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�Śººƿ�źţǇŚººŝ�ŹŚººǀƘƯÏƲǀƿŚººě�ŹŚººǀƘƯ�ƝřźººŰƳř��ººĭ�Żř�źººţ��ŶººƃŚŝ�Ƶƹź
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�ƪĪƃÎ�ƲƿźŤƄǀŝ��żĩźưţ�ũƺƯ�ŚŤƫŵ�Źŵ�śƺƫ��ƶǀůŚƳ�º�Ěģ�ƾƳŚƄǀě

º�ƾƯřŶƣ�ƽŶƴŝźưĩ�ƹ�Ěģ�ƾƷŚĮŬǀĭ�ƾƯ�ŶƃŚŝ.��
��

�ƪĪƃÏ�ƶƴƯřŵ��ũƺƯ�ŚƠƫō�ƿĨ��ÎÍ��Õ�żţźƷ��Źŵ�śƺƫŹŵ�ĭǀƷŚĮŬƾ�
Ư�ŪƴĪƃ�º�ĚģǀƳŚƾº��ŝǀźŤƄƿƲ�ƯǀƱřż�řŹ�řŹřŵ�Ưƾ�ŶƃŚŝ���

��
 ����ƶĩ�ƶƳƺĭ�ƱŚưƷ��ƪĪƃÏ�Ƴ��Ư�ƱŚƄƾ�ŝ��ŶƷŵƶ��ºƬĩ�šŹƺƇƾ�ƶºƴƯřŵ��ƽ�

ũƺººƯ��ŚººƠƫōººƿ�Ĩ�ÎÍ�ÕżººţźƷ���Ƴ�ŹŵǀśƺººƫŹŵ�ƹ�Ěººģ�ƵźººĪư�
ĭǀƷŚĮŬƾ�ŝ�ǀźŤƄƿ�Ư�Ʋǀ����ºƯ�řŹřŵ�řŹ�Ʊřżƾ��������ƫƺºƏ�Ɓźºŝ�Źŵ�ƹ�ŶºƃŚŝƾ�
ŝƶ����ƇŚƈºŤųř�ŹƺºƏƾ�ř��ºƿ������ĭ�ŪƴĪºƃ�Źŵ�ƖºưŬţ�Ʋǀ�ƷŚºĮŬƾ�Ư�ºǀƳŚƾ�
Ưƾ�ŶƃŚŝ����ƪĪƃÐ����ºƯ�ƱŚƄºƳ�ƾ��ŶºƷŵ�ŝ��ºǀźŤƄƿƲ��żºĩźưţ��ŚºƠƫō�Ï�Źŵ�

ŪƴĪƃ�Ŷƴŝźưĩƽ��śƺƫ�ƫǀŞưǀĨ��Ưƾ�ŝ�ŶºƃŚ���ƱŚºưƷ��ŹƺºƏ��ƶºĩ�Źŵ�
Ɓźŝ�ƋźƗƾ�ŵƿƵŶ�Ưƾ�ŵƺƃ�řƿƲ�ũƺƯ�Źŵ�ŪƴĪƃ�ěǀƳŚƄƾ�Ư�ºǀƳŚƾ�ƹ�
Źŵ�ŪƴĪƃ�ĭǀƷŚĮŬƾ�ƳŚƣƺƟƾ�ƳǀƵźĪư��Ěºģ�ŝ�ºǀźŤƄƿƲ��żºĩźưţ�řŹ�
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��
ƪĪƃ�Ð��ƲƿźŤƄǀŝ�żĩźưţ�ŚƠƫō�Ï�Źŵ�ŪƴĪƃ�ƽŶƴŝźưĩ��śƺƫ�ĨǀŞưǀƫ��
ƾƯ�ŶƃŚŝ��ŹƺƐƳŚưƷ�ƶĩ�Źŵ�Ɓźŝ�ƾƋźƗ�ƵŶƿŵ�ƾƯ�ŵƺƃ�Ʋƿř�ũƺƯ�Źŵ�

ŪƴĪƃ�ƾƳŚƄǀě�ƯƾƳŚǀ�ƹ�Źŵ�ŪƴĪƃ�ƾƷŚĮŬǀĭ�ƾƳŚƣƺƟ�ƵźĪưǀƳ�Ěģ�
ƲƿźŤƄǀŝ�żĩźưţ�řŹ�ŵŹřŵ .��

��
ƪĪƃ�Ñ��ƲƿźŤƄƿ�żĩźưţ�ũƺƯ�ŚŤŝ�Ï�Źŵ�ƵźĪưǀƳ�ŢſřŹ�ƹ�Źŵ�ƽŚƸŝƺƫ�

ƾƷŚĮŬǀĭ�ƹ�ƶƳŚǀƷō�ƽř�ƾƯ�ŶƃŚŝ��Źŵ�śƺƫ�ƾƷŚĮŬǀĭ�ƲƿźŤƄǀŝ�żĩźưţ�
Źŵ�ŪƴĪƃ fusiform �ƹ�Źŵ�śƺƫ�ƶƳŚǀƷō�ƽř�Źŵ�ŪƴĪƃ�ƶƳŚǀƷō�ƽř�

ƾƳŚŤŰţ�ƾƯ�ŶƃŚŝ .��
��

ƷƱŚººư�ŹƺººƏƽ�ƪĪººƃ�Źŵ�ƶººĩ�ÑººƯ�ƶººƔůǈƯ�ƾ�ŵƺººƃ���ººǀŝźŤƄƿƲ� �
����ŚŤŝ�ũƺƯ�żĩźưţÏ��Ƴ�Źŵ�ǀśƺƫ�Źŵ�ƹ�ŢſřŹ�ƵźĪư�ŚƷƽĭ�ǀƷŚĮŬƾ�ƹ�

ƷōǀƶƳŚ�řƽ��ºƯ�ƾ��ŶºƃŚŝ�����ĭ�śƺºƫ�Źŵǀ�ƷŚºĮŬƾ�ŝ��ºǀźŤƄƿ����Źŵ�żºĩźưţ�Ʋ
�ŪƴĪººƃfusiformƷō�śƺººƫ�Źŵ�ƹ�ǀƶººƳŚ�řƽƷō�ŪƴĪººƃ�Źŵ�ǀƶººƳŚ�řƽ�
ƳŚŤŰţƾ�Ưƾ�ŶƃŚŝ. 

ƪĪƃ�Ò��Ư�ƱŚƄƳƾ��ŶºƷŵ������ŚºŤŝ�ũƺºƯ�Ð����ě�śƺºƫ�Źŵ��ºǀŚƄƳƾ�Ƴ�ǀ�ƵźºĪư� �
ººŝ�Ěººģƶ�ƹººƿě�ŪƴĪººƃ�Źŵ�ƵĦººǀƳŚƄƾƯ�ººǀƳŚƾźººŤưĩ�ƿƯ�Ʋººǀ�ƹ�Ʊřż� �

�Ŷººƴŝźưĩ�ŪƴĪººƃ�ŹŵƽƳ�ƹŵ�źººƷ�ǀŝ�ƵźººĪưººǀźŤƄƿƯ�Ʋººǀ�řŹ�Ʊřż� �
�Ư�řŹřŵƾ�ŶƃŚŝ��ŝƶ���ºƬĩ�ŹƺƏƾ�ƿ�ƶºŤƟŚ��ŚºƷƽ�������ƱŚƄºƳ�źºƋŚů�ƂƷƹĦºě�

Ưƾ��������ƶºŝ�ǈŤºŞƯ�ŵřźºƟř�ƶĩ�ŶƷŵ����Ƴ�Źŵ�ŢºƴĪƫǀ�����ºŝ�Ěºģ�ƵźºĪưƶ�ƹ�ºƿ�ƵĦ
śƺƫ��ŚºƷƽ�ě��ºǀƳŚƄƾ�ƹ��ĭǀ�ƷŚºĮŬƾ�ƫŚƘƟ��ºǀ��źºŤưĩ�Ţƽ�����ƶºŝ�ŢŞƀºƳ�

ƳǀưƵźĪ��ƽ����ůřƺƳ�ƱŚưƷ�Źŵ�ŢſřŹ�ƾ��Ư�řŹřŵ�ƾ�ŶƴƃŚŝ��řƿ��Ʋƿ�Śţ�ƶŤƟŚǀƿ�Ŷ
�źƔƳ�ƵŶƴƴĩƿƶ��ƽ�ƱŹŚƤţ��Ư�ƱŚŝŻ�ƾ�ŶƃŚŝ��Ŷŝ�ƿ�ƴƘƯ�Ʋƾ���źŨĩř�Źŵ�ƶĩ��ºƿ�Ţ

����śƺºƫ�ŹŚºŬƴƸŝ�ŵřźƟř��ŚºƷƽ�ě��ºǀƳŚƄƾ��ĭ�ƹ�ǀ�ƷŚºĮŬƾ�Ƴ�ǀ����Ěºģ�ƵźºĪư
ƶŝ�ţźţǀ��ƫƺţ�Źŵ�Ŝǀ�Źŵ�ƹ�Ŷƿ�ƫŚºů�Źŵ�ŶƳŹřŵ�ŢƫŚųŵ�ŹŚŤƠĭ�ŢƟŚƾ���ƶºĩ
ŹŵƿƶºººŤƟŚ�ŚºººƷƽ�ůŚƳ�ƹŵ�źºººƋŚů�ƂƷƹĦºººě�ºººǀŵ�ŹƺĩŸºººƯ�ƶ�Ź� �

�ƫŚƘƟ�ŢůřźŤººſř�ŢººƫŚůººǀźººŤưĩ�Ţƽ�Ƴ�ƶººŝ�ŢŞƀººƳ�ǀ�ƵźººĪư� �
ŶƳŹřŵ�ƪŝŚƤƯ����
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��
�ƪƨƃÒ��ũƺƯ�ŚŤŝ�Ð�Źŵ�śƺƫ�ƾƳŚƄǀě�ƵźĪưǀƳ�Ěģ�ƵĦƿƺŝ�Źŵ�ŪƴĪƃ�
ƾƳŚƄǀě�ƾƳŚǀƯ�ƲƿźŤưĩ�ƱřżǀƯ�ƹ�Źŵ�ŪƴĪƃ�ƽŶƴŝźưĩ�źƷ�ƹŵ�ƵźĪưǀƳ�

ƲƿźŤƄǀŝ�ƱřżǀƯ�řŹ�řŹřŵ�ƾƯ�ŶƃŚŝ���

��
ŦŰŝ��
�����ƫƹřǀ��ƲƿƶŤƟŚ��ƽ�ƶƘƫŚƐƯ��ř�źƋŚů�ƿ���ƶºĩ�ŵƺºŝ�Ʋ�ŝ�ºǀźŤƄƿƲ��żºĩźưţ�
ũƺƯ�ŚŤƫŵ�Źŵ�ƳǀƵźĪư�Ěģ�ƹ�Źŵ�śƺƫ�ŚƷƽ��ě�ºǀƳŚƄƾ�ƹ�ĭǀ�ƷŚºĮŬƾ�

Ưƾ�ŶƃŚŝ��Śŝ�ƶūƺţ�ƶŝ�ưƷřǀŢ�ŵźĩŹŚĩƽ�ũƺƯ��ŚºŤƫŵ��ƶºĩ��ƶºŝ��ƪĪºƃ�
ŹřŵŻŚŝƽ�ƢƏŚƴƯ�żƜƯƽ�ŭźƐƯ��ºƯƾ��ŶºƃŚŝ��ÏÎ����ºƯƾ��Ʊřƺºţ�ŤƳǀ�ƶºŬ�
ŢƟźĭ�ƶĩ�ƳǀƵźĪư��ƽ�Ěģ�Źŵ�ŵřźƟř�ǈŤŞƯ��ƶºŝ��ŢºƴĪƫ���ŢŞƀºƳ��ƶºŝ�
ŵřźƟř�ŹŚŬƴƸŝ�ŹřŵŻŚŝƽ�ŝǀźŤƄƽ�ŵŹřŵ�ƹ��ũƺºƯ��ŚºŤƫŵ�Źŵ�ƹŵ�Ƴǀ�ƵźºĪư�
ŚƳƱŹŚƤŤƯ�Ưƾ�ŶƃŚŝ��ƿƴƘƾ�ƳǀƵźĪư��ƽ��Ěºģ�Źŵ�ŚƤƯ�ºƿƶƀ��Śºŝ�Ƴǀ�ƵźºĪư�

ŢſřŹ�ŝǀźŤƄƿƲ�żĩźưţ�ũƺƯ�ŚŤƫŵ�řŹ�řŹřŵ�Ưƾ�ŶƃŚŝ��ř�ºƿ��Ʋƿ����Śºŝ�ƶºŤƟŚ
ƘƫŚƐƯţŚƾ��ÏÑ�ÏÎ��������ůřƺƳ�Źŵ�řŹ�ŚŤƫŵ�ũřƺƯř�ƂƷŚĩ�ƶĩ�ƾ�ě��ºǀƳŚƄƾ�

ƳǀƵźĪư�ƽ��Ư�ƱŚƄƳ�ŢſřŹ�ƾ�ŶƷŵ�ƳřƺŴưƷ�ƾŵŹřŵ���ě�śƺƫǀƳŚƄƾ�ƶĩ�

�Ťĩźů�ƶƤƐƴƯƾ�ŹŚŤƠĭ���Śĩƹźŝ����Źŵō��Ţſř�Ɩƣřƹ�Ʊ���ŝǀźŤƄƿƲ�żĩźưţ�
ũƺƯ��Ư�řŹřŵ�řŹ�ŚŤƫŵƾ�ŶƃŚŝ��ƿƶŤƟŚ�ƽ�ƭƹŵ�ř�źƋŚů�ƂƷƹĦě�ºƿ��ŵƺºŝ�Ʋ
ƶĩ��ŚƠƫō�ũƺƯ�ƿ�Źŵ�Ĩ�ŪƴĪºƃ�ĭǀ�ƷŚºĮŬƾ�Ư�ºǀƳŚƾ�ŝ�Ěºģ��ºǀźŤƄƿ�Ʋ

żĩźưţ��ŵŹřŵ�řŹ���řƿ��Ʋƿ���Śŝ�ƶŤƟŚ�ºųźŝƾ��šŚºƘƫŚƐƯ���çå����ƂƷŚºĩ�ƶºĩ�
���Ƴ�Źŵ�ŚƠƫō�ũƺƯǀư�ƵźºĪ��ƽ�������ĭ�śƺºƫ�Źŵ�ƹ�Ěºģ�ǀ�ƷŚºĮŬƾ����ƱŚƄºƳ�řŹ�

Ưƾ�ŶƷŵ��ŵŹřŵ�ƊƣŚƴţ����ƫƹƾ�ƿƶŤƟŚ��ƽ����Śŝ�ŚƯ�źƔƳ�ºƿƶ��ƽ��ƱŹŚºƤţ�ƆºƤƳ��
�ĭ�śƺƫǀƷŚĮŬƾ��ƶƤƐƴƯ�ƶĩ��ƽ��ƴƃ�ƁŻřŵźě�ǀŹřŶƽ��ƳŹƹǀƶĪ����Źŵō�Ʊ

�Ţſř�Ɩƣřƹ��Ư�ƺƀưƷ��ƾ�����Ŷºŝ�ƶºĩ�ŶƃŚŝƿ������Śºŝ�ƑŚºŰƫ�Ʋƿ���ºųźŝ�ƶºŤƟŚƾ�
ƂƷƹĦě��ƽŚƷ�ŵ�ƿźĮ��ÏÒ���ƯŻ�Źŵ�ǀƶƴ�ƽ�����ƴºƃ�ƁŻřŵźºě�ƆƤƳ�ǀŹřŶƽ�
ƺƀưƷƾƿŵŹřŵ�������

ƿƶŤƟŚ��ƽ�ŵƿ���ř�źƋŚů�ƂƷƹĦě�źĮƿ�ƶĩŵƺŝ�Ʋ�ŝ�ǀźŤƄƿ�����ũƺºƯ�żºĩźưţ�Ʋ
�ŚººƠƫōÏƳ�Źŵ�ǀƵźººĪư�ƽ�ě�ŪƴĪººƃ�Źŵ�ƹ�Ěººģ�ººǀƳŚƄƾƯ�ººǀƳŚƾ�ƹ�

ĭǀƷŚĮŬƾ�ƳŚƣƺƟ�ƾ�Ư�ƾ�ŶƃŚŝ��ř�ºƿ��Ʋƿ�����Śºŝ�ƶºŤƟŚ�ƶºƘƫŚƐƯ�řƽ��ÏÎ����ƶºĩ
��Ƴ�Źŵ�ŚƠƫō�ũƺƯ�ƂƷŚĩǀ���ě�śƺºƫ�ƹ�ŢºſřŹ�ƵźºĪư�ºǀƳŚƄƾ��ƱŚƄºƳ�řŹ�

Ưƾ����ƳřƺºŴưƷ�ŶºƷŵƾŵŹřŵ���ř�ºƿ�Ʋƿ���ƪºŨƯ�ƶºŤƟŚƿ���ƂƷƹĦºě�Ʃƹř�ƶºŤƟŚ
��ŝ�żĩźưţǀ������Ěģ�ƩŚŤƳƹźƟ�śƺƫ�Źŵ�ŚŤƫŵ�ũƺƯ�źŤƄ����Şţ�Śŝ�ƺƀưƷ�ǀºǀƲ�

ººŤĩźů�ƆººƤƳƾŹŚººŤƠĭ���ÏÓ�ƹÎÓƹ�ÎÐƹ�Ö��ƳŹŚººƤţŚƳ�Żř�ƶƬººƇŚůƾ�
ŽƺĪƘƯ�ƺƀưƷƾƿŵŹřŵ�����������

ƿƶŤƟŚ��ƽ�ƭŹŚƸģ����ř�źŝ�ŢƫǇŵ�ƿ��ƲŢƃřŵ�ƶĩ��ŝ�ǀźŤƄƿ�����ŚºŤŝ�ũƺƯ�żĩźưţ�Ʋ
Ï��śƺƫ�Źŵ�ŚƷƽ�ĭ�ǀƷŚĮŬƾ��Ʒō�ƹ�ǀƶƳŚ�řƽ���ŢſřŹƯƾ�ŶƃŚŝ���ƯŻ�Źŵǀ��ƶºƴ

��Ʒ�ŚŤŝ�ũƺƯǀ��ƤŰţ�ŹŚĩ�ƶƳƺĮĤǀţŚƤƾ���ŚºŤƳ�ƱřƺºŤŝ�ƶºĩ�ƿ�Ūō�ř�Śºŝ�řŹ�Ʊ�ºƿ�Ʋ
ƿ�Ư�ƶŤƟŚŚƤƯ�ŵŹƺƿ�ŵřŵ�Źřźƣ�ƶƀƿŢƟŚŶƄƳ���ř�Źŵƿ�Ʋƿ���ƶºŝ�ƶºūƺţ�Śŝ�ƶŤƟŚ

�����Ƴ�Źŵ�ŚŤŝ�ũƺƯ�Ʊŵƺŝ�ǇŚŝǀƵźĪư��ƽ������ĭ�śƺºƫ�ƹ�ŢºſřŹ�ǀ�ƷŚºĮŬƾ���ƶºĩ�
�ƵŶƴƷŵ�ƱŚƄƳ��ƽ�ƫŚƘƟ�ǀ�Ż�Ţƿ��ŵŚō�Ƴ�Ʊǀ�ºƯ�ƵźĪưƾ��ŶºƃŚŝ���Śºŝ�ƿ�ƶºŤƟŚ��ŚºƷƽ�

ƺƈţƿ�ŻŚſ�źƽ�ŵźĩŹŚĩ�ƽ��ºƴŞƯ�ƾ�������Ƴ�Ʊŵƺºŝ�ƩŚºƘƟ�źºŝ�ǀ���ŢºſřŹ�ƵźºĪư�
�ƳŹŚƤţŚƳƾ�ŽƺĪƘƯ��������ƷŚưƷ�ŢƴĪƫ�ƶŝ�ǈŤŞƯ�ŵřźƟř�Źŵ����ºƯ�Ĭºƴƾ���ŶºƃŚŝ
�ÎÓƹ�ÎÐƹ�Öƹ�Ó���ƶŝ��ŵ�šŹŚŞƗƿ�Śƃ�źĮƿ�������ŶºƃŹ�ŢºƴĪƫ�ŢƠĭ�ƱřƺŤŝ�Ŷ
ƛǀŞƏźǀƘƾ�ůřƺƳ�ƾ�Ƴ�ǀ�����ƳřźŞū�ŵźĪƬưƗ�Śŝ�ƵřźưƷ�Ěģ�ƵźĪưƾ�Ƴ�ǀ�ƵźĪư

Ư�ŢſřŹƾ�ŶƃŚŝ��Ó�����
źųōƿ��ƶƘƫŚƐƯ�ŵŹƹŚŤſŵ�Ʋ��ƽ��ř�źƋŚů��ºƿ����ƶºĩ�ŵƺºŝ�Ʋ������ŚºŤŝ�ũƺºƯ�Ð��Źŵ�

ƳǀƵźĪư��ƽ�����ě�śƺƫ�Źŵ�ƹ�Ěģ�ǀƳŚƄƾ��źºŤưĩ�ƿ�Ư�Ʋ�ºǀ�ƹ�Ʊřż����ŪƴĪºƃ�Źŵ
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Ŷƴŝźưĩƽ���Ƴ�ƹŵ�źƷ�ǀ�ŝ�ƵźĪư�ºǀźŤƄƿ�Ư�Ʋ�ºǀ��ŵŹřŵ�řŹ�Ʊřż���������ƶºŝ�ƶºūƺţ�Śºŝ
�����Źŵ�ƵŶƃ�źĩŷ�ŵŹřƺƯƿ��řźŝ�ƪŞƣ�ƶŤƟŚƽ����ŚŤŝ�ũƺƯ�Ð�Ƴ��ºǀż����ºƷ�ƶºŝ�ǀ���ŹŚºĩ�Ģ

ƤŰţǀţŚƤƾ��ŶƄƳ�ŵŚƴŤſř��řƿ��Ʋƿ�Ƴ�ƶŤƟŚǀ����ƳŹŚºƤţŚƳ�źŝ�ŢƫǇŵ�żƾ���ŽƺºĪƘƯ�
Ưƾ�ŶƃŚŝ�����

����ƕƺưŬƯ�ŹŵƿƶŤƟŚ��ŚºƷƽ����źºƋŚů�ƂƷƹĦºě�����ŹƺºŘţ�Śºŝ�ƽ�����ƶºĩ�ŢºƴĪƫ�
ŹřŵŻŚŝƽ�Ƴ�ǀ�Ěģ�ƵźĪư��ŚſŹŚƳƾƿ��Ƴ�ƱŹŚƤţ�ǀ���Ěºģ�ƵźºĪư�����ŭźºƐƯ�řŹ�

Ưƾ�Ŷƴĩ�Ư�ĬƴƷŚưƷ�ƾ�ŝ�ŶºƃŚ���źºţƹřžƿ��ÏÔ��Ţƀºƨƃ� Źŵ �ŵŚºŬƿř 

ƵźƨưǀƳ�ƽ ŜƫŚƛ ƾƳŚŝŻ ��ƽŹŚºŤƠĭ�ƹ��ŜºƬƛř �ƵźºƨưǀƳ �Ěºģ� �Śºŝ�řŹ 

ƾţǈƨƄƯ Źŵ �ƱŚŝŻ��ŹŚŤƠĭ ƱŶƳřƺų ƹ ƲŤƃƺƳ Ư�ƎŞţźƯƾ��ŶºƳřŵ�ƹř� 

ƱŚǀŝ ŵźƧ ƶƧ Ţƴƨƫ ƽźţźŝ�ŶƯŚǀě �ƾŞƳŚºū���ƳŹŚºƤţŚƳƾ� ĥƺƫƺţŚě�ºƿĨ 

�ŜƬƛř ƶŝ ƪƨƃ ƽźţźŝ ƹŵ ƶƿƺſ ƹ ƽźţźŝ�Śƿ �ƵźºƨưǀƳ�ƽ��ŢºſřŹ� 
Źŵ ƁŻřŵźě ƹ Ŷǀƫƺţ ŹŚŤƠĭ ƾƯ�ŶƃŚŝ�ƾƴƘƿ� Żř źƔƳ ƹř ŜŞſ ƾſŚƴƃ 

Ʋƿř ƩǈŤųř ƳŹŚƤţŚƳƾ źǀƛ ƩƺưƘƯ ƾƯ�ŶƃŚŝ.ř�ƶƗƺưŬƯ�ƿ�Ʋƿ�ƶºŤƟŚ���ŚºƷ
�ě�ŚŝǀŵŚƸƴƄ�Śſ����Ƴ�ĨƯ�ƹ�Ʋưſǀ��īǈ�çí��Ƴ��ºǀ��ƳřƺºŴưƷ�żƾ����ƶºĩ�ŵŹřŵ�

ŶƤŤƘƯŶƳ����ŶƃŹ�ŢƴĪƫĥƺƫƺţŚěƿĨ�ůřƺƳ�ƾ�Ƴ�ǀƵźĪư��ƽ�����Śºŝ�ƵřźưƷ�Ěģ�
ƳřźŞū�ŵźĪƬưƗƾƳ�ǀƵźĪư�ƽƯ�ŢſřŹ�ƾ�ŶƃŚŝ����

��
ƽźǀĭ�ƶŬǀŤƳ��

������ƱŹŚƤţ�ƶƿźƔƳ�ŽƺĪƘƯ��ƵźĪưǀƳ���ƽ�ŢſřŹ���ǈŤºŞƯ�ŵřźºƟř�Źŵ�żƜƯ�
ŢƴĪƫ�ƶŝŵźĩ�ŢƟŚƿŹŵ�řŹ�ŶƷřƺƃ�ƲƿźŤƄǀŝ����
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Evaluation of Hemispheric Asymmetry by Quantitative Analysis of Resting 

Electroencephalography in Children with Developmental Stuttering 
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Background and Objective: In recent years, numerous studies have suggested dysfunction in brain 

symmetry as the reason behind developmental stuttering. The purpose of this study was to validate the theory 

of reversed right hemisphere asymmetry in developmental stutters by quantified EEG. 

Materials and Methods: 13 Subjects with developmental stuttering, 7 to 23 years old were studied using 

QEEG recordings. The results were compared with Neuroguide and LORETA databases. 

Results: We observed the following results: 1-the highest concentration of delta waves were seen in the left 

frontal and left temporal lobes. 2- the highest concentration of alpha 1 waves were seen in the left 

hemisphere, especially the temporal lobe. 3- the highest concentration of alpha 2 waves were seen in the left 

hemisphere, the middle frontal and superior temporal gyri. 4- the highest concentration of beta waves were 

seen in the right hemisphere and temporal and parietal lobes. 5- beta 3 was seen in low concentration in the 

left hemisphere and left frontal lobe, whereas a high concentration was found in the left and right cingulate 

gyri. 

Conclusion: Based on the results of this study, the theory of reversed right hemisphere asymmetry in 

developmental stutters received the most confirmation. 

 

Key words: Developmental stuttering, Quantified EEG (QEEG), Hemispheric Asymmetry 
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