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ABSTRACT

Purpose: Anterior tooth selection is one of the most challenging parts in determining tooth dimensions and critical to the aesthetic aspect of the
complete denture treatment. However, the methods for anterior tooth size selection using facial measurements are still controversial. This study
aimed to investigate the relationship between dental measurements and facial measurements, and to establish the anterior tooth size prediction
equation using facial dimensions in the Thai population for the complete denture treatment.

Materials & methods: One hundred and twenty-five Thai participants (53 men and 72 women) aged 18-35 years old with Angle class I occlusion, did
not currently undergo orthodontic treatment, had normal alignment on the maxillary anterior teeth, no attrition, abrasion, proximal restoration or
prosthesis were investigated. One frontal facial photograph and one dental photograph of each participant were made using an image analyzing
program (ImageJ version 1.53b) to measure the six horizontal facial distances, five vertical facial distances and three dental distances as 2D facial
and dental measurements. Pearson correlation and multiple linear regression analysis were performed.

Results: The difference of facial and dental measurements between men and women were statistically significant (P < .001). Interpupillary width,
interlateral canthal width, intercommissural width and bizygomatic width were correlated to dental measurements in both sexes. Intermedial
canthal width and lip thickness were correlated to dental measurements in women. Face length and lateral canthus to lower border of face were
correlated to dental measurements in men. Prediction equations of each dental measurement were established using only horizontal facial
dimension and using both horizontal and vertical facial dimensions.

Conclusions: Facial and dental dimensions are sex-dependent. Facial measurements can be applied in a regression equation to predict dental
measurements. Adding vertical dimensions of facial measurements to the prediction equations of anterior tooth size selection results in a higher R
squared to 0.444. This finding can be used as a tool for anterior tooth size selection in the complete denture treatment.

1. Introduction

Complete dentures serve the purpose of replacing lost dentition, both functionally and aesthetically. The aesthetic aspect of
complete dentures is one of the major concerns and should meet the satisfaction of the patient, which relies greatly on the anterior
teeth due to their prominent position and configuration. Anterior tooth selection is one of the most challenging parts of determining
tooth dimension and critical to the aesthetic aspect of a complete denture [1].

In maxillary anterior tooth selection, artificial intelligence (AI) has been widely applied [2,3]. Moreover, pre-extraction records,
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such as diagnostic casts or photographs of the patient, are frequently used. When those data are unavailable, the dimensions of the face
have been widely accepted for the estimation of tooth size [4]. Several studies assessed the relationship between anterior tooth width
and single facial measurement such as bizygomatic width (BZW) [5,6], interpupillary width (IPW) [6-8], intermedial or interlateral
canthal width (MCW, LCW) [9-11], interalar width (IAW) [1,5,8,12], and intercommissural width (ICW) [13-15] and found varied
degrees of correlation related to sex [1,6,7,12] and ethnicity [15,16].

Some studies had shown an unreliable association between these facial measurements and tooth width, indicating that single facial
measurement was not accurately enough for dental width estimation [5] thus leading to poor clinical accuracy. In order to refine such
issues, the complex statistical models for multiple measurements analysis were applied to combine many facial measurements together
to increase the reliability rather than using a single facial landmark. Using the combination of facial measurements for estimating the
tooth width were found in many studies [17-19]. The IPW,ICW LCW, MCW and IAW were taken into account for investigated their
relationship to the central incisors width (IW) in Malaysian, Chinese, Kurdish and Turkish population. However, these studies
demonstrated that the acquired prediction equation of multiple analysis also varied among different ethnicities and there is a greater
reliability when the larger the number of measurements is incorporated into an equation.

Moreover, Sinavarat et al. found that not only ICW but also the distance from inner canthus of the eye to the ala of the nose were
strongly correlated to dental measurement in Thais [14]; this supported that the non-horizontal facial measurements can be used to
predict the horizontal dental width. In addition, it indicated the role of vertical facial measurement in the dental measurement
equation as it helps increase the accuracy and reliability of the prediction equation in clinical use. The measurements in previous
studies were limited to horizontal facial distance thus there was a lack of information of vertical facial distance.

Therefore, this study aimed to determine the relationship between dental measurements and facial dimensions, both horizontal and
vertical distances integrating into multiple variables analysis to strengthen the prediction equation for anterior tooth selection for
complete denture treatment in the Thai population. The research hypothesis of the study was that the facial measurements can be used
to estimate the anterior tooth size for both sexes.

2. Materials and methods

This study was approved by Mahidol University, Institutional Review Board COE.No.MU-DT/PY-IRB 2022/017.1003. One hundred
and twenty-five participants, 53 men and 72 women with age between 18 and 35 years old, were enrolled. Participants acquired Angle
class I occlusion, did not currently undergo orthodontic treatment, and had normal alignment on the maxillary anterior teeth. Their
maxillary anterior teeth had no attrition, abrasion, proximal restoration or prosthesis. Participants who had abnormally shaped tooth,
facial deformity, cosmetic treatment or plastic surgery of the face were excluded.

The participant’s face was allocated at a standardized position which was at a resting state in maximal intercuspal position of
dentition before all images are made. The parallelism of the participant’s Frankfort horizontal plane and interlateral canthal distance
to the floor was verified. All photographs were made by one investigator (PP) with the use of the camera Fujifilm X-A2 with a 16-50
mm f/3.5-5.6 OIS II lens. The center of every participant’s face was marked at the same reference point in the center of the image. The
standardized ruler was placed next to the participant’s face. Photographs in resting states were made. The participant was allocated at
the same position as the resting state. Then they were asked to smile until all upper anterior teeth were clearly seen. Dentition
photographs in smiling states were made.

All photographs were imported into an image analyzing program (ImageJ Version 1.53b). The scale of the measurement on the
photographs were defined according to the two marked reference points. Measurements of all photographs were averaged between two
researchers (PP and TA). The intraclass correlation coefficient was analyzed for inter-examiner reliability. The parameter of soft tissue
points, facial landmarks and dental landmarks are shown in Tables 1-3, respectively. Horizontal and vertical lines were drawn on the
facial photographs to determine measurement of facial landmarks shown in Fig. 1 and dental landmarks in Fig. 2. Participant con-
sented to have these images published.

The statistical analysis was carried out by IBM SPSS Statistics for Windows, Version 27.0 (IBM Corp., Armonk, NY). The level of
significance for all statistical tests was at 0.05. Intraclass correlation coefficient was used for interobserver reliability. The differences
of measurements between sex were determined by independent samples t-test and the difference between right and left incisor width
and height were determined by paired t-test. The relationship between each dental and facial measurement was analyzed by Pearson’s
correlation analysis. The multiple linear regression analysis was used to determine the prediction of each dental measurement using
facial measurements. Regression equations were developed from two separate calculations; 1) equation for dental measurements using

Table 1

Description of soft tissue points.
Soft tissue points Description
Alar (A) The most lateral point of alar
Lip Commissure (CO) The most lateral point where upper lip joins lower lip
Medial canthus (MC) The medial junction between upper eyelid and lower eyelid
Lateral canthus (LC) The lateral junction between upper eyelid and lower eyelid
Pupil (P) The center of pupil
Zygion (Zy) Most lateral point of the soft tissue overlying zygomatic bone
Trichion (Tr) Point in midline at the junction of hairline and forehead
Gonion (Go) Point in midline at the most inferior point of the soft tissue overlying mandible




P. Chunhabundit et al. Heliyon 9 (2023) 20302

Table 2
Description of horizontal and vertical facial landmarks.

Facial landmarks Description

Horizontal dimension

Interpupillary width (IPW) Right P - Left P

Interlateral canthal width (LCW) Right LC - Left LC

Intermedial canthal width (MCW) Right MC - Left MC

Interalar width (IAW) Right A - Left A

Intercommissural width (ICW) Right CO - Left CO

Bizygomatic width (BZW) Right Zy - Left Zy

Vertical dimension

Face length (FL) Tr - Go

Lateral canthus to hairline (LCH) Average distance of vertical lines from right and left LC - hairline

Medial canthus to hairline (MCH) Average distance of vertical lines from right and left MC - hairline

Lateral canthus to lower border of face (LCF)  Average distance of vertical lines from right and left LC - lower border of face

Lip thickness (LT) Point in midline at the most superior point of upper lip - Point in midline at the most inferior point of lower lip
Table 3

Description of horizontal and vertical dental landmarks.

Dental landmarks Description

Horizontal dimension

Intercanine distance (ICD) Distance between most inferior point of left and right maxillary canine

Right central incisor width Distance perpendicular to the long axis between mesial and distal contact point of right maxillary central incisor
(IWr)

Left central incisor width (IW1) Distance perpendicular to the long axis between mesial and distal contact point of left maxillary central incisor

Central incisor width (IW) Average distance of IWr and IW1

Vertical dimension

Right central incisor height Distance parallel to the long axis between most superior point of gingival margin and incisal edge of right maxillary central
(IHr) incisor

Left central incisor height (IHI) Distance parallel to the long axis between most superior point of gingival margin and incisal edge of left maxillary central

incisor
Central incisor height (IH) Average distance of IHr and IHI

Fig. 1. Interpupillary width; IPW(1), Interlateral canthal width; LCW(2), Intermedial canthal width; MCW(3), Interalar width; IAW (4), Inter-
commissural width; ICW(5), Bizygomatic width; BZW (6), Face length; FL (7), Lateral canthus to hairline; LCH(8), Medial canthus to hairline; MCH
(9), Lateral canthus to lower border of face; LCF(10), Lip thickness; LT (11).
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Fig. 2. Intercanine distance; ICD(1), Central incisor width; IW(2), Central incisor height; IH(3).

horizontal facial measurements, and 2) equation for dental measurements using all facial measurements. The face ratio, face length
(FL) and BZW, and the central incisor ratio, central incisor height (IH) and central incisor width (IW), were calculated. The relationship
between these ratios were analyzed by Pearson’s correlation analysis. The methodology flowchart was presented in Fig. 3.

3. Results

The intraclass correlation coefficients were .922-.974, showing high agreement between observers. It was found that there was a
statistically significant difference in the dental and facial landmarks measurements between men and women. Then, all analysis was
investigated separately between sexes. There was no statistically significant difference between right and left incisor width and height.
In men, intercanine distance (ICD) correlated with IPW, LCW, ICW, FL, lateral canthus to lower border of face (LCF) (P < .05). IW
correlated with IPW, ICW, BZW, FL, LCF (P < .05). IH correlated with IPW, LCW, FL, LCF (P < .05) In women, ICD correlated with IPW,
LCW, MCW, ICW, BZW, lip thickness (LT) (P < .05). IW correlated with IPW, LCW, LT (P < .05). IH shows correlation with [IPW (P =
.034). However, none of the dental measurements in both sexes correlated with IAW, lateral canthus to hairline (LCH), medial canthus
to hairline (MCH) (P > .05) as shown in Table 4. Prediction equations were developed using multiple regression analysis. In men, ICD
can be predicted by IPW and ICW from horizontal measurements and by IPW, ICW and LCH from all measurements. In women, ICD can
be predicted by LCW from horizontal measurements and by LCW and MCH from all measurements. In men, IW can be predicted by
BZW from horizontal measurements and by LCF from all measurements. In women, IW can be predicted by LCW from horizontal
measurements and by LCW and LT from all measurements. In addition, IH in both sexes can be predicted by IPW from both horizontal
measurements and all measurements as shown in Table 5. The relationship between face ratio (FL/BZW) and incisor tooth ratio (IH/
IW) was not found (P > .05).

4. Discussion

Since universal agreement on the method of anterior tooth selection is not established, this issue remains confusing and challenging
for clinicians to gain the appropriate tooth size for edentulous patients, especially for aesthetic appraisal. Generally, the anterior tooth
was suggested to be selected to harmonize with face proportion. This method, however, required considerable experience, which
would be a burden for an inexperienced dentist. Therefore, the refinement of using facial distance, including both horizontal and
vertical measurements, as a guide for tooth selection should be interesting as these would lessen the need for the experience-based
judgement.

The present study, in agreement with previous ones [1,6,7,12], found a statistically significant difference in males measurements
from that in females. Moreover, the relationship between dental distance and facial distance showed different results in males and
females in both single and multiple correlation aspects. Therefore, the prediction equation for artificial teeth size of the two sexes
should be considered separately. Comparing these relationships in different nationalities, the study done in Malaysian and Chinese
populations [17] found that IW is associated with only IPW, which is in agreement with the study in the Kurdish population [18]. On
the other hand, the study performed in the Turkish population [19] reported the association of IW to the combination of LCW, MCW
and IAW in women, but to the combination of IPW, ICW, LCW and IAW in men, thus further supports the belief of the racial difference
of dental-facial proportion. Conducting the prediction equation from the measurements collected from one population would,
therefore, be more accurate and beneficial to apply for use in that population.

This study did not only support that horizontal facial measurements could be applied in choosing anterior teeth, but also illustrate
how vertical facial measurements are correlated with teeth size. When including the vertical facial measurements with the horizontal
into the analysis, the coefficient of determination was higher in both ICD and IW prediction equations, reflecting an increase in the
accuracy in estimating the anterior teeth dimensions by adding the vertical measurements into consideration. The reason behind this
phenomenon might be that both horizontal and vertical dimensions of the face and teeth share the same embryonic origin [20].
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Fig. 3. Methodology flowchart.

Consequently, it is possible that not only horizontal but also vertical dimensions are associated with the width of anterior teeth. Both
the horizontal and vertical facial measurements should, therefore, be taken into consideration regarding the calculation of dental
measurement. However, the face ratio and the incisor tooth ratio were not correlated. This result revealed that some facial mea-
surements were related to dental measurements, but some were not related. Adding more variables only means increasing its coef-
ficient of determination, thus the prediction equation could be further improved by including more horizontal, vertical, or even
oblique facial measurements, such as the distance from inner canthus of the eye to the ala of the nose as reported by Sinavarat et al.
[14].

To estimate the anterior tooth size using the prediction equation, the dentist needs to measure all facial measurements in the
equation, then put these measurements into the equation to calculate the anterior tooth size. However, by requiring more variables,
measuring multiple facial measurements in clinical practice can be challenging since it is difficult and time-consuming. This is because
the procedure is prone to errors when it comes to measuring soft tissue dimensions due to the movable nature of soft tissues. Therefore,
the prediction equations integrating maximum measurements that should result in excellent accuracy might not be as practical to be
performed in clinical practices.

Due to these problems, measurements from photographs are more effective in terms of landmark locating, distance measuring, and
chair time saving. A development in daily-life technology, such as smartphone application with augmented reality and depth
perception, can be made to further help dentists in effectively taking a photograph of a patient, as well as measuring and calculating an
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Table 4
Correlation analysis of dental and facial measurements: correlation coefficient (p-value).
Facial measurements Anterior tooth measurements
Men Women
ICD w IH ICD w IH
Horizontal dimension
IPW 0.511 (<.001) 0.272 (.049) 0.447 (.001) 0.357 (.002) 0.352 (.002) 0.250 (.034)
LCW 0.430 (.001) 0.132 (.347) 0.298 (.030) 0.431 (<.001) 0.368 (.001) 0.227 (.055)
MCW 0.172 (.218) —0.126 (.368) 0.179 (.368) 0.391 (.001) 0.112 (.349) 0.215 (.070)
IAW 0.185 (.186) 0.168 (.230) 0.154 (.271) 0.194 (.102) 0.119 (.321) 0.010 (.935)
ICW 0.449 (.001) 0.332 (.015) 0.270 (.050) 0.300 (.011) 0.196 (.099) 0.040 (.738)
BZW 0.215 (.122) 0.332 (.015) 0.108 (.443) 0.326 (.005) 0.231 (.051) 0.106 (.377)
Vertical dimension
FL 0.334 (.015) 0.367 (.007) 0.288 (.036) 0.047 (.693) 0.060 (.617) 0.209 (.078)
LCH —0.054 (.699) 0.107 (.448) 0.112 (.424) —0.070 (.561) —0.053 (.660) 0.103 (.391)
MCH 0.071 (.612) 0.218 (.116) —0.054 (.701) —0.188 (.114) —0.081 (.499) —0.005 (.969)
LCF 0.294 (.033) 0.430 (.001) 0.315 (.022) 0.216 (.068) 0.223 (.059) 0.211 (.075)
LT 0.137 (.327) 0.103 (.463) 0.109 (.438) 0.262 (.026) 0.299 (.011) 0.155 (.194)
Table 5
Regression equations of dental measurements from horizontal and all facial measurements: prediction equation, R squared, (p-value).
Horizontal measurements Horizontal and vertical measurements
ICD Men 1.410 + 0.232IPW+0.143ICW 1.538 + 0.299IPW+0.175ICW-0.101LCH
0.336, (.022) 0.444, (.003)
Women 1.377 + 0.249LCW 1.950 + 0.285LCW-0.113MCH
0.185, (<.001) 0.267, (.007)
w Men 0.596 + 0.018BZW 0.585 + 0.029LCF
0.110, (.015) 0.185, (.001)
Women 0.499 + 0.040LCW 0.457 + 0.035LCW+0.048LT
0.136, (.001) 0.195, (.028)
IH Men 0.274 + 0.115IPW 0.274 + 0.115IPW
0.200, (.001) 0.200, (.001)
Women 0.509 + 0.070IPW 0.509 + 0.070IPW
0.062, (.034) 0.062, (.034)

appropriate anterior teeth size. Moreover, the Al and deep learning-based dental restoration methods is expected to be an effective
technology to solve this problem in the future [21-24]. With the aid of technology, a single photograph will provide sufficient in-
formation for anterior tooth selection in complete denture fabrication.

It is noted that the samples of this study were limited only in Thai population. Moreover, the age of the sample was 18-35 years, but
the patients who need complete denture treatment were elderly. Therefore, the further study with multiple population groups due to
the different facial dimensions, and the study for evaluating the accuracy of these prediction equations with elderly samples would be
recommended.

5. Conclusion

The results from this clinical study can be concluded as followings:
1. Facial and dental measurement are sex-dependent.
2. Facial measurement can be applied in a regression equation with R? ranges from 0.062 to 0.444 to predict anterior teeth sizes.
3. Vertical facial measurement can increase accuracy of regression equation when combined with horizontal facial measurement.
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