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ABSTRACT

Aim & Hypothesis

Our study aimed to investigate the correlation between interproximal-papilla-to-contact-
point distance (IPCPD) measured from intraoral scanning (I0S) images, periodontal clinical
and radiographic parameters and the periodontal diagnosis at the site- and patient- level. At
the patient level, our hypothesis was that there is an association between max. IPCPD and
max. bone loss, max. CAL and clinical staging of periodontitis. At the site level, we
hypothesized that there is an association between IPCPD and CAL, PD, FGM, and
interproximal radiographic bone loss.

Material and methods

The 10S images and dental records of 20 patients were reviewed from the I10S image
database in the postgraduate Prosthodontic and undergraduate clinic in Tufts University
School of Dental Medicine. The data acquisition was done by 2 blinded examiners, with one
examiner reviewing the periodontal charts and intraoral radiographs, and the other
reviewing the 10S images and measuring the IPCPDs. Spearman correlation was utilized to
evaluate the correlations between parameters.

Results

At the patient level, max. IPCPD had a moderate positive correlation to the staging of
periodontitis and max. CAL and strong positive correlation to the max. RBL. At site level,

IPCPD has weak positive correlation to the interproximal FGM (rs=0.30, p<.001), CAL



(rs=0.34, p<.001) and RBH (rs=0.39, p<.001), but no significant correlation with the
interproximal probing depth (rs=0.11, p=0.53).

Conclusions

Within the limitation of the retrospective pilot study, the preliminary results provided
insight into the periodontal diagnostic potential of I0S imaging and may provide the study
model for future studies. While this retrospective study had certain limitations in
methodology, future clinical observational studies with larger sample sizes and with better
control of quality in 10S imaging, radiographic imaging, and periodontal charting should be

conducted to verify the results in vivo.
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The Use of Intraoral Scanner Imaging in the Diagnosis of Periodontitis

— A retrospective pilot study



Periodontitis is an inflammatory disease that may lead not only to periodontal attachment
loss and tooth loss but also to an increased systemic inflammation burden. Early diagnosis
and treatment of periodontal diseases are paramount to preserving dental and overall
health. Current methods in periodontal diagnosis are time-consuming and technique
sensitive. Thus, in this study, we explored the potential of the digital intraoral scanner in the

diagnosis of periodontitis.

Current periodontitis staging of severity is determined by multiple clinical parameters but
primarily based on the interproximal clinical attachment loss and radiographic interproximal
alveolar bone level. ! Since periodontitis is site-specific, which may affect individual
surfaces of particular teeth while other teeth unaffected, valid examination of periodontal
status should include full-mouth assessments of gingival/periodontal inflammation, probing
depth, and attachment loss. 2 Therefore, full mouth periodontal sulcus probing and intraoral
radiographs series are necessary to define the severity of periodontitis and remain the gold

standard of diagnosis.

However, full mouth probing and intraoral radiographs can be time-consuming and
sometimes not possible during the initial or screening visit of patients. Moreover, full mouth
probing could lead to pain and discomfort, and the pain could be positively related to the
degree of periodontal inflammation. 3 Therefore, a faster and less painful approach for the

initial assessment of full mouth gingival and periodontal status would be desirable.

Currently, the technology of digital intraoral scanners has emerged and is more popularized,

providing a fast and comfortable method to obtain a digital impression with 3-D imaging.



While this armamentarium has been widely used for interdisciplinary treatment planning,
including prosthodontic, orthodontic, and surgical workup and treatment, the potential of
intraoral scanner for the aid of periodontal diagnosis has not been well studied. 4 An in vitro
study assessed the tooth mobility using an intraoral scanner, which demonstrated excellent
reliability and sensitivity capable to characterize dimension differences down to 8 um. #
Nevertheless, there was no clinical study performed in vivo to investigate the potential of

intraoral scanning imaging in periodontitis diagnosis.

Several studies have been done to evaluate factors that affect interdental papilla height and
the filling of the interproximal space as measured clinically. Chow et al.> evaluated 96
patients and concluded that gingival papilla appearance was associated significantly with
subject age, tooth form/shape, proximal contact length, crestal bone height, and
interproximal gingival thickness. Pini Prato et al.® also reviewed reasons contributing to the
loss of papillae. While tooth shape, improper restoration contours, and improper oral
hygiene techniques can cause papilla loss, the most common reason in adults was the loss
of periodontal support because of plaque-associated lesions. Tarnow et al.” found that
interdental papillae completely filled embrasures when the distance from the interproximal
contact point to crestal bone was equal to or below 5 mm. Whereas the distances
increased, the possibility of a completely filled papilla was lesser. These studies indicated
the association between the loss of papilla and interdental CAL and RBL. Accordingly, the
amount of the loss of interdental papillae could be a potential parameter for screening of
periodontitis, and this can be quickly assessed and measured by the intraoral scanner and

analytic software.



Therefore, this study aimed to retrospectively assess the correlation of interproximal
contact point to papilla distance (IPCPD) with the conventional clinical measurements and

diagnosis of periodontitis.

As far as we know, there had not been similar study done to investigate the topic.
Therefore, we designed the pilot study with 20 subjects to evaluate the correlation. From
the preliminary results, we also planned to refine the study protocol for future studies and

calibrate the future sample size.



AIM AND HYPOTHESIS

The primary aim of our study was to study the correlation between interproximal papilla to
contact point distance (IPCPD) measured from Intraoral scanning (10S) images and
periodontal clinical and radiographic parameters and diagnosis at the site- and patient-
level. At the patient level, we hypothesized that there is an association between max. IPCPD
and max. RBL, max. CAL, and clinical staging of periodontitis. At the site level, we

hypothesized that there was an association between IPCPD and CAL, PD, FGM, and RBL.

The secondary aim of the study was to compare the Max. IPCPD between different

periodontitis staging groups.

The hypothesis was that there were differences in Max. IPCPD between the periodontitis

staging groups.



MATERIAL AND METHODS

The study protocol was reviewed and approved by Tufts Medical Center / Tufts University
Health Sciences IRB (STUDY 00001083). The I0S STL images from PG Prosth and UG clinic in
TUSDM from 1/1/2016 to 10/1/2021 were reviewed by the PI Dr. Gyurko and Co-I Dr.
Hwang, and the images containing identifiable information (Full names or Axium record
number) for Axium dental record extraction were selected. Reviewing these patients’ I0S
images, demographic data, dental treatment history, medical records, and MiPACS dental
radiographs, study subjects were selected from the following inclusion and exclusion

criteria:

INCLUSION CRITERIA
* Atleast 18 years of age
* All the three following records are accessible:
* Complete arch digital intraoral scanning image (.stl or .ply files)
* Perio chart within 12 month from the scanning image
* Either 1. Full mouth periapical films (FMX) or 2. Periapical of anterior teeth

and bitewing of posterior teeth within 3 years from the scanning image

EXCLUSION CRITERIA
* Patient level:
* Taking drugs that potentially induce gingival hyperplasia:
* Anticonvulsants (phenytoin, sodium valproate)
* Immunosuppressant (Cyclosporine A)

* Calcium channel blocking agents (nifedipine, verapamil)

6



» 1st generation of oral contraceptives

* Pregnancy

* Leukemia
All available interproximal sites from the subjects were then reviewed, and the sites with
the following conditions were excluded from the site-level analysis.

* Site-level exclusion criteria:

* Neighboring Fixed dental prosthesis (FDP)

* Neighboring interproximal restoration

* Open contact

* Interproximal decay

* Dental Implant

* Having periodontal surgery in the quadrant within 1 year
Furthermore, the subjects who had less than 10 eligible sites after the site-level exclusion
were also excluded for patient-level analysis.
SAMPLE SIZE:
25 subjects were utilized for the pilot study, selected from the earliest date of 10S from the
eligible subjects. 5 of the subjects were selected for ICC calibration of IPCPD and were not
included in the patient-level or site-level statistical analysis. The other 20 subjects’ data was

further studied and analyzed. Up to 100 records were reviewed to allow for calibration.

DATA COLLECTION:



The following demographic and medical data were recorded by Co-I Dr. Hwang: Age,
Gender, Smoking (Yes/No), Diabetes (Yes/No), Days from the date of 10S to the date of
Perio chart (Dios-rerio), and the days between the date of 10S to the date of FMX (Dos-Fmx).
The processes of the IPCPD measurement from 10S images and the recording from the perio
chart and FMX for the determination of periodontitis staging were done by two different
examiners, with the results blinded to each other until the statistical analysis.

IPCPD MEASUREMENT FROM I0S IMAGES:

The measurement of IPCPD from the 10S stl. images was done by Dr. Hwang with Geomagic
Control X Software. The measuring protocol was depicted in Figure 1. The base of the
contact point was first determined from frontal view or lateral view from the buccal aspect.
The image was then viewed from the occlusal view to define the interdental papilla point,
which is close to the determined contact point. Two points were connected virtually in
order to obtain a linear measurement, which was parallel to the long axis of the neighboring
teeth. The linear direction and the determined contact point and papilla point were
observed and verified from the frontal or lateral view. If the determined contact point to
papilla point line deviated from the long axis of the neighboring teeth (Figure 2,
Measurement B), the measurement would be repeated until a linear relationship parallel to
the long axis. (Figure 2, Measurement A)

INTER-RATER AND INTRA-RATER RELIABILITY CALIBRATION FOR IPCPD:

Co-1 Dr. Chen (the gold standard) and Co-I Dr. Hwang both measured the IPCPD from all
interproximal sites from the I0S images of 5 calibration subjects individually, and the Kappa

(x) statistics for the measurements was be calculated for the inter-rater reliability test. Dr.



Hwang then re-measured the same sites, and the Kappa statistics for the intra-rater
reliability were then calculated from the two times of measurements.

PERIO CHARTS, FMX REVIEW, AND PERIODONTAL DIAGNOSIS DETERMINATION:

The perio charts and FMX were reviewed by Pl Dr. Gyurko. The perio charts and the FMX
that were acquired closest to the date of the I10S were selected for analysis. At the site level,
the FGM (defining positive value apical to the CEJ and negative value coronal to the CEJ),
CAL, and PD measurement which with the largest value in every interproximal site were
recorded from the perio charts. For example, between teeth #2-3, given that the CAL of MB,
MP sites of #2 were 3mm and 5mm and of DB and DP sites of #3 were 5mm and 7mm
respectively, only the 7mm measurement that had the maximum value would be recorded
at the interproximal site. Besides, the RBLs from the CEJ to the bone crest were measured
from the two neighboring teeth in every site, and the ones with more bone loss were
recorded (Figure 3). At the patient level, the maximum interproximal CAL (Max. CAL) around
natural teeth were recorded from the periodontal charts, and the maximum interproximal
radiographic bone loss (Max. RBL) were recorded from FMXs. The staging for the
periodontitis was determined according to the AAP 2017 classification®. The Max. CAL was
primarily used to determine the periodontitis staging, as group 0 (Gingival health or
Gingivitis) without CAL, group 1 (Stage | periodontitis) with Max. CAL = 1-2 mm, group 2
(Stage 2 periodontitis) with Max. CAL = 3-4 mm and group 3 (Stage 3 or 4 periodontitis) with
Max. CAL > 5mm. The staging from periodontal charting was then verified with RBL from

FMX series. When there was a mismatch of determined staging from CAL or RBL, or when



FGMs were not charted properly to reflect the clinical scenario, the periodontal diagnoses
were determined from RBL.

DATA ANALYSIS AND STATISTICAL PLAN

The following data were analyzed:

. Demographic descriptive data: Age (year), Gender (Male / Female), Smoking history

(Yes / No), Diabetes status (Yes / No)

o Clinical parameters including PD, FGM, CAL, and patient-level max. CAL
. Radiographic assessment of interproximal RBL and patient-level max. RBL
J Periodontitis staging based on AAP 2017 classification (Group 0 = Health / Gingivitis,

Group 1 = Stage | periodontitis, Group 2 = Stage 2 periodontitis, Group 3 = Stage 3 or 4
periodontitis)

J IPCPD from 10S images and patient-level max. IPCPD.

The statistical analysis was performed via SPSS version 26:

J Descriptive statistics (means and standard deviations for continuous and discrete
variables, medians, and interquartile ranges for ordinal variables (Perio dx.), counts and
percentages for categorical variables).

J Inter-rater reliability and Intra-rater reliability of IPCPDs with Interclass Correlation
Coefficient (ICC), the interpretation of the reliability was done with Landis’ classification in
1977. The paired differences of the measurements were compared using paired t-test.

o Correlation between site-level CAL-IPCPD, FGM-IPCPD, PD-IPCPD, and patient-level
max. CAL-max. IPCPD and max. IPCPD-Perio dx were assessed with Spearman rank

correlation. The correlation between site-level RBL-IPCPD and patient-level max. RBL-max.
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IPCPD were planned to be assessed with Pearson correlation, but Spearman rank
correlation would be used instead in the case of outliers. P-values less than 0.05 were
considered statistically significant. The strength of the correlation was interpreted by the
guideline from Prion and Haerling 2014: The Spearman rho rs when is 0 to £0.20 is
negligible, £0.21 to £0.40 is weak, £0.41 to +0.60 is moderate, £0.61 to 0.80 is strong, and
1+0.81 to £1.00 is considered very strong.
J Subjects stratification was done with 2 methods of categorization:
1. Gingivitis (Group 0), Periodontitis (Group 1-3)
Between the gingivitis and periodontitis groups, the percentage of the sample size
was compared using one-sample proportions test, the gender, smoking, and diabetic
status were compared by Chi-square test, but Fisher’s exact tests would be used in
the case that the expected sample size was <5 in any category. The age, max. IPCPD,
max. RBL, and max. CAL were compared using the independent-samples t-test, but
when the data was not normally distributed, Mann-Whitney U Test would be
utilized.
2. Gingivitis (Group 0), Stage 1 periodontitis (group 1), Stage 2 periodontitis (group
2), and Stage 3 / Stage 4 (group 3)
Between the 4 groups, the percentages of the sample size, gender, smoking, and
diabetic status were compared by Fisher’s exact tests, and the age, max. IPCPD, max.
RBL, and max. CAL were compared with one-way ANOVA. Tukey HSD pairwise post-

hoc comparison would be done when one-way ANOVA revealed significant results.
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RESULTS

STUDY SAMPLES SELECTION

The study subject’s selection protocol was depicted in figure 4. A total of 227 subjects were
reviewed from PG Prosth and UG clinic IOS images database. The subjects were excluded
from incomplete 10S scans, model scans, no identifiable information linked to Axium
records, repeated records, no complete FMX or anterior PA and posterior BW within 3
years from I0S image acquisition, or no complete perio chart within 1 year. 67 subjects
matched the criteria and were reviewed for site-level exclusion criteria. Furthermore,
subjects that had no eligible site or less than 10 eligible sites after site-level exclusion
criteria were also excluded at the patient level. Finally, 30 subjects were eligible for the
study, whereas 5 subjects were selected for IPCPD calibration, and another 20 subjects
were selected from the earliest date of I0S image acquisition for data analysis.

The eligible sites were then reviewed of these 20 subjects from site-level exclusion criteria.
The site-level selection protocol was shown in figure 5. Overall, 465 interproximal sites
were identified from the 20 10S images. 142 sites (30.5% of the 465 sites) were excluded
49 sites were excluded for neighboring prosthesis, 54 sites were excluded for proximal
restoration, 16 subjects were excluded for open contact, 5 sites were excluded for
interproximal decay, 10 sites were excluded for neighboring dental implants, and 8 sites
were excluded for having periodontal surgery within 1 year from the 10S image acquisition,
which was from a subject with gingival augmentation procedure with allograft done over
the lower anterior teeth. Eventually, 323 sites (69.5% of all sites) were eligible for site-level

analysis, with 16.15 sites per subject on average. When defining the sites between the 15t
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premolars as the anterior sites and the sites posterior to the 1%t premolars as the posterior
sites, there were 214 anterior sites and 109 posterior sites included.
IPCPD CALIBRATION
The I0S images collected were all taken from 3shape™ Trios 3 intraoral scanners and saved
as STL files. The 10S images of 5 subjects, including 109 sites, were examined for inter-rater
and intra-rater reliability tests. The ICC for the inter-rater reliability was 0.76, with
substantial reliability, and the mean paired difference was 0.06 mm (SD = 0.037), without a
significant difference between the two examiners (t=-1.65, p=0.10). Whereas the ICC for the
intra-rater reliability was 0.70, with substantial reliability, and the mean paired difference
was 0.15 mm (SD = 0.37), with a significant difference between the two-time measurements
with the same examiner (t=-3.90, p<.001).
DETERMINATION OF PERIODONTAL STAGING
Table 1 demonstrated the decision process for the determination of periodontal dx. During
reviewing the Perio Charts, 1 of the 20 charts was thought to have improperly charted FGM,
which did not record the generalized FGM coronal to CEJs. Another 5 charts were believed
also to have errors in FGM recording. Therefore, taking into consideration the RBL from CEJ-
ABC, modification of the staging was done using clinical judgment for 10 cases. Overall,
there were 13 gingivitis/gingival health, 2 stage |, 3 stage Il, and 2 stage Ill cases.
DEMOGRAPHIC DATA AND CLINICAL CHARACTERISTICS
The overall demographic data of the study population was shown in table 2. The mean age
was 52.95-year-old, with a range from 26- to 75-year-old. There were prevalently female

patients (70%), without smoking subjects, and only 1 patient (5%) with diabetes. The mean
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difference of days between the date from the 10S images to the date of Perio charts and the
date of FMX taken were 97.55 days and 387.4 days, respectively. In terms of periodontal
status, most of the subjects were gingivitis or gingival health (65%), and the other 7 subjects
(35%) were periodontitis cases. The mean max. RBL was 3.31 mm and the mean max. CAL
was 2.75mm. The max. IPCPD measurement from 10S images was 1.82 mm on average.
STRATIFICATION BY GINGIVITIS/GINGIVAL HEALTH AND PERIODONTITIS PATIENTS

Table 3 showed the demographic and clinical data when stratified by gingivitis/gingival
health and periodontitis groups. When comparing the two groups, there was significantly
more age, max. RBL and max. CAL in the periodontitis subjects, but no significant difference
in the % of the sample sizes, gender distribution, smoking habits, diabetic status, and mean
max. IPCPD was noted.

STRATIFICATION BY STAGING

Table 4 demonstrated the demographic and clinical characteristics of staging groups. There
was a significantly more percentage of subjects in group 0 (p<.001). Also, the ANOVA and
pairwise comparison test revealed that there was a significantly larger Max. RBL in group 3
compared to group 0 (p<.001), and a significantly more max. CAL comparing group 3 to
group 0 (p=.001), group 1 (p=.045) and group 2 (p=.039). Yet there was no statistically

significant difference in Max. IPCPD between the 4 groups (P=.180).
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SITE LEVEL CHARACTERISTICS

Table 5 demonstrated the site-level characteristics. Overall, 323 sites were included and
reviewed for PD, FGM, and CAL and measured for IPCPD, while the RBLs of 9 sites were not
recognizable from the PA films due to horizontal overlapping, therefore only 314 sites were
reported for RBL. The mean RBL was 1.98 mm, the mean PD was 3.04 mm, the mean FGM
was 1.76 mm coronal to the CEJ, the mean CAL was 0.87 mm and the mean IPCPD was 0.89
mm.

PATIENT-LEVEL CORRELATION TEST

The scatterplots of the relationship between Max. IPCPD - Perio Dx, Max. IPCPD - Max. RBL
and Max. IPCPD - Max. CAL were demonstrated in Figures 6 to 8. Spearman correlation tests
were utilized for the association between Max. IPCPD-Perio dx. (for ordinal variable) and
Max. IPCPD-Max. CAL (for discrete variable), and between Max. IPCPD-Max. RBL due to the
presence of outliers. There was a moderate positive correlation between Max. IPCPD-Perio
dx. (rs = 0.46, p=0.04), strong positive correlation between Max. IPCPD-Max. RBL (rs = 0.70,
p<.001) and moderate positive correlation between Max. IPCPD-Max. CAL (rs = 0.49,
p=.028).

SITE-LEVEL CORRELATION TEST

The scatterplots of association between IPCPD-PD, IPCPD-FGM, IPCPD-CAL, and IPCPD-RBL
were depicted in Figures 9 — 12. Spearman correlation tests were used for the four
association tests, which the IPCPD-RBL was owing to the presence of outliers. There was

weak positive correlation between IPCPD-CAL (rs = 0.34, p<.001), IPCPD-RBL (rs = 0.39,

15



p<.001) and IPCPD-FGM (rs = 0.30, p<.001), while there was no significant correlation
between IPCPD-PD (rs=0.11, p=.053).

MAX. IPCPD COMPARISON FROM DIFFERENT GROUPING

Table 6 demonstrated the comparison of mean Max. IPCPD by different groupings of
subjects. There was no significant difference in mean Max. IPCPD when comparing group 0
(1.55 mm) to group 1-3 (2.32 mm) by independent-sample t-test or comparing 4 groups
individually with one-way ANOVA. Nonetheless, when comparing group 0-1 (1.58 mm) to
group 2-3 (2.54 mm), there was significantly more max. IPCPD in group 2-3. The results of
these comparisons were used for the sample size calculation for potential future studies.
SAMPLE SIZE ESTIMATE FOR FUTURE STUDIES

Data from the pilot study could be used to perform a sample size calculation in nQuery
Advanced for future studies, assuming a type | error of 5% and a maximum type Il error of
20%. When calculating estimated sample sizes by the Spearman Correlation result of Max.
IPCPD - Perio Dx., the estimated N was > 4000 to reach 80% power with a type | error of 5%.
When calculating sample sizes for Max. IPCPD between 4 staging groups, to reach 80% of
power and type | error of 0.83% (Adjusted for 6 pairwise comparisons), the estimated N
between groups were listed as the following:

Comparing group 0 and group 1 — 215 per group

Comparing group 0 and group 2 — 70 per group

Comparing group 0 and group 3 — 8 per group

Comparing group 1 and group 2 — 119 per group

Comparing group 1 and group 3 — 24 per group

16



Comparing group 2 and group 3 — 68 per group

On the other hand, when calculating sample sizes (Assuming equal sample sizes in both
groups) to achieve 80% power in the comparison of mean Max. IPCPD between group 0-1
and group 2-3, 17 subjects would be needed in both group for a total of 34 subjects. To
have 80% power in the comparison between group 0 and group 1-3, 23 subjects would be

needed in both groups for a total of 46 subjects.
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DISCUSSION
As far as we know, there was no similar study investigating the association between the
IPCPD measured from I0S images and periodontal diagnosis and clinical parameters. In the
following discussion, we will discuss the primary results, 2 outliers subjects, the limitations
and potential errors in the study design, and the potential for future research and clinical
application.
DEMOGRAPHIC DATA AND SAMPLES CHARACTERISTICS
The subjects included in the study were primarily gingivitis (65%), with only 35% of the
subjects being periodontitis cases and 10% being stage 3 (i.e., Severe) periodontitis. It could
be due to the convenient sampling nature of the study design. From the National Health
and Nutrition Examination Surveys (NHANES) data from 2009 to 2014, the prevalence of
periodontitis in dentate US adults aged 30-79-year-old was 42.2%, with 7.8% of the subjects
having severe periodontitis.’ The proportion was close to our study population. If
attempting more evenly distributed staging samples with more periodontitis cases
proportion in the future study population, a stratified sampling study design may be
considered.
The average age in the periodontitis group was more than the gingivitis group (63.71 years
vs. 47.15 years). This was similar to the prevalence distribution of the NHNES 2009-2014
database, where there were increasing trends in the prevalence of periodontitis with
increased age groups.’ However, due to the small sample size of the study, the wide spread
of the age distribution in each group may also account for the difference between the

groups. The Max. RBL and max. CAL were higher in the periodontitis groups compared to
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other groups, which matched the definition of periodontitis cases. However, there was no
significant difference in Max. IPCPD (p=0.07) between gingivitis and periodontitis groups. It
could result from the limited sample size in the pilot study, as the power of the t-test was
only 35.7%. More sample size would be warranted for adequate power for the test in future
studies. Similar findings were also found when stratifying the study samples by staging, with
significant differences in Max. RBL, Max. CAL but not in Max. IPCPD. Whereas the power for
the one-way ANOVA of Max. IPCPD was only 34.5%, more sample sizes would be needed for
achieving adequate power.

IRR CALIBRATION

The ICC for the inter-rater and intra-rater reliability demonstrated substantial reliability with
mean paired differences of 0.06 mm and 0.15 mm individually. These results demonstrated
the reproducible and objective measurements that could be achieved by the I0S scanner.
The differences from the different measurements were considered minimal when used for
periodontal diagnosis purposes, as the scale for the conventional periodontal probes used
clinically is 1 mm.

However, from the current IPCPD measuring protocol, there could still be errors in the
determination of contact points and papilla points from the 3-D view as depicted in figure 2.
In future studies, further standardization could be achieved by making cross-sectional cuts
of the 10S images at the interdental region. From these 2-D sectional images, the
determination of the reference points could be more accurate and reliable.

PATIENT-LEVEL AND SITE-LEVEL CORRELATION

19



There was a moderate positive correlation between Max. IPCPD and Perio dx. (rs = 0.46) and
between Max. IPCPD and Max. CAL (rs = 0.49) and strong correlation between Max. IPCPD
and Max. RBL. These were similar to the trends of the study from Tarnow et al.”, where
more crestal bone loss and attachment loss could lead to fewer chances of papilla fill.

At site-level analysis, there were also positive correlations between IPCPD-CAL, IPCPD-RBL
and IPCPD-FGM, supporting the results from the patient-level correlation. Whereas there
was no significant association between IPCPD and PD. This could result from the limitation
of merely measuring at the surface of the gingiva. The interdental recession might not be
detected with the presence of angular bony defects or deep narrow pockets as the papilla
could be supported by the higher crestal bone level, but there could be deep PD associated
with the defects.

Moreover, the correlation results could be affected by the presence of outliers and
potential errors in periodontal charting, radiographic, or 10S acquisition, which will be
discussed in the following sections.

OUTLIERS

2 outlier cases were noticed during reviewing the association between Max. IPCPD and
Perio diagnosis as depicted in Figure 13, in which the Max. IPCPDs were higher than the
other subjects in the same groups.

Outlier 1

The clinical information of the outlier case 1 was shown in figure 14. The Max. IPCPD was

3.65mm from the interdental space between #24-25 and there was a recession of the
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interdental papilla from reviewing the I0S image, whereas the determined clinical diagnosis
was gingivitis/gingival health from reviewing the Perio chart and FMX.

The potential reasons for the mismatch of diagnosis could be due to the charting error from
the FGM between #24-25, where there should have been about 1 mm of recession from the
CEJ. Moreover, the triangular shape of #24 and #25 and the long distance from the contact
point to CEJ could have led to more IPCPD from the minimal RBL. From the measurement
from the PA film, the RBL was 2.5mm but the distance from the base of the contact point to
the CEJ was 5mm, thus the distance from the base of the contact point to the bone crest
was 7.5mm. From the previous study by Tarnow et al’, it was determined that when the
distance from the contact point to bone crest was more than 7mm, the papilla was present
27% of the time or less. This indicated some papilla loss and longer IPCPD from the site,
even though the RBL was minimal.

Outlier 2

The clinical information of the outlier case 2 was shown in figure 15. The Max. IPCPD was
4.02 mm, which was the largest IPCPD measured from our study, but the clinical diagnosis
was stage 2, not in the severest group 3. Similar to case 1, there could have been charting
errors of FGM, where there should have been a 1-2mm recession from CEJ between #24-25.
Besides, the triangular shape of #24-25, which is commonly seen with worn dentition with
passive eruption, could contribute to more IPCPD. Other parameters that could have
resulted in errors were artefacts from the 10S image at interdental regions from improper

scanning protocol and the crowding dentition. This will be discussed further in the following
section of the limitation of the study.
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LIMITATIONS AND POTENTIAL BIAS

This study had certain limitations due to its design.

Firstly, the nature of the retrospective study could lead to potential errors in perio charts,
FMXs, and 10S scans. We were unable to standardize these three elements from the
retrospective study. 6 of the Perio charts were believed to have errors in FGM recording
that mismatched the findings of the radiographic findings. FMXs taken in different
angulations could not be standardized with the parallel technique and perpendicular to the
dental arch, where 9 of the 323 sites had unrecognizable RBL due to horizontal overlap of
the images. There were also noticeable interproximal artefacts from the 10S images, which
might have been avoided with a better 10S scanning protocol. Additionally, the Perio charts,
FMXs, and 10S images were not taken on the same date, as the Djos-peric Was 98 days and
Dios-rmx Was 387 days on average. Therefore, the data acquired from the different dates
could reflect periodontal status in different periods and lead to a mismatch of the findings.
Secondly, the sample size of the pilot study was set at 20 and did not have adequate power
for all the statistical tests. For example, the power for Max. IPCPD comparison was less than
80% when comparing individual staging groups and for the Max. IPCPD-Perio dx. Spearman
correlation. From the sample size calculation, more sample sizes would be needed in future
studies.

Thirdly, the inclusion and exclusion process of the eligible sites and patients could lead to
selection and exclusion bias. The patients selected in the PG Prosth database had a high
prevalence of cases with full mouth rehabilitation and restoration and multiple fixed

prostheses and implants, and these sites were excluded from the analysis. Generally, 30% of
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the sites from the eligible patients were excluded. However, exclusion of the sites could
lead to mis- and under-diagnosis because the sites may contain the most severe CAL or RBL
and exclusion of these could contribute to less Max. CAL or Max. RBL reported. On the other
hand, the convenience sampling protocol resulted in few periodontitis cases, and the
distribution with a low proportion of the sites with CAL could affect the site-level analysis
results.

Fourthly, there was a technical limitation from the I0S imaging acquisition at interproximal
sites. As depicted in figure 16, there were fin-shaped interproximal artefacts noticed during
the 10S image review. These artefacts could be related to the process of taking I0S images.
When the scanner tips did not catch the full interdental images, as highlighted in green in
figure 17, the 10S software processed the images automatically to fill the missing images.
However, this algorism could result in errors in the recognition of the base of the contact
point and tip to the papilla. We named these artefacts the “Hwang’s fin”. In future clinical
studies investigating IPCPDs from 10S, it would be crucial to eliminate the presence of the
fins to prevent errors in IPCPD measurements, by capturing full interdental images by tilting
the scanning tips to different angles.

Lastly, papilla height does not solely depend on the crestal bone level and may differ
between individuals and sites. At the patient level, the overall gingival phenotype and the
presence of systemic factors!! that lead to gingival hyperplasia and inflammatory condition
could affect the overall height of the papillae. At the site level, the tooth form/shape>, tooth
angulation®, and previous gingival trauma history could alter the papillae height. These

conditions could contribute to different IPCPD measurements, given similar conditions in
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RBL or CAL. Further studies would be needed to understand how these factors would affect
the association between IPCPD and periodontal diagnosis.

CLINICAL IMPLICATION AND FUTURE PROSPECTIVE

From the results of the preliminary study, I0S images may have the potential for
periodontitis screening, while it still could not replace periodontal probing and radiographic
exam, the gold standard of diagnosis of periodontal diseases. The screening process solely
with the IPCPD measurement from the study protocol could lead to misdiagnosis.
Therefore, the combination of IPCPD measurement with other parameters (e.g., RBL or
Color) should be considered in the future for a more comprehensive assessment of
periodontal disease.

With the advent and the development of artificial intelligence, Al algorisms can facilitate the
diagnostic process in several aspects of dentistry. Currently, the Al can help with
interpretation from intraoral radiographs with the identification of caries, ill-fitting
restoration, crestal bone loss, and other dental findings. 12 Krois et al. applied deep
convolutional neural networks to detect periodontal bone loss on panoramic dental
radiograph, and it shown that the algorism had high accuracy in detecting RBL comparable
to dentists. 13 However, the radiographic change is considered a late sign of periodontitis.
As demonstrated by Goodson et al. 4, the clinical attachment loss preceded visual
radiographic changes by 6 to 8 months, and the clinical attachment changes were greater
than observed radiographic changes. Thus, it would be beneficial if Al could also be used at
detecting some early signs of periodontal diseases from the 10S images. Further

combination of the 10S images and radiographs interpretation with Al algorism could have
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the potential for identification of periodontitis patients in a fast, atraumatic, and painless
approach (Figure 18). The machine-learning process of Al could be constructed and verified

in future studies.
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CONCLUSION
Within the limitations and the scope of the pilot study, at the patient level, max. IPCPD had
moderate positive correlations to the staging of periodontitis and max. CAL and a strong
positive correlation to the max. RBL. At the site level, IPCPD has weak positive correlations
to the interproximal FGM (rs=0.30, p<.001), CAL (rs=0.34, p<.001) and RBH (rs=0.39, p<.001),
but no significant correlation with the interproximal probing depth (rs=0.11, p=0.53).
There were no significant differences in Max. IPCPD between gingivitis/gingival health and
periodontitis patients and between different staging groups. However, there was not
enough statistical power from the current sample size, and more patients would be needed
in future studies for the comparison.
The preliminary results provided insight into the periodontal diagnostic potential of 10S
imaging and may provide the study model for future studies. While this retrospective study
had certain limitations in methodology, future clinical observational studies with larger
sample sizes and with better control of quality in I0S imaging, radiographic imaging, and

periodontal charting should be conducted to verify the results in vivo.
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APPENDIX
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Define the base of contact point from Define the the papilla point from the Linear measurement along the long
the frontal view occlusal view axis of the teeth

Figure 1. IPCPD measuring protocol

Figure 2. Calibration case: 1. Measurement A and B from a direct lateral view, 2. Closed-up
view of 1. A and B revealed similar linear measurements from the view. 3. STL file of the
maxillary 10S scan, note the thick phenotype and the presence of exostosis which may lead
to non-axial measurement. 4. Frontal view of measurements A and B: Measurement A
revealed more axial measurement than B. 5 and 6. Apical and the close-up view of
measurements A and B: The papilla point of Measurement B was not centered, leading to
more non-axial measurement than A.

Figure 3. The RBLs of two neighboring teeth were both measured, and the larger
measurement was recorded.
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Figure 4. Flowchart for patient-level inclusion / exclusion
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465 Interproximal

sites identified from

20 subjects’ 105

(Anterior: 264
Posterior: 201)

Exclusion: 142 sites
(30.5% of all)

(Anterior: 50
Posterior: 92)

323 sites for
patient- and site-
level analysis

(69.5% of all)

(Anterior: 214
Posterior: 109}
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49 (10.5% of

/| (Crown/Bridge) excluded sites)
2. Proximal 54 (11.6% of
restoration excluded sites)

" 3. Open contact |

16 (3.4% of
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\
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8 (1.7% of
excluded sites)

Figure 5. Flowchart for site-level inclusion / exclusion
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Figure 11. Scatterplot of CAL — IPCPD
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Figure 13. Outliers from the Max. IPCPD-Perio dx association
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Figure 14. Clinical characteristics of outlier case 1. The potential charting error was circled

in red.
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Figure 15. Clinical characteristics of outlier case 2

Figure 16. Interproximal artefact from 10S image acquisition. White circle: Interproximal
artefact (The Hwang’s fin)

Figure 17. Demonstration of missing image portions in an 10S image. Missing portions
were labeled in green (Figure origin: Trios Intraoral Scanner User Manual)

33



NN Radiographic bone loss
QIEI0A1S PDL widening
1001500
Identification of
Al periodontitis
Algorism patients

100 10)" 2 .
0101001 Free gingival margin

0101004 IPCPD
(Gingival contour)

(Gingival color)

Figure 18. Future perspective of screening for periodontitis with Al algorism
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Table 1 Determination of periodontal staging.
The diagnoses that were modified based on the radiographic record were marked in bold.

Max

Max FGM Interde Max Stage Perio Dx
Sub. Interdental charted CEJ- Perio Dx based (Overall
# CALin properly? .ntal PD ABC based on CAL on subjective
chart (mm) (y/n) '?;[:;t (mm) CAL impression)
1 3 n 3 2.6 periodontitis Il Gingivitis/healthy
2 8 % 8 6.5 periodontitis Il Stage llI
3 0 % 3 2.1 gingivitis Gingivitis/healthy
4 3 y 5 4.4 periodontitis Il Stage Il
5 1 y 4 3.1 periodontitis I Stage |
6 1 % 4 1.6 periodontitis I Gingivitis/healthy
7 3 % 6 4.6 periodontitis Il Localized Stage I
8 0 y 4 Sc;_r:;jd Gingivitis Gingivitis/healthy
9 8 % 5 6.1 periodontitis Il Stage llI
10 4 % 7 5.1 periodontitis Il Localized stage |l
11 5 y/errors? 4 2 periodontitis 01 Gingivitis/healthy
12 1 y 4 2.5 periodontitis I Gingivitis/healthy
13 5 y/errors? 4 34 periodontitis [l Stage |
14 0 % 3 2 gingivitis Gingivitis/healthy
15 1 y 4 2.2 periodontitis I Gingivitis/healthy
16 3 y/errors? 3 2.5 periodontitis Il Gingivitis/healthy
17 4 y/errors? 3 2.5 periodontitis Il Gingivitis/healthy
18 4 y/errors? 4 2.2 periodontitis Il Gingivitis/healthy
19 1 y 4 1.9 periodontitis I Gingivitis/healthy
20 0 y 3 2.1 gingivitis Gingivitis/healthy
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Table 2 Overall demographic data and clinical characteristics

Mean Standard Median IQR Minimum Maximum
Deviation
Age (y/0) 52.95 15.18 57.50 22.75 26 75
Date 10S to 97.55 82.30 85.50 89.50 0 274
date of chart
Date 10S to 387.40 313.37 321.50 559.00 15 911
date of FMX
Max. IPCPD (mm) 1.82 0.91 1.46 0.89 0.62 4.02
Max. RBL (mm) 3.31 2.07 2.75 2.33 13 10.5
Max. CAL (mm) 2.75 2.47 3.00 3 0 8
Count Proportion

Gender Male 6 30%

Female 14 70%
Smoking Yes 0 0%

No 20 100%
Diabetic Yes 1 5%
status No 19 95%
Periodontal GroupO 13 65%
staging (Gingivitis/

Gingival

health)

Group 1 2 10%

(Stage 1)

Group 2 3 15%

(Stage 2)

Group 3 2 10%

(Stage 3&4)
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Table 3 Demographic and clinical data, grouped by gingivitis and periodontitis
* Independent t-test, P-value < 0.05, Bold number indicated the significant larger value.

Gingivitis/ Periodontitis
Gingival Health (N=7) Overall (N=20)
(N=13) -
% Of N 65% 35% 100%
Age (SD) 47.15* (15.54) 63.71* (6.21) 52.95 (15.18)
Male 4 (31%) 2 (29%) 6 (30%)
Gender
Female 9 (69%) 5(71%) 14 (70%)
Smoking No 13 (100%) 7 (100%) 20 (100%)
Yes 1(7.69%) 0 (0%) 1 (5%)
Diabetic
No 12 (92.31%) 7 (100%) 19 (95%)
Max. IPCPD (SD)  1.55(0.76) 2.32(1.01) 1.82(0.91)
Max. RBL (SD) 2.32* (0.65) 5.13* (2.61) 3.30(2.07)
Max. CAL (SD) 1.77* (1.79) 4.57* (2.64) 2.75(2.47)
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Table 4 Demographic and clinical data, stratified by staging groups
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Table 5 Site-level characteristics

Mean Standard Median IQR Minimum Maximum
Deviation
RBL (mm) (N=314) 1.98 1.45 1.60 1.33 0.1 10.5
PD (mm) (N=323) 3.04 1.07 3 1.00 1 8
FGM (mm) (N=323) -1.76* 1.28 -2 2.00 -3 3
CAL (mm) (N=323) (.87 1.66 0 1.00 0 8
IPCPD (mm)(N=323) 0.89 0.55 0.73 0.63 0.1222 4.0244
*1.76 mm coronal to the CEJ
Table 6 Max. IPCPD comparison from different grouping
Grouping Mean Max.
methods Groups N IPCPD (mm) SD (mm) t/F P-value
ingiviti Group O 13 1.55 0.76
Gln.gIVItIS vs 1.93 07
Periodontitis | Group 1-3 | 7 2.32 1.01
Gingivitisto | Group0-1 | 15 1.58 0.72
Stage |
periodontitis 2.25 .037
vs. Stage 2-4
periodontitis Group 2-3 |5 2.54 1.13
Group O 13 1.55 0.76
indivi Group 1 2 1.76 0.44
By lr?dlwdual 185 18
staging Group 2 3 2.27 1.51
Group 3 2 2.93 0.16
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