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Ưƾ�ƿ���ĮŤƀĪƃ�ŜŞſ�ƶĩ�ŶŝŚƾ�ŚƷƽ�Ư�ǀĪſƹźĪƺěǀ��ŝ�ƹ�Ĩ��ƶƳŵ�ƩŚºŞ�ō�Ʊ
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ƺƤţ�ŚŝƿƳǈƌƗ�šŹŶƣ�ŢƾƂƷŚĩ�ƾƯ��ƿ�ŶŝŚ�î�ê����
ƶƬƌƗ�į�ģ���źſ�ŹŚƸ��ƱřŹ�ƀºƯƺ��ƬºƇř�Ʃƹƾ�Śě��ºƿŹřŶƽ�����ƺºƳřŻ�ƪƈºƠƯ�

���ř�ƞƘƋ�ƹ�Ţſřƿ������ƹŹƺƳ�ƩźºŤƴĩ�Ţºſř�ƲĪưƯ�ƶƬƌƗ�Ʋ��ŹǇƺĪºſŚƯ
��Ʊō�ƘƋ�řŹǀ�ŵźĩ�ƞ����ƺţŚě�šŚĩźů�Żƹźŝ�ŜŞſ�Ƶĥƺƫ�ºƿ��Ĩ�Źŵ��ƪƈºƠƯ
ŵźĭŵ��Ï��������ƳŚºŤŰţ�ƭřŶºƳř�šǈƌƗ�ƞƘƋ�ƾ����ƶƬƌºƗ�ŚƇƺƈºų�į�

��ŝ�źſ�ŹŚƸģƶ���ƱřƺƴƗƿ�ƺŤĩŚƟ�Ĩ��Ź�ě�ƹ�Żƹźŝ�Źŵ�źƐų�ºǀƹźƄƽ��ƺŘŤºſř�
źţŹřƿ������ºſř�ƵŶºƃ�ƶŤųŚƴƃ�ƺƳřŻ�ŢŢ��æç�æåƹ�èƹ�ç����ƵŶºƗ��řƽ��Żř�
ƤƤŰƯǀ��ř�ƞƘƋ�Ʋƿ����řŹ�ƶƬƌƗ�Ʋƿ��������ŵŹŵ�Żƹźºŝ�Źŵ�ƮºƸƯ�ƆųŚƃ�Ĩ

��ƳřƺţŚƳ�ƹ�ƺƳřŻƾ��ŝ�ƎŞţźƯ���Śō�Ư�Ʊƾ���ŶƴſŚƴƃ�êƹ�ç�����šǈƌƗ�šŹŶƣ
�ƶƬƌƗ�ŚƇƺƈų�į����źſ�ŹŚƸģ���ƱřŹŹŵ�ŝǀŹŚư��źţŹō�ƺŤſř�Ʊřƿ���ƺºƳřŻ�Ţ

��Ţººſř�ƮƫŚººſ�ƱřŶƷŚººƃ�Żř�źººŤưĩ�æéƹ�æèƹ�æåƹ�ê��ººŤů�ƾ�Źŵ�
ŝǀ�ŘŤſř�ƱřŹŚưƺ�źţŹō�ƿ��Ɯţ�ƱƹŶŝ�Ţǀǀ�ŵřŹ�šřźƿ�Ɵřźĭ�ƺǀ����ƺƳřŻ�ŵŹŵ�ƹ�Ĩ
Ƴǀ��ƳǈƌƗ�ƞƘƋ�żƾ��ŵŹřŵ�ŵƺūƹ���æé����ř�Źŵƿ�ŝ�Ʋǀ����šŹŶºƣ�ƱřŹŚºư

ƳǈƌººƗƾººſŚƴŤƯ�źţŹōƺŘŤººſř�šŶººƃŚŝ�ŜƿººƯ�ƂƷŚººĩ�Ţƾ�ƿŶººŝŚ�� �
�æéƹ�æåƹ�ê��ĮŤƀººŞưƷ�ƹƾººƴƘƯ�ƾ�Źřŵƽººŝ�ǀ�šŹŶººƣ�ƂƷŚººĩ�Ʋ

�����Ɯţ�šŶƃ�ƹ�źſ�ŹŚƸģ�šǈƌƗǀǀ�ŵřŹ�šřź�ºƿ�Ɵřźĭ�ƺ�ºǀ���ƁŹřżºĭ�Ĩ
ƵŶƃ���Ţſř��æê���ř�ŚŝƿƲ�řŶƘţ�Źŵ�ƩŚůƽŝ�Źŵ�šŚƘƫŚƐƯ�Żř�ǀ��ƱřŹŚºư
ōƺŤſřŹźţƿ���������Ţºſř�ƵŶƄºƳ�ƵŶƷŚƄƯ�šǈƌƗ�ƞƘƋ�Ţ�æìƹ�æëƹ�
æå�����ƳǈƌƗ�ƞƘƋ�řŸƫƾ�ŝ���ƶŚƸƴţƾƿ�ưƳ�ƾ������Źŵ�řŹ�ŵŹŵ�ŢºƬƗ�ŶºƳřƺţ

źţŹōƺŤſřƿ��ūƺţ�ƺƳřŻ�Ţǀ�ŚưƳ�ƶ�ºƿ���ŹƺŤĩŚºƟ�ƹ�Ŷ��ŚºƷƽ�ŵ�ƿ�źºĮƽ���Ʊƺºģ�
śŚƸŤƫř����Ƴ�ŚƯƹźţ�ƹǀ������������ƶŤºƃřŵ�ŢºƫŚųŵ�Ʊō�Żƹźºŝ�Źŵ�Ţºſř�ƲĪưƯ�ż
ŶƴƃŚŝ��æí������ƌºƘŝ�Źŵ�ŚƇƺƈų�ƾ�ŝ�ǀ������Ɯţ�ŻƺºƴƷ�ƶºĩ�ƱřŹŚºư�ºǀǀ�šřź
ŵřŹƿ�Ɵřźĭ�ƺǀ��������řŵ�ŵƺºūƹ�ŵŹŵ�Ţºſř�ƵŶƄƳ�ƕƹźƃ�Ĩ��ŵŹ�æé�����źºŝ�ƹ

�ƌƘŝ�žĪƗƾ�ŵŹřƺƯ��Śŝ��Ɯţ�ŵƺūƹǀǀ�ŵřŹ�šřźƿƟřźĭƺǀ��ƶºƟźƏƹŵ�Ĩ�į�
ƺƳřŻ������ŵŹřŶƳ�ŵƺūƹ�ŵŹŵ�ŚƷƿ����ŵŹŵ�ƎƤƟ�Śƿ��ƶºƟźƏ�Ĩ�į���ƹ�ƺºƳřŻ��ºū�ŵƺ
��ŵŹřŵ�æí�����������Ƴ�ƆŴƄºƯ�ŵƺºūƺƯ�šŚºƗǈƏř�ŽŚſř�źŝ�ºǀ���ƶºĩ�Ţƀ

�ƶƬƌƗ�ƞƘƋ�į������ƺŤºſř�ŢºƬƗ�źſ�ŹŚƸģ�źţŹōƿ������Ţºſř�ƺºƳřŻ�Ţ�ºƿ�Ś
�Ʊō�ƩƺƬƘƯ��æîƹ�æ���ŚŤƳ�ƿ���ųř�šŚºƘƫŚƐƯ�Ū�ºǀ�ƯŻ�Źŵ�źǀ�ƶºƴ�į��ƍŚºŞţŹř�

���źſŹŚƸģ�šǈƌƗ�šŹŶƣ�ƂƷŚĩ��ſř�Śŝ�źţŹō�ƺŘŤƿ�ƺƳřŻ�Ţ���ºƿ��ŵŹŵ�Ś
��Ɯţ�ƹ�ƺƳřŻǀǀ�ŵřŹ�šřźƿƟřźĭƺǀ��Ţſř�šƹŚƠŤƯ�Ĩ��çå�æëƹ�æåƹ�ç��

ƶĩ�ř�ƿ�ƯŻ�Ʋǀ��ŝ�šŚºƘƫŚƐƯ�ƶŝ�ƶƴ�ºǀźŤƄƽƳ��ºǀŵŹřŵ�ŻŚ���řźŝŚºƴŝƿ�Ʋ��ƝŶºƷ
ƶƘƫŚƐƯ�į��ŚƤƯ�źƋŚů�ƿƶƀ�į�����ŹŚºƸģ�šǈƌºƗ�šŹŶƣ�����źºſ��ƱřŹ�Źŵ

ŝǀ�źţŹōƺŘŤſř�ƱřŹŚưƿ�����ŢƯǈƗ�ƱƹŶŝ�ƱřŶƷŚƃ�Śŝ�ƺƳřŻ�Ţ����ºſŹźŝ�ƹƾ�
���ƬƌƗ�šŹŶƣ�ƂƷŚĩ�ƍŚŞţŹřƶ�į������šŶºƃ�ƹ�ƺºƳřŻ�ŵŹŵ�Śŝ�źſ�ŹŚƸģ�

ƜţǀǀŵřŹ�šřźƿƟźĭƺǀŵƺŝ�ƺƳřŻ�ƪƈƠƯ�Źŵ�Ĩ����
��

ſŹźŝ�ƁƹŹƾ��
�����ƘưūǀŢ���ŵŹƺƯ��ŝ�ƶƘƫŚƐƯǀƱřŹŚư����ƶŝ�ǈŤŞƯ���ţŹōƺŤºſř�źƿ��ƺºƳřŻ�Ţ�
ŶƳŵƺŝ���ƶƬƇŚƟ�Źŵ�ƶĩ��į��źƸƃ�ƿ��Źƺæèîæ����ƱŚŝō�Śţ�æèîç�ƵŚĮƳŚƯŹŵ�ƶŝ�

ĥƺƫƺţŚƯƹŹƽ�ŝ�ǀŤſŹŚưŚƱ�ō�ºƿŢ���Ľř�ƳŚºůƹŹƾ�������ƵŚĮƄºƳřŵ�ƶºŝ�ƶŤƀºŝřƹ
�ƃżě�ƭƺƬƗĪƾ����Ƶŵźºĩ�ƶƘūřźƯ�ƪŝŚŝ�ºƳŵƺŝ�Ŷ��Ƭĩ�ºǀƶ�įŝ�ǀ�ƳřŹŚºưƾ��ƶºĩ�
�řźƃ�Ŷūřƹƿ�����ºŝ�ŶºƳŵƺŝ�ƶƘƫŚƐƯ�Ǝ��ƶ��ƫřƺºŤƯ�ŹƺºƏƾ��ŶƳŶºƃ�śŚºŴŤƳř���

ƘƯǀŚƷŹŚƽ���ŵƹŹƹ�ŝǀ��ƱřŹŚư�Ʋſ�ƲŤƃřŵ�ŝ�ǀ�Żř�źŤƄ�éå�����ŵƺºūƹ�ƹ�ƩŚſ
źţŹōƺŤſřƿ��������ƱƹŶºŝ�ƹ�ƵŚºƯ�ƶſ�ƪƣřŶů�šŶƯ�ƶŝ�ƺƳřŻ�Źřŵ�ŢƯǈƗ�Ţ

ƜţǀǀƫŚƘƟ�Źŵ�źǀƟ�ŢǀżƿĪƾŝ�ǀŵƺŝ�ƱřŹŚư����
ŴƄţǀ��źţŹōƺŘŤºſř�Ɔƿ��ƺºƳřŻ�Ţ�����ƆƈºŴţ�ơƺºƟ�Ĩºƃżě�Ǝºſƺţ

ĥƺƫƺţŚººƯƹŹƽ�ƘƯ�ŚººŝǀŚººƷŹŚƽƫŚººŝ�ǀƴƾ�ººƿŵřŹ�ŚƿĥƺººƫƺƿĪƾ�ŪƫŚººĩ�
ĥƺƫƺţŚƯƹŹƽ�źƯō�ƿŚĪ�ŵƺŝ��çæ���ƘƯǀŚƷŹŚƽ���ƪƯŚºƃ�ũƹźų���ŵƺºūƹ�
źţŹōƺŘŤſřƿ�ě�Ţ�ºǀƶŤƟźƄ���ƶºūŹŵ��ƽ�é��ƶºƤŞƏ���Ŷºƴŝƽ�ŵřŹ�ƿ�ĥƺºƫƺƿĪƾ�

kellgre-Lawrence�K/L)��ººſŚƯŹƺƟŵ�ŵƺººūƹ��ǀ�ƹ�Ʊƺººƿ�Ś
ŻƺƟřƿ��ƺƳřŻ�ƪƈƠƯ�Ʊƺ��ƶƤŝŚſ�į�řźū��ºůƾ������ƶƤŝŚºſ��ƺºƳřŻ�ƪƈºƠƯ��į�

��Ɵ�Żř�ƵŵŚƠŤſřǀż�ºƿěřźţƺƾ�������ƺºƳřŻ�ŵŹŵ�ƱŚºƯŹŵ�Źŵ���ƶƤŝŚºſ�į�ŝ�ǀ�ŹŚºưƽ�
ŝŚƸŤƫřƾ����ƺƳřŻ�ƪƈƠƯ�ƿ��ŵ�ƪƇŚƠƯ�Śƿ�źĮ��ŝ�ŵƺūƹǀŹŚưƽ�ŚƷƽ��ŵƹŶŰƯ�
ƵŶƴƴĩ�į�ƫŚƘƟ�ǀ�Ɵ�Ţǀżƿ�ºĪƾ��ŝ�ƹ�ǀ�ŹŚºưƽ��ŚºƷƽ�ſ��ºǀưŤƀǀ�Ƭĩ�Ĩ�ºǀƺƽ��
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ŹƿƺƽƃŹřƺĭ�ƾ�ƿ�Ƴƺų�Śƾ�ŵƺŝ����ƮƷ�ƱřŶƷŚƃ���ƮºƷ�ƹ�Ʋſ���Żř�žƴºū
Ưǀ�ƟřźƏř�ƱŚǀ�ŝ�ƱŚǀƳřŹŚưƾ���������śŚºŴŤƳř�ŶºƳŵźĩ�ƶƘūřźƯ�ƵŚĮƳŚƯŹŵ�ƶŝ�ƶĩ

ŶƳŶƃ�����ŚƘƯ�ŽŚſř�źŝ�ƱřŶƷŚƃƿƶƴ�į�ƫŚŝ�ǀƴƾ����ƩŚºů�ŭźƃ�ƹ���ǈƗ�ºƿ�Ʈ
ƫŚŝǀƴƾ�ƺŘŤſř�źţŹōƿ��ŶƴŤƃřŶƳ�ƺƳřŻ�Ţ��Ƭĩ�ºǀƶ�į�ŝ�ǀ����ƳřŶƷŚºƃ�ƹ�ƱřŹŚºưƾ�

�řźƃ�ƶĩƿ������ŝ�ŶƴŤƃřŵ�řŹ�ƶƘƫŚƐƯ�ƶŝ�ŵƹŹƹ�Ǝƶ�ţźţ�ºǀ��śŚºŴŤƳř�Ŝ���ŵŹřƹ�ƹ�
��ƶƘƫŚƐƯŶƳŶƃ��Ƭĩǀƶ�į�ƘƯ�ǀŹŚ�ŚƷƽ�����Ƴ�ƱřŶƷŚƃ�ŵŹƺƯ�Źŵ�ũƹźų�ǀ��ż�Źŵ

���ŵƺŝ�ƵŶƃ�ƶŤƟźĭ�źƔƳ����řźŝ�ƶƳƺưƳ�ŵřŶƘţƽ�������ƹŵ�ƪƣřŶºů�Ʊŵřŵ�ƱŚƄºƳ�
ĩǀ�����ŹŚƸģ�šǈƌƗ�šŹŶƣ�Źŵ�ƝǈŤųř�ƭźĭƺƬ���źſ��ƱřŹŝǀŝ�Ʋǀ�ƱřŹŚư

�����Ʊřƺţ�Śŝ�ƱřŶƷŚƃ�Śŝíå��ŶºƇŹŵ����ưƏř�ŵƹŶºů�ƹ�ǀ��ƱŚºƴîê�ŶºƇŹŵ��ƹ�
�ŚƐų�ŶƇŹŵƽê�ŶƇŹŵ���Ź�ŭźƏ�ƿżƽ�Ŷƃ�����������ƝřźºŰƳř�ƶºŝ�ƶºūƺţ�Śºŝ

ƘƯǀŚŹ�é��çç��řźŝ�ƽ�ř�ƿ��řźŝ�ŹƺƔƴƯ�Ʋƽ���ƣřŶů�Ƶƹźĭ�źƷ���ƪëé�ŝ�ǀ��ŹŚºư
��ƭŻǇŵƺŝ��řźŝƽř�ƂƷŚĩ�ƱřźŞū�ůƫŚưŤƾƵŵřŵ��ŝ�ŵřŶƘţ�ŚƷǀ��źºƷ�ƱřŹŚư
Ƶƹźĭ�æêŶƇŹŵ�řżƟř�ƿŶƃ�Ƶŵřŵ�Ƃ���

����źſŹŚƸģ�šǈƌƗ�šŹŶƣ��ƱřŹ����ƭřŶƳř�ƹŵźƷ�ŹŵƳŚŤŰţƾ�ŝǀ���ƹ�ƱřŹŚºư
�ŵ�ƁƹŹ�Śººŝ�ƱřŶƷŚºƃƿźŤƯƺƳŚººƴƽƘţ�ǀººǀŶººƃ�Ʋ��ººƿ�Żř�ƪººŞƣ�ŻƹŹ�Ĩ

ƵŻřŶƳř�ĭǀźƽ��ƳǈƌƗ�šŹŶƣ�ƾ��ŚƷƹŹřŵ�ƽ�ŝŚƸŤƫř�ŶƋ�ƾŶƃ�ƖƐƣ����Źŵ
řƿ��ƁƹŹ�Ʋƿŵ�ƝźƏ�ĨƿŚě�ĢƯ�ƶŝ�źŤƯƺƳŚƴƽŝ�ǀ�ŹŚºư��ê�ŤƳŚºſ�ƾ���źºŤƯ

�����ŚƸŤƳř�ƹ�ƶŤƀŝ�ƩƺŘƫŚƯ�Żř�źţǇŚŝƽ�ŵ�ƿ���ŵ�ƶŝ�Ʊō�źĮƿ�Ũţ�Źřƺǀ�ŵźĭ�ŢŞ�ºƿŶ��
ŝǀ�����ƶŤƀºƄƳ�ŢºƫŚů�Źŵ�ŹŚư���ƹŹ�źºŝ�ƽ��ƫŶƴºƇ�ƾ�������ƉŚºŞƤƳř�ƭŚºŬƳř�Śºŝ�
řƿƳƺţƹżǀ��Ĩ���ƺºƳřŻ���ƀºƳŚŤƀĩř�Ţºĩźůǀ�������ºƯ�ƭŚºŬƳř�řŹ�ƺºƳřŻ�Ʊƺƾ�ŵřŵ��
ƯǀĮƳŚǀƲ���ƵŻřŶƳř�ŹŚŝ�ƶſ��ĭǀźƽ�ŝ�ƶ��ƮƣŹ�ƱřƺƴƗ�ŚƸƳ�ƾƿ��ƳǈƌƗ�šŹŶƣ�ƾ�

���Ŷƃ�ƶŤƟźĭ�źƔƳ�Źŵ��řźŝƽ�ŻŹř�ƿŝŚƾ�ƬŝŚƣ�ǀ����Ÿºě�ŹřźºĪţ�Ţƿźƽ�ŵ�ƿ��ƺƳŚºƴ
źŤƯƽ����Źŵçå�ŝ�ǀ�ƵŻřŶƳř�ŹŚư�ĭǀźƽ����ƳǈƌºƗ�šŹŶºƣ�ƾ�����ºƳ�Żř�žºě�ǀ�Ʈ

��Ŷƃ�ŹřźĪţ�ŢƗŚſ��ĮŤƀŞưƷƾ�����ƵŻřŶƳř�ŢŝƺƳ�ƹŵ�Źŵ�ƭŚƣŹř��ĭǀźƽ���Śºŝ�
ƱƺƯŻōtest �Paired tƘţ�ǀǀŵźĭ�ƲƿŶ��źƋƿĮŤƀŞưƷ�Ŝƾ��ŹŚºŝƹŵ�
ƵŻřŶƳř�ĭǀźƽ��ŵ�Śŝ�ƿ���ƺºƯ�ŚºƴźŤƯƽ�îì�å r����ŵƺºŝ�ååæ�å P���Ư�ºǀ�Ʊřż

�ƵŻřŶƳř�Ţƣŵ�ĭǀźƽ��ƶƳŻƹ�Śŝ��ŚƷƽ���ƆŴƄƯ�ê���Śţ�èåĩ�ǀƯźĭƺƬƾŚţ�ǀƿ�Ŷ
Ŷººƃ��ƶººūŹŵ�ƽƜţ�šŶººƃ�ººǀǀŵřŹ�šřźƿƟřźĭƺººǀƘƯ�Śººŝ�ĨººǀŹŚ�

Kellgren-Lawrence (K/L)��ƶūŹŵ�Żřå�Śţ�é�ƘţǀǀŶƃ�Ʋ 

��ƶĩå���Ɯţ�ƱƹŶŝǀǀ�ŵřŹ�šřź�ºƿ�Ɵřźĭ�ƺ�ºǀĨ����ƹé��ƶƳŚƄºƳ��į�Ɯţ��ºǀǀ�šřź
ŶƃƿŵřŹ�ŶƿƟřźĭƺǀƔƳ�Źŵ�Ĩ�Ŷƃ�ƶŤƟźĭ�ź�çè����

���Śºŝ�ƺºƳřŻ�ŵŹŵ�šŶºƃƁƹŹ� Western Ontario McMaster 

University Osteoarthritis Index (WOMAC)�Ƙţ�ǀºǀ�Ʋ
Ŷººƃ��řººƿ�ƪƯŚººƃ�ƶƯŚƴƄººſźě�ƲêƤƯ�Śººŝ�ƶººĩ�Ţººſř�ƂººŴŝ�ººǀŽŚ� �

Likert��å�Śţ�é��ŵ�ƶūŹ�Ŷƴŝƽ�������ƶºĩ�Ţºſř�ƵŶƃ�å�����ƹ�ƭŶºƗ�ƶƳŚƄºƳ�� �
é�Ŷººƃ�ƶƳŚƄººƳƿŶ�źººţƿƘººƋƹ�ƲǀŢººſř�ŵŹŵ�Ţ��çé���ƫŚººƳō�Źŵǀż� �

�ŹŚºƯōƽ��řźºŝƽƜŤƯ�ººǀź��ŚºƷƽ�ººưĩƾ�Żƺţ�ƱƹŶººŝ�ƹ�Śºŝ��ºƿŻř�ƩŚººƯźƳ�Ɩ�
Student t test��ƹMann-Whitney U test��Żř�ƹ

ANOVA�Ŷººƃ�ƵŵŚƠŤººſř��ř�ƩřŻƺººěƹźěººƿưĩ�Źŵ�ƶººƘƫŚƐƯ�Ʋǀ�ƶººŤ
���Īƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ơǈųřƾ��Śţ�ƪŝŚŝ��ºǀƿ���Ƭĩ�Żř�ƹ�Ŷ�ºǀƶ�į�ŝ�ǀ��ƱřŹŚºư

ŚƋŹƿƶƯŚƳ�Ţ�į��ƶƘƫŚƐƯ�Źŵ�ŢĩźƃŹŵƿŶƃ�ŢƟŚ����
��

ƶŤƟŚƿ�ŚƷ��
�����ìì�ŝ�ǀ����Śºŝ�ŹŚư���ƴºſ�ƶºƴƯřŵƾ�éå�Śºţìî�����ƹ�ƩŚºſ�Ư�ºǀĮƳŚǀ��ƴºſ�Ʋƾ� �
í�î�t�ë�êè��ƹ�ƩŚſ��ìê����Śŝ�ŶƷŚƃ���ƴºſ�ƶƴƯřŵƾ�éå�Śºţìê�����Śºŝ�ƩŚºſ
ƯǀĮƳŚǀ�ƴſ�Ʋƾ�í�çtí�êê���ƩŚſ��åë�å P���Ư�ƹ�ºǀĮƳŚǀ���ƆųŚºƃ�Ʋ

�ƱŶººŝ�Ƶŵƺººţì�étè�çí���ƖººŝźƯ�źººŤƯ�źººŝ�ƭźĭƺººƬǀƧ�ƹì�çtí�çê�
ƖŝźƯ�źŤƯ�źŝ�ƭźĭƺƬǀƧ�ŶƳŶƃ�ƶƘƫŚƐƯ�ŵŹřƹ���ƩƹŶūæ����

��Ƶŵƺţ�ƆųŚƃ�ƲǀĮƳŚǀƯ��į���ƱŶŝ�����ƱřŹŚºưǀŝ�Źŵ�ºŝ��ƶ���ƾºƴƘƯ�ŹƺºƏ�ƽŹřŵ� �
ŵƺººŝ�ƱřŶƷŚººƃ�Żř�Ƃǀººŝ��ååæ�å P����ŹŚººƸģ�šǈƌººƗ�šŹŶººƣ

źſƱřŹ�������ƭřŶƳř�ƹŵ�źƷ�Źŵ��ƾƳŚŤŰţ��������ºŝ�ƱřŹŚºưǀŝ�Źŵ�Ěºģ�ƹ�ŢſřŹ�ƶ
�ƾƴƘƯ�ŹƺƏ�������ŵƺŝ�ƱřŶƷŚƃ�Żř�źŤưĩ�ƽŹřŵ�ååæ�å P��źƷ�ƽřźŝ��ƹŵ���

���Śººŝ�ƶƀººƿŚƤƯ�Źŵ�ƱřŹŚººưǀŝ�Źŵ�ƾƳǈƌººƗ�šŹŶººƣ�ƵƹźººĭŶƷŚººƃ� �
æ�èå�ŶƇŹŵ�������ƹ�ŢºſřŹ�ƽŚºě�Źŵ�ë�èæ��ŶºƇŹŵ���Ěºģ�ƝźºƏ�Źŵ�

�Ţƃřŵ�ƂƷŚĩ��ƪĪƃæ�ƩƹŶū�ƹ�æ����
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��
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ū�ƩƹŶæ�ƶƀƿŚƤƯ��įǈƌƗ�šŹŶƣ�ƹ�ƾƴǀƫŚŝ�šŚǀƇƺƈų�š�źſŹŚƸģ��ƱřŹƱřŶƷŚƃ�ƹ�ƺƳřŻ�ŢƿźţŹō�ƺŘŤſř�ƱřŹŚưǀŝ�Źŵ��
šŚǀƇƺƈų���ƱřŹŚưǀŝ�ììźƠƳ����ƱřŶƷŚƃ�ìêźƠƳ�����ƝǈŤųř�ƲǀĮƳŚǀƯ�ŶƇŹŵ� P value * 

�ƲǀĮƳŚǀƯ�ƩŚſ��ƲſtŚǀƘƯ�ƝřźŰƳř�Ź 

ƾƴſ�ƵŵƹŶŰƯ��
í�î t�ë�êè 

éå�ìî  
í�êê  �í�ç�t  

éå�ìê  
��åë�å��

�ƱŻ�žƴū�ŶƇŹŵ���ìé íç�ì ���æì�å  

��ƱŶŝ�Ƶŵƺţ�ƆųŚƃkg/m2��ƱřŹŚưǀŝ�ƪĩ���ì�é�t�è�çí  ì�ç�t�í�çê����åååæ�å��
`<25 kg/m2�BMI æè éí���� 

25-30 kg/m2 �BMI èë çå���� 

>30 kg/m2 �BMI çí ì���� 

ĨǀƟřźĭ�ƺƿŵřŹ�šřźǀǀƜţ�� ���� 

Grade 1 æì ���� 

Grade 2��éî ����� 

Grade 3 ææ �������
�ŢſřŹ�ƽŚě�źſ�ŹŚƸģ�ƾƳǈƌƗ�šŹŶƣ�kg���

��ƲǀĮƳŚǀƯtŹŚǀƘƯ�ƝřźŰƳř����
ê�t�ë�æë��è�æ�tè�çî��æ�èå��ååæ�å��

�Ěģ�ƽŚě�źſ�ŹŚƸģ�ƾƳǈƌƗ�šŹŶƣ�kg���
�ƲǀĮƳŚǀƯtŹŚǀƘƯ�ƝřźŰƳř����

ì�êtç�æë��ê�ætê�çè��ë�èæ��ååæ�å��

�Ƶƹźĭ�ƶƀƿŚƤƯ��ƱƺƯŻō�Śŝ�ŚƷStudent t test�ƹ�ANOVA test��

��

��

�ƪĪƃæ�ƶƀƿŚƤƯ��įƮƷ�ƱřŶƷŚƃ�Śŝ�ƺƳřŻ�ŢƿźţŹō�ƺŘŤſř�ƱřŹŚưǀŝ�Źŵ�źſ�ŹŚƸģ�šǈƌƗ�šŹŶƣ��Ʋſƹ��žƴū�ƮƷ��Ěģ�ƹ�ŢſřŹ�ƽŚƷŚě���
��
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��

Ưǀ����ŚƸģ�šǈƌƗ�šŹŶƣ�ƂƷŚĩ�ƱřżŹ�źſ��ƱřŹ�������Źŵ�Ěºģ�ƹ�ŢſřŹ�
ººŝ�ƱřŵźººƯ�ƶººƴƘƯ�ŹƺººƏƾ�Źřŵƽ�ŵƺººŝ�ƱŚººƳŻ�Żř�źººŤưĩ��ººŝƶ�ţźţººǀŜ� �

ë�çé�ŶººƇŹŵ�ƹ�í�èéŶººƇŹŵ�Śººě�Źŵ�ƽ�ŢººſřŹ��ååç� åP���ƹ
æ�çå�ŶºººƇŹŵ�ƹ�è�èê�ŶºººƇŹŵŚºººě�Źŵ�ƽ�Ěºººģ��ååæ�å P���� �
ŚƤƯƿƶƀ�į�ƯǀĮƳŚǀ��Ʋ�ƳǈƌƗ�šŹŶƣƾ��Ż�Źŵ�ƿ�Ƶƹźĭ�ź�ŚƷƽ�ŝ�ǀ���ƹ�ƱřŹŚºư

ƃŚ���Ŝƀºů�źºŝ�ƱřŶƷBMI��Body Mass Index����šƹŚºƠţ
ƴƘƯƾ�Źřŵƽ��ŵřŶƳ�ƱŚƄƳ�����ƩƹŶūç������ƩƹŶū�Źŵç��ƳǈƌƗ�šŹŶƣƾ�

��Ɯţ�Ŝƀů�źŝǀǀ�ŵřŹ�šřźƿƟřźĭƺǀ�������Ƶŵřŵ�ƱŚƄºƳ�Śºě�ƹŵźƷ�Źŵ�Ĩ���ƵŶºƃ�
Ţſř��ƱŚưƷ�Əƺ����ºƯ�ƵŶƷŚƄƯ�ƶĩ�Źƾ������ºƴƘƯ�ƝǈŤºųř�ŵƺºƃƾ�Źřŵƽ��řŹ

ưƳ�ƱŚƄƳƾ��ŶƷŵ�ì�å P�ƹ�îî�å P�����
��

�ƩƹŶūç���ƶƬƌƗ�šŹŶƣ�ƶƀƿŚƤƯģƱřŶƷŚƃ�ƹ�ƺƳřŻ�ŢƿźţŹō�ƺŘŤſř�ƱřŹŚưǀŝ�Źŵ�źſ�ŹŚƸ�Ƶƹźĭ�źƿŻ�Źŵ��ƞƬŤŴƯ�ƽŚƷBMI� �
ĨǀƟřźĭ�ƺƿŵřŹ�šřźǀǀƜţ�ƹ��

Ƶƹźĭ�ƶƀƿŚƤƯ�ƽŚƷ���ƶƬƌƗ�šŹŶƣģ�ŹŚƸ� �
ŢſřŹ�źſ��(kg 

ŹŚƸģ�ƶƬƌƗ�šŹŶƣ� �
Ěģ�źſ���(kg��

ƱřŹŚưǀŝ�Ƶƹźĭ������
BMI < 25 kg/m2 ì�êtè�æì��í�ëtê�æì��

BMI 25-30 kg/m2��î�étí�æë��é�êté�æë��
BMI> 30 kg m2��ë�êtë�æë��è�êtì�æë��

P values îå�å ìë�å 

ƱřŶƷŚƃ�Ƶƹźĭ������
BMI <25 kg/m2 ì�êtæ�çå��ì�êtí�æî��

BMI 25.30 kg/m2��í�êtçæ��î�êtè�çå��
BMI > 30 kg/m2 í�êté�æì��î�êté�æì��

P values ìî�å åî�å��
ƱřŹŚưǀŝ�ĨǀƟřźĭ�ƺƿŵřŹ�šřźǀǀƜţ�šŶƃ   

Grade 1 (n-14) ë�ëtî�æë��è�ëtî�æê��
Grade 2 (n=47) ë�été�æë��êtæë��
Grade 3 (n=7) î�ìtç�æì��í�ítè�æì��

P values ë�ëtî�æë��è�ëtî�æê��
�����������������������ƱƺƯŻō�Śŝ�ƶƀƿŚƤƯ�Student t test , ANOVA test 

��

ŦŰŝ 

�����ƿƶŤƟŚ�ŚƷƽ�ř�ƿ���������źţŹōƺŤºſř�Źŵ�ƶºĩ�ŵřŵ�ƱŚƄºƳ�ƶƘƫŚƐƯ�Ʋƿ���ƺºƳřŻ�Ţ
����źſŹŚƸģ�šǈƌƗ�šŹŶƣ��ƱřŹ�ƴƘƯ�ŹƺƐŝƾ�Źřŵƽ�ř�����ƮºƷ�ƱřŶƷŚºƃ�Ż
�������źºŤưĩ�žƴºŬưƷ�ƹ�Ʋſ�ŵƺºŝ���ř�Źŵ�ºƿ�������šŹŶºƣ�ƂƷŚºĩ�ƶºƘƫŚƐƯ�Ʋ

ǈƌººƗ�ƱřŹ�źººſŹŚƸģ�š��Ɯţ�šŶººƃ�ƹ�ƺººƳřŻ�ŵŹŵ�Śººŝººǀǀ�šřź
ŵřŹƿƟřźĭƺǀ�ƍŚŞţŹř�Ĩ�ƴƘƯ�ƾ�Źřŵƽ���řŹ��ŵřŶƳ�ƱŚƄƳ����ƴū�Śŝ�ŚƯř��ŝ�žǀ�ŹŚư

��ŝ�ƶŤƃřŵ�ƍŚŞţŹřƶ�ŹƺƏƽ������������Źŵ�šǈƌºƗ�šŹŶºƣ�ƂƷŚºĩ�ŹřŶºƤƯ�ƶºĩ
�ŝ�ƱřŵźƯƶ��ƴƘƯ�ŹƺƏƾ�Źřŵƽ�ŝ�ǀ�Żř�Ƃ���ŵƺºŝ�ƱŚƳŻ��������ŹŚºƔŤƳř�Ŝƀºů�źºŝ
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ƯǀĮƳŚǀ��ƲBMI��ŝ�Źŵǀ�ŝ�ƱřŹŚưƶ�ŹƺƏ�ƴƘƯƾ�Źřŵƽ��ºŝ�ǀ����ƱřŶƷŚºƃ�Żř�Ƃ
��Śţ�ƶĩ�ŵƺŝǀƿ�ƵŶƴƴĩ�Ŷ���į���źºŧř�řżºƟřƿ������źţŹōƺŤºſř�Żƹźºŝ�Źŵ�ƱŻƹ�Ƃƿ�Ţ

��Ż�Ţſř�ƺƳřŻƿ����ƳǈƌƗ�ƞƘƋ�źŝ�ƵƹǈƗ�řźƾ��řřżƟƿ�����Ʋºſ�ƹ�ƱŻƹ�Ƃ
ƮƸƯ�źţƿ�Ź�Ʋƿ������źţŹřƺŤºſř�Żƹźºŝ�źŝ�ŚƷŹƺŤĩŚƟ�Ĩƀƿ����ŶƴŤƀºƷ�ƺºƳřŻ�Ţ�� �
�æí���ŚŤƳƿ���ƴƘƯ�ƍŚŞţŹř�ƶƘƫŚƐƯ�Ūƾ�Źřŵƽ�ŝ�ǀ��Ʋ��ƳǈƌºƗ�šŹŶºƣƾ��Śºŝ�

ƹ�Ʋººſ�BMI�ŵřŶººƳ�ƱŚƄººƳ��ř�Źŵººƿřźººŝ�ƶººƘƫŚƐƯ�ƲƽŴƄººţ�ǀ�Ɔ
ƺŤſřōźţŹƿ��ŢŹŵ���Ƶƹźĭ��ř�źŝ�ŶƷŚƃŽŚſ���ǈƗ�ŵƺūƹ�ƭŶƗ�ƿ�ƫŚŝ�Ʈǀƴƾ�

źţŹōƺŤººſřƿ�ººŝ�ƹ�ƶººŤƟźĭ�šŹƺººƇ�Ţ�ƶǇŵººƿ�ƪººƣǈųřƾ�ƭŚººŬƳř�
ŵřŹƿƟřźĭƺƾ���ƹ�ŵƺŞƳ�ŹƹŶƤƯ�������ºƯ�ŹŚºƔŤƳř�řŸºƫƾ�����ŚºŤƳ�ƶºĩ�ŵƹŹƿ�ř�Ū�ºƿ�Ʋ

�����ŶƃŚŝ�ƵřźưƷ�ŚƐų�ƪƣřŶů�Śŝ�ƶƘƫŚƐƯ�������ƶºĩ�ŚŬƳō�Żř�řźºŝƽ���ƱřŶƷŚºƃ�
�ŢƯǈƗ�ƱƹŶŝ��ŵřŹ�ƿƟřźĭƺƾ���ƘƐƣ�ŵŹ�ŢƸū�ƾ��źţŹřƺŤºſř�ƿ���ƺºƳřŻ�Ţ

�����źţŹřƺŤſř�ŵƺūƹ�ƩŚưŤůř�řŸƫ�ŶƄƳ�ƭŚŬƳřƿ������Źŵ�řŹ�ŢºƯǈƗ�ƱƹŶŝ�Ţ
�ưƳ�ƱřŶƷŚƃƾ�����ŵźºĩ�ŵŹ�Ʊřƺºţ����ř�Śºŝ�ºƿ����źºĭř�ƩŚºů�Ʋ���řŶºƘţ�Źŵŵƽ��Żř�
��ƱřŶƷŚƃǈƗƿ�ŵřŹ�ƮƿƟřźĭƺǀ��Ĩ�źţŹřƺŤºſřƿ�������ƶŤºƃřŵ�ŵƺºūƹ�ƺºƳřŻ�Ţ

ŶƃŚŝ��ƯǀĮƳŚǀ��ºƘƣřƹ�Ʋƾ�����������Źŵ�źºſ�ŹŚºƸģ�šǈƌºƗ�šŹŶºƣ��Ƶƹźºĭ�
�Śŝ�ƱřŶƷŚƃƿ�ŝ�Ŷǀ�ŹřŶƤƯ�ŻřźŤƄƽ���������ƹ�Ţºſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ�ƶĩ�ŶƃŚŝ�

�ººƘƣřƹ�šƹŚººƠţ�řŸººƫƾººŝ�ŵƺººūƺƯ�ǀŝ�ƲǀƳ�ƱřŶƷŚººƃ�ƹ�ƱřŹŚººưººǀż� �
ŝǀ��ŹřŶƤƯ�Żř�Ƃƽ������Ƶŵřŵ�ƱŚƄƳ�ƶĩ�Ţſř����Ţſř�ƵŶƃ��ƶĩř�ºƿ��ƀºƯ�ƲŘ�ƶƬ

�ƺƤţ�Źŵƿ��ŢƿƶŤƟŚ�ŚƷƽ��Ţſř�ƶƘƫŚƐƯ���ƿ�ƶºŤƟŚ��ŚºƷƽ�ř��ºƿ����Śºŝ�ƶºƘƫŚƐƯ�Ʋ� �
ŚŤƳƿ�ŵřŶƘţ�Ūƽ���ºƬŞƣ�šŚƘƫŚƐƯ�Żř�ƾ�Źřŵ�ŢºƤŝŚƐƯ��ŵ�çëƹ�çêƹ�æîƹ�
æéƹ�ëƹ�ç�æ���źĪŝ�����Źŵ�ƱřŹŚĪưƷ�ƹ�ƿ���ŝ�Żř�ƶƘƫŚƐƯ�Ĩǀ����ƹ�Śºŝ�ƱřŹŚư

�źţŹōƺŤſř�ƱƹŶŝƿ����ƶƬƌƗ�ƞƘƋ�ƍŚŞţŹř�ƺƳřŻ�Ţ�į��źºſŹŚƸģ�ƱřŹ��řŹ�
�źţŹřƺŤſř�Śŝƿ�ƺƳřŻ�Ţ��ŶƳŵřŵ�ƱŚƄƳ����ř�Źŵƿ���ƳǈƌƗ�ƞƘƋ�ƶƘƫŚƐƯ�Ʋƾ�

����Ƴ�ƺºƳřŻ�ŵŹŵ�Śŝ�ºǀ������Ţºƃřŵ�ƍŚºŞţŹř�ż�çë�����ƶºƘƫŚƐƯ�Źŵ�į��ƩŚĮºſ��ƹ
ƱřŹŚººĪưƷ��ŝ�ŹŵǀƳřŹŚººưƾźţŹōƺŤººſř�ƶººĩ�ƿŹŵ�ŶƴŤººƃřŶƳ�ƺººƳřŻ�Ţ� �

êå�ŶƇŹŵ�����ƹ�ƱřŵźƯêî�ŶƇŹŵ����Ư�ƱŚºƳŻ�ºǀĮƳŚǀ�����šŹŶºƣ�źŨĩřŶºů�Ʋ
���Ţƃřŵ�ƂƷŚĩ�ŹƺƀƳŚŤƀĩř�šǈƌƗ��řƿ�ŝ�Ʋǀ�ŝ�ƱřŹŚư��ƶ��šŶƯèå�ƵŚƯ�

ěǀĮǀźƽ�ŶƳŶƃ����ŵřźƟř�Źŵ�ƽ���źţŹōƺŤſř�ƶŝ�ƶĩ�ƿ�����ŶƳŶºƃ�ŹŚģŵ�ƺƳřŻ�Ţ
�ƳŚƀĩ�Śŝƾ����Źŵ�ƶĩ�ō�źţŹřƺŤſř�ƱŚƳƿ�����ƵŵźĪƳ�Żƹźŝ�ƺƳřŻ�Ţ�ŵƺºŝ���źºƔƳ�Żř�

��������������ţƹŚºƠţ�ƶºƘƫŚƐƯ�ƕƹźºƃ�ƱŚºƯŻ�Źŵ�źºſ�ŹŚºƸģ�šǈƌƗ�šŹŶƣƾ�
��ŶƴŤƃřŶƳ�æë�����Źŵƿ����źţŹōƺŤºſř�ƶºŝ�ǈŤºŞƯ�ƱŚºƳŻ�Źŵ�ƶƘƫŚƐƯ�Ĩƿ�Ţ

ţǀƺǀŞ�Ťů�ƩřŹƺưƟƾ���ƬƈƠƯ�ŵŹŵ�ƱƹŶŝ�ƾ���Ɵƹźţō�ƱƹŶŝ�ƹ�ƾ��ƳǈƌºƗ�ƾ�
����������Ţºƃřŵ�ŵƺºūƹ�ŹƺƀºƳŚŤƀĩř�šǈƌºƗ�ƞƘƋ�æé���ŝ�Źŵǀ��ƱřŹŚºư

ƺŤſřōźţŹƿ���������źºſ�ŹŚƸģ�šǈƌƗ�šŹŶƣ�ƂƷŚĩ�ƺƳřŻ�Ţ��ƱřŹ�ºŤůƾ�
����Ɯţ�ƹ�ƺƳřŻ�ŵŹŵ�ƱƹŶŝǀǀ�ŵřŹ�šřźƿƟřźĭƺǀ�Ƴ�Ĩǀ����ŵƺºūƹ�żŵŹřŵ��æé���

��ŝ�Źŵ�ŚƯřǀƳřŹŚưƾ��Ɯţ�ƶĩ�ǀǀ�ŵřŹ�šřźƿƟřźĭƺǀ������ƂƷŚºĩ�ŹřŶºƤƯ�ŶƳŹřŵ�Ĩ
��ŝ�šǈƌƗ�šŹŶƣǀ��ŝ�Żř�Ƃǀ��Ɯţ�ƱƹŶŝ�ƱřŹŚư�ºǀǀ�ŵřŹ�šřźƿƟřźĭƺ�ºǀ�Ĩ

��Ţſř�æì����ř�ŚŝƿƲ���ƌƘŝ�Źŵ�ƩŚůƾ���Żř��ŚºŤƳ�šŚƘƫŚƐƯƿ��ƌºƣŚƴŤƯ�Ūƾ�
����Ţºſř�ƵŶºƃ�ƁŹřżĭ��Źŵ��ƶºƘƫŚƐƯ���į�ŵŚŤƀºƿƹř�����ºŝ�ƱřŹŚºĪưƷ�ƹ�ǀ�Ʋ

�ƳǈƌƗ�ƞƘƋƾ�ŝ���ƶ���ůřźū�Żř�žě�ƵŶƯō�ŵƺūƹƾƫ�ǀ��ƖƏŚºƤŤƯ�ƱŚƯŚĮ
�ƺŤſř�ƹźţŹōƿ���ŜƣŚƘŤƯ�Ţō�ƏŚŞţŹř�Ʊƾ������ŶºƳŵźĪƳ�ƵŶƷŚƄºƯ��æå����Źŵ
ƶƘƫŚƐƯ�į��źƋŚů���Ʋǀºŝ��������������ƹ�ŵŹŵ�Śºŝ�źºſ�ŹŚºƸģ�šǈƌºƗ�šŹŶºƣ�

Ɯţǀǀ�ŵřŹ�šřźƿƟřźĭƺǀ���ƍŚŞţŹř�ĨƴƘƯƾ�Źřŵƽ�ŚƄƯ�Ʒ�ŶƄƳ�ƵŶ��ƤƤŰƯǀ�Ʋ
ŵƿ�ƏŚŞţŹř�źĮƾ���řŹŝǀ���������źºſ�ŹŚºƸģ�šǈƌƗ�šŹŶƣ�ƂƷŚĩ�Ʋ��ƱřŹ�ƹ

�Ɯţ�šŶƃǀǀ�ŵřŹ�šřźƿƟřźĭƺǀ��Ĩ���ŶºƳŵźĩ�ƁŹřżºĭ��æìƹ�ê�����ƭŶºƗ
��ƍŚŞţŹř���ƵŶƃ�ƵŶƷŚƄƯŝǀ��Ʋ�ƳǈƌƗ�šŹŶƣƾ����ř�Źŵ�ŵŹŵ�Śŝ�ƿ��ƶƘƫŚƐƯ�Ʋ
�ƺŘŤſř�ŚŝźţŹōƿ����ŵŹřŵ�ŢƷŚŞƃ�ơŚģ�ŵřźƟř�Ţ��ŝ��ƶ�ŹƺºƏƽ��ºĩ��ƶ�ř�Źŵ�ºƿ�Ʋ

ŝǀ�źţŹōƺŘŤſř�ƱřŹŚưƿ����Śºƃ�ƺºƳřŻ�Ţƿ����ºƫƹ�Ţºſř�Ɩƾ�����šŹŶºƣ�ƂƷŚºĩ�
��šǈƌƗ��ƺƳřŻ��ŵ�Ţſř�ƲĪưƯƿ���ŵƺƄƳ�ƵŶ�çì���ƳŚĪƯ�ºǀ���ƞƘºƋ�Ʈƀ

ƶƬƌƗ�į�źſŹŚƸģ���źţŹōƺŘŤſř�Źŵƿ���������ŵźºĪƬưƗ�ƩǈŤºųř�ƶºŝ�ƺºƳřŻ�Ţ
�ƶƬƌºƗ�į�ŚºƸģ�Ź��źºſ��Arthroigenic Muscle Inhibition��

���Ţſř�ƵŶƃ�Ƶŵřŵ�ŢŞƀƳ�ř�ƿŝ�ƲǀưƳ�ƱřŹŚưƾ���ƶƬƌºƗ�ŶºƴƳřƺţ�į�ŚºƸģ��Ź
�����Ŷºƴƴĩ�ƩŚºƘƟ�řŹ�źſ�����řŸºƫř�ºƿ��Ʋ������ƩǈŤºųř�ƹ�ƞƘºƋ�ŹŚºģŵ�ƶƬƌºƗ

ƀĪƳƺƟǀ�Ư�Ʊƺƾ�ŵƺƃ���ř�ƹƿ�Ŷě�Ʋ�ºƿ��ºŝ�ƵŶ��ƶ�ŵƺºųƽ���ě�ŵƺºų��ºǀƹźƄƽ�
ŝǀŹŚưƽ�źƀţ�řŹ�ƿ�ºƯ�Ɩƾ��Ŷºƴĩ����ƀºĪƳƺƟ�ƩǈŤºųřǀ�ƶºƤƬů�Ʊƺ�į�ŚºƯŚĭ��
�loop�ɀ��Ƴǀ�Ư�żƾ���źƏ�Żř�ŶƳřƺţƿ���ƫŚƘƟ�Ʊŵźĩ�ŹŚƸƯ�Ƣ�ºǀ��ƶƬƌºƗ�Ţ�į�

����ř�ƱŶƃ�ƩŚƘƟ�Źŵ�źſŹŚƸģƿ������Ŷºƴĩ�ŢƫŚųŵ�ƶƬƌƗ�Ʋ�çí���ưƷř�ºǀ�Ţ
ƿŚƶŤƟ�ŚƷƽ�ř�ƿ������ƫŚºŝ�źºƔƳ�Żř�ƶºƘƫŚƐƯ�ƲǀƴƾŻ��ºƿ�Ţºſř�ŵŚ��Ż�ºƿ��ƱŚƄºƳ�řź

Ƶŵřŵ��������������ě�ŜŞºſ�źºſŹŚƸģ�ƶƬƌºƗ�šŹŶºƣ�ƂƷŚºĩ�ƶºĩ�ŶƳř�ºǀƹźƄƽ�
źţŹōƺŤººſřƿººƯ�Ţƾ�ŵŵźººĭ��çë�ƹæç�æåƹ�èƹ�ç��ƫŚººů�Źŵƾ�ƶººĩ�

ƺƤţƿ�����ě�šřźŧř�źſ�ŹŚƸģ�šǈƌƗ�Ţ�ºǀĮƄǀźƽ���Źřŵ�ƵŶºƴƴĩ���ŵ�çî���
ƀƠţǀ��źƿƶŤƟŚ�ŚƷƽ�ř�ƿ�ƶƘƫŚƐƯ�Ʋ��ƹŶŰƯ�ŚŝŵƿŢ�ŚƷƾƿ���ƵřźưƷ�ŵƺŝ���Źŵ�ƶĩ�
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ƶūŹŵ�į�������Ư�ƍƺŝźƯ�ƶƘƫŚƐƯ�ƕƺƳ�ƶŝ�Ʃƹř�ƾ�ŵƺƃ��Żƿ����šŚºƘƫŚƐƯ�Źŵ�řź
��ŵŹƺƯ��ŶƷŚƃ�ƽƷřźưƷ�ŢƸū�ƾưƳ�ƆŴƄƯ�ƾ����ƂƷŚºĩ�řŸºƫ�ŵƺƃ

���Ư�źſŹŚƸģ�šǈƌƗ�šŹŶƣƾ���źţŹōƺŤſř�ƪƯŚƗ�ŶƳřƺţƿ��Ţƿ�ƶƋŹŚƗ�Ś�
źţŹōƺŤſřƿ��ŶƃŚŝ�ƺƳřŻ�Ţ���������źºſ�ŹŚƸģ�šǈƌƗ�šŹŶƣ�ƍŚŞţŹř�ƭŶƗ

����Ɯţ�ƹ�ƺƳřŻ�ŵŹŵ�Śŝǀǀ�ŵřŹ�šřźƿƟřźĭƺǀ��řŹŵ�ƶĩ�Ĩƿ���ºƯ�ƶƘƫŚƐƯ�Ʋ�ƵŶƷŚƄ
���ŵ�šŚƘƫŚƐƯ�Źŵ�Ŷƃƿ�Ƴ�źĮǀ�����Ţºſř�ƵŶºƃ�ƁŹřżĭ�ż���ƀºŝ�ŹŵǀŹŚƽ�Żř�

ŝǀ��Ɯţ�ƶĩ�ƱřŹŚưǀǀŵřŹ�šřźƿƟřźĭƺǀźţŹōƺŤſř�Ĩƿ��Śºŝ�ǇƺưƘƯ�ŶƳŹřŵ�Ţ
��ŵŹŵƿ���Ư�ƶƘūřźƯ�ƺƳřŻ�Ĩƾ����ƹ�Ŷƴƴĩƿ������ŶƴŤƀºƷ�ŵŹŵ�ƱƹŶŝ�Ś�æí����Źŵ

ƶƘƫŚƐƯ�į����ŵƺºūƹ�Śŝ�źƋŚů�ƽ������ŝ�źºŨĩř�ƶºĩǀ����ŵŹŵ�ƱřŹŚºư�ºƿ���ƺºƳřŻ�Ĩ
��������Źŵ�źſ�ŹŚƸģ�šǈƌƗ�šŹŶƣ�ŚƯř�ŶƴŤƃřŵźƷ�����ƂƷŚĩ�Śě�ƹŵƿ��ƶºŤƟŚ

ŵƺŝ����Śţ�Źŵ�ŵƺų�ƶĩ�ǀƿ��ŶƿƶŤƟŚ�ŚƷƽ��Ţſř�ƶƘƫŚƐƯ���ŝ��ƶ����ƶºƇǈų�ŹƺºƏ
ƿƶŤƟŚ�ŚƷƽ�ř�ƿ������ƺŤſř�Źŵ�ƶĩ�ŵřŵ�ƱŚƄƳ�ƶƘƫŚƐƯ�ƲōźţŹƿ����šŹŶºƣ�ƺƳřŻ�Ţ

�����ŝ�ƭřŶƳř�ƹŵźƷ�Źŵ�źſŹŚƸģ�šǈƌƗ��ƶ���ºƴƘƯ�ŹƺºƏƾ�Źřŵƽ����Żř�źºŤưĩ�

���Ţſř�ŢƯǈƗ�ƱƹŶŝ�ƱřŶƷŚƃ�����ř�ƶŝ�ƶūƺţ�Śŝƿ��ŝ�ƶƘƫŚƐƯ�ƶĪƴƶ��šŹƺƇ
ŶƷŚººƃ�ŵŹƺººƯƽ�ƭŚººŬƳř��Ʊō�ŢººƫŚųŵ�Ţººſř�ƵŶººƃ��Żƹźººŝ�Źŵ�řŹ

źţŹōƺŤſřƿ�ưƳ�Ţƾ���ŵźĩ�ŢŝŚŧ�Ʊřƺţ��řƿ��ƀºƯ�ƲŘ�Ƴ�ƶƬ�ºǀ�����ƶºƘƫŚƐƯ�ƶºŝ�ŻŚ
ōƿƵŶƴ��ƳǇƺƏ�źĮƳƾ�����������ŹŚºƸģ�šǈƌºƗ�šŹŶºƣ�ƱōŹŵ�ƶĩ�ŵŹřŵ�šŶƯ�

ººŝ�źººſ�ƶººƘƯ�ƪººƇřƺƟǀƵŻřŶººƳř�Ʋ�ĭººǀźƽƹ�ŵƺººƃ��ººƳřƹřźƟƾ�Żƹźººŝ�
ƺŤſřōźţŹƿ���ŝ�Źŵ�ƺƳřŻ�Ţǀ�����ƳǈƌƗ�ƞƘƋ�ƱƹŶŝ�ƹ�Śŝ�ƱřŹŚưƾ�ŚƤƯ�ƿ�ƶƀ
ŵƺƃ���
��

ŶƤţƿźĪƄţ�ƹ�ź��
�����Ƭĩ�Żřººǀƶ�į�ƂººŴŝ�ƭźººŤŰƯ�ƱřŹŚººĪưƷ��ŚººƷƽĥƺƫƺţŚººƯƹŹ�ƽ� �

�Ɵ�ƹǀżƿěřźţƺƾ���ºƃŻƺƯō�żĩźƯ�ƾ��ƳŚºƯŹŵ�ƾ�ō�ºƿ���ƳŚºůƹŹ�Ľř�Ţƾ��ƪºŝŚŝ�� �
���ř�ƭŚŬƳř�Źŵ�ƶĩƿ�������řŹ�ŚºƯ�Ƶĥƹźºě�Ʋ�ºƿŹŚƽ����ŶºƤţ�ŶºƳŵƺưƳ�ƿ��źĪƄºţ�ƹ�ź

Ưƾ�ŵŵźĭ���
��

 

References 

1- Heidari B. Knee osteoarthritis prevalence, risk 

factors, pathogenesis and features: Part I. Caspian 

J Intern Med. 2011; 2: 205-12. 

2- Hinman RS, Hunt MA, Creaby MW, et al. Hip 

muscle weakness in individuals�with medial knee 

osteoarthritis. Arthritis Care Res (Hoboken). 

2010; 62: 1190-93 

3- Segal NA, Glass NA, Torner J, et al. 

Quadriceps weakness predicts risk for knee joint 

space narrowing in women inthe MOST cohorts. 

Osteoarthritis Cartilage. 2010; 18: 769-75. 

4- Henriksen M, Rosager S, Aaboe J, et al. 

Experimental knee pain reduces muscle strength.  

J Pain. 2011; 12: 460-67. 

5- Rice DA, McNair PJ, Lewis GN. Mechanisms 

of quadriceps muscle weakness in knee joint 

osteoarthritis: the effects�of prolonged vibration 

on torque and muscle activation in osteoarthritis 

and healthy control subjects. Arthritis Res Ther. 

2011; 13: R151. 

6- O'Reilly SC, Jones A, Muir KR, et al. 

Quadriceps weakness in knee osteoarthritis: the 

effect on pain and�disability. Ann Rheum Dis. 

1998; 57: 588-94. 

7- Shakoor MA, Rahman MS, Azad AK, et al. 

Effects of isometric quadriceps muscle 

strengthening exercise on�chronic osteoarthritis of 

the knee. Bangladesh Med Res Counc Bull. 2010; 

36: 20-22. 

8- Hurley MV. Muscle dysfunction and effective 

rehabilitation of knee osteoarthritis: what we 

know and what we�need to find out. Arthritis 

Rheum. 2003; 49: 444-52. 

9- Hurley MV. The role of muscle  

weakness in the pathogenesis of osteoarthritis. 

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

�źŤƧŵƽŹŶǀů�ŵřżƸŝƱřŹŚƨưƷ�ƹ���
 

ƶƬŬƯ�ƹŵ��ƱŚºŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾĪƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ�ƵŹ��ƽÏÑ��ƵŹŚưƃ�ƽ�ÎÍÏ��ŢƄƸŞƿŵŹř�ƹ�ƲƿŵŹƹźƟ�ÎÐÖÒ��

115 

Rheum Dis Clin North Am. 1999; 25: 283-98. 

10- Oiestad BE, Holm I, Gunderson R, et al. 

Quadriceps muscle weakness after anterior 

cruciate�ligament reconstruction: a risk factor for 

knee osteoarthritis? Arthritis Care Res (Hoboken). 

2010; 62: 1706-14. 

11- Brandt KD, Heilman DK, Slemenda C, et al. 

Quadriceps strength in women with 

radiographically progressiveosteoarthritis of the 

knee and those with stable radiographic changes.  

J Rheumatol. 1999; 26: 2431-37. 

12- Pang J, Cao YL, Shi YY, et al. Control study 

for muscle force and component of body of�

female patients with knee osteoarthritis. Zhongguo 

Gu Shang. 2008; 21: 828-30. 

13- Glass NA, Torner JC, Frey Law LA, et al. The 

relationship between quadriceps muscle weakness 

and worsening of knee pain in the MOST cohorts: 

a 5-year longitudinal study. Osteoarthritis 

Cartilage. 2013; 21: 1154-59. 

14- Slemenda C, Brandt KD, Heilman DK, et al. 

Quadriceps weakness and osteoarthritis of the 

knee. Ann Intern Med. 1997; 127: 97-04. 

15- McAlindon TE, Cooper C, Kirwan JR, et al. 

Determinants of disability in osteoarthritis of the 

knee. Ann�Rheum Dis. 1993; 52: 258-67. 

16- Segal NA, Torner JC, Felson DT, et al. Knee 

extensor strength does not protect against incident 

knee symptoms at 30 months in the multicenter 

knee osteoarthritis (MOST) cohort. PM R. 2009; 

1: 459-65. 

17- Palmieri-Smith  RM, Thomas AC, Karvonen-

Gutierrez C, et al. Isometric quadriceps strength in 

women with�mild, moderate, and severe knee 

osteoarthritis. Am J Phys Med Rehabil. 2010; 89: 

541-48. 

18- Heidari B. Knee osteoarthritis diagnosis, 

treatment and associated factors of progression: 

Part II. Casp J Intern Med. 2011; 2: 249-55. 

19- Becker R, Berth A, Nehring M, et al. 

Neuromuscular quadriceps dysfunction prior to 

osteoarthritis of the knee. J Orthop Res. 2004; 22: 

768-73.  

20- Davis AM. Osteoarthritis year in review: 

rehabilitation and outcomes. Osteoarthritis 

Cartilage. 2012; 20: 201-06. 

21- Brandt KD, Fif RS, Baustin EM, et al. 

Radiographic grading of knee severity of knee 

osteoarthritis relative of Kellgren and Lawrence 

grade  to a grade based on joint space narrowing 

and correlative arthroscopic evidence of cartilage 

degeneration. Arthritis Rheumatic. 1991; 34: 

1381-6.  

22- Heidari B, Javadian Y, Babei M. Restorative 

effect of vitamin D deficiency on knee pain and 

quadriceps muscle strength in knee osteoarthritis. 

Acta Medica Iranica, in press. 

23- Altman R, Asch E, Bloch D, et al. 

Development of criteria for classification and 

reporting of osteoarthritis of the knee. Arthtitis 

Rheum. 1986; 29: 1039-49. 

24- Tubach F, Ravaud P, Baron G, et al. 

Evaluation of clinically relevant changes in 

patient reported outcomes in knee and hip 

osteoarthritis: the minimal clinically important 

improvement. Ann Rheum Dis. 2005; 64: 29-33. 

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

�ǈƌƗ�šŹŶƣš�źſŹŚƸģ��ƱřŹ�ƱřŹŚưǀŝ�Źŵ�ŚŝƺƳřŻ�ŢƿźţŹō�ƺŘŤſř�� 

 

ƶƬŬƯ�ƹŵ��ƱŚºŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾĪƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ�ƵŹ��ƽÏÑ��ƵŹŚưƃ�ƽ�ÎÍÏ�ŵŹř�ƹ�ƲƿŵŹƹźƟ��ŢƄƸŞƿÎÐÖÒ��

116 

25- Heidari B. Muscle strength, vitamin D 

deficiency and knee osteoarthritis. J Babol Univ 

Med Sci. 2012; 14: 84-91. 

26- Baker KR, Xu L, Zhang Y, et al. Quadriceps 

weakness and its relationship to tibiofemoral and 

patellofemoral knee�osteoarthritis in Chinese: the 

Beijing osteoarthritis study. Arthritis Rheum. 

2004; 50: 1815-21. 

27- Segal NA, Zimmerman MB, Brubaker M,  

et al. Obesity and knee osteoarthritis are not 

associated with�impaired quadriceps specific 

strength in adults. PMR. 2011; 3: 314-23. 

28- Rice DA, Mc Nair PJ, Lewis GN. 

Mechanisms of quadriceps muscle weakness in 

knee joint osteoarthritis: the effects of prolonged 

vibration on torque and muscle activation in 

osteoarthritis and healthy control subjects. Arthrits 

Res Ther. 2011; 13: R151. 

29- Segal NA, Glass NA, Felson DT, et al. Effect 

of quadriceps strength and proprioception on risk 

for knee osteoarthritis. Med Sci Sports Exerc. 

2010; 42: 2081-88. 

��

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

�źŤƧŵƽŹŶǀů�ŵřżƸŝƱřŹŚƨưƷ�ƹ���
 

ƶƬŬƯ�ƹŵ��ƱŚºŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾĪƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ�ƵŹ��ƽÏÑ��ƵŹŚưƃ�ƽ�ÎÍÏ��ŢƄƸŞƿŵŹř�ƹ�ƲƿŵŹƹźƟ�ÎÐÖÒ��

117 

Quadriceps Muscle Strength in Patients with Knee Osteoarthritis  

 

Heidari B1, Javadian Y1, Akbari R1 
1Mobility Impairment Research Center, Babol University of Medical Sciences, Babol, Iran 

 

Corresponding Author: Javadian Y, Mobility Impairment Research Center, Babol University of Medical Sciences, 

Babol, Iran 

E-mail: javad835@yahoo.com  

Received: 17 Feb 2015     Accepted: 25 Jun 2015 
 

 

Background and Objective: Muscle weaknesse particularly in association with quadriceps muscle is known 

as a risk factor in the development and progression of knee osteoarthritis (KOA). The objective of this study 

was to compare quadriceps muscle strength (QMS) between asymptomatic controls and KOA patients and to 

elucidate its relationship with knee pain and radiographic changes. 

Materials and Methods: 77 patients with mean age of 53.6 ± 9.8 years and 75 asymptomatic controls with 

mean age of 55.8 ±2.8 (p=0.06) and respective BMI of 28.3±4.7 and 25.8 ±2.7 kg/m2 comprised the study. 

Diagnosis of KOA was confirmed by the criteria of American College of Rheumatology. QMS was 

determined by dynamometry method; radiographic changes were assessed through Kellgren-Lawrence 

method, and Knee pain was measured using WOMAC index�˸ Statistical analysis was performed to compare 

QMS between two groups and to evaluate the relationship of QMS to knee pain and radiographic changes. 

Results: QMS in both limbs of the experimental group was significantly lower than the control group. The 

magnitude of reduction in both limbs was significantly lower in men (30.1%) than in women (31.6%) 

(p=0.002 and p=0.001, for both limbs). There was no relationship between QMS and knee pain or 

radiographic changes. 

Conclusion: In knee osteoarthritis, quadriceps muscle strength is lower compared with healthy controls 

regardless of pain or radiographic changes. 

 

Keywords: Knee osteoarthritis, Quadriceps muscle, Knee pain, Radiographic changes 
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