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Reproducibility of Digital Measurements on Soft and Hard

Tissue

Philipp Thif’en / Mariam Mehr / Thomas Eger / James Deschner / Andreas Magnus Geyer

Purpose: The aim of this proof-of-principle study was to investigate the reproducibility of digital hard- and soft-tissue
measurements obtained using an intraoral scanner.

Materials and Methods: Two consecutive digital scans of the maxilla and mandible of 20 subjects aged 18-58 years were
captured with an intraoral scanner. Afterwards, the double scans of each subject were virtually matched by three different
methods using a dental software program. Linear distances between defined hard- and soft-tissue points on the intraoral
scans were measured for each individual. To assess the reproducibility of the measurements for each matching method, the
corresponding linear distances of the first and second scans were compared using a paired t-test (p <0.05). ANOVA (p < 0.05)
was used for comparison of the three matching methods.

Results: For both hard and soft tissue, the measured linear distances between the first and second scans did not differ sta-
tistically significantly. Furthermore, there were no statistically significant differences between the three matching methods
for soft (p = 0.196) and hard (p = 0.963) tissue.

Conclusion: Digital measurements of hard and soft tissue are reproducible using intraoral scans. Furthermore, all three
matching methods are suitable for the superimposition of scans. However, possible inaccuracies may depend on the experi-

ence of the practitioner, the technical limitations of the systems used, and patient-related factors.
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ntraoral scanners have become indispensable in dentistry.

They can be used for various tasks and offer an alternative to
analogue impression procedures related to precision and time
savings.6 With the help of intraoral scanners, the gingiva can
be captured without physical compression, which results in
less inaccurate measurements compared to analog impres-
sions.> Determining the dimensions and colour of the gingiva
can be an additional important diagnostic tool to identify pos-
sible pathologies, e.g., recessions, periodontitis, or peri-im-
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plantitis.8:13 Shrinkage and expansion of impression and plas-
ter model materials can also be completely avoided. In
addition, impression materials and costs can be saved when
using an intraoral scanner. Taking digital impressions can be
learned more easily and quickly and are less error-prone than
conventional impressions, which requires extensive practice
and experience.3 Although numerous studies have shown that
digital impressions of hard tissues provide reliable data and
are therefore reproducible, little is known about digital im-
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Figl Superimposition of the initial and subsequent
scan of a subject.
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Fig2 Measurement of the linear distances on hard and
soft tissue in the maxilla.

Fig3 Measurement of the linear distances on hard and
soft tissue in the mandible.
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Fig4 Differences between the measure-
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pressions of oral soft tissues.2? For periodontal, surgical and
prosthetic treatments, soft tissue imaging can also play an im-
portant role in diagnosis and therapy. In addition, a meticu-
lous data collection of 3-dimensional oral structures can pro-
vide an important basis for training neural networks.14 With
increasing accuracy of modern scanners and continuous im-
provement of the software used for imaging and data process-
ing, oral soft tissue should also be able to be imaged more pre-
cisely. The aim of this proof-of-principle study was to
investigate the reproducibility of digital hard- and soft-tissue
measurements obtained using an intraoral scanner.

MATERIAL AND METHODS

Intraoral Scanning

The Trios 3 intraoral scanner (3Shape; Copenhagen, Den-
mark) was used for the study. Before application, the scanner
was calibrated according to the manufacturer’s instructions.
Assingle dentist performed the intraoral scans at the Bundes-
wehr Central Hospital Koblenz, Germany. The scans were
taken according to a scan path defined by the manufacturer
and described in the instructions to ensure the quality and
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accuracy of the scans. The scan started in the mandible and
proceeded continuously from the 3rd to the 4th quadrant,
from the occlusal surfaces to the lingual and buccal/vestibu-
lar surfaces without interruption. In the maxilla, the path was
continuous from the 2nd to the 1st quadrant, from the occlu-
sal surfaces via the buccal/vestibular surfaces to the palatal
surfaces, also without an intermediate stop. To map the oc-
clusion of the jaws to each other, the maxilla and mandible
were scanned in occlusion from the buccal side of the poster-
ior teeth. The scans were done with as little overlap as pos-
sible to maintain accuracy and not overload the system with
too much acquired data.

Study Participants and Exclusion Criteria
Two consecutive digital scans of the maxilla and mandible of
20 subjects aged 18-58 years were captured using an intraoral
scanner. Eleven of the subjects were female and nine were
male, with ages ranging from 18 to 58 years.

Exclusion criteria for the subjects were:
e severely altered soft tissue
e periodontal attachment loss
¢ |oss of Ramfjord teeth (16, 21, 24, 36, 41, 44)
® |oss of centralincisors in the maxilla and mandible.
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Fig5 Differences between linear
distance measurements on hard (left) and
soft (right) tissue (mm) for all subjects
combined per matching method.
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Digital Workflow

The double scans of each subject were virtually matched by
three different methods using the “OrthoAnalyzer” evaluation
program (3Shape; Copenhagen, Denmark). The entire digital
workflow for evaluating the intraoral double scans was divided
into three parts: a) segmentation of the individual teeth and
construction of a virtual sagittal plane on each Ramfjord tooth;
b) application of three different matching methods to compare
the digital models of the double scans; and c) evaluation of the
digital models and measurements.

First, teeth and gingiva were differentiated from each other
in the software, and the center of rotation was determined for
each tooth. The center of rotation was used to define a sagittal
plane on which the local measurements could be performed.

Afterwards, the following three options provided by OrthoAn-
alyzer were used for the matching procedure: a) matching of the
surface by 1 point between the two central incisors in the maxilla
and mandible (matching 1); b) matching of the surface by 1 point
on the respective Ramfjord tooth (matching 2); and c) matching
of the surface by 3 points on the virtual jaw (matching 3).

After applying one of the matching methods, the superim-
position of the models was improved by an iterative clos-
est-point algorithm (Fig1). Variations of this algorithm are
used to minimize distances between the point clouds of two
3D objects. This can further improve the initial manual super-
imposition. The three different matching methods are referred
to as matching 1, matching 2 and matching 3 in the figures and
rest of the manuscript for a better overview.

For the measurement of the linear distances on the hard
tissue, two points were defined in the coordinate system of the
generated sagittal plane (Figs 2 and 3). This plane is always au-
tomatically filled by the system with a geometric grid. The first
point was defined at the intersection of the horizontal line of
the geometric grid with the vestibular surface of the respective
tooth (Figs 2 and 3). The second point was defined at the be-
ginning of the sulcus margin on the sagittal plane (Figs 2 and
3). The distance from point 1 to point 2 was measured on both
virtual models of each subject. The difference in the linear dis-
tances represents the discrepancies between the hard tissue
measurements.
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To assess the reproducibility of the soft tissue measure-
ments, one point on the mucogingival junction was defined in
the generated sagittal plane. The other point was located at
the deepest position of the sulcus margin on the same plane
(Figs 2 and 3). Staining the gingiva with Lugol’s iodine solution
made the mucogingival junction more visible.

Statistical Analysis

All tests were performed with the help of the SPSS software
package (IBM SPSS Statistics 27.0.1; Armonk, NY, USA). Mean
values and standard deviations were calculated. To assess the
reproducibility of the hard and soft tissue measurements for
each matching method, the corresponding linear distances of
the first and second scans were compared with a paired t-test
(p<0.05). ANOVA (p<0.05) was used for comparison of the
three matching methods.

Ethics Statement

The study was conducted on subjects of the Department of
Dentistry-Periodontology at Bundeswehr Central Hospital Ko-
blenz. All participants were military personnel. Written in-
formed consent was obtained from all subjects involved in the
study. The subjects were informed that participation in the
study was voluntary, and that they could leave it at any time
without consequences. In full compliance with ethical princi-
ples, the guidelines of the Declaration of Helsinki were fol-
lowed, and the Regional Ethics Review of the Rhineland-Palat-
inate Medical Association in Germany (2019-14303) approved
the study (16.05.2019). This study is registered in the German
Register for Clinical Studies (DRKS00023185).

RESULTS

For matching 1, the differences between the two measure-
ments for each subject were on average 0.06 mm + 0.03 for the
hard-tissue measurements and 0.11 mm + 0.03 for the soft-tis-
sue measurements. For matching 2, the differences between
the two measurements were 0.07 mm + 0.03 for hard tissue and
0.10 mm + 0.03 for soft tissue. The differences between the two
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measurements for matching 3 were on average 0.07 mm £ 0.03
for hard tissue and 0.11 mm + 0.02 for soft tissue.

The distances measured between the first and subsequent
scan of the subjects after any of the three matchings did not
differ statistically significantly for either hard or soft tissue
(Figs 4a and 4b). Furthermore, no statistically significant differ-
ences were observed between the three matching methods for
soft (p =0.196) and hard (p = 0.963) tissue (Fig 5).

DISCUSSION

With all three matching methods provided by the software, the
hard and soft tissue could be reproducibly measured without
statistically significant differences in the measured distances.
The deviations in precision were within a clinically acceptable
range for both tissue types."” Since this was a feasibility study,
20 subjects were scanned initially. For follow-up studies, it
would be useful to increase the number of subjects to compen-
sate for the variability of the study participants.

The precision of the measured distances after matching
the 3D models was critical in assessing the reproducibility of
digital measurements on intraoral hard and soft tissue. The
precision and trueness of the scanner for the full arch has been
investigated previously, with values of approximately 50 um
for trueness and 100 pum for precision.”12:15 These precision
values are reflected in the local distances we measured for
hard and soft tissue in the present study.

Since digital images captured by the scanner are combined
into a 3D model by the scanner software, inaccuracies also oc-
cur during this process. Improvements in precision on the
hardware side can be achieved by increasing the number of
images per second, increasing the resolution of the images,
and reducing the size of the scan head to facilitate data acqui-
sition. The software also has a major influence on the quality
of the calculated 3D models, both for creating the models and
for matching.17.19

Since the software provides an algorithm for matching, all
scans could be matched without much effort. At the same time,
however, the software does not allow any adjustments to the pro-
vided algorithms. Depending on the data, the superimposition of
the models can be improved, for example, by defining relevant
areas, combining point-to-point and point-to-plane matching al-
gorithms, or by adjusting the iterations of the algorithm.

A critical factor in image quality is the absence of saliva on
the surface of hard and soft tissue. Although intraoral scanning
allows suction and drying of the tissue surface parallel to the
scan, a completely dry oral situation cannot be achieved in vivo.
The influence of saliva alone has been measured to cause a devi-
ation of up to 13% of the original surface area on dental models.*

The characteristics of the soft tissue can also affect the ac-
curacy of the images. Deeply inserted buccal or labial frenula
with unattached alveolar mucosa generally do not allow clinic-
ally satisfactory images. However, in the area of the gingiva,
satisfactory image quality can usually be achieved with an in-
traoral scanner due to the dimensional stability provided by
the adhesion of the tissue to the periosteum and the high pro-
portion of collagen fibres.10
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Staining the mucosa with Lugol’s iodine solution could
make it easier to distinguish between the alveolar mucosa and
the gingiva. Automated segmentation based on the staining
could be useful for future studies, but to the best of our know-
ledge, it is not an available function of the software we used or
of comparable programs.

Practiced handling of the hardware used can also improve
the accuracy of the scans.1,11.18 Depending on the acquisition
time of a full scan, the software will produce better results.
While too short an acquisition time may provide too little data
to successfully capture the tissue, too many images can reduce
the accuracy of the scans.?

CONCLUSION

The results of the present study show that an intraoral scanner
in combination with the appropriate software can measure
hard- and soft-tissue structures with good reproducibility. As
the comparison of the different matching methods showed no
statistically significant differences, all three procedures can be
recommended. In addition to the technical limitations, the ex-
perience of the practitioner, the scanning strategy used, and
patient-related factors such as saliva flow and mucosa type
can influence the accuracy of the intraoral scan.
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