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%�� (I¿FLHQF\� RI�+XPDQ�'1$� ,VRODWLRQ� DQG�6KRUW�7DQGHP�5HSHDW� �675��3UR¿OLQJ�
From Burnt Teeth

Sara C. Zapico, PhD*, Smithsonian Institution, Dept of Anthropology, NMNH, MRC 112, 10th & Constitution Avenue, NW, Washington, 
DC 20560; Joe Adserias, DDS, PhD*, C/ Balmes 62, Barcelona, SPAIN; and Douglas H. Ubelaker, PhD, Smithsonian Institution, Dept 
of Anthropology, NMNH, MRC 112, Washington, DC 20560

$IWHU�DWWHQGLQJ�WKLV�SUHVHQWDWLRQ��DWWHQGHHV�ZLOO�KDYH�GHHSHU�LQVLJKW�FRQFHUQLQJ�WKH�HI¿FLHQF\�RI�'1$�SUR¿OLQJ�LQ�EXUQW�WHHWK�
This presentation will impact the forensic science community by providing a quantitative analysis for obtaining complete or partial 

'1$�SUR¿OHV�IURP�EXUQW�WHHWK�XQGHU�FRQWUROOHG�FRQGLWLRQV�RI�WLPH�DQG�WHPSHUDWXUH��
,GHQWL¿FDWLRQ� RI� D� GHFHDVHG� LQGLYLGXDO� LV� LPSRUWDQW� IURP� WKH� UHODWLYHV¶� YLHZSRLQW� DQG� LV� D� YLWDO� IDFWRU� LQ� IDFLOLWDWLQJ� FULPLQDO�

LQYHVWLJDWLRQV�� LQTXHVWV�� DQG�RWKHU� WULEXQDOV�� �0DVV�GLVDVWHUV�� DLUFUDIW� RU� FDU� DFFLGHQWV�� DQG� DFFLGHQWDO� GHDWKV� IUHTXHQWO\� LQYROYH� WKH�
SUHVHQFH�RI�¿UH�

7KH�LGHQWL¿FDWLRQ�RI�KXPDQ�UHPDLQV�VXEMHFWHG�WR�LQFLQHUDWLRQ�GHSHQGV�RQ�WKH�GHJUHH�RI�GHVWUXFWLRQ�RI�WKH�UHPDLQV��ZKLFK�LV�DIIHFWHG�
E\�WKH�LQWHQVLW\�DQG�GXUDWLRQ�RI�WKH�¿UH�� �2QH�RI�WKH�DSSURDFKHV�IRU�LGHQWL¿FDWLRQ�RI�EXUQW�UHPDLQV�LV�JHQHWLF�DQDO\VLV�� �7KH�JHQHWLF�
DSSURDFK�LV�XVXDOO\�XQSUREOHPDWLF�LQ�FDVHV�RI�¿UH�YLFWLPV�ZLWK�FRQVHUYHG�LQWHUQDO�RUJDQV��KRZHYHU��H[WUHPHO\�FKDUUHG�ERGLHV�IUHTXHQWO\�
UHQGHU�KLJKO\�GHJUDGHG�'1$��KDPSHULQJ�6KRUW�7DQGHP�5HSHDW��675��DQDO\VLV���$OVR��IHZ�VWXGLHV�IRFXV�RQ�WKH�SRVVLELOLW\�RI�DPSOLI\LQJ�
DXWKHQWLF�'1$�IURP�EXUQW�UHPDLQV���1R�FRQVHQVXV�KDV�EHHQ�UHDFKHG�UHJDUGLQJ�WKH�GHJUHH�RI�FUHPDWLRQ�DW�ZKLFK�ERQH�ZLOO�VWLOO�\LHOG�
DXWKHQWLF�'1$�VLJQDOV���$OWKRXJK�SUHYLRXV�VWXGLHV�KDYH�XVHG�VLPLODU�WHPSHUDWXUH�UDQJHV��EHWZHHQ�����&�DQG�������&���WKH�GXUDWLRQ�RI�
¿UH�H[SRVXUH�GLIIHUV�DPRQJ�WKHVH�VWXGLHV���,Q�WKH�VWXGLHV�GHYHORSHG�RQ�ZKROH�WHHWK�DQG�SXOS�'1$��WKH�VDPH�SUREOHP�LV�HQFRXQWHUHG���WKH�
temperatures were similar to those used in the bone studies and the durations of exposure varied.  Therefore, more research is needed to 
HYDOXDWH�WKH�SRVVLELOLW\�RI�H[WUDFWLQJ�'1$�IURP�EXUQW�UHPDLQV��

Since teeth are the hardest tissue of the human body and one of the most abundant types of biological remains available in forensic 
FDVHV��WKH�SUHVHQW�VWXG\�IRFXVHG�RQ�WKH�HYDOXDWLRQ�RI�WKH�HI¿FLHQF\�RI�'1$�LVRODWLRQ�IURP�EXUQW�WHHWK�DQG�WKH�DFKLHYHPHQW�RI�REWDLQLQJ�
D�'1$�SUR¿OH�DW�GLIIHUHQW�FRQGLWLRQV�RI�WHPSHUDWXUH�DQG�WLPH�H[SRVXUH�

Twenty-eight healthy erupted third molars, aged 20 to 70 years, were collected from dental clinics.  The Smithsonian Institution’s 
ethical committee approved all procedures related to experimentation with human subjects.  The teeth were divided into seven groups 
WUHDWHG�DW�GLIIHUHQW�WHPSHUDWXUHV�������&������&������&������&������&������&��DQG�����&���7KH�WHHWK�LQ�HDFK�JURXS�ZHUH�WUHDWHG�DW�WKHLU�
assigned temperature for 1 minute, 5 minutes, 10 minutes, and 15 minutes, removing one tooth after each time period.  Two non-burnt 
teeth were used as controls.

&RQWURO� DQG� EXUQW� WHHWK� ZHUH� WKHQ� PHFKDQLFDOO\� JURXQG� DQG� VXEPLWWHG� WR� '1$� H[WUDFWLRQ� DQG� TXDQWL¿FDWLRQ�� � %DVHG� RQ� WKH�
TXDQWL¿FDWLRQ�GDWD�� LW�ZDV�QRW�SRVVLEOH� WR�REWDLQ�'1$�IURP�WKH� WHHWK�VXEMHFWHG� WR�����&�IRU�ERWK����DQG����PLQXWHV������&�IRU����
PLQXWHV������&�IRU���PLQXWHV�DQG�����&�IRU��������DQG����PLQXWHV���7R�VWXG\�WKH�HI¿FLHQF\�RI�REWDLQLQJ�'1$�SUR¿OHV��WKH�IROORZLQJ�
675V�ZHUH�FKRVHQ�� �'�6�����'��6�����'�6�����&6)�32��732;��7+����Y:$��'��6����� DQG�)(6�)36�� DORQJ�ZLWK�DPHORJHQLQ���
7KHVH�UHJLRQV�ZHUH�DQDO\]HG�E\�6<%5® Green Real Time PCR.  Each sample was tested in duplicate.  The analysis of relative gene 
expression data was calculated using 2ǻ&7 method.

4XDQWLWDWLYH�3&5�UHVXOWV�ZHUH�VLPLODU� IRU�DOO�675V� WHVWHG�� � ,Q� WKH�¿UVW� WHPSHUDWXUHV�DQG� WLPHV������&�DQG�����&��RQH�DQG�¿YH�
PLQXWHV��LW�ZDV�SRVVLEOH�WR�JHW�DPSOL¿FDWLRQ�VLPLODU�WR�WKH�FRQWUROV��KRZHYHU��LQ�WKH�PDMRULW\�RI�675V��WKH�DPSOL¿FDWLRQ�ZDV�YHU\�ORZ�
IURP�����&�IRU�RQH�RU�¿YH�PLQXWHV�RQZDUG���7KLV�'1$�DPSOL¿FDWLRQ�ZDV�QHDUO\�XQGHWHFWDEOH��VSHFL¿FDOO\�LQ�675V�ORFDWHG�LQ�DQ�LQWURQ�
UHJLRQ��OLNH�732;��&6)�32��7+����DQG�Y:$���,Q�FRQWUDVW�� WKH�DQDO\VLV�RI�WKH�DPSOL¿FDWLRQ�RI�WKH�KRXVHNHHSLQJ�JHQH�XVHG�IRU�WKH�
4XDQWLWDWLYH�3RO\PHUDVH�&KDLQ�5HDFWLRQ��43&5��TXDQWL¿FDWLRQ��*O\FHUDOGHK\GH���3KRVSKDWH�'HK\GURJHQDVH��*$3'+���VKRZHG�WKDW�
'1$�IRU�WKLV�UHJLRQ�ZDV�DPSOL¿HG�LQ�DOO�FRPELQDWLRQV�RI�WHPSHUDWXUHV�DQG�WLPHV��¿QGLQJ�KLJKHVW�&W��PHDQLQJ�WKH�OHDVW�DPSOL¿FDWLRQ��
with the increase in temperatures and times.  This indicates that even in burnt teeth subjected to high temperatures, it is possible to 
DPSOLI\�'1$��DW�OHDVW�KRXVHNHHSLQJ�'1$��KRZHYHU��WKH�GDWD�DOVR�VKRZV�WKDW�DQ�675�SUR¿OH�ZRXOG�EH�GLI¿FXOW�WR�REWDLQ��SUREDEO\�GXH�
WR�WKH�VL]H�RI�WKHVH�UHJLRQV�ZKLFK�PDNHV�WKHP�PRUH�SURQH�WR�GHJUDGDWLRQ�
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7KH�¿QGLQJV�IURP�WKLV�UHVHDUFK�SURYLGH�D�TXDQWLWDWLYH�VWXG\�IRU�WKH�DFKLHYHPHQW�RI�REWDLQLQJ�D�'1$�SUR¿OH�IURP�EXUQW�WHHWK���)XWXUH�
UHVHDUFK�PD\�EH�DEOH�WR�H[SDQG�RQ�WKHVH�UHVXOWV��DQDO\]LQJ�RWKHU�SRWHQWLDO�'1$�UHJLRQV�IRU�LGHQWL¿FDWLRQ�XQGHU�WKH�VDPH�FRQGLWLRQV�

%XUQW�7HHWK��'1$�,VRODWLRQ��675�3UR¿OLQJ


