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CVA patients 

 

�n=29� 

orthopedic patients 

�n=20� 

healthy volunteers 

�n=32) 

Age 71.7±11.3 67.0±9.8 70.4±13.8 

Gender    

Male/Female 7/22 6/14 5/27 

months post-onset 10.19±22.81 23.56±11.40  
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CVA patients n=29 1 ○clockwise 5 □clockwise  mean�SD�  

orthopedic 

patients 

n=20 2 

○counterclockwise 

6

□counterclockwise  

 

healthy subjects n=32 3 �counterclockwise 7 �counterclockwise 
A

p�0.05� vs. healthy subject group 

  4 �clockwise 8 �clockwise 
B

p�0.05� vs. orthopedic patient group 

�  � group 
��(s) 
��(s) ���(s) ���(s) ���(s) 

�
 

CVA patient 4.04(1.83) 4.72(2.18) 4.50(2.18) 4.07(1.82) 4.43(2.46) 

orthopedic patient 3.87(1.64) 4.12(2.41) 4.38(1.71) 4.12(1.73) 4.87(1.69) 

healthy subject 3.49(1.73 ) 3.51(1.58) 3.43(1.73) 3.73(1.57) 3.85(1.78) 

�
 

CVA patient 3.86(2.01) 4.33(2.36) 4.56(2.54) 4.02(2.14) 3.86(1.85) 

orthopedic patient 4.12(1.93) 3.96(1.96) 4.32(2.24) 3.69(1.78) 4.50(2.01) 

healthy subject 3.52(1.86) 3.05(1.65) 3.28(1.70) 3.26(1.69) 3.24(1.45) 

�
 

CVA patient 4.29(1.97) 4.96(2.35) 4.49(2.33)
 AB

 4.22(1.84)
 AB

 4.43(2.26) 

orthopedic patient 4.14(1.40) 4.18(1.83) 4.65(2.15) 4.59(2.36) 4.31(2.18) 

healthy subject 3.78(1.85) 3.62(1.72) 3.23(1.58) 3.32(1.34) 3.00(1.52) 

�
 

CVA patient 4.41(2.33) 4.58(2.12) 4.26(2.23) 4.29(1.90) 4.29(2.08) 

orthopedic patient 4.01(1.97) 4.35(1.13) 4.21(2.23) 4.15(1.35) 4.54(2.14) 

healthy subject 4.02(2.01� 3.68(1.66) 3.36(1.56) 3.79(1.69) 3.55(1.57) 

�
 

CVA patient 4.94(2.28) 4.83(2.62) 5.34(2.65) 4.78(2.03) 4.61(2.18) 

orthopedic patient 4.20(1.89) 4.65(1.44) 5.03(2.22) 4.65(1.30) 4.73(2.00) 

healthy subject 4.28(2.24) 4.09(2.01) 3.86(1.97) 3.76(1.42) 3.33(1.86) 

�
 

CVA patient 4.91(2.64) 4.85(2.42) 5.06(2.62) 5.04(1.84)
 A

 4.54(2.19) 

orthopedic patient 4.60(2.12) 4.57(1.50) 4.45(2.33) 4.56(1.20) 4.38(1.30) 

healthy subject 4.44(2.29) 4.07(1.97) 3.93(1.82) 3.55(1.91) 3.63(1.12) 

�
 

CVA patient 4.85(2.74) 5.15(2.51) 4.85(2.61) 4.95(2.26) 4.95(2.65) 

orthopedic patient 4.10(2.47) 4.47(1.92) 4.90(2.55) 4.42(2.54) 4.7(1.42) 

healthy subject 4.61(1.91) 4.11(2.11) 3.94(1.80) 3.69(1.47) 3.44(1.37) 

	
 

CVA patient 4.71(2.37) 5.33(2.30) 4.83(2.08) 4.75(2.30) 4.68(2.17)
 A

 

orthopedic patient 4.02(1.53) 5.17(2.57) 4.93(3.13) 4.31(1.70) 4.52(0.98) 

healthy subject 4.80(2.35) 3.74(1.70) 3.83(1.63) 3.98(1.92) 3.47(0.98) 
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CVA patients n=29 1 ○clockwise 5 □clockwise  mean�SD�  

hopedic patients n=20 2 ○counterclockwise 6 □counterclockwise  

healthy subjects n=32 3 �counterclockwise 7 �counterclockwise
A

p�0.05�  vs. healthy subject group 

  4 �clockwise 8 �clockwise 
B

p�0.05� vs. orthopedic patient group 

he result of the even number times were omitted 

�  � group 
��(level) 
��(level) ���(level) ���(level) ���(level) 

�
 

CVA patient 120.84(46.65) 131.17(44.17) 133.57(56.05) 139.18(49.39) 141.54(45.09) 

orthopedic patient 118.85(35.83) 125.34(42.89) 128.21(42.13) 116.71(35.68) 123.45(38.58) 

healthy subject 127.60�48.54� 138.13(41.87) 136.21(42.36) 136.75(42.56) 134.89(38.11) 

�
 

CVA patient 131.54(44.74) 148.70(43.80) 148.30(45.20) 151.50(44.94) 147.74(45.07) 

orthopedic patient 129.51(38.35) 139.18(52.64) 126.66(43.74) 122.35(35.17) 131.17(41.73) 

healthy subject 140.58(41.55) 136.27(51.59) 148.46(48.67) 146.55(41.78) 141.87(38.52) 

�
 

CVA patient 136.23(42.58) 141.80(51.21) 150.39(42.24) 149.54(41.31) 149.60(44.53) 

orthopedic patient 127.35(33.06) 147.09(47.29) 135.57(40.63) 129.17(34.80) 135.12(36.93) 

healthy subject 143.26(42.57) 140.98(48.69) 145.28(56.88) 147.46(44.58) 146.35(43.26) 

�
 

CVA patient 128.41(51.60) 150.69(42.11) 151.28(43.43) 152.99(40.78) 146.64(44.05) 

orthopedic patient 130.28(38.32) 137.77(55.39) 128.70(46.86) 121.58(34.17) 123.59(40.33) 

healthy subject 136.94(43.19) 140.29(50.78) 144.31(48.13) 140.63(49.63) 139.16(45.74) 

�
 

CVA patient 132.07(44.70) 146.69(45.43) 153.95(41.26) 154.50(40.11)
 B

 149.63(44.45) 

orthopedic patient 127.66(38.00) 139.72(57.57) 127.14(46.37) 119.66(37.11) 124.26(41.66) 

healthy subject 142.58(43.80) 140.15(49.21) 146.67(52.64) 148.46(48.19) 145.74(41.61) 

�
 

CVA patient 138.77(50.27) 148.61(37.43) 153.79(39.56) 150.99(40.22)
 B

 149.30(40.15) 

orthopedic patient 124.00(40.96) 139.16(56.06) 129.68(46.34) 120.65(33.56) 118.41(37.76) 

healthy subject 147.41(44.28) 142.69(49.88) 150.07(49.49) 149.82(46.40) 147.75(44.33) 

�
 

CVA patient 142.39(38.30) 153.25(48.34) 155.94(40.70) 151.55(37.41) 151.63(36.74) 

orthopedic patient 112.40(40.28) 140.98(63.02) 124.99(48.85) 125.30(33.25) 116.29(47.20) 

healthy subject 151.54(48.56) 143.40(50.19) 151.09(49.68) 146.32(48.74) 148.94(45.14) 

	
 

CVA patient 133.72(42.32) 146.06(52.71) 143.67(45.35) 144.19(48.83) 140.03(52.86) 

orthopedic patient 113.25(50.75) 139.73(64.10) 117.00(61.02) 118.28(46.93) 126.6(43.59) 

healthy subject 147.58(45.47) 143.94(51.96) 139.87(43.98) 144.89(52.23) 147.91(46.60) 
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	The result of the even number times were omitted 

�  � group 
��(�) 
��(�) 5��(�) ���(�) ���(�) 

�
 

CVA patient 74.45(19.76) 79.82(29.24) 73.19(25.58) 79.32(26.09) 77.02(23.92) 

orthopedic patient 71.45�24.95� 75.94(27.64) 70.76(17.93) 74.08(23.29) 70.47(17.82) 

healthy subject 68.06�16.33� 71.18(20.39) 71.97(20.02) 74.15(24.33) 72.98(20.08) 

�
 

CVA patient 15.71(20.72) 13.50(16.49) 9.49(9.22) 12.46(15.35) 13.53(17.63) 

orthopedic patient 15.89(13.99) 15.57(14.35) 10.91(5.89) 13.83(13.47) 13.75(13.97) 

healthy subject 10.45(6.81) 13.90(15.23) 9.19(4.23) 12.94(12.92) 7.42(3.30) 

�
 

CVA patient 22.73(7.42� 23.15(7.47) 23.83(9.75)
 B

 23.70(9.38)
 AB

 22.52(5.11)
 AB

 

orthopedic patient 21.75(6.75) 20.78(9.43) 20.81(9.44) 21.00(7.26) 18.06(5.98) 

healthy subject 16.07(12.88) 15.55(13.02) 12.84(9.41) 12.14(7.62)
 

 12.10(8.77) 

�
 

CVA patient 23.03(13.05) 20.21(7.10) 22.31(7.84)
B

 24.53(9.30) 24.78(7.22)
A

 

orthopedic patient 26.67(6.04) 24.30(7.07) 25.28(7.45) 25.55(8.49) 24.23(6.81) 

healthy subject 22.32(5.81) 21.95(4.24) 18.67(7.61) 20.33(8.21) 19.04(9.03) 

�
 

CVA patient 23.42(9.67) 26.85(9.41) 25.37(8.98) 26.13(12.61) 25.62(7.62) 

orthopedic patient 26.74(5.00) 28.61(7.11) 26.96(6.31) 25.97(4.78) 26.24(3.85) 

healthy subject 29.10(4.84) 27.072(4.00) 25.80(3.68) 25.89(4.12) 26.10(4.64) 

�
 

CVA patient 10.57(15.98) 10.87(12.43) 8.15(6.30) 9.76(10.29) 8.46(7.22)
 A

 

orthopedic patient 11.65(10.98) 6.70(5.32) 8.12(6.15) 8.27(7.48) 6.12(3.70) 

healthy subject 9.01(6.15) 9.59(8.50) 5.49(4.12) 7.83(4.36) 4.48(3.35) 

�
 

CVA patient 10.03(10.47) 13.30(16.38) 10.02(6.89) 11.59(12.49) 10.07(5.69) 

orthopedic patient 14.36(23.79) 10.12(9.71) 13.46(18.63) 9.53(7.17) 14.51(22.94) 

healthy subject 6.82(4.35) 8.25(6.82) 7.25(9.69) 7.37(10.06) 6.97(4.1) 

	
 

CVA patient 12.41(17.21) 11.59(15.28) 10.98(16.55) 13.03(17.07) 10.86(18.36) 

orthopedic patient 24.91(22.04) 16.73(11.19) 20.59(21.72) 19.85(18.25) 13.77(5.61) 

healthy subject 14.39(7.63) 13.02(6.61) 11.80(8.38) 10.91(7.21) 12.31(7.00) 

CVA patients n=29 
 ○clockwise � □clockwise  mean�SD�  

orthopedic 

patients 

n=20 �
○counterclockwise 

�
□counterclockwise  

 

healthy subjects n=32 
 �counterclockwise � �counterclockwise
A

p�0.05� vs. healthy subject group 

  � �clockwise � �clockwise 
B

p�0.05� vs. orthopedic patient group 
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	The result of the even number times were omitted 

�  � group 
����
2

� 
����
2

� �����
2

� �����
2

� �����
2

� 

�
 

CVA patient 84.16(71.92) 57.26(34.76) 52.15(28.74) 57.54(36.65) 66.08(35.04) 

orthopedic patient 55.31(34.31) 79.02(67.42) 65.60(34.25) 54.38(32.47) 61.97(19.87) 

healthy subject 68.73�77.11� 52.52(31.67) 55.70(29.24) 60.21(20.91) 61.04(21.41) 

�
 

CVA patient 51.52(30.98) 63.40(50.90) 67.23(59.09) 62.23(66.12) 63.22(23.45) 

orthopedic patient 51.27(35.20) 53.6(27.07) 61.75(28.24) 50.38(18.55) 52.34(20.61) 

healthy subject 59.94(31.06) 59.50(36.41) 64.69(35.01) 52.91(21.56) 47.09(21.91) 

�
 

CVA patient 59.12(68.57) 46.26(34.29) 42.31(36.62) 39.00(28.65) 51.49(49.24)
 A

 

orthopedic patient 52.77(35.38) 35.77(33.97) 43.19(41.78) 45.48(38.63) 24.30(19.91) 

healthy subject 23.91(18.10) 22.02(14.34) 33.93(36.42) 31.16(24.18) 21.80(13.88) 

�
 

CVA patient 60.83(32.96) 56.68(33.36) 61.84(28.77) 59.14(24.23)
 B

 45.55(28.34) 

orthopedic patient 46.67(25.70) 45.18(24.70) 44.69(25.20) 39.99(25.39) 44.99(24.31) 

healthy subject 44.36(25.77) 41.64(28.88) 47.02(29.32) 42.95(22.20) 39.48(19.63) 

�
 

CVA patient 131.24(53.15) 138.87(50.67) 131.42(64.39) 142.30(72.71) 143.86(37.56)
 A

 

orthopedic patient 127.69(32.03) 128.92(28.07) 128.93(34.05) 135.32(21.98) 131.29(22.58) 

healthy subject 136.24(33.24) 125.88(29.61) 121.37(24.03) 123.71(24.03) 117.16(23.75) 

�
 

CVA patient 138.13(59.39) 143.89(67.24) 136.68(45.25) 135.92(44.23) 146.50(39.90)
 A

 

orthopedic patient 152.79(41.04) 126.39(33.02) 120.90(28.18) 130.95(29.23) 123.38(21.47) 

healthy subject 133.43(30.62) 135.02(22.91) 125.9(22.50) 122.40(24.95) 121.22(18.93) 

�
 

CVA patient 65.04(82.17) 86.64(84.89) 63.61(57.51)
 A

 52.36(39.50) 63.30(31.18)
 A

 

orthopedic patient 109.86(108.17) 56.72(25.78) 90.39(98.84) 60.28(25.59) 89.77(97.32) 

healthy subject 48.37(31.30) 65.72(47.83) 53.59(25.61) 75.66(74.94) 61.05(26.82) 

	
 

CVA patient 78.85(94.25) 48.21(75.24) 66.96(85.98) 50.41(51.44) 41.83(26.55) 

orthopedic patient 100.31(132.71) 25.02(15.09) 26.3(24.01) 42.87(89.89) 17.20(14.92) 

healthy subject 17.48(18.53) 20.28(15.45) 23.50(20.06) 22.43(14.54) 22.34(15.64) 

CVA patients n=29 
 ○clockwise � □clockwise  mean�SD�  

orthopedic 

patients 

n=20 �
○counterclockwise 

�
□counterclockwise  

 

healthy subjects n=32 
 �counterclockwise � �counterclockwise
A

p�0.05� vs. healthy subject group 

  � �clockwise � �clockwise 
B

p�0.05� vs. orthopedic patient group 
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�  group� ���(KPa) ���(KPa) ���(KPa) ���(KPa) 	��(KPa)

healthy subject 1343.60
3381.65� 1906.10(3861.36) 1936.68(4184.89) 1914.31(4299.75) 573.55(679.79) 

orthopedic patient 735.61(937.30) 894.88(933.07) 866.44(921.46) 825.96(932.34) 1064.68(943.92) 

�

CVA patient 2887.88(9830.72) 707.99(803.90) 740.19(926.02) 995.34(1229.06) 1105.25(1579.00) 

healthy subject 1585.61
(3497.01) 1965.24(4006.22) 2030.99(4372.27) 448.00(614.50) 507.16(639.18) 

orthopedic patient 665.14(881.37) 950.88(1009.06) 875.04(968.80) 822.99(869.12) 1010.32(921.10) 

�

CVA patient 2821.37(9583.56) 695.59(798.86) 1721.61(4598.30) 1035.74(1368.26) 2336.12(5604.64)�

healthy subject 1296.11(3343.16) 1537.45(3482.17) 747.19(1032.99) 556.05(809.11) 1155.36(3180.51) 

orthopedic patient 896.86(1491.43) 663.70(655.57) 798.33(803.78) 787.74(768.72) 855.86(605.21) 

�

CVA patient 4785.32(12884.47) 768.45(844.76) 989.43(1503.68) 903.40(1065.62) 1085.47(1164.24)�

healthy subject 719.58(817.46� 1360.00(2529.31) 1261.46(2713.86) 1412.15(3107.48) 1185.96(3436.19) 

orthopedic patient 840.60(1187.45) 738.19(702.12) 828.48(864.90) 621.44(496.32) 807.26(599.26) 

�

CVA patient 2999.21(9551.09) 703.28(808.91) 722.47(832.73) 791.32(999.69) 1114.26(1334.28)�

healthy subject 1384.66(3410.66) 1944.90(3919.50) 1267.91(2739.50) 1969.71(4291.01) 368.14(514.75) 

orthopedic patient 809.95(1162.78) 736.11(693.28) 728.07(767.13) 592.81(502.17) 806.18(535.06) 

�

CVA patient 3124.98(9821.65) 715.70(791.68) 733.17(861.92) 867.00(1019.12) 987.09(1229.60)�

healthy subject 671.34(725.77) 813.03(973.07) 738.79(1024.28) 599.00(825.26) 353.45(489.41) 

orthopedic patient 677.31(1092.09) 720.85(694.63) 545.38(463.82) 596.71(509.18) 779.40(508.34) 

�

CVA patient 3344.60(10313.60) 746.41(865.30) 761.36(870.85) 952.21(1085.70) 1053.66(1429.51)�

healthy subject 802.07(957.81) 802.19(1020.26) 710.57(1045.54) 462.97(631.52) 365.67(487.29) 

orthopedic patient 576.18(827.76) 688.49(654.68) 545.27(455.02) 596.90(510.06) 722.65(493.97) 

�

CVA patient 3351.51(10321.72) 717.90(871.45) 745.08(894.17) 761.55(839.97) 1102.14(1560.95) 

healthy subject 672.07(754.80) 750.08(963.72) 611.32(811.09) 372.66(697.80) 325.02(448.63) 

orthopedic patient 516.59(740.49) 792.80(909.68) 496.91(456.07) 596.75(447.80) 730.89(497.83) 

	

CVA patient 3329.96(10325.07) 782.87(893.93) 599.36(581.81) 2686.94(8020.40)  915.11(1351.14)�
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the difference was observed more often in the latter half of the sessions than in the former half, where the CVA patient group showed longer duration of writing, 

higher pen pressure, larger difference in length and area than the healthy subject group and the orthopedic patient group
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the difference was observed more often in the latter half of the sessions than in the former half, where the CVA patient group showed longer duration of writing, 

higher pen pressure, larger difference in length and area than the healthy subject group and the orthopedic patient group
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