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Abstract 

Introduction: Facial aesthetics results from the harmony of various components of the craniofacial 

region, a structure whose physiognomy and topography are determined by a set of hard and soft 

tissues. Few works in the literature have investigated the relationship between the variables of sex, 

age, BMI and soft tissue thickness and have considered how these variables may influence 

operative outcomes. The purpose of this study is to increase the pre-operative knowledge of the 

thickness of the soft tissues of the face through an analysis of their measurement conducted on cone 

beam computed tomography (CBCT) and to investigate the impact that the variables of gender, age 

and BMI have on their determination.   

Materials and Methods: For this study 82 patients were recruited between January 2020 and 

January 2021 in the Department of Maxillofacial Surgery of the University of Naples “Federico II”. 

A descriptive analysis of the sample was carried out on the selected sample, calculating averages 

and standard deviations for the individual variables analyzed.  

Results: BMI has a predominant role on some craniometric points while age and sex have a more 

marginal role. Our analysis shows that some points are affected by only one variable, BMI (G’ N’ 

PR’ ID’ SM’ GN’ PG’ MIO’ ACP’ GO’ ZY’ SC’ IC’ ECMS’ and MMB’); some points are affected 

by both BMI and gender (MP’ and MR’); while only two (RHI’ and MSO’) are influenced by all 

the three variables. 

                  



Conclusion: A priori knowledge through CBCT of the thickness of the soft tissues of the face and a 

comparison with the data we propose could provide the surgeon with advance notice of the 

characteristics of the tissues which she/he will encounter. 

Keywords: facial soft tissue thickness, facial surgery, facial reconstruction, BMI, age, sex 

Introduction 

Facial aesthetics results from the harmony of various components of the craniofacial region, a 

complex structure whose physiognomy and topography are determined by a set of hard and soft 

tissues. Knowledge of the facial anatomy develops in parallel with clinical examination and 

surgery. A new awareness of the facial anatomy has led to a division of the face into layers. The 

epidermis, derma, subcutaneous tissue fat, superficial muscular aponeurotic system (SMAS), 

muscles and periosteum or deep fascia represent the layers into which the face has been divided
 
[1]. 

Finding a balance between these tissues and the bone scaffold has always been a challenge for 

maxillofacial and plastic surgeons. Knowledge of each facial aesthetic unit that composes the 

anatomy of the face allows the surgeon to obtain satisfactory aesthetic results in facial volumization 

procedures. Most of the current literature focuses on surgical procedures and the management of 

bone scaffolding, disregarding the role that knowledge of soft tissue thickness plays in surgical 

planning
 
[2]. However, recent studies have shown that an a priori estimation of facial soft tissue 

thickness can influence the achievement of post-operative results and can therefore impact on 

surgical planning
 
[3-6].  

Very often the determination of the facial soft tissue thickness relies on the ability and experience of 

the surgeon, who estimates the value of the tissue through visual assessment and palpation. There 

are no standardized and well-established methods in clinical practice that would allow an objective 

a priori assessment of facial soft tissue. In the past numerous techniques have been used to estimate 

soft tissue thickness, such as  X-rays, ultrasound, computed tomography (CT), cone beam computed 

tomography (CBCT) and  magnetic resonance imaging (MRI). A comparison of these techniques 

shows that none can be considered more sensitive than the others in estimating the value of soft 

tissue
 
[7]. Furthermore, few works in the literature have investigated the relationship between the 

variables of sex, age, BMI and soft tissue thickness and have considered how these variables may 

influence operative outcomes. The purpose of this study is to increase the pre-operative knowledge 

of the thickness of the soft tissues of the face through an analysis of their measurement conducted 

on CBCT and to investigate the impact that the variables of gender, age and BMI variables have on 

their determination. In addition, we aim to provide a model which allows an a priori estimation of 

the thickness of soft tissues through a consideration of the three above mentioned variables.  

Material and Methods 

                  



The study presented here derives from a pilot study conducted by a research group from the 

Department of Maxillofacial Surgery of the University of Naples “Federico II”. All the clinical 

investigations and procedures were conducted according to the principles expressed in the 

Declaration of Helsinki. Ethical approval, to access and use the data, was obtained from the 

Federico II Research Ethic Committee (81/2020).  

For this study 82 patients were recruited between January 2020 and January 2021. The patients 

were divided into three age groups (18 to 40 years, 41 to 64 years and over 65 years) and 

subdivided into BMI bands (<18.5 kg/m
2 

underweight, 18.6-24.9 kg/m
2 

normal weight, 25–29.9 

kg/m
2 

overweight and >30 kg/m
2
 obese. Patients with pathologies that could potentially alter their 

facial morphology were excluded, such as swelling, trauma, facial deformities, tumors of the 

salivary glands, expansive cysts and pathologies of the maxilla with involvement of the bone cortex. 

Adult patients who had undergone CBCT as a normal diagnostic procedure for their disease were 

recruited. No patients underwent any additional examinations. 

Age, height and weight values were obtained from each patient's file and used to calculate the BMI 

value. The CBCT images were collected as DICOM files and inserted into Dolphin imaging 11.95 

premium software. The software automatically generates a three-dimensional image of the patient's 

skull consisting of bone and soft tissue components. On the reconstructed 3D model, 20 

craniometric points were selected for each CBCT, 9 on the midline and 11 lateral [figure 1]. 

 

Figure 1: Landmarks in a frontal (A) and lateral (B) view and the measurements conducted by the 

Dolphin software for each craniometric point (C) 

The correct positioning of each craniometric point was defined in the three coronal, sagittal and 

axial sections. Using the 2D measurement function, the distance between the skin points and the 

corresponding bone points was evaluated through a perpendicular line passing through the latter. 

                  



The measurement was given in millimeters and could be displayed on the three image projections as 

well as on the three-dimensional reconstructions.  

The craniometric points considered were the: glabella ( G’), nasion ( N’), rhinion ( RHI’), mid-

philtrum ( MP’), prosthion ( PR’),  infradentale ( ID’), supramentale ( SM’), pogonion ( PG’), 

gnathion ( GN’),  mid-supraorbital ( MSO’), mid-infraorbital ( MIO’), alar-curvature-point ( ACP’), 

gonion ( GO’), zygion ( ZY’),  supra-canine ( SC’), infra-canine ( IC’),  ectomolar superior ( 

ECMS’), ectomolar inferior ( ECMI’), mid-ramus ( MR’) and mid-mandibular-border ( MMB’).  

Measurements were conducted for each of the 82 CBCTs and for each craniometric point. Due to 

the absence of certain parts of the skull in some CBCTs, there were fewer than 82 measurements for 

some craniometric points. 

Statistical analysis 

A descriptive analysis was carried out on the selected samples, with averages and standard 

deviations calculated for the individual variables analyzed. Subsequently, a linear correlation study 

for each craniometric point and for the age and BMI variables (these being quantitative) was carried 

out considering the Pearson correlation coefficient. This analysis includes absolute values, 

minimum values equal to 0 (the zero correlation case) and maximum values equal to 1 (the 

maximum correlation case). The sign indicates whether it is a positive linear correlation (an 

increase in one leads to an increase in the other) or negative (an increase in one leads to a decrease 

in the other).  

Finally, a covariance analysis (ANCOVA) was carried out considering the sample. Using the 

ANCOVA, we aimed to find out how the patient’s craniometric point varied with her/his gender (a 

qualitative variable that takes a value form), BMI and age, and to verify if a linear model makes 

sense. The ANCOVA method belongs to a larger family of models called GLM (Generalized Linear 

Models). 

The specificity of ANCOVA is that it mixes qualitative and quantitative explanatory variables. In 

our case study, we considered each craniometric point as a dependent variable. In contrast, age and 

BMI were considered as quantitative independent variables while sex was considered as a 

qualitative independent variable. For the sex variable 1 was considered for females and 0 for males. 

The p value was considered statistically significant when p<0.05 

Results 

The sample of 82 patients consisted of 31 women and 51 men. The patients' heights ranged from 

1.55 to 1.87 m (mean height: males 1.73 ± 0.06 m, females 1.64. ± 0.05 m) while the patients' 

weights ranged from 46 kg to 108 kg (mean weight: males 77.16 ± 13.10 kg, females 65.77 ± 

12.25). The BMI values had a range from 17.97 to 36.73 (mean BMI: males 25.93 ± 4.44 kg/m^2, 
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females 24.29 ± 4.19 kg/m2). The patients had a minimum age of 18 and a maximum age of 86 with 

an average of 47.6 ± 17). Figure 2 shows the thickness pattern of some of the most significant 

craniometric points in the three population groups analyzed. 

 

Figure 2: With respect to age and BMI it is possible to speak of a linear correlation only for the 

points shown in the figure. The graphs below show the linear thickness pattern  of the rhinion and 

zygion points as the variable increases. With respect to sex it can be stated that the figure points are 

lower in women than in men. 

Age-related observations 

The linear correlation [Table 1] shows that the only point with a medium-high correlation with age 

is the rhinion (0.424) followed by the mid-supraorbital (0.393), supramentale (0.379) and mid-

mandibular border (0.367). This means that as the age increases the value in millimeters of these 

craniometric points increases while as the age decreases the value decreases. In addition, age shows 

a negative average correlation with the prosthion (-0.329). This means that there is an inverse 

relationship between age and this point. As the age increases, the value in millimeters of the 

prosthion is reduced and vice versa. For the other points, the age shows a low correlation. 

Table 1: Linear correlation - The Pearson coefficient assumes a value ranging from 0 to 1. Values 

close to 1 suggest a linear correlation, namely, when one variable increases (sign +), the other 

increases or decreases (sign -). The green boxes represent values considered statistically significant 

  age BMI gender-F gender-M 

GLABELLA 0.128 0.293 -0.123 0.123 

NASION 0.112 0.163 -0.432 0.432 

                  



RHINION 0.424 0.225 -0.421 0.421 

MID-PHILTRUM -0.185 0.143 -0.574 0.574 

PROSTHION -0.329 -0.002 -0.454 0.454 

INFRADENTALE 0.251 0.232 -0.410 0.410 

SUPRAMENTALE 0.379 0.483 -0.370 0.370 

POGONION 0.270 0.589 -0.370 0.370 

GNATHION 0.244 0.484 -0.222 0.222 

MID-SUPRAORBITAL 0.393 0.505 -0.398 0.398 

MID-INFRAORBITAL 0.273 0.372 -0.279 0.279 

ALAR-CURVATURE-POINT 0.207 0.301 -0.309 0.309 

GONION  0.224 0.571 -0.125 0.125 

ZYGION 0.044 0,606 -0.103 0.103 

SUPRA CANINE -0.217 0.117 -0.466 0.466 

INFRA CANINE -0.045 0.078 -0.181 0.181 

ECTOMOLARE SUPERIOR 0.132 0.396 -0.205 0.205 

ECTOMOLARE INFERIOR -0.139 0.380 -0.293 0.293 

MID RAMUS 0.091 0.561 -0.475 0.475 

MID-MANDIBULAR-BORDER 0.367 0.748 -0.206 0.206 

 

BMI-related observations 

With respect to BMI, this is strongly related to the mid-mandibular border (0.748) and zygion 

(0.606) points, has a medium-high correlation with the pogonion (0.589), gonion (0.571), mid 

ramus (0.561), mid supraorbital (0.505), gnathion (0.484) and supramentale (0.483). The values all 

have positive signs. Therefore, it appears that an increase in BMI corresponds to a positive increase 

in millimeters in the above points. BMI has a medium-low correlation with the other points and a 

zero correlation with the prosthion. 

Gender-related observations 

Finally, sex shows that there is a medium-high correlation for the nasion (0.432), rhinion  (0.421), 

mid-philtrum (0.574), prosthion (0.454), infradentale (0.410), supra-canine (0.466), and mid-ramus 

points (0.475). The values are negative for the female patients and positive for the male patients, 

thus showing higher values of thickness of the soft tissues in the males than in the females (Figure 

3).  

                  



 

Figure 3: From Figure A it is possible to observe the points in which the impact of all three 

variables (orange), of only two variables (blue and green) or of only one variable (yellow) is 

evident. Figure B shows the greatest impact of BMI in the lower regions of the face  

The regression results are shown in Table 2. From these findings it is possible to derive the increase 

in millimeters in each parameter by unit variation of the variables under consideration. By replacing 

the various coefficients in the equation  

                         

Table 2: Covariance of the analyzed sample. From the values of the coefficients of the linear 

correlation it is possible to derive the increase in millimeters per unit variation of BMI. 

  abbreviation age BMI gender-F R
2
 Pr > F 

GLABELLA G’ 0.006 0.201 0.192 0.08 < 0.0001 

NASION N’ 0.013 0.241 -0.563 0.066 < 0.0001 

RHINION RHI’ 0.019 0.074 -0.383 0.242 < 0.0001 

MID-PHILTRUM MP’ -0.023 0.572 -1.685 0.116 < 0.0001 

PROSTHION PR’ -0.042 0.490 -0.303 0.021 < 0.0001 

INFRADENTALE ID’ 0.031 0.359 -0.456 0.101 < 0.0001 

SUPRAMENTALE SM’ 0.029 0.381 0.048 0.263 < 0.0001 

POGONION PG’ 0.010 0.438 -0.081 0.351 < 0.0001 

GNATHION GN’ 0.011 0.366 0.111 0.233 < 0.0001 

MID- MSO’ 0.030 0.301 -0.688 0.361 < 0.0001 

                  



SUPRAORBITAL 

MID-

INFRAORBITAL 

MIO’ 

0.022 0.190 -0.808 0.205 < 0.0001 

ALAR-

CURVATURE-

POINT 

ACP’ 

0.018 0.310 -0.184 0.108 < 0.0001 

GONION GO’ -0.009 0.630 0.356 0.33 < 0.0001 

ZYGION ZY’ -0.023 0.367 0.102 0.4 < 0.0001 

SUPRA-CANINE SC’ -0.019 0.420 -0.811 0.063 < 0.0001 

INFRA-CANINE IC’ -0.013 0.442 -0.032 0.008 < 0.0001 

ECTOMOLAR 

SUPERIOR 

ECMS’ 

0.020 1.015 -1.489 0.172 < 0.0001 

ECTOMOLAR 

INFERIOR 

ECMI’ 

-0.092 0.958 -0.321 0.224 < 0.0001 

MID RAMUS MR’ 0.002 0.882 -2.207 0.414 < 0.0001 

MID-

MANDIBULAR-

BORDER 

MMB’ 

0.010 0.460 -0.413 0.559 < 0.0001 

 

where a, b and c correspond to the linear regression coefficients of the three variables respectively, 

it is possible to obtain an estimate in millimeters of the facial tissue depth of the test point. The 

values of BMI, age and sex of the patient should also be included in the equation. The individual 

equations with the inserted coefficients for each craniometric point are shown in Table 3. 

Table 3: Linear regression equations of each craniometric point. By replacing the patient’s sex, 

age and BMI values within the equations, it is possible to estimate a priori the thickness of the soft 

tissues of the corresponding craniometric point. 

GLABELLA = 0.00553*age+0.20060*BMI+0.19223*sex-F 

NASION = 0.24073*BMI+0.01316*age-0.56272*sex-F 

RHINION = 0.07404*BMI+0.01905*age-0.38300*sex-F 

MID-PHILTRUM = -0.02314*age+0.57167*BMI-1.68516*sex-F 

PROSTHION = -0.04180*age+0.48963*BMI-0.30313*sex-F 

INFRADENTALE = 0.35865*BMI+0.03066*age-0.45571*sex-F 

SUPRAMENTALE = 0.02883*age+0.38131*BMI+0.04832*sex-F 

                  



POGONION = 0.01038*age+0.43767*BMI-0.08136*sex-F 

GNATHION = 0.01111*age+0.36648*BMI+0.11079*sex-F 

MID-SUPRAORBITAL = 0.02976*age+0.30070*BMI-0.68767*sex-F 

MID-INFRAORBITAL = 0.02231*age+0.19044*BMI-0.80784*sex-F 

ALAR- CURVATURE-POINT = 0.01801*age+0.31029*BMI-0.18352*sex-F 

GONION = -0.00871*age+0.62996*BMI+0.35634*sex-F 

ZYGION = -0.02314*age+0.36696*BMI+0.10164*sex-F 

SUPRA-CANINE = -0.01944*age+0.41998*BMI-0.81109*sex-F 

INFRA-CANINE = -0.01315*age+0.44196*BMI-0.03180*sex-F 

ECTOMOLARE SUPERIOR = 0.02005*age+1.01457*BMI-1.48882*sex-F 

ECTOMOLARE INFERIOR = -0.09170*age+0.95810*BMI-0.32132*sex-F 

MID- RAMUS = 0.00180*age+0.88170*BMI-2.20707*sex-F 

MID-MANDIBULAR-BORDER = 0.01008*age+0.45979*BMI-0.41320*sex-F 

 

Discussion 

Knowledge of the anatomy of the face is an essential requirement of cosmetic surgery. New 

layering models of the face are crucial for safe and minimally invasive rejuvenation procedures [1]. 

Every element that composes the maxillofacial district plays a crucial role in the clinical 

presentation of a patient. Understanding which element has a major influence on the facial esthetics 

is a challenge for plastic and esthetic surgeons. In this context, the use of techniques that allow a 

priori knowledge of the thickness of the soft tissues is an additional factor in the clinical therapeutic 

management of the patient.  

The absence of standardized methods and the habitual use of palpation in determining facial 

thickness are the essential reasons for this study. Numerous techniques have been used over the 

years to study soft tissues, with progress in imaging procedures leading to increasingly accurate 

measurements. We have moved from measurement methods conducted on cadavers and in forensic 

medicine to radiography, ultrasound, magnetic resonance imaging, computed tomography and cone 

beam computed tomography, which have made it possible to obtain increasingly reliable 

measurements [7-24]. The use of these measurements has always been a fundamental point in 

forensic facial reconstructions. Numerous databases broken down by population have been created 

in order to facilitate the reconstruction of faces from human corpses.  

In recent years, it has emerged from the literature how the role of facial thicknesses and databases 

can be extended into the field of reconstructive facial surgery, cosmetic surgery and oral surgery [2-

6]. In fact, facial soft tissues can influence the final result of an esthetic intervention and can change 
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any preconcieved expectations [4]. In the existing works interest is focused on the study of the soft 

tissues of the nose and their impact in rhinoplasty [2-4], neglecting the influence that facial 

thickness can have in all facial interventions, both in reconstructive and esthetic surgery. In 

addition, there is no reliable target method for measuring the thickness of soft tissues and assessing 

the quality of the skin. Surgeons rely on their experience and modify their choices accordingly
 
[3]. 

Finally, there are still few studies that have statistically analyzed the correlation that exists between 

variables such as age, sex and BMI with the thickness of the soft tissues and even fewer those that 

have determined the measurement of thickness through the use of CBCT. Given the importance of 

these factors and an understanding of how a priori knowledge can result in an important 

improvement in the management of the intervention, we believe that it is essential to further 

investigate the role of these variables on soft tissue thickness. 

Our analysis shows that some points are affected by only one variable, BMI (G’ N’ PR’ ID’ SM’ 

GN’ PG’ MIO’ ACP’ GO’ ZY’ SC’ IC’ ECMS’ and MMB’); some points are affected by both BMI 

and gender (MP’ and MR’); while only two (RHI’ and MSO’) are influenced by all the three 

variables. Of the three variables examined, it is clear that BMI has the greatest impact on the 

craniometric points examined, resulting in a significant increase in the mm variation per unit of 

BMI. Points such as the mid-philtrum and prosthion undergo an increase of 0.5 mm for each unit 

variation of BMI while points such as the gonion and mid mandibular border undergo an increase of 

0.6 mm and 0.4 mm, respectively. The greatest impact, however, has been observed for the  

ectomolare superior and ectomolare inferior points, where a unit variation of BMI corresponds to an 

increase of 1 cm and 0.9 mm, respectively.  

These results, in line with those from the literature, show that the points most affected by BMI are 

those of the prosthion and of the mandibular region, which is known to be one of the most variable 

regions of the face. In a study conducted on cadavers, Simpson et al. showed how the thickness of 

the face may be influenced by age, sex and BMI [23]. Other studies have shown that BMI is the 

factor that most influences the differences in the various craniometric points [18,19]. De Donno et 

al. [20]
 
used CBCT to assess facial soft tissue thicknesses in a group of Caucasians but, lacking any 

information about the age and weight, they could not correlate these values to BMI. De Greef et al. 

[19], with the use of ultrasound, studied the impact that BMI, age and sex have on the craniometric 

points of the face. Their results, in line with ours, showed that BMI had a predominant role on some 

craniometric points, while age and sex had a more marginal role. They also highlighted that the 

reference points that differ most are the chin, jaw and neck region. S. Kutalmis Buyuk et al. [21] 

studied the effect that BMI has on the soft tissues of an adolescent population through the use of 

                  



RX, concluding that the tissues are thicker on the nasion in overweight subjects, while the glabella, 

pogonion and gnathion are thicker in obese subjects.  

In this study it was decided to acquire the images with CBCT. Multiaxial vision, the possibility of 

positioning the patient standing and its use as a normal diagnostic procedure of many craniofacial 

interventions led us to choose this technique for the detection of the thickness of the soft tissues of 

the face. Dong et al. [22] evaluated the effect that BMI has on soft tissue thickness by considering 

the nutritional status of individuals. The authors stated that the thickness of the facial tissue 

increases as BMI increases, considering it as the main factor involved in facial tissue changes.  

The aim of this study is to provide additional data to deepen knowledge about the relationship that 

exists between age, sex, BMI and facial soft tissue thickness in order to provide benchmarks that 

can be used in cosmetic and reconstructive surgery [Table 1,2,3]. From the analyzed data, it is 

possible to conclude that CBCT is a simple method for assessing the thickness of soft tissues. Being 

an imaging technique widely used in maxillofacial diagnostics and reconstructive surgery, we 

believe that the method we apply can be included as a normal pre-operative procedure for proper 

soft tissue management. A priori knowledge through CBCT of the thickness of the soft tissues of 

the face and a comparison with the data we propose can provide the surgeon with an anticipatory 

awareness of the characteristics of the tissues she/he will encounter. A discrepancy between the 

patient's values and those reported in the literature can provide a reference point with respect to the 

amount of subcutaneous fat to be inserted in order to fall within the normal parameters of the 

population and so obtain a satisfactory esthetic result.  

Future studies would be performed to demonstrate the value of soft tissue thickness in the post-

operative period and to relate this to the values of the reference population, considering the BMI 

value, age and sex of the patient. This would validate the importance of having an awareness of the 

thickness of the tissues in the face not only as a tool of forensic medicine but also as normal esthetic 

and surgical clinical practice. 
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