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Three-dimensional Analysis of Nasolabial Soft Tissues
While Smiling Using stereophotogrammetry (3dMDTM)
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SUMMARY: The nasolabial region is the central esthetic unit of the face and is considered one of the most important determinants
of the facial esthetic. The facial morphometry of soft tissues is a very important tool in facial surgery. Advances haagehesently
in the capture and analysis of 3D images, which offer great development potential in the diagnosis and treatment offigities.defo
The aim of this study was to characterize the nasolabial region of patient candidates for orthognathic surgery usingapiLfasiah
study was conducted to characterize the width of the nasal base and the nasolabial angle in adult patients through 3i3.p®tograp
subjects were included, taking two 3D photos each, one in a resting position and the other smiling. The three-dimensenalscaptu
done with the 3dMDface System. The measurements were taken with the 3dMD Vultus software. The length of the alar base was an
average of 34.8 2.6 mm at rest, and 39£12.9 mm smiling. The mean of the nasolabial angle was #®@.& at rest and 105:414.3°
smiling. Additionally, the distance of the alar base smiling compared to its distance at rest increased an average afde88anine
nasolabial angle smiling increased an average of 0.8° compared to at rest. In this study, the nasolabial angle dicgngtsigedeant
changes so that its assessments in the case of facial modifications can be standard; the width of the nasal baselysnsagtiffexhnt
with the smile and thus a more intense study of any type of modification in this area is required.
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INTRODUCTION

The nasolabial region is the central esthetic unit &tephan, 2016); however, it has certain disadvantages: 1)
the face and is considered one of the most importaincreased clinical time and 2) difficulty and bias o position
determinants of the facial esthetic (Jahgl, 2017). In order the markers, among others. In this sense, the use of 2D photos
to obtain a good functional, esthetic and predictable outconfgs been used to provide measurements (Muretdat,
it is crucial that the surgical effects on the soft and ha&D07), although its disadvantages include limitation to one
tissues be understood (Hellak al, 2015). Pre-surgical facial area, inaccuracies related to the adjustment of the
planning focuses on the initial stability of the facial tissuegquipment, problems related to the position of the patient
so the static condition is one of the parameters includeahd difficult metric measurements according to the capture
whereas the dynamic position of facial tissues can bring abaurd quality of the image (Olag al, 2015).
changes in the results of facial proportion and normality. To
this end, the use of new tools that can analyze facial soft  To offset these drawbacks, advances have been made
tissues in static and dynamic phases is critical (Yashetantin the capture and analysis of digital 3D photos, also known
al., 2016). as stereophotogrammetry, which offers great development

potential in the diagnosis and treatment of facial deformities

Direct anthropometry has been considered th@ogheibet al, 2018). These captures can analyze facial
criterion of reference to assess facial soft tissues (Caplendorphology and thus craniofacial growth, changes in soft
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tissues after facial surgery, planning studies and digitphthologies that could modify the facial soft tissue
surgical simulation, among others (Vitteat al, 2018). characteristics were excluded.
Considering that facial analyses using 3D technology are in
the early stages, the aim of this work was to characterize thkoto capture and analysis in Vultus 3dMD software.
nasolabial region using 3D facial captures, specifically thEhe 3D capture was done using the 3dMDface System
width of the alar base and the value of the nasolabial angBeIMDTM), which consists of two modular units of six
in a static and dynamic position. cameras and an industrial grade flash system synchronized
in a single capture, which automatically generates a
continuous 3D polygonal surface mesh with a single system
MATERIAL AND METHOD of X, y, z coordinates. This enables a facial capture of 180
degrees, with an ultrafast capture of 1.5 milliseconds and a
3D image rendering speed of 7 seconds.
A descriptive study was conducted to analyze facial
morphology through 3D photos of adult subjects who The subject was positioned in front of the camera,
consulted in the Oral, Facial and Maxillofacial Surgergpproximately 60 cm from the central point of the recording
Division of Universidad de La Frontera, Temuco, Chile. Anonitor, with the bipupilar plane parallel to the floor and
sampling by convenience was used that included 3(@sion oriented to the horizon (Fig. 1). The subject was
candidates for orthognathic or facial surgery, taking linegnositioned with help from an experienced investigator
morphometry of the width of the nasal base and the nasolatpetviously trained for this process.
angle both in static and dynamic (smile) position.
The measurements were taken by two calibrated
Inclusion and exclusion criteria. The inclusion criteria researchers (MP and RP) with the 3dMD Vultus software.
were: i) initial consultation in the Division of Oral, Facialln each photograph, the length of the alar base of the nose,
and Maxillofacial Surgery, Universidad de La Frontera, iijlefined as the distance between the most external points of
male or female subjects between 18 and 60 years ag@th nasal ala, was evaluated using the option of distance
candidates for orthognathic surgery, and iii) subjects whmetween points (Fig. 2). Then the value of the nasolabial
signed the informed consent to participate in the studgngle was determined, formed by the join of the columella,
Subjects with facial tumors, facial trauma or other faciaubnasale and edge of the upper lip.

Fig. 2. Images obtained for comparative morphometry of alar base width at rest and smiling.
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Data analysis The data were recorded on a Microsoft Tables | and Il show the results obtained in the study,
Excel® spreadsheet. For the data analysis the GraphRaEng the alar base length and the nasolabial angle,
Prism (version 5.0®, San Diego, USA) statistics programonsidering the normal position and the smiling movement.
was used, and a descriptive analysis was performed on Tfitee alar base length was an average of 32% mm at
data as well as the Shapiro-Wilk test of normality; the Manmest, and 39.% 2.9 mm smiling. The mean of the nasolabial
Whitney U test and the t-test for related samples were usadgle was 104.6 9.6° at rest and 1054 14.3° smiling.
with a value of p < 0.05 to obtain statistical significanceThe distance of the alar base smiling compared to its
considering 95 % confidence intervals of reliability. distance at rest increased an average of 4.83 mm, while
the nasolabial angle smiling increased an average of 0.8°
compared to at rest.
RESULTS
To compare the measurements at rest versus smiling,
the Mann-Whitney U test showed statistically significant
Thirty subjects were included in this study (9 maledifferences in the distance of the alar base between the
and 21 female), with an age from 18 to 41 years. Theo positions (p=0.0001). The t-test for related samples
measurements were taken independently by two operatarglicated no statistically significant differences in the
obtaining an intraclass correlation coefficient of 0.85pasolabial angle measurement (p=0.7).
confirming the viability of the measurements.

Table I. Description of the morphometric analyses of the nasolabial area at rest and smiling in the 30 subjects included.

Alar base length at rest ~ Alar base length

Subject Sex - Nasolabial angle at rest Nasolabial angle smiling
(mm) smiling (mm)

1 F 342 38.1 98.7° 107 4°
2 F 343 371 105 4° 1107°
3 M 333 389 101 6° 100 8°
4 F 343 39.1 100 4° 90.7°
5 M 35 39.7 129 3° 1287°
6 F 363 39.1 95° 1154°
7 F 31.7 369 94.3° 107°
8 F 35 382 102 6° 98.4°
9 F 322 352 107.1° 96.7°
10 F 35 39.7 106 8° 1186°
11 M 426 473 99.9° 86°

12 M 39.1 444 99.6° 98.1°
13 F 34.6 364 88.2° 80.7°
14 F 35.6 393 88.7° 99.7°
15 F 33.6 37.6 112.8° 1157°
16 F 35.6 399 1119° 100 8°
17 M 39.8 433 101° 1125°
18 F 325 37 107 8° 103 4°
19 F 319 378 1092° 1105°
20 F 30.2 389 1019° 73.8°
21 F 313 342 102 3° 98.6°
22 F 32 379 98.2° 104.1°
23 F 329 359 1136° 104 2°
24 M 33 412 114 3° 106.7°
25 F 316 339 127 4° 145 6°
26 F 348 39.7 98.7° 108 6°
27 F 331 40.8 1112° 104.1°
28 M 354 426 90.9° 98°

29 F 331 409 107 5° 1322°
30 M 351 43 111.1° 1037°
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Table 11. Distribution of results observed in the sample of 30 subjects included in this research.

Measurement Minimum Maximum Mean Standard Median Average p-value
deviation difference
Alar base width at rest (mm) 302 426 343 26 342 483 00001 * (a)
Alar base width smiling (mm) 339 473 39.1 29 39
Nasolabial angle at rest (°) 882 1293 104 6 96 1025 08 07 ()
Nasolabial angle smiling (°) 73.8 1456 1054 143 1041

(a) Mann-Whitney U Test; (b) T-test for related samples; (*) statistically significant

DISCUSSION associated with a greater nasolabial angle. For their part, Tiwari
et al (2018), analyzing 3D photos obtained 12 months after
orthognathic surgery, showed a relation between 1 mm of

3D facial photography or stereophotogrammetry is maxillary advancement with increase in average of 1.81° in
noninvasive method to obtain a highly accurate three-dimetite nasolabial angle and between 1 mm of maxillary regression

sional reproduction of the facial structures (O#dtal, 2017). related to a decrease of 2.73° in this angle. Han & Lee (2018),

Analysis with this 3D technology has yielded good initialn a retrospective study where they analyzed patients who

results, and is an important focus on the current developmemderwent orthognathic surgery, reported a direct relation

of facial morphology with a clinical application (Schendel between the rotation of the occlusal plane and the nasolabial
al., 2013). Achieving accuracy is complex, where 3[angle, considering that for every degree of clockwise rotation
technology enables better approaches (Fischl, 1999). In  of the occlusal plane, there is an average increase of 1.35° in
this sense, the 3dMD facial system has a precision with #re nasolabial angle. Labial dynamics were not assessed in these
average error less than 0.2 mm, which makes the data relialskeidies, determining that most of these relations are established
at rest and not smiling.
The methodology used to conduct three-dimensional

studies of the facial morphology has been unclear. Alretida Smile dynamics are linked to factors like central incisor

al. (2011) studied the areas of the chin and lower lip withositions, capacity for mobility of the upper lip, increases in

computed tomography; Schendeét al., using overjetand overbite (Pegh al., 1992; Barbosat al., 2016);

stereophotogrammetry, performed an analysis, identifying 2her investigations have also demonstrated that the position

facial points, obtaining variable results with limitations in thef the lower lip affects the position of the upper lip (Olkette
definition of normality and variation; Yuaet al. (2013), on al., 2016), so that there are variables that have not been fully
the other hand, used a laser scanner to define the fadgadntified and quantified in the smiling condition; our results
morphology. In a recent systematic review, Otdtel. (2017) show that there are no statistically significant differences in
demonstrated the poor scientific data with respect to the 3Be value of the nasolabial angle when being evaluated at rest
facial morphology analyses and the limited results in theand smiling with only 0.8° of difference. Although the depressor
clinical application in the field of facial modifications. muscle of the nasal septum is one of the important ones
responsible in this dynamic for the descent of the nasal tip and

Zhaoet al (2017) compared the accuracy betweefor decreasing the nasolabial angle, it is possible that in this
different 3D facial photography capture in subjects with facialample there is no significant alteration in the action of this
deformities. They concluded that 3D precision of the differemhuscle either in its morphology or in its interaction with other
facial segments is inconsistent in subjects with faciahuscles such as the orbiscularis oris of the lips.

deformities, and the best results in terms of accuracy were

observed in the midfacial segment. The patients included in On the other hand, cross-sectionally there are positional

this study were candidates for orthognathic surgery, where ttiganges in the nasal ala that vary 4.83 mm from the resting

nasolabial conditions were evaluated to orient therapeuposition, indicating the action of the muscles involved in
decision-making, demonstrating significant changes in tremiling. In this sense, the smile assessed as attractive surrounds
position of the alar base when smiling, which confirms ththe contraction of the major zygomaticus muscle in combination
effect of muscle dynamics. with the orbicularis oculi (Liret al, 2013), which may explain
the significant increase in interalar distance of this area during

Modifications of the nasolabial angle determine théhe muscle action. Recent studies have indicated that the smile
esthetic assessment of the area (van leia@i, 2015). Ohba is a highly valuable component in the facial esthetic (Patusco
et al (2017), in a study of subjects with a class Il faciaét al, 2018) and this value is reduced when there is an increase
deformity who underwent orthognathic surgery, found thatia the width of the alar base; accordingly, the inclusion of
greater mandibular retrusion in the postoperative staged#ferent areas involved in the smile, such as lips, nose and
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