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ƃƹŹƾ��������ř�Żř�ƵŵŚƠŤſř�Śŝ�ƶĩ�ŶƳŵźĩ�ƕřŶŝř�řŹ�ƿ�����ºŝ�ŶƴŤƀºƳřƺţ�ƁƹŹ�Ʋ�ƶ
ƺƇ�ƇŚƈŤųř�šŹƾ�����ƱřŶƳŵ�ƪƯŚĪţ�ŽŚſř�źŝ�ƹ���ŵřŹ�Źŵ�ŚƷ�ºƿƟřźĭƺƾ�

ƯřŹƺƳŚěǀŝ�ĨǀƺƤţ�Ʋſ��ŹŚưƿưƾưŴţ�řŹ�ǀŶƴƳżŝ�Ʋ��ææ�ƹæå�����
��ƹŹ�Ʋƿř�Źŵ�ſ�Ɓǀ���������ƶºƬůźƯ�ŢƄºƷ�Źŵ�ƱřŶºƳŵ�ƪºƯŚĪţ�ź�A����Śºţ�H�

ƶººƤŞƏ�Ŷººƴŝƽ�ƶººƬůźƯ�ƶººĩ�ƵŶººƃ��į�AƀººƬĩ�ƕƹźººƃ�ǀƠǀſŚĪǀƱƺ� �
���ƶƬůźƯ�ƹ�ŚƸĜſŚĩ�ħƺƳ�į�H�źųō�ƿ����ƬƯŚºĪţ�ƶºƬůźƯ�Ʋƾ�����ƶºĩ�Ţºſř�

�Ź�žĪěřƿ�ƀŝ�ƶƄ�Ư�ƶŤƾ�ŵƺƃ��æç�����ưŗřŵ�ƱřŶƳŵ�ŢƠƷƾ�Śºě�ĨƟ�ǀƿ�Ʋ
��ſŹźŝ�Ěģ�Ţưſƾ�������ƩƹŶū�ƹŵ�ƹ�ƵŶƃ�ƿĪƾ��ƆųŚƃ�ƩƹŶū����ŚºƷ

�ŵ�ƹƿźĮƽ��ŶŞţ�ƩƹŶū�ƿ�Ƹţ�ƪǀ�Ư�ƶƾ�ŵƺƃ��řźŝƽ�������ƶºŝ�ƶŤƀºŝ�ƱřŶƳŵ�źƷ�
�ƀƬĩ�ƶƬůźƯǀƠǀſŚĪǀ����ƇŚų�ƆųŚƃ�ƱřŶƳŵ�Ʊō�Ʊƺƾ�Ƙţ�ǀǀ����ƹ�ƵŶºƃ�Ʋ

���ŝ�ƆųŚƃ�ŢƠƷ�žĜſ��ƶ��������Ɩưū�ƮƷ�Śŝ�ƱřŶƳŵ�ŢƠƷ�Żř�ƵŶƯō�Ţſŵ
Ưƾ����ƸƳ�ƆųŚƃ�Śţ�ŶƳƺƃŚƾƿ��ŝ�ƙƺƬŝ�ƶ��ō�ŢſŵƿŶ��������Ĩºưĩ�Śºŝ�žĜºſ

�ŶŞţ�ƩƹŶūƿ�ř��ƪ�ºƿ����ŚºƸƳ�ƆųŚºƃ�Ʋƾƿ����ƺºƤţ�Ʋºſ�ƶºŝ�ƿưƾ�ŶºŞţ�ƿ�ƪ
Ưƾ�ŵƺƃ��æè�����ƴºſ�ƶºĩ�ŚŬƳō�Żř�ǀ�ºƳřźŰŝ�Ʋƾ�Ƙţ�ƶºĩ��ǀºǀ�ƵŶºƴƴĩ�Ʋ�į�� �

����ƫƺŘƀƯ�ƹ�ơƺƤů�ƹ�Ƣůǀ�ĩ�ŢǀźƠƽ��������Īºƃżě�źºƔƳ�Żř�Ţºſř�Ƶŵƺŝ�ƾ�
ƳƺƳŚƣƾ����Żř�źţǇŚŝ�æê��Ư�ƩŚſ�ƾ�������ūźƯŵ�ƁƹŹ�Żř�ƵŵŚƠŤºſř��ŶºƃŚŝ�ºǀ�ƱŚ
řźººŝƽººưŴţ�ǀƲººſ�Ʋ�źŝŹŚººĩ�ŵƽƳ�ººǀŢƀ��æé����ƶººĩ�ŚººŬƳō�Żř� �

�ƱřŶººƳŵí�ƳřŶººƳŵ�ŚººƸƴţ�ƾ��ƀººƬĩ�ƪººƯŚĪţ�ƶººĩ�Ţººſř�ǀƠǀſŚĪǀƱƺ� �
��ƴſ�Śţ�Ʊōǀ�ƫŚƀĭŹżŝ�Ʋƾ�����ºƤƤŰƯ�ƵŻƹźƯř��ŵŹřŵ�ƶƯřŵř�ǀ��ưƈºţ�Ʋǀ���ƶºŝ�Ʈ

řźūřƽ��ūźƯŵ�ƁƹŹ��ºǀ���ƹŹ�źºŝ�ƱŚƽ����ƱřŶºƳŵ�í��ºŝ�ƶ�����ŵźºƠƴƯ�šŹƺºƇ
ƶŤƟźĭ�ŶƳř��æê����
�ř�Źŵƿ��ưŴţ��ƶƘƫŚƐƯ�Ʋǀ��ƺƤţ�Ʋſ�Ʋƿưƾ��������ƱřŶºƳŵ�ƪºƯŚĪţ�ŽŚºſř�źºŝ�

ŶƴƯ�ƭƺſ�źƫƺƯƿ�ƪŞƘưū�ŹŵǀƳŚŬƳŻ�ŢƾſŹźŝ�ƾ�Ŷƿŵźĭ����
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İſŹźŝ�ƁƹŹ��
ƶƫŚƤƯ��������źƋŚů�ƽ�Ŷĩ��ơǈºųř�ZUMS.REC.1392.207�Źŵ��

ŢƟźĭ�Źřźƣ�ŶǀƿŚţ�ŵŹƺƯ�ƱŚŬƳŻ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ����
ƶƘƯŚū�į��ſŹźŝ�ŵŹƺƯ�ƾ�ƪƯŚƃ��ƹŚƈţ�ƿ�ƯřŹƺƳŚě�źǀ�Śŝ�ĨƿƳŚĮƾ�ƵŶƃ��ƽ�

ŝǀ�ƱřŹŚưæê�Śţ�çê�ƶŝ�ƵŶƴƴĩ�ƶƘūřźƯ�ƶƫŚſ�ƿŵřŹ�żĩźƯ�Ĩƿ�ĥƺºƫƺƽ 
Źŵ��Ż�źƸƃ��Źŵ�ƱŚŬƳ�ƩŚſ�æèîè�ŵƺŝ.�ř�Źŵƿ��ŹŚºĩ�ŢƬƗ�ƶŝ�ƶƘƫŚƐƯ�Ʋ

�ƹŹ�źŝƽ�ƹŚƈţ�ƿ�Śŝ�źƿƳŚĮƾ��Ƴ�ƵŶƃ�ǀŻŚƽ���ŚƋŹ�ƲŤƟźĭ�ƶŝ�ƿŢ����Żř�ƶºƯŚƳ
ŝǀŵƺººŞƳ�ƱřŹŚººư�ƶººƘƫŚƐƯ�Ʋººƿř�Źŵ�į�ƬŰţǀººƬƾƾƠǀººƇƺţ���Żřººŝ�ǀ�Ʋ
ƬĩǀƶƄ�ŚƷƽ�ƯřŹƺƳŚě�ǀ��Ĩ���������ƶºŝ�ƵŶºƴƴƧ�ƶºƘūřźƯ�ŵřźºƟř�ºƿ�Ƭĩ�Ĩǀƴ�ºǀ�Ĩ

Ƈƺƈººųƾ�Źŵ���Źŵ�ƱŚººŬƳŻ�źƸººƃ�ƩŚººſæèîè��ƭŚººŬƳř�ŢººƸū�
ŵřŹººƿƟřźĭƺƾƯřŹƺƳŚě�ººǀ��ĨƬĩººǀƶƄ�ŚººƷƽ�ŝǀƳřŹŚººưƾřŹřŵ�ƶººĩ�ƽ�
ƘƯǀŚƷŹŚƽ����ŝ�ƶƘƫŚƐƯ�ƶŝ�ŵƹŹƹ��ŶºƳŵƺ�����ŭźºƏ�ŵŹřƹ���ƳŶºƃŶ���ř�Źŵ�ºƿ�Ʋ

ƵŶƷŚƄººƯ�ƹŵ�ƶººƘƫŚƐƯ�Źřŵ�źººĭººƿ�ƆƈººŴŤƯ�Ʃƹř�źººĭ�ƵŶƷŚƄººƯ��Ʈ
ŵřŹƿĥƺƫƺƽ���ƺŬƄºƳřŵ�ƭƹŵ�źĭ�ƵŶƷŚƄƯ�ƹ�šŹƺƇ�ƹ�ĨƟ��ƱŚƷŵ�ƽ�

ŵ�ƁŻƺƯōƿř�Źŵ�ƵŶƿƯŻ�ƲǀƯ�ƶƴƾ�ŶƃŚŝ� 

Ƭĩǀƶ�į�ŵřŹ��ºƿƟřźĭƺƾ��ŚºƷƽ�ƯřŹƺƳŚě��ºǀ�ŵ�Ĩ�ř�Ź�ºƿ�Ƭĩ�Ʋǀƴ�ºǀ���Ǝºſƺţ�Ĩ
ƀººƴĪţǀƲ�ŚººƷƽřźººƃ�Źŵ�ƹ�śźººŬƯ�ƿ�Ǝƿ�ƵŚĮŤººſŵ�Ǝººſƺţ�ƱŚƀººĪ
ŵřŹººƿƟřźĭƺƾ�Planmeca��ƀººƬƷǀĪƴƾ��ŶººƳǈƴƟ���ƵŶººƃ�ƶººŤƟźĭ

ŶƳŵƺŝ��ƹŚƈţ�ƿ�ƯřŹƺƳŚě�źǀ��Ĩŝǀ��ƱřŹŚư��Śŝ�ƶƯŚƴſŚƴƃ�Ʋſ�řƽ���ƆŴƄºƯ�
�ƣŵ�ƹǀƢ���ŵźĭ�ƶƘƫŚƐƯ�ŵŹřƹ�ƿ���ƹ�ŶƬĩǀƶƄ�ŚƷƾƿ���ƶĩ��źƏ�ƶŝƿŵŹřŶƳŚŤſř�Ƣ�
Ƹţǀ��ƹ�ŶƳŵƺŝ�ƵŶƄƳ�ƶƴĪţ�ƩŚĪƃřǀĪƾ�ƹŚƈţ�Źŵƿ��Żř�Ţºƃřŵ�ŵƺūƹ�ź

ŵźĭ�ũŹŚų�ƶƘƫŚƐƯƿŶƳŶ���
��Ɩưū�Żř�ƪŞƣ�Źƹōƽ�ŵřŵ�Ƶ�ŚƷ�Ƭĩ���ºǀƶƄ��ŚºƷƽ�Ƹţ��ºǀƶ����ŝ�Żř�ƵŶºƃ�ǀ��ƱřŹŚºư

��ƃŹō�Źŵ�ŵƺūƺƯǀƺ��Ťųř�Źŵ��ºǀ���ƵŶƷŚƄºƯ�ƹŵ�ŹŚ������Źřźºƣ�źºĭ�ŢºƟźĭ���Śºţ�� �
���ƹŚƈţ�ƶŝ�ƶūƺţ�Śŝƿ��źƘţ�ƹ�źƿ�ƣŵ�ƞǀ���ƬƯŚºĪţ�ƆųŚƃ�Ƣƾ�ūźƯŵ��ºǀ�ƱŚ

ººſŹźŝ�ƶººŝƾŚººě�ĨººƟ�ƭƺººſ�źƫƺººƯ�ƱřŶººƳŵ�ƪººƯŚĪţ�ǀƿƲƘţ�ƹ�ǀººǀƲ� �
Inter Rate Reliability�ŶƳŻřŵźĜŝ��źºƋ�ƿ�ĮŤƀºŞưƷ�Ŝƾ�ºŝ�ǀ�ƹŵ�Ʋ

ƵŶƷŚƄºººƯ��ǇŚºººŝ�źºººĭƽ�îêŶºººƇŹŵ�ŵƺºººŝ��řźºººŝ�ƽƘţ�ǀºººǀƲ� �
Intra Rate Reliability���ŵřŶƘţçå��Żř�ƭřŶºĩ�źƷ�Ǝſƺţ�ƶƳƺưƳ�

ƵŶƷŚƄƯ��ſŹźŝ�ŚƷźĭƾ�ŶƳŶƃ���ƵŶƷŚƄºƯ�Żř�ƭřŶºĩ�źºƷ�žĜſ�����ŚºƷźĭ� �
� �

ưƷǀ��Ʋçå���������ŢºƃŸĭ�Żř�ŶºƘŝ�řŹ�ƶƳƺưƳ���ƶºŤƠƷ�ƹŵ��ŹŚºŝƹŵ�Ƶ��ºſŹźŝ�ƾ�� �
��Ư�ƶĩ�ŶƳŵźĩǀ�źƋ�Ʊřżƿ�ĮŤƀŞưƷ�Ŝƾ���ŝ�ƵŶƃ�ƶŞſŚŰƯ�ǀ��ŚºŤƳ�Ʋƿ��ºŝ�Ū�ƶ

������ƵŶƷŚƄƯ�Żř�ƭřŶĩ�źƷ�Ǝſƺţ�ƵŶƯō�Ţſŵ���ŚƷźĭîê��ŶºƇŹŵ�Ƙţ��ǀºǀ�Ʋ
Ŷƃ��ƵŶƷŚƄƯ�źĭ��źƷ�ƶŝ�ŚƷƿ�ƱřŶƳŵ�Żř�Ĩ�ŚƷƽ�ƭƺºſ�źƫƺƯ���Śºěǀƿ��źºŝ�Ʋ

��ūźƯŵ�ƁƹŹ�ŽŚſřǀƱŚ����ƪĪƃæ�����Ư�ƶºŝ�ƶŤƀŝ��ºǀ����ƪºƯŚĪţ�Ʊřż�ºƿ�Ĩ
ř�ƆųŚƃŻA �ŚţH ��ƅŚƈŤųřŶƳŵřŵ���
ƶƬůźƯ�įA � ƕƹźƃ ƱƺǀſŚƨǀƠǀƀƬƧ Źŵ �ŮƐºſ �ƾƳŚºƣƺƟ �ŢºſźƧ 

ƾƳřŶƳŵ ƶŝ šŹƺƇ Ʀƿ ƍƹźŴƯ ŽƺƨƘƯ ƵŶƷŚƄƯ ƵŶƿŵźĭ ƹ Ʋǀŝ 

Ʋƿř ƍŚƤƳ ƶǀƠǀƀƬƧ ĢǀƷ ƾƫŚƈţř ŵƺūƹ ŵŹřŶƳ���
ƶƬůźƯ�į:B�ƩŚƈţř ƹ�ƾĮŤſƺǀě Ʋƿř ƍŚƤƳ ƶǀƠǀƀƬƧ �Śºŝ �źĮƿŶºƨƿ 

ĚſŚƧ�ƽŚƷ ƾƳřŶƳŵ ƹ ƵŵƹŶŰƯ�į ŮƐſ ƩřŻƺƬƧř ƱřŶƳŵ řŹ ƪǀƨƄţ 

ƾƯ�ŶƷŵ.��
ƶƬůźƯ�į�C��ƪǀƨƄţ�ƽŚƴǀƯ��ƱřŶºƳŵ�Źŵ��ŮƐºſ��ƩřŻƺºƬƧř��ƪºǀưƨţ�

�ƵŶºƿŵźĭ�ƹ��ƶƘºſƺţ�ƹ��śŹŚºƤţ��ƽŚºƴǀƯ��ƱřŶºƳŵ��ƶºŝ��Ţưºſ�ƶººǀůŚƳ�
ƩŚƨƿƹźſ�ƵŶƿŵ�ƾƯ�ŵƺƃ��ƕƹźƃ�ƖưŬţ�ƾūŚƗ�ƵŶƷŚƄƯ�ƵŶƿŵźĭ�ƹ�
ƵŵƹŶŰƯ�į�ơŚţř�ĚƫŚě�Źŵ�ŻźƯ�ƩřŻƺƬƧř�ƾƴŰƴƯ�ƪƨƃ�ƾƯ�ŶƃŚŝ� 

ƶƬůźƯ�į�D��ƪǀƨƄţ�ũŚţ�ƱřŶƳŵ�Źŵ�Ţưƀƣ�ƾƳŚŤŰţ�CEJ��ƪºƯŚĩ�
ƵŶƿŵźĭ�ƹ�ơŚţř�ĚƫŚě�ƶƤƳŻƹŷ�ƽř��ƪƨºƃ��ƵŶºƃ�ƹ��ƕƹźºƃ��ƪǀƨƄºţ�
ƶƄƿŹ�ƱřŶƳŵ�ƶŝ�šŹƺƇ�ƽŹŚų�ƪƨƃ�ƵŶƷŚƄƯ�Ưƾ�ŵŵźĭ���
ƶƬůźƯ�į�:E�ƪǀƨƄţ� BifurcationŹŵ�ůŚƳǀƶ�į�ƶƄƿŹ�ƱřŶƳŵ�ƶŝ�
šŹƺƇ�Ʀƿ�ƶƐƤƳ�ƶǀƠǀƀƬƧ�Śƿ�ƶŝ��šŹƺºƇ��ƾºƫǈƷ��ƪƨºƃ��ƵŶºƿŵ�

Ưƾ�ŵƺƃ��ƩƺƏ�ƶƄƿŹ�į�ƱřŶƳŵ�źŤưƧ�Żř�ƕŚƠţŹř�ũŚţ�Ʊō�ƾƯ�ŶƃŚŝ. 

ƶƬůźƯ�į :FƶǀůŚƳ�į ƶǀƠǀƀƬƧ� Bifurcation�ŤƄºǀŝź �ƶºŝ �Ţưºſ 

�ƲǀƿŚºě �ƪºƯŚƨţ �ƶºŤƟŚƿ ƹ �ƶºŝ �ƶƄºƿŹ��ŚºƷ �ƵŵƹŶºŰƯ �ƆŴƄºƯ��ƽźºţ 

Ưƾ�ŶƄŴŝ��ƶƳŚƿŚě�ƽŚƷ ƶƄƿŹ ƶŝ šŹƺƇ ƾƠǀƣ ƪƨƃ Źŵ ƾƯ��Ŷƿō. 

ƶƬůźƯ�į�G��ƵŹřƺƿŵ������ƶŝ�ƩŚŤƀƿŵ�ƶƄƿŹ�ƩŚƳŚƧ�ƽŚƷ����ƽŻřƺºƯ�šŹƺƇ
Ţſř�ŻŚŝ�ŻƺƴƷ�Ʊō�ƩŚƨǀěř�ƽŚƸŤƳř�ƹ�Ƶŵƺŝ���

ƶƬůźƯ�į�H��ƶƳŚƿŚě�į�����������ƽŚƄºƛ�ƹ�ƵŶºƃ�ƶŤƀºŝ�ƪƯŚƧ�ƶƄƿŹ�ƩŚƨǀěř�
ě������������ƱřŶºƳŵ�žºƨěō�ƹ�ƶƄºƿŹ�ƝřźƏř�Źŵ�ƾŤųřƺƴƨƿ�ƽŚƴƸě�ƩŚŤƳŵƺƿź
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ƾūŚţŹƺě�ƵŹŚƸŝ�źŤĩŵƹ�ƽźǀƈƳ�ƾƬƗ�źŤĩŵ���
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ŢſřŹ 
 
 

  ƲǀĮƳŚǀƯ ŹŚǀƘƯ�ƝřźŰƳř P value* 

źŤųŵ æê å 
C��źƀě��  

 

źŤųŵ çê�æì  éî�æ  
D��

źƀě ëå�æê  êê�å  
åèî�å  

źŤųŵ íí�æì  ìê�ç  
E��źƀě åå�æì  ëê�ç  

ëéì�å  

źŤųŵ íè�æì  èç�ç  
F��

źƀě ëì�æë  îì�æ  
èëî�å  

źŤųŵ êî�æî  îå�ç  
G��źƀě êå�æí  êé�è  

ëçë�å  

źŤųŵ êè�çç  ìî�æ  
H��

źƀě èí�çç  çí�ç  
ëîæ�å  

��
�ƩƹŶūç��ƪůřźƯ�ŽŚſř�źŝ�ƱřźŤųŵ�ƹ�Ʊřźƀě�Źŵ�ƾƴſ�ƲǀĮƳŚǀƯ�ƶƀƿŚƤƯ� Ţưſ�ƭƺſ�źƫƺƯ�ƱřŶƳŵ�ƪƯŚĪţ Ěģ��

Ěģ 
 
 

  ƯǀĮƳŚǀƲ  ƘƯ�ƝřźŰƳřǀŹŚ  
P value* 

źŤųŵ æê å 
C 

źƀě��   

źŤųŵ êì�æë  êæ�æ  
D źƀě êå�æê  êí�å  

çæ�å  

źŤųŵ æì�æì  ëå�æ  
E 

źƀě êå�æë  îè�æ  
êæ�å  

źŤųŵ ææ�æí  êì�ç  
F 

źƀě åå�æî  ëè�æ  
êéç�å  

źŤųŵ íî�æí  èå�è  
G 

źƀě éå�æî  çæ�è  
ìíé�å  

źŤųŵ éë�çç  îæ�æ  
H 

źƀě èì�çç  æë�ç  
íæê�å  
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�ƹ�ƭƺſ�Ʋſ�Ƭĩƾ�ŵřźƟř���śŚƀºŤůř�ƱƹŶŝ����ƍŚºŞţŹř�žƴºū��ŹřŵŚºƴƘƯ�
ŵƺūƹ�ŵŹřŵ��ƶŝ��ŵ�šŹŚŞƗƿ�Śŝ� źĮ�řżƟřƿƂ�Ʋſ�ƯǀƱřż�ƪƯŚĪţ��ƱřŶºƳŵ�

źƫƺƯ���ƪŞƿŶºƴƯ�ƭƺſ�Ƴ�ºǀż�ŝ�ºǀźŤƄ��ºƯƾ��ŵƺºƃ�����šŚºƘƫŚƐƯ�Ʋưƫƺºĩ�ƹ��
ƱřŹŚºººƨưƷ��æî���ĢƿƹƺºººƯřźŝř��ƹįŹǇƺºººſ��çå��ŢƳřŹŚºººſƹ��
ƱřŹŚƨưƷ��çæ���įŚƳŹō�ƹ��řŹŚºƨưƷƱ��çç��� ��Ĩºſƺƫ���ƱřŹŚºƨưƷ�ƹ�

�çè��ƾţƹŚƠţ��Żř�řŹ��źºƔƳ��ƪºƯŚƨţ��ƱřŶºƳŵ��ƽŚºƷ��źƫƺºƯ��ƭƺºſ��ƱŚºǀƯ�
ƶưǀƳ�ƽŚƷ�Ěģ��ŢſřŹ�ƹ�źƷ�ƹŵ�ƦƟ�ƱŚƄƳ�ŶƳŵřŶƳ���ř�Źŵ�ºƿ�Ƴ�Ʊřź�ºǀ�ż

ƶƘƫŚƐƯ�řƽ���ƺŤŰƯ�Ǝſƺţ�ƶĩ�ƽ�����ƹŹ�źŝ�ƱřŹŚĪưƷ�ƹ�Źƺě�ƽ�Ƙưū��ºǀ�Ţ
ĭǀƳǈƾ���ř�Ŷƃ�ƭŚŬƳř�ƿ��ƴƘƯ�šƹŚƠţ�Ʋƾ�����ŶƄºƳ�ƁŹřżºĭ�Źřŵ��çé���Źŵ

ƫŚůƾ���ƶƘƫŚƐƯ�Źŵ�ƶĩ��į��ºưŬƗ�ƾ������ƹŹ�źºŝ�ƱřŹŚºĪưƷ�ƹ�ƽ�Ƙưū��ºǀ�Ţ
ŶƸƄƯƽ�ř�ƿ��ƴƘƯ�ƝǈŤųř�Ʋƾ��ŵƺŝ�Źřŵ��çê�����ƶºƘƫŚƐƯ�Źŵ�į���źºƋŚů�

Ƴǀ��ż���ŹŚƯō�ƱƺƯŻō�ŽŚſř�źŝƽ��ƹ�ƲƯ�ƿƴŤƾ��Ư�ƵŶƷŚƄƯ�ƾ�����Źŵ�ƶºĩ�ŵŵźºĭ
��źƷ�ºƿ����ƀºƬĩ�ƪºůřźƯ�Żř�ĨǀƠǀſŚĪǀ��ºƴƘƯ�ƝǈŤºųř�Ʊƺƾ�Źřŵƽ�ºŝ�ǀ�Ʋ
ƯǀĮƳŚǀ�������ŵ�Ěģ�ƹ�ŢſřŹ�Ţưſ�Źŵ�Ʋſ�Ʋƿ�ưƳ�ƵŶƾ�ŵƺƃ���ƶŝ�ţŹŚŞƗƾ�

���źƷ�Źŵƿ���ƪƯŚĪţ�ƪůřźƯ�Żř�Ĩ�Ư�ǀĮƳŚǀƴſ�Ʋƾ���ƹ�ŢºſřŹ�Ţưºſ�Źŵ�
��Ư�ƶŝŚƄƯ�Ěģƾ�ŶƃŚŝ����ƩƹŶūé�é����������šƹŚºƠŤƯ�įŚºƷ�ƶŤƟŚƿ�Ʋƿř�ƹ

�������������źƷ�ŢſřŹ�ƹ�Ěģ�į�ƶưǀƳ�ƭƺſ�źƫƺƯ�įŚƷ�ƱřŶƳŵ�ƪƯŚĪţ�Ʋſ�Źŵ
�������������Źŵ�įř�ƶºƤƐƴƯ�ƹ�ƾŤǀƘưū�įŚƷ�šƹŚƠţ�źŝ�įźĮƿŵ�ŶǀĩŚţ�ĨƟ�ƹŵ

ƱřŶƳŵ�ƪƯŚĪţ�ŶƃŚŝ�İƯ�ƭƺſ�źƫƺƯ�įŚƷ����
ŚƤƯººƿƶƀ�į�ƲǀĮƳŚººǀƯ�ƾƴººſ�źººƷ�Ʀººƿ�Żř�ƪººůřźƯ�ŚººƨţƾƬƯ�ƁƹŹ�

ƱŚººǀūźƯŵ�Źŵ�ƱŚººƳŻ�ƹ�ƱřŵźººƯ�Źŵ�ƂƷƹĦººě�źººƋŚů�Śººŝ�źƿŚººſ�
ƂƷƹĦě�ŚƷ�źŝ�ƽƹŹ�ŢǀƘưū�ƽŚƷ��źºĮƿŵ��šƹŚºƠţ��ƾƿŚºƷ�řŹ�Źŵ��ƹŵ

�ƱŚƄƳ�žƴū�Ưƾ�ŶƷŵ��ţŚƘƫŚƐƯƾ���ŚƷŹƺƄĩ�Źŵ�ƶĩ�ƽ���ƞƬŤŴƯ��ŶºƴƳŚƯ�
��ƪººƯŚƨţ�ƶººĩ�ŵřŵ�ƱŚƄººƳ�Ţººſř�ƶººŤƟźĭ�šŹƺººƇ�Ʋººěřĥ�ƹ�Ŷŗƺººſ

ƱřŶƳŵ�ƽŚƷ�źƫƺƯ�ƭƺſ�Ʊřźƀě�źţƺƬū�Żř���Ţſř�Ƶŵƺŝ�ƱřźŤųŵ��æî���
ƫŚůŹŵƾ�ƶĩ��Źŵ�ƶƘƫŚƐƯ�ƽř�ƶƧ�Źŵ�ƪǀŗřźſř�ƭŚŬƳř����Ʋǀºŝ�šƹŚƠţ�Ŷƃ�
Ʊřźƀě�ƹ�ƱřźŤųŵ�Źŵ�Ʋƿř�ŵŹƺƯ�ŹŚǀƀŝ�ƮƧ�ŵƺŝ��çæ����ƶƘƫŚƐƯ�Źŵ�į�

Ʋưƀǀſ���ƮƷ�ƱřŹŚĪưƷ�ƹ��Źŵ�ŜƬƛř�ŵŹřƺƯ�ƶŝ����ƶºƬůźƯ�żºū�į�D��ƹ�
G�ƝǈŤųř���ƾºƴƘƯ�Źřŵ��Ʋǀºŝ�ƹŵ��žƴºū��ƁŹřżºĭ�����ƪºůřźƯ�ƹ�Ŷºƃ�

ƪƯŚƨţ�ƾƳřŶƳŵ�ƱŚǀūźƯŵ�Źŵ���ƱřŵźƯí���Śţ�æç���Ż�ƵŚºƯ��źºţŵƹ�Żř��ƱŚºƳŻ�
űŹ�Ƶŵřŵ�ŵƺººŝ��çë��ƶººƘƫŚƐƯ�Źŵ��įƳ�źººƋŚů�ººǀŹŚººƯō�ƱƺººƯŻō�żƽ�

�ƫřƹ�ƩŚĪſƹźĩǀ��Ư�ƱŚƄƳ�žƾ����ƯŚưţ�Źŵ�ƶĩ�ŶƷŵƾ�ƘƣƺƯ�ǀŢ�ŚƷƽ��źƫƺƯ�
���ƱřŶƳŵ�ƪƯŚĪţ�ƪŞƿŶƴƯ�ƭƺſ�ŚƷƽ���������ƑŚºŰƫ�Żř�ŚºƷźŤųŵ�Źŵ�ƭƺſ�źƫƺƯ�
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ƳŚƯŻƾ���������ºƯ�ƕƺºƣƹ�ƶºŝ�ŚƷźƀě�Żř�źţŵƹŻ�ƾ�ěǀ�ŵŶºƳƺ���ƾºƴƘƯ��Źřŵ���Ʊŵƺºŝ
�šƹŚºƠţ�Ʋǀººŝ�ƹŵ��žƴºū�ƶººŤƟŚƿ�ƽř�ººǀƜŤƯź�Źŵ��źºŨĩř�ƂƷƹĦººě�ŚººƷ�

ƾƯ�ŶƃŚŝ�ƹ�Ʋƿř�šƹŚƠţ�Źŵ��ƪºůřźƯ��ƾţƹŚºƠŤƯ�Żř��ƱƺǀſŚƨǀƠǀƀºƬƧ�
ƶƳřƺū��źƧŷ�ƱřŶƳŵ�ƵŶƃ�Ţſř���ř�ƶĩ�ƿ�����ř�ƶŝ�ƶūƺţ�Śŝ�ƕƺƋƺƯ�Ʋƿ��ƶºĪƴ
ƽƺĮƫř�ŶƃŹ��šŹƺƇ�ƦƟ�ƹ��ƱřŶºƳŵ��ŚºƷ��ƾºŧŹř��Ţºſř�ƹ�Żř��Ʀºƿ�

�ƽŵřĦƳ� ƶƤƐƴƯ�ƶŝ�ƶƤƐƴƯ�źĮƿŵ��źºŝ��ƶºƿŚě��ƽƺºĮƫř��ƽŵřĦºƳ��ŜºƫŚƛ�Ʊō�
źǀƜŤƯ�ŢǀƘưū�ƾƯ��ŶƃŚŝ�ƾƘǀŞƏ�ŝƶ�źƔƳ�ƾƯ�ŶſŹ��æë����

Źŵ�ƂƷƹĦě��źƋŚů�ƪǀưƨţ�ƱƺǀſřżǀƫřźƴǀƯ�źƫƺƯ������ƹ�ŢºſřŹ� ƭƺºſ
�ŶƴƯ�ĚģƿƪŞ��ƶƬůźƯ�H��Źŵ�ƲǀĮƳŚǀƯ�ƾƴſ��Śºŝ����ƶºƴƯřŵéå�çç���Śºţ�

éé�çç�ƩŚſ�Ưƾ�ŶƃŚŝ��Źŵ�ƫŚůƾ�ƶĩ�Źŵ�ƶƘƫŚƐƯ�į�ƺŤŰƯƽ��Źƺºě�ƹ�
ƱřŹŚĪưƷ�Źŵ��ºĭǀƱǈ�ř�ºƿƲ��ƶºƬůźƯ�Źŵ��ƶºƴƯřŵ�į��ƴºſƾ�éì�æî��Śºţ�

éí�çå�Źřźººƣ�Ţººƃřŵ��çé��ƶººĩ�řººƿƲ�ŜººƬƐƯ�ƱŚƄººƳ�ƵŶººƴƷŵ�į�
ƯǀƫřźƴǀſřżǀƱƺ�źţŵƹŻ�ƱřŶƳŵ�ŚƷƽ�źƫƺƯ��Źŵ�ƭƺſ�Ƙưū�ºǀŢ�ĭǀ�ºƳǈƾ�
Ưƾ�ŶƃŚŝ��ƴĤưƷǀƲ�Źŵ�ƂƷƹĦě�ƾƫ�ƹ��ƱřŹŚĪưƷ��ƶºƬůźƯ�į�H�Źŵ�

ƲǀĮƳŚǀƯ�ƾƴſ��Śºŝ��ƶºƴƯřŵ�é�çå��Śºţ�ë�çç��Źřźºƣ��Ţºƃřŵ��æë���Źŵ�
ƂƷƹĦě�Ʋưƀǀſ�ƹ��ƱřŹŚĪưƷ�źŝ�ƽƹŹ�ŢǀƘưū��ƶǀƧźţ��ƲǀĮƳŚºǀƯ�

ƾƴſ�ƶƬůźƯ�į�H��æ�çç�ƩŚſ��Źŵ�ƱřŵźƯ�ƹ�ë�çç��ƩŚºſ�Źŵ��ƱŚºƳŻ�
ƁŹřżĭ�Ŷƃ��çë���ƩŚů�Ʊō�ƶƧ�ƱŚƷŹƹř�ƹ�ƱřŹŚĪưƷ�Źŵ��ƂƷƹĦºě�
ƽźĮƿŵ�źŝ�ƽƹŹ�ŢǀƘưū��ƶǀƧźţ��ƲǀĮƳŚºǀƯ��Ʋºſ��ƶºƬůźƯ�į�H�řŹ�

æ�çå�ƩŚſ�ƘţǀǀƲ�ŶƳŵźĩ��çì���ŚƯř�ƶŝ�ŹƺƏ�ƾƬƧ�ƾƯ�Ʊřƺţ�ŢƠĭ�ƶƧ�

Źŵ�ƂƷƹĦě�źƋŚů�ŶƴƳŚƯ�źƿŚſ�ƂƷƹĦě�ƽŚƷ��ƭŚºŬƳř��ƵŶºƃ��æë���
ƲǀĮƳŚǀƯ�ƾƴſ�ƶƬůźƯ�H�ǀŝƂ�Żř�æí�ƩŚſ�Ƶŵƺŝ��Ţºſř��Źŵ�ŤƳǀ�ƶºŬ�
ƵŶƷŚƄƯ�ƶƬůźƯ�į�H�Źŵ�ŵřŹ�ºƿƟřźĭƺƾ��ƶºŝ��ƩŚºưŤůř��ƀºŝǀŹŚ�Ż�ºƿŵŚ�
ŶĩƺƯ�Ʋſ�ŝǀƂ�Żř�æí�ƩŚſ�ŵźƟ�ŵŹƺƯ�ƶƘƫŚƐƯ�Ưƾ�ŶƃŚŝ���
��
ŤƳǀĭ�ƶŬǀźƽ 

�����ŪƿŚŤƳ�ƢǀƤŰţ�źƋŚů�ƱŚƄƳ�Ưƾ�ŶƷŵ���ƺƤţ�Ʋſ�ƶĩƿưƾ�ŝ�ǀźŤƄƿ�Ʋ
ŧŚţǀ���Ư�źŝ�řŹ�ź�ºǀ��ƀºƬĩ�ƱřżǀƠǀſŚĪǀ�������ŵŹřŵ�ƭƺºſ�źƫƺºƯ�ƱřŶºƳŵ�Ʊƺ���Źŵ�
ƫŚůƾ����ƀºƴū�ƶºĩǀ��ŧŚºţ�Ţǀ��ƀºŝ�źǀ��ģŚºƳ�ŹŚǀżƽ�ƹŹ�ƽ�ř��ºƿ���ƕƺºƋƺƯ�Ʋ
Ưƾ�ŵŹřŸĭ��ƴĤưƷǀ���ƶƬůźƯ�Źŵ�ŚƸƴţ�Ʋ�į�H�����ƩŚºưŤůř�ƶŝ�îî���ŶºƇŹŵ

�ǇŚŝ�ŵźƟƽ�æí��Ţſř�ƩŚſ���řźŝŚƴŝƿ������ƅŚų�šŚƔůǈƯ�ƶŝ�ƶūƺţ�Śŝ�Ʋ
Īƃżěƾ�ƳƺƳŚƣ�ƾ��ưƷř�ƹ�ǀ�Ƙţ�Ţǀǀ��ƺƤţ�Ʋſ�Ʋƿưƾ����ƶºƬůźƯ�Źŵ�ŚƸƴţ���į�

H�Ư�ƾ����Ţƣŵ�Śŝ�Ʊřƺţîî��ŶƇŹŵ�řŹ�ŵźƟ�æí�ƶƫŚſ�ƿŵ�źţǇŚŝ�ŚŹ���źºƔƳ
ŢƟźĭ� 

��
ŶƤţƿźĪƄţ�ƹ�ź��
�����ƺƳƿ�ř�ƱŚĭŶƴƀƿ���Ź�Żř�ƶƫŚƤƯ�Ʋƿ�����ƭźŤŰƯ�ŢƳƹŚƘƯ�ƹ�ƵŚĮƄƳřŵ�ŢſŚ

ƄƷƹĦěƾ���Īƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾ��ŚƸƳ�ƱŚŬƳŻ�ƿ������ƱŚºƴŤƯř�ƹ�źĪƄºţ�Ţ
ŶƳŹřŵ�řŹ���

��
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Background and Objective: Radiographic evaluation of the mineralization stages of third molars is a 

valuable and important criterion for age estimation in forensic medicine. The aim of this study was 

radiographic evaluation of the developmental stages of mandibular third molars based on the Demirjian 

method and its association with chronological age. 

Materials and Methods: In this analytic study, 200 radiographs were selected from panoramic radiographs 

belonging to referred patients to a private clinic in Zanjan in 2014. According to the images, developmental 

stages of the mandibular third molars and their correlation with chronological age were determined by SPSS 

20 software and Kruskal Wallis and Mann Whitney tests. 

Results: 52.3% of patients were female and 47.7% of them were male. Patient age ranged from 15 to 25 

years. According to the Kruskal Wallis test, difference between the average age of patients and calcification 

stages of mandibular third molar on the right and left sides was statistically significant. In other words the 

average age in both the right and the left sides of the mandible showed significant increase from stages C to 

H. The Mann Whitney test showed no significant difference in calcification stages (D, E, F, G and H) on the 

right and left sides. In other words, in each developmental stage, the average age on the right and the left 

sides was the same. The linear regression test showed that calcification stages on the right side had a 

correlation with both age and sex but calcification stages on left side had a correlation only with age and not 

with sex. 

Conclusion: Only H developmental stage (in which the apex of roots closes) indicates that the patient is 18 

years old or older with an accuracy of 99%. 

 

Key words: Chronological age, Tooth calcification, Panoramic Radiography 
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