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źŤƯƹŶƳō���źƷ�ƪƯŚƃ�ƹŵ�Ǉƿƶ��ƽ�ƯřŶƣ�ƾ��ƠƬų�ƹ�ƾ��ŴºƋ�Źŵ�ǀƮ��źºţƿ�Ʋ
���ƫƺƏ�ƖƐƤƯ�Źŵ�Ţưƀƣƾ���Ư�Ŝƀů�źŝ�ǀƬƾ��ƵŻřŶƳř�źŤƯ�ĭǀźƽ�ŵźĭ��ºƿŶ��

����Ʒ�ƭŚŬƳř�Żř�žě�ƶƬƇŚƟǈŝǀƯƺŤĩźŤƀƾ������ƫŚºƯźƟ�Źŵ�ƶĩ�ƵŻŚţ�ƮůŹ��ǀ�Ʋ
ººƟǀ�ººſŹźŝ�ŢººƸū��ŵƺººŝ�ƵŶƄººƳ�žĪƾ��ƶººŝ�źŤƯƹŶººƳō�ŢƯŚŴººƋ

ŚƯŻōººƿĥƺƫƺţŚººě�ƵŚĮƄƽ�Ŷººƃ�ƩŚººſŹř���ĥƺƫƺţŚěººƿŚººŤƳ�Żř�Ţƀƿ�Ū
ƵŻřŶƳř�ĭǀźƽ���ƟřźĭƺƳƺſ�Żř�ƪƇŚů�ƾ�ĥřƹ�ƿ���ºŝ�ƩŚºƴƾ���ŵƺºŝ�ƕǈºƏř���Źŵ
ŚƯŻōººƿ�ƵŚĮƄ��ŢººƸū�Źŵ�ƮººůŹººſĥŚƿŤƩŚƵŵřŵ�Ɓźººŝ�Ŷººƃ��ƹ��Śººŝ
Ǝų��ŵŹřŶƳŚŤſř�Ƃĩ���ŵ�ŢƯŚŴƋƿƵŹřƺ��ƽ�ƯřŶƣ�ƾ���ƹ�ƠƬųƾ���źŤƯƹŶºƳō�
�Ư�ƶŝǀƬƾ���Ƙţ�źºŤƯ�ǀºǀ���ƵŻřŶºƳř�Śºŝ�ƹ�Ʋ�ĭ�ºǀźƽ���ƟřźĭƺƳƺºſ�Żř�ƪºƇŚůƾ�
ĥřƹƿ�ŚƤƯ�ƩŚƴƿ�ŵźĭ�ƶƀƿŶ���������ŵŶºƗ�ƲŤƟźĭ�źƔƳ�Źŵ�Śŝ�ê�Ư�ǀ�ºƬƾ�����ƶºŝ�źºŤƯ

�ƱřƺƴƗCut off Pointřźŝ��ƽ�ſŹźŝƾŧŚţ�ǀ�ź��źŤƯƹŶºƳō�ŢƯŚŴƋ
�Ư�źŝǀ�ŚƐų�Ʊřżƽ�ƵŻřŶƳř�ĭǀźƽ���Śŝ�ƟřźĭƺƳƺſƾ��������ŽŚºſř�źºŝ�źŤƯƹŶƳō

ƵŻřŶƳř��ƽ���ŝ�ƵŶƃ�ƆŴƄƯ�ƶ�ſƹǀ�ŤƳ�ƶƬǀƶŬ��ƽ�Śě�ƺţĥƺƫƽ�����Ƶƹźºĭ�ƹŵ�ƶŝ�
ō���ħŻŚƳ�źŤƯƹŶƳ���źŤưĩƿ�ƹŚƀƯ�Śƽ�êƯ�ǀƬƾ�źŤƯ��ŴƋ�ƹǀ�Ʈ�ŝ�ºǀ�Żř�źŤƄ
êƯ�ǀƬƾ�źŤƯ��ƀƤţǀ�ƮŶƃ��žě �Ɩºưū�Żř��šŚºƗǈƏř�ƽŹƹō�Ƶŵřŵ����ŚºƷ

ƾſŹźŝ�ŢŰţ ���ŢºƟźĭŹřźƣ�ƽŹŚºƯō�ƪºǀƬŰţ�ƹ�ƶƿżŬţ�ƹ����Ʋºƿř�Źŵ
��ƱƺºƯŻō�Żř�ƂƷƹĦºě��ºţ�ƾ ��ƢºƟřƺţ�ŜƿźºƋ�ƹ Kappa ��ŵŹƺºƯ�Źŵ

����Ŷºƃ�ƵŵŚƠŤºſř�ƆǀŴƄºţ�Źŵ�ƁƹŹ�ƹŵ�ƾºƿřźĮưƷ��åê�å P<��ƶºŝ
ƾƴƘƯ�ŮƐſ�ƱřƺƴƗ��Źŵ�ƽŹřŵŤƟźĭ�źƔƳŶƃ�ƶ����

��
ƿƶŤƟŚ��ŚƷ��

�����ƯººǀĮƳŚǀŝ�Ʋººſ�Ʋǀ�ƱřŹŚººưç�ìtí�éìŵƺººŝ�ƩŚººſ��Ư�ººǀĮƳŚǀƲ� �
�ƵŻřŶººƳř�ƝǈŤººųř�ĭººǀźƽ�Źŵ�ƁƹŹ�ƹŵ�ƶººŝ�źŤƯƹŶººƳō�ŢƯŚŴººƋ�� �

�Ƶƹźººĭ�ħŻŚººƳ�źŤƯƹŶººƳō�mmê����î�åƯ�ǀººƬƾ�źººŤƯƵƹźººĭ�Źŵ�ƹ�� �
�ŴƋ�źŤƯƹŶƳōǀƮ��mmê�>����æ�æ�Ư�ǀƬƾ��źºŤƯ��ŵƺºŝ������ŹŚºƯō�ƱƺºƯŻōƽ�
�ƴƘƯ�ƝǈŤųřƾ�Źřŵƽ��ŝ�řŹ�ǀƲ�����Ƶƹźºĭ�ƹŵ����ŵřŶºƳ�ƱŚƄºƳ�����ƩƹŶºūæ���� �
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źŤƧŵ�ŶůƺƯ�ƵŶƿźƟ�ƱřŹŚƨưƷ�ƹ� 
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˺˹̂

ƩƹŶū�æ��ƵŻřŶƳř�ƲǀĮƳŚǀƯ�ƽźŤƯƹŶƳř�ŢƯŚŴƋ���ET���ƾƬǀƯ�Ŝƀů�źŝ��źŤƯƺŤƀǀƷ�ƁƹŹ�ƹŵ�ŹŵƺţŚě�ƹ�ƩŚƴƿĥřƹ�žƳřźţ�ƾƟřźĭƺƳƺſ�ƹ�ƽĥƺƫ
Ʊō�ƝǈŤųř�ƲǀĮƳŚǀƯ�ŚƷ��

 
�ƲǀĮƳŚǀƯET�ƁƹŹ�ƶŝ�

ƩŚƴƿĥřƹ�žƳřźţ�ƾƟřźĭƺƳƺſ 

ǀĮƳŚǀƯ�Ʋ ET�ƁƹŹ�ƶŝ
ƽĥƺƫƺţŚěƺŤƀǀƷ 

�ƝǈŤųř�ƲǀĮƳŚǀƯ
ET ��ƹŵ�ƶŝƁƹŹ 

P ƱƺƯŻō�ƶŬǀŤƳ 

�ŵŹřƺƯ�ƭŚưţ�ŵřŶƘţ ëå� ë�étè�ê é�ètè�é î�çtî�å æîê�å NS��

mm �ê�� ET ��ç�ètî�è��æ�ætîë�ç��æ�ètî�å��åëé�å��NS 

mm �ê ET >��í�été�ææ��ê�ètè�æå��í�ætæ�æ��êé�å��NS 

��
��Źŵìå�ŶƇŹŵ����ŵŹřƺƯ��éç�źƠƳ�������Źŵ�źŤƯƹŶƳō�ŢƯŚŴƋ�ƟřźĭƺƳƺſƾ�
Ʒ�ƹººǀĥƺƫƺţŚěƺŤƀƽ�mm�ê���Ŷººƃ�ƁŹřżººĭ����Źŵè�æíŶººƇŹŵ��� �
�ææ�źƠƳ���������ǇŚŝ�ƁƹŹ�ƹŵ�źƷ�Źŵ�źŤƯƹŶƳō�ŢƯŚŴƋƽ�ê�Ư�ǀƬƾ���źºŤƯ�

ŵƺŝ���Źŵë�ææ�ŶƇŹŵ���ì�źƠƳ�������ƟřźĭƺƳƺºſ�Źŵ�źŤƯƹŶƳō�ŢƯŚŴƋƾ�
ŝǀ�Żř�źŤƄ�ê�Ư�ǀ�ºƬƾ������ºſŹźŝ�Źŵ�ƹ�źºŤƯƾ�Ʒ��ºǀĥƺƫƺţŚěƺŤƀƽ����źºŤưĩ�ºƿ�Ś

ƹŚƀƯƽ�ê�Ư�ǀƬƾ��ŵƺŝ�źŤƯ���ř�Żř�ƿ�����ƟřźĭƺƳƺºſ�ƶºĩ�ŵřŶƘţ�Ʋƾ���źŤƯƹŶºƳō�
���ŴºƋ�řŹ�ħŻŚƳǀ�������ŵƺºŝ�Ƶŵźºĩ�ƁŹřżºĭ�Ʈ�ê���ƫƺě�źºƠƳ��ºǀ��źŤƯƹŶºƳō�Ě

ŶƴŤƃřŵ��Ʒǀ�ŵŹƺƯ�Ģƽ��ŴƋ�źŤƯƹŶƳō�ǀƮ��������ƁŹřżºĭ�ħŻŚºƳ�ƵŚŞŤºƃř�ƶŝ�
ŶƄƳ��ƟřźĭƺƳƺſƾ���Źŵ�è�êí�ŶƇŹŵ�������řŹ�źŤƯƹŶºƳō�ŢƯŚŴºƋ�ŵŹřƺƯ

ŝǀ��Ƙƣřƹ�ŶůŻř�źŤƄƾ����Źŵ�ƹ�èå�ŶƇŹŵ��������ºƘƣřƹ�Ŷºů�Żř�źŤưĩ�ŵŹřƺƯƾ�
ưŴţǀ��ŵƺŝ�ƵŵŻ�Ʋ���ƟřźĭƺƳƺſ�Ţƣŵƾ��Ƙţ�Źŵ�ǀǀ����źŤƯƹŶºƳō�ŢƯŚŴƋ�Ʋ

�ŵŚƳ�šŹƺƇ�ŹŵƿƝǈŤųř�ƲŤƟźĭ�ƵŶ�Śţ�çƯ�ǀ�ºƬƾ���źºŤƯè�íè�ŶºƇŹŵ��
Ƙţǀǀ�Ŷƃ�Ʋ��ƫŚƳōǀ��ŚºŤƳ�żƿ��ĩŚºů�Ūƾ��ř�Żř��ºƿ���ĭ�ƵŻřŶºƳř�ƶºĩ�ŵƺºŝ�Ʋ�ºǀźƽ�

�źƏ�Żř�źŤƯƹŶººƳō�ŢƯŚŴººƋººƿƟřźĭƺƳƺººſ�Ƣƾĥřƹ�žƳřźººţ�ƿ�ƩŚººƴ� �
��Źŵè�íí�ŶƇŹŵ���êè�ŵŹƺƯ�������ŚºŤƳ�Śºŝ�ŵŹřƺƯƿ�Ʒ�Ū�ºǀĥƺƫƺţŚěƺŤƀƿ�Ĩ

���ŵŹřŵ�ƢŝŚƐţ�ëî�å(Kappa=����ƩƹŶūç���ŹřŵƺưƳ��æ�����ƶºūƺţ�Śºŝ� �
�ř�ƶŝƿ�ƌƣ�Ʋǀ�����ƭŶƗ�ŵŹřƺƯ�ƶĩ�ƶ��ĭ�ƵŻřŶƳř�ƢŝŚƐţ�ºǀźƽ��ºŝ�ǀ���ƁƹŹ�ƹŵ�Ʋ
ĮưƷƾ��ŢƬƗ�ƶŝ��ưŴţ�ǀ�ŝ�ƲǀƂ���ƟřźĭƺƳƺſ�Ŷů�Żř�ƾ�ĥřƹ�ƿ����Ƶŵƺºŝ�ƩŚºƴ
Ţſř�����ƟřźĭƺƳƺſ�Ţƣŵ�řŸƫƾ��ĥřƹ�žƳřźţ�ƿ��Ƙţ�Źŵ�ƩŚƴǀǀ���ŢƯŚŴºƋ�Ʋ

�ŚººƳ�źŤƯƹŶººƳō�ŵŹřƺººƯ�Źŵ�źŤƯƹŶººƳōŻħ��mmê����í�íîŶººƇŹŵ�� �
ŴƋ�źŤƯƹŶƳō�ŵŹřƺƯ�Źŵ�ƹǀƮ��mmê>��í�ìçŶƇŹŵ�Ƙţ�ǀǀƲ�Ŷƃ���

��
�ƩƹŶūç��ƽźƷŚƓ�ƢƟřƺţ�ŜƿźƋƵŻřŶƳř�ƁƹŹ�ƹŵ�Ʋǀŝ�ŚěŚĩ�ƹ���ƽźǀĭ

�źŤƯƹŶƳř�ŢƯŚŴƋ�ƾƟřźĭƺƳƺſ�ƽĥƺƫƺţŚěƺŤƀǀƷ����
 

��
Pearson Correlation Coefficient = 0.88 
Kappa = 0.69 

��
��
��
��

��

ƽĥƺƫƺţŚěƺŤƀǀƷ��
ƾƟřźĭƺƳƺſ��

ħŻŚƳ��
��ƽƹŚƀƯ�Śƿ�źŤưĩ� �

êƾƬǀƯ��źŤƯ���

ƮǀŴƋ��
�Żř�źŤƄǀŝ� �
�êƾƬǀƯ��źŤƯ���

Ɩưū��

�ħŻŚºººƳ��Śºººƿ�źºººŤưĩ
�ƽƹŚƀƯêƾƬǀƯ��źŤƯ���éç��å��éç��

�ƮǀŴººƋ��Żř�źŤƄººǀŝê�
ƾƬǀƯ�źŤƯ���ì��ææ��æí��

Ɩưū��éî��ææ��ëå��
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��
 

�ŹřŵƺưƳæ��ƽĥƺƫƺţŚěƺŤƀǀƷ�ƹ�ƾƟřźĭƺƳƺſ�ƁƹŹ�ƹŵ�Źŵ�źŤƯƹŶƳō�ŢƯŚŴƋ�ƵŻřŶƳř�Ʋǀŝ�ƾĮŤƀŞưƷ��
��

ŦŰŝ��
�����ƶƘƫŚƐƯ��ƽ�źƋŚů������ƶĩ�ŵřŵ�ƱŚƄƳ�ŚŤƳƿ��ŪƵŻřŶƳř�ĭ�ºǀźƽ���ŢƯŚŴºƋ�

źŤƯƹŶƳō��źƏ�Żř�ƿƢ��ƟřźĭƺƳƺºſ�ƾ���ĥřƹ�žƳřźºţ�ƿ����Źŵ�ƩŚºƴíí��ŶºƇŹŵ��
Ư����ŚºŤƳ�Śºŝ�ŵŹřƺƿ����Ʒ�Żř�ƪºƇŚů�Ū�ºǀĥƺƫƺţŚěƺŤƀƽ���ŵŹřŵ�ŢºƤŝŚƐƯ����Źŵ
ë�ææ�ŶƇŹŵ���ƟřźĭƺƳƺſ�ŵŹřƺƯ�ƾ�ĥřƹ�ƿ���������ƶºŝ�řŹ�ħŻŚºƳ�źŤƯƹŶºƳō�ƩŚºƴ

�ŴƋ�ƵŚŞŤƃřǀ��ŵźĩ�ƁŹřżĭ�Ʈ����Ʒ�ƪŝŚƤƯ�Źŵ�ǀ��ŵŹƺºƯ�Ģƽ����źŤƯƹŶºƳō�Żř�
ŴƋǀ�����ŶƄƳ�ƁŹřżĭ�ħŻŚƳ�ƵŚŞŤƃř�ƶŝ�Ʈ��ưƷřǀ��ř�ƕƺƋƺƯ�Ţƿ���Ţºſř�Ʋ

źƳƺººų�ƶººŝ�ǈŤººŞƯ�ƱŚººƳŻ�Źŵ�ƶººĩƿżƽƛ�ǀŞƏźǀººƘƾ�ººưůŹƾƘţ��ǀººǀ�Ʋ
������ŰºƇ�śŚºŴŤƳř�Źŵ�źŤƯƹŶƳō�ŢƯŚŴƋǀ���ŴƄţ�šŚƯřŶºƣř�Ů�ºǀƈƾ��ƹ�

ƳŚƯŹŵƾ�Śů�ƿ�ưƷř�żǀ�Ư�Ţƾ���ŶƃŚŝ�æå����������ħŻŚºƳ�źŤƯƹŶºƳō�ŵŹřƺºƯ�Źŵ
���ŞƏ�ƱŚƯŹŵ�Ţſř�ƲĪưƯƾ�ƹ��ŴƋ�źŤƯƹŶƳō�ŵŹřƺƯ�Źŵǀ��Żř�ƵŵŚƠŤºſř�Ʈ

Śſƿ�ƁƹŹ�ź��ƔƳ�ŚƷǀ�Ʒ�źǀěƺĪſƹźŤƀƾ�ƿ���ŴƄţ�ĥŚºţŹƺĩ�Ś�ºǀƈƾ���ƭŶºƣ�

ŶƘŝƽ�ƳŚƯŹŵ�ƾ�ŶƃŚŝ���ƶƘƫŚƐƯ��ƽ�ŚƷŚſ����ƩŚſ�Źŵ�çååé��ŵ�ƱŚƄƳ���ƶĩ�ŵř
ƵŻřŶƳř�ĭǀźƽ����źƏ�Żř�źŤƯƹŶƳō�ŢƯŚŴƋ�ƿ�ƟřźĭƺƳƺſ�Ƣƾ�ĥřƹ�ƿ���Źŵ�ƩŚºƴ
ììŶººƇŹŵ���ŚººŤƳ�Śººŝ�ŵŹřƺººƯ�ƿƷ�ŪººǀĥƺƫƺţŚěƺŤƀƽŵŹřŵ�ƢŝŚººƐţ��� �
�êê�å Kappa�����Źŵêì�ŶƇŹŵ����Ƙţ�źŤƯƹŶƳō�ŢƯŚŴƋ�ŵŹřƺƯ�ǀǀ�Ʋ

�ƟřźĭƺƳƺººſ�Śººŝ�ƵŶººƃƾĥřƹ�ƿŝ�ƩŚººƴººǀººƘƣřƹ�Ŷººů�Żř�źŤƄƾŹŵ�ƹ�� �
èè�ŶƇŹŵ������Ƙƣřƹ�Ŷů�Żř�źŤưĩ�ŵŹřƺƯ�ƾ�ŵƺŝ����ƶƘƫŚƐƯ�Źŵ��ƽ���ř�ŚºƯ��ºƿ�Ʋ

��ţźţ�ƶŝ�ƭŚƣŹř�ºǀ��Ŝêí��ŶºƇŹŵ����ƹ�èå��ŶºƇŹŵ���ŵƺºŝ������ŚºƐų�ŢºƬƗƽ�
ƟřźĭƺƳƺſƾ�ĥřƹ�ƿ���ŝ�ŵŹƹōźŝ�Źŵ�ƩŚƴǀ������źŤƯƹŶºƳō�ŢƯŚŴƋ�Ŷů�Żř�źŤƄ

Ưƾ��ƃŚƳ�ŶƳřƺţƾ���Ǉ�ŵƺūƹ�Żř�ƿ���ŚƯ�Żř�ħŻŚƳ�ƶƿ�ŝ�Ɩǀ���ƯřŶºƣ�ŹřŶū�Ʋƾ��ƹ�
ƠƬųƾ����řżƟř�ŜŞſ�ƎƬƛ�ƶŝ�ƶĩ�ŶƃŚŝ�źŤƯƹŶƳō�ƿ�źŤƯƹŶƳō�ŢƯŚŴƋ�Ƃ

ŚººưƳ�ŹŵƽƟřźĭƺƳƺººſ�ǀººƯ�Ĩƾ�ŵƺººƃ��ƶººƘƫŚƐƯ�Źŵ�ƽźººƋŚů�Źŵ�� �
ë�ææ�ŶƇŹŵ���ƟřźĭƺƳƺſ�ŵŹřƺƯ�ƾ�ĥřƹ�ƿ���������ƶºŝ�řŹ�ħŻŚºƳ�źŤƯƹŶºƳō�ƩŚºƴ
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˺˺˺

�ŴƋ�ƵŚŞŤƃřǀ������ŵƺºŝ�Ƶŵźºĩ�ƁŹřżºĭ�Ʈ���ƶºƘƫŚƐƯ�Źŵ�ƽ��ŚƷŚºſƳ��ºǀŹŵ�ż� �
æê�ŶƇŹŵ���ƴģ�ŵŹřƺƯ�ǀ�ŚƐų�Ʋƾƿ���ƟřźĭƺƳƺºſ�Źŵ�ƾ�����ƵŶºƃ�ƶŞºſŚŰƯ�
ŵƺŝ��řƿ��Ư�ƵŚŞŤƃř�Ʋƾ�����ƵŶƗ�ƶĩ�ŵƺƃ�ŜŞſ�ŶƳřƺţ�řƽ��ŝ�Żř�ǀ��ŢŰţ�ƱřŹŚư

�ƛ�šǈųřŶƯǀ��ŹƹźºƋ�źƽ�ƔƳ��ºǀ�Ʒ�ź�ºǀěƺĪſƹźŤƀƾ���Įŝ�Źřźºƣ�ǀ�ŶºƳź��
ūƺţǀ�ƫŚưŤůř�ƶƾ�řźŝ�ƽ��ŚƐų�ƱŵƺŝźţǇŚŝ�ƽ��ƟřźĭƺƳƺºſ�ƾ����ŵŹřƺºƯ�Źŵ�

��Ư��ħŻŚƳ�źŤƯƹŶƳōƾ��ř�ŶƳřƺţƿ�ƀƯ�ƲŚ���ƵŻřŶƳř�ƶĩ�ŶƃŚŝ�ƶƫ�ĭǀźƽ�ŰƇ�ǀ�Ů
�ƀŝ�źŤƯƹŶƳōǀ���������ŚºưƳ�ƱŚºĪƯ�Żř�ƵŵŚƠŤºſř�Śºŝ�ħŻŚƳ�ŹŚƽ���īŹżºŝ�ľŚŤŞƀºƳ�

�ƟřźĭƺƳƺſ�ƵŚĮŤſŵƾ�źƟō�źſŵŹŵ�ƹ�ƪĪƄƯ�ƿ��ºƯ�ƹ�Ţºſř�Ʋƾ���ŶºƳřƺţ
���Ƙţ�Źŵ�ƵŚŞŤƃř�ŜŞſǀǀ�ƯŚŴƋ�Ʋ�Ƥů�ŢǀƤƾ�ŵƺƃ���Źŵ�řƿ���Źŵ�ƶƘƫŚƐƯ�Ʋ

í�ŶƇŹŵ��ŴƋ�źŤƯƹŶƳō�ŵŹřƺƯ�ǀ����ƵŶºƃ�ƁŹřżºĭ�ħŻŚºƳ�ƵŚŞŤƃř�ƶŝ��Ʈ
����ƶƘƫŚƐƯ�Źŵ�ƶƳŚŤŴŞƃƺų�ƶĩ�ŵƺŝ��ƽ��ƴģ�ŚƯ�ǀ��ŚºƐų�Ʋƾƿ�ŵ��ºƿ��ŶƄºƳ�ƵŶ��

ººƴģǀ�ƟřźĭƺƳƺººſ�ƁŹřżººĭ�ƲƾººƯ�ƾ����ƶººĩ�ŵƺººƃ�ŜŞººſ�ŶººƳřƺţ
ƳĥǀĥƺƫƺĪƿ���ŴƄţ�ĥŚţŹƺĩ�Żř�Ţƀǀƈƾ���������ŵƺºų�ƶºĩ�Ŷºƴĩ�źƔƳ�ƝźƇ�

��ŜŞſŵŚƳƿƲŤƟźĭ�ƵŶŴƄţ�ǀƆ�ŚƷƽ�ºưƸƯ�ƾ�ƔƳ�ºǀƷ�źǀ�ŻǈěźºĜƽ��ºƿ�Ś
ººſŹŚĩǀŶººƃ�ŶººƷřƺų�źŤƯƹŶººƳō�ƭƺƴ��î���ƶººƘƫŚƐƯ�ƽ�ƱƺŤƀººƧŚſ�ƹ�

��ŝ�ƝǈŤųř�ƱřŹŚĪưƷǀ��ƵŻřŶºƳř�Ʋ�ĭ�ºǀźƽ������ƟřźĭƺƳƺºſ�ƁƹŹ�ƹŵ�Śºŝ�ƾ�
��žƳřźţƯƹŶŝřǀƩŚƴ��Ʒ�ƹ�ǀĥƺƫƺţŚěƺŤƀƿ��Ĩëè�å�Ư�ǀƬƾ��Ƙţ�źŤƯǀǀ���Ŷºƃ�Ʋ

�í��������ř�Źŵ�ƶĩ�ƪĪƄƯ�ƹŵ�ŚƯřƿ�Ţƃřŵ�ŵƺūƹ�ƶƘƫŚƐƯ�Ʋ���ºƿ��ŵŹƺºƯ�Ĩ
řƿ����ƀŝ�ŵřŶƘţ�ƶĩ�ŵƺŝ�Ʋǀ�ưĩ�ŹŚƾ�ř����ƟřźĭƺƳƺſ�Źŵ�ƱŚƳŻ�Żƾ���ŢƯŚŴºƋ�

��Żř�źŤưĩ�źŤƯƹŶƳō�ê�ƾƬǀƯ��źŤƯ�ř�ƭƹŵ�ŵŹƺºƯ�ƹ�ŶƴŤƃřŵƿ�ƶºĪƴŹŵ�ř��ºƿ�Ʋ
�ƟřźĭƺƳƺſ�ƶƘƫŚƐƯƾ�žƳřźţ��ƯƹŶŝřǀƩŚƴ��������ŢŞƀºƳ�ƶºĩ�ŵƺŝ�ƵŶƃ�ƭŚŬƳř

�žƳřźţ�ƶŝ�ĥřƹƿ���źºŤưĩ�ƁŻŹř�ƩŚƴƽ��Ƙţ�Źŵ��ǀºǀ�����źŤƯƹŶºƳō�ŢƯŚŴºƋ�Ʋ
ŵŹřŵ��ŤƳǀƶººŬ�ƽř�ƶººƘƫŚƐƯ�Żř�ƪººƇŚů�ººƿƟřźĭƺƳƺººſ�ƶººĩ�ŵƺººŝ�Ʋƾ�

Ưƾ���ŶƳřƺţƿ�ſƹ�ĨǀƶƬ��ƽ�Īưĩ�ƾ�ƠƯ�ǀ����ŚƘƯ�ŹŚºƴĩ�Źŵ�Ŷƿ�ƶºƴ��ƽ�ĥřƹ�ƿ��ƩŚºƴ
ŶƃŚŝ��ƶƘƫŚƐƯ��ƽ�źĤƀƬƟ��ì���ƵŶƴƷŵ�ƱŚƄƳ��ƽ����ŝƺºų�ƢŝŚºƐţ�ƾ��ºŝ�ǀ�Ʋ

řƿ��ƵŻřŶƳř�ƹŵ�Ʋ�ĭǀźƽ�ŵƺŝ���ƶŝ�ŹƺƏƽ���ŵŚƳ�Śŝ�ƶĩ�ƿ�����ƝǈŤºųř�ƲŤƟźºĭ�ƵŶ
ƵŻřŶƳř�ĭǀźƽ���Śţ�ƿ�Ư�ĨǀƬƾ���ƟřźĭƺƳƺſ�Ţƣŵ��źŤƯƾ�íì�ŶƇŹŵ��Ƙţ�ǀǀ�Ʋ
Ŷƃ����ř�Źŵ�ƶŤŞƫřƿ��Ƴ�ƶƘƫŚƐƯ�Ʋǀ��ƟřźĭƺƳƺºſ�żƾ���źƏ�ƶºŝ�ƿ�ƶºƤ��ƽ���žƳřźºţ

ƯƹŶŝřǀ��Ŷƃ�ƭŚŬƳř�ƩŚƴ��ƹ�ƶƬƇŚƟ���ƽ�ƳŚƯŻ�ƾ�ŝ�ǀ��ƟřźĭƺƳƺſ�ƭŚŬƳř�Ʋƾ��ƹ�
�ůřźū�ƪưƗƾ��ŝƺų�ƶŝ�ƾ�Ƙţ��ǀºǀ�����ř�ƶºĩ�ŵƺºŝ�ƵŶƄºƳ�Ʋ�ºƿ���ŵƺºų�źºƯř�Ʋ

Ưƾ���ŶƳřƺţ���ŚŤƳ�Źŵ�šƹŚƠţ�ŜŞſƿ����ř�Śŝ�ŚƯ�ƶƘƫŚƐƯ�Ūƿ�ƤƤŰƯ�Ʋǀ��ŵƺºƃ�Ʋ��

���ŵƹŶººů�Źŵ�źººƋŚů�ƂƷƹĦººě�ŹŵìåŶººƇŹŵ�ŵŹřƺººƯ�ƽ�ƶººĩ�
ƟřźĭƺƳƺſƾ�ĥřƹ�ƿ������ŴƋ�ƵŚŞŤƃř�ƶŝ�řŹ�ħŻŚƳ�źŤƯƹŶƳō�ƩŚƴǀ���ƁŹřżºĭ�Ʈ

��ĥƺƫƺţŚě��ŵƺŝ�Ƶŵźĩƽ�ŚƸƳ�ƾƿ�ĩŚů�ƾƫƺě�ŵƺūƹ�Żř�ǀ�ŵƺºŝ�źŤƯƹŶƳō�Ě��
�ƘƫŚƐƯ�Źŵƶ�řƽ������ƩŚºſ�Źŵ�ƶĩ�çååë�������Ǝºſƺţ�řŹŚºĪƳō�Źŵ����ƲǀƨºſŚţ�ƹ

���ƳŚƳŻ��Ŷƃ�ƭŚŬƳř�ƱřŹŚĪưƷƾ���Ʊƺų�ŹŚģŵ�ƶĩ��Źƿżƽ����Żř�žě�ƿĮƀŗŚƾ�
����ƟřźĭƺƳƺºſ�ŢºŰţ��ŶƳŵƺŝƾ��žƳřźºţ��ĥřƹƿ�����ŝ�žĜºſ�ƹ�ƩŚºƴǀƺ�ºěƀƾ�

���ŶºƴŤƟźĭ�Źřźƣ�źŤƯƹŶƳō���ƟřźĭƺƳƺºſ�Źŵƾ��ƮºƷ����źŤƯƹŶºƳō�ŢƯŚŴºƋ
ƵŻřŶƳř�ĭǀźƽ�ŵźĭ�ƿ����ƮƷ�ƹ�ŶŹƺƯƟƺĥƺƫƽ�����źƔƳ�Żř�źŤƯƹŶƳō���ƱĥƺưƷƿ�Ś

Ʒ���Ŷƃ�ŢŞŧ�Ʊŵƺŝ�ƱĥƹźŤ��ŚŤƳƿ�ĩŚů�Ūƾ��������ŵŹřƺºƯ�Źŵ�ƶºĩ�ŵƺŝ�Ʊō�Żř�ƽ�
��źŤƯƹŶººƳō�ƶººĩƷ��ŚººŤƳ�ƩŚººưŤůř��Ţººſř�ƱĥƹźººŤƿƛ�ŪǀŞƏźǀººƘƾ�

ƷǀĥƺƫƺţŚěƺŤƀƽ�řżƟř�ƿ�Ư�Ƃƾ�ƿ�ŝ�ŶŝŚ��ƶƹƿ��ƳŚƳŻ�Źŵ�ƵĦƾ�����źŤƯƹŶºƳō�ƶºĩ�
��ſŹźŝ��ŶƳŹřŵ�ħŻŚƳƾ�ƟŹƺƯƺĥƺƫƽ�ō�źŤƯƹŶƳ���ŴƄºţ�Źŵ�ǀ���źƀºƳŚĩ�Ɔ
��Ư�ŶƴưƃŻŹř�źŤƯƹŶƳōƾ�ŶƃŚŝ���ř�Źŵ�ºƿ�ƤŰţ�Ʋ�ºǀ�ŻŹř�Ƣ�ºƿŝŚƾ���ŢƯŚŴºƋ�

Ƴ�ƹ�źŤƯƹŶºººƳōºººǀƟŹƺƯ�żƺĥƺºººƫƽźƏ�Żř�Ʊō�ºººƿƟřźĭƺƳƺºººſ�Ƣƾ�
žƳřźţ�ĥřƹƿ��ƩŚƴ�ºƿ��ƛ�ƁƹŹ�Ĩǀ�ưūŚºƸţźƾ��źºſ��ƿ��Ɩ�ƠƯ�ƹ�ºǀ��Ŷ�řźºŝƽ�
ŴƄţǀ�ƳŚƳŻ�Ɔƾ�����ųŶŝ�źƐų�ƉźƘƯ�Źŵ�ƶĩ�ǀưƾ�����ŶƴŤƀºƷ�źŤƯƹŶƳō�
ƟźƘƯƾ�ŵźĭ�ƿŶ��ææ��Ŷū�Źŵ��ºƿźţŶƿ�ř�šŚºƘƫŚƐƯ�Ʋ���Źŵ�ƵŶºƃ�ƭŚºŬƳ
��ƩŚſçååì���ŻřŵŶƘŝ�ƶſ�źƬěřƽƵŻřŶƳř�ƹ��ĭǀźƽ���ƶºŝ�źŤƯƹŶºƳō�ƮŬů�

�ŴƄţ�Źřżººŝř�ƱřƺººƴƗººǀƈƾƠƯ�ººǀººě�Źŵ�ŶǀƂ�ŝǀººƴƾŚĩ�Źººſǀƴ�ƹ�ƭƺ
ƷǀźĜŻǈěƽ�����ƱŚƳŻ�Źŵ�źŤƯƹŶƳō�ƿ��ƶƀŗŚƿ�ƫřƺů�Śƾ�ƿĮƀŗŚƾ�����Ƶŵźºŝ�ƭŚºƳ�

���Ţſř�ƵŶƃ�æè���ƹ�æç���ƶƘƫŚƐƯ���ƽ�ŵ�ƿ�źºĮƽ���źŤºſř�Źŵ�řƫǀ����ƩŚºſ�Źŵ�Ś
çååí���ƶĩ�ŵřŵ�ƱŚƄƳ��źƏ�Żř��ºƿ�ƵŻřŶºƳř�Ƣ�ĭ�ºǀźƽ����Śºŝ�źŤƯƹŶºƳō�ƮºŬů�

ƟřźĭƺƳƺſƾ�žƳřźţ��ĥřƹƿ��ƩŚƴ�ŶƘŝ�ƶſƽ��ƠƴƯ�ŵŹřƺƯ��ƾ���ƂƷŚĩ�śŷŚĩ�
Ưƾ�ƿ���ƶŝ�ŶŝŚ�ŵ�šŹŚŞƗƿ�ƇŚƈŤųř�źĮƾ���ř�Ʊŵƺºŝ��ºƿ�����Żř�źţǇŚºŝ�ƁƹŹ�Ʋ

ƟřźĭƺƳƺſƾ�ĥřƹ�ƿ��ºƯ�ƩƹřŶŤƯ�ƩŚƴƾ���ŶºƃŚŝ�æé��ƤŰţ�Źŵ��ºǀ��ƭŚºŬƳř�Ƣ
����ƩŚſ�Źŵ�ƵŶƃçååç��ƳŚºƳŻ�Źŵ�ƾ���Ʊƺºų�ŹŚºģŵ�ƶºĩ��Ź�ºƿżƽ��Żř�žºě�

ƿĮƀŗŚƾ�Ƶŵƺŝ����ƟřźĭƺƳƺſ�Źŵ�ƾ�ƹ�ĥřƿ���ŝ�źŤƯƹŶƳō�ŢƯŚŴƋ�ƩŚƴ�ºǀ�źŤƄ
��Żřê�Ư�ǀƬƾ�����ƟřźĭƺƳƺſ��ŵƺŝ�ƵŶƃ�ƁŹřżĭ�źŤƯƾ������ŶºƘŝ�ƶºſ�źºƬěřŵ�ƽ�

�Ŷƃ�ƭŚŬƳř��ŚŤƳƿ��Ū�����ř�Żř�ƶĩ�ŵřŵ�ƱŚƄƳ�ƶƬƇŚůƿ��Ư�ƁƹŹ�Ʋƾ����Źŵ�Ʊřƺºţ
ěǀƺĮƄƾƿ�ſŹŚĩ�ǀƴ���ƳŚƳŻ�Źŵ�źŤƯƹŶƳō�ƭƺƾŴƋ�źŤƯƹŶƳō�ƶĩ�ǀŶƳŹřŵ�Ʈ��

�ŵźĩ�ƵŵŚƠŤſř�æê����

Archive of SID

www.SID.ir

www.SID.ir


�ŹŚŞŤƗř�ƾſŹźŝ�řźĭƺƳƺſƩŚƴƿĥřƹ�žƳřźţ�ƾƟ �ŹŵƵŻřŶƳř��ŢƯŚŴƋ�ƽźǀĭōźŤƯƹŶƳ 
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˺˺˻

ŤƳǀĭ�ƶŬǀźƽ��
���������śƺų�ƢŝŚƐţ�ŵƺūƹ�Śŝ�ëî�å K���ºŝǀ�ŚºŤƳ�Ʋƿ�ƟřźĭƺƳƺºſ�Ūƾ�

žƳřźţ�ĥřƹƿ��Ʒ�ƹ�ƩŚƴǀĥƺƫƺţŚěƺŤƀƽ�ƘţŹŵ��ǀºǀ������źŤƯƹŶºƳō�ŢƯŚŴºƋ�Ʋ
��ƟřźĭƺƳƺſ�Żř�ƵŵŚƠŤſřƾ�ĥřƹ�ƿ����ƱřƺƴƗ�ƶŝ�ƩŚƴƿ���ŴƄţ�Ţƀºţ�Ĩ�ºǀƈƾ�

��ŵƹŶŰƯ�Śŝ�ŶůřƹƿŢ�ŚƷƾƿ��Ţſř�ƶūřƺƯ���Ƈƺţǀ��ºƯ�ƶƾ����ƀºƠţ�ŵƺºƃǀ�ź
ŚŤƳƿ�ƟřźĭƺƳƺſ�Ūƾ���Ťůř�Śºŝ��ºǀ���ĭ�šŹƺºƇ�ƍŚ�ºǀ����ƳŚºƳŻ�Źŵ�ƹ�ŵźƾ���ƶºĩ�� �

Ʊƺų�Ź�ºƿżƽ�ƛ�ǀŞƏźǀ�ºƘƾ�Śě��ºƿ���ŶºƳŹřŵ�ŹřŶ��ºŤů�ƾ���źŤƯƹŶºƳō�źºĭř��Źŵ
ƟřźĭƺƳƺſƾ������Ʒ�ŢŰţ��ŶƃŚŝ�ƵŶƃ�ƁŹřżĭ�ħŻŚƳ�ǀěƺĪſƹźŤƀƾ��ºƿ�Ś

ŴƄţ�ĥŚººţŹƺĩººǀƈƾĭŹřźƣ�ǀŶººƳź�ř�ººƿ��ŵŹřŵ�ŵƺººūƹ�ƩŚººưŤůř�Ʋ� �

���ƶƳƺưƳ�ŵřŶƘţ�źĭř�ƶĩ���ŝ�ŚºƷ�ºǀ��ŵƺºŝ�źŤƄ�����ºƴƘƯ�ƝǈŤºųř�ƾ�Źřŵƽ��ºŝ�ǀ�Ʋ� �
��ƵŻřŶƳř�ƁƹŹ�ƹŵ�ĭǀźƽ�řźŝ�ƽ�Ƙţ��ǀºǀ�������ƪºƇŚů�źŤƯƹŶºƳō�ŢƯŚŴºƋ�Ʋ

Ưƾ�Ŷƃ����
��

ŶƤţƿ�źĪƄţ�ƹ�ź��
�����ŚŤƳƿ�ř�Ūƿ����Śě�ƪºƇŚů�ƂƷƹĦě�Ʋ�ºƿ��ƶºƯŚƳ�ƱŚ��ƽ��Ťºſŵ�ǀŹŚƽ���ƵŚĮƄºƳřŵ�

�Īƃżě�ƭƺƬƗƾ��ƹżºƣ�ƿ�����ƩŚºſ�Źŵ�Ʋæèíì��ºƯ�ƾ��ŶºƃŚŝ���ŶºŝƿƲ��ºſƹǀ��Żř�ƶƬ
���ƤŰţ�żĩźƯ�ƪƴſźě�šŚưůŻǀ��ƶƘſƺţ�ƹ�šŚƤ��ƽ�ƫŚŝ�ǀƴƾ�ŝ�ǀ��źŧƺĩ�ƱŚŤſŹŚư

ƳřŵŹŶƣ�ƹ�źĪƄţƾƯ�ƾ�ŵƺƃ����
��
��

References 

1- Sheng J, Chen Y, Pan J. Combining 

transvaginal sonography and endometrial cytology 

in the diagnosis of endometrial disorders in 

postmenopausal women. Zhorghna Fu chan ke za 

zhi. 2001; 36: 341-3. 

2-Carranaza�Lira S, Martinez�chequer JC, Santa 

Rita- Escamilla MT, Romo- Aguirre C. Evaluation 

of ultrasonographic variables of the endometrium 

in relation with histopathologic findings in patients 

with postmenopausal uterine bleeding. Ginecol 

obstet Mex.1996; 64: 552-5. 

3-Shoham Z, Di Carlo C, patel A, Conway GS, 

Jacobs HS. Is it possible to run a successful 

ovulation induction program based solely on 

ultrasound monitoring? The importance of 

endometrial measurements. Fertil Steril. 1991; 56: 

836-41. 

4- Karlsson B, Granberg S, Wikland M, et al. 

Transvaginal ultrasonography of the endometrium 

in women with postmenopausal bleeding-a Nordic 

multicenter study. Am J Obstet Gynecol. 1995; 

172: 1488-94. 

5- Smith-Bindman R, Kerlikowske K, Feldstein 

VA, et al. Endovaginal ultrasound to exclude 

endometrial cancer and other endometrial 

abnormalities. JAMA. 1998; 280: 1510-17. 

6- Berek JS, Novak E. Break and Novak�s 

Gynecology. philadelphia, PA USA: Lippincott 

Williams & Wilkin; 2005. 
7- Fleischer AC, kalemeris GC, Machin JE, 

Entman SS, James AE Jr. Sonographic depiction 

of normal endometrium with histopathologic 

correlation. J ultrasound Med. 1986; 5: 445-52. 

8- Saxton DW, Farquhar CM, Rae T, Beard Rw, 

Anderson Mc, Wadsworth J. Accuracy of 

ultrasound measurements of female pelvic organs. 

BJOG. 1990; 97: 695-9. 

9- Saha TK, Amer SA, Biss J, et al. The validity of 

transvaginal ultrasound measurement of 

endometrial thickness: a comparison of  

ultrasound measurement with direct anatomical 

Archive of SID

www.SID.ir

www.SID.ir


źŤƧŵ�ŶůƺƯ�ƵŶƿźƟ�ƱřŹŚƨưƷ�ƹ� 

 

ƶƬŬƯ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽƵŹƹŵ��ƱŚŬƳŻ���ƽæîƵŹŚưƃ����ƽììŻ��ƱŚŤƀƯ�îå 

˺˺˼

measurement. BJOG. 2004; 111: 1419-24. 

10- Speroff L, Fritz MA. Clinical gynecologic 

endocrinology and infertility. Philadelphia, PA 

USA: Lippincott Williams & Wilkins; 2005. 

11- Taskin S, Bozaci EA, Seval MM, UnlÜ C. 

Transvaginal sonographic assessment of 

endometrial thickness and endometrial 

morphology in postmenopausal bleeding. Int J 

Gynaecol Obstet. 2006; 92: 155 -6 . 

12- Odeh M, Vainerovsky I, Grinin V, kais  M, 

Ophir E, Bornstein J. Three-dimensional 

endometrial volume and 3-dimensional power 

Doppler analysis in predicting endometrial 

carcinoma and hyperplasia. Gynecol Oncol. 2007; 

106: 348-53 

13- Mansour GM, El-Lamie IK, EL � kady MA, 

EL- Mekkawi SF, Laban M, Abou � Gabal AI. 

Endometrial volume as predictor of malignancy in 

women with postmenopausal bleeding. Int J 

Gynaecol Obstet. 2007; 99: 206-10. 
14- Yaman C, Habelsberger A, Tews G, PÖlz W, 

Ebner T. The role of three � dimensional volume 

measurement in diagnosing endometrial cancer in 

patients with postmenopausal bleeding. Gynecol 

Oncol. 2008; 110: 390-5. 

15- Alcazar JL, Galvan R. Three � dimensional 

power Doppler ultrasound scanning for the 

prediction of endometrial cancer in women with 

postmenopausal bleeding and thickened 

endometrium. Am J Obstet Gynecol. 2009; 200:  

44 e1-6. 

 

Archive of SID

www.SID.ir

www.SID.ir


�ŹŚŞŤƗř�ƾſŹźŝ�řźĭƺƳƺſƩŚƴƿĥřƹ�žƳřźţ�ƾƟ �ŹŵƵŻřŶƳř��ŢƯŚŴƋ�ƽźǀĭōźŤƯƹŶƳ 

ƶƬŬƯ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ��ƽæîƵŹŚưƃ����ƽììŻ��ƱŚŤƀƯ�îå 

˺˺̊

The Validity of Transvaginal Sonography in the Measurement of Endometrial Thickness 

 

Movahed F1, Javadi A2, Gholami H3, Najitehrani A4 
1Faculty of Medicine, Qazvin University of Medical Sciences, Qazvin, Iran.  

2Dept. of Social Sciences, Medical Faculty. Qazvin University of Medical Sciences, Qazvin, Iran. 
3Ayattallah Mousavi Hospital, Zanjan University of Medical Sciences, Zanjan, Iran. 

4Dept. of Pathalogy, Qazvin University of Medical Sciences, Qazvin, Iran. 

 

Corresponding Author: Movahed F, Faculty of Medicine, Qazvin University of Medical Sciences, Qazvin, Iran  

E-mail: fmovahed@qums.ac.ir 
Received: 23 Jun 2010          Accepted: 27 Jun 2011 

 
Background and Objective: Transvaginal ultrasonography is a non invasive procedure for endometrial 

thickness evaluation in abnormal uterine bleeding. This technique is helpful for selecting patients for 

diagnostic tests. This study was designed to determine the validity of transvaginal sonography in the 

measurement of endometrial thickness. 

Materials and Methods: A total of 71 women who were admitted for abdominal hysterectomy due to 

different causes in Kosar Hospital (2008�2009) were enrolled in the study. The main exclusion criteria was 

inability to measure endometrial thickness via transvaginal sonography. Endometrial thickness 

measurements were done prior to surgery. Histopathologic measurement of the fresh specimen was carried 

out immediately after surgery. Data were analyzed using T-test and kappa index. 

Results: No ultrasound measurement was possible in 15% (11) of the patients. No statistically significant 

difference was observed in endometrial thickness between the two procedures. Taking into account 5 mm as 

a cut� off point, in 70% (42) of the patients, endometrial thickness was���5 mm in both procedures. In 30% 

(18) of the patients, endometrial thickness in sonography was >5 mm, 11 cases of which were confirmed by 

histopathologic measurement. The remaining 7 cases were falsely reported as thick endometrium by 

sonography. The overall accuracy of sonography was about 83/3%, which was more efficient for samples 

with thin endometrium (89/8% vs. 72/8%). 

Conclusion: Despite a concordance between transvaginal sonography and histopathology results for 

endometrial thickness evaluation, the former is faced with limitation as a single diagnostic test.  
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