
INTRODUCTION

When post-mortem decomposition cannot be identified from con-
ventional forensic methods and/or lack personal identifiers, forensic 
facial reconstruction is an alternative required method for estimating a 
likeness of a corpse based on skull remains, leading to positive facial 
recognition and investigation1). Various methods have emerged in this 
field such as three-dimensional (3D) traditional, and 3D computer-aided 
facial reconstruction2). To correct the facial reconstruction, the average 
facial soft tissue thickness (FSTT) at different anatomical landmarks 
related to the characteristics of the skull is generally considered to indi-
cate the overall facial appearance. 

The FSTT data has a long history, as firstly introduced in the 1880s 
by Welcker3,4). Although the study of FSTT has been in existence for 
more than 130 years, the study is currently being continued. Until now, 
more than 100 scientific documents regarding FSTT measurements have 
been widely investigated in the research and there are more than thirty 
ongoing studies in the last ten years5). Thus far, several FSTT studies 
have been being developed by a variety of methods on both cadavers 
and living samples, e.g., needle puncture technique6-10), ultrasound with 
amplitude (A-)11) or brightness (B-)12) mode, lateral cephalometric radio-
graph13), magnetic resonance imaging (MRI)14), computed tomography 
(CT)15), and cone-beam computed tomography (CBCT)16). The most 

ordinary method which is broadly used is the needle puncture technique. 
This technique is based on the direct physical mechanism measurement 
on either autopsy or cadaver. The advantages of this method are com-
monly used simple and inexpensive instruments and are not concerned 
over ionizing radiation exposure17), which has made this method with-
stand against the development of more technologically advanced meth-
ods. Therefore, our current study used a needle puncture technique to 
evaluate the FSTT in cadaver samples.

Even though several researchers have attempted to collect the mod-
ern FSTT database on diverse populations including European11,18), 
Australians6,7,19), Brazilians9,10), African population20), etc., a few recent 
studies have investigated in modern Asian adults, e.g., Chinese21,22), 
South Korean23), and Indonesian24). A key problem found by much of the 
literature is that FSTT data fluctuates following biological factors 
including sex, and ethnic groups. Therefore, that raises the question of 
whether the database of similar demographic groups could be used 
interchangeably.

To the best of our knowledge, attempting to explore the popula-
tion-specific database is recognized to be a great value for forensic 
facial reconstruction, especially in a Thai population. Although Thai 
databases exist25), they also based on a small number of anatomical land-
marks, and some of orbital, nasal, and mandibular landmarks have not 
been reported. With this in mind, the present study aimed to study FSTT 
in the Thai population using a needle puncture technique and to provide 
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the modern database of Thai adults for facial reconstruction in the 
forensic context in Thailand.

MATERIALS  AND  METHODS

This study was ethically approved by the Research Ethics 
Committee of the Faculty of Medicine at Chiang Mai University (clear-
ance no. 6566/2561).

Sample Collection
The sample in the present study consists of 100 samples (50 males 

and 50 females), aged between 51 to 95 years. The mean age was 72.2 
years (SD = 12.2) for males and 69.5 years (SD = 11.9) for females. 
This study was performed on Thai fresh cadavers who donated their 

bodies for research and educational purposes at the Cadaveric Surgical 
Training Center, Faculty of Medicine, Chiang Mai University, and 
Department of Anatomy, Faculty of Medicine, Chiang Mai University. 
Moreover, all information samples included name, sex, age, and cause 
of death were recorded confidentially.

The samples exhibiting asymmetry of the face, facial trauma, frac-
ture of the head, facial malformations, craniofacial surgery, and extreme 
obesity that might affect the study, were excluded from the present 
study. To avoid post-mortem modification of soft tissues from the 
decomposition process, it is noted that the samples were preserved at a 
lower temperature (1 - 2 ℃). The temperature could be an important 
factor in slowing down decay. Moreover, the samples were measured 
the data collected within 1 - 3 days after received the donated body 
without embalming. Additionally, some FSTT landmarks cannot be 
determined by some defects such as edentulous. Thus, the samples in 
each variable have varied on account of these limitations.

Table 1: Definition of FSTT Landmarks Considered in this Study
 Landmark  Definitions

 Midline
 1 Glabella The most anterior midline point between supraorbital ridges or the most anterior projecting point of  
   the frontal bone. 
 2 Nasion The midline point between eyes where deepest midline point of the nasofrontal angle.
 3 Rhinion The most anterior midline point which the most prominent connection 
   point between nasal bone and nasal cartilage. Define the landmarks by careful palpation.
 4 Subnasale The most inferior midline point of the nose and not certainly located at the tip of the nose.
 5 Philtrum The midline and midway point between Subnasale and Upper lip. 
   Define the landmarks by using a soft tape measure.
 6 Upper lip The most anterior midline point of vermillion of the upper lip. 
 7 Lower lip The most anterior midline point of vermillion of the lower lip.
 8 Chin-lip fold The deepest midline point of the chin fold below the lower lip. 
 9 Pogonion The most anterior middle point of the chin at the prominence of the mandible. 
   Define the landmarks by careful palpation.
 10 Gnathion The most inferior midline point of the chin.
 Lateral
 11 Supraorbital The most anterior middle point of the supraorbital margin, at a line that vertically bisects of orbit. fine 
   the landmarks by using a ruler to measure the half-distance between Endocanthion and Ecthocanthion 
   and create a perpendicular line up form that midway point to the supraorbital margin.
 12 Infraorbital The most anterior middle point of the infraorbital margin, at a line that vertically bisects of orbit. 
   Define the landmarks by using a ruler to measure the half-distance between Endocanthion and 
   Ecthocanthion and create a perpendicular line down to the infraorbital margin.
 13 Endocanthion  The medial point located at the inner commissure of inner eye fissure.
 14 Ecthocanthion The lateral point located at the outer commissure of outer eye fissure.
 15 Inferior malar The most prominent point of the maxilla bone, at a line that vertically to Infraorbital. Define the land- 
   marks by careful palpation.
 16 Zygion The most curvature point of the zygomatic arch. Define the landmarks by careful palpation.
 17 Lateral orbit The anteroposterior point vertically to the lateral orbital margin on the center of the zygomatic bone.
 18 Alar base The base of the nostril where the midway point Subnasale between and Alar curvature. Define the 
   landmarks by using a soft tape measure.
 19 Alar curvature The most posterolateral point of the alar of the nose. 
 20 Supra canine The point on the superior alveolar ridge of the upper canine.
 21 Infra canine The point on the inferior alveolar ridge of the lower canine.
 22 Supra M2 The point on the superior alveolar ridge of the second upper molar.
 23 Infra M2 The point on the inferior alveolar ridge of the second lower molar.
 24 Gonion The most prominent point of the angle of the mandible. Define the landmarks by careful palpation.
 25 Occlusal line The point of the anterior portion of the mandibular ramus in a place of dental occlusion or a horizontal 
   level of the lateral most point at the angle 
   of the lips. Define the landmarks by careful palpation.
 26 Border of mandible The point on the border of the mandible where the midway point between Gonion and Pogonion. 
   Define the landmarks by using a soft tape measure.
 27 Ramus The point at the center of the mandibular ramus where the midway point between the Occlusal line 
   and outer border of the mandible. 
   Define the landmarks by using a soft tape measure.
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The FSTT Measurement
A total of twenty-seven FSTT landmarks (10 midline and 17 lateral 

landmarks) were measured using a needle puncture technique, applying 
from the published needle puncture protocol6-10). In this study, some land-
marks have been modified as described in Table 1 to obtain greater reli-
ability for these measurements. Also, a landmark corresponding to the 
base of the nose -called "alar base" what no reported in previous needle 
puncture protocol studies, was added to the present study. The twen-
ty-seven landmarks are described in Table 1 and drawings of the land-
marks are provided in Figure 1.

The measurement was performed by the sample was orientated in a 
supine position and set the cadaveric head with the most symmetrical 
and Frankfort horizontal plane position. In this study, the needle punc-
ture instrument used regular polished steel sewing pin (diameter = 0.6 
mm, length = 30 mm), inserted with a cubed-rubber stopper (5 x 5 x 5 
mm). The measurement was taken by inserted the needle perpendicular-
ly through the skin surface landmarks to the most superficial of the 
skull. After the tip of the needle reached the bone, the rubber stopper 
was moved down to contact the skin's surface. To reduce the distortion 
of the soft tissues, the sample was considered and handled carefully. The 
distance of the needle remaining between the tip of the needle to the 
base of the stopper was measured to the nearest 0.01 mm using a digital 
vernier caliper (Mitutoyo, São Paulo, Brazil), and recorded in millime-
ters. Moreover, each measurement was repeated three times non-consec-
utively for more precise placement of the landmark and calculated to the 
average of these three measurements for each individual. 

Data Analysis 
To evaluate the repeatability of the measurement, a total of 20 sam-

ples (10 males and 10 females) were randomly selected for repeated 
measurement. To reduce measurement error from soft tissue distortion 
on account of time as well as to avoid memory bias, the second mea-
surement had to take place after two hours of the first assessment by the 
same investigator. The mean absolute difference was taken for compar-
ing the difference value between the two measurements. According to 
the suggestion obtained in the study of Stephan et al26), the technical 
error measurement (TEM), relative technical error measurement 
(rTEM), and coefficient reliability (R) were used to evaluate intra-ob-
server error precision.

Descriptive statistics, such as mean, standard deviation (SD), maxi-
mum (Max), and minimum (Min) were computed for all quantitative 
variables of FSTT measurement among sexes. Independent sample t-test 
and Mann-Whitney U test were also calculated for determining the sex 
difference of the mean value of FSTT, depending on parametric and 
nonparametric statistics, respectively. Besides, determining the normali-
ty of each variable, the Shapiro-Wilk test was used. All statistical analy-
sis tests were conducted using SPSS software, version 22 for Windows 
(SPSS Inc, Chicago, IL). A significance level of 0.05 was determined to 
be of statistical significance.

RESULTS

As regards the intra-observer repeatability, the mean absolute differ-
ence, TEM, rTEM, and R-value in each variable were presented in Table 
2. The TEM value of all measurements was less than 1 mm, ranged 
from 0.13 to 0.78. Moreover, all of the R-values were greater than 0.90, 
ranging from 0.91 to 0.99 which supported the low rTEM values. The 
lowest R-value, 0.91, was recorded for the endocanthion, subnasale, 
supra canine, infra canine, and supra M2, respectively. Therefore, these 
results revealed that the measurements obtained in this study are greatly 
repeatable. 

Descriptive analysis for all measurements of males and females are 
tabulated in Table 3. When sex-difference was tested, the results 
revealed that only five out of twenty-seven landmarks had significant 
differences between the mean values of males and females: supraorbital 
(p = 0.006), ecthocanthion (p = 0.036), lateral orbit (p = 0.020), upper 
lip (p = 0.019), and occlusal line (p = 0.003) where located on the orbit-
al, oral, and mandibular region. Simultaneous consideration of the mean 
difference values between males and females of all variables, 15 out of 
27 values of females showed negative values (4 midline and 11 lateral 
landmarks), ranging from -0.09 to -1.31 mm see Table 3. These findings 
demonstrated that the mean value of females tended to be greater than 
males which were mostly located on the lateral landmarks.

DISCUSSION  AND  SUMMARY

This study obtained FSTT data based on the cadaveric study proto-
col. Our results gathered here help forensic anthropologists as well as 
anatomists to understand the FSTT fluctuations in human faces, particu-
larly in a Thai population, as well as repeatability and limitation of the 
method for facial reconstruction. 

Sex
Regarding human sexual dimorphism, the FSTT studies are typical-

ly divided into sub-sample namely male and female categories, and 
commonly found differences between the sexes6,9,14). In our studies, after 
a statistical analysis was accessed, it was found that sexual dimorphism 
in some of FSTTs by the landmarks corresponding to the orbital, oral, 
and mandibular regions showed significant deviation between the sexes, 
the same way as those single soft tissue depth studies mentioned above. 
However, our pattern was incompatible with the traditional values pat-
tern, with the mean difference of females found greater than that of 
males in many areas. The thickness variables with a negative value 
(males < females), were mostly located on the lateral face, particularly 
the chin and cheek region. This finding is consistent with several previ-
ous studie10,17,21,27). de Almeida et al.10) for example, who reported that the 
most notable difference observed in oral and mandibular regions had 
higher measurement values in females. Chan et al.21) also found a rather 
similar finding, suggesting that most of FSTTs (12 out of 19 landmarks) 
which located on orbit, oral, and jaw region of Chinese females, aged 
over fifty-six years, occupied thicker facial soft tissues than did the 
males. To date, Stephan et al.'s current study27) revealed that only when 
body mass was normalized that females tended to dominantly have 
thicker FSTTs compared to males.

Therefore, it is noted that the variation within the sex appears to be 
a crucial component that must be highly taken into account when per-
forming the data collection process, although these incidents remain 
questionable (females possess thicker FSTT than males) and the similar-
ity of overlapping between the average male and female was shown, and 
suggesting further details in this phenomenon should be explored more 
in a future study.

Population
Population differentiation analysis of the FSTT structures is yet 

another element that should be observed. Currently, there has been a 
trend worldwide to conduct ancestry-specific databases using physical 
and/or imaging techniques. According to Stephan et al.17,26), a different 
methodological standardization usually showed different outcomes in 
their FSTT assessment, making it difficult to analyze FSTT relation-
ships between the population thoroughly and reliably. Therefore, our 
result was only directly comparable to other similar modern studies that 
used the needle puncture protocol for data acquisition. When comparing 
the inter-populational variability of the average FSTT values between 

Figure 1: Twenty-seven FSTT landmarks corresponding to bony 
landmarks obtained in this study in frontal view (a), and lateral 
view (b)with a plane parallel to the Frankfort horizontal (hori- 
zontal bold line;-)



Navic P. et al. 555

Thai and other populations including Australian6,7), Portuguese8), and 
Brazilian9,10), it demonstrated that the average FSTT values for the Thai 
population were less than that of other populations in overall landmarks 
for both genders. Consequently, inter-populational variability observed 
in our present study showed a similarity to previous studies, e.g., Chung 
et al.28) compared Taiwanese pooling of data with the Turkish popula-
tion, then, they found that the average thickness values of Taiwanese 
population were mostly lower than those of Turkish population, by uti-
lized CT data. Likewise, in Stephan and Simpson's comprehensive 
review17), they compared the well-known historic average of FSTT 
between Caucasians and non-Caucasians. They reported that the pooled 
data in each population appeared different, with Asian FSTT data being 
thinner than other ethnic groups to a certain degree.

All findings described above may be noteworthy in a way that not 
only morphological characteristics among sexes still affected the mor-
phological characteristics of FSTT differently, but the diversity of peo-
ple with different racial, ethnic, socioeconomic status, nutritional factors 
was also considered as a supportive factor that could presumably influ-
ence facial distinction among different populations. This fact suggests 
that sex- and population-specific database should be established to 
achieve more accuracy and efficiency of facial reconstruction proce-
dures. In conclusion, the finding of this study could be representative of 
the FSTT of the Thai population. Moreover, the average value of the 
FSTT of males and females obtained in our study could be forensically 
and clinically useful for facial reconstruction, especially for the Thai 
population.

Repeatability of the Method
Considering the intra-observer repeatability obtained in this study, 

the result delivered satisfactory values, which all presented with high 

coefficient reliability (R > 0.90). Even though some landmarks such as 
endocanthion, subnasale, supra canine, infra canine, and supra M2 
showed a slightly smaller R-value than others, it was still acceptable. 
This may be since these regions have thick surfaces and curvature; 
therefore, it is slightly more difficult to define these non-prominent 
landmarks, and difficult to palpate, resulting in landmark placement 
error and inconsistent insertion angle of the needle17). According to 
Codinha et al.8), de Almeida et al.10), as well as our present study, 
obtained low TEM and high R values through modification of needle 
puncture protocol. Hence, this demonstrated that cadaveric study proto-
col could still potentially be a reliable method. Consequently, it could be 
improved in the future if the reliability and reproducibility of FSTT are 
accessed using needle puncturing measurement to evaluate inter-observ-
ers who have experience and no hands-on experience in this field, see. 
e.g.,29,30).

Limitation and Suggestion
Our study has presented some limitations and more suggestions for 

improving the reliability of measurement; (i) Timeframe of the measure-
ment should be done before the rigor state appears (< 12 hr. after a time 
of death), which we agree with Stephan et al.'s suggestion26), yet the lim-
itation of our study was that we could not proceed the measurement 
within this appropriate period due to a donation process condition. 
Therefore, the alternative approach we would like to suggest is to have 
the measurement done on the day cadavers are received and if neces-
sary, it should not be more than three days after that since there the 
cadavers are likely to transform into the putrefaction stage and there 
could be skin slippage changes occur.; (ii) Head position during FSTT 
data collection should be oriented and maintained in Frankfort 
Horizontal position to limit the location of anatomical landmarks dis-

Table 2: Intra-observer Error Statistics for FSTT Measurement Using 
 Needle Puncture Technique (n=20)
 Landmark  Mean ± SD (mm)  Mean  TEM rTEM R
    absolute  (mm) (%)
  First  Second difference
  measurement measurement (mm)

 Midline
 Glabella 3.66 ± 0.70 3.61 ± 0.74 0.05 0.14 3.84 0.96
 Nasion 3.31 ± 0.71  3.22 ± 0.68 0.09 0.17 5.36 0.94
 Rhinion 2.38 ± 0.69 2.33 ± 0.69 0.05 0.13 5.48 0.96
 Subnasale 4.69 ± 0.86 4.65 ± 0.77 0.04 0.24 5.17 0.91
 Philtrum 4.45 ± 1.01 4.49 ± 0.98 0.04 0.22 4.95 0.95
 Upper lip 4.50 ± 0.86 4.41 ± 0.85 0.09 0.22 5.00 0.93
 Lower lip 4.99 ± 0.89 4.93 ± 0.92 0.06 0.20 3.94 0.95
 Chin-lip fold 5.84 ± 1.02 5.80 ± 1.00  0.04 0.12 2.12 0.99
 Pogonion 5.75 ± 1.60 5.68 ± 1.60 0.07 0.20 3.51 0.98
 Gnathion 3.79 ± 0.74 3.75 ± 0.72 0.07 0.18 4.82 0.94
 Lateral      
 Supraorbital 3.82 ± 0.72 3.89 ± 0.72 0.07 0.19 5.04 0.93
 nfra orbital 3.51 ± 0.94 3.44 ± 0.97 0.07 0.23 6.63 0.94
 Endocanthion 3.15 ± 0.55 3.14 ± 0.56 0.01 0.17 5.33 0.91
 Ecthocanthion 2.57 ± 0.64 2.51 ± 0.60 0.06 0.14 5.48 0.95
 Inferior malar 5.62 ± 1.38 5.52 ± 1.28 0.10 0.24 4.33 0.97
 Zygion 4.32 ± 1.31 4.15 ± 1.22 0.17 0.34 8.10 0.93
 Lateral orbit 6.97 ± 2.20 6.86 ± 2.13 0.11 0.24 3.51 0.99
 Alar base 4.96 ± 0.92 4.95 ± 0.95 0.01 0.16 3.17 0.97
 Alar curvature 5.16 ± 0.78 5.14 ± 0.81 0.08 0.18 3.58 0.95
 Supra canine 3.87 ± 0.74 3.79 ± 0.72 0.08 0.21 5.42 0.91
 Infra canine 3.83 ± 0.79 3.69 ± 0.83 0.14 0.22 5.77 0.91
 Supra M2 5.23 ± 0.75 5.34 ± 0.77 0.10 0.14 2.73 0.91
 Infra M2 5.40 ± 0.77 5.34 ± 0.71 0.11 0.13 2.41 0.97
 Gonion 6.67 ± 1.96 6.47 ± 1.89 0.20 0.25 3.75 0.98
 Occlusal line 6.61 ± 1.89 6.62 ± 1.91 0.01 0.21 3.22 0.99
 Border of mandible 3.57 ± 0.96 3.58 ± 1.02 0.01 0.26 7.19 0.93
 Ramus 12.60 ± 3.23 12.40 ± 3.35 0.20 0.35 2.84 0.99
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crepancy. While this standard position has been reported in data collec-
tion in CT18) and ultrasound12) protocol, the needle puncture method has 
gone unmentioned.; and (iii) Statistical analytical techniques for assess-
ing measurement error are the last yet crucial points that could help 
researchers consider the error of the measurements to improve the 
repeatability and reliability of measurement. Meikle and Stephan12) and 
Stephan et al.26) revealed that some past FSTT studies have been pub-
lished without any validation tests or accessing inappropriate statistical 
analysis. For this reason, statistical analytical techniques; for example, 
mean, mean absolute differences, TEM, rTEM, R-value are recommend-
ed for calculating error measurement by those recently published stud-
ies. These statistical analyses are an accuracy index and they properly 
represent the measurement quality and control dimension. Among sev-
eral past studies, our study suggests that it might be necessary for future 
studies to describe the measurement error in the same direction using 
the statistical analysis mentioned above.

Therefore, it might be impossible to say that the needle puncture 
technique may still be utilized as a conventional FSTT measurement for 
forensic facial reconstruction. Future studies should re-examine the 
FSTT in other aspects such as updating the modern Asian databases 
instead of the historic databases, studying in large scale population, con-
sidering a difference in age groups, studying in living subjects, and 
including mixed racial origin population into a subcategory of the study 
thought needle puncture technique and/or other methods. Additionally, it 
is important to note that one possibility in this arena is the improvement 
and establishment of a standardized FSTT measurement approach in 
each measurement, see e.g.,12). Those mentioned would help forensic 
anthropologists seek to develop the measurement and might be able to 
increase the knowledge and efficiency of FSTT for forensic facial 
reconstruction.
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Occlusal line  50 5.63 2.09 2.32 11.57 50 6.94 2.37 2.65 13.26 -1.31 0.003*
Border of  50 3.44 1.22 1.47 5.80 50 3.76 1.11 1.77 7.58 -0.32 0.174
mandible
Ramus  50 10.89 4.02 4.12 24.12 50 11.42 3.42 6.15 20.55 -0.53 0.313

* Significant difference between sexes: males-females value (p value < 0.05)
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