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FACIAL  SEX  DIFFERENCES

Preliminary Study of Sex Differences of Facial Soft Tissue 
Thickness related with Facial Reconstruction in a Thai 

Population

Pagorn Navic1,2),  Pasuk Mahakkanukrauh2,3,4)

ABSTRACT
Objective: Facial soft tissue thickness (FSTT) is a crucial component that can determine and carry out the virtual face on the 

facial reconstruction procedure. There is an influence of sex on FSTT that affects the virtual face in facial reconstruction. 
Therefore, the present study aims to examine sex differences of FSTT in a Thai population. 

Materials and Methods: The FSTTs were measured from Thai fresh cadavers (8 males, 8 females) obtained from the 
Department of Anatomy, Faculty of Medicine, Chiang Mai University. The FSTTs were measured at 26 landmarks (10 midline 
and 16 lateral landmarks) by using a needle puncture technique, and mean values were obtained for males and females in each 
landmark. 

Results: Six landmarks had significant differences between the mean values of males and females: Pogonion (p = 0.005), 
Right Maxilla (p = 0.044), Right Supra M2 (p = 0.040), Left Infra M2 (p = 0.016), Right Gonion (p = 0.013), and Right Border of 
mandible (p = 0.031), respectively. Moreover, when considering the mean value of FSTT between males and females, the average 
thickness values were higher for females, especially in the area of the mouth and jaw.

Conclusion: The mean value of FSTT obtained in this study should be useful for application in both two- and three-dimen-
sional forensic facial reconstruction purposes. Furthermore, it is necessary to separate the data sets for males and females as 
well as to collect more samples in future studies
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INTRODUCTION

Facial reconstruction and finding an appropriate method are a chal-
lenge that can assist practitioners to identify the remains in a forensic 
circumstance. Facial reconstruction is also widely used as a medico-le-
gal method when post-mortem decomposition has a complicated condi-
tion or other traditional methods are unavailable. To assess the shaping 
of a face relative to a skull, facial soft tissue thickness (FSTT) is one of 
the most crucial components that can determine and help develop a vir-
tual face in the facial reconstruction procedure1). 

The FSTT provides biological variability information, measured at 
numerous landmarks on the face which are determined from the superfi-
cial skin surface to the anatomical landmarks of the skull. Recently, 
there have been several techniques to measure the FSTT (e.g. the needle 
puncture technique2), CT3), MRI4), X-ray5), and ultrasound technique6)). 
Although these measurements utilize advanced medical imaging tech-
niques, measurement of the FSTT via a needle puncture technique is the 
most common method in the literature. It can measure FSTT on the indi-

vidual cadaver and requires a non-invasive method. Hence, this study 
applied this technique to assess the FSST information. 

The FSTT studies have been conducted in several populations, 
including American, African, European, and Asian population7). One 
study of Stephan and Simpson7), summarized and explained that the 
characterization of the FSTT fluctuates in accordance with the differ-
ences of biological sex. These circumstances demonstrated that the 
FSTT information requires appropriate data from particular groups, 
especially sex information. Establishing additional information of the 
FSTT, particular in a Thai population will increase the accuracy of the 
facial reconstruction procedure, including drawing sculptures and com-
puter-aided methods.Therefore, the purpose of the study was to examine 
sex differences of FSTT in a Thai population based on the needle punc-
ture technique. This will contribute basic knowledge for conducting 
more studies related to facial reconstruction in forensic anthropology 
and a forensic context in Thailand. 
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Table 1: Definitions of the Landmarks of Facial Soft Tissue 
Thickness in This Study

Orientation Landmark Definitions

 1 Glabella Midline point between supraorbital  
   ridges

 2 Nasion Midline point between eyes

 3 Rhinion Most prominent connection point  
   between nasal bone and nasal carti 
   lage

 4 Subnasale Most inferior part of the nose and  
   this landmark (not certainly located  
   at the tip of the nasal)

 5 Philtrum Midline point between the base of  

Midline   nose (columella base) and mouth

 6 Upper lip Most anterior midline point of the  
   upper lip 

 7 Lower lip Most anterior midline point of the  
   lower lip

 8 Chin fissure Midline point of the chin fold  
   below the lower lip

 9 Pogonion Most prominent of the chin or the  
   most middle of the mental protuber- 
   ance

 10 Gnathion Most inferior midline point of the  
   chin

 11 Supraorbital Most central point of the eye locat- 
   ed superior to the orbital bony mar- 
   gin

 12 Infraorbital Most central point of the eye locat- 
   ed inferior to orbital bony margin

 13 Endocanthion  Point located at the inner commis- 
   sure of each eye fissure

 14 Exocanthion Point located at the outer commis- 
   sure of each eye fissure

 15 Maxilla Most prominent point of the maxil- 
   la bone

 16 Zygion Lateral to the eye and most curva- 
   ture point of the zygomatic arch

 17 Alar base Base of the nostril

 18 Alar curvature Point of the alar of nose

Lateral 19 Supra canine Point on superior alveolar ridge of  
   the upper canine

 20 Infra canine Point on superior alveolar ridge of  
   the lower canine

 21 Supra M2 Point above to the second upper  
   molar

 22 Infra M2 Point below to the second lower  
   molar

 23 Gonion Most prominent point of the angle  
   of the mandible

 24 Body of mandible Point on the center of the mandible  
   located on the oblique line

 25 Border of mandible Point on the inferior border of the  
   mandible between gonion and  
   pogonion

 26 Ramus Point at the center of the mandibu- 
   lar ramus

Table 2: Descriptive statistics with mean value and stan-
dard deviation (S.D.) in millimeters for males and 
females with p-value

Landmark Male Female p-value

 Mean ± S.D. Mean ± S.D. 

Glabella 3.52 ± 0.62 3.50 ± 0.70 0.964

Nasion 3.44 ± 0.57 2.99 ± 0.78 0.206

Rhinion 2.40 ± 0.67 2.08 ± 0.35 0.243

Subnasale 5.89 ± 1.42 4.92 ± 1.17 0.156

Philtrum 4.64 ± 0.62 4.55 ± 1.02 0.837

Upper lip 4.10 ± 1.12 4.43 ± 1.69 0.655

Lower lip 4.65 ± 1.29 5.12 ± 1.62 0.530

Chin fissure 5.49 ± 1.17 6.81 ± 1.50 0.069

Pogonion 4.69 ± 0.74 6.68 ± 1.41 0.005*

Gnathion 3.48 ± 0.76 4.05 ± 1.26 0.295

Supra orbital_Rt 3.54 ± 0.51 4.13 ± 0.93 0.138

Supra orbital_Lt 3.43 ± 0.70 4.14 ± 1.00 0.122

Infra orbital_Rt 2.89 ± 0.55 3.35 ± 1.40 0.404

Infra orbital_Lt 3.12 ± 0.89 3.41 ± 1.38 0.629

Endocanthion_Rt 4.15 ± 0.65 3.29 ± 0.85 0.185

Endocanthion_Lt 4.25 ± 1.06 3.31 ± 1.10 0.278

Exocanthion_Rt 2.84 ± 0.41 2.36 ± 1.05 0.484

Exocanthion_Lt 2.78 ± 0.29 2.41 ± 1.00 0.569

Maxilla_Rt 5.72 ± 1.47 7.44 ± 1.41 0.044*

Maxilla_Lt 5.80 ± 1.34 7.00 ± 2.06 0.203

Zygion_Rt 4.14 ± 2.06 5.74 ± 1.73 0.058

Zygion_Lt 5.22 ± 2.06 5.26 ± 2.41 0.978

Alar base_Rt 5.90 ± 0.58 5.54 ± 0.82 0.541

Alar base_Lt 5.86 ± 1.47 5.17 ± 0.82 0.410

Alar curvatu_Rt 5.46 ± 1.28 5.62 ± 1.80 0.844

Alar curvatu_Lt 5.58 ± 1.28 5.58 ± 1.72 0.995

Supra canine_Rt 4.77 ± 0.50 3.93 ± 0.72 0.149

Supra canine_Lt 4.01 ± 0.24 4.11 ± 0.66 0.852

Infra canine_Rt 4.95 ± 0.53 4.47 ± 0.58 0.314

Infra canine_Lt 4.47 ± 0.74 4.32 ± 1.23 0.856

Supra M2_Rt 5.99 ± 1.51 7.91 ± 1.17 0.040*

Supra M2_Lt 5.72 ± 1.51 7.79 ± 1.99 0.067

Infra M2_Rt 5.65 ± 0.99 7.07 ± 1.11 0.067

Infra M2_Lt 5.11 ± 1.16 6.89 ± 0.87 0.016*

Gonion_Rt 5.35 ± 1.54 8.20 ± 2.40 0.013*

Gonion_Lt 6.06 ± 1.18 7.66 ± 2.88 0.179

Body of mandible_Rt 5.89 ± 3.02 8.64 ± 3.10 0.094

Body of mandible_Lt 6.15 ± 2.90 8.66 ± 2.63 0.091

Border of mandible_Rt 3.89 ± 0.63 5.35 ± 1.61 0.031*

Border of mandible_Lt 4.16 ± 0.77 5.51 ± 1.78 0.068

Ramus_Rt 9.65 ± 2.65 11.16 ± 2.40 0.251

Ramus_Lt 10.81 ± 2.77 11.05 ± 2.68 0.864

* indicates significant difference at a value of p < 0.05
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MATERIALS  AND  METHODS 

Sample Collection
This study was performed on a Thai fresh cadaver sample of 16 

individuals (8 males and 8 females), donated at the Cadaveric Surgical 
Training Center, Faculty of Medicine, Chiang Mai University and 
Department of Anatomy, Faculty of Medicine, Chiang Mai University. 
In order to prevent the decomposition of the soft tissue, all cadavers 
were kept in refrigeration with 1-4℃ with the data collected as soon 
after the time of death as possible. Moreover, the samples exhibiting 
asymmetry of the face, facial trauma, fracture of the head, malforma-
tions, and craniofacial surgery that might affect the study, were exclud-
ed from the study.

The FSTT Measurement 
The FSTTs were measured at 26 landmarks (10 midline and 16 later-

al landmarks). The twenty-six landmarks are described in Table 1 and 
Figure 1. Each cutaneous landmark was homogeneous to the bony land-
mark which was determined by observation and palpation on the cadaver.

This method uses data collected from needle puncture technique 
that followed the published needle puncture methods2,8-10). The measure-
ment was prepared as follows: the sample was placed in supine posi-
tions in the most symmetrical and Frankfort horizontal plane position. 
Next, the needle with a rubber stopper was inserted perpendicularly 

through the skin to the most superficial of the set landmark on the skull. 
After the needle reached the bone, the rubber stopper was moved down 
until it contacted the skin's surface. Consequently, the sample was con-
sidered and handled carefully to reduce distortion of the soft tissues. 
Finally, the length of the needle remaining from the tip of the needle to 
the base of the stopper was measured using digital Vernier caliper and 
recorded in millimeters. 

All soft tissue depths were conducted by the author. Additionally, all 
measurements were repeated three times and non-consecutively in each 
individual and calculated to the average of these three measurements. 

Statistical Analysis
Descriptive statistics, such as mean and standard deviation for all 

quantitative variables of facial soft tissue thickness were described 
among sexes. To evaluate the differences between males and females, 
all variables were performed by independent sample t-test. All statistical 
analyses were done using the SPSS software package (SPSS Inc., 
Chicago, IL, USA) and a value of p < 0.05 was determined to be statisti-
cally significant. 

RESULT

The results for the descriptive statistics with mean and standard 
deviation for 26 landmarks between males and females were summa-
rized in Table 2. The results showed that six landmarks showed signifi-

Figure 1: Landmarks of soft tissue thickness in this study; (a) anterior view, (b) lateral view 

Figure 2: Comparison of the average soft tissue thicknesses between males and females 
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cant differences between the mean values of males and females: 
Pogonion (p = 0.005), Right Maxilla (p = 0.044), Right Supra M2 (p = 
0.040), Left Infra M2 (p = 0.016), Right Gonion (p = 0.013), and Right 
Border of mandible (p = 0.031), respectively. 

The comparison of the average soft tissue thicknesses between male 
and female was illustrated in Figure 2. The overall results indicated that 
females had greater average thickness values than males, especially in 
the area of the mouth and jaw. 

Moreover, the paired t-test comparisons between the FSTTs from 
the right and left side of the face showed that almost all landmarks were 
considered equal, excepted the border of the mandible landmark which 
was significantly different (p = 0.022). 

DISCUSSION 

Facial reconstruction is a method used by forensic anthologists to 
create viable reconstructions similar to the victim's face as possible. 
This method based on the morphological facial features, especially the 
facial soft tissue thickness (FSTT) which is commonly utilized as a 
marker on certain skull landmarks to recreate the virtual face (e.g. oval, 
triangle, and square facial profile). For a correct the virtual face, the 
FSTT information is considered as one of the primary components in 
both two- and three- dimensional facial reconstruction procedures. 
Therefore, this circumstance importantly requires finding the FSTT 
information related to a specific population as well as among sexes for 
applying in facial approximation.

The present study examined the influence of sex on FSTT in a Thai 
population. From the result of independent t-tests (Table 2), a significant 
difference was revealed between males and females, with females show-
ing the greatest mean values around the mouth and jaw regions, includ-
ing pogonion, maxilla, supra M2, infra M2, gonion, and the border of 
mandible landmark, respectively. This finding was consistent with the 
FSTT pattern that was reported in one study by Chan et al.6) who studied 
adult mixed Chinese Americans samples using an ultrasound technique. 
They reported that four landmarks i.e. mid-philtrum, supra canine, 
lower cheek, and zygomatic which were located on the mouth and later-
al of the face, showed significant variation by sex and the greatest value 
in females. Moreover, in a study of the Brazilian population, de Almeida 
et al.2) measured the FSTT by using the needle puncture technique, 
reported that the variables which consisted of upper lip margin, superior 
labial sulcus, stomion, right lateral orbit, and left cheilion had higher 
measurement values in females as well.

However, it was noteworthy that the finding of the present study 
mentioned above might differ from some previous studies that measured 
the FSTT by using the needle puncture technique. A study of an 
Australian sample, Domaracki et al.8) found the average of soft-tissue 
thickness in males was greater than females in a number of variables 
(glabella, nasion, rhinion, mid-philtrum, mentolabial sulcus, mid-supra-
orbital, and temporalis muscle landmark, respectively). In a similar way, 
Codinha9) reported that Portuguese males had thicker soft tissues than 
females in the mouth and chin regions. Generally, the traditional pattern 
of the different racial groups reported that males had thicker than aver-
age overall thickness data sets than females, since the males' skull, as 
well as facial musculatures, were greater and more robust than the 
females skull, especially at the brow and jaw regions.

Although the variation of FSTT between males and females were 
found in different geographic populations mentioned above, it was the 
obvious evidence that the variation within the sex factor directly affects 
the difference of facial tissue thickness. Moreover, the likelihood of dif-
ferences between sex on FSTT in different geographical groups might 

due to the differences in lifestyles, diverse environment, geography as 
well as nutritional status7). In addition, it obviously demonstrated a rare 
possibility to refer the database from a specific population to other pop-
ulation groups in the facial reconstruction process. 

Concerning the impact of the sex differences of the FSTT in a Thai 
population, we indeed suggest that it could be more effective by separat-
ing the data set for male and female subcategorizations, helping to indi-
cate the face profile on the facial reconstruction efficiently. Moreover, 
the outcome of our preliminary study could provide valuable informa-
tion for facial reconstructions and lead to collecting more samples for a 
Thai population database to use for facial reconstruction in the future.

CONCLUSION

The overall result in this study indicate that the mean values of 
FSTT obtained should be useful for applying in both two- and three-di-
mensional forensic facial reconstruction purposes. Furthermore, the 
study concluded that sexual dimorphism is a factor that should be great-
ly considered during the facial reconstruction procedure. Therefore, it is 
necessary to separate the data sets for males and females as well as to 
collect more samples in future studies.
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