evaluate the influence of ambient light
in oral scans of the maxilla and mandible, this in
vitro study aimed to measure the impact of various
ambient scanning light conditions on the accuracy
of intra-oral scanning. The null hypotheses were: (i)
that no significant differences would be found in
either the maxilla or mandible for the digital scan
trueness of the same 10Ss and (ii) that no significant
differences would be found under the five different
ambient scanning light conditions in one jaw.
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Methods and Materials
1. Pre-scan preparation

A dental simulator model (Nissin Dental
Products, Inc., Kyoto, Japan) put in a Nissin Simple
Manikin Il (Nissin Dental Products, Inc.) was set on
a dental chair to simulate the clinical condition. The
model was initially scanned with a desktop scanner
(E4; 3Shape, Copenhagen, Denmark) to obtain
initial STL files. The Trios 3 Pod Scanner (version
19.2.4; manufactured 2017-12; 3Shape) is an 10S
system commonly used clinically; it was calibrated
according to the manufacturer’'s guidelines. An
experienced right-handed dentist performed all
scans, keeping an arch scan under 1500 sheets of
image.

2. Scan strategies

The original model was scanned using a desktop
model scanner (3Shape E4 scanner) and an 10S
(3Shape Trios 3). The model was set on the unit
to simulate a real patient position and scanned ten
times under five different light conditions by this
|OS. The scan strategy followed the manufacturer’s
guidelines (Figure 1). For the maxilla, the occlusal
surface begins, starting at the left second molar,
continuing to the right second molar, returning

Figure 1. The scan path follows
the manufacturer’s
guidelines.

through the palatal surface, and finally sweeping
the buccal surfaces. The mandibular path begins
at the occlusal side of the second molar in quarter
Ill, progresses longitudinally along the dental arch,
ends at the right second molar, continues lingually
through the arch, and finally completes the buccal
arch. Then, an experienced dentist performed each
condition ten times, with 100 scans recorded.

The same dentist performed all test scans in
the same room under similar temperatures (22°C),
relative humidities (60%), and five different light
conditions with the same distance and angles. The
different light sources were set at room daylight
(Original); unit light (UL); white light (WL), green
light (GL), and orange light (OL) from the loupe
headlight (Figure 2).

(1) For the Original group, the chair’s light was
turned off, and only the ceiling light was
used, with no windows or natural light. The
illuminance of the room was 1003 lux as
measured using the same light meter.

(2) For the UL group, in a room with a dental
chair (A-dec 500; A-dec, Newberg, OR,
USA), the chair’s LED light had an intensity
of 15000 lux and 5000 K and was oriented
45° at 66 cm from the dental model.

Figure 2. SThe different light source was set at (A) room
daylight (Original), (B) unit light (UL), (C)white light
(WL), (D) green light (GL), and (E) orange light (OL).
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(3) For the WL group, not subgroup of the
loupe headlight group, the loupe’s LED light
had an intensity of 50000 lux and 5600 K
(Snap On Optics, Phoenix, AZ, USA).

(4) Forthe GL group, not subgroup of the loupe
headlight group, the loupe’s LED light had
an intensity of 50000 lux and 4100K (Snap
On Optics).

(5) Forthe OL group, not subgroup of the loupe
headlight group, the loupe’s LED light had
an intensity of 50000 lux and 2500K (Snap
On Optics).

Trueness was defined by comparing a test
dataset with a reference dataset and determining
the scanner’s true accuracy. The difference between
the model’s measured point and the superimposed
model’s furthest corresponding point could be
calculated using the “Best Fit Match” and “Cutting
View" tools in a CAD software program (Exocad
DentalCAD; Exocad GmbH, Santa Clara, CA,
USA). One model recorded fourteen teeth with
maximum deviations, and 1400 data points were
recorded for two jaws. Figure 3 shows deviations
between the scanning and reference models with
different light sources.

3. Statistical analysis

Seven hundred data points were recorded for
each jaw for the trueness comparisons. Descriptive

(A) Original

exocad

statistics were used to present the data in each
group. Groups were compared using one-way
variance analysis with Turkey’s post hoc test using
IBM SPSS Statistics for Windows (version 20;
IBM Corp, Armonk, NY, USA). A P < 0.05 was
considered statistically significant for all tests.

Results

The mean absolute deviation among the five
light conditions was 0.132 + 0.110 mm in the
maxillaand 0.081 +0.054 mm in the mandible. The
statistical results indicated a significant interaction
between the upper and lower jaws (P < 0.05).

For trueness, the maximum mean deviations
are shown in Table 1. Figure 4 shows the maximum
deviation of different tooth positions among five
light conditions in the maxilla. The mean deviation
was largest in the UL group (0.146 + 0.108 mm)
and smallest in the Original group (0.121 + 0.095
mm). However, the trueness of each tooth position
in the oral scan did not differ significantly between
the various light conditions and the original light
source.

Figure 5 shows the maximum deviation of
different tooth positions among the five light
conditions in the mandible. The mean deviation
was largest in the UL group (0.096 + 0.071
mm) and smallest in the GL group (0.072 +
0.035mm). In addition, the trueness of the oral

Figure 3. Color code showing deviations for (A) original, (B) UL, (C) WL, (D) GL, and (E) OL scans

with the reference model.
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Table 1. Maximum mean absolute maxilla and mandible deviation (unit: mm).

Maxilla Mandible
Mean = SD 95%Cl P-value Mean + SD 95%Cl| P-value
Original 0.121 + 0.095 (0.105, 0.136) 0.267 0.076 + 0.060? (0.069, 0.083) 0.001
uL 0.146 + 0.108 (0.128, 0.164) 0.096 + 0.071° (0.087, 0.104)
WL 0.127 + 0.098 (0.111, 0.143) 0.080 + 0.0652 (0.072, 0.087)
GL 0.140 = 0.141 (0.117, 0.164) 0.072 + 0.0352 (0.068, 0.035)
oL 0.126 + 0.102 (0.108, 0.143) 0.079 + 0.058? (0.072, 0.086)

Different superscript letters in a column indicate a significant difference among groups
(P < 0.05; one-way ANOVA [K independent sample] with Tukey’s post hoc test).
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Figure 4. Mean deviations at different tooth positions among five light conditions in the maxilla.

Original

0.20

0.15

0.10

0.05

Mean Absolute Deviation (mm)

0.00
37 36 35 34 33 32 31 41 42 43 44 45 46 47
Tooth position
UL WL GL oL

Figure 5. Mean deviations at different tooth positions among five light conditions in the mandible.
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scan was significantly influenced by the different
light conditions, especially the UL (P= 0.001).

Discussion

This in vitro study evaluated the impact of
various ambient scanning light conditions on the
accuracy of an IOS, finding that UL affected the
trueness of the 10S of the mandible. The null
hypothesis was rejected. The original light source
provided similar data to Feng et al.?° This study
showed a similar value in the deviation of trueness
to the findings of Kim et al.”™'> Constructing
the 3D model from the IOS would cause larger
deviations in the curved areas of the dental arch,
such as premolars, canines, and the distal surface
of the molars, which require more angles to be
flipped during capture. These deviations could be
attributed to the inevitable shaking and movement
when holding the IOS or the limitations of the Trios
3 system. In the maxilla, the larger deviations in the
linear movement at the left first premolar than the
right first premolar might be attributed to changes
in the lens focus during the move when converting
a straight line into a curved surface, which would
necessarily create a defocused image. Feng et
al.*® showed that the maxilla would be affected
significantly more than the mandible, consistent
with the findings of this study.

Revilla-Ledn et al.?’28 used the lower model
to compare trueness in different ambient lights,
finding that Trios 3 provided better accuracy
and mesh quality. This study’s results are similar
but show distinct upper and lower jaw patterns.
Wesemann et al.* used the dental model in a box
with different ambient light sets, showing that
ambient light would influence the accuracy and
scanning time of 10Ss. This study demonstrated
that ambient light would significantly affect the
lower jaw when setting the model on a dental
chair to simulate clinical posture. A clinical study
by Revilla-Ledn et al.?° showed that light conditions
significantly influenced the scanning accuracy of
the 10S, and the higher the extension of the digital
scan performed, the lower the accuracy values
obtained. This study provides full arch results that
demonstrate the trueness of IOS over the upper and
lower jaw. The trueness would be affected by the
clinical setting. In the maxilla, turning points and
longer scan time would jeopardize the trueness,
however, different ambient light conditions did
not significantly affect the trueness (P = 0.267).
In contrast, the lower jaw was relatively stable in
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different tooth positions; however, dental unit light
significantly affected the trueness under different
ambient light conditions.

Chang et al.?" indicated that marginal fit is
essential for the longevity of restoration, but the
threshold value remains controversial. A mean
marginal gap of 50-100 pm has been generally
defined as clinically acceptable, >3 and 120 pm has
been considered the maximum tolerable marginal
opening.?* In this study, the statistical data of
deviation in the mandible varied under different
light sources; however, the mean values did not
differ appreciably (UL = 0.096 mm vs. Original =
0.076 mm), and they were all close to the upper
limit of the clinically acceptable range. Even with
improvements in the I0S, while the accuracy is
gradually approaching the clinically acceptable
range for the marginal gap, there remains room
for improvement. Therefore, in addition to the
continuous improvement of the 10S, it remains
necessary to avoid environmental interference,
such as light sources (especially UL), during clinical
operations.

In clinical practice, the treatment chair and
the loupe will illuminate the teeth from different
directions and distances. In this study, the irradiation
angle and distance were fixed for its consistency.
While there will be some clinical differences, under
the current setting, it was found that the loupe
had no influence on the oral scan, and the UL of
the treatment chair produced differences on the
jaw. Since Feng et al.* highlighted that accuracy
was better for the mandible than the maxilla, it is
inferred that the light (especially UL) will interfere
with the stability of the oral scan. Conversely, since
the difference in the upper jaw was significant,
even the effect after adding light became more
prominent; however, the difference between each
after this increase was not statistically significant.

Since a dental model was set on a dental chairin
a Nissin holder to simulate the posture, the absence
of environmental influences such as saliva, blood,
and soft tissue changes is a limitation in this study.
Moreover, the reason for UL light affects the result
remains unclear and may be related to multiple
factors. Therefore, future studies should evaluate
the influence of factors such as light wavelength,
illumination brightness, illumination distance, and
different equipment. In addition, they should
compare different I0S and hybrid environmental
settings.



Original Article

Conclusion

Within the limitations of this study, the accuracy
of optical impressions for the full arch using one
path with five light conditions differed between the
maxilla and mandible (P < 0.05). In maxilla optical
impressions obtained using an 10S, the effect of
various light conditions on the oral scan did not differ
from the original light source regarding the trueness
of each tooth position. The influence of various light
conditions differed significantly under the influence
of the trueness of the oral scan, particularly for the
UL (P=0.001).
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