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analysis of the upper lip in adult
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Craniofacial reconstruction and facial approximations are valuable resources in the fields of
anthropometry, forensics and surgery. Their accuracy depends on the availability of population specific
datasets and consistent research and focus on improving and updating these datasets over time.

Our study focuses on bringing new normative data regarding the relationship between the upper lip
and the upper anterior teeth in a sample of adult Western Romanian population. This retrospective
study was conducted on 226 computed tomography scans from the existing patient database of the
Emergency Municipal Hospital of Timisoara, being the first study of this kind to focus on the Romanian
population. The patients were divided in six subgroups depending on age and sex. A total of ten
landmarks were considered, eight in the frontal plane and two in the sagittal plane, five hard tissue
and five soft tissue. The 3D Slicer free, open-source software was used for the analysis. The inter-
landmark distances were measured and results were compared. The results of the present study show
similar patterns of associations between the measured inter-landmark distances for men and women.
According to the measurements, inter-landmark distances are larger in males, compared to females,

in all age groups. The strong correlation between right and left inter-landmark distances demonstrates
the obvious right-left symmetry of most cases. A positive association was found between the skeletal
and soft tissue contour of the maxilla, specifically, between the upper anterior teeth and the upper lip.

Keywords Facial approximation, Craniofacial reconstruction, Anthropometry, Forensics, Computed
tomography, Maxilla

The ability to reconstruct the human face has surgical, anthropological and forensic implications.

The first attempts of craniofacial reconstruction (CFR) and facial approximation (FA) date back to the years
1800, one of the pioneers in this field being Wilhelm His, with his famous reconstruction of Johann Sebastian
Bach’s face!. The reconstruction methods became more complex and scientific over time, with significant
contributions made by the Russian anthropologist Mikhail Gerasimov, whose method is now named after him?.
Significant contributions were also made by Krogman, with what became known as the American method*.
Later, the Manchester method combined these two together and is based on both soft tissue depth markers as
well as on the layering of muscles and anatomical structures®.

It is common to estimate the orofacial characteristics based on the teeth®® and, from an orthodontic
perspective, there is no doubt that the position of the lips is heavily influenced by the occlusion, more specifically
by the incisor-canine relationship in the sagittal, vertical and transversal dimension®~!2. In CFR it is important to
acknowledge the fact that orthodontic pathologies, especially those of the anterior teeth, will affect the position
of the lips. The facial appearance also is fundamentally modified if multiple teeth, especially upper anterior
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ones, are missing, as well as in cases of jaw bone pathology, either induced by trauma or deformation of various
etiologies'>~1°.

In terms of technology and methods applied, the most comprehensive images are obtainable from Computed
Tomography (CT), Cone-beam Computed Tomography (CBCT) and Magnetic Resonance Imaging (MRI),
which can render both the hard and the soft tissues in 3D, with great accuracy”'®. The limitations of these
techniques are related to the dose of radiation used (in CT and CBCT), as well as to the cost, so most of the studies
are retrospective ones, using preexisting databases'’~!. Morphometric studies of the face have also made use of
lateral cephalograms®?!, stereophotogrammetry?>?3, laser scanners?* and, of course, direct measurements®2’.

It is generally accepted that ethnicity highly influences the morphology of facial features and the same applies
to the lips and the oral region?®-3!. Therefore, the need for studies to collect normative data from various ethnic
groups is obvious. So far, to the best of our knowledge, there is no data collection regarding the lip morphology
of the Romanian population. The closest datasets that could be useful for this ethnic group would be those
collected from other European populations, with similar ancestry.

According to the 2021 census, the Romanian population is considered quite homogeneous, stating that 89.3%
of the people of Romania are ethnic Romanians®2. However, variations of the facial features of populations
among different regions within the same country have been reported®’, so, we narrowed this first study to
Western Romanian subjects, with future perspectives of broadening it at national level.

Some of the existing reports from literature state that inter-canine distance equals 75% of the total mouth
width33, that interlimbus distance is a strong indicator of the width of the mouth® and that the position of
cheilion can be approximated based on the infraorbital foramen®.

The aim of this study is to explore and bring normative data regarding the anatomical region of the maxilla,
focusing on the relationship between the upper lip and the anterior teeth in present day adult Western Romanian
population, by assessing the relationship between ten hard and soft tissue landmarks. Besides its application in
oral and maxillofacial surgery, the data collected in the present study could be relevant in cases of forensic and
archaeological FA and CFR.

Materials and methods

The study was performed on CT scans of 226 individuals, 119 men and 107 women, all adult patients, retrieved
from the database of the Emergency Municipal Hospital of Timisoara, Romania. The study was conducted in
accordance with the Declaration of Helsinki, and approved by The Ethics Committee of the “Victor Babes”
University of Medicine and Pharmacy from Timisoara, Romania, document number 37/2021, and the IRB of
the Emergency Municipal Hospital of Timisoara, Romania, document number E-5145/5.10.2021. Due to the
retrospective nature of the study, the IRB of the Emergency Municipal Hospital of Timisoara, Romania, waived
the need of obtaining informed consent. The analyzed images consisted of records of previous patients of the
hospital, so no patient was exposed to additional ionizing radiation for the purpose of this study. The scans
were taken with a Definition Edge 64 slice (Siemens, Munich, Germany) and with a Somatom X-Cite 128 slice
(Siemens, Munich, Germany).

The patients’ records were anonymized and divided into subgroups depending on age and sex. There were
three age groups: 18-25 years old, 26-35 years old and 36-47 years old. The age group 18-25 years old consisted
of 31 men and 37 women, the age group 26-35 years old consisted of 58 men and 41 women, while the 36-47
years old, consisted of 30 men and 29 women. The study was limited to the age of 47 due to the very large number
of patients above this age that had compromised upper anterior teeth and therefore could not be included.

The inclusion criteria were adult patients, CT scans covering at least the maxillary region, upper and lower lip,
the presence of at least upper central incisors and upper canines (with or without prosthodontic rehabilitation).

The exclusion criteria were: syndromes and trauma involving the midface, cleft lip or palate, swelling of the
upper lip or the maxillary region, obvious cosmetic procedures (e.g. lip fillers), previous orthognathic surgery.

There were a total of ten landmarks taken into consideration, eight of these in the frontal plane and two in
the sagittal plane, five hard tissue and five soft tissue landmarks, labeled as shown in Table 1. The craniofacial
complex was orientated on the Frankfurt/Frankfort Horizontal Plane. Thirteen inter-landmark distances were
measured (Table 2). All measurements were expressed in millimeters (mm). In order to assess the accuracy, the
landmark placement and the measurements were repeated for 20% of the total sample. Intra-observer reliability

(soft tissue landmark)

Label | Landmark Definition
F1/F2 | Upper central incisor right/left (hard tissue landmark) Il;l;te midpoint of the buccal surface, at the cervical level of the anatomical crown of the central incisor-right/
F3/F4 Upper canine right/left The midpoint of the buccal surface, at the cervical level of the anatomical crown of the canine-right/left
(hard tissue landmark)
Cupid bow right/left . . A N .
F5/F6 (soft tissue landmark) The point on the upper lip vermillion, at the peak of Cupid’s bow-right/left
Cheilion right/left . . .
F7/F8 The point at the outermost corner of the mouth, where the upper and lower lip meet-right/left

(hard tissue landmark)

Soft tissue point A . L .
F9 (soft tissue landmark) The most concave point of the upper lip in the sagittal plane
Hard tissue point A . . . .
F10 The most concave point of the maxillary alveolar bone, in the sagittal plane

Table 1. Assigned landmarks.
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Label | Inter-landmark distance Type of measurement

F1-F2 | Upper central incisor right-left Hard tissue landmark-hard tissue landmark
F3-F4 | Upper canine right-left Hard tissue landmark-hard tissue landmark
F1-F3 | Upper central incisor right-upper canine right | Hard tissue landmark-hard tissue landmark
F2-F4 | Upper central incisor left-upper canine left Hard tissue landmark-hard tissue landmark
F5-F6 | Cupid bow right-left Soft tissue landmark-soft tissue landmark
F7-F8 | Cheilion right-left Soft tissue landmark-soft tissue landmark
F9-F10 | Soft tissue point A-hard tissue point A Hard tissue landmark-soft tissue landmark
F3-F7 | Upper canine right-cheilion right Hard tissue landmark-soft tissue landmark
F4-F8 | Upper canine left-cheilion left Hard tissue landmark-soft tissue landmark
F5-F7 | Cupid bow right-cheilion right Soft tissue landmark-soft tissue landmark
F6-F8 | Cupid bow left-cheilion left Soft tissue landmark-soft tissue landmark

F1-F5 | Upper central incisor right-Cupid bow right | Hard tissue landmark-soft tissue landmark

F2-F6 | Upper central incisor left-Cupid bow left Hard tissue landmark-soft tissue landmark

Table 2. The inter-landmark distances considered for measurements.

was evaluated using the interclass correlation coefficient (ICC), with values exceeding 0.7 for all distance
measurements except F2-F4, which had an ICC of 0.5.

The 3D Slicer 5.6.1 (Brigham and Women’s Hospital, Boston, MA, USA) free, open-source software, one
of the most widely used software products for medical image (obtained via CT, MRI, etc.) processing and
visualization, was used for the analysis.

The landmarks were placed using the “Markups module” in 3D Slicer. The same order in placing the
landmarks was kept for all patients by using the 3D Slicer “Volume Rendering” tool (Fig. 1). The preset CT-
Bones was used for placing the hard tissue landmarks (Fig. 1a, c), while for the soft tissue the preset CT-Muscle
was used (Fig. 1b, d). A copy of the cranium with already placed landmarks (Fig. 1e) was saved to a separate
folder using the “Save Scene” tool (Fig. 1f). The control points were then exported to a specially made Excel file
to measure the inter-landmark distances.

Associations between inter-landmark distances were examined visually using pairwise scatterplots. As
no nonlinear relationships were found, the strength of associations was evaluated by means of the Pearson
correlation coefficient r.

Next, the distributions of inter-landmark distances were compared between men and women, as well as
among age groups in both sexes. To account for the correlation structure in the dependent variables, a multivariate
approach was adopted, using multivariate Kruskal-Wallis tests*!. This nonparametric method was selected due
to several factors: the absence of multivariate normality within groups, as determined by multivariate Shapiro-
Wilk tests, the lack of homogeneity in variance-covariance matrices across groups, confirmed by Box’s M-tests,
and the presence of multivariate outliers in the dependent variables, identified using Mahalanobis distances. The
multivariate Kruskal-Wallis test simultaneously evaluates distributional differences across multiple dependent
variables. Thus, when significant differences were detected, post-hoc univariate Kruskal-Wallis tests were
conducted to provide variable-specific insights. To control for the risk of errors due to multiple comparisons,
p-values were adjusted using the Bonferroni correction. P-values less than 0.01 were considered as statistically
significant.

All the statistical analyses were conducted in R, version 4.3.1.

Results

Table 3 shows the summary statistics for inter-landmark distances measured for the entire study group
(men+women), whereas Table 4 shows the summary statistics for inter-landmark distances by sex and adjusted
p-values of univariate Kruskal-Wallis tests for comparisons between sexes.

Table5 presents the p-values of the Shapiro-Wilk tests assessing multivariate normality within groups defined
by sex and age.

The correlation analysis revealed similar patterns of association between distances for the two sexes (Fig. 2a
and b). The strongest linear associations were found between the distances F1-F5 and F2-F6 (r= 0.90 for both
men and women), F2-F4 and F3-F4 (women: r= 0.77; men: r= 0.83), F1-F3 and F3-F4 (women: r= 0.69; men:
r=0.85), F5-F7 and F7-F8 (women: r= 0.75; men: r= 0.69), F5-F7 and F6-F8 (women: r= 0.72; men: r= 0.69),
F6-F8 and F7-F8 (women: r= 0.65; men: r= 0.72). Notably, for male subjects, the distances F1-F3 and F2-F4
were also strongly associated (r= 0.69), whereas for females this correlation is weaker (r= 0.42). A less strong
association, but worth mentioning, was found between upper canine right-left F3-F4 and cheilion right-left
F7-F8 landmarks: women: r= 0.30; men: r= 0.36. No other significant associations were found between hard
tissue-hard tissue and soft tissue-soft tissue landmarks, which points out the practical importance of available
average measurements databases.

Significant differences were observed in the joint distributions of inter-landmark distances between men and
women (multivariate Kruskal-Wallis test, p< 0.001). Subsequent univariate analyses revealed significant sex-
based differences for all individual variables (univariate Kruskal-Wallis tests, p < 0.01 in all cases), with women
generally exhibiting smaller distances (Table 4).
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Fig. 1. a Axial, coronal and sagittal views of the cranium in 3D Slicer software. Skeletal landmarks applied in
coronal plane; b Axial, coronal and sagittal views of the cranium in 3D Slicer software. Soft tissue landmarks
applied in coronal plane; ¢ Axial, coronal and sagittal views of the cranium in 3D Slicer software. Skeletal
landmarks applied in sagittal plane; d Axial, coronal and sagittal views of the cranium in 3D Slicer software.
Soft tissue landmarks applied in sagittal plane; e Axial, coronal and sagittal view of the cranium in 3D Slicer
software. Highlighted landmark coordinates; f “Save scene” protocol for each individual.

Within each subpopulation, no statistically significant differences were detected among age groups
(multivariate Kruskal-Wallis tests, p= 0.096 for men and 0.071 for women). Comparisons of inter-landmark
distances by sex and age group can be visualized in Fig. 3a-m.

Discussion

Worldwide studies regarding estimating the mouth and face from the skull, specifically for forensic purposes are
currently available. However, data on how hard and soft tissue features spatially relate in the mouth region is still
limited*. Traditionally, FA have relied on linear measurements and ratios, later on evolving to computerized
methods>®7.

The first detailed studies of the lips and mouth were performed by Farkas et al., who undertook extensive
measurements of the North American White population (NAW), since, at that time (late XX century), no
normative data regarding craniofacial dimensions of NAW were available®®. Farkas spent much of his career
measuring faces, compiling a huge database of norms and modernizing craniofacial anthropometry*. He didn’t
limit his studies to NAW, but undertook investigations on several population groups across Europe, Middle East,
African-Americans, using large samples of individuals, of different ages**-**.
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Inter-landmark distance | Mean | SD Median | Min Max

F1-F2 8.807 | 0.815 | 8.778 6.627 | 11.950
F3-F4 37.136 | 2.900 | 37.287 | 25.191 | 44.761
F1-F3 16.275 | 1.765 | 16.262 8.652 | 20.617
F2-F4 16.378 | 1.596 | 16.355 10.118 | 21.926
F5-F6 11.141 | 1.959 | 11.252 6.066 | 17.858
F7-F8 50.159 | 4.789 | 49.953 | 37.965 | 62.603
F9-F10 14.420 | 2.332 | 14.205 9.551 | 24.197
F3-F7 11.747 | 1.897 | 11.753 6.355 | 16.635
F4-F8 11.445 | 1.927 | 11.385 6.756 | 17.130
F5-F7 27.188 | 2.754 | 27.136 19.289 | 34.602
F6-F8 26.321 | 3.194 | 26.285 14.613 | 33.693
F1-F5 12.653 | 2.188 | 12.436 7.367 | 19.304
F2-F6 12.857 | 2.211 | 12.557 8.307 | 18.655

Table 3. Summary statistics for inter-landmark distances for the entire study group. SD- Standard deviation.

Inter-landmark distance | Sex | Mean | SD Median | Min | Max | p-value
F 8.602 | 0.864 | 8.548 6.627 | 11.950

F1-F2 0.002
M 8.991 | 0.724 | 9.019 7.612 | 11.257
F 36.156 | 2.314 | 36.185 29.961 | 41.891

F3-F4 <107
M | 38.017 |3.094 | 38.125 | 25.191 |44.761
F 15.914 | 1.390 | 15.756 9.246 | 19.806

F1-F3 <107
M 16.600 | 1.995 | 16.885 8.652 | 20.617
F 15.904 | 1.273 | 16.032 10.681 | 19.773

F2-F4 <107°
M 16.804 | 1.736 | 16.836 10.118 | 21.926
F 10.366 | 1.692 | 10.397 6.066 | 14.430

F5-F6 <107
M 11.838 | 1.926 | 11.720 6.478 | 17.858
F 48.153 | 4.435 | 48.384 | 37.965 | 61.343

F7-F8 <107
M | 51.962 |4.375 | 52.020 | 40.649 | 62.603
F 12.974 | 1.644 | 12.855 9.551 | 19.771

F9-F10 <1078
M 15.719 |2.085 | 15.665 10.963 | 24.197
F 11.131 | 1.829 | 10.945 6.355 | 16.115

F3-F7 <107°
M 12.300 | 1.790 | 12.351 7.388 | 16.635
F 10.848 | 1.739 | 10.770 6.756 | 16.660

F4-F8 <0.001
M 11.983 | 1.937 | 11.981 7.395 | 17.130
F 26.464 | 2.758 | 26.535 19.289 | 34.602

F5-F7 < 0.001
M | 27.839 |2.595 |27.857 | 20.796 | 33.961
F 25.524 | 3.043 | 25.549 14.613 | 33.459

F6-F8 <0.001
M |27.037 |3.169 | 26.912 17.008 | 33.693
F 11.402 | 1.649 | 11.250 7.367 | 16.484

F1-F5 <107
M 13.779 | 1.997 | 13.591 8.757 | 19.304
F 11.553 | 1.657 | 11.460 8.307 | 16.586

F2-F6 <1071
M 14.029 | 1.982 | 14.206 8.581 | 18.655

Table 4. Summary statistics for inter-landmark distances by sex and adjusted p-values of univariate Kruskal-
Wallis tests for comparisons between sexes. SD- Standard deviation.

Some of the classic guidelines in reconstructing the mouth are due to Krogman and Iscan*, stating that the
corners of the mouth should be positioned on radiating lines from the canine-first premolar junction.

Wilkinson brought a further addition to this rule and stated that the cheilion should be placed on “reference
lines that radiate from the canines at a 90 degree angle from the dental arch” and that only in this case this
guideline is applicable®. Regarding Wilkinson’s addition to the cheilion position, this was found to be inaccurate
by Stephen and Murphy’s research?®.

Wilkinson et al. studied the position of the cheilion relative to the eyes and the thickness of the upper lip
relative to the upper incisors, performing manual measurement on a sample of 96 subjects (men and women)
of White European and Asian Indian ethnicity. Positive correlations between the inter-limbus (the distance
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Sex | Age group | p-value
All <107
18-25 <107

F 26-35 <1078
36-47 <1078
All <107
18-25 <1077

M
26-35 <107
36-47 <1077

Table 5. p-values of Shapiro-Wilk tests for multivariate normality within groups defined by sex and age.
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Fig. 2. Correlation matrix for inter-landmark distances of women (a) and men (b). r- pairwise Pearson
correlation coefficient.

between the medial borders of the iris) distance, the inter-pupillary distances and the inter-cheilion distance
were reported, with the inter-limbus distance being considered the most reliable method for mouth width
approximation. Regarding the lip height, positive correlations between the lip height and the height of the
incisors, in both women and men, for both White European and Asian Indian individuals, were reported.
However, Asian Indian individuals displayed thicker lips, suggesting that not only individual and gender but
ethnic variations need to be acknowledged®.

A frequently used guideline for FA belongs to Stephan and Henneberg, stating that the inter-canine distance
represents 75% of the total mouth width (inter-cheilion distance), was demonstrated to be accurate®, and
further confirmed by Stephan and Murphy, when comparing it to other FA methods. They concluded that the
75% rule should be considered the first choice whenever dentition is present®*. In a study on 9 embalmed
cadavers, Stephan and Murphy also stated that, in case of edentulous skulls, the mouth width can be correctly
determined from non-dental landmarks, such as the inter infraorbital foramina or mental foramina distances®.

The results of the present study show linear associations between the measured inter-landmark distances.
The positive correlation between right and left inter-landmark distances (F1-F3/F2-F4, F3-F4/F7-F8, F5-F7/
F6-F8, F1-F5/F2-F6), demonstrates the obvious right-left symmetry of most cases (Fig. 2). The relationship
between the mean measured values of inter-canine distance (F3-F4) and inter-cheilion distance (F7-F8) is in line
with Stephan’s 75% rule®3, both in men (73.16%) and women (75.09%), as well as when the entire study group
(74.04%) is considered, the association being obviously stronger in women (Table 3).

The age and sex specific boxplots (Fig. 3) serve as visual guide and demonstrate the relationship of the specific
inter-landmark distances with age and sex, women exhibiting smaller distances for all measurements (Table 4).
These findings are coincident with the results previously reported in other studies*>6.

In 2022, Houlton et al. investigated the teeth-mouth relationship and variation in 147 South African Black
and White individuals, aged 20-75 and reported age-related changes in the soft and hard tissue of the mouth,
including gradual widening of the mouth with age, which is in line with our measurements, which show a certain
F7-F8 inter-landmark distance increase with age (Fig. 3f). Houlton’s retrospective study is a morphometric
analysis which used 20 landmarks, performed on CBCT datasets, avoiding the shortcomings that cadaver studies
inherently have, such as postmortem dehydration and deformation and supine position. They also bring new
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Fig. 3. Boxplots comparing inter-landmark distances by sex and age groups: a F1-F2; b F3-F4; ¢ F1-F3; d F2-
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data regarding the Cupid bow, which was found to flatten and widen with age, due to lip elongation and lip
vermillion decrease. This study emphasizes once again that the proportions of the mouth are not only impacted

by age, and sex, but by ethnic variations as well*.

Sforza et al. digitally assessed the relations between facial landmarks, using a large sample of 918 healthy
white Italians aged 4-73 years. According to their measurements, at any age, labial volume, lip area and lip height
were larger in men than in women. The mouth width was found to increase with age, once more in line with
our measurements of F7-F8 (Fig. 3f). The philtrum width, and presumably the Cupid bow dimensions as well,
showed a significant sexual dimorphism and increased with age, but the age-related modifications in philtrum
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width were more scattered. According to our measurements, the Cupid bow width (F5-F6) tends to increase
with age (Fig. 3e).

The distance between hard and soft tissue points A and A; of utmost importance for approximating the depth
of the oral philtrum in facial reconstruction, was also found to be higher in men compared to women (Fig. 3g),
meaning that men have thicker upper lips. Our findings are in line with Ferrario et al., who aimed to evaluate
labial morphology and to assess gender-related differences based on dental and lip impressions of 11 men and
10 women aged 21 to 34 years, with sound, full, permanent dentition. The models obtained were digitized, and
the labial volume was measured using the 3D models, thus concluding that the labial thickness was larger in the
men than in women®’.

According to Fig. 3g, a certain age related philtrum thickening tendency may also be observed, which is
not so obvious, but visible. It should be noted that the oldest individual included in our study is 47 years old,
compared to over 70 in Houlton’s and Sforza’s studies®>°.

The present study was carried out on adult individuals, aged 18-47, as many CT scans belonging to patients
above this age showed compromised upper anterior teeth and therefore could not be included, one of the
inclusion criteria being the presence of at least upper central incisors and upper canines (with or without
prosthodontic rehabilitation).

Aging of the perioral region plays an important role in the general facial appearance and is therefore
important in FR as well. It’s very difficult, if not impossible to estimate the aging skin aspect from the skull
alone. Fine wrinkles, deep nasolabial or labiomental folds, elongation and flattening of the upper lip, reduced
vermillion size, downturned corners of the mouth, chin irregularities and reduced show of upper teeth are some
of the quantifiable parameters of the aging mouth. These are all features that should be visible in FR of an aged
skull. The severity of these processes and the individual variability, however, is difficult to estimate?®.

Usually, it’s assumed that the severity of these parameters is directly proportional with the biological age,
which can be estimated from the skull. However, the degree of facial changes related to age is highly impacted by
multiple factors, so general FA rules should be applied, according to the estimated age.

According to the scientific literature, the age related decrease of the vermillion height, considered a stigma
of the aging face, can be detected in different ethnic groups, like Chinese women in Chong’s et al. study® or
Caucasian women, as per Doll et al.*® and Sforza et al.*®. Chong et al. also found that the lip width significantly
increases with age®, in line with the present study, as, according to our measurements, F7-F8 appears to increase
with age, in both sexes (Fig. 3f).

Because of the close proximity of the lips to the alveolar bone and the teeth, it is reasonable to assume that the
underlying hard tissue will have an impact on the covering soft tissue and that there is a certain analogy between
the morphology and position of the adjacent structures. This idea is supported by our measurements, which
emphasize the relationship between hard tissue and soft tissue landmarks (Fig. 3g, h,i, L,m).

According to the literature, edentulous skulls or skulls missing multiple teeth exhibit different facial features
compared with skulls having complete dentition. If only one or a few teeth are missing from the lateral parts
of the jaw, this will not severely impact the face, but lack of several teeth produce consecutive changes which
are ultimately visible in the face. The reduced vertical dimension of the lower third of the face usually causes
increased sagging of the cheeks, downturned cheilion and increased labiomental or nasolabial folds. The cheeks
and lips may be inwardly collapsed. Missing anterior teeth, especially in the upper arch, has a strong visual
impact and causes soft tissue changes as collapsed lips, with reduced vermillion, as the lips lack support™'.

Skomina et al. have investigated the facial changes in 90 edentulous and non-edentulous individuals, by
means of 3D facial scans and reported that the width of the mouth, the facial height, lip vermilion are significantly
reduced in the edentulous group®?. According to their assessment, ageing has no impact on the width of the
mouth, but tooth loss does, as edentulous participants had narrower mouths. Sex dimorphism was observed for
this parameter, with men having wider mouths than women?’, in line with our study. However, their findings
regarding the fact that ageing doesn’t affect the mouth width are in contradiction with ours.

Another interesting morphometric analysis of the upper lip, based on 3D scans, undertaken by Hao et al. on
25 edentulous patients, gives an extensive description of the changes that occur in the perioral region after the
insertion of dental implants and prosthetic restorations, concluding that the implant supported dentures have
elevated and stretched the lips, and that the mouth width increased after prosthetic rehabilitation®. Conversely,
this gives us an idea of how to estimate the missing teeth impact on the facial appearance, when performing a
CFR.

Yuan et al. aimed to create a virtual method of predicting esthetic changes based on 3D scans of 10 edentulous
patients, before and after wearing dentures. This is another example of facial 3D scan application in the dental
field. In their study, the method was used to predict the patient’s post-restoration facial appearance and visualize
it prior to performing restoration®.

The shortcomings identified in our study are, first of all, the relatively small sample size, limited by available
CT scans, and the supine position of the subjects, characteristic for the CT scans, that may have influenced, to
a small extent, the shape of the lips or the position of cheilion. Furthermore, the patients were not instructed
to maintain a natural relaxed lip position, as this is a retrospective study carried out on already available CT
scans, collected from the hospital’s database. The fact that the landmark placement and the measurements were
performed by a single experienced scientist, despite the fact that they were repeated for 20% of the total sample,
in order to assess accuracy, is to be mentioned as a limitation of this study.

However, being the first study to investigate the maxillary region of Romanian subjects, it is our strong belief
that it will constitute a valuable addition to existing anthropometric databases of the European population. The
data collected could serve as the first database for the description of the upper lip morphology in adult Western
Romanian population, also considering sex-related variations, with potential forensic and anthropometrical
application, such as FA and CFR. It is our future goal to further extent this study nationally, on larger population
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samples, and to refine the quality of the findings by using alternative investigation methods (besides preexisting
CTs).

Conclusions
Within the limitations of this study, the main conclusions are as follows:

All inter-landmark distances are larger in men, compared to women.

The correlation analysis revealed similar patterns of association between inter-landmark distances for both
sexes.

A positive association was found between the skeletal and soft tissue contour of the maxilla, specifically,
between the upper anterior teeth and the upper lip.

This data can be useful in CFR and FA, but extended research, based on a larger sample size, is needed to
refine the data.

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding
author on reasonable request.
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