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Featured Application: Patients with a reduced inferior facial height present, with lower frequency,
a thin gingival biotype, and might be less susceptible to periodontal damage due to orthodontic
treatment.

Abstract: In dentistry, the assessment of periodontal biotype is considered one of the most important
parameters with which to plan treatment, and craniofacial morphology might affect it. The aim
of this study was to investigate the association between facial typology and gingival biotype in
patients by means of two-dimensional and three-dimensional evaluations of facial typology. This
study included 121 participants searching for orthodontic treatment (43 M, 78 F; 20.4 ± 10.4).
Gingival biotype was evaluated based on the transparency of the periodontal probe through the
gingival margin of the mid-buccal sulcus for both upper (UGB) and lower (LGB) anterior teeth.
SellionNasionˆGonionGnation (SNˆGoGn) and CondylionGonionMenton (CoGoMeˆ) angles were
measured on two-dimensional cephalograms. Three-dimensional face scans were acquired by means
of a three-dimensional facial scanner (3dMD system) and successively analyzed to assess the facial
typology using the ratio between lower facial height (SNMe) and total facial height (NMe). A
chi-squared test and regression analysis were used to evaluate the associations between gingival
biotype and facial morphology (p < 0.05). The chi-squared test showed that there was no statistically
significant association between facial typology and gingival biotype (UGB p = 0.83; LGB p = 0.75).
The logistic regression showed an association between SNMe/NMe and the UGB (p = 0.036), and
SNMe/NMe and LGB (p = 0.049). The decreased ratio of SNMe/NMe might be a protective factor for
a thin gingival biotype.

Keywords: facial typology; gingival biotype; orthodontic diagnosis; cephalometric analysis;
three-dimensional facial scans

1. Introduction

Gingivitis develops more frequently in patients undergoing orthodontic treatment mainly due to
an inflammatory reaction following the accumulation of bacterial plaque [1–3].

Many authors have shown that gingival recessions can develop during or after orthodontic
treatment [4,5]. Indeed, at the end of orthodontic therapy, the reported prevalence of gingival
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recessions ranges from 5% to 12% and in long-term follow-up (5 years) has been observed an increase
to 47% [4–6].

A recent systematic review has established that the direction of dental movements and the
buccal-lingual thickness of the gingiva can play an important role in altering soft tissues during
orthodontic treatment. There is a high probability of recession during tooth movement in areas
with less than 2 mm of gingival thickness [7]. This could affect the integrity of periodontal tissues
and represent a risk factor when orthodontic treatments [8], implants [9], and restorative treatments
are performed [10]. Gingival biotype is defined as the thickness of the gingiva in the labiolingual
direction [9]. Studies have reported that gingival biotype is an important parameter that must be
evaluated to reduce the risk of gingival recession [11].

Hence, the assessment of periodontal biotype is considered one of the most important parameters
for outcomes focused on dental planning according to the classification of periodontal and peri-implant
diseases and conditions [12].

Many features of the gingival phenotype are genetically determined; others seem to be influenced
by age, sex, growth, tooth shape, and tooth position [13]. Moreover, it has been shown that among
individuals and intra-individual there is variation in the width [14] and thickness of the vestibular
gingiva [15].

Facial typology is classified as dolichofacial, mesofacial, or brachyfacial. A dolichofacial typology has
excessive vertical facial growth and is usually associated with an increased SellaNasionˆGonionGnathion
(SNˆGoGN) angle and increased vertical jaw relation (AnsPnsˆGoGn) [16,17]. A brachyfacial typology has
reduced vertical growth and is usually accompanied by reduced SNˆGoGn, reduced AnsPnsˆGoGn, and a
decreased lower facial height (SNMe) total facial height (NMe) ratio [18].

The cephalometric evaluation of facial type is essential for orthodontic diagnosis because the
amount and direction of jaw growth will significantly alter the need for orthodontic biomechanics [19].

Craniofacial morphology may also affect the gingival phenotype [13,20]. Some studies have
evaluated the relationship of bone morphology to facial typology [21–23] and a correlation between
facial and alveolar bone has already been demonstrated [24]. Indeed, in dolichofacial patients, the
mandibular symphysis is high and thin, while in brachyfacial patients, the symphysis is low and
thick [25]. As a consequence, before starting orthodontic treatment, it is important to evaluate and
to diagnose both the gingival biotype and facial typology with the objective of decreasing the risk
of periodontal destruction [26]. Only a few studies have instead evaluated the association between
gingival thickness and craniofacial morphology [26].

Facial soft tissue is evaluated using several methodologies; two of the most representative methods,
used to obtain three-dimensional (3D) scans, are laser scanners and 3D stereophotogrammetry [27–30].
The analysis of the face using 3D stereophotogrammetry is consistent and valid [31–34]. Hence, this
is a reliable method with which to analyze facial soft tissues and avoid any X-ray exposure to the
patient [34,35].

Including only patients seeking orthodontic treatment, the aim of this study was to investigate
the association between gingival biotype and facial typology evaluated by means of a cephalometric
and 3D facial analysis.

The null hypothesis was that there is no association between gingival biotype and facial typology.

2. Materials and Methods

2.1. Subjects

The study sample comprised 121 patients (43 males, 78 females; from 10 to 56 years old, median age
17.04, and interquartile range (IQR) 13.7–22.1) recruited among patients who had to start orthodontic
treatment at the Section of Orthodontics and Temporomandibular Disorders of the University of Naples
“Federico II”.
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All patients were fully informed about the nature of the study and signed their informed consent.
The research protocol was approved by the Ethics Committee of the University of Naples Federico II
(58/19).

The following selection criteria were applied: (1) patients > 8 years, (2) patients had had
pre-orthodontic treatment, (3) patients had upper and lower permanent anterior teeth, and (4) patients
had good oral hygiene.

Exclusion criteria included diseases requiring premedication to perform periodontal probing,
systemic diseases that can influence the activity of periodontal disease, individuals taking drugs that
affect periodontal status, patients with removable prostheses, and pregnant or breastfeeding women.

2.2. Periodontal Assessment and Clinical Procedure

Gingival biotype was evaluated based on the transparency of the periodontal probe through
the gingival margin of the mid-buccal sulcus of both central and lateral incisors and canines, both
maxillary and mandibular. If the outline of the probe could be seen through the gingival margin, it
was categorized as “thin” (Figure 1); if not, it was categorized as “thick” (Figure 2) [36].
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All the variables were recorded by one expert operator (periodontist) using a millimeter periodontal
probe (15 mm North Carolina probe) inserted in the gingival sulcus with a force of about 0.25 Newton.

2.3. D Facial Scans Acquisition Process

The facial scanner 3dMD (3dMD LLC, Atlanta, GA, USA) was used in this study. The scanner
was installed in a specific setting, with no lighting (neither natural nor artificial lighting) used during
the acquisition.

The scanner configuration consisted of three pairs of stereo-cameras, two texture cameras, and
four geometric cameras with lenses slightly convergent, as well as two projectors and three led panels
positioned on the right and on the left.

The calibration of the system was the first step of the protocol acquisition. The operator invited the
patient to look straight ahead with their head in a natural head position (NHP) for the total scanning
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time. The teeth were taken together with the eyes opened. After the participant had been properly
positioned 90 cm away from the scanner, a video with the six cameras was recorded.

Successively, the scans were exported from the video as .obj images and analyzed using a
3dMDVultus (3dMD LLC, Atlanta, GA, USA). All images were stored on a secure computer in the
School of Dentistry at the University of Naples.

2.4. Facial Typology Assessment with Two-Dimensional and Three-Dimensional Cephalometric Evaluation

Delta-Dent software (Outside Format, Spino D’Adda, Italy) was used to perform two-dimensional
cephalometric tracings to evaluate facial typology.

For this study, cephalometric analysis was performed as shown in Figure 3a,b. Briefly, two
cephalometric variables were assessed: the SNˆGoGn (average value ± SD = 33◦ ± 2.5◦) determined
jaw divergence, which is the angle between the anterior cranial base (Sella-Nasion) and the mandibular
plane (Gonion-Gnathion), and the CoGoMeˆ angle (average value ± SD = 132◦ ± 6.0◦) that measures
the mandibular structure and is formed by the condylar axis (Condylion-Gonion) and the mandibular
base (Gonion-Menton).

The sample was divided into three types of craniofacial morphology: brachyfacial, with a SNˆGoGn
equal to or lower than 27◦, mesofacial, with a SNˆGoGn between 27◦ and 37◦, and dolichofacial, with a
SNˆGoGn equal to or greater than 37◦.

In order to evaluate facial typology, six points (Figure 3a) were identified and traced on a lateral
cephalogram: ‘Sella’ (S, the center of the sella turcica), ‘Nasion’ (N, the external point of the junction
between the nasal and frontal bones), ‘Gonion’ (Go, the most inferior posterior point of the mandibular
angle), ‘Gnathion’ (Gn, the point of the mandibular symphysis on the facial axis) ‘Menton’ (Me, the
most inferior point of the mandibular symphysis), and ‘Condylion’ (Co, the highest and most posterior
point on the contour of the mandibular condyle).

The facial scans were acquired and then analyzed using 3dMDVultus Software. On the facial
scans, three landmarks were identified: N (‘Soft Tissue Nasion’, the midpoint on the soft tissue contour
of the base of the nasal root at the level of the frontonasal suture), SN (‘SubNasion’, the midpoint
on the nasolabial soft tissue contour between the columella crest and the upper lip), and Me (‘Soft
Tissue Menton’, the most inferior midpoint on the soft tissue contour of the chin). Among these three
points, two linear measurements were constructed for the analysis, namely, NMe (total facial height)
and SNMe (inferior facial height), as shown in Figure 3c, and the ratio between them was calculated
(SNMe/NMe).
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Figure 3. (a–c) Points, planes, and angles for the assessment of facial typology with cephalometry and
facial scanner. (a) ‘Sellion’ (S, the center of the sella turcica), ‘Nasion’ (N, the external point of the
junction between the nasal and frontal bones), ‘Gonion’ (Go, the most inferior posterior point of the
mandibular angle), ‘Gnathion’ (Gn, the point of the mandibular symphysis on the facial axis) ‘Menton’
(Me, the most inferior point of the mandibular symphysis), ‘Condylion’ (Co, the highest and most
posterior point on the contour of the mandibular condyle); (b) SN plane, GoGn plane, and CoGoMe
angle; (c) N (‘Soft Tissue Nasion’, the midpoint on the soft tissue contour of the base of the nasal root
at the level of the frontonasal suture), SN (‘SubNasion’, the midpoint on the nasolabial soft tissue
contour between the columella crest and the upper lip), and Me (‘Soft Tissue Menton’, the most inferior
midpoint on the soft tissue contour of the chin). NMe indicates total facial height and SNMe indicates
inferior facial height.

2.5. Sample Size

The sample size was established based on the fact that a sample size of 100 patients reaches 80%
of power (1-beta) to detect an effect size (W) of 0.31 (medium-large effect size) using a Chi-squared test
with two degrees of freedom and a significance level (alpha) of 0.05.

2.6. Statistical Analysis

Descriptive statistics on age, gender, gingival biotype, and baseline characteristics were performed
(Table 1). Continuous variables were reported as mean and SD or median and IQR, according to
Shapiro-Wilk test, which was performed to evaluate variable distribution. Categorical variables were
reported as count and percentage and were compared using the Chi-squared test (gingival biotype
versus facial typology). Logistic regression analysis was used to assess the association between
continuous variables (CoGoMeˆ and SNMe/NMe) and dichotomous variables (thin or thick biotype)
used as dependent variables, including age as a covariate. The level of statistical significance was set at
p < 0.05. Statistical analysis was performed using STATA version 14.0 (StataCorp. 2015. Stata Statistical
Software: Release 14. StataCorp LP: College Station, TX, USA).

3. Results

The total sample consisted of 121 pre-orthodontic patients, comprising 43 males and 78 females
which a median age of 17.04 (IQR = 13.7–22.1). Table 1 shows a description of the sample regarding age,
sex, gingival biotype, and facial typology. Two-dimensional and 3D cephalometric data are reported in
Table 2, and all were normally distributed.
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Table 1. Characteristics of study subjects according to age, gender, gingival biotype, and facial typology.

Variables N Median (IQR)

Age 121 17.04 (13.7–22.1)

Frequency Percentage (%)

Gender
Male 43 35.54
Female 78 63.64

Upper Gingival Biotype
Thick 105 86.78
Thin 16 13.22

Lower Gingival Biotype
Thick 63 52.07
Thin 58 47.93

Facial Typology SNˆGoGn
Brachyfacial 33 27.27
Mesofacial 59 48.76
Dolichofacial 29 23.97

Data are presented as median and interquartile range (IQR) or frequencies and percentages.

Table 2. Descriptive variables of the sample size.

Variables Mean ± SD P50 P25 P75

SNˆGo-Gn 32.7◦ ± 8◦ 32.7◦ 28.1◦ 36.3◦

CoGoMeˆ 123.2◦ ± 6.6◦ 122.8◦ 118.7◦ 127.4◦

SNMe/SMe 0.514 ± 0.042 0.51 0.497 0.530

Data are presented as mean ± SD and IQR. SNˆGoGn (mean ± SD = 33◦ ± 2.5◦) is the angle between the anterior
cranial base (Sella-Nasion) and the mandibular plane (Gonion-Gnathion). CoGoMeˆ (average value ± SD = 132◦

± 6.0◦) is the angle between the condylar axis (Condylion-Gonion) and the mandibular base (Gonion-Menton).
SNMe/NMe is the ratio between SNMe (inferior facial height) and NMe (total facial height).

The sample was divided into three groups according to SNˆGoGn, and there were 33 (27.27%)
brachyfacial patients, 59 (48.76%) mesofacial patients, and 29 (23.97%) dolichofacial patients, as shown
in Table 1.

Regarding gingival biotype, most patients presented a thick gingival biotype (upper anterior teeth
(UGB) 86.78%; lower anterior teeth (LGB) 52.07%), as seen in Table 1.

The Chi-squared test showed that there was no statistically significant association between
SNˆGoGn and gingival biotype (UGB p = 0.83; LGB p = 0.75; and gingival biotype p = 0.77, Table 3).

Similarly, the logistic regression analysis showed that CoGoMeˆ was not associated with any
variables of gingival biotype (UGB, p = 0.340; LGB, p = 0.065).

Finally, logistic regression analysis showed a statistically significant association of SNMe/NMe
with the UGB (odds ratio = 0.843; 95% CI 0.719–0.989; p = 0.036) and of SNMe/NMe with LGB (odds
ratio = 0.904; 95% CI 0.818–1.000; p = 0.049), showing that when the ratio of SNMe/NMe decreases,
there is a minor risk of finding a thin biotype (Table 4).
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Table 3. Classification of gingival biotype in patients with different facial typologies (classified according
to SNˆGoGn) using a 15 mm North Carolina probe.

Facial Typology (N) Upper Gingival Biotype

Thick Thin p value
Brachyfacial (33) 29 (27.62%) 4 (25.00%) 0.83
Mesofacial (59) 50 (47.62%) 9 (56.25%)

Dolichofacial (29) 26 (24.76%) 3 (18.75%)
Total (121) 105 (100%) 16 (100%)

Lower Gingival Biotype

Thick Thin p value
Brachyfacial (33) 16 (25.40%) 17 (29.31%) 0.75
Mesofacial (59) 33 (52.38%) 26 (44.83%)

Dolichofacial (29) 14 (22.22%) 15 (25.86%)
Total (121) 63 (100%) 58 (100%)

Gingival Biotype

Thick/Thick Thick/Thin Thin/Thin p value
Brachyfacial (33) 16 (25.40%) 13 (30.95%) 4 (25%) 0.77
Mesofacial (59) 33 (52.38%) 17 (40.48%) 9 (56.25%)

Dolichofacial (29) 14 (22.22%) 12 (28.57%) 3 (18.75%)
Total (121) 63 (100%) 42 (100%) 16 (100%)

Data are presented as numbers, percentages, and p values.

Table 4. Logistic regression model for SNMe/NMe ratio × 100 with and without including age as
a coviariate.

Model Variable p Value Odds Ratio (OR) 95% IC

Upper biotype (SNMe/NMe) SNMe/NMe 0.036 * 0.843 0.719–0.989
Lower biotype (SNMe/NMe) SNMe/NMe 0.049 * 0.904 0.818–0.999

Upper biotype (SNMe/NMe × Age) SNMe/NMe 0.034 * 0.839 0.714–0.987
Age 0.620 0.985 0.927–1.046

Lower biotype (SNMe/NMe × Age) SNMe/NMe 0.048 * 0.903 0.815–0.999
Age 0.207 0.976 0.939–1.014

Data are presented as OR and IQR. * and bold text indicate statistically significant values (p < 0.05).

4. Discussion

The aim of this study was to investigate the association between facial typology and gingival
biotype in pre-orthodontic patients in order to guarantee a better diagnosis and planning of
orthodontic treatment.

We tested whether the facial typology measured on two-dimensional cephalograms (SNˆGoGn
and CoGoMeˆ) or on three-dimensional facial scans (SNMe/NMe) could affect gingival biotype. No
association was found between facial typology assessed using the two-dimensional angles SNˆGoGn
or CoGoMeˆ and maxillary and mandibular gingival biotype of the anterior regions. There is one
study that correlates craniofacial morphology using magnetic resonance imaging (MRI) with tooth
root exposure and periodontal attachment loss. The study used the ratio of facial width and length
(facial index) to describe craniofacial morphology and showed that patients with long narrow faces
were associated with higher loss of attachment [37].

A recent study performed by Kaya et al. has investigated the relationship between gingival
phenotype and craniofacial morphology in the sagittal and vertical directions. In contrast to this
research, an endodontic file, namely, transgingival probing, was used to assess gingival phenotype (<1
mm and >1 mm, thin and thick phenotype, respectively). These results demonstrated that there is no
association between gingival thickness and craniofacial typology [26].
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In this study, facial typology was also evaluated with three-dimensional facial scans to assess the
association between SNMe/NMe and gingival thickness. Our analysis showed that facial proportions
have a statistically significant association with gingival biotype. In particular, when the ratio of
SNMe/NMe is decreased, there is a minor risk of finding a thin gingival biotype either in the upper or
lower anterior regions.

This is the first study that has evaluated gingival thickness through the periodontal probe’s
translucency (thin and adequate biotype) with different vertical facial heights, and these findings
support the hypothesis that there is no correlation between facial morphology and gingival thickness on
lateral cephalograms [24]. Gingival thickness can be assessed by transgingival probing [38], ultrasonic
measurement [39], or through the visibility of the probe [40,41]. Transgingival probing was not used
because of the need for local anesthesia, which could induce a local volume increase and discomfort for
patients [38]. Additionally, ultrasonic measurement was not preferred because of its repeatability with
a coefficient of 1.20 mm [42]. Instead, the transparency of the probe through the gingival margin has
been found to have a high reproducibility by De Rouck et al., showing 85% inter-examiner repeatability
(k value = 0.7, p value = 0.002) [40]. Thus, this study used the periodontal probe visible through the
gingiva after its placement in the facial sulcus of the anterior teeth [40].

The prevalence of malocclusion can vary between children and adolescents. However, the demand
for orthodontic treatment is increasing [43–45], and greater attention has to be paid to periodontal
aspects; indeed, orthodontic treatment can play an important role in periodontal changes [46]. The
thickness of the gingiva is supposed to represent an indicator for reducing the risk of bone loss and
gingival recession [47]. In fact, there are two studies which have indicated a statistically significant
relationship between facial biotype and alveolar height and thickness with a greater risk of moving
incisors beyond the anatomic limits of the alveolar bone by application of uncontrolled forces [6,48].
This uncontrolled movement can bring to: alveolar bone fenestrations, increasing susceptibility to
gingival recession [49,50] and recession in the case of less than 2 mm of gingival thickness [7].

The current study presents several strengths. First, the periodontal assessments were performed
in all of patients at the beginning of orthodontic treatment. This allows for an accurate diagnosis and
treatment planning. In order to avoid bias due to differences in operator performance, only two trained
clinicians performed the periodontal evaluations. Moreover, a new method to evaluate craniofacial
morphology was introduced without exposure to the patients of further radiation. The study also
has some limitations. Firstly, the sample size was relatively small to achieve a more reliable result.
Secondly, only a few patients presented a thin UGB; however, this was in accordance with the normal
prevalence of this biotype [26]. Further longitudinal studies are necessary to monitor the long-term
effects of orthodontic treatment on gingival biotype in different facial typologies.

5. Conclusions

1. There is no association between facial typology (evaluated with SNˆGoGn and CoGoMe) and
gingival biotype.

2. When the ratio of SNMe/NMe is decreased, it represents a protective factor and a minor risk of
finding a thin gingival biotype.
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