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Abstract

Objective : To determine the criteria for sex identification from Thai’s skeleton by 3D computerized 

tomography skull imaging.

Method : Study 100 samples of 3D computed tomography skull image taken by Aquilion Lightning 

(16-row helical CT system). The samples were categorized into those of male and female, 50 each, 

and collected during 2017-2018 from autopsy process. Each skull was measured at 18 different 

positions by using Vitrea program (Vital Images, Inc.). The discriminant function analysis was used 

to calculate the equation for sex identification of each variable, while the leave-one-out cross-vali-

dation method was used to calculate the percentage accuracy of sex identification.

Result : The discriminant function analysis indicated that the single variable (br-mas) resulted in the 

average percentage accuracy of sex identification at 84% and that the multiple variables (br-mas 

and rhi-in) resulted in the average percentage accuracy of sex identification at 88% (original) and 

87% (cross-validation). Consequently, the equation for discriminant function was -32.013+0.115(br-

mas) + 0.85(rhi-in) with cutting point = 0.

Conclusion : The result shows the potential of using 3D computerized tomography imaging in fo-

rensic anthropology. The data, hence, should be categorized for further study of larger population 

and the further study of standard for bone measurement and standardized scanning protocol should 

be conducted for the purpose of more convenient data collection and future research.
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บทคัดย่อ

วัตถุประสงค์ : เพื่อหาหลักเกณฑ์เพ่ือใช้ในการระบุเพศของโครงกระดูกคนไทยโดยการใช้ภาพถ่ายรังสีระบบ 3 

มิติของกะโหลกศีรษะ

วัสดุและวิธีการศึกษา : ศึกษาจากภาพถ่ายรังสีจากเคร่ืองเอกซเรย์คอมพิวเตอร์ระบบ 3 มิติ จากเคร่ือง Aquilion 

Lightning (16-row helical CT system) ของกะโหลกศีรษะ จ�ำนวนทั้งหมด 100 ตัวอย่าง แบ่งออกเป็นเพศหญิง

และเพศชายอย่างละ 50 ตัวอย่าง ย้อนหลังในช่วงปี พ.ศ 2560 ถึง พ.ศ.2561 ที่เกิดข้ึนจากกระบวนงานผ่าชันสูตร

ศพ ท�ำการวัดต�ำแหน่งของกะโหลกศีรษะจ�ำนวนทั้งหมด 18 ต�ำแหน่ง โดยใช้โปรแกรม Vitrea (Vital Images, 

Inc.) วิเคราะห์ข้อมูลด้วยสถิติ discriminant function analysis เพ่ือค�ำนวณหาสมการในการระบุเพศของแต่

ตัวแปรในการวัด จากนั้นท�ำการหาร้อยละความแม่นย�ำในการระบุเพศของสมการโดยใช้วิธี Leave-one-out 

cross-validation 

ผลการศึกษา : จากสถิติ discriminant analysis พบว่ากลุ่มตัวแปรการวัดตัวแปรเดียว br-mas มีค่าเฉลี่ยของ

ความแม่นย�ำในการท�ำนายเพศร้อยละ 84 และจากการทดสอบด้วยการใช้ตัวแปรหลายตัวแปรพบว่า การใช้

ตัวแปร br-mas ร่วมกับ rhi-in เพียงสองตัวแปร จะให้ความแม่นย�ำในการท�ำนายเพศสูงสุดถึงร้อยละ 88(origi-

nal) และร้อยละ  87 (cross-validation) ซ่ึงสามารถสร้างสมการ discriminant function ได้คือ 

-32.013+0.115(br-mas) + 0.85(rhi-in) โดยมีค่า cutting point = 0

สรุป : จากผลการวิจัยแสดงให้เห็นถึงศักยภาพในการน�ำข้อมูลภาพ 3D Computerized Tomography Image  มา

ใช้ในงานนิติมานุษยวิทยา ในอนาคตควรมีการจัดหมวดหมู่ของข้อมูลเพ่ือการศึกษาในกลุ่มประชากรที่ใหญ่ข้ึน 

ท�ำการศึกษาเพ่ิมเติมในการก�ำหนดมาตรฐานของการวัดของกระดูกแต่ละต�ำแหน่งรวมถึงมาตรฐานข้อก�ำหนดของ

เทคนิคการใช้เคร่ือง CT (standardized scanning protocol) เพ่ือให้การเก็บข้อมูลมีความสะดวกและเหมาะสม

ต่อการศึกษาวิจัยในอนาคต

ค�ำส�ำคัญ : กะโหลกศีรษะ, นิติมานุษยวิทยา, สถิติวิเคราะห์จ�ำแนกกลุ่ม, ภาพเอกซเรย์คอมพิวเตอร์

INTRODUCTION

	 Body identification is a task of Central Institute of Forensic Science to identify the body of 

deceased and return to their family. Furthermore, it is prescribed in Section 154 of Criminal Proce-

dure Code that the official performing the autopsy shall identify the deceased, and sex identification 

is one of the person identification processes. Generally in case of complete body, the sex can be 

identified by reproductive organ. In case of incomplete body with only skeleton or skull left, howev-

er, it is required to examine the characteristics of the remaining skeleton or bones in order to iden-

tify the sex.

	 The characteristics of male and female bone are different due to the level of testosterone1 

which is the hormone helping develop the physical characteristics. Therefore, the male bone struc-

ture is different from female one at many position, especially the skull which can be well used to 

sex identification. It is found that male bones are bigger than female ones. Some studies were con-

ducted which concluded that the sex can be identified by bone measurement. 2, 3
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	 Nowadays the computed tomography scan is used in forensic field4, 5 to analyze the cause 

of death without undertaking autopsy in some case, as well as in forensic anthropology for sex 

identification from the bone by indicating the position for measurement. Thus, for the most efficient 

usage of computed tomography scanner of Central Institute of Forensic Science and for setting an 

example for other Thai forensic medical agencies, it is necessary to determine the criteria in order 

to use such tool for the accurate body identification.

METHOD

	 Calculate sample size by using quantifying the precision of a discrimination6 and setting 100 

sample, 50 for male and 50 for female. Select 3D computed tomography skull image taken by Aq-

uilion Lightning, 16-row helical CT system (120 kVp, 150 mAs, 0.5 mm. slice thickness) during 2017-

2018 from autopsy process. The sample criteria were that the deceased must be over 18 years old 

at the time of death without any irregularity, break or deformation of skull. Measure the skull from 

18 different positions (Table1 and Figures 1-3) by using Vitrea version 4.1.52 (Vital Images, Inc.). 

(Figure 4) Bony landmarks and abbreviation of each measurement are originally from Rooppakhun 

S, et al.7 and Cordeiro BA, et al.8  

	 The collected data was analyzed by SPSS version 19 (SPSS Inc., Chicago, IL, USA) and the 

selected statistics were descriptive statistics for finding standard deviations of each measured

position, t-test analysis for comparing the average of male and female measurement, discriminant 

function analysis for calculating the equation used for sex identification of each variable, and cross 

validation (Leave-one-out) method for calculating percentage accuracy of sex identification

RESULT

	 The descriptive statistics (Table2) used to find the mean and standard deviations of each 

variable indicated that the male average was higher than female one, while the t-test analysis indi-

cated that the average of each variable was significantly different at every position (p<0.05). 

	 The discriminant analysis (Table 3) indicated that the Wilk’lamda value of every variable was 

significantly different at every position (p<0.05). The most accurate value for female sex prediction 

was br-mas (90% for original and cross-validation) while br-mas and rhi-in were the most accurate 

values for male sex prediction (both 78% for original and cross-validation) and the most accurate 

value for both male and female sex prediction was br-mas (84% for original and cross-validation). 

Consequently, the equation for discriminant function was -27.655+0.179(br-mas) with cutting point = 0.

	 The sex prediction with 2 variables indicated that if br-mas and rhi-in were used together, 

the highest accuracy value for both male and female sex prediction was 84% for original and 87% 

for cross-validation. Consequently, the equation for discriminant function was -32.013+0.115(br-

mas) + 0.85(rhi-in) with cutting point = 0. The sex prediction with 3-5 variables indicated that the 

sex prediction was not more accurate (Table 4). Finally, the sex prediction with 18 variables indi-

cated that the equation was 93% accurate for original but only 85% accurate for cross-validation (Table 4).
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Figure 1 Showing anterior measurement landmark Figure 2 Showing lateral measurement landmark

Figure 3 Showing inferior measurement landmark Figure 4 Showing digital caliper by using Vitrea

DISCUSSION

	 The sex identification of the body is an important process in autopsy. General it is easy with 

complete body but it turns more difficult with incomplete or partial body and sometimes only par-

tial head is left. Therefore, the skull can be well used to identify sex, following pelvic bone9, by 

morphological assessment which requires the skill and expertise of the assessor. The simpler meth-

od is morphometric analysis of skull. In some previous researches, the researchers determined the 

criteria for sex identification by measuring dried skull with caliper10, 11. However, the limitation of 

such researches was that there are only few agencies in Thailand preserving many skulls with sys-

tematic registration. The CT scanner has been recently used at Central Institute of Forensic Science 

in autopsy to identify the cause of death and the author think that the 3D computed tomography 

imaging can apply to forensic anthropology.
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	 Studying to determine the criteria for sex identification from Thai’s skeleton by 3D comput-

ed tomography skull imaging, the t-test analysis with 18 variables indicated the significant sexual 

dimorphism (p<0.05) while the discriminant analysis indicated that the single variable (br-mas) re-

sulted in the average percentage accuracy of sex identification at 84% and that the multiple vari-

ables (br-mas and rhi-in) resulted in the average percentage accuracy of sex identification at 88% 

(original) and 87% (cross-validation). Consequently, the equation for discriminant function was 

-32.013+0.115(br-mas) + 0.85(rhi-in) with cutting point = 0. This research showed that using more 

than 2 variables in the equation did not affect the accuracy of sex prediction but increased time 

spent on measurement. Furthermore, the sex prediction with 18 variables indicated that the equa-

tion was 85% accurate for cross-validation, which was less accurate than the prediction using br-

mas and rhi-in together resulting in 87% accuracy (cross-validation). When comparing with the 

result of the previous research12-15 conducted by Kajanoja12 studying the skull of Finnish popu-

lation, the accuracy of sex prediction was 80%, while the research conducted by Deshmukh and 

Devershi13 indicated the accuracy at 87.84%, the research conducted by Franklin et al. 14 studying 

the skull of South African population indicated the accuracy at 80%. and the research conducted 

by Saini et al.15 indicated the accuracy at 85.5%.  Therefore, the mentioned equation can be used 

for sex prediction.

	 Generally 3D computed tomography imaging is used for medical diagnosis16 or engineer-

ing17 and it has been recently used in forensic anthropology.18, 19 The result of this study shows 

the potential of 3D computed tomography imaging in forensic anthropology for the purpose of re-

search and sex prediction from bone. The database is in digital file (DICOM) and the dried bone is 

no longer required for analysis, resulting in no large space required for preservation. Accordingly, 

the author has the opinion that if the bone data is properly collected and categorized, it can be 

useful for future research.

CONCLUSION

	 The result shows the potential of using 3D computerized tomography imaging in forensic 

anthropology. The data, hence, should be categorized for further study of larger population and the 

further study of standard for bone measurement and standardized scanning protocol should be 

conducted for the purpose of more convenient data collection and future research.
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Table 1 Description of each skull measurement and abbreviation

Table 2 Descriptive statistics and t-test of each skull measurement in females and males
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Table 3 Wilk’s lamda and accuracy of classification for the univariate discriminant function 

analysis

Table 4 Wilk’s lamda and accuracy of classification for the multivariate discriminant function 

analysis
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