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Highlights 

• Database of 10 midline facial landmarks average soft tissue thickness grouped into 3 

skeletal classes in Indonesian adult population is presented in this study. 

• Significant difference among skeletal classes occurred in male lower lip. 

• Significant differences among skeletal classes occurred in female subnasale, upper 

lip, stomion, lower lip and labiomentale. 

• A generic pattern of deeper upper lip than lower lip in class III compared to class II 

and conversely, deeper lower lip than upper lip in class II compared to class III, was 

visible in both male and female groups.  
 



Abstract 

Objective: To understand the influence of three types of skeletal classes (Class I, Class II and 

Class III) on midline average soft tissue depth (ASTD).  

Methods: Lateral cephalograms of 335 pre-treatment orthodontic patients were obtained 

from the archive of Radiology Clinic Universitas Padjadjaran Dental Hospital Bandung 

Indonesia. The linear measurements of 10 midline facial landmarks ASTD and angular 

measurement of ANB were extracted and analysed statistically.  

Results: A database of ASTD grouped by skeletal classes, specific for the Indonesian 

population, within the South East Asian ancestry group was obtained.  

Conclusions: A generic pattern of deeper upper lip than lower lip in class III compared to 

class II and conversely, deeper lower lip than upper lip in class II compared to class III, was 

visible in both male and female groups.  
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Introduction 

Craniofacial reconstruction (CFR) is a method used to estimate and depict a face based on 

the morphology and morphometry of the underlying skull.  The reconstructive method is 

predominantly employed for archaeological purposes to reconstruct the face of a person 

long dead or in forensic investigations to assist with the identification process [1,2]. The 

nomenclature and techniques for CFR vary depending on the practitioners’ preferences. 

There are three primary techniques mentioned in the literature:  

• the application of Average Soft Tissue Depths (ASTD) pins on the craniofacial 

landmarks based on the sex, age and ancestry estimation of the skull [3];  

• (ii) masticatory and neck muscles sculpting followed by limited ASTD application [4];  

• (iii) a combination technique of ASTD, anatomical structure modelling and facial 

feature estimation [1,2,5]. 

There are numerous studies providing ASTD data based on sex, age, ancestral origin and 

body mass index (BMI) which are derived from various sample sources for instance cadavers 

[6-10], ultrasound [11-17], magnetic resonance imaging scans [18-21], computed 

tomography scans [22-31], cone beam computed tomography [32-34], and lateral 

cephalograms [35-47]. Interestingly, some papers have found that skeletal classes influences 

the ASTD pattern in the oral area, both in subadult [35-37,39-40,42,48] and adult [38,41,43-

46] populations. 

In the field of orthodontics, skeletal class has been used widely to quantify the relationship 

between the maxilla and mandible. The skeletal class system is divided into three classes 

based on the ANB angle between landmarks [43,45,49 -50]. 

The aim of this study was to understand the effect of skeletal classes on facial ASTD pattern 

in the Indonesian adult population. This is important to provide evidence as to whether 

skeletal class should be considered as one of the ASTD assessment criteria in addition to (or 

instead of) sex, age, and/or ancestry groups during the process of CFR. 

 

Materials and methods 

Three hundred and thirty-five (335) lateral cephalogram x-ray image files were collected 

from the archive of Radiology Clinic Universitas Padjadjaran Dental Hospital Bandung 

Indonesia, which were ethically approved for research by The Health Research Ethics 



Committee Universitas Padjadjaran. The samples were derived from a clinical population of 

pre-treatment orthodontic archives (83 males and 252 females; age range 17 to 51 years; 

average age 24.1 ± 5.8 years old). Patients with craniofacial syndromes were excluded from 

the sample. Lateral cephalograms were used for diagnosis and treatment evaluation of 

orthodontic treatment; widely available in the archive and taken in a standardised head 

position by setting the orbitale to porion line (Frankfurt Horizontal Plane) parallel to the 

floor. In addition, the soft tissue outline along with the underlying skeletal profile is visible in 

a single image which allows the measurement of the ASTD and skeletal class analysis 

simultaneously [41-42]. 

The cephalogram examinations were conducted using Picasso Trio device (Vatech/E.WOO, 

Gyeonggi-Do, South Korea). The standard protocol was applied to all adult patients with 40-

90 KV and maximum 2-10 mA. The fixed film-to-tube distance was 180 cm. The digital 

cephalograms were analysed using Adobe Photoshop CS5.1 (Adobe Systems, San Jose, CA, 

USA) by the first author (ES). All cephalograms were rescaled following the mm scale bar 

displayed on each image, using the ruler tool and image size option [51]. The enlargement 

was less than 10% according to the scale bar, which corresponds to the expected 

radiographic correction factor. Image size adjustment did not alter the image quality nor the 

landmark identification process as the images were not resampled as they were resized, in 

order to avoid blurring or distortion. The soft tissue depth on 10 landmarks were measured 

in millimetres (Fig. 1): 

Glabella: The most anterior point on midline of frontal bone at eyebrow level 

Nasion: The most anterior point on midline of frontonasal suture 

Rhinion: The most anterior point of the nasal bones 

Subnasale (A): The deepest point on the curvature between the anterior nasal spine 

(ANS) and the prosthion on the anterior surface of the maxilla 

Upper lip (prosthion): the most anterior and inferior point of the of the alveolar 

process at midline between the maxillary central incisors  

Stomion: The junction of upper lip and lower lip at midline 

Lower lip (infradentale): the highest and most anterior point of the alveolar process at 

midline between the mandibular central incisors 

Labiomentale (B): the deepest point on the curvature between the infradentale and 

pogonion on the anterior surface of the mandible 



Pogonion: The most anterior point of the mandibular symphysis 

Gnathion: The most inferior point of the mandibular symphysis 

 

Next, ANB angle (point A to Nasion to point B) was also noted to determine the skeletal 

class: class I ANB 2o-4o; class II ANB >4o; class III ANB <2o[38,41,43,45,49 -50] (Fig. 1). A 

negative ANB angle value occurred when point B was located more anteriorly than point A. 

Intra-observer error analysis was performed by the author (ES) twice in between period at 

least a month. Inter-observer variation was also assessed by comparing values obtained by 

the author (ES) and another observer with cephalometric analysis experience. Both the intra 

and inter observer studies was employed on 10% of randomly selected images. The 

statistical analysis was carried out using the Statistical Package for the Social Sciences (SPSS) 

for Windows (version 22.0; IBM Corp., Armonk, NY, USA). 

 

Results 

Strong Intraclass Correlation Coefficient (ICC) values were presented in intra-observer 

measurements which inferred that the variables were repeatable (0.822 to 0.997). In 

addition, high levels of agreement between the two observers were seen, which implied 

that these parameters were reproducible (0.935 to 0.994). 

 

Table 1 Independent t test of midline ASTD between male and female groups (*significant p 
< 0.05). 

Landmarks 
Male (n=83) Female (n=252) Total (n=335) t-test 

Mean SD Mean SD Mean SD Sig. Mean Diff 

Glabella 5.13 0.87 4.97 0.74 5.01 0.78 NS 0.16 

Nasion 6.04 1.06 5.50 1.04 5.63 1.07 *.000 0.54 

Rhinion 3.00 0.59 2.45 0.50 2.58 0.58 *.000 0.55 

Subnasale 14.06 1.70 12.01 1.58 12.52 1.83 *.000 2.05 

Upper lip 14.21 2.28 11.96 1.74 12.51 2.12 *.000 2.26 

Stomion 5.13 2.31 3.89 1.56 4.20 1.85 *.000 1.24 

Lower lip 14.36 2.12 12.94 1.91 13.30 2.05 *.000 1.42 

Labiomentale 12.67 1.94 12.41 1.84 12.48 1.87 NS 0.26 

Pogonion 11.46 2.48 11.77 1.84 11.69 2.01 NS -0.30 

Gnathion 8.12 4.65 7.17 1.72 7.40 2.78 NS 0.95 

 
 

Independent t-test confirmed that midline ASTD was significantly deeper in males than 

females at 6 landmarks: nasion, rhinion, subnasale, upper lip, stomion and lower lip (p < .05) 



(Table 1). The mean differences were relatively small for the nasion (0.54 mm) and rhinion 

(0.556 mm); medium for stomion (1.24 mm) and lower lip (1.42 mm), and considerably 

larger in the subnasale (2.05 mm) and upper lip (2.26 mm). All midline landmarks were 

larger in males than in females by 0.3 mm, except for the pogonion. Due to the presence of 

sexual dimorphism in most landmarks, the following statistical analysis was divided by sex. 

One-way analysis of variance (ANOVA) along with homogeneity of variance test and Welch 

ANOVA were computed simultaneously to investigate whether there is a significant 

difference between the three skeletal classes for ASTD. When significant Levene’s test of 

homogeneity was detected, then Welch ANOVA p-value was chosen over the regular one-

way ANOVA. Additionally, Tukey’s post hoc test was used for one-way ANOVA, while 

Games-Howell’s post hoc was used for Welch ANOVA. 

Significant differences of lower lip ASTD among three skeletal classes in the male group was 

detected by one-way ANOVA (Table 2). The male lower lip ASTD was significantly thicker by 

1.9 mm in class II than class III (Table 3). Significant differences occurred by one-way ANOVA 

in subnasale, upper lip, stomion, lower lip, and labiomentale ASTD in the female (Table 2). 

The female subnasale ASTD was significantly deeper in class III than class II by 0.81 mm. The 

upper lip ASTD was significantly deeper in class III than class I and II by 0.80 mm and 1.28 

mm, respectively. The stomion ASTD was significantly deeper in class III than class I and II by 

0.77 mm and 1.21 mm, respectively. The lower lip ASTD was significantly deeper in class II 

than class I and III by 0.92 mm and 0.92 mm, respectively. The labiomentale ASTD was 

significantly deeper in class II than class I and III by 1.19 mm and 1.63 mm, respectively 

(Table 3). The ASTD of each skeletal class pooled by sex groups were plotted into line charts 

for easy comprehensionof the pattern (Fig. 2-3). 

 

 

 

 

 

 

 

 

 



 

 

Table 2 Descriptive statistics and one-way ANOVA test of midline ASTD among three skeletal 
classes in males and females (*p < 0.05; NS: non-significant; aWelch ANOVA). 

Landmarks Mean SD Mean SD Mean SD Sig. 

Males Class I (n=19) Class II (n=33) Class III (n=31)  

Glabella 5.35 0.88 5.04 0.97 5.10 0.77 NS 

Nasion 6.31 1.10 6.07 1.13 5.84 0.94 NS 

Rhinion 2.89 0.66 2.97 0.52 3.09 0.63 NS 

Subnasale 13.79 1.86 13.68 1.19 14.63 1.95 NS 

Upper lip 14.05 2.23 13.72 1.90 14.83 2.58 NS 

Stomion 5.48 1.74 4.44 2.04 5.66 2.71 NS 

Lower lip 14.17 2.15 15.34 1.71 13.44 2.11 *.001 

Labiomentale 12.13 1.73 13.28 2.24 12.36 1.58 NS 

Pogonion 11.60 1.88 11.67 2.94 11.16 2.31 NS 

Gnathion 7.69 1.67 7.61 2.04 8.91 7.21 NS 

Females Class I (n=68) Class II (n=111) Class III (n=73)  

Glabella 4.96 0.73 4.97 0.75 5.00 0.75 NS 

Nasion 5.49 1.11 5.58 1.05 5.38 0.96 NS 

Rhinion 2.37 0.45 2.41 0.47 2.57 0.58 NS 

Subnasale 12.05 1.33 11.67 1.71 12.48 1.47 *.003 

Upper lip 11.94 1.70 11.45 1.66 12.73 1.62 *.000 

Stomion 3.87 1.50 3.42 1.34 4.63 1.66 *.000 

Lower lip 12.54 1.91 13.46 2.02 12.54 1.53 *.001 

Labiomentalea 12.01 1.34 13.21 1.95 11.58 1.59 *.000 

Pogonion 11.57 1.68 12.04 1.92 11.54 1.81 NS 

Gnathion 7.34 1.86 6.94 1.57 7.36 1.80 NS 

 

Table 3 Post hoc pairwise following one-way ANOVA comparison of midline ASTD among 
skeletal classes (*p < 0.05, **Tukey, ***Games-Howell). 
Group Landmarks (I) (J)  Mean Difference (I-J) Std. Error Sig. 

Male Lower lip** Class II Class III 1.90 0.49 *.001 

Females 

Subnasale** Class II Class III -0.81 0.23 *.002 

Upper lip** Class I Class III -0.80 0.28 *.013 

 Class II Class III -1.28 0.25 *.000 

Stomion** Class I Class III -0.77 0.25 *.007 

 Class II Class III -1.21 0.22 *.000 

Lower lip** Class I Class II -0.92 0.29 *.004 

 Class II Class III 0.92 0.28 *.003 

Labiomentale*** Class I Class II -1.19 0.25 *.000 

 Class II Class III 1.63 0.26 *.000 

 

 

Discussion 

The female sample was larger than the male sample in this study, which was extracted from 

the clinical population of the pre-treatment orthodontic archive. This is due to the market 



targeting of female adults for orthodontic intervention in Indonesia [51]. The Indonesian 

archipelago is inhabited mostly by East Asian ancestry groups and the eastern islands of 

Indonesia including Papua island which is inhabited by the Australasian ancestry group [51]. 

The sample of this study was obtained from West Java region which allowed all sub-

ancestral groups within the East Asian cluster to be represented in this study. 

The influence of skeletal class on ASTD has been explored from lateral cephalograms in 

numerous ways, including manual acetate sheet tracing [35-39,41,44,45,47], digital 

measurement using iTEM Analyses imaging program [42], DentaPacs 8.1 [43], Sidexis Xg 

[40], NemoCeph NS[46], and Adobe Photoshop CS5.1 (this study). Nevertheless, the ASTD 

among three skeletal classes of the Indonesian adult population was found comparable with 

the previous studies from other ancestral groups (Table 4). This may indicate that the 

different method of cephalometric analysis did not affect the results. However, different 

ancestry groups showed similar peri-oral ASTD patterns which suggested that skeletal 

classes may play an important role in ASTD application.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 4 Midline facial adult ASTD database among skeletal classes from various geographical 
regions: Japanese [38], Japanese [41], Turkish [43], Pakistani [44], Sudanese [45], 
Chinese [46], and Indonesian (this study). 

  
Male Articles g n rhi sn ls sto li lbm pog gn 

Class I [41] 6.06 7.59 2.88 14.51 15.88 6.31 16.19 14.15 14.07 8.95 
 [43] 5.62 6.59 2.11 17.04 16.09 6.43 17.07 11.47 10.55 8.52 
 [44] 5.36 5.67 3.60 17.83 16.86 6.93 17.73 12.33 10.66 7.03 
 [45] 5.77 6.94 4.00 17.57 17.34 5.49 19.54 15.46 14.09 8.89 
 [46] 5.32 6.32 2.84 16.68 18.13 6.21 18.73 13.80 11.91 7.00 
 This study 5.35 6.31 2.89 13.79 14.05 5.48 14.17 12.13 11.60 7.69 

Class II [41] 5.64 7.08 2.64 14.45 15.27 6.01 17.12 14.58 13.85 8.73 
 [43] 5.59 6.42 2.51 17.03 15.25 6.26 17.21 11.62 9.66 8.28 
 [44] 5.66 5.40 3.53 17.86 12.30 6.53 19.73 13.80 12.46 7.86 
 [45] 5.87 6.26 3.87 15.84 15.26 4.13 19.47 14.63 12.61 7.74 
 [46] 5.68 6.30 3.21 16.37 18.50 4.92 19.50 13.62 11.32 6.24 
 This study 5.04 6.07 2.97 13.68 13.72 4.44 15.34 13.28 11.67 7.61 

Class III [41] 5.84 7.38 2.61 15.54 16.15 7.16 15.48 13.11 13.06 9.56 
 [43] 5.85 6.17 2.50 17.38 16.72 7.32 15.95 10.89 10.64 8.02 
 [44] 6.08 6.56 3.69 18.52 19.00 8.26 18.26 14.30 11.95 7.78 
 [45] 5.94 6.16 3.97 18.38 16.88 6.41 18.19 13.31 11.91 8.56 
 [46] 5.22 5.86 4.25 17.18 17.91 9.00 16.93 12.79 12.44 7.03 
 This study 5.10 5.84 3.09 14.63 14.83 5.66 13.44 12.36 11.16 8.91 

Female Articles g n rhi sn ls sto li lbm pog gn 

Class I [38] 5.60 6.55 2.45 12.86 12.38 4.35 15.24 13.53 13.86 7.23 
 [41] 5.43 6.45 2.44 13.00 12.53 4.27 15.00 13.39 13.77 6.93 
 [43] 5.14 5.17 2.18 15.56 13.69 5.15 15.24 10.30 9.91 6.94 
 [44] 5.06 5.13 3.10 14.26 12.70 5.86 16.70 13.13 12.60 6.73 
 [45] 5.78 5.80 3.47 15.73 14.38 4.44 17.00 12.87 13.44 8.67 
 [46] 5.36 5.53 2.56 14.11 15.08 4.11 16.95 12.66 12.26 6.54 
 This study 4.96 5.49 2.37 12.05 11.94 3.87 12.54 12.01 11.57 7.34 

Class II [38] 5.43 6.42 3.45 12.75 12.07 3.72 15.88 15.99 16.28 6.19 
 [41] 5.45 6.38 2.47 12.69 11.88 3.45 15.40 15.68 15.47 6.27 
 [43] 5.24 6.12 1.98 15.72 13.75 5.34 16.04 10.86 9.62 6.43 
 [44] 4.96 5.33 3.00 14.33 10.86 6.00 18.00 13.50 11.46 6.66 
 [45] 5.56 5.84 3.36 14.29 13.44 3.33 17.91 14.16 12.44 7.67 
 [46] 5.49 5.62 2.38 14.56 14.70 3.85 18.07 12.30 12.11 6.81 
 This study 4.97 5.58 2.41 11.67 11.45 3.42 13.46 13.21 12.04 6.94 

Class III [38] 5.63 6.36 2.58 14.11 14.37 4.56 14.85 12.70 12.51 6.84 
 [41] 5.65 6.23 2.68 13.96 14.03 4.65 14.77 12.79 12.64 6.89 
 [43] 5.63 6.36 2.58 14.11 14.37 4.56 14.85 12.70 12.51 6.84 
 [44] 5.08 4.95 3.30 15.95 15.82 7.13 14.21 11.21 10.73 - 
 [45] 5.97 5.53 3.21 16.47 15.37 5.58 16.39 12.95 11.87 7.89 
 [46] 5.12 5.11 2.74 14.51 16.75 8.30 13.98 12.54 11.54 6.38 
 This study 5.00 5.38 2.57 12.48 12.73 4.63 12.54 11.58 11.54 7.36 

 

 

 

 

 



Comparison among three skeletal classes using one-way ANOVA yielded significant 

differences which were more frequent in the female group than in the male group (Table 2). 

However, the difference in sample size between male and female groups must be 

considered [38]. 

The largest significant mean difference in ASTD occurred in the lower lip of the male group, 

where class II was deeper by 1.9 mm than class III (Table 3). Irrespective of the statistical 

significances, the common pattern of peri-oral ASTD appeared in both male and female 

groups (Fig. 2-3). Subnasale and upper lip ASTD were deeper in class III than class II. In 

contrast, the ASTD of labiomentale, upper lip and pogonion were deeper in class II than 

class III. This pattern corroborated the earlier studies which supported the idea that skeletal 

classes influences the peri-oral ASTD, in which at least one upper lip landmark (sn/ls) were 

deeper in class III than class II and at least one lower lip landmark (li/lbm) were deeper in 

class II than class III (see Table 4 for references). Lip incompetence was not present in this 

study. Nevertheless, cases with lip strain might be existed in this study and play role as the 

confounding factor of the upper lip, stomion, and lower lip measurements.  

This study improved the scientific basis of CFR which is often regarded as more of an art 

than a science. In the past, ASTD was used as CFR guidelines irrespective of the underlying 

skeletal pattern. Based on this study, there might be possibilities to develop an algorithm for 

ASTD tailored to the skeletal pattern. In addition, the skeletal pattern largely genetically 

determined. Therefore, genetics could be predictive of this including a range of other 

important features in CFR. Moreover, within the skeletal class II pattern, there are 2 sub-

division (II division 1 and II division 2) defined by dental pattern and occlusion. Further 

research may discover significant effect on nasolabial soft tissue features.  

 

Conclusions 

The midline ASTD study of an Indonesian adult population indicated several findings: 

1. Sexual dimorphism of Indonesian adult midline ASTD was detected at the nasion, 

rhinion, subnasale, upper lip, stomion and lower lip in which the largest mean 

difference was 2.26 mm.  



2. Significant differences of peri-oral ASTD among three skeletal classes were 

highlighted in males (lower lip) and females (subnasale; upper lip; stomion; lower lip; 

labiomentale) which included post hoc differences between class II and III.  

3. A generic midline ASTD pattern of class II showing deeper lower lip than class III, and 

class III showing deeper upper lip than class II, occurred in both male and female 

groups.  

4. It is advisable that practitioners consider applying the upper and lower lip ASTD 

pattern during CFR practice, possibly by deviating slightly from the existing ASTD 

pattern with respect to the skeletal class of the individual target skull, at least until 

more data has been collected to group ASTD accordingly. This study also provided 

midline ASTD based on skeletal classes in Indonesian adult sample for forensic 

anthropology population data. 

 

Ethical Statement 

The utilisation of the medical imaging in this study has been ethically approved by The 

Health Research Ethics Committee Universitas Padjadjaran Indonesia 

(812/UN6.C1.3.2/KEPK/PN/2015). 

 

Competing interests 

The authors declare that they have no financial and non-financial competing interest. This 

study was funded by the Directorate General of Higher Education Ministry of Research, 

Technology, and Higher Education of the Republic of Indonesia (666/E4.4/K/2014). 

 

Acknowledgement 

The authors would like to thank the following individuals, and organisations: all patients for 

donating their medical imagings, the Directorate General of Higher Education Ministry of 

Research, Technology, and Higher Education of the Republic of Indonesia for the research 

funding, the Department of Oral Maxillofacial Radiology Faculty of Dentistry Universitas 

Padjadjaran in Indonesia for the technical support in sample collection, and all the reviewers 

for their valuable suggestions. 

 



 

References 

1.  C. Wilkinson, Forensic facial reconstruction, Cambridge University Press, Cambridge, 
2004.             

2.  C. Wilkinson, Facial reconstruction–anatomical art or artistic anatomy? J. Anat. 216 
(2010) 235–250. 

3.  K.T. Taylor, Forensic art and illustration, CRC Press, New York, 2010. 
4.  M. Gerasimov, The Face Finder, CRC Press, New York, 1971. 
5.  J. Prag, R. Neave, Making Faces: Using Forensic and Archaeological Evidence, British 

Museum Press, London, 1997. 
6.  E. Simpson,  M. Henneberg, Variation in soft‐tissue thicknesses on the human face and 

their relation to craniometric dimensions, Am. J. Phys. Anthropol. 118 (2002) 121-133. 
7.  M. Domaracki, C.N. Stephan, Facial soft tissue thicknesses in Australian adult cadavers, J. 

Forensic Sci. 51 (2006) 5-10. https://doi.org/10.1111/j.1556-4029.2005.00009.x. 
8.  S.V. Tedeschi-Oliveira, R.F.H Melani, N.H. de Almeida, L.A.S de Paiva, Facial soft tissue      

thickness of Brazilian adults, Forensic Sci. Int. 193 (2009) 127-e1-e7. 
https://doi.org/10.1016/j.forsciint.2009.09.002   

9.  S. Codinha, Facial soft tissue thicknesses for the Portuguese adult population, Forensic 
Sci. Int. 184(2009) 80-e1-e7. https://doi.org/10.1016/j.forsciint.2008.11.011. 

10. N.H. de Almeida, E. Michel-Crosato, L.A.S. de Paiva, M.G.H. Biazevi, Facial soft tissue 
thickness in the Brazilian population: New reference data and anatomical 
landmarks, Forensic Sci. Int. 231 (2013) 404-e1-e7. 
http://dx.doi.org/10.1016/j.forsciint.2013.05.024. 

11. G. Hodson, L.S. Lieberman, P. Wright, In vivo measurements of facial tissue thicknesses 
in American caucasoid children, J. Forensic Sci. 30 (1985) 1100-1112. 

12. M.H. Manhein, G.A. Listi, R.E. Barsley, R. Musselman, N.E. Barrow, D.H. Ubelaker, In vivo 
facial tissue depth measurements for children and adults, J. Forensic Sci. 45 (2000) 48-
60. 

13. I.H. El-Mehallawi, E.M. Soliman, Ultrasonic assessment of facial soft tissue thicknesses in 
adult Egyptians, Forensic Sci. Int. 117 (2001) 99-107. 

14. C.M. Wilkinson, In vivo facial tissue depth measurements for white British children, J. 
Forensic Sci. 47 (2002) 459-465. 

15. S. De Greef, P. Claes, D. Vandermeulen, W. Mollemans, P. Suetens, G. Willems, Large-
scale in-vivo Caucasian facial soft tissue thickness database for craniofacial 
reconstruction, Forensic Sci. Int. 159 (2006) S126-S146. 
https://doi.org/10.1016/j.forsciint.2006.02.034. 

16. C.N. Stephan, R. Preisler, In vivo facial soft tissue thicknesses of adult 
Australians. Forensic Sci. Int. 282 (2018) 220.e1-220.e12. 
https://doi.org/10.1016/j.forsciint.2017.11.014 

17. L. Jia, B, Qi, J. Yang, W. Zhang, Y Lu, H.L. Zhang, Ultrasonic measurement of facial tissue 
depth in a Northern Chinese Han population, Forensic Sci. Int. 259 (2016) 247-e1-e6. 
http://dx.doi.org/10.1016/j.forsciint.2015.12.012. 

18. J.V. Pluym, W.W. Shan, Z. Taher, C. Beaulieu, C. Plewes, A.E.  Peterson, O.B. Beattie, J.S. 
Bamforth, Use of magnetic resonance imaging to measure facial soft tissue depth, Cleft 
Palate Cran. J. 44 (2007) 52-57. https://doi.org/10.1597%2F04-191. 

https://doi.org/10.1111/j.1556-4029.2005.00009.x
https://doi.org/10.1016/j.forsciint.2009.09.002
https://doi.org/10.1016/j.forsciint.2017.11.014


19. D. Sahni, G. Singh, I. Jit, P. Singh, Facial soft tissue thickness in northwest Indian 
adults, Forensic Sci. Int. 176 (2008) 137-146. 
https://doi.org/10.1016/j.forsciint.2007.07.012. 

20. F. Chen, Y Chen, Y Yu, Y Qiang, M. Liu, D. Fulton, T Chen, Age and sex related 
measurement of craniofacial soft tissue thickness and nasal profile in the Chinese 
population, Forensic Sci. Int. 212 (2011) 272-e1-272.e6, 
doi:https://doi.org/10.1016/j.forsciint.2011.05.027. 

21. S. Sipahioğlu, H. Ulubay, H.B. Diren, Midline facial soft tissue thickness database of 
Turkish population: MRI study, Forensic Sci. Int. 219(2012) 282.e1-282.e8, 
doi:https://doi.org/10.1016/j.forsciint.2011.11.017. 

22. V.M. Phillips, N.A. Smuts, Facial reconstruction: utilization of computerized tomography 
to measure facial tissue thickness in a mixed racial population, Forensic Sci. Int. 83(1996) 
51-59. 

23. D. Cavanagh, M. Steyn, Facial reconstruction: soft tissue thickness values for South 
African black females, Forensic Sci. Int. 206(2011) 215.e1-e7. 
https://doi.org/10.1016/j.forsciint.2011.01.009 

24. Y. Dong, L. Huang, Z Feng, S. Bai, G. Wu,Y.  Zhao, Influence of sex and body mass index 
on facial soft tissue thickness measurements of the northern Chinese adult 
population, Forensic Sci. Int. 222 (2012) 396-e1-e7. 
https://doi.org/10.1016/j.forsciint.2012.06.004. 

25. P. Panenková, R. Beňuš, S. Masnicová, Z. Obertova, J. Grunt, Facial soft tissue 
thicknesses of the mid-face for Slovak population, Forensic Sci. Int. 220 (2012) 293-e6. 
https://doi.org/10.1016/j.forsciint.2012.02.015. 

26. P. Guyomarc’h, F. Santos, B. Dutailly, H. Coqueugniot, Facial soft tissue depths in French 
adults: variability, specificity and estimation, Forensic Sci. Int. 231 (2013) 411-e1-e10. 
https://doi.org/10.1016/j.forsciint.2013.04.007. 

27. O. Bulut, S. Sipahioglu, B. Hekimoglu, Facial soft tissue thickness database for 
craniofacial reconstruction in the Turkish adult population, Forensic Sci. Int. 242 (2014) 
44-61. https://doi.org/10.1016/j.forsciint.2014.06.012. 

28. J.H. Chung, H.T. Chen, W.Y. Hsu,  G.S. Huang, K.P. Shaw, A CT-scan database for the facial 
soft tissue thickness of Taiwan adults, Forensic Sci. Int. 253 (2015) 132-e1-e11. 
https://doi.org/10.1016/j.forsciint.2015.04.028. 

29. A. Drgáčová, J. Dupej, J. Velemínská, Facial soft tissue thicknesses in the present Czech 
population, Forensic Sci. Int. 260 (2016) 106-e1-e7. 
https://doi.org/10.1016/j.forsciint.2016.01.011. 

30. W. Shui, M. Zhou, Q. Deng, Z Wu, Y. Ji, K. Li, T. He, H. Jiang, Densely calculated facial soft 
tissue thickness for craniofacial reconstruction in Chinese adults, Forensic Sci. Int. 266 
(2016) 573-e1-e12. https://doi.org/10.1016/j.forsciint.2016.07.017. 

31. N. Thiemann, V. Keil, U. Roy, In vivo facial soft tissue depths of a modern adult 
population from Germany, Int. J. Legal Med. 131 (2017) 1455-1488. 
https://doi.org/10.1007/s00414-017-1581-y. 

32. Z. Fourie, J. Damstra, P.O. Gerrits, Y. Ren, Accuracy and reliability of facial soft tissue 
depth measurements using cone beam computer tomography, Forensic Sci. Int. 199 
(2010) 9-14. https://doi.org/10.1016/j.forsciint.2010.02.018. 

33. H.S. Hwang, M.K. Park, W.J. Lee, J.H. Cho, B.K. Kim, C.M. Wilkinson, Facial soft tissue 
thickness database for craniofacial reconstruction in Korean adults, J. Forensic Sci. 6 
(2012) 1442-1447. https://doi.org/10.1111/j.1556-4029.2012.02192.x. 



34. N.A.P. Ruiz, Facial soft tissue thickness of Colombian adults, Forensic Sci. Int. 229 (2013) 
160-e1-e9. https://doi.org/10.1016/j.forsciint.2013.03.017. 

35. E.R. Dumont, Mid-facial tissue depths of white children: an aid in facial feature 
reconstruction, J. Forensic Sci. 31 (1986) 1463-1469. 

36. T.N. Garlie, S.R. Saunders, Midline facial tissue thicknesses of subadults from a 
longitudinal radiographic study, J. Forensic Sci. 44 (1999) 61-67. 

37. H. Utsuno,T. Kageyama, T. Deguchi, Y. Umemura, M. Yoshino, H. Nakamura, H. 
Miyazawa, K. Inoue, Facial soft tissue thickness in skeletal type I Japanese 
children, Forensic Sci. Int. 172 (2007) 137-143. 
https://doi.org/10.1016/j.forsciint.2007.01.004. 

38. H. Utsuno, T. Kageyama, K. Uchida, M.  Yoshino, S. Oohigashi, H. Miyazawa, K. Inoue, 
Pilot study of facial soft tissue thickness differences among three skeletal classes in 
Japanese females, Forensic Sci. Int. 195 (2010) 165-e1-e5. 
https://doi.org/10.1016/j.forsciint.2007.01.004. 

39. H. Utsuno, T. Kageyama, K. Uchida, M. Yoshino, H. Miyazawa, K. Inoue, Facial soft tissue 
thickness in Japanese children, Forensic Sci. Int. 199(2010) 109-e1-e6. 
https://doi.org/10.1016/j.forsciint.2010.02.016. 

40. M.M. Pithon, D.L.R. Ribeiro, R.L. dos Santos, C.L. de Santana, J.P.P. Cruz, Soft tissue 
thickness in young north eastern Brazilian individuals with different skeletal classes, J. 
Forensic Leg. Med. 22 (2014) 115-120. https://doi.org/10.1016/j.jflm.2013.09.014. 

41. H. Utsuno, T. Kageyama, K. Uchida, K. Kibayashi, Facial soft tissue thickness differences 
among three skeletal classes in Japanese population, Forensic Sci. Int.  236 (2014) 175-
180. https://doi.org/10.1016/j.forsciint.2013.12.040. 

42. N. Briers, T.M. Briers, P.J. Becker, M. Steyn, Soft tissue thickness values for black and 
coloured South African children aged 6–13 years, Forensic Sci. Int. 252(2015) 188-e1-
e10. https://doi.org/10.1016/j.forsciint.2015.04.015. 

43. K. Gungor, O. Bulut, I. Hizliol, B. Hekimoglu, S. Gurcan, Variations of midline facial soft 
tissue thicknesses among three skeletal classes in Central Anatolian adults, Leg. Med. 17 
(2015) 459-466. https://doi.org/10.1016/j.legalmed.2015.09.001. 

44. W. Jeelani, M. Fida, A. Shaikh, Facial soft tissue thickness among various vertical facial 
patterns in adult Pakistani subjects, Forensic Sci. Int.  257 (2015) 517-e1-e6. 
https://doi.org/10.1016/j.forsciint.2015.09.006. 

45. S. Hamid, A.H. Abuaffan, Facial soft tissue thickness in a sample of Sudanese adults with 
different occlusions, Forensic Sci. Int. 266 (2016) 209-214. 
https://doi.org/10.1016/j.forsciint.2016.05.018. 

46. J. Wang, X. Zhao, C. Mi, I. Raza, The study on facial soft tissue thickness using Han 
population in Xinjiang, Forensic Sci. Int. 266 (2016) 585-e1-e5. 
https://doi.org/10.1016/j.forsciint.2016.04.032. 

47. W. Jeelani, M. Fida, A. Shaikh, Age and sex-related variations in facial soft tissue 
thickness in a sample of Pakistani children, Aust. J. Forensic Sci. 49 (2017) 45-58. 
https://doi.org/10.1080/00450618.2015.1122080. 

48. D. Gibelli, F. Collini, D. Porta, M. Zago, C. Dolci, C. Cattaneo, C. Sforza, Variations of 
midfacial soft-tissue thickness in subjects aged between 6 and 18 years for the 
reconstruction of the profile: a study on an Italian sample, Leg. Med. 22 (2016) 68-
74. https://doi.org/10.1016/j.legalmed.2016.08.005 

49. J.R. Mills, Principles and Practice of Orthodontics. Churchill Livingstone, London, 1982. 

https://doi.org/10.1016/j.legalmed.2016.08.005


50. T. Rakosi, I. Jonas, T. Graber, Orthodontic diagnosis,Thieme Medical Publishers Inc, New 
York, 1993. 

51. E. Sarilita, C. Rynn, P.A. Mossey, S. Black, F. Oscandar. Nose profile morphology and 
accuracy study of nose profile estimation method in Scottish subadult and Indonesian 
adult populations, Int. J. Legal Med. 132 (2018) 923-931. 
https://doi.org/10.1007/s00414-017-1758-4 

 

Fig.1. ANB angle measurements and soft tissue depth measurements on midline landmarks: 
glabella (g), nasion (n), rhinion (rhi), subnasale (sn),upper lip (ls), stomion (sto), lower lip 
(li), labiomentale (lbm), pogonion (pog), gnathion (gn). 

 
Fig. 2. Difference of ASTD in each skeletal class in males. 
 

Fig. 3. Difference of ASTD in each skeletal class in females. 
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