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A130 Need a New Headspace?  A Semi-Automated Volumetric Approach for Subadult 
Age Estimation Using the Spheno-Occipital Synchondrosis

Nicolene Lottering, BS*, Queensland University of Technology, School of Biomed Sci, Faculty of Health, 2 George Street, Gardens Point, 
Brisbane, Queensland 4001, AUSTRALIA; Mark D. Barry, MS, Queensland University of Technology, High Performance Computing 
and Research Services, 2 George Street, Brisbane, Queensland 4001, AUSTRALIA; Donna M. MacGregor, MSc, Queensland University 
of Technology, School of Biomedical Sciences, Faculty of Health, Gardens Point Campus, Brisbane, Queensland 4001, AUSTRALIA; 
Clair L. Alston, PhD, The Queensland University of Technology, School of Mathematical Sciences, 2 George Street, Brisbane 4001, 
AUSTRALIA; and Laura S. Gregory, PhD, Queensland University of Technology, School of Biomedical Sciences, Gardens Point Campus, 
Brisbane, Queensland 4001, AUSTRALIA

After attending this presentation, attendees will appreciate the advantages and principal processes of applying a semi-automated 
JURZWK�SODWH�PHDVXUHPHQW�SURWRFRO�EDVHG�RQ�YR[HOL]DWLRQ�DQG�YROXPH�FDOFXODWLRQ�WR�TXDQWLI\�WKH�WLVVXH�FRPSRVLWLRQ�RI�LUUHJXODU�VNHOHWDO�
regions such as the spheno-occipital synchondrosis. 

This presentation will impact the forensic science community by providing an attractive alternative to traditional phase-based age-
estimation methods by introducing quantitative methodologies to measure material density distributions embedded in cross-sectional 
tomography data.

'XH�WR�WKH�KLJK�SUREDELOLW\�RI�UHFRYHULQJ�WKH�VNXOO�LQ�DQWKURSRORJLFDO�FDVHZRUN��WKH�VSKHQR�RFFLSLWDO�V\QFKRQGURVLV�LV�IUHTXHQWO\�
XVHG�DV�DQ�LQGLFDWRU�RI�VXEDGXOW�DJH��DV�LW�FRQVWLWXWHV�WKH�ODVW�VLWH�LQ�WKH�FUDQLXP�WR�WHUPLQDWH�JURZWK���'LVSDULW\�UHJDUGLQJ�WKH�UHSRUWHG�DJH�
RI�FRPSOHWH�V\QFKRQGURVLV�IXVLRQ�LV�HYLGHQW�LQ�FXUUHQW�OLWHUDWXUH��SRVVLEO\�DWWULEXWHG�WR�LQFRQVLVWHQFLHV�LQ�UHVHDUFK�GHVLJQ�DQG�YLVXDOL]DWLRQ�
medium.  Consequently, the reliability of ordered age-phase strategies employed in qualitative assessment may be questioned due to:  
����DPELJXLW\�LQ�SKDVH�GHVFULSWLRQV������YDULDWLRQ�LQ�WKH�QXPEHU�RI�VWDJHV��DQG������VLJQL¿FDQW�RYHUODS�LQ�DJH�UDQJHV�EHWZHHQ�FRQVHFXWLYH�
phases. 

9ROXPHWULF� DQDO\VLV� XVLQJ� DXWRPDWHG� VHJPHQWDWLRQ� DOJRULWKPV� FRQVWLWXWHV� VWDQGDUG� SUDFWLFH� LQ�PHGLFDO� VFLHQFH� IRU�PRQLWRULQJ�
VNHOHWDO�WR[LFLW\�DQG�QHXURORJLFDO�DVVHVVPHQW�RI�LQWUDFUDQLDO�SDWKRORJLHV��ZKHUH�YR[HOL]DWLRQ�DQG�YROXPH�FDOFXODWLRQ�DUH�LPSHUDWLYH�IRU�
diagnostic and treatment decisions.  A semi-automated method for volumetric measurement was developed based on differential voxel 
LQWHQVLW\�YDOXHV�RI�WKH�+RXQV¿HOG�VFDOH��+8��WKDW�GLVFULPLQDWH�PDWHULDO�FRPSRVLWLRQ�RI�WKH�VSKHQR�RFFLSLWDO�V\QFKRQGURVLV�LQ�&RPSXWHG�
7RPRJUDSK\��&7��RUWKRVOLFHV���0DQXDO�VHJPHQWDWLRQ�ZDV�FRQGXFWHG�WR�������FUHDWH�D�VXE�YROXPH�RI�WKH�RULJLQDO�'LJLWDO�,PDJLQJ�DQG�
&RPPXQLFDWLRQV�LQ�0HGLFLQH��',&20��VWDFN��DQG������LVRODWH�WKH�MRLQW�VSDFH�WR�FUHDWH�D�ELQDU\�WLVVXH�FODVVL¿FDWLRQ�PDVN���0$7/$%® 
FRPPDQGV�ZHUH�ZULWWHQ�WR�HOLPLQDWH�YR[HOV�H[FHHGLQJ�WKH�PDVN�DQG�WR�SURGXFH�D�KLVWRJUDP�RI�LQWHQVLW\�YDOXHV�IRU�HDFK�LQGLYLGXDO�EDVHG�
RQ�YR[HO�FOXVWHULQJ�RI�ELRORJLFDO�PDWHULDO���,QWHQVLW\�YDOXHV�ZHUH�FRUUHODWHG�WR�VSHFL¿F�WLVVXH�W\SHV��L�H���K\DOLQH�YV��FDOFL¿HG�FDUWLODJH��
XVLQJ�%D\HVLDQ�SUREDELOLVWLF�DQDO\VLV��IROORZHG�E\�WLVVXH�YROXPH�FDOFXODWLRQV�XVLQJ�WKH�YR[HO�FRXQW�DQG�VL]H���/LQHDU�V\QFKRQGURVDO�
PHDVXUHPHQWV�ZHUH�FRQGXFWHG�WR�HOLPLQDWH�WKH�HIIHFW�RI�VL]H���7KH�SURWRFRO�ZDV�DSSOLHG�WR�FUDQLDO�&7�GDWD�IURP�7KH�6NHOHWDO�%LRORJ\�
DQG�)RUHQVLF�$QWKURSRORJ\�5HVHDUFK�2VWHRORJLFDO�'DWDEDVH�RQ�����$XVWUDOLDQ�LQGLYLGXDOV�DJHG�ELUWK�WR����\HDUV�WR�JHQHUDWH�SUHOLPLQDU\�
density histograms for age estimation using mixture modeling.1��&XPXODWLYH�'HQVLW\�)XQFWLRQV��&')��IRU�NH\�DJH�UDQJHV�ZHUH�FDOFXODWHG�
XVLQJ�D�VXE�VDPSOH�RI�WKLV�GDWD��ZLWK�DJH�HVWLPDWHV�RI�UHPDLQLQJ�LQGLYLGXDOV�EDVHG�RQ�DJUHHPHQW�ZLWK�WKH�FRQFHSWXDOL]HG�&')V�XVLQJ�WKH�
.ROPRJRURY�6PLUQRY�WHVW���1RQ�OLQHDU�UHJUHVVLRQ�ZLWK�YDULDQFH�PRGHOLQJ�ZDV�XWLOL]HG�WR�IRUPXODWH�SUHGLFWLYH�DOJRULWKPV��ZKLFK�ZLOO�EH�
VXEMHFW�WR�YDOLGDWLRQ�RQ�DQ�LQGHSHQGHQW�VDPSOH�DFTXLUHG�IURP�7KH�5R\DO�&KLOGUHQ¶V�+RVSLWDO��%ULVEDQH�DQG�GLVFORVHG�LQ�)HEUXDU\�������

3UHOLPLQDU\�UHVXOWV�GHPRQVWUDWH�D�JUDGXDO�GHFOLQH�LQ�VWDQGDUGL]HG�FDUWLODJLQRXV�YROXPH�RI�WKH�VSKHQR�RFFLSLWDO�V\QFKRQGURVLV�XQWLO�
16.3 and 13.8 years in males and females, respectively, which constitutes the age of complete fusion in this population.  In the neonate, 
mean cartilaginous volume in males was 461.67±49.28mm3 compared to 299.35±32.76mm3�LQ�IHPDOHV��ZLWK�PDOHV�H[KLELWLQJ�VLJQL¿FDQWO\�
greater volumes (P�������DFURVV�DOO�DJH�LQWHUYDOV�XQWLO����\HDUV��ZKLFK�FRUUHODWHV�ZLWK�GHOD\HG�FORVXUH�RI�WKH�V\QFKRQGURVLV���0DOHV�
H[KLELW�D�FRQVLVWHQW�OLQHDU�GHFOLQH�LQ�YROXPH�ZLWK�DJH��ZKLOH�WKH�UDWH�RI�GHFOLQH�DFFHOHUDWHV�DIWHU�HLJKW�\HDUV�LQ�IHPDOHV���+HLJKW�DQG�ZLGWK�
variables demonstrate expansion through adolescence, the most prominent increase observed between birth and four years during which 
WLPH�FKRQGURF\WH�SUROLIHUDWLRQ�DQG�PDWUL[�SURGXFWLRQ�RFFXU�UDSLGO\���3URFHHGLQJ�WKLV�SHULRG��HQGRFKRQGUDO�RVVL¿FDWLRQ�FRPPHQFHV�DW�WKH�
VXSHURODWHUDO�ERUGHUV��FDXVLQJ�D�UHGXFWLRQ�LQ�WKH�JUDGLHQW�RI�JURZWK���6LJQL¿FDQWO\��YR[HO�FOXVWHU�GLVWULEXWLRQV�VXFFHVVIXOO\�GLVFULPLQDWH�
WLVVXH� FKDQJHV�ZLWK� LQFUHDVLQJ� DJH��ZLWK�QHRQDWHV� H[KLELWLQJ� D� FOXVWHU� SHDN� FRUUHVSRQGLQJ� WR� WKH�GHQVLW\�RI�¿EURXV� WLVVXH�� �$W�¿YH�
\HDUV�RI�DJH��WKH�KLJKHVW�SURSRUWLRQ�RI�LQWHQVLW\�YDOXHV�GHQRWH�K\DOLQH�FDUWLODJH�LQ�FRQWUDVW�WR�FOXVWHU�SHDNV�DW��������+8�DW����\HDUV�
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RI�DJH��HPSKDVL]LQJ�VLJQL¿FDQW�FDUWLODJH�FDOFL¿FDWLRQ�SULRU�WR�FRPSOHWH�RVVL¿FDWLRQ������+8��DW����\HDUV�LQ�4XHHQVODQG�PDOHV���1HZ�
PDWKHPDWLFDO�PRGHOV��YDOLGDWHG�RQ�D�ODUJH��PRGHUQ�$XVWUDOLDQ�SRSXODWLRQ��ZLOO�EH�LQWURGXFHG�DV�D�WRRO�IRU�PHWKRGRORJLFDO�UH¿QHPHQW��
providing a robust alternative or adjunct to current subadult aging methods.  The utility of the proposed methodological approach to 
HSLSK\VHDO�JURZWK�SODWHV�RI�WKH�SRVW�FUDQLDO�VNHOHWRQ�IRU�PXOWL�IDFWRULDO�DJH�HVWLPDWLRQ�ZLOO�DOVR�EH�GLVFXVVHG��
Reference: 

1. /RWWHULQJ� 1�� 0DF*UHJRU� '0�� %DUU\� 0'�� 5H\QROGV� 06�� *UHJRU\� /6� ������� ,QWURGXFLQJ� VWDQGDUGL]HG� SURWRFROV� IRU�
anthropological measurement of virtual subadult crania using computed tomography. J Forensic Rad Imag 2(1): 34-8.
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