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Abstract: The aim of the present study was to re-visit the gingival dimension using digital scanning in
a healthy Korean population. Forty-eight periodontally healthy volunteers (38 males and 10 females,
mean age: 24.3 £ 2.2 years) were included. The mucogingival junction was highlighted using 2.5%
diluted iodine solution. Then, the facial gingiva and mucosa of both jaws were digitally scanned using
an intraoral digital scanner. Using computer software and periodontal probing, the heights and areas
of keratinized gingiva (KG) and attached gingiva (AG) were measured. Similar distribution patterns
in the gingival heights were noted in the maxilla and mandible. The maxilla showed substantially
greater gingival values than the mandible. The heights of the KG and AG were notably smaller on
the mandibular first premolar (2.37 mm and 1.07 mm, median value) and second molar (3.28 mm
and 1.78 mm) than on the other teeth. The area of the KG was the largest in the canine (63.74 mm?
and 46.85 mm?) and first molar (64.14 mm? and 58.82 mm?) in each jaw. Mandibular first and second
molars, mandibular canine, and maxillary canine showed the highest value of the area under the
receiver operation characteristics curve (>0.7) for differentiating between males and females. The
gingival dimensions recorded using intraoral scanner demonstrated similar distribution patterns as
in previous studies.

Keywords: attached gingiva; digital technology; keratinized gingiva; intraoral scanning

1. Introduction

Several studies have investigated the dimensions of the keratinized gingiva (KG) and
attached gingiva (AG) around natural dentition [1-4], in pursuit of obtaining anatomic
information and finding adequate gingival dimension for periodontal and mechanical
stability. Especially, some surgical procedures, such as bone denudation procedure and
apically positioned flap surgery, were once proposed for the latter purpose [5,6].

Literature demonstrated heterogeneity regarding the role of KG/AG. A representative
study by Lang and Loe demonstrated that 2 mm of KG (1 mm of AG) was sufficient for
periodontal health in the presence of professional maintenance [2]. On the contrary, others
published later failed to show no specific relationship between KG/AG and periodontal
health [3,7], leading to a consensus that there is no adequate gingival dimension for
periodontal health. However, recent evidence suggests a substantial role of the gingival
dimension as a part of periodontal phenotype to prevent gingival recession [8,9].

In terms of understanding the esthetics and pathophysiology of the periodontium and
adjacent structures, dental clinicians must have an anatomical overview of the periodon-
tium, such as dimension, tendency, and composition. From histological and morphological
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points of view, the KG and AG are differentiated. AG is firmly attached to the root ce-
mentum and alveolar bone by the insertion of collagen fibers, whereas KG is a union of a
mobile gingival zone (outer surface of the bottom of the gingival sulcus or the periodontal
pocket) and AG. However, clinical measurements of the height of the AG do not seem to be
unequivocal because the measurement of the mobile zone is affected by many factors [10].

In order to assess the gingival dimensions, previous studies generally used a peri-
odontal probe and a caliper [2,11-13]. However, these measurement methods may have
limitations, which are derived from set graduations on measuring tools, interference of
adjacent anatomic structures when measuring, condition of the periodontium, and ex-
pertness level. Current widespread digital technology in the dental field may provide a
new opportunity to compensate the above limitations. A recent study demonstrated high
reproducibility and reliability of the measurement of gingival recession using a virtual
model produced by intraoral scanning [14]. Another study using an in vivo model also
showed that digital scanning method in measuring KG is more accurate than conventional
periodontal probing [15].

Therefore, anatomical information can be enhanced by digital technology. The present
study aimed to investigate the gingival dimensions by digital scanning in periodontally
healthy Korean individuals. Moreover, based on the collected data, ROC curves were
estimated to determine the gingival dimension’s predictive value.

2. Materials and Methods
2.1. Study Design

The present study is a cross-sectional observational study. The study protocol was
approved by the Dankook University Institutional Review Board at Cheonan Campus (IRB
No. DKU-IRB 2019-06-005-001). The study was conducted between July and August 2019.

2.2. Study Population

The inclusion criteria were as follows: (1) volunteers from Dankook University Dental
College, (2) age >20 years, (3) acceptable oral hygiene with full mouth plaque index <20%
and full mouth bleeding index <20%, and (4) no missing teeth except for the third molar.
The exclusion criteria were as follows: (1) history of orthodontic treatment, (2) malalign-
ment of dentition (apparent deviation from the ideal arch line; score 1 and 2 according to the
Malalignment Index system [16]), (3) current periodontal disease and history of periodonti-
tis, (4) gingival recession (intraoral exposure of the cemento-enamel junction), (5) dental
restorations potentially affecting the gingival margin, and (6) presence of dental implant(s).

2.3. Sampling

Convenience sampling was performed at Dankook University Dental College, assum-
ing that dental students are more eager to oral hygiene practice than the general population.
Consequently, fifty-one periodontally and systemically healthy volunteers (38 males and
13 females, mean age: 24.2 £ 2.1 years) were recruited.

2.4. Examination

All clinical examinations were performed by a single investigator (J.C.P.). The investi-
gator has >10 years of experience as a board-certified periodontal specialist.

2.4.1. Intraoral Scanning

With a plastic dental cheek retractor (Hanil, Seoul, Korea), the accessibility and visibil-
ity for intraoral scanning were established. The gingiva was dried with an air syringe, and
Lugol’s iodine solution (GEMST-S, 2.5%, Kormar Korea, Seoul, Korea) was applied to the
buccal gingiva with cotton rolls; excessive solution was removed with dental suction, lead-
ing to a clear demarcation between the KG and alveolar mucosa (mucogingival junction
[MG]]). Then, an intraoral digital scanner (500, iScan version 1.2.0.1; Medit, Seoul, Korea)
was used for whole arch scanning. The extent of the scanning was up to the deepest portion
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of the vestibule. The same scanning procedure was used for all patients: The KG around
the anterior region was first scanned. Then, the upper and the lower-left posterior regions
were scanned with the examiner standing in the 12 o’clock position to the patient. Then,
in the 7 o’clock position, the examiner scanned the upper and the lower-right posterior
regions. The scanning procedure was conducted under the recommended conditions of
level-1 filtering and a 21.0-mm scan depth (Figure 1A).
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Figure 1. Intraoral scanning and measurement. (A) Intraoral scanning of the included participants,
(B) measurement.

2.4.2. Clinical Measurements

With a UNC-15 probe, the probing depth, plaque index [17], and gingival index [18]
were measured. Plaque and gingival indices were recorded prior to intraoral scanning.
After scanning, the probing depth was measured.

2.5. Analysis

After the digital scans were acquired, the scanned data in the polygon file format
(PLY) were exported from the scanning program (Medit link, Medit). The dataset imported
into the image analysis software (Geomagic Design X™, 3D Systems, Inc., Rock Hill, CA,
USA) were visualized in 3D reconstructed images (Figure 1B). A single investigator (J.L.)
who was trained in using the software calibrated it by measuring 10 random samples two
times each in a span of one week under the supervision of a senior investigator (J.C.P.). All
measurements were rounded to the nearest 0.01 mm. The calibration session yielded an
intraclass correlation coefficient (ICC) of 0.90.
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The following parameters were measured: (1) height of the KG: distance between
the midfacial gingival margin and MGJ along the long axis of the tooth, (2) area of the
KG: An imaginary line was drawn to divide each interdental papilla in half and the line
was extended to the MG]J. Thus, the area of the KG for each tooth was established, and (3)
height of AG: This was measured by subtracting the probing depth from the height of the
KG.

2.6. Statistics

All measurements were recorded in an Excel spreadsheet (version 2009; Microsoft,
Redmond, WA, USA). The data were analyzed using R studio statistical software (R 3.6.1).
The Shapiro-Wilk test was applied for conformity of normal distribution of the data. Then,
for each parameter of all teeth, the Mann—-Whitney U test was used for statistical difference
between male and female. Receiver operation characteristic (ROC) curves were estimated
using a logistic regression model with cut-off values to differentiate between males and
females on the basis of gingival dimensions. Subsequently, the area under the curve (AUC),
sensitivity, specificity, and accuracy were calculated. The level of statistical significance
was set at p < 0.05.

3. Results

Of the 51 volunteers (38 males and 13 females, mean age: 24.2 & 2.1), three had missing
teeth, so their data were excluded. Finally, 48 volunteers (38 males and 10 females, mean
age: 24.3 + 2.2) were included in the analysis. The data on tooth type and tooth number in
both jaws are presented in Tables 1-3 and Tables A1-A3, respectively.

Table 1. Height of the keratinized gingiva (in mm).

Jaw Maxilla Mandible
Tooth type Ci Li Ca P1 P2 M1 M2 Ci Li Ca P1 P2 M1 M2
Mean 560 549 487 350 414 491 488 417 450 335 236 327 379  3.04
Totzl8 SD 136 129 136 105 086 125 193 099 104 093 054 061 045 073

n=

( ) Median 517 533 488 339 395 463 456 418 452 334 237 328 378 290
I“tei:rll‘éae”ﬂe 222 201 187 145 131 174 257 141 116 116 070 072 068 094
95% CI 464, 4.80, 444, 295 362, 404, 398 401, 425 3.00, 218 3.5 3.60, 2.51,
° 551 587 575 375 418 499 523 437 480 357 255 352 386 3.10
Mean 565 559 496 351 412 485 497 431 464 345 229 328 384 3.10
Mageg SD 127 133 144 107 091 127 202 091 101 083 050 056 038 077
(n=38) Median 523 540 500 343 383 447 456 424 452 342 235 328 380 3.8
Inte;%‘;ae“ﬂe 222 195 250 145 141 179 268 130 1.03 108 080 061 054 097
95% CI 465, 490, 455, 296, 333, 401, 391, 4.00, 417, 3.00, 213, 3.05 3.60, 277,
° 563 602 587 3.8 400 473 510 446 477 361 254 350 387 342
Mean 540 5.09 453 343 423 516 456 366 400 298 261 324 358 283
Femallge SD 171 113 096 103 063 122 158 113 108 122 065 079 065 053
(n=10) Median 498 507 414 306 399 523 437 336 421 276 241 317 340 266
Integcrllléae“ﬂe 253 193 176 185 1.08 168 218 163 162 135 117 064 101 026
95% CI 285 415, 284, 157, 318 467, 295 207, 3.66, 186, 157, 301, 272, 235,

6.07 617 460 354 426 639 558 401 541 352 275 365 373 2.81

p-value (male vs. female)

0.5044 0.3091 0.4279 0.9597 0.4885 0.4730 0.6957 0.0932 0.1581 0.1030 0.3334 0.5205 0.0932 0.1692

Ci: central incisor, Li: lateral incisor, Ca: canine, P1: 1st premolar, P2: 2nd premolar, M1: 1st molar, M2: 2nd molar, CI: confidence interval.
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Table 2. Height of the attached gingiva (in mm).
Jaw Maxilla Mandible
Tooth type Ci Li Ca P1 P2 M1 M2 Ci Li Ca P1 P2 M1 M2
Mean 438 419 369 214 279 327 343 2838 327 203 108 190 229 140
Totilg SD 142 144 148 116 098 122 200 111 107 110 072 078 070 0.84
n=
( ) Median 435 398 362 1.8 256 325 335 291 345 211 107 178 227 142
I“te;‘gl‘;ftﬂe 163 187 204 121 126 170 213 141 132 162 106 107 100 142
95% CI 408, 331, 301, 138 225 279, 3.04 262, 323, 180, 079, 145 199, 1.22,
° 495 429 426 212 275 367 414 335 392 255 138 197 243 171
Mean 444 431 380 216 279 328 358 299 341 210 1.08 192 240 149
Ma13e8 SD 126 137 156 120 104 127 210 1.07 098 104 071 075 064 084
n=
( ) Median 438 398 371 185 256 321 337 299 347 220 101 185 228 158
I“tef;}l‘éae“ﬂe 121 161 240 124 126 169 201 131 122 135 108 093 095 1.15
95% CI 406, 311, 292, 1.19, 214, 273, 299, 265 3.18 196, 060, 156, 1.84, 136,
° 500 425 452 213 285 363 377 347 392 255 137 209 235 203
Mean 415 374 328 205 278 321 286 246 275 173 108 179 189  1.07
Femzﬁ)e SD 199 164 106 108 073 103 153 120 127 130 081 091 081 075
n=
( ) Median 373 363 302 199 261 352 237 211 271 149 122 148 187 116
I“te;il‘g;”ﬂe 269 279 154 109 137 176 283 177 176 164 070 115 099 096
95% CI 204, 188, 183, 110, 176, 3.07, 050, 088, 159, 068 081, 048 139, 0.83,
° 485 466 360 272 313 484 333 265 366 232 190 18 247 185
p-value (male vs. female) 0.4730 0.3589 0.3721 0.9698 0.8105 0.9698 0.4426 0.1442 0.1581 0.2751 0.9095 0.3994 0.0886 0.1476

Ci: central incisor, Li: lateral incisor, Ca: canine, P1: 1st premolar, P2: 2nd premolar, M1: 1st molar, M2: 2nd molar, CI: confidence interval.

Table 3. Area of the keratinized gingiva (in mm?).

Jaw Maxilla Mandible

Tooth type Ci Li Ca P1 P2 Ml M2 Ci Li Ca P1 P2 Ml M2

Mean 5719 5177 6533 4644 4457 6595 5351 31.09 38.83 4648 3412 39.07 5974 34.16

Totzlg SD 10.78 920 1306 901 814 1177 158 592 6.03 747 494 485 712 697
n=

( ) Median 5476 5040 6374 4578 4342 6414 5170 3171 37.85 4685 33.61 3750 58.82 33.49

I“te;‘%‘éftﬂe 1239 1254 1540 1369 1275 1686 17.62 9.15 947 1088 589 595 935 11.00

95% CI 4943, 47.00, 5733, 41.83, 37.93, 57.87, 4585, 3023, 3521, 44.01, 3244, 3496, 56.54, 30.40,

° 5693 5343 6889 4958 4650 6947 57.06 3503 3872 4891 3534 3825 6098 3537

Mean 5830 5252 6737 4707 4500 6630 5493 3179 3940 47.68 33.69 39.00 60.63 35.25

Ma13e8 SD 999 956 1328 936 820 1257 1703 577 596 711 476 445 645 685
n=

( ) Median 5524 50.89 6691 47.68 4342 63.08 5235 3201 3812 4849 33.02 3817 60.11 34.49

I“tef;}l‘éae“ﬂe 11.89 1261 1869 1391 11.70 1848 1925 890 1051 953 564 662 769 1025

95% CI 4928, 47.03, 62.85, 4452, 38.66, 55.61, 4596, 30.24, 34.64, 4648, 3113, 36.03, 57.62, 30.48,

° 57.86 54.18 7417 5228 4619 6747 5847 3493 38.88 5170 34.69 3959 62.10 36.05

Mean 53.00 4894 5754 4404 4291 6461 4811 2844 3669 4191 3573 3931 5634 30.01

Fem%e SD 1310 746 897 748 812 847 864 601 612 741 552 643 883  6.04
n=

( ) Median 5337 4834 57.88 4198 4349 6450 47.84 2516 3533 3991 3417 3674 5265 27.61

Ime;%‘é‘;”ﬂe 19.69 10.88 1342 6.12 1363 1377 1719 1055 11.17 11.63 6.14 462 875  6.46

95% CT. 4261, 41.10, 5146, 3453, 36.61, 57.20, 39.20, 16.06, 2743, 33.15, 28.63, 30.07, 41.05 21.73,

° 6624 5403 6510 44.87 5153 7189 5639 2681 3859 4478 3671 3817 5542 2931

p-value (male vs. female) 02151 03211 %971 03460 05370 0.8696 0.2438 0.0886 0.1510 90331 (4279 4885 00466 00246

Ci: central incisor, Li: lateral incisor, Ca: canine, P1: 1st premolar, P2: 2nd premolar, M1:

significantly different between male and female.

1st molar, M2: 2nd molar, CI: confidence interval, *
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3.1. Height of Keratinized Gingiva

For each tooth position, the height of the KG was greater in the maxilla than in the
mandible. The greatest and the least differences were observed in the second molar (4.56
mm (3.98, 5.23) in the maxilla vs. 2.90 mm (2.51, 3.10) in the mandible; data are presented
as median value with 95% confidence interval) and in the second premolar (3.95 mm (3.62,
4.18) vs. 3.28 mm (3.15, 3.52)), respectively (Table 1, Figure 2).

Height of KG Height of AG Area of KG

 FEL BT T TN T

aaete e, T
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Li
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Ca
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Figure 2. Whisker and box plots of the data sorted by tooth type in both jaws. KG: keratinized gingiva, AG: attached
gingiva, Ci: central incisor, Li: lateral incisor, Ca: canine, P1: 1st premolar, P2: 2nd premolar, M1: 1st molar, M2: 2nd molar.

In both jaws, similar trends of KG distribution were observed. The least value was
noted in the first premolar. The values in this area were 3.39 mm (2.95, 3.75) in the maxilla
and 2.37 mm (2.18, 2.55) in the mandible. The height of the KG in the central and lateral
incisors was comparable in each jaw (5.17 mm (4.64, 5.51) and 5.33 mm (4.80, 5.87) in the
maxilla, 4.18 mm (4.01, 4.37) and 4.52 mm (4.25, 4.80) in the mandible) and was higher than
that in other areas of each jaw. In the maxilla, the height of the KG in the first (4.63 mm
(4.04, 4.99)) and the second molars was similar (4.56 mm (3.98, 5.23)), but in the mandible,
the value was greater in the first molar (3.78 mm (3.60, 3.86)) than in the second molar
(2.90 mm (2.51, 3.10)). The height of the KG was not statistically significantly different
between male and female volunteers (p > 0.05).

3.2. Height of Attached Gingiva

Same as the height of the KG, for each tooth position, the height of the AG was greater
in the maxilla than in the mandible. In both jaws, the first premolar showed the lowest
height (1.85 mm (1.38, 2.12) vs. 1.07 mm (0.79, 1.38)). In the maxilla, the median value of
the AG height for all the teeth was over 2 mm except for the first premolar. However, in the
mandible, the height in the first and second premolars (1.78 mm (1.45, 1.97)) and second
molars (1.42 mm (1.22, 1.71)) was less than 2 mm (Table 2, Figure 2). Height of the AG was
not statistically significantly different between male and female volunteers (p > 0.05).

3.3. Area of Keratinized Gingiva

In both jaws, the area of the KG was the largest in the first molar (64.14 mm? (57.87,
69,47) in the maxilla, 58.82 mm? (56.54, 60.98) in the mandible), followed by the canine
(63.74 mm? (57.33, 68.89), 46.85 mm? (44.01. 48.91)). In the maxilla, the area in the premolars
(45.78 mm? (41.83, 49.58) and 43.42 mm? (37.93, 46.50)) presented the smallest values
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compared to other areas (between 50.40 mm? (47.00, 53.43) for the lateral incisor and
64.14 mm? (57.87, 69,47) for the first molar). The values in the second molar (51.70 mm?
(45.85, 57.06)) and the lateral incisor were similar. In the mandible, the area in the central
incisor was the smallest (31.71 mm? (30.23, 35.03)). The difference in the area of the
KG between the first and second molars was greater in the mandible (58.82 mm? (56.64,
60.98) vs. 33.49 mm? (30.40, 35.37)) than in the maxilla (64.14 mm? (57.87, 69,47) vs.
51.70 mm? (45.85, 57.06)) (Table 3, Figure 2). The area of the KG in the maxillary and
mandibular canines and molars was statistically significantly different between male and
female volunteers (p < 0.05).

3.4. Determination of Sex on a Basis of Gingival Dimensions

AUCs were calculated for the parameters of all teeth. Then, the parameters with
AUC over 0.7 were selected as per the recommendations of Muller et al. (2005) [19]. In
their study, 1.0-0.9 AUC was considered excellent, 0.9-0.8, good, 0.8-0.7, fair, 0.7-0.6, poor,
and 0.6-0.5, fail. The selected parameters were area of the KG in the mandibular second
molar (AUC = 0.74, cut-off value = 31.56 mm?), mandibular canine (AUC = 0.73, cut-off
value = 40.47 mmz), maxillary canine (AUC = 0.72, cut-off value = 64.44 mm?), and
mandibular first molar (AUC = 0.71, cut-off value = 53.1 mm?) (Table 4). For example,
when the area of the KG on the mandibular second molar was over 31.56 mm?, the subject
was likely to be male. The sensitivity, specificity, and accuracy are presented in Table 4.

Table 4. Area under the receiver operation characteristics curve, sensitivity, specificity and accuracy of the selected teeth.

Cut-off e g e
Parameter AUC Value Sensitivity  Specificity Accuracy
The area of KG on the mandibular second molar 0.74 31.56 mm? 0.7 0.74 0.73
The area of KG on the mandibular canine 0.73 40.47 mm? 0.6 0.89 0.83
The area of KG on the maxillary canine 0.72 64.44 mm? 0.8 0.55 0.6
The area of KG on the mandibular first molar 0.71 53.10 mm? 0.6 0.89 0.83

KG: keratinized gingiva.

4. Discussion

The gingiva has a convex curvilinear shape. In the past, this curvilinear outline
could not be recorded the way it is; the measurements from a straight line connecting
two landmarks were used to determine a representative value. Until now, no quantitative
information regarding curvilinear gingival line was reported. Considering this, the present
study investigated the gingival dimensions of periodontally healthy young adults with
the use of an intraoral scanner. The current investigation can help to enhance anatomic
information with high accuracy.

In general, the distribution pattern of the gingival height in the present study was
in conformity to previous studies. A comparison of the maxilla and mandible revealed
that the height of the KG and AG were higher in maxillary teeth than in the mandibular
teeth in the same position. The height of the KG and AG in both jaws showed similar
fluctuation trends by tooth type (See Figure 2). Regarding the maxillary central and
maxillary lateral incisors, little heterogeneity was found in the gingival distribution pattern
between different studies (including the present study). In the present study, the gingival
heights in the maxillary central incisor (5.17 mm for KG, 4.35 mm for AG; median value)
showed different tendency from those in the maxillary lateral incisor (5.33 mm for KG,
3.98 mm for AG). This tendency (depending on KG or AG or both) is in line with the
findings of the study by Adesola et al. [20] but not of Bower [4], Ainamo and Loé [1] and
Shirmohammadi, Faramarzi, Lafzi [21] (see the values of these studies in Table A4).

In both jaws, the lowest KG height was reported in the first premolar (3.39 mm in the
maxilla, 2.37 mm in the mandible), which resulted in the low height of the AG in this posi-
tion. Especially, the height of AG in the mandibular second premolar was approximately
1 mm, which is a striking finding compared to that of other studies performed in different
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countries (1.8-2.42 mm) (See Table A4) [1,2,4,20-22]. Frenular attachment adjacent to the
premolar appears to affect the height of the AG.

Interestingly, the height of AG in the mandibular second molar was also small (ap-
proximately 1.0 mm) in the present study. Anatomically, the external oblique ridge starts
from third molar area, leading to the extension of the buccal mucosa to the mandibular
second molar. Owing to this, the height of the KG in the mandibular second molar tends
to be smaller than that in the mandibular first molar and maxillary second molar, and
the height of the AG changes concomitantly. It is also noteworthy that the height of the
AG in the mandibular second molar of this study was lower compared to other studies
[1,2,4,20-22]. This difference might be attributable to the difference in jaw growth and
mucosal attachment.

The area of the KG in each tooth position was firstly reported in the present study. The
different mesio-distal widths of each tooth considerably affected the area of the KG. For
example, the canine and the first molar had larger KG area than the other teeth. The area of
the KG may influence the mechanical stability of the soft tissue, such as susceptibility to the
recession. However, epidemiologic studies demonstrated heterogeneous findings [23-25].

The heights of the KG and AG in the Korean population are smaller than the values
reported in other studies [1,2,4,20-22]. Previously, the KG and/or AG were measured in
the US [4], Denmark [1], Iran [21], India [22], Nigeria [20]. Especially, the height of the AG
in the Iranian population was notably greater than that in other populations [21]. This
indicates ethnic and racial differences in the dimensions of the KG and AG, which was also
discussed in other studies [20,21]. Other reasons behind this difference may be as follows:
(1) The age groups targeted were different across the studies. Previously, an increase in the
AG was found with age [26], owing to the constant position of the MGJ and attrition-related
tooth eruption. (2) Digital measurements provide different levels of accuracy as opposed
to conventional measurements. A recent study comparing histological and digital/clinical
measurements in a pig jaw model showed that the digital technique had superior accu-
racy and reliability in measuring the KG than the periodontal probe [15]. (3) Periodon-
tal situation, a history of orthodontic treatment, tooth malposition was inconsistent or
not reported.

A systematic review investigating the correlation between periodontal phenotype
and gingival dimensions showed that the mean KG height ranged between 2.75 and
5.44 mm in the thin phenotype and between 5.09 mm and 6.65 mm in the thick phe-
notype [27]. According to this, most of the present study subjects might fall under the
thin phenotype, which may be in line with recent evidence that Asian population has a
thin gingival phenotype compared to white population [9]. However, this speculation
should be back up by further data from other measurements, such as cone-beam computed
tomography, ultrasonography, or endodontic instruments [28].

In the present study, we tried to differentiate between male and female volunteers us-
ing the dimensional data. AUC > 0.7 was reported for the area of the KG in the mandibular
second molar, mandibular canine, maxillary canine, and mandibular first molar. Among
those, the mandibular second molar showed the highest sensitivity, and the mandibular
canine and first molar showed the highest specificity. The dataset was further used for
machine learning tools, such as random forest and Xgboost, despite the small sample size.
However, some of the data from female volunteers were spent in the training set, which
led to less data in the test set. To draw more reliable results from machine learning, a larger
dataset should be collected from both male and female.

There are some limitations and considerations in the present study. First, gingival
phenotype was not recorded, as mentioned above. The addition of such data would
provide more comprehensive information about the gingival tissues. Second, there was a
discrepancy between the numbers of male and female subjects, which might affect statistical
results. Third, the pattern of gingival dimension in the present study was not different
from that in the previous studies, indicating traditional measurement is still valid when
high inter/ intra-examiner reproducibility and reliability are obtained.
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Several things should be covered in future studies, such as comparing between mea-
surements using a periodontal probe and using digital scanning, gingival dimensions
with/without periodontal diseases, and gingival dimension change over time using su-
perimposition. Especially, the data from digital scanning technology can be utilized to
visualize the change for the area of the investigators’ interest and measure profilometric
change in great detail, which was not feasible using traditional methods.

5. Conclusions

In conclusion, the gingival dimensions recorded using an intraoral scanner showed a
similar distribution pattern as that in previous studies. However, the dimensions appear to
be influenced by race and/or ethnicity, especially in the mandibular canine and second
molar. Some of the gingival dimensions may be used for differentiating between male
and female.
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Appendix A
Table A1. Height of the keratinized gingiva (in mm).

Tooth 7 16 15 14 13 12 11 21 22 23 24 25 26 27 47 4 45 4 43 42 4 31 32 33 34 35 36 37

Number

Average 487 499 409 343 473 552 566 554 545 501 356 419 484 489 303 381 331 245 338 449 417 418 452 333 227 323 377 3.06
(TOtZIS) SD 208 137 100 119 147 141 145 137 134 155 122 092 133 221 08 061 070 061 112 116 107 107 107 085 061 068 045 074
n=

Median 433 481 385 316 444 510 522 520 536 512 324 416 458 456 294 385 327 255 326 447 414 413 460 336 224 325 378 3.05

Inter-quartile 351 195 o4 153 220 200 280 195 219 239 168 116 157 251 099 089 080 093 121 130 176 131 125 115 070 075 052 1.02

range
95% 1. 3.66, 429, 356, 257, 396, 425 437, 483, 472, 449, 238, 3.82, 405 398, 258, 358 311, 233, 269, 423, 375 384 431, 314, 203, 3.4, 3.67, 274,
o 504 536 410 350 488 536 568 563 599 611 359 452 483 533 311 415 343 290 347 481 463 445 495 351 241 353 390 340
Average 493 493 407 343 486 560 573 558 558 506 359 416 478 501 305 385 329 238 354 459 431 431 469 336 221 326 384 315
(Ma13e8) SD 223 142 106 121 156 144 138 127 138 165 128 097 131 231 096 052 070 058 095 114 102 101 102 08 057 060 038 072
n=
Median 428 462 381 316 444 510 535 516 543 512 354 408 451 456 295 390 329 251 361 453 433 417 468 340 224 328 384 3.20
Integ%‘éaertﬂe 304 199 102 147 292 192 273 201 225 234 165 119 151 304 105 071 08 09 113 123 174 126 119 122 077 060 049 098
95% CI 3.06, 391, 349, 257, 337, 410, 452, 448, 464, 434, 290, 3.64, 392, 385 253, 367, 3.07, 230, 334 431, 382, 390, 427, 313, 205 3.8, 374, 298,
0 494 522 401 361 489 542 58 551 595 612 414 443 471 535 316 408 354 291 409 48 490 452 496 378 247 356 398 353
Average 467 522 416 344 424 523 542 539 495 482 342 430 509 445 294 364 335 271 276 413 366 3.65 387 319 251 313 352 272
Fem%e) SD 149 118 077 117 102 134 175 176 109 116 100 074 142 185 039 087 074 067 151 121 116 118 104 1.02 074 095 061 077
n=
Median 458 529 402 321 442 520 465 530 445 466 299 422 505 450 291 333 327 275 263 423 369 324 397 324 227 292 359 252
Ime;;%‘éaerﬁle 165 137 072 141 088 204 334 263 201 205 199 104 166 243 043 106 065 106 1.8 173 146 196 154 107 124 081 114 053
95% CI 333, 445 322, 186, 380, 435 205 396, 276, 356, 127, 359, 423, 324, 264, 245 296, 216, 1.83, 345 271, 183, 334, 258 139, 199, 318, 204,

577 613 451 383 560 639 539 676 477 569 329 470 616 600 312 365 372 336 384 517 48 379 499 427 262 339 432 275
p-value (male vs. female) ~ 0.9698 0.4135 0.7524 0.8498 0.3460 0.5044 0.3460 0.6052 0.1654 0.6864 0.7910 0.7144 0.5206 0.6772 0.7428 0.1849 0.9698 0.2017 0.0597 0.3856 0.1313 0.1252 0.0614 0.4279 0.3589 0.3091 0.1082 0.0759

FDI numbering system is used for indicating each tooth.
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Table A2. Height of the attached gingiva (in mm).

Nﬁ‘;ﬁ)‘;r 17 16 15 14 13 12 11 21 22 23 24 25 26 27 47 46 45 44 43 42 41 31 32 33 34 35 36 37

Average 341 336 269 207 363 417 441 435 422 376 221 28 318 344 141 233 189 109 209 324 284 293 331 196 108 190 225 139

(E‘f‘;ﬁ;) SD 227 148 114 134 168 169 155 142 147 166 129 107 131 226 09 08 090 077 133 115 105 135 118 105 082 095 076 093
Median 283 356 256 193 331 398 430 416 421 374 209 262 313 322 145 236 180 100 207 318 282 277 347 220 108 18 229 155

I“te;‘}l‘;erme 246 206 137 147 261 223 200 149 198 272 172 117 130 295 117 139 118 135 163 143 164 149 145 141 1.02 122 086 1.64
95% CI 205, 334, 212, 167, 272, 333, 358 375 357, 310, 178, 229, 285 282, 120, 186, 142, 047, 185, 277, 233, 237, 320, 201, 091, 142, 201, 123,

° 320 419 290 252 378 455 488 466 476 436 252 284 342 399 191 262 209 130 233 356 324 310 403 273 141 238 254 205

Average 351 335 270 209 376 426 449 440 437 385 223 287 322 365 144 243 195 110 225 335 296 303 347 196 107 190 236 154

1

(,11\/5368) SD 237 153 120 140 179 169 137 129 136 173 135 113 133 238 100 081 088 072 123 103 101 134 115 104 083 092 072 090
Median 293 343 260 184 331 398 430 416 436 389 209 262 323 345 145 249 185 100 220 327 289 291 358 221 101 195 232 175

I“te;‘rll‘éi”ﬂe 313 240 151 161 347 208 183 126 18 276 178 139 118 334 123 138 120 134 151 136 149 131 132 104 107 120 092 138
95% CI 214, 306, 211, 144, 213, 313, 354, 375 3.86, 292, 152, 196, 298 3.06, 1.18 204, 141, 044, 161, 294, 237, 255 323, 199, 074, 154, 197, 153,

° 334 407 311 245 365 449 473 460 491 479 253 285 369 439 194 279 216 132 249 371 338 332 410 270 139 251 250 214

Average 307 342 266 198 314 383 412 419 365 342 212 290 299 265 131 194 165 103 147 283 236 255 267 199 112 193 184 083

f,fi“?loe) SD 189 137 094 115 108 174 218 189 181 137 107 087 127 157 084 108 097 097 157 151 113 140 113 113 083 108 082 085
Median 243 361 252 202 304 370 38 38 339 351 193 261 310 260 128 174 163 114 113 291 219 224 269 178 114 156 192 063

Integ‘rll‘;“ﬂe 218 139 132 123 141 228 358 270 208 156 157 072 142 198 094 122 152 144 186 243 152 208 223 137 065 121 100 145
95% CI 0.86, 2.89, 1.83, 135 200, 179, 152, 196, 1.64, 251, 084, 151, 222, 121, 073, 091, 096, 047, 012, 179, 121, 077, 179, 071, 082, 026, 126, 0.8,

° 3.04 428 315 281 389 499 516 502 455 464 269 292 417 376 189 236 249 194 201 422 293 296 403 251 172 202 244 126

p-value (male vs. female)

0.6052 0.7620 0.8498 0.8896 0.3856 0.5537 0.5044 0.4730 0.2339 0.4885 0.9497 0.8696 0.7620 0.2643 0.8497 0.0842 0.4730 0.9095 0.0799 0.4135 0.1252 0.2151 0.0720 0.8696 0.9094 0.8896 0.0956

0.0339
*

FDI numbering system is used for indicating each tooth. * significantly different between males and females.
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Table A3. Area of the keratinized gingiva (in mm?).
Tooth 17 16 15 14 13 12 11 21 22 23 24 25 26 27 47 46 45 44 43 42 41 31 32 33 34 35 36 37
Number
Average 51.80 65.84 4489 4516 6594 5265 5731 57.08 50.89 6471 4772 4424 66.06 5514 3533 59.72 39.07 3433 47.79 3953 30.10 3209 38.14 4516 3391 39.07 59.76 32.98
(TOtZIS) SD 1885 1344 927 929 1428 1056 11.58 1066 946 1415 10.72 868 1208 1827 920 864 610 488 838 696 585 648 600 761 634 505 698 650
n=
Median 47.63 6451 4545 4267 6196 5297 5517 5529 49.89 6293 4691 4408 6460 5338 3755 58.88 37.78 3334 4749 3861 3120 3158 37.09 4503 3294 3855 59.80 32.83
Ime;‘}l‘;erme 1841 1489 1156 1497 1957 13.61 1441 1327 1249 1848 10.68 1268 1834 1972 13.09 1058 7.99 627 1266 1027 867 972 879 1041 718 556 1059 8.50
95% CI 4143, 61.80, 4375, 3645, 5477, 50.97, 50.23, 50.37, 47.08, 56.51, 44.63, 40.26, 59.23, 48.08, 3540, 57.06, 34.19, 31.01, 44.69, 35.08, 29.62, 28.96, 33.54, 41.11, 31.77, 37.19, 57.84, 30.98,
° 50.64 69.06 5040 4434 67.13 56.95 5844 57.14 5423 67.10 5050 47.83 6845 59.33 44.02 6137 39.66 35.05 50.05 4120 34.89 3370 38.76 47.68 34.68 39.41 6251 3455
Average 53.01 65.83 4570 4585 68.12 5323 5842 5817 51.80 66.63 4830 4430 66.77 5685 3654 6071 39.41 3384 49.16 40.00 30.83 3275 3879 4619 3355 38.60 6056 33.96
(MaISeS) SD 2049 1443 930 966 1467 1116 10.81 998 958 1454 1129 848 1264 1964 948 816 571 455 794 697 560 636 601 721 648 479 652 607
n=
Median 4829 6451 4553 4487 6793 53.05 5517 57.02 5093 63.88 48.06 4341 6460 5540 39.00 59.57 3895 3334 4924 3978 31.65 3213 37.63 47.80 3294 3843 6023 33.54
I“te;‘rll‘éi”ﬂe 18.83 1878 1218 1511 2422 1388 1352 1050 11.30 21.17 1279 1039 2046 2254 1279 759 758 533 1332 1021 7.06 7.63 728 969 897 566 917 913
95% CI 41.66, 62.02, 43.06, 39.58, 63.32, 49.20, 49.47, 5227, 4758, 55.66, 46.55, 38.61, 57.75, 49.27, 37.85, 57.59, 35.65, 31.12, 46.51, 35.68, 3047, 29.10, 3451, 46.10, 3157, 3696, 58.26, 30.68,
° 51.86 70.60 50.60 4879 79.01 57.23 5840 60.26 5332 67.38 5236 4649 68.60 6456 4445 6134 4134 3505 5290 4355 3497 3426 39.15 5260 3512 3951 6332 35.34
Average 4761 6587 4181 4255 57.65 5046 53.08 5293 4741 5743 4553 44.02 6334 4862 3076 5595 37.76 36.18 4258 37.72 2728 2960 3566 4125 3528 40.86 5672 29.26
fem%e) SD 1016 928 896 7.62 920 794 1395 1266 859 1010 832 986 978 981 660 978 761 585 834 695 621 666 555 820 592 586 816 7.05
n=
Median 4697 6547 4115 4122 5858 50.94 5325 51.70 4375 5719 4443 4502 6430 4851 2974 5204 3551 34.87 4047 3722 2341 2696 33.15 39.73 33.02 39.00 5327 29.40
Integ‘rll‘;“ﬂe 16.87 1311 1347 740 9.09 932 2195 1751 10.83 1586 1120 1749 1340 889 1022 6.83 443 767 1039 1031 11.01 9.63 1098 1259 653 416 1079 9.48
95% CI 35.17, 60.28, 3439, 3451, 52.03, 44.68, 4552, 40.71, 32.15, 50.17, 39.89, 36.93, 5831, 42.10, 23.38, 4045, 26.66, 30.81, 33.55, 3136, 12.58, 19.22, 23.95, 30.06, 27.32, 3437, 43.35, 26.65,
° 5357 7339 4829 4554 6373 5731 6747 61.65 4612 6695 51.17 5563 72.80 54.81 3439 5546 37.84 3853 4446 41.88 2404 29.17 3499 4558 3552 40.68 5554 36.22
pvalue (male vs. female)  0.6229 05878 0.3091 0.3721 0.0932 0.6229 0.2975 0.1252 0.1252 0.0886 0.3994 0.9899 05878 0.2643 00466 0.0331 (5339 (3091 0-0294 2975 0.1313 0.1137 01193 0.0842 05370 0.4279 0.1137 09351

FDI numbering system is used for indicating each tooth. * significantly different between males and females.
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Table A4. Comparison of the gingival dimensions in previous studies.
Maxilla Mandible
Study Country Value Ca P1 P2 M1 M2 Ci Li Ca M2
Bowers
) X Mean 40 3.6 41 41 3.9 2.9 3.5 2.0 23
a?ffé)“] Denmark  ioh4 /left quadrant) 38 35 42 42 11 27 33 21 22
Incase of GM on : 19 27 3.0 9 33 26 18 19
A d Mean (range) (0-6) (0-6) (1-5) (1-6) (0-5) (1-6) (1-6) (1-5) (0-4) (0-3)
mnamo an
Loé (1966) [1] us.
(AG) In case of GM on 2.9 22 24 21 23 2 24 8 2.0
Mean (range) (0-6) (1-4) (1-5) (0-3) (1-4) (1-5) (2-6) (0-4) (0-6) (1-3)
M eaIf\Gi D 1.60 6.93 5.99 + 1.97 477 +£148 5.04 + 1.34 5.70 + 1.49 5.67 + 1.54 433 +1.74 446 + 1. 416 + 1.83 1.56 3.64 402+ 121 94 +1.31
Shirmohammadi, (right/left quadrant) 1.75 6.50 6.03 + 1.90 5.01 + 1.71 4.88 + 142 533 + 1.38 5.45 + 1.49 4.36 + 1.66 467 +1. 3.91+ 1.78 1.45 3.67 3.87 +1.22 98 +1.35
Faramarzi,
Lafzi Iran
(2008) [21] Meaﬁci D +1.96 5.86 + 1.22 498 + 197 3.76 + 147 4.08 + 1.53 450 + 1.43 452 + 1.64 3.53 + 1.69 352 + 1. 3.17 + 1.83 +145 2.50 291+ 80 +1.29
(KG/AG) (right/left quadrant) +1.90 545+ 1.92 5.01 4 2.01 3.83 4 1.68 3.85 + 1.35 4.83 + 1.60 4424173 3.64 +1.75 3.90 + 1. 3.11 + 1.56 +1.62 2.72 3.01 + .01 + 1.59
15-30 years old
Mean -+ SD 407 +1.08 384125 1.92 + 0.65 2,67 + 0.74 3.22 + 098 245+ 1.06 1.5+ 0.47
(with/without 3.85+ 0.71 3.75 4+ 0.95 2,07 +0.73 2.8+ 0.88 3.12 + 072 2.65 + 0.94 1.67 £ 0.31
histochemical (incisors) (canine) (premolars) (molars) (incisors) (canine) (premolars)
e p p
Si ammg
31-45 years old
Bhatia et al. (Vls’i[f}f‘/“wiitﬁgm 334058 284071 207 £ 0.65 222 +047 3224073 1.8 4048 1.52 + 0.59
(2015) [22] India histoshemical 3.62 4+ 0.84 2.95 + 0.98 2324075 2424057 3.05 + 0.76 1.7 +0.42 1.47 +0.38
(AG) staining)
46-60 years old
Mean + 5D 3.75 + 0.48 2.8 4 0.82 2.57 4 0.61 247 £ 0.62 324081 2.05 + 0.89 1.77 4 0.29
(with/without . ' ‘ ; y . . . p N ’ '
storhomioal 3.62 + 0.47 275+ 1.03 2,55 + 0.62 2.52 + 0.67 3124077 2.03 + 0.94 1.75 + 0.31
staining)
A&gﬁ‘gl)a[%f'- Nigeria Mean =+ SD 81 4.39 3.92 + 155 3.28 & 149 3.40 £ 1.60 3.36 = 1.71 . 3.19 £ 1.15 3.35 + 1.2 251+ 1.17 17 278 + .
(AG) 8 (right/left quadrant) 64 439 3.53 + 1.46 321+ 143 3.23 + 1.54 352 4+ 1.67 3.18 £ 1.07 335+ 1.2 251 +1.17 01 249 +

Ci: central incisor, Li: lateral incisor, Ca: canine, P1: 1st premolar, P2: 2nd premolar, M1: 1st molar, M2: 2nd molar, GM: gingival margin, AG: attached gingiva, KG: keratinized gingiva.
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