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Improving Accuracy of Edentulous Areas Digital
Impression Using Artificial Markers: The Future of
Edentulous Patient in Aging Societies
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Objective: To investigate the accuracy of digital impressions obtained from two IOS (intraoral scanners) in capturing an upper
edentulous arch using varying number of artificial markers, and explore the potential implications for edentulism rehabilitation
in aging societies. Methods: An edentulous maxilla model, scanned by a desktop scanner (3Shape D900L), served as a reference.
The model was fitted with varying numbers of markers (0, 3, 6, 9, 15, 21) and scanned thirteen times with each intraoral
scanner. Scanned models were aligned with the reference using Geomagic software, and accuracy was assessed via root mean
square (RMS) values for trueness and precision. Data analysis involved one-way ANOVA and a post hoc Tukey test (¢=0.05).
Results: Increasing the number of markers generally improved the scanners’ trueness and precision. The 3Shape TRIOS3 and
Medit i500 showed significant trueness enhancement with at least nine markers (42.7£8.7um and 89.9+20.6um, respectively)
compared to no markers (66.7+27.8pum and 128.7+56.7um). Precision also improved notably for Medit i500 with nine or more
markers (76.3+23.0um) versus none (124.0 = 60.1um). Conclusion: The 3D printed markers improved the accuracy of both
3Shape TRIOS3 and Medit i500 scanners. An optimal range of 9 to 15 markers is recommended for these scanners. This
research contributes to the advancement of edentulous digital impression, which has a positive impact on the rehabilitation of
edentulism in the aging society.
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INTRODUCT'ON function, compromised communication abilities, and
Global Trends in Population Aging and consequently, diminished quality of life.’] Although
Edentulism significant advancements have been made in dental

treatment and preventive healthcare over the past few
decades, edentulism remains a challenging issue.™

Overall, although the proportion of edentulism in developed
countries has significantly decreased compared to 30 years
ago, with Sweden declining from 47% in 1975 to 3% in
1996, and the United Kingdom declining from 37% in
1968 to 5% in 2018.5%1 However, in developing countries,

Population aging is a global trend, as indicated by the
United Nations World Population Aging Report, which
found that the global population aged 60 and above was
9.01 billion in 2015, a 48% increase compared to 6.07
billion in 2000. In many countries, with the decline
in birth rates and the increase in life expectancy, the
proportion of elderly individuals is expected to further

rise in the future. The cumulative nature of two major .
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the proportion of edentulism remains considerable. In
China, findings from the third national epidemiological
survey conducted in 2005 indicated a prevalence of 7%
among individuals aged 65-74 years. A sampling survey
conducted in Brazil in 2009 revealed a prevalence of 63%
for edentulism, while a study in India in 2009 reported a
prevalence of 60%.7°7 Considering the large population
bases in developing countries, the absolute number of
edentulous patients is even more staggering than the
proportions suggest. The study predicts that within the
next 50 years, the necessity of complete denture treatment
will not disappear, and the fluctuating global economic
conditions may instead lead to a growing need.!'”
According to surveys, although the proportion of edentulous
individuals has decreased compared to 20 years ago, there
remains a significant socio-economic gradient within the
population, with a much higher prevalence of edentulism
observed in lower socio-economic groups.!'! Coinciding
with the survey findings, participants residing outside major
urban centers and those with the lowest socio-economic
status are less likely to replace their complete dentures if
they have been in use for less than 10 years, displaying a
reluctance to undergo denture replacement.'” From this,
it can be inferred that economic burden is a barrier for
some low-income patients in choosing complete denture
restoration. Reducing the production cycle and cost of
complete dentures is also one of the challenges in treating
edentulism in future aging societies.

Lowering the production cost of complete dentures
involves reducing material wastage and prices, as well
as minimizing treatment cycles and the labor costs of
dentists and technicians. Therefore, if the current cycle
of 3-4 follow-up visits for a set of complete dentures can
be condensed into a single visit for delivery, labor costs
would significantly decrease, and the price of complete
dentures could correspondingly decrease. Ultimately, this
would benefit edentulous patients from various economic
backgrounds and social strata.

Advancements and Challenges in Digital
Impressions for Edentulous Arch

In clinical practice, there are two methods for restoring
edentulism: traditional complete dentures and implant-
supported dentures. Traditional complete denture therapy
has been the primary treatment modality for edentulism
for decades. With the proliferation of implant-supported
dentures, some literature suggests that they offer greater
comfort and improved chewing efficiency compared to
traditional complete dentures.® However, for the majority
of patients, economic factors, as well as chronic illnesses
and contraindications, prevent them from undergoing
implant surgery, leading them to opt for traditional
complete dentures.['!

Consequently, as societies age, the integration of
digitization into denture treatment becomes increasingly
pertinent in the future. Digital impressions and Al-
trained data offer avenues for enhancing accuracy and

efficiency in creating 3D models of edentulous arches.
This technological advancement enables streamlined
processes, from capturing jaw relationships to fabricating
full dentures using CAD-CAM miilled device,!*! thereby
improving accessibility and affordability for patients
of diverse socioeconomic backgrounds. Furthermore,
the preservation of 3D model data facilitates the rapid
fabrication of new dentures during follow-up visits,
eliminating the need for repetitive traditional restoration
processes.

The first step in complete denture restoration is impression.
With the advancement of technology, digital impressions
obtained by intraoral scanners are associated with
numerous advantages compared to traditional impression
methods, e.g., mitigate patient discomfort and reduce
costs; enhance time efficiency and streamline clinical
procedures by eliminating plaster models, improved
communication with dental technicians and patients.
67 Furthermore, most patients express a preference for
digital impressions over traditional impression techniques
involving dental elastomers.!'8!°]

However, with increasing age, patients’ mobility and
willingness to seek treatment gradually decrease.
For elderly patients, the current process for complete
dentures involves multiple steps, including preliminary
impressions, recording jaw relations, final impressions,
try-in, and final delivery, constituting a lengthy
procedure. Condensing the number of visits for complete
denture fabrication to just one would greatly enhance
patients’ treatment experiences and willingness to seek
care. Therefore, the future trend is expected to shift
towards fully digital workflows for complete denture
fabrication.

In general, the treatment procedures of complete dentures
mainly rely on traditional impression and workflow, or
traditional impression combined with partial digital
workflow. Currently, there are still many problems to be
solved in the process of full digital impression, one of
the challenge which is the accuracy of digital edentulous
impression.”” Accuracy describes an object how accurate
and precise in terms of trueness and precision. Trueness
is a measure of how close a scanned model to the original
model. The higher the trueness, the closer the scanned
model is to the true model. Precision describes the
repeatability of the scanning process, with higher precision
indicating greater stability and repeatability of multiple
scans. There are several studies reported that the larger
edentulous area will increase the difficulties for intraoral
scanners to acquire accuracy digital impression.?"! Since
the imaging principle of almost all intraoral scanners
is based on stitching multiple images together to form
a complete 3D model, the lack of easily recognizable
anatomical structures in large edentulous areas can
increase the difficulty of image stitching and reduce
accuracy. Additionally, the larger the area scanned by
an intraoral scanner, the greater the number of images
captured, and the accumulation of minor discrepancies
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during image stitching can lead to larger errors. Numerous
studies have demonstrated that the accuracy of intraoral
scanners for scanning a single tooth is comparable to that
of traditional impressions, but the accuracy of scanning
multiple teeth and full arches is less stable than that of
traditional impressions. In the case of edentulous areas,
particularly in the upper jaw, it is necessary to scan the
entire alveolar ridge and the entire palatal area. This large
scanning area inevitably results in more image stitching,
leading to greater overall deformation.**

An accuracy of the models obtained by intraoral scanning
is guaranteed in many published articles.”>2! However,
the digital impression is still controversial for removable
prosthodontic works. One major issue is an inaccuracy
of IOS towards large edentulous area that appear pink-
colored gingival tissue only and less prominence or
variation in its structure.’*”’

Some efforts have been made to enhance the accuracy of
digital impressions on edentulous arches through the using
of artificial markers. The artificial markers would assist the
IOS to capture large area that contains only oral mucosa.
Varieties of markers designs have been applied including
painting mucosa by pressure indicating paste,”?® placing
a few pieces of small-size resin markers,?”! establishing
alumina markers with 4mm x 3mm in size,*” and placing
large polymeric frameworks on edentulous arches.l*"
Nevertheless, the conceptual design of the markers is still
skeptical and has not been optimized. Too long distance
between markers would not improve accuracy of the digital
impression. Whereas, too much number of markers would
create defects that hinder details of the digital model.

Developing a Marker System for Digital
Impressions

In the present study, the markers system is developed to
assist the digital impression. Principle idea is generated
by concept of digital impression for full arch implant
restoration using scan-bodies. From previous studies,
the accuracy of I0S demonstrated an increase with a
reduction in the distance between the scan-bodies.*?
Such evidence could be hypothesized by relative distance
between markers compared to size of the scanner tip.
Achieving a distance between scan-bodies shorter than
the size of the scanner tip results in improved accuracy.’!
Herein, two different types of 10S (confocal and
triangulation) are chosen to take impression digitally
on fully edentulous model. Effect of various number of
markers on accuracy of the digital impression will be
investigated. The null hypotheses were that there will
be no significant difference in the trueness and precision
of the maxilla edentulous model scanned with different
numbers of markers.

MATERIALS AND METHODS

A maxilla edentulous model was created using a hard resin
base and a soft silicone cover and scanned using a desktop
scanner D90OL (3-Shape, Copenhagen, Denmark). The
model was scanned by the 3shape D90OL lab scanner ten

times, and the data were cross-compared with each other.
The scanning of the model (STL files) which has the lowest
RMS value were selected as the reference model.(R )
The 3Shape TRIOS 3 (Version 18.1.2, 3-Shape, Copenhagen,
Denmark) and Medit 1500 (Version 1.1.1, Medit, Seoul,
Korea) IOS will be utilized in this study. The selection of
these two intraoral scanners in this study is based on the fact
that they represent two distinct image processing principles.
Other commonly used intraoral scanner brands in clinical
practice include Cerec Omnicam, iTero system, Lava C.O.S
system, etc. Through preliminary testing, it was determined
that scanners using triangulation principles, such as Cerec
Omnicam, and those using confocal principles, such as iTero,
were incapable of capturing models of edentulous area. The
Lava C.O.S system employs a unique technology known as
active wavefront sampling, which is not commonly adopted
by other brands in the market, making it less representative,
and therefore, it was not included in the selection.? On the
other hand, 3Shape TRIOS3 and Medit 1500 are frequently
mentioned in the literature related to similar studies.***7”
Hence, for this experiment, these two scanners, known for
their widespread usage, optimal overall performance, and
representation of two highly distinctive scanning principles,
were chosen as the experimental intraoral scanner.

The aim of identifying the optimal number of landmarks is
to optimize their efficiency in clinical practice. Having fewer
landmarks on the model leads to reduced material consumption
and less time spent on placement and bonding. Moreover,
using fewer landmarks can result in capturing more actual
detail of the tissue, as a smaller number of landmarks means
less surface coverage. Therefore, finding the optimal number
of landmarks is crucial to maximize their effectiveness in the
clinic while minimizing resource utilization. The models
were divided into six groups in total, with the “no markers”
group(N=0) designated as the control group, while the other
five groups had increasing numbers of markers added, ranging
from 3, 6,9, 15, to 21. (As shown in Figure 1)

Figure 1: Scheme Represents the Positions of the
Artificial Markers on the Maxillary Edentulous Models.
NO to N21 Indicates the Digital Edentulous Impression
Using 0 to 21 Pieces of Artificial Markers, Respectively.
Prior to scanning, the devices will undergo an auto-calibration
process. The ambient lighting will be controlled to maintain
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a consistent 1000 lux illumination level within the room. A
single operator, with over 6 years of experience in intraoral
scanning, scanned the edentulous model without markers
13 times by both 3Shape TRIOS3 and Medit 1500 as the
control group respectively. The operator captured another 13
times for each group which has 3D-printed 2mm roundish
resin markers attaching on the model by each IOS as the
testing group.

To minimize the potential effects of fatigue and overheating,
the scans were spaced out with a rest period of 15 minutes
for both the computer and operator. The scanning began
from the left posterior area and proceeded with a zig-zag
movement towards the anterior area. It then turned buccally
around the periphery area, and the scan was completed on
the buccal side with an anticlockwise direction of scan.
The use of markers would cause defects or artifacts on the
digital impression models. Such defects must be removed
and reconstructed prior to the superimposition step. These
removal and reconstruction processes were performed under
the 3D software (Geomagic Wrap v2021.0.0; Geomagic
control X v2019.0.1; 3D Systems) to minimize errors and
inaccuracies from the artifact correction. Moreover, the outer
border of all models were also deleted in this step to obtain
the edentulous area only. In brief, the software-corrected
3D models will be imported into Geomagic Control X
for superimposition using the following commands: Set
Reference model- Set test model-Best fit Alignment-and
3D compare. The alignment of the reference model and the
test model will be based on optimized alignment (best-fit
alignment).

To evaluate the accuracy of the digital impressions, the
software-corrected models obtained by the IOS will be
superimposed with the reference models from the desktop
scanner. Evaluation of the accuracy of IOS has been based
on a combination of trueness and precision according to the
International Organization for Standardization (ISO) 5725-1.
1381 In the present study, the accuracy also will be discussed
in two terms including 1) trueness and 2) precision.
Trueness describes the deviation of the tested 3D model
from the original geometry, and it will be referred by the
root-mean-square (RMS) values between the models from
the intra-oral scanners (test models) and the Desktop scanner

(reference models). Because the RMS values indicated the
absolute distance between all point clouds of two models,
the RMS values that close to zero would indicate good
trueness.*-!! Precision refers to the ability of an intraoral
scanner to reproduce a particular measurement consistently,
and it reflects the deviations between the scans within a
test group. The precision of digital impressions obtained
from different scanners and landmark systems will be
analyzed by comparing the root mean square (RMS) of
cross-comparison for each group.”!

All RMS values of the models were analyzed using IBM
SPSS Statistics v25.0 (IBM Corp. Released 2017. IBM SPSS
Statistics for Windows, Version 25.0. Armonk, NY:IBM
Corp.).The trueness and precision of the digital impression
with different numbers of markers were subjected to One-
way ANOVA tests. Post-hoc multiple comparisons among
the groups were conducted using homogeneous subsets
of Tukey B.

ResuLt

The results of 3Shape TRIOS3 are shown in Table.l
Figure.2 Figure.3 For trueness, no significant differences
were observed between N3, N6, and the control group. A
significant difference in comparison to the control group
was found when at least 9 pieces of the markers were
used. For the precision, all groups showed significant
differences in comparison to the control group.

Table 1: Trueness and Precision in RMS Value (um) of
Digital Impression Using 3Shape Trios3 with Different
Numbers of Markers. The Data was Shown as Mean
and Standard Deviation.

3Shape TRIOS3

#

Group Trueness Precision
NO 66.7 £27.8° 92.1 +15.8
N3 49.3 +£18.1%® 31.1 £20.7¢
N6 56.4 £25.1® 38.8 +£23.7¢
N9 42.7 £ 8.7° 21.8+6.7°
N15 42.1+8.2° 25.1+7.1¢
N21 453 +13.7° 71.9 +15.4°

# The group abbreviation “Ny” indicated the marker design using
y number of markers. Values with superscript letters a, b, and ¢
are significantly different across columns (P<0.05).

Figure 2: Colorimetric Map of the Deviation between the Scanned Model from 3Shape TRIOS3 and the Reference
Model from the Lab Scanner. NO to N21 Indicates the Digital Edentulous Impression Using 0 to 21 Pieces of
Artificial Markers, Respectively.
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Figure 3: Trueness (A) and Precision (B) of Digital Edentulous Impression Using 3Shape TRIOS3 with Different
Numbers of the Artificial Markers (0 to 21 pieces). The Data in RMS (um) are Illustrated as Box and Whisker Plot
that Includes Median, Interquartile Range, and Outliers.

The results of Medit 1500 are shown in Table 2 Figure no significant differences were observed between N3,
4 Figure 5. It can be observed that the RMS values of N6, and the control group. A significant difference in
both trueness and precision decreased with increasing comparison to the control group was found when at least
the number of markers. For both trueness and precision, 9 pieces of the markers were used.

Table 2: Trueness and Precision in RMS Value (um) of Digital Impression Using Medit i500 with Different
Numbers of Markers. The Data was Shown as Mean and Standard Deviation.

" Medit i500
Group Trueness Precision
NO 128.7 £ 56.7* 124.0 £ 60.1?
N3 102.2 £ 31.7%® 114.5 £ 31.2%
N6 96.2 + 35.6% 103.5 + 41.6%*
N9 89.9 +20.6° 76.3 + 23.0bcd
N15 88.8 £29.2% 82.9 + 31.2bd
N21 69.8 £ 12.8° 58.2 +15.3¢

# The group abbreviation “Nx” indicated the marker design using x number of markers. Values with superscript letters a, b, ¢ and d are
significantly different across columns (P<0.05).

Figure 4: Colorimetric Map of the Deviation between the Scanned Model from 3Shape TRIOS3 and the Reference
Model from the Lab Scanner. NO to N21 Indicates the Digital Edentulous Impression Using 0 to 21 Pieces of
Artificial Markers, Respectively.

Figure 5: Trueness (A) and Precision (B) of Digital Edentulous Impression Using Medit 1500 with Different
Numbers of the Artificial Markers (0 to 21 pieces). The Data in RMS (um) are Illustrated as Box and Whisker Plot
that Includes Median, Interquartile Range, and Outliers.
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DiscussION

This study compared the different number of markers in
maxilla edentulous model of two different IOS. There was
significant difference between control and test group. Based
on the findings, the null hypothesis of this study was rejected.
Theoretically, semi-transparent characteristics of oral mucosa
can cause some interference and difficulty in intraoral scanning,
12 Tn the present research, the edentulous model is covered
with a biomimetic mucosal layer that is made by silicone. This
silicone surface exhibits a refractive index that is relatively
closer to that of oral mucosa.?™ Therefore, the model in this
study could simulate intraoral conditions to some extent.

In evaluating the comparative efficacy of two I0S, the 3Shape
TRIOS3 and the Medit 1500, a significant disparity in accuracy
was observed in digital impressions of edentulous arches. The
3Shape TRIOS3 demonstrated superior outcomes in terms
of trueness and precision (approximately 67um and 92pum,
respectively) compared to the Medit 1500, which exhibited
trueness and precision of around 129um and 124pm. One
possible explanation is difference in an image processing
principle. The 3Shape TRIOS3 operates on a confocal principle,
which does not measure the distance between the scanning
head and the object directly. Instead, it uses the focus of the
laser to selectively capture light information from the specific
planes of the object. Consequently, this confocal-type scanner
exhibits reduced sensitivity to the surface characteristics of
the scanned object.*! In contrast, the Medit 1500, based on
the active triangulation principle, is highly dependent on the
optical properties of the scanned surface.*#4 Factors such
as color, translucency, or opalescence of the material can
significantly influence the accuracy of digital impressions
obtained using this technology.*® The semi-transparent nature
of the edentulous model poses a challenge for the Medit 1500,
leading to reduced accuracy. However, the introduction of
markers enhances the scanner’s accuracy by creating diffuse
Lambertian surfaces, reminiscent of the established protocol in
active triangulation scanners that involves the use of titanium
oxide powder to improve surface scan recognition.*”!

From entire experiments, success rate of scanning edentulous
models using the Medit 1500 scanner itself was only about
60%. Some errors in recognition and image were frequently
occurred that required deleting and starting over. Interestingly,
the scanning success rate was remarkably enhanced to over
90% by utilizing the markers. The markers not only improved
the success rate but also reduce scanning duration (speed). For
3shape TRIOS3 scanner, the scanning success rate without the
markers was approximately 80%. While, approximately 95%
of the models being scanned successfully was obtained by
using the markers. A higher success rate implies a reduction in
the operational time within the patient’s mouth during clinical
procedures, enhancing the patient’s treatment experience.
Increasing the number of the markers caused the improvement
in trueness and precision for both IOS. In comparison to the
control with no markers, both trueness and precision of Medit
1500 significantly increased when at least 9 pieces of markers
were used. The similar pattern was found for trueness of
3Shape TRIOS3 that required at least 9 markers to reduce the

deviation. The acceptable value of prosthesis misfit is 100 um
(trueness) which reported by the literature,?*#! and precision
is not mentioned by any of the studies in this case. Based on
the findings from the current study, it is evident that in the
absence of markers, the trueness of 3Shape TRIOS3 and
Medit 1500 is 66pm and 128um respectively. However, upon
increasing the number of markers to 9, the trueness values
decrease to below 50 um for 3Shape TRIOS3 and 90pm for
Medit i500. Notably, studies involving dental impressions have
previously reported trueness values of approximately 20um
for conventional impressions and around 50pm for [0S, and
investigations into scanning across entire edentulous regions
have indicated trueness values ranging from 44pm to 590um
for IOS.*! Regarding to these studies, the improvement in
trueness through the markers in this study is substantial and
significant.

One possible reason to support this evidence is the relationship
between the markers-markers distance and the scanning
head size. According to literature reports, IOS with larger
scanning heads exhibit better accuracy compared to those
with smaller scanning heads.* In this study, the scanner head
size of 3Shape TRIOS3 was 16x18 mm?, while that of Medit
1500 was 15x17 mm?. As the number of markers increases,
the spaces between the markers decrease. If the distance
between markers are shorter than scanning head size, more
than one markers would be simultaneously captured by the
intraoral scanner. This could facilitate more accurate image
positioning and stitching process. As the number of markers
increases to 9, the spaces between markers on the palatal
area are 15 mm, approximately. Consequently, two markers
on such area could simultaneously appear within the field of
view of both IOS. As a result, the success rate of 3D model
stitching has been enhanced, errors accumulation has been
reduced, thereby increasing the overall accuracy of the two
intraoral scanners.

CONCLUSION

Within the limitations of the present in-vitro study, the
following conclusions can be concluded:

1. Within this study, the different number of markers had an
impact on the accuracy in terms of trueness and precision
of 3Shape TRIOS3 and Medit 1500 I0S. With the number
of markers increased, the accuracy RMS getting better.
The optimal number is ranging from number 9-15 for both
3Shape TRIOS3 and Medit 1500 IOS. The introduction
of artificial markers significantly improved the trueness
and precision of digital impressions obtained by both
108, offering a promising solution to enhance digital
impression accuracy in clinical practice.

2. The future one-visit deliver of digital complete dentures
requires research into algorithm simulation for functional
impression, digital recording of jaw relationships, and
extensive clinical data to meet the requirements for Al
training.

3. This study has limitations, including the lack of real
conditions such as patient movement and saliva reflections
in the in vitro experiments, and the potential bias
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introduced by manually removing markers from 3D
models. Future research should involve in vivo testing
and employ software algorithms for automated marker
removal to reduce bias.
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