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D3 Motorcycle Helmet Translational and Rotational Head Injury Risk Measures 
Using H-III Head Impact Tests

Kenneth J. Saczalski, PhD*, 1440 W Bay Avenue, Newport Beach, CA 92661; Todd Saczalski, BSMET, 140 Calle Irena, Sedona, AZ 
863336; and Joseph L. Burton, MD, 13784 Highway 9, Alpharetta, GA 30004

$IWHU�DWWHQGLQJ�WKLV�SUHVHQWDWLRQ��DWWHQGHHV�ZLOO�XQGHUVWDQG�DQ�H[SHULPHQWDO�SHQGXOXP�LPSDFW�WHVW�PHWKRG��XVLQJ�+�,,,�ELR¿GHOLF�
VXUURJDWH�KHDG�DQG�QHFN�FRPSRQHQWV��IRU�PHDVXULQJ�LPSDFW�DQG�URWDWLRQDO�KHDG�LQMXU\�ULVNV�RI�PRWRUF\FOH�KHOPHW�VDIHW\�SHUIRUPDQFH�

7KLV�SUHVHQWDWLRQ�ZLOO�LPSDFW�WKH�IRUHQVLF�VFLHQFH�FRPPXQLW\�E\�LOOXVWUDWLQJ�KRZ�WKLV�WHVW�PHWKRG�SURYLGHV�D�PHDQV�IRU�HI¿FLHQWO\�
HYDOXDWLQJ�KHOPHW�VDIHW\�DQG�LQMXU\�ULVNV�UHODWHG�WR�ERWK�WUDQVODWLRQDO�DQG�URWDWLRQDO�KHDG�EUDLQ�LQMXU\�PHFKDQLVPV�E\�XWLOL]LQJ�D�KXPDQ�
UHVSRQGLQJ�+�,,,�KHDG�DQG�QHFN�ZLWK�D�PXOWLGLPHQVLRQDO�SHQGXOXP�LPSDFW�GHYLFH�WKDW�DOVR�DOORZV�IRU�IXOO�IDFH�KHOPHW�VDIHW\�HYDOXDWLRQ�
QRW�WHVWHG�LQ�FXUUHQW�(XURSHDQ�DQG�8QLWHG�6WDWHV�KHOPHW�FHUWL¿FDWLRQ�VWDQGDUGV�

Concussion and severe head injuries sustained by helmeted motorcycle riders are often related to both direct translational contact 
LPSDFW�DQG�EUDLQ�URWDWLRQDO�VKHDULQJ�PHFKDQLVPV���5HVHDUFK�E\�+RGJVRQ���������*HQQDUHOOL����������DQG�5\DQ���������DPRQJ�RWKHUV��
KDYH�DGGUHVVHG�ELRPHFKDQLFDO�LQMXU\�ULVN�OHYHOV�RI�GLUHFW�LPSDFW�DQG�URWDWLRQDO�HIIHFWV�RQ�KXPDQV������0RUH�UHFHQW�VWXGLHV�E\�2¶5LRUGDLQ�
�������DQG�$QWRQD�0DNRVKL�HW�DO���������KDYH�DOVR�VWXGLHG�EUDLQ�LQMXU\�ULVN�DV�IXQFWLRQV�RI�ERWK�GLUHFW�LPSDFW�DQG�URWDWLRQDO�HIIHFWV�4-5  
8QIRUWXQDWHO\��FXUUHQW�KHOPHW�FHUWL¿FDWLRQ�VWDQGDUGV�GR�QRW�WHVW�ZLWK�+XPDQ�5HVSRQGLQJ��+5��KHDG�IRUPV�QRU�GR�WKHVH�FULWHULD�PHDVXUH�
multi-directional impact conditions necessary to evaluate both direct contact impact and rotational effects.  Also, the current helmet 
FHUWL¿FDWLRQ�LPSDFW�WHVW�GHYLFHV�GR�QRW�HQDEOH�PHDVXUHV�RI�³IXOO�IDFH´�KHDG�LPSDFW�PRGHV��

,Q�WKLV�VWXG\��D��'�SHQGXOXP�LPSDFW�GHYLFH��ZLWK�DQ�+5�+\EULG�,,,�KHDG�IRUP�DQG�QHFN��LV�XVHG�WR�VWXG\�PXOWL�D[LDO�GLUHFW�FRQWDFW�
LPSDFW� DQG�KHDG� URWDWLRQDO� HIIHFWV�RQ�KHOPHW� VDIHW\�� �7KH�+�,,,�KHDG� LV� LQVWUXPHQWHG�ZLWK� D� WUL�D[LDO� DFFHOHURPHWHU� DQG�PXOWL�D[LDO�
DQJXODU�PRWLRQ�UHFRUGLQJ�GHYLFHV�WKDW�DOORZ�PHDVXUHV�RI�WKH�+HDG�,QMXU\�&ULWHULD��+,&��DQG�DQJXODU�YHORFLW\�YHUVXV�DQJXODU�DFFHOHUDWLRQ�
levels for the helmeted head form when subjected to various impact conditions including full-face frontal loads.  The test impact speeds 
DQG�HQHUJ\�OHYHOV�DUH�FRPSDUDEOH�WR�FXUUHQW�KHOPHW�FHUWL¿FDWLRQ�WHVW�FULWHULD���7KH�¿JXUH�EHORZ�VKRZV�D�VHTXHQFH�RI�SKRWR�FOLSV�WDNHQ�
IURP�RQH�RI� WKH�SHQGXOXP�LPSDFW� WHVWV�RI� WKLV�VWXG\� WKDW� LQYROYHG�D�³IXOO�IDFH´�����-RXOH� �-�� LPSDFW� WR�D�KHOPHW�ZKHQ� LPSDFWHG�DW�
��NSK���7KH�SKRWRV�VKRZ��IURP�OHIW�WR�ULJKW��¿OP�FOLSV�DW�����PV�EHIRUH�LPSDFW����PV�LQWR�WKH�LPSDFW��DQG�����PV�DIWHU�LPSDFW���7KH�SHDN�
DFFHOHUDWLRQ�ZDV�����*¶V�DW�����PV��DQG�WKH���PV�FDOFXODWHG�+,&�ZDV�������7KH�KHDG�SLWFK�URWDWLRQ�UDWH�ZDV�����U�V�DW���PV�DQG�WKH�
angular acceleration was 11,210r/s/s at 11.5ms. 

,Q�DGGLWLRQ�WR�WKH�DERYH���NSK�WHVW��DQRWKHU�IXOO�IURQWDO�LPSDFW�WHVW�ZDV�FRQGXFWHG�RQ�WKH�VDPH�PRGHO�KHOPHW�EXW�DW�DQ�LPSDFW�VSHHG�RI�����NSK�WR�
H[DPLQH�KHOPHW�VDIHW\�SHUIRUPDQFH�DW�D�KLJKHU����-�LPSDFW�HQHUJ\�OHYHO���,Q�WKLV�WHVW��WKH�SHDN�UHVXOWDQW�DFFHOHUDWLRQ�ZDV�����*¶V�DW����PV��DQG�WKH���PV�
FDOFXODWHG�+,&�ZDV��������7KH�WHVW�+,&�OHYHOV�RI�����DQG������ERWK�YLRODWH�WKH�1+76$�UHFRPPHQGHG�KHDG�LQMXU\�OLPLW�RI�����DQG�LQGLFDWH�GDQJHU�RI�
a severe head injury.  The head pitch-rotation rate in this second impact test was 28.9r/s at 4.9ms and the angular acceleration reached 13,776r/s/s at 
���PV���7KH�PHDVXUHG�DFFHOHUDWLRQ�WLPH�GDWD�IURP�WKH�DERYH�WZR�WHVWV�ZHUH�DW�WKH�XSSHU�WROHUDQFH�OHYHO�IRU�$FXWH�6XE�'XUDO�+HPDWRPD��$6'+��DQG�
6XE�$UDFKQRLG�+HPDWRPD��6$+��DV�SUHGLFWHG�E\�$XHU�HW�DO���������EDVHG�RQ�KHDG�LQMXU\�UHFRQVWUXFWLRQV�IURP����IDWDO�SHGHVWULDQ�DFFLGHQWV�6  With 
UHJDUG�WR�'LIIXVH�$[RQDO�,QMXU\��'$,��HIIHFWV��WKH�URWDWLRQDO�DFFHOHUDWLRQ�PHDVXUHV�IRU�WKH�¿UVW�WHVW�ZHUH�LQGLFDWLYH�RI�D�FODVVLFDO�FRQFXVVLRQ�OHYHO�DV�
GH¿QHG�E\�*HQQDUHOOL���7KH�PXFK�KLJKHU�URWDWLRQDO�DFFHOHUDWLRQ�PHDVXUHV�IRU�WKH�VHFRQG�WHVW�ZHUH�LQGLFDWLYH�RI�D�³PLOG´�'$,�OHYHO�DV�GH¿QHG�E\�WKH�
Gennarelli reference. 
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)LQDOO\��WKH�DERYH�$6'+��6$+��DQG�'$,�LQMXU\�ULVN�¿QGLQJV�GHULYHG�IURP�WKH�GLUHFW�FRQWDFW�LPSDFW�DQG�URWDWLRQDO�PHDVXUHV�REWDLQHG�
IURP�WKH�WZR�IXOO�IURQWDO�LPSDFW�WHVWV�RQ�WKH�KHOPHW�PRGHO�VKRZQ�LQ�WKH�¿JXUH�DERYH�ZHUH�FRQVLVWHQW�ZLWK�WKH�PHGLFDO�UHFRUG�GHVFULSWLRQV�
UHODWHG�WR�VHYHUH�EUDLQ�LQMXULHV�VXVWDLQHG�E\�D�PRWRUF\FOH�ULGHU�ZHDULQJ�WKH�VDPH�PRGHO�KHOPHW�LQ�DQ�DFWXDO�DFFLGHQW���'DPDJH�WR�WKH�
DFFLGHQW�KHOPHW�LQGLFDWHG�SULPDU\�LPSDFW�WR�WKH�FKLQ�EDU�DQG�IRUHKHDG�IXOO�IURQWDO�UHJLRQ�RI�WKH�KHOPHW��OLNH�WKH�UHJLRQ�WHVWHG�RQ�WKH�
exemplar helmets.  The correlation of the tests with the actual accident injuries suggests that the pendulum impact apparatus, with the 
KXPDQ�UHVSRQGLQJ�+�,,,�KHDG�IRUP�DQG�+�,,,�QHFN��SURYLGH�D�UHDVRQDEOH�PHWKRG�IRU�DVVHVVPHQW�RI�RYHUDOO�KHOPHW�VDIHW\�SHUIRUPDQFH�
as related to both direct contact impact and rotational acceleration forces in all modes of impact, including full-frontal, and improves on 
FXUUHQW�KHOPHW�FHUWL¿FDWLRQ�WHVW�OLPLWDWLRQV��
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