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ȱ˳ȯ� Őʗ  
 

� ŋŴ 23 Ō/ãǿÖºșŭɒʖƻ->A*˱ɠÞ�0ŵ�Ċ/Ǒą/ȱ 4 £)�@

ȐȍŭɒƖ0 123 ��Eʤ�˱ɽ�ʛǸű*,Aäąȋŭ/�£Eá:(A[1,2]�

ɠÞ�EȐȍ�A*Ě�/Ēò-ʽ×Ǌɛ˔ı˯D=Aʽ×ˬȎ˰�ǿ�˱Ɲŉǿ

ǥ×§/ʻɳ-ě�,Ƒ˔Eǿ�A[3,4]�ɠÞ�ŭɒ/xeix^�Tv}-�(

ʽ×Ǌɛ�ş/�Ǭ0˱ˁÉ,ȖǈʊĬ˱¾ˏƭˊ/ǜĬ˱xeix^�Tv}�¾

ƚǡ/ǜĬ-˃ɽ)�@[4] Ǉ˱�,ʃǲ�?ʽ×Ǌɛ�ş/�Ǭ�ʎ8?B(A;

//Ư#Ǎȟ,�ş�Ǭƚǡ0ȟȮ�B(,� 

 

1.1� ˆ¥ʩ*˒ůʽ×Ǌɛ  

� h`/˒ůʽ×-Ƿ-˃ɽ,Ȥȿȿʩ*�(ˆ¥ʩ�Ȝ?B(A�̂ ¥ʩ0�ǌ

ʽ×˄�?ÂÙşɝ˱�ɠěɠɝEʷ@œ˩�˂˯œ˩ˆ¥˰)ķ¶3�Ň�˱ɜ˩

ę¶Eʷ@ɜ˩Ðʄȼɚ)bu�{}E�@Ƌ�ưǁ/ȳ3Ƈɂ�A�ɳū/Ȥȿ

ȿʩ)�A[5]�̂ ¥ʩ*ʽ×*/ˋʹ-&(0�ɖ)>�Ȟȭ�B(�@ Ÿ˱Ɓ/

ȸĴŻƌ×§˯ņɊū×§˰*/ˋʹ�ƁƎ�B(A[6–10]�7"˱�ɖʲ£˂/

ȳ<�ɖ/ȳ-ķ�(;ˆ¥ʩ/ˋ��ȟʑ�B(A[11]�ˆ¥ʩ/˔ı->%(

ʽ×ˬȎ�ǿ�A�*0×Ƕĭ˧[7,8,12,13]<ɠÞ�ŭɒ/ɥŏ»[9,10]�?;ùȜ

�B(�@˱̂ ¥ʩE˛¬ɻȒ-ʍ«�A�*�íɛ)�B1ʽ×Ǌɛ�ş-ˋ�(

˃ɽ,Ȝɾ�š?BA*ɑ�?BA� 

 

1.2� ˆ¥ʩ/˛¬ɻȒʍ«ƚǡ� −ſƕ^}YyȄ»ʅƷ− 

� h`/ˆ¥ʩE˛¬ɻȒ-ʍ«íɛ*�AŸǡ��&�Ɗƾ�B(A� /�

&-ſƕ^}YyȄ»˯ diffusion tensor imaging �˱� DTI E˰Ȁ"ƚǡ��A�DTI

0˱ƼȠǙÀ˫Ȅ»˯magnetic resonance imaging˱��MRI˰->@ǿ¥ɠ/ǚÈĤ

/w}[r,ʽ×˯ſƕ˰EȄ»Ú�";/)�A[14,15]�ǚÈĤ/ſƕ0ȤȿɇɃ

ƴ�Ĵ,ȑʠ)0ȤȿɇɃ/ʢɳƚõ3ſƕ/´@˯ſƕȉƚū˰�ǿ�A�ſƕȉ

ƚū/Ŗ�/�ɵȒ,Ɓǈ)�A fractional anisotropy˯�� FA˰0˱0�? 1/ˊ/

²E*@˱1 -ʲ5+ŖſƕȉƚūEɵ�[16,17]��/ FA ²EȀA�*)ȑ

ʠ/ţȼǆʸ˯ȤȿɇɃƴ/Ǹű˰EĬ˅Ȓ-ʅƷíɛ)�@˱FA ²/ĖÔ0Ȥȿ

Ąʩ/íēȒ,ĘÚ˯qJx}Ú˰,+EèƢ�[18] F˱A²/¤�0ʭȻƍ¸<qJ

x}/ɟ˩,+EèƢ�(A*ɑ�?B(A[16]� 

� FA ²EȀ"Ĭ˅ʅƷŸǡ0�&�Ɗƾ�B(�@˱ /�&*�(ķʝ*�

AȤȿɇɃ/ʅÑħȒʢɳȿʩ/�-ƁĬ�"ˋťˠď˯ region of interest �˱� ROI˰

/ FA²EǛ:A ROIʅƷ��A�7" Ì˱/Ÿǡ*�(ǷĬ/ ROIEʊĬ�A�*
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,�¿ɠ-ǫ%( FA²EʅƷ�A¿ɠʅƷ[16,17]˱ʀʁȒ-ȤȿɇɃEƉÇ�Aſ

ƕ^}Yy`wN`OwjH�˯diffusion tensor tractography˱�� DTT˰[19,20]��

A�ROIʅƷ0 D˱TIʅƷ)ƩÊƭ>@Ȁ?B(AŸǡ)�@˱Ÿ×) ROIEʊ

Ĭ�( FA²EǛ:A�*�?ŰŒ�˪�ROIEŸ×)Ĭɐ�A":˱_�Z/Į

ʃū<Ãǻū�¤�˱7"ʅƷ/ķʝ�ǷĬ˂£-´A�*�Ěǲ0ȝŷ)�A

[16]��ƚ˱¿ɠʅƷ0˱ROI EʊĬ�AŦɽ�,":_�Z�ŬůȒ-,A�*

0Ļ,�˱ɄɎȒ-ɠ¿¥EʅƷķʝ*�(ǃʌ�A�*�)�A�¿ɠʅƷ)0ķ

ʝɒ/ɠEǈǮɠ3ĘƋ�AʾȩEȿA�˱�/˓-£ɍòD��ɩ�ǿ�A*˱ȉ

,Aɠ˂£óė/Ǘʯ�ɳDBAíɛū��A":ǣů�Ŧɽ)�A[17]�£ɍòD

� � ɩ / Ā ˣ ǲ E ʅ ǜ � A Ÿ ǡ * � ( Oxford FMRIB Software Library

˯http://fsl.fmrib.ox.ac.uk/fsl˰-ö7BA Tract-based spatial statistics˯��˱TBSS˰�

Ɗƾ�B(A[21]�DTT*0˱ſƕȉƚū˯FA˰/ŮđE;*-ɇɃʴʨ�A�*

)ȤȿɇɃEƉÇ�AŸǡ)�A��-ˆ¥ʩ/ʢɳȿʩ�- ROIEʊĬ�"Ēò˱

ROI Eʷʾ�AɇɃEƉÇ�A�*)ˆ¥ʩEʀʁȒ-ʍ«�A�*�íɛ*,A

[20]� 

 

1.3� DTIʅƷ/ɠÞ�ǵˬȎŭɒ3/ɥŏŨȀ  

� Koyama?[22–25]0˱Ūūƭ/ɠÞ�ŭɒEķʝ-˱ROIʅƷEȀ(ƍ¸ÝǼ*

˛ƍ¸ÝǼ/ˆ¥ʩ/ FAǗ˯FA ratio˱�� rFA˰* Brunnstrom recovery stage˯ ��

BRS˰<Medical research council˯ ��MRC  ˰ scale->Aʽ×Ǌɛ�ş˯Ȑȍ�? 1

�ƪş7"0 5-7~ƪş *˰/ˋʹ-&(ɺƖđø�(A�ROIʅƷ-Ȁ" ROI

0˱ˆ¥ʩ¿¥[22]˱ƓɇÄ�>2ÂÙşɝ[23]˱ěɠɝ[23–25])�@˱�B-�

(; rFA* BRS<MRC scale*/ˊ-0ƫů,ˋʹEʑ:(A�Jang?[26]0˱

DTT EȀ(ƍ¸ÝǼ/ˆ¥ʩ DTT ƉÇ/ƫǳ* 6 �ƪş/ modified brunnstrom 

classification * motricity index ->%(ʍ«�"�ɖʽ×Ǌɛ�ş*/ˋʹEǃʈ�

"� /ɀƹ˱ˆ¥ʩ DTT �ƉÇ�B"ŭɒ*Ǘʯ�ƉÇ�B,ŭɒ)0˱ƫů

-ʽ×Ǌɛ�ş�¤��("��B?/ɀƹ�?˱DTIʅƷ->Aˆ¥ʩʍ«0ʽ

×Ǌɛ�ş-ƫȀ)�A*ɑ�?�A����,�? Ǉ˱�, DTIʅƷƚǡ�Ɗƾ�

B ʅ˱Ʒ�Aˠď;Ȟȭɒ->%(ȉ,%(�@Ʃ;ʽ×Ǌɛ�şEèƢ�AʅƷƚ

ǡ<ˠď-&(0ǃʈ/¦Č�ǒ�B(A� 

 

1.4� ˆ¥ʩ/˛¬ɻȒʍ«ƚǡ� –ȿˡɮȠǙÎǰ− 

� DTI *0ȉ,%"¶˜�?ˆ¥ʩEʍ«�AŸǡ*�(˱ȿˡɮȠǙÎǰ

˯transcranial magnetic stimulation˱�� TMS˰EȀ"ƚǡ�Ȝ?B(A�TMS-

>Aʽ×ʒȐ˘£˯motor evoked potential˱��MEP˰<�ƺʽ× Ĺƣˊ˯central 
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motor conduction time˱�� CMCT˰0˱ˆ¥ʩEǿǽħȒ¶˜�?˛¬ɻȒ-ʍ«�

A�*�íɛ)�A[27]�ʷŉ˱�ǌʽ×˄�/ˡ˂-ȠǙÎǰQIyEɍ�ȠǙÎ

ǰ�A*˱Îǰ˂£-ķŨ�AÎǰ*ķ¶/ȳ>@ MEP �ʉˇ�BA��/ƣʉˇ

�BA MEP 0ˆ¥ʩ¿¥˯�ǌʽ×˄→ɜ˩Ðʄ→ȳ˰/ŮđEöF)A�*�

? MEP /ƫǳ<ƃŊ/ě��,+->%(ˆ¥ʩ/Ǹű�ʍ«íɛ)�A�ˆ¥ʩ

˔ı��AĒò0 MEP�ʉˇ)�,˱ƃŊ�¤��A,+/ŷɾ�š?BA[27]�

CMCT0 �˱ǌʽ×˄�?ɜ˩Ðʄ7)/ʽ×Ȥȿ/ Ĺƣˊ/�*)�@ ư˱ǁȤ

ȿʒȐ˘£/ M Ǣ* F ǢEʉˇ��B?/ǯƣ�?ȴÇ�BAưǁ/ʽ×Ȥȿ Ĺ

ƣˊE MEP/ǯƣ�?Ň�Ŕ��*)Ǜ:A�*�íɛ)�A�CMCT0ˆ¥ʩ/

�ƺ˂˯�ǌʽ×˄�?ɜ˩Ðʄ7)/ˊ˰-ɟ˩ūȌĘ,+/˔ı��AĒò-ʼ

œ�A�*�Ȝ?B(�@ˆ¥ʩ˔ı/Ɓǈ*;,A[27]� 

 

1.5�  TMS/ɠÞ�ǵˬȎŭɒ3/ɥŏŨȀ  

� ɠÞ�ǵˬȎŭɒEķʝ- T˱MS->AMEP< CMCTEȀ"Ȟȭ0Ě�Ħċ�

A��ɖʽ×Ǌɛ�ş-&(/Ȟȭ)0˱Ūūƭ<�Ūūƭ-�(ˬȎ¶�ɖ�

?MEP�ʉˇ�B"ŭɒ0˱MEP�ʉˇ�B,�%"ŭɒ*Ǘʯ�ʽ×Ǌɛ�ş�

ɩğ)�A�*0ěƚ�ɧ�"ɾʅ)�A[28–33]�CMCT -ˋ�( Heald ?[32]0˱

ŪūƭɠÞ�ŭɒE CMCTǍŉɏ* CMCTʼœɏ-È˥�˱ /ş/�ɖʽ×Ǌɛ

�ş*/ˋʹEǃʈ�"�ƫůŇ0ʑ:?B,�%"��ƚ Escudero?[33]0˱�ɖ

ʽ×Ǌɛ�ĩ¿-ĄŢ�"ŭɒÂ)ǃʈ�A*˱Ūūƭƣǲ/ CMCT �Ǎŉ)�A

ŭɒ�ƫů-Ě�%"*�(�@ůɾ��ɧ�(,��ɖʽ×Ǌɛ�ş-&(

/Ȟȭ)0˱Piron?[34]0˱MEP/ƫǳ* Hemiplegic stroke scale/�ɖʽ×VQG

�>2ǎɳVQG*/ˋʹEǃʈ�"*�C˱MEP �ʉˇ�B"ŭɒ)ƫů-�ɖ

ʽ×VQG�˪�ɦȮǎɳ�íɛ*,%"*đø�(A�Hendricks?[35]/Ȟȭ-

�(;˱MEP �ʉˇ�B"ŭɒ)0ʉˇ�B,ŭɒ*Ǘʯ� Fugle-Meyer 

assessment )ʍ«�B"ʦˋȵ/ʽ×Ǌɛ/ĄŢ�ƫů-ɩğ)�%"*�(A�

���,�?˱Hendricks ?/Ȟȭ)0˱MEP /ƫǳ*ɕˋȵ<ɢˋȵ/ʲ£ȳ/ʽ

×Ǌɛ/ĄŢ<ǎɳ/ɦȮŒ*0ˋʹ�8?B� C˱MCT-&(;ǃʈE�(A

�ƫů,ˋʹ0ʑ:?B,�%"��ɖʽ×Ǌɛ�ş-�(0˱�ɖ5+Ơȟ)0

,� MEP /ƫǳ*ȳÓ<ˋȵʽ×)ʍ«�BAʽ×Ǌɛ˯Ƿ-ʦ˂/ˀ£ȳ˰*

/ˋʹ�ƈĵ�BA�ʚʗ/ǒA*�C)�A�7" C˱MCT-ˋ�(0�ɖ˱�ɖ

*;- /ƫȀū0Ơ?�)0,��B0 C˱MCT�ȳÓ<ˋȵʽ×)ʍ«�BA

ʽ×Ǌɛ)0,�˱�/ȉ,Aʽ×Ǌɛ*ˋʹ�(Aíɛū�ɑ�?BA� 
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1.6� DTI�>2 TMS->AɠÞ�ǵˬȎŭɒ/ʽ×Ǌɛ�ş�Ǭ  

� ʲŌ˱DTI �>2 TMS EȀ"ˆ¥ʩʍ«�ɠÞ�ǵˬȎŭɒ/ʽ×Ǌɛ/�Ǭ

-ƫȀ)�A�*Ȣ�đø�ƕɾ�BA>�-,%(�"[36–38]�Stinear?[37]/Ū

ūƭɠÞ�ǵˬȎŭɒEķʝ*�"Ȟȭ)0 �˱ɖʽ×Ǌɛ�ş/ƈĬGyRxWr

�Ɗƾ�B(A� /GyRxWr*0˱Ȑȍ 72 ƣˊ)/ɗˋȵęʬ�>2ŸƁ

¢Ŀ/ȳÓʍ« T˱MS->AMEP/ƫǳ R˱OIʅƷ-��AÂÙşɝ FA asymmetry

˯˛ƍ¸¶ FA-ƍ¸¶ FA/˛ƍ¸¶ FA+ƍ¸¶ FA˰/ 3 ˞Ȗ>@ǆŴ�B(�@˱

ʽ×Ǌɛ�ş0ɩ˟- Complete˱Notable˱Limited˱None-È˥�BA�7�˱Ȑ

ȍş 72ƣˊ)/ɗˋȵęʬ�>2ŸƁ¢Ŀ/MRC scale˯0-5ǲ)ʍ«�B²�ě�

5+ȳÓ�Ŗ E˰ B!Bʍ«� ò˱ʇ 8ǲ��)�B1 Complete-È˥�A�

òʇ 8ǲƯǭ/Ēò0MEP/ƫǳEʍ«� M˱EP�@/Ēò0Notable-È˥�A�

MEP,�/Ēò0 FA asymmetry-(ʍ«� F˱A asymmmetry� 0.15>@ĺ�Ēò

0 Limited 0˱.15>@ě�Ēò0 None-È˥�A*�;/)�A�Stinaer?/Ȟ

ȭ-åÔ�"ɠÞ�ŭɒ 40ô� 37ô) G˱yRxWr->AÈ˥*ʽ×Ǌɛ�ş�

�ɧ�(�@˪ȸŒ*,%(A��/>�,GyRxWr�ȟȮ�A*˱ɠÞ�

ǵˬȎŭɒ±�-ˁŨ)�AƫȀ,ʽ×Ǌɛ�ş/�Ǭƚǡ-,@�A*ɑ�?B

A����,�? ó˱Ǉ/đø05*F+ɾ?B��?,Aǃʌ�Ŧɽ)�A�Ƿ-˱

ȀAƁǈ<ǃƻ/ƣƭ-&(0ǃʈ/¦Č�ǒ�B(A�7"˱�ɖʽ×Ǌɛ

�ş-&(/óǇ,GyRxWr-ˋ�(0Ư#Ɗÿ�B(�?�ʅƠ�4�ʕ

ˣ0ŁȬ�(A� 

 

1.7� ƱʗƘ/ǆŴ  

� ƱȞȭ0 Ą˱Ţƭxeix^�Tv}Ȍǂ-¾ˏ�"ɠÞ�ǵˬȎŭɒEķʝ*�˱

ȱ 2 ȯ)0 DTI ʅƷ->Aˆ¥ʩʍ«-Ʃˁ, ROI /ʊĬˠď-&(ǃʈ�A�

ȱ 3ȯ)0ˆ¥ʩ-��A DTIʅƷɀƹ* TMS->AʅƷɀƹ/ʿEȍ©ǃʈ-

(Ơ?�*�A�ȱ 4ȯ)0 DTIʅƷ* TMS->Aˆ¥ʩʍ«*ʽ×Ǌɛ�ş*/

ˋʹE˱�ɖ�>2�ɖ-&(˕ĆʅƷ->@ǃʈ�˱ȱ 5ȯ)ʽ×Ǌɛ�ş/ƈ

Ĭƚǡ-&(/ɑĵEʳ4A�ñŸǡ->Aˆ¥ʩʍ«*ʽ×Ǌɛ�ş*/ˋʹE

Ơ?�-�A�*0 ɠ˱Þ�ǵˬȎŭɒ/ʽ×Ǌɛ�ş�Ǭ-ķ�(˃ɽ,ȜɾE�

�A;/*ɑ�?BA� 
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ȱ˴ȯ  
ȱ˳Ȟȭ� 	ſƕ^}YyȄ»ʅƷEȀ"Ȕʠ�ɠÞ�ǵˬȎŭ

ɒ/ʽ×Ǌɛ�ş�Ǭ� �ˋťˠď-&(/ǃʈ�
  
 

2.1� 0�:-  

� ʲŌȐĿ�(�"ſƕ^}YyȄ»˯diffusion tensor imaging˱�� DTI˰ʅƷ0˱

˛¬ɻȒ-ěɠȑʠ/ȤȿɇɃƴEʀʁȒ�>2˅Ȓ-ʍ«íɛ,Ÿǡ)�A

[14,15]�̂ ¥ʩ/ DTIʅƷ0 ɠ˱Þ�ǵˬȎŭɒ/ʽ×Ǌɛ�şEèƢ�Aíɛū�

đø�B(�@ɥŏ-��AƫȀū�ƭŝ�B(A[28,39–41]� 

� ɠÞ�ǵˬȎŭɒEķʝ- DTIʅƷ/�&)�A ROIʅƷEȀ"¼ɳȞȭ)0˱

ˆ¥ʩ-��A FA²*ʽ×Ǌɛ�ş*/ˊ-ƫů,Ǎ/ȘˋˋEʑ:(A;/

/˱�ɒˊ/ȘˋƖ0 0.55 �? 0.95 *đø->%(Șˋ/Ŗ�-1?&��ɾ?

B�Ĭ�(,[22,25,37,42–47]� /ɽą*�(˱�B?/¼ɳȞȭ)Ȁ?B(

A ROI /ʊĬˠď�˱ʭȻƍ¸-¡�|�w�ĘūEƄ�A�*�íɛ,ěɠɝ

[25,42–44]<˱|�w�ĘūȲ/�ǌĘū-Ô�ȌńEö8<�ÂÙşɝ[23,37]˱

ˆ¥ʩ¿¥[22,45]7"0 /�˂[46,47],+Ȟȭɒ->%(ȉ,A�*�Ƃ�?B

A�7"˱ROI *�A˂£�ó�)�%(;^}lz�`/ ROI EȀ(AĒò

[22,25,37]<Ÿ×) ROI EĬɐ�(AĒò[42–44],+˱ROI /ʊĬƚǡ��Ĭ�(

,�*;�ą*ɑ�?BA� 

� ¿ɠʅƷEȀ"¼ɳȞȭ)0 Ū˱ūƭ�?�Ūūƭ/ɠÞ�ǵˬȎŭɒ)0µŉ

ɒ*Ǘʯ�˱ƍ¸ÝǼ/ˆ¥ʩ<˱˛ƍ¸ÝǼ/ˆ¥ʩ�>2ɠƿ,+)ƫů, FA

²/¤�Eʑ:(A[22,48,49]��ƚ Ǌ˱ɛ�ş�ɩğ,Ųūƭ/ɠÞ�ǵˬȎŭɒ

)0 µ˱ŉɒ<Ǌɛ�ş/�ɩ,ŭɒ*Ǘʯ�ƍ¸ÝǼ�>2˛ƍ¸ÝǼ/ÂÙşɝ

<�ƓɇÄ/FA²�ƫů-˪� Ǌ˱ɛĄŢ-¡�íēȒĘÚ;Ȣþ�B(A[50]�

�/>�-ɠÞ�ǵˬȎŭɒ/ʽ×Ǌɛ�ş-ķ� D˱TIʅƷ->Aˆ¥ʩʍ«/Ȝ

ɾ0ɭȬ�B&&�A� Ʃ˱;ʽ×Ǌɛ�ş-ˋʹ�Aɠˠď-ˋ�(0�Ơ,ǲ�

Ě� 

 

2.2� ȖȒ  

� ɠÞ�ǵˬȎŭɒ/ʽ×Ǌɛ�şEƩ;Ŗ�èƢ�A ROI /ʊĬˠďEƠȟ-�

A�*0 DTI /ʽ×Ǌɛ�ş�Ǭ-õ�"ɥŏŨȀE˪:A�)ůɐ�A;/*ɑ

�A� �)ƱȞȭ)0˱ˁÉ, ROI/ʊĬˠďEƠ?�*�A":-˱7� TBSS

EȀ(ʽ×Ǌɛ�ş/ȉ,Aŭɒˊ)/ FA²/ŇE¿ɠ-ǫ%(ʅƷ�  ˱/ş˱

ƫů,Ň�ʑ:?B"ñ�/ˠď-ķ�(ROIʅƷ->@ȴÇ�" FA²*ʽ×Ǌɛ

�ş*/ȘˋEǃʌ�"� 
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2.3� ƚǡ  

2.3.1� ȞȭßÓɒ  

� 2013Ō 10ƪ�2015Ō 12ƪ/ƭˊ-ɫĎȚȮÛȏěħ�ŀȌˏ/ĄŢƭxeix

^�Tv}Ȍǂ3¾ˏ�"ɠÞ�ǵˬȎŭɒEķʝ*�"�ê@ʱ8ĐǮ0˱ÊȐȔ

ʠ�ɠÞ�˯ɠǀĔ7"0ɠÇɲ˰)�@˱®ĦȒ-Ôȏ�B˱¾ˏƣ- DTIEö9

MRIǃƻEë�"ɒ*�"�ːęĐǮ0˱ɠÞ�/ƜŜEƫ�Aɒ˱Ȕʠ-Ȍń�ç

F)Aɒ˱ŸɴEë�"ɒ˱˃Œ/ůʙ˔ı˱˪ǌɠǊɛ˔ı˱ʑȜȍEƫ�Aɒ

*�"��B?/ĐǮ-òɧ�˱ƱȞȭ-óů/š?B" 23 ô˯ŋčŌˮ 61.1±9.9

ǐ˱ȃū 15 ô˱Ğū 3 ô˰EȞȭßÓɒ*�"�ñķʝɒ-0˱ƱȞȭ/�ƞEʔ

Ơ�ÜÈ,ǽʅ�š?B"�)ɦȂůŧ-Đ'�Ƨ˜-(óůEš"�,�ƱȞȭ0˱

ɫĎȚȮÛȏěħ³ǽĢü�/Źʑ˯ŹʑȈï 641˰Eë�(ɳDB"� 

 

2.3.2� ŭɒ_�Z  

� ŭɒ/ĐƱ_�Z*�(˱Ōˮ˱ūÌ˱ɠÞ�/Ȫ˥*˂£˱ĄŢƭxeix^�

Tv}Ȍǂʵˏƣ/ʽ×Ǌɛ Ȑ˱ȍ�?ĄŢƭxeix^�Tv}Ȍǂ¾ˏ7)/Ɲ

Ɩ˱Ȑȍ�? DTIƏ»7)/ƝƖ˱Ȑȍ�?ʵˏ7)/ƝƖELy^>@é˕�"�

ɠÞ�/Ȍń/ě��˯ȌńĲȬ˰0˱DSI studio˯http://dsi-studio.labsolver.org˰EȀ

(˱ŭɒǖ- DTIƏ»)š?B" b0Ȅ»EĐ-ȌńˠďEóĬ�ȴÇ�"�ʵˏ

ƣ/ʽ×Ǌɛʍ«-0˱Brunnstrom Recovery Stage˯�� BRS˰/ŸƁ˱�ɖ˱�ɖ

/VQGE B!BȀ"[51]� 

 

2.3.3� DTIƏ»Ƶ�  

� Ȅ»êš-0 1.5T-MRIɷɍ˯TOSHIBAȣɹ˱EXCELART Vantage, MRT-2003˰E

Ȁ"�DTI_�Z0 s˱ingle shot spin echo EPIT�P}V˯ TR=10000ms T˱E=100ms˱

motion-probing gradient orientation=6˱b=1000˱field of view 260mm×260mm˱oNXy

SIW 1×1×1mm˱p`x]NV 128×128˱VwIVã 3mm˰-(Ə»�"� 

 

2.3.4� DTI_�ZÐÆǽ  

� DTIʅƷ-0˱Oxford FMRIB Software LibraryEȀ"[52]�Eddy current correction

-( b0 Ȅ»EåǴȄ»*�(Ȅ»/Ǐ8<ˡ˂/×�/ɸǍE�"�ɂ(˱brain 

extraction tool -( b0Ȅ»>@ɠĭʠȄ»/8EžÇ�pVNȄ»E§Ŵ�"�Ǐ8

ɸǍEɳ%"_�Z*pVNȄ»�? FMRIB’s diffusion toolboxE¨Ȁ�( FAȄ»

E§Ŵ�"� 
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2.3.5� TBSS->Aʽ×ˬȎ˃Œɏ*ʮŒɏ/Ǘʯ  

� ʽ×Ǌɛ�ş/ȉ,Aŭɒˊ/ȤȿɇɃƴ/ʿ-&( TBSSEȀ(Ǘʯ�"�

TBSS 0˱�ů/ĐǮE;*-È˥�" 2 ɏˊ-�(˱�ɽ,ȤȿɇɃƴ/ FA ²

E¿ɠ-ǫ%(ƆȻȒ-ʅƷ�AŸǡ)�A�>@ʏȼ-0˱ʅƷķʝ-Àʷ�Aȑ

ʠ/ȤȿɇɃƴ/�ťEɵ� FA ˨ƽE§Ŵ�˱ñŭɒ±�/ FA ²E FA ˨ƽ3�

¾�ɁʇħȒǃĬ->AʅƷEɦ×Ȓ-ĭɳ�A;/)�A[21]�ˆ¥ʩ0È˖ʽ×

3ˋ��(�@˱ŸƁǊɛ˯ȸĴŻƌ×§˰-&(>�Ȟȭ�B(A[6–11]� 

�) ŭ˱ɒ/ɏÈ�0ĄŢƭxeix^�Tv}Ȍǂʵˏƣ/ŸƁ BRSEĐ- B˱RS

�Ⅲ��˱&7@È˖ʽ×�ć˗)�%"ŭɒE˃Œɏ˱ŸƁ BRS�Ⅳ��˱&7
@È˖ʽ×�íɛ)�%"ŭɒEʮŒɏ*�"�,�˱˃Œɏ0 10 ©˯ŋčŌˮ

66.3±10.1 ǐ˱ȃū 6 ô˱Ğū 4 ô˰˱ ʮŒɏ0 13 ©˯ŋčŌˮ 57.2±7.9 ǐ˱ȃū 9

ô˱Ğū 4ô˰)�%"� 

� TBSS )0˱ƍ¸ÝǼE¿ŭɒ)îÝǼ-Ɂ��A":˱ŅÝǼƍ¸ŭɒ/ FA Ȅ

»EŅîèʬ�"�ñȍ©/ FAȄ»EǈǮ FAȄ»˯FMRIB58˰3˛ɇŘĘƋ�"

ş˱ŋč FA Ȅ»E§Ŵ�"�ɂ(˱ŋč FA Ȅ»EĐ-ŋč FA ˨ƽȄ»E§Ŵ

�"��/ƣ˱ˌ²0 0.35*�"�ˌ²0ʷŉ 0.2�ƈĝ�B(A�[21]˱Ǳȑʠ

<¶ɠİ,+-žÇ�BA4�),¦È, FA˨ƽ�ǻB(�7�": ¦˱È, FA

˨ƽ�žÇ�B,�ˎ)�A 0.35-ĘƦ�"�Ʃş-˱§Ŵ�B"ŋč FA˨ƽȄ

»3ñȍ©/ FA ²E�¾�˱˃Œɏ*ʮŒɏ) FA ²EɁʇħȒ-ǃĬ�"�Ɂʇ

ħȒǃĬ0 d˱}gws`x]N�4ƨ�ǃĬ˯ n=5000 E˰ɳ t˱hreshold-free cluster 

enhancementEȀ(Ě˃ǗʯɸǍEɳ%"[53]�ƫůǚǮ0 0.01Ưǭ*�"� 

 

2.3.6� ʵˏƣ BRS* ROIʅƷ-��A FAǗ*/ˋʹ  

� ĄŢƭxeix^�Tv}Ȍǂʵˏƣ/ BRS * ROI ʅƷ->A FA ²/ˋʹEǃ

ʈ�"�ñŭɒ-�(˱FA Ȅ»EǈǮ FA Ȅ»˯FMRIB58˰3˛ɇŘĘƋ�"ş

ROI EʊĬ�"�ROI 0˱TBSS )ƫůŇEʑ:"˂£�>2¼ɳȞȭ[23,25,42–

44,54,55])Ě�Ȁ?B(Aěɠɝ3ʊĬ�"�ROI /ƁĬ-0 Oxford FMRIB 

Software Library -�?��:Ⱦ8ʱ7B(AG`wV˯ JHU ICBM-DTI-81 

white-matter labels atlas E˰Ȁ[56]  ˱B!B/ ROI-��Aŋč FA²EȴÇ�"�

FA ²/±�Ň->A1?&�Eż�A":˱FA Ǘ˯FA ratio; ��˱rFA˰E rFA=

ƍ¸ÝǼŋč FA²/˛ƍ¸ÝǼŋč FA²)Ǜ:ǈǮÚ�"[25,44]�rFAEǛ:A"

:˱ROI0ƍ¸ÝǼ/8,?�˛ƍ¸ÝǼ-;ķȧ-ʊĬ�óǇ-ŋč FA²EȴÇ

�"� 
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2.3.7� ɁʇħȒʅƷ  

� ʽ×ˬȎ˃Œɏ*ʮŒɏ-�(˱ūÌ˱ɠÞ�/Ȫ˥/ɏˊǗʯ-0jH]Tt

�/ǍȟȟǺǃĬEȀ"�Ōˮ˱Ȑȍ�?/ƝƖ˯ĄŢƭ¾ˏ˱ʵˏ˰-��Aɏ

ˊǗʯ-0ķŨ/, tǃĬE˱ȌńĲȬ˱BRS˱Ȑȍ�? DTIƏ»7)/ƝƖ/ɏ

ˊǗʯ-0Mann-Whitney/ UǃĬEȀ"�ŸƁ �˱ɖ �˱ɖ B!B/ BRS*Ō

ˮ˱ȌńĲȬ˱ROIʅƷ-��A rFA*/ȘˋÈƷ-0 Spearman/˟£ȘˋƖE

Ȁ"�7" B˱RS*Ʃ;Șˋ/Ŗɽą-&(˱ʽ×ˬȎ˃Œɏ*ʮŒɏEÈ�

AL]`Kj²EǛ:"�L]`Kj²0ʽ×ˬȎ˃Œɏ*ʮŒɏEŠŀĘƖ*�

receiver operating characteristic˯��˱ROC˰ƥɇEȀ(ŰŒ*ǷȉŒ>@Ǜ:˱ 

/�ǬɛEȟʑ�A": area under the curve˯��˱AUC˰EȴÇ�"�ɁʇʅƷ-

0˱ɁʇÆǽYj` R3.2.3˯https://www.R-project.org/˰EȀ˱ƫůǚǮ0 0.05Ưǭ

-ʊĬ�"� 

�  
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2.4� ɀƹ  

2.4.1� ŭɒ_�Z  

� ŸƁ/ BRS -(È˥�B"ʽ×ˬȎ˃Œɏ*ʮŒɏ-��Aŭɒ_�ZEɵ 1 -

Ȣ�"�˃Œɏ*ʮŒɏ*/ˊ-0˱Ōˮ˯p<0.05˰˱ ŸƁ BRS˯p<0.01˰˱ �ɖ BRS

˯p<0.01˰˱ �ɖ BRS˯p<0.01˰˱ Ȑȍ�?ĄŢƭ¾ˏ7)/ƝƖ˯p<0.05˰-�(

ƫůŇEʑ:"�˃Œɏ)ƫů-Ōˮ�˪�˱Ȑȍ�?ĄŢƭ¾ˏ7)/ƝƖ0ƫů

-ȝ�%"�ŸƁ BRSEĐǮ-ɏÈ�E�"�˱�ɖ�>2�ɖ BRS-�(;˃

Œɏ)ƫů,¤�Eʑ:"�ĭ˓˱ŸƁ BRS� Ⅲ��/ŭɒ/Ě�0�ɖ�>2�
ɖ BRS � Ⅲ ��)�%"� /�˱ūÌ˯p=0.98˰˱ ɠÞ�/Ȫ˥˯p=0.37˰˱ Ȍń

ĲȬ˯p=0.73˰˱ Ȑȍ�? DTI Ə»˯p=0.21˰�>2ĄŢƭʵˏ7)/ƝƖ˯p=0.11˰

-0ƫůŇEʑ:,�%"� 

 

 

ɵ 1˲ŭɒ_�Z˯n=23˰ 

 
DTI˻diffusion tensor imaging 
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2.4.2� TBSS->Aʽ×ˬȎ˃Œɏ*ʮŒɏ/Ǘʯ  

� TBSS ->AȔʠ�ȤȿɇɃƴ/¿ɠʅƷ)0˱ʮŒɏ*Ǘʯ�˃Œɏ)ƍ¸ÝǼ

/ÂÙşɝ�>2�ƓɇÄ)ƫů, FA²/¤�˯p<0.01˰Eʑ:"˯ĉ 1 �˰�B?

0�B;ˆ¥ʩ/ȿʩ*,A˂£)�%"��ƚ ¼˱ɳȞȭ) ROIʅƷ/ķʝ*�

(Ě�Ȁ?BAěɠɝ-0ƫůŇEʑ:,�%"� 

 

 

 
ĉ 1˲TBSS->Aʽ×ˬȎ˃Œɏ˯n=10˰*ʮŒɏ˯n=13˰/Ǘʯ 

TBSS/ɀƹ0˱Montreal Neurological Institute 152/ T1Ȅ»/�-˱ŋč FA˨ƽȄ

»˯Ɇɪ˰*ƫůŇEʑ:"˂£˯˙ɪ˰E˃.(ɵȢ�"�ʮŒɏ*Ǘʯ�˃Œɏ

)0 ƍ˱¸ÝǼ˯ îÝǼ /˰ÂÙşɝ�>2�ƓɇÄ) FA²/ƫů,¤�Eʑ:"� 

 

 

  

���
�

��	��

�	��

Y	=	-13� Z	=	6�

Z	=	13�

Z	=	20�

R� L� R� L�



 16 

2.4.3� ʵˏƣ BRS*/Șˋˋ  

� TBSS )ƫůŇEʑ:"ÂÙşɝ�>2�ƓɇÄ˱¼ɳȞȭ)Ě�Ȁ?B(A

ěɠɝ�? B!B ROIʅƷ->@ȴÇ�" rFA*ʵˏƣ BRS˯ ŸƁ��ɖ��ɖ˰

*/ȘˋÈƷ/ɀƹ˱�ɖ BRS *�ƓɇÄ rFA Eː(�B;ƫů,ȘˋEʑ:

"˯ɵ 2 �˰Ƿ-˱ÂÙşɝ rFA �ŸƁ˯r=0.70˱p<0.01˰˱ �ɖ˯r=0.66˱p<0.01˰˱

�ɖ˯ r=0.64 p˱<0.01 B˰RS/�B-�(;Ʃ;ŖȘˋEʑ:Aɀƹ)�%"�

�ƚ˱Ōˮ�>2ȌńĲȬ*ŸƁ˱�ɖ˱�ɖ BRS )0�B-�(;ƫů,Ș

ˋˋ0ɾ?B,�%"� 

 

 

ɵ 2˲ʵˏƣ BRS*Ōˮ˱ƍ¸ĲȬ˱ñ ROI-��A rFA*/Șˋˋ˯n=23˰ 

 

rFA˻fractional anisotropy ratio  

 

 

  

�� �� ��

1 0�5(,4* 1 0�5(,4* 1 0�5(,4*

	�7 ����" " ���""� ������� ������ ����$�" ���#��

���7 ������ �� �!! �����!$ �� ��� ������� �� ��#

��
�1'%7 ��"��$ ������ ��! !$ �����" ��!�#! ������

����1'%7 ����$" ������ ��� �# ������ �����$ ��� !!

���1'%7 ��!�  �����# ��!�"� ������ ���$$� ���� �

���&14..231/-�1*)/5*16�23(+*



 17 

2.4.4� ʽ×ˬȎ˃Œɏ*ʮŒɏ-ˋ�AÂÙşɝ rFA/L]`Kj²  

� ʵˏƣ BRS*Ʃ;ŖȘˋEʑ:"ÂÙşɝ rFA-&( ROCƥɇ˯ĉ 2˰>@

ʽ×ˬȎ˃Œɏ*ʮŒɏEÈ�AL]`Kj²EǛ:"�ÂÙşɝ rFA/L]`Kj

²0˱ŸƁ) 0.906˯ŰŒ 0.692˱ǷȉŒ 1.000˱AUC=0.846˰)�%"�ŸƁ*óǇ

-˱�ɖ�>2�ɖ BRS-&(;L]`Kj²EǛ:"ɀƹ˱�ɖ) 0.863˯ŰŒ

0.846 Ƿ˱ȉŒ 0.700 A˱UC=0.808˰˱�ɖ) 0.906˯ ŰŒ 0.562 Ƿ˱ȉŒ 1.000 A˱UC=0.839˰

)�%"�ĉ 3-0ʵˏƣ BRS*ÂÙşɝ rFA*/Șˋˋ�>2L]`Kj²E

Ȣ�"�ŸƁ˱�ɖ˱�ɖ/�B-�(;1?&�Eʑ:(A;//˱rFA�

0.80��-¤��(Aŭɒ)0ʵˏƣ/ BRS�¤ɀƹ)�%"� 

 

 

 
ĉ 2˲ʽ×ˬȎ˃Œ*ʮŒ-��AÂÙşɝ rFA/ ROCƥɇ˯n=23˰ 

ʵˏƣ/ BRS*Ʃ;ŖȘˋEȢ�"ÂÙşɝ rFA/L]`Kj²0 Ÿ˱Ɓ) 0.906

˯ŰŒ 0.692˱ǷȉŒ 1.000˱AUC=0.846˰˱ �ɖ) 0.863˯ŰŒ 0.846˱ǷȉŒ 0.700˱

AUC=0.808˰˱ �ɖ) 0.906˯ŰŒ 0.562˱ǷȉŒ 1.000˱AUC=0.839˰)�%"� 

 

 

2.5� ɑĵ  

� ĄŢƭxeix^�Tv}Ȍǂ3¾ˏ�"ÊȐȔʠ�ɠÞ�ŭɒEķʝ*�˱

TBSS->Aʽ×Ǌɛ�ş-ˋʹ�AȤȿɇɃƴ/žÇ�>2 ROIʅƷ->A FA²

*ʵˏƣ/ʽ×Ǌɛ*/ˋʹ�?ˁÉ, ROI /ʊĬˠďEǃʈ�"�ʵˏƣ/ŸƁ

BRSE;*-È˥�"ŭɒɏ˯˃Œɏ˱ʮŒɏ˰-�(˱TBSS->@˃Œɏ)0

ʮŒɏ*Ǘʯ�ƍ¸ÝǼ/ÂÙşɝ�>2�ƓɇÄ-ƫů, FA ²/¤�Eʑ:"�

7"˱ɻ ˏƣ BRS* ROIʅƷ->@ȴÇ�B" rFA*/ȘˋÈƷ)0 Ÿ˱Ɓ �˱ɖ˱
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�ɖ BRS/�B-�(;ÂÙşɝ rFA�Ʃ;ŖȘˋEʑ:"� 

 

2.5.1� ʽ×ˬȎ˃Œɏ*ʮŒɏ-��AȤȿɇɃƴ/ʿ-&(  

� ¿ɠʅƷEȀ"¼ɳȞȭ)0 Ū˱ūƭ�?�Ūūƭ/ɠÞ�ǵˬȎŭɒ)0µŉ

ɒ*Ǘʯ�˱ƍ¸ÝǼ/ˆ¥ʩ<˱˛ƍ¸ÝǼ/ˆ¥ʩ�>2ɠƿ,+ȑʠ/Ŏȶ

Ĉ)ƫů, FA²/¤�Eʑ:(A[22,48,49]�7" S˱chaechter?[50]0Ųūƭ/ɠ

Þ�ǵˬȎŭɒ-�(˱̔ ×Ǌɛ�ş��ɩ,ŭɒ)0µŉɒ*Ǘʯ�ƍ¸ÝǼ�

>2˛ƍ¸ÝǼ/ÂÙşɝ<�ƓɇÄ/ FA²/¤�Eʑ:"�ƚ)˱ʽ×Ǌɛ�ş

�ɩğ,ŭɒ0µŉɒ*Ǘʯ�ƍ¸ÝǼ�>2˛ƍ¸ÝǼ/ÂÙşɝ<�ƓɇÄ/

FA²�ƫů-˪�*Eʑ:(�@ Ǌ˱ɛĄŢ-¡�íēȒĘÚEƈĵ�(A[50]�

ʽ×Ǌɛ�ş/ȉ,AɠÞ�ǵˬȎŭɒˊ)¿ɠʅƷ->AȤȿɇɃƴ/ʿEǃ

ʈ�"¼ɳȞȭ0Ǆ:(Ļ,�˱Yin?/ŲūƭɠÞ�ǵˬȎȍ©Eķʝ*�"đø

��A/8)�A[57]�ś?0˱Ȑȍ�? 3 �ƪ��ȿʾ�"Ųūƭ/Ȕʠ�ɠÞ�

ǵˬȎŭɒ-�( Paralyzed Hand Function AssessmentE;*-ŸƁ/ĩ¿ˬȎŭɒ

*˂ÈˬȎŭɒ-ɏÈ�� TBSSEȀ(Ǘʯ�"*�C˱ƍ¸ÝǼ/ˆ¥ʩ/ȿʩ

)�Aɠō�>2ÂÙ˱�ťÐĄ) FA²/¤�Eʑ:"�7"˱ňǸĄ<˛ƍ¸Ý

Ǽ/�ťÐĄ�>2�ťşĄ-�(; FA ²/¤�Eʑ:(�@˱ŎȶĈ, FA ²

/¤�0|�w�Ęū,+/�ǌĘū->A*ɑĵ�(A[57]�ƱȞȭɀƹ0˱ʽ

×ˬȎ˃Œɏ)0ƍ¸ÝǼ/ˆ¥ʩ/ȿʩ)�AÂÙşɝ�>2�ƓɇÄ)ƫů,

FA²/¤�Eʑ:(�@¼ɳȞȭ*�ɧ�A;/)�%"�ÂÙşɝ<�ƓɇÄ0˱

Ȕʠ�ɠÞ�)0ɲɡ<ɱɲ,+�ç2ơ˂£)�A�*�?[23]˱�/˂£-�

�A FA²/¤�0�ǌĘū*�>@09�CȌń->AȗƇȒ,Ś˝EèƢ�(

A*ɑ�?BA��ƚ˱ƱȞȭ-�(0˱¼ɳȞȭ)ʑ:("ŎȶĈ/ FA²

/¤�0ɾ?B,�%"��/�ą*�( ¼˱ɳȞȭ/ķʝŭɒ0 DTIƏ»ƣƭ�ɠ

Þ�Ȑȍ�?ȹ 2 Ō[57];��0 B��ȿʾ[50]�(AŭɒEķʝ*�(A/

-ķ�(˱ƱȞȭ0Ȑȍ�? 1.5 �ƪ*Ɵƭ)�%"�*�ɑ�?BA�Ȑȍ�? 3

�ƪ7)0ƣˊȿʾ**;- FA ²/¤��ɾ?B[47,55]˱7" T2 ŖʖȄ»-�

(Ȑȍ�? 3 �ƪȩŒ)|�w�Ęū,+/�ǌĘū�ʑ:?BA�*�?[58]˱ƣ

ˊȿʾ**;-�ǌĘū�Ŏ�A*ɑ�?BA�7" S˱chaechter[50]?/>�,ʽ×

ǊɛĄŢ-¡�ȑʠ/ȤȿɇɃƴ/íēȒĘÚ-&(0 µ˱ŉɒ*/ǗʯEö:"

�?,AɋƙȒ,Ȟȭ�Ŧɽ)�A� 

 

2.5.2� ʽ×Ǌɛ�şEƩ;èƢ�A ROI/ʊĬˠď*L]`Kj²-&(  

� TBSS -(ƫůŇEʑ:"ÂÙşɝ�>2�ƓɇÄ˱¼ɳȞȭ)Ȁ?B(Aě

ɠɝ-�( B!B ROIʅƷ->@ rFAEȴÇ�ʵˏƣ BRS*/ˋʹEǃʈ�"
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*�C˱ÂÙşɝ rFA �ʵˏƣ BRS *Ʃ;ŖȘˋEȢ�"�ROI ʅƷ0ŭɒȄ»

>@ȗƇ FA ²EʇǬ)�A":ɥŏȒ-;Ȁ<�;//˱¼ɳȞȭ-��A

ROI/ʊĬˠď0Ȟȭɒ->%(ȉ,%(�@[22,25,37,42–47]˱ɠÞ�ǵˬȎŭɒ/

ʽ×Ǌɛ�şEƩ;èƢ�A ROI-&(0�Ĭ/ɾʅEš(,�ƱȞȭɀƹ0˱

Ȕʠ�ɠÞ�ǵˬȎŭɒ/ʽ×Ǌɛ�ş*Ʃ;Ŗˋʹ��Aˠď0ÂÙşɝ)�

A�*EȢ�(�@˱ROIʅƷ-ƫȀ,ȜɾEƊª�A;/*ɑ�?BA� 

� ʽ×ˬȎ˃Œɏ*ʮŒɏ*EÈ�AÂÙşɝ rFA /L]`Kj²0 0.906 )�@˱

ŸƁ �˱ɖ �˱ɖ�B; AUC� 0.8��)�ȲŒ/�ǬɛEƫ�("�rFA/L

]`Kj²EǛ:"¼ɳȞȭ)0 ě˱ɠɝ-�(0 0.80< 0.85[42,54] ɲ˱ɡ*óz

ny/˪�-£ɍ�Aˆ¥ʩ/�˂-�(0 0.80*/đø�ƕɾ�BA[46]��

B;�Ĭ/ɾʅEš(,� Ʊ˱Ȟȭɀƹ0�B?/L]`Kj²>@˪²)�

%"��B0ÂÙşɝ rFA *ʵˏƣ BRS */ˊ-0ƫů,ȘˋEʑ:A;//1?

&��ě��*�ɽą)�@˱ /":ŰŒ�¤�,%"*ɑ�?BA��ƚ)˱

ÂÙşɝ rFA-1?&�0ʑ:A;// r˱FA� 0.80��-¤��(Aŭɒ-�

(0¿©ʽ×Ǌɛ�ş��ɩ)�@¼ɳȞȭ/L]`Kj²*�ɧ�("�*0

ǣȖ�4�*�C)�A˯ĉ 3 �˰Š%(˱rFA=0.80 ��&/ƫȀ,ĐǮ*,A�;

�B,��ş�?,Aǃʈ�Ŧɽ)�A� 

 

 

ĉ 3˲ʵˏƣ BRS*ÂÙşɝ rFA*/Șˋˋ˯n=23˰ 

ʵˏƣ/˯a˰ŸƁ BRS˱˯ b˰�ɖ BRS˱˯ c˰�ɖ BRS*ÂÙşɝ rFA*/Șˋˋ

�>2L]`Kj²E B!BȢ�"�ʵˏƣ BRS *ÂÙşɝ rFA */ˊ-0˱Ÿ

Ɓ˱�ɖ˱�ɖ/�B-�(;ƫů,ȘˋˋEʑ:";//1?&�;8?B

"����˱rFA � 0.80 ��-¤��(Aŭɒ)0¿ȍ©*;ʵˏƣ/ BRS �¤

ɀƹ)�%"�rFA˻fractional anisotropy ratio 
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���������������
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2.5.3� ŭɒ_�Z*ʽ×Ǌɛ�ş*/ˋʹ-&(  

� ŭɒ_�Z-�(0˱ʽ×ˬȎ˃Œɏ*ʮŒɏ)Ōˮ-ƫůŇEʑ:";//˱

Ōˮ* BRS */ˊ-ƫů,Șˋˋ0ʑ:,�%"�7"˱ȌńĲȬ0˃Œɏ*ʮ

Œɏ-ƫůŇ0,� B˱RS*/ƫů,Șˋˋ;8?B,�%"�ƱȞȭɀƹ*0ķ

ǴȒ- Ǌ˱ɛ�ş-ˋDAɽą-Ōˮ<ȌńĲȬEö9đø;8?BA[59–61]���

�,�?˱̡ Ō)0 DTI<ȿˡɮȠǙÎǰEȀ"Ȟȭ�?Ōˮ<ȌńĲȬ�£ɍ>

@˱ˆ¥ʩ�ǆʸȒ�>2ǊɛȒ-+/ȩŒ˔ı�B(A��˃ɽʀ�B(A

[28,40]�ƱȞȭ-�(;˱ˆ¥ʩ/ǆʸȒ,ǸűEèƢ�(A*ɑ�?BA rFA

0ʽ×Ǌɛ*ƫů,ȘˋEȢ�(�@¼ɳȞȭEƑƀ�A;/)�%"� 

 

2.5.4� ƱȞȭ/ˎȅǲ-&(  

� ƱȞȭ/ˎȅ*�(˱ŭɒƖ� 23ô*Ļ,�*���?BA�Ƿ-˱BRS/ñ

V^�U�"@/ŭɒƖ0˛ŉ-Ļ,�,%(A": �˱ş�?-ķʝɒEĖ<�

"Ȟȭ�Ŧɽ)�A��Ą˱ȌńĲȬ* BRS */ˊ-ȘˋˋEʑ:,�%"�˱

ˆ¥ʩ/ʢɳȿʩ-ˎĬ�"ȌńĲȬ*BRS*/ˋʹ-&(0ǃʈ)�(,�

ˆ¥ʩ-��AȌńĲȬ-&(ʏȼ-ǃʈ�A�*)˱ROIʅƷ)ȴÇ�B" rFA

/ǷŤ�>@Ơ?�*,Aíɛū�ɑ�?BA�7"˱ROIʅƷ->AÂÙşɝ rFA

0˱BRS *ƫů,ȘˋEȢ�";//_�Z-1?&��ɾ?B("˯ĉ 3 �˰ 

/ǽȂ*�(˱ŭɒ FAȄ»EǈǮÚ�Aʾȩ-�(˱Ǩɡ<ɲɡ->AȌń˂£

ùĈ/Ǐ8->AŚ˝�ɑ�?BA� /":˱Ȍń˂£ùĈ/Ȅ»/Ǐ8EɸǍ�

A�?,AÆǽEɳ��*)>@ƒā�BAíɛū��A":ǃʈ/¦Č��A�̔

×Ǌɛʍ«�VP�yˊ/ě� BRS)�A�;ɽą*ɑ�?BA": F˱ugl-Meyer 

assessment[62],+>@ʏȼ,ʍ«EĹ¾�Ãǃʈ�A�*��ş/ʕˣ)�A� 
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ȱ˵ȯ  
ȱ˴Ȟȭ� 	ɠÞ�ǵˬȎŭɒ-��AȿˡɮȠǙÎǰEȀ"ˆ

¥ʩʍ«/ƫȀū-ˋ�Aǃʈ−4ȍ©->Aȍ©Ȟȭ−
  
 

3.1� 0�:-  

� ȱ˳Ȟȭ-�( Ê˱Ȑ/Ȕʠ�ɠÞ�ǵˬȎŭɒEķʝ*�" ROIʅƷ)0Ņî

/ÂÙşɝ FAǗ˯FA ratio˱�� rFA˰�Ʃ;ʽ×Ǌɛ�ş*Ǎ/ȘˋEȢ��*E

đø�"� r˱FA�ĺ�Ēò);ʽ×Ǌɛ�ş�ɩğ)�Aȍ©�Ħċ�A,+_

�Z-1?&��ɾ?B rFA /8)0ʽ×Ǌɛ�ş/ʔƠ-ˎȅ/�Aŭɒ�Ħċ

�"� /": D˱TI*0ȉ,A¶˜�?ˆ¥ʩEʍ«�AŦɽ��A�TMS->A

MEP< CMCT0˱ˆ¥ʩEǿǽħȒ¶˜�?˛¬ɻȒ-ʍ«�A�*�íɛ,Ÿǡ

)�@ɠÞ�ŭɒ-;Ȁ?B(A[27]� 

� ɠÞ�ǵˬȎŭɒ-�(˱Ƿ-�ɖ)0Ūūƭ- MEP �ʉˇ�B"ŭɒ)0˱

ʉˇ�B,�%"ŭɒ*Ǘʯ�ʽ×Ǌɛ�ş�ɩğ)�A�*�đø�B(A

[28,32,33]��ɖ-�(; MEP/ƫǳ*ȳÓ<ˋȵʽ×)ʍ«�BAʽ×Ǌɛ-0

ˋʹ�ɾ?BA;//[34,35] M˱EP�ʉˇ�B,Ēò)�%(;ˋȵʽ×�ɩğ-

ƒā�Aŭɒ<ɦȮǎɳíɛ*,Aŭɒ�Ħċ�[35] M˱EP/ƫǳ*ʽ×Ǌɛ�ş-

0�ɖ5+/Ŗˋʹ0š?B(,�CMCT-&(Ūūƭ/ɠÞ�ǵˬȎŭɒ

Eķʝ- CMCT Ǎŉɏ*ʼœɏ-È˥�˱ /ş/ʽ×Ǌɛ*EǗʯǃʈ�"¼ɳ

Ȟȭ)0˱ʽ×Ǌɛ�ş-ɏˊ)ƫů,ŇEʑ:,đø[32,35];�A�ƚ˱ĄŢɩ

ğ,ŭɒÂ)ǃʈ�A*CMCT�Ǎŉ,ŭɒ�ƫů-Ě�%"*�Ađø[33];ɾ?

B(�@˱ɠÞ�ǵˬȎŭɒ-ķ�A CMCT /ɥŏȒ,ƫȀū0Ơ?�)0,�

�/ɽą*�(0˱¼ɳȞȭ/Ě��ɠÞ�Ūūƭ˯Ȑȍş 72 ƣˊ�Â˰-ɳDB

(�@˱ɠǨɡ,+/Ś˝->@1?&��ǿ�(Aíɛū�ɑ�?BA�7"˱

CMCT0ȳÓ<ˋȵʽ×)ʍ«�BAʽ×Ǌɛ)0,� �˱/ȉ,Aʽ×Ǌɛ*ˋʹ

�(Aíɛū�ɑ�?BA�Š%(˱TMS ->Aˆ¥ʩʍ«0 DTI ʅƷ*0ȉ,

AǷŤEƫ�A*ƈĵ�BA����,�?˱ʽ×Ǌɛ/ĘÚ�ě�ƣƭ)�AĄ

Ţƭ-˱rFA �óȩŒ)�Aȍ©-&( TMS ->A MEP < CMCT EȀ"ˆ¥

ʩʍ«*ʵˏƣ/ʽ×Ǌɛ*/ˋʹEǃʈ�"đø0ɾŗ"?�  ˱/ƫȀū-&

(/ǃʌ0˃ɽ)�A� 

 

3.2� ȖȒ  

� ÊȐȔʠ�ɠÞ�ǵˬȎŭɒEķʝ- Ą˱Ţƭxeix^�Tv}Ȍǂ¾ˏƣ/Â

Ùşɝ rFA �ȱ 1 Ȟȭ/L]`Kj²�ʲ/ 4 ȍ©-�(˱TMS ->A MEP <

CMCTEȀ"ˆ¥ʩʍ«*ʵˏƣ/ʽ×ǊɛEķŨ��  ˱/ƫȀū-&(ǃʈ
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�A�**�"� 

 

3.3� ƚǡ  

3.3.1� ȞȭßÓɒ  

� ɫĎȚȮÛȏěħ�ŀȌˏ/ĄŢƭxeix^�Tv}Ȍǂ3¾ˏ*,%"ÊȐ

ɠÞ�Ȕʠ�ƍ¸ŭɒ 4ô�ñȍ©/Ōˮ˱ūÌ˱ȋŭô˱ʵˏƣ/ʽ×Ǌɛ˱ȝ�

ɖɷÁ/ƫǳ,+/ʏȼ0ɵ 3-Ȣ�"�4ȍ©*;˃Œ/˪ǌɠǊɛ˔ı˱ʑȜȍ

0ʑ:�˱ȸȤȋŭ<Ȥȿȋŭ/ƜŜ;,�%"�,�˱�4(/ȍ©-ķ�(my

T}Mįʆ-Ï@Ȟȭ-ˋ�AʔƠEÜÈ-ɳ ǽ˱ʅ�š?B"�)ɦȂůŧ-Đ

'�ƘƧ->AóůEš"�ƱȞȭ0˱ɫĎȚȮÛȏěħ³ǽĢü�/Źʑ˯ŹʑȈ

ï˺641˰Eë�(ɳDB"� 

 

3.3.2� ʽ×Ǌɛ�şʍ«  

� ʵˏƣ/ BRS a˱ction research arm test˯ �� ARAT˰˱ ȝ�ɖɷÁ¨Ȁ/ƫǳEʽ×

Ǌɛ�ş/ʍ«Ɓǈ*�"�È˖ʽ×Ǌɛ/ʍ«0 BRS /ŸƁ˱�ɖ˱�ɖE B

!BȀ"[51]�7"˱È˖ʽ×>@ǊɛȒ,ʍ«Ɓǈ*�(�ɖ)0 ARAT[63]E

Ȁ"�ARAT0˱&�8˯6˞Ȗ˰˱ ƌ@˯4˞Ȗ˰˱ &78˯6˞Ȗ˰˱ ȷěʽ×˯3

˞Ȗ˰/ 4&/Sk^V`* /�£˞Ȗ>@ǆŴ�B˱ñ˞Ȗ0 4Ǔˑ˯0ǲ˺¿

�)�, 1˱ǲ˺˂ÈȒ-íɛ 2˱ǲ˺��$,�ʻɳíɛ 3˱ǲ˺ĩ¿-ʻɳí

ɛ˰)ʍ«�Bòʇ 57 ǲ*,A;/)�@˱�ɖǊɛʍ«ƚǡ*�(¯ˢū<Ġŗ

ū�ȟʑ�B(A[64,65]��ɖ-�(0ǎɳƣ/ȝ�ɖɷÁ¨Ȁ/ƫǳEƁǈ-

Ȁ"� 

 

3.3.3� DTIƏ»Ƶ�  

� Ȅ»êš-0 1.5T-MRIɷɍ˯TOSHIBAȣɹ˱EXCELART Vantage˱MRT-2003˰

EȀ"�DTI0˱single shot spin echo EPIT�P}V˯TR=10000ms˱TE=100ms˱

motion-probing gradient orientation=6˱b=1000˱field of view 260mm×260mm˱oNXy

SIW 1×1×1mm˱p`x]NV 128×128˱VwIVã 3mm˰-(Ə»�"� 

 

3.3.4� ROIʅƷ->Aˆ¥ʩʍ«  

� ROIʅƷ-0 O˱xford FMRIB Software Library˯ �� FSL, http://fsl.fmrib.ox.ac.uk/fsl˰

[52]EȀ"�ROI ʅƷ0ȱ 1 ȞȭóǇ/Ÿ˟)ɳ%"�Á¥Ȓ-0˱eddy-current 

correction-(Ȅ»/Ǐ8ɸǍ<ˡ˂/×�/ɸǍE�"ş˱brain extraction tool-(

b0Ȅ»EĐ-ɠĭʠȄ»/8EžÇ�pVNȄ»E§Ŵ�"�Ǐ8ɸǍEɳ%"_�

Z*pVNȄ»EȀ FMRIB’s diffusion toolbox-( FAȄ»E§Ŵ� ǈ˱Ǯ FAȄ»
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˯FMRIB58˰3*˛ɇŘĘƋ�"�ǈǮÚ�"ñȍ© FAȄ»-�(˱ƍ¸¶�>

2˛ƍ¸¶ÝǼ/ÂÙşɝ3ˋťˠď˯region of interest˻ ROI˰EʊĬ�"[37]�ÂÙ

şɝ/ ROI0 FSL-Ⱦ8ʱ7B(AG`wV˯ JHU ICBM-DTI-81 white-matter labels 

atlas˰>@Ȁ[56]˱ B!B/ ROI-��Aŋč FA²EȴÇ�"�FA²/±�Ň

Eż�A":˱FA Ǘ˯FA ratio˱�� rFA˰E rFA=ƍ¸¶ŋč FA ²/˛ƍ¸¶ŋč

FA²)Ǜ:ǈǮÚ�"� /": r˱FA� 1>@ĺ��,A5+ƍ¸¶ŋč FA²�

¤��(A�**,A� 

 

3.3.5� ſƕ^}Yy`wN`OwjH�->Aˆ¥ʩʍ«  

� ſƕ^}Yy`wN`OwjH�˯diffusion tensor tractography˱�� DTT˰*0˱

ſƕȉƚū/ŮđE;*-ɇɃʴʨ�A�*)ȤȿɇɃEƉÇ�AŸǡ)�A�̂ ¥

ʩ/ʢɳȿʩ�- ROIEʊĬ� R˱OIEʷʾ�AɇɃEƉÇ�A�*)ˆ¥ʩEʀʁ

Ȓ-ʍ«�A�*�íɛ)�A[19,20]� �)˱ROI ʅƷ->A rFA -Ô�( DTT

->Aˆ¥ʩʍ«Eɳ%"�̂ ¥ʩ/ DTT/ƉÇ-0jx�Yj`)�A DSI studio

˯http://dsi-studio.labsolver.org˰EȀ(ƍ¸¶˱˛ƍ¸¶/ˆ¥ʩEƉÇ�"�DTT

)0 multiple ROI approach[20]EȀ R˱OIEěɠɝ Â˱Ùşɝ �˱ťÐĄ-ʊĬ�"�

7"˱ɠƿ<�ɠ�ǉ�Ĝ˱�¶ĺɠɝ- region of avoidance˯ROA˰EʊĬ�ÝǼ

ˊE�æ�AɇɃ<ĺɠ3Žĸ�BAɇɃ0Ɖ�,>�ƁĬ�"�ěɠɝ˱ÂÙş

ɝ˱�ťÐĄ/ ROI 0 FSL -Ⱦ8ʱ7B(AG`wV˯JHU ICBM-DTI-81 

white-matter labels atlas H˱arvard-Oxford cortical structural atlases [˰56,66]Eȍ©/ FAȄ

»-ʶĘƋ�Ȁ"�ɠƿ˱�ɠ�ǉ˱�¶ĺɠɝ/ ROA 0pbuGy-(ƁĬ�

"� /�gws�Z0˱FA threshold > 0.2˱maximum angle = 50°*�"� 

 

3.3.6� TMS->A MEP�>2 CMCTEȀ"ˆ¥ʩʍ«  

� ñȍ©�(˱ăɖ B!B>@ʉˇ�"MEP˱MǢ˱FǢEȀ"�ȳ˘ĉ0˱

�ɖ0�¶/ȱ�ə¶˨ˊȳ>@˱�ɖ0�¶/Ǖʧęʬȳ>@ʉˇ�"�ķʝ/ȳ

�?Ʃ; MEP èŨ/š?BAñȳ/�ǌʽ×˄�/ˡ˂£ɍ-ȠǙÎǰQIyEɍ

�Îǰ�"�ŭɒ/ģØ0əɤ£Ĩ˚*�Ĩ˚ƣʽ×ˌ²/ȹ 150%)ȠǙÎǰEɳ

˱MEPE 5Ąʉˇ�˱MEP/ƫǳ*Ʃȝ/ǯƣEǛ:"�MǢ�>2 FǢ/ʇǬ

0 �˱ɖ0Ÿ˦˂)ļ˨ȤȿE �˱ɖ0Âƹʲ·)ɞ˨ȤȿEȿȔȒ-˘ǙÎǰ�"�

˘ǙÎǰŖŒ0˱Ʃě MǢ�š?BAŖŒ>@�-ʊĬ�"�MǢ�>2 FǢ0ñ

ɖ) 16 Ąʉˇ�˱Ʃȝ/ǯƣEǛ:"�CMCT 0˱MEP /ǯƣ�? M Ǣ�>2 F

Ǣ>@ȴÇ�BAưǁȤȿ/ʽ× ĹƣˊEŇ�Ŕ��*˱&7@˱CMCT=MEP ǯ

ƣ-(FǢǯƣ+MǢǯƣ-1)/2)ȴÇ�A�*�íɛ)�A[27]�CMCT/±�ŇEż�

A":-˱Ņî�ɖ˱Ņî�ɖ B!B/ CMCTǗ˯CMCT ratio˱�� rCMCT˰E
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rCMCT=ƍ¸¶ CMCT/˛ƍ¸¶ CMCT-(Ǜ:ǈǮÚ�"� /":˱rCMCT� 1

>@ě�Ēò0 C˱MCT-ʼœ�@*,A�7" M˱EP/ƫǳ0MEP+7"0MEP-

*�˱rCMCT0MEP�ʉˇ)�,Ēò0ȴÇ�í/": rCMCT-*�"� 

 

3.4� ȍ©ƊȢ  

� ñȍ©/Ōˮ˱ūÌ˱ɠÞ�/Ȫ˥*˂£˱ĄŢƭxeix^�Tv}Ȍǂʵˏƣ

/ʽ×Ǌɛ˯BRS˱ARAT˱ȝ�ɖɷÁ¨Ȁ/ƫǳ˰˱ MEP /ƫǳ˱rCMCT˱DTT˱

ȐȍƝ�?/ƝƖEɵ 3-Ȣ�"� 

 

 

ɵ 3˲ŭɒ_�Z 

 
BRS˻Brunnstrom recovery stage˱ARAT˻action arm research test˱rFA˻fractional 

anisotoropy ratio˱DTT˻diffusion tensor tractography˱MEP˻motor evoked potential˱

rCMCT˻central motor conduction time ratio˱DTI˻diffusion tensor imagein˱TMS˻

transcranial magnetic stimulation 

 

 

ȍ© A 

� 30� ȃ˱ū�ŅɶǔÇɲ->AîǵˬȎE÷�®ĦȒ-Ôȏ�ĄŢƭxeix^�

Tv}Ȍǂ¾ˏƣ/ ROIʅƷ->A rFA0 0.93)�@˱ˆ¥ʩ DTT0ƍ¸¶˱˛ƍ

¸¶À-ɩğ-ƉÇíɛ)�%"˯ĉ 4A �˰MEP 0�ɖ˱�ɖ*;-ʉˇíɛ)�

@˱rCMCT0˱�ɖ˳.00˱�ɖ 0.88)Ơ?�,ʼœEʑ:,�%"�ĄŢƭxei

x^�Tv}Ȍǂʵˏƣ/ʽ×Ǌɛ0 BRS -(ŸƁ �˱�ɖ �˱�ɖ � *È˖ʽ

×ɩğ)�%"�7"˱ARAT0 57ǲ/57ǲ˱ǎɳ0ɷÁ�ɽ)�@jx�e}a-

(ɦȮ�("� 

�  

ȍ© B 

� 50� ȃ˱ū�ŅƓɇÄ/ɠǀĔ->AîǵˬȎE÷�®ĦȒ-Ôȏ�ɻ ˏƣ/ĄŢ

ƭxeix^�Tv}Ȍǂ¾ˏƣ/ ROIʅƷ->A rFA0 0.90˱ˆ¥ʩ DTT0ƍ¸

¶˱̨ ƍ¸¶À-ɩğ-ƉÇíɛ)�%"˯ ĉ 4B �˰MEP0�ɖ)0ʉˇíɛ)�%

";//˱�ɖ)0ʉˇ�)�,�%"�rCMCT0˱�ɖ 1.32*ʮŒʼœEʑ:˱

ENO KHM VFKFP &%�Y[Z��

%�LU9 �5 �� +��Z'4\2�] �� �) �) DNDP .� VID �) �) �) �) GPJ�� FKFP" ���13

D @< � +�,\�/�] @ @ @ ?A 8 :9CB 7 7 ;9:: :9CB ?@ >< ;?;

E ?C $ +!�\�	�*] ? ? @ >; 8 :9C@ 7 7 <9:> ;9:= =@ >B ;A?

F @> $ +!�\��(
] @ @ ? ?A 7 :9C= 7 8 ;9<? 8 >; =A ??

G @@ $ +!�\��(
] < < < : 7 :9B= 8 8 8 8 =< =C ;CA

KRQT @<9B >;9= >;9? ;>>9?

OG =9: ;:9? >9B @<9@

FXW6USS�0Z%�

ENO KHM VFKFP &%�Y[Z��

%�LU9 �5 �� +��Z'4\2�] �� �) �) DNDP .� VID GPP �) �) �) �) GPJ�� PKO" ���13

D =< $ +�,\�-#] @ @ @ ?A 8 :9C= 7 7 7 ;9:: :9BB ?> ?< ;@B

E ?B $ +!�\��(
] ? ? > ?> 7 :9C: 7 7 8 ;9=< 8 =A AA ;?=

F A? $ +!�\��(
] = = = = 7 :9BC 7 8 7 8 ;9=? => ?= ;@=

G ?C $ +!�\��(
] = > > ;: 7 :9BB 7 8 8 8 8 => =< ;?>

KRQT ?@9: =C9B ?=9? ;?C9?

OG ;A9B C9@ ;B9> A9<
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�ɖ0ȴÇ�í)�%"�ĄŢƭxeix^�Tv}Ȍǂʵˏƣ/ʽ×Ǌɛ0 BRS

-(ŸƁ �˱�ɖ �˱�ɖ�*�ɖ>@�ɖ)È˖ʽ×0ɩğ)�@˱ARAT 0�

˂��$,�->@Ǫǲ��%";// 54ǲ/57ǲ#%"�ǎɳ0jx�e}a-(

ɦȮ�(";//ȝ�ɖɷÁE¨Ȁ�("� 

 

ȍ© C 

� 70� ȃ˱ū�ŅƓɇÄ/ɠǀĔ->AîǵˬȎE÷�®ĦȒ-Ôȏ�ĄŢƭxei

x^�Tv}Ȍǂ¾ˏƣ/ ROIʅƷ->A rFA0 0.89˱ˆ¥ʩ DTT0ƍ¸¶˱˛ƍ

¸¶À-ƉÇíɛ)�%"˯ ĉ 4C �˰MEP0�ɖ)0ʉˇ�B� �˱ɖ)ʉˇíɛ#

%"�rCMCT0˱�ɖ)0ȴÇ�í)�@˱�ɖ0 1.35*ʮŒ/ʼœEʑ:"�Ą

Ţƭxeix^�Tv}Ȍǂʵˏƣ/ʽ×Ǌɛ0 BRS-(ŸƁ	 �˱ɖ	 �˱ɖ	

*È˖ʽ×0ć˗)�@ A˱RAT0 3ǲ/57ǲ#%"�7" ɦ˱Ȯǎɳ0ć˗)�@˱

ʣȮ�Ȯ£ƣ-0ȝ�ɖɷÁEɽ�"� 

 

ȍ© D 

� 50� ȃ˱ū�ŅƓɇÄ/ɠǀĔ->AîǵˬȎE÷�®ĦȒ-Ôȏ�ĄŢƭxei

x^�Tv}Ȍǂ¾ˏƣ/ ROIʅƷ->A rFA0 0.88˱ˆ¥ʩ DTT0ƍ¸¶�>2

˛ƍ¸¶*;-ƉÇíɛ)�%"˯ĉ 4D �˰MEP 0�ɖ˱�ɖ*;-ʉˇ)�,�

%"":˱rCMCT 0�ɖ˱�ɖ*;-ȴÇ�í)�%"�ĄŢƭxeix^�Tv

}Ȍǂʵˏƣ/ʽ×Ǌɛ0 BRS -(ŸƁ 	˱�ɖ �˱�ɖ � *Ƿ-ŸƁ/È˖ʽ

×-˗��@˱ARAT0 10ǲ/57ǲ)�%"�ǎɳ0ľÂɦȮ�("�˱TĥƳ*

ȝ�ɖɷÁE¨Ȁ�("� 
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ĉ 4˲ñȍ©/Ȍń˂£* DTT 

ñȍ©/Ȍń˂£0 b0Ȅ»Â)0ȑțâ)Ȣ�"�DTT)0˱Ȍń˂£Eʡɪ)Ȣ

�"��B/ȍ©-�(;ƍ¸ÝǼ�>2˛ƍ¸ÝǼ/ˆ¥ʩ0ƉÇíɛ)�%

"�DTT˻diffusion tensor tractography 

 

 

3.5� ɑĵ  

� ƊȢ�" 4ȍ©0 R˱OIʅƷ-��A rFA�ȱ 1Ȟȭ)Ǜ:"L]`Kj²)�A

0.9 Ðş/ȍ©)�%"�rFA -ě�,ʿ0,;//˱ĄŢƭxeix^�Tv

}Ȍǂʵˏƣ/ʽ×Ǌɛ0ě��ȉ,%("�ˆ¥ʩEʀʁȒ-ʍ«íɛ, DTT

ʅƷɀƹ-�(;˱4ȍ©)ˤɬ,ʿ0ɾ?B�ʽ×Ǌɛ�ş/ʿEʔƠ�A

�*0ć˗)�%"��ƚ �˱ɖ-�(MEP�ʉˇ)�"ȍ© A�>2ȍ© B0˱

MEP�ʉˇ�B,�%"ȍ© C�>2ȍ© D>@ʽ×Ǌɛ�ş�ɩğ)�%"�ȍ

© A*Ǘʯ�˱ʽ×Ǌɛ�ş�<<¤��("ȍ© B)0 CMCT-ʼœ�ɾ?B

"��ɖ-�(0˱MEP �ʉˇ)�"ȍ© A 0˱ɦȮǎɳíɛ)�@ɷÁ��ɽ

)�%"����˱ȍ© C0MEP�ʉˇ�B";//ɦȮǎɳć˗)˱ȝ�ɖɷÁ

�Ŧɽ)�%"�ȍ© A*ȍ© C0MEP�ʉˇ�B"� C˱MCT0ȍ© C)ʼœ�

("�MEP�ʉˇ�B,�%"ȍ© B�>2ȍ© C0˱ɦȮǎɳíɛ)�%"�

ȝ�ɖɷÁ�Ŧɽ)�%"�ROI ʅƷ< DTT ʅƷ)0ˤɬ,ʿ�ɾ?B,;/

/ʽ×Ǌɛ�ş/ȉ,A 4ȍ©-�( M˱EP/ƫǳ�>2 rCMCT0Ƿ-�ɖ/ʽ

×Ǌɛ�ş*>��ɧ�(�@ƫȀ,Ůđ)�A*ɑ�?B"��ƚ˱MEP /ƫǳ

< rCMCT0�ɖ/È˖ʽ×-ķ�(0ʔƠć˗,ǲ��A;//˱ȝ�ɖɷÁ¨Ȁ

b0	��

DTT�

A� B� C� D�
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/ƫǳ-ˋ�(0ƫȀ�;�B,� 

 

3.5.1� �ɖʽ×Ǌɛ�ş* MEP�>2 CMCT/ˋ  

� 4 ȍ©-�(˱ȱ�ə¶˨ˊȳ>@ MEP �ʉˇ�B"ȍ©)0ʽ×Ǌɛ�ş�

ɩğ)�@ M˱EP�ʉˇ�B,ȍ©0ʽ×Ǌɛ�ş��ɩ)�%"��/ɀƹ0˱

Ūūƭ<�Ūūƭ)/ MEP/ƫǳ->A /ş/ʽ×Ǌɛ˯6-12�ƪş˰/ǗʯE

ɳ%"¼ɳȞȭɀƹ*;�ɧ�A[30–33]��B?/Ȟȭ)0 Ǖ˱ƁǼȳ<ȱ�ə¶˨

ˊȳ˱ĺƁęʬȳ,+/MEPEȀ(�@˱ʽ×Ǌɛʍ«;MRC scale< Nine-hole 

peg test F˱renchay arm test,+Ǉ�,ƚǡ�Ȁ?B(A;//˱�B;MEP/

ƫǳ->@ƫů,ŇEʑ:(A��Ą˱�ɖ)0ȱ�ə¶˨ˊȳEȀ"�¼ɳȞ

ȭ*óǇ/ɀƹ�š?B(�@ŸƁȳ-( MEP Eʍ«�A�*�˃ɽ)�A*ɑ�

?B"��ƚ C˱MCT/ʼœ�ʽ×Ǌɛ�ş*ˋʹ�(A�-&(0�Ĭ/ɾʅ

Eš(,[31–33]� /ǽȂ*�( �˱B?/¼ɳȞȭ)0ʽ×Ǌɛʍ«*�(ȳ

Óʍ«˯Motricity index<MRC scale˰EȀ(A�*�ɑ�?BA�ĭ˓˱ȳÓʍ

«)0,�ˋȵ/È˖ʽ×Eʍ«�A BRS <˱ǶûƐ§Eö9>@ǊɛȒ,×�E

Ǜ:?BAARAT EȀ"*�C CMCT�ʼœ�("ȍ© B)0ʮŒ)0�A�

�B/ʽ×Ǌɛʍ«-�(;ȍ© A >@¤ɀƹ*,%"�Heald ?[32]/Ȟȭ

)0 ƫ˱ů,ɀƹ0š?B(,;// Nine-hole peg test/ŴɌ0 CMCTʼœɏ)

Ǎŉɏ*Ǘʯ�VQG�¤�,A¹õ0ɾ?B(�@ C˱MCT0ȳÇÓ>@09�C

ǶûƐ§Eö9>@ǊɛȒ,×§-ˋ��(A*ɑ�?BA�ǶûƐ§ɛÓ0Ɲŉ

ǿǥ�˃ɽ)�@ CMCT0ƫȀ,Ɓǈ-,Aíɛū��A� 

 

3.5.2� ȝ�ɖɷÁ¨Ȁ/ƫǳ* MEP�>2 CMCT 

� �ɖ-ˋ�(0 MEP �ʉˇ�B,ȍ©)�%(;ǗʯȒÈ˖ʽ×�íɛ,ȍ©

�Ħċ�"��ɖ)0˱Ðɞ˨ȳ-��A MEP /ƫǳ< CMCT ʼœ/ƫǳ*ȳÓ˱

ˋȵʽ×˱ǎɳ*/ˋʹ�ʖ4?B(A;//˱�Ĭ/ɾʅ0š?B(,

[34,35]�ƱȞȭ)0Ǖʧęʬȳ-��A MEP -&(ǃʈ�"�˱BRS <ǎɳɦȮ

Œ-&(0¼ɳȞȭóǇ-�Ĭ/¹õ0ɾ?B,�%"�Š%(˱Ðɞ˨ȳ*Ǖʧ

ęʬȳ)/ MEP /ƫǳ-0˱ȳÓ<ǎɳ/ʽ×Ǌɛ�ş3/ƫȀū-ě�,ʿ0

,��ɑ�?BA��Ą˱ǎɳƣ/ȝ�ɖɷÁ¨Ȁ/ƫǳEƁǈ*�(Ȁ"�

MEP�ʉˇ�B,ȍ©< CMCT-ʼœ/�Aȍ©)0ǎɳƣ-ȝ�ɖɷÁ�Ŧɽ

)�%"�0ǣȖ�4�)�A��,D$˱Ǖʧęʬȳ/MEP�>2 CMCT0>@

ʦ˂/ǊɛȒ,˜*ˋʹ�(Aíɛū�ɑ�?BA� 

 



 28 

3.5.3� ʽ×Ǌɛ�ş�Ǭ3/ŨȀíɛū  

� ɠÞ�ŭɒ/ʽ×ˬȎ0˱Ȑȍ�? 3 �ƪ�Â�Ʃ;ĘÚ�A*đø�B(A

[67–69]����˱�-0>@ˈƭȒ-ĄŢEȢ�ŭɒ;Ħċ�A[33]�Š%(˱ĄŢ

ƭxeix^�Tv}Ȍˏ¾ˏƣǲ0ʽ×Ǌɛ/Ę×�ě�ƣƭ)�A�¾ˏƟƭ

-ʵˏƣ/ʽ×ǊɛE�Ǭ�A�*0˱ˁ É,xeix^�Tv}l{Owr/Ȯƾ

<¾ˏƭˊ/ʊĬ ù˱Ĉ/ǾĕʖƗ,+-ĳ��A":˃ɽ)�A�DTI�>2 TMS

0 B!Bà¥)Ȁ"Ēò);ƫȀū�đø�B(A� �˱B?EȾ8òD�"

ˆ¥ʩʍ«0>@Ǎȟ,ʵˏƣ/ʽ×Ǌɛ�ş/�ǬƁǈ*,A��ƭŝÇƶA�Ʊ

đø)0 4ȍ©*Ļ,��ɨÚ0ć˗)�A� �˱şȍ©ƖE˃.ǃʈEɂ�(�

"� 
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ȱ˶ȯ  
ȱ˵Ȟȭ� 	ɠÞ�ǵˬȎŭɒ/ʽ×Ǌɛ�ş-ķ�Aˆ¥ʩʍ«

/ƫȀū-ˋ�AȞȭ
  
 

4.1� 0�:-  

� ȱ 1Ȟȭ˱ȱ 2Ȟȭ�? DTIʅƷ->AÂÙşɝ rFA˱TMS->AMEP/ƫǳ�

>2 rCMCTEȀ"ˆ¥ʩʍ«0˱�ɒEȾ8òD�A�*)>@Ǎȟ,ʽ×Ǌɛ

�ş/ƈĬ�íɛ-,A*ɑ�?BA����,�?˱TMS->AMEP/ƫǳ�>

2 rCMCTEȀ"ˆ¥ʩʍ«/ƫȀū-ˋ�(0�?-ȍ©ƖEĖ<�"ǃʌ�Ŧ

ɽ)�A� 

 

4.2� ȖȒ  

� ƱȞȭ)0 ɠ˱Þ�ǵˬȎŭɒEķʝ-ĄŢƭxeix^�Tv}Ȍǂ¾ˏƣ-�

�A DTIʅƷ->AÂÙşɝ rFA ˱TMS->AMEP/ƫǳ˱rCMCTEˆ¥ʩʍ«

/Ɓǈ*�ʵˏƣ/ʽ×Ǌɛ�ş*ķŨ�� �˱B?/ƫȀūEǃʈ�A�*EȖȒ

*�"� 

 

4.3� ƚǡ  

4.3.1� ȞȭßÓɒ  

� 2015Ō 1ƪ�? 2016Ō 12ƪ/ƭˊ-ɫĎȚȮÛȏěħ�ŀȌˏ/ĄŢƭxeix

^�Tv}Ȍǂ3¾ˏ�"ɠÞ�ǵˬȎŭɒEķʝ*�"�ê@ʱ8ĐǮ0˱ÊȐɠ

Þ�˯ɠǀĔ7"0ɠÇɲ˰�&Ȕʠ�/Ȍń)�A�*˱ɠÞ�Ȑȍƣ-ǵˬȎE

÷�("�* ®˱ĦȒ-Ôȏ�BĄŢƭxeix^�Tv}¾ˏƣ- DTIEö9ˡ

˂ MRI ǃƻ�>2ȿˡɮȠǙÎǰ->AǿǽǊɛǃƻEë�(A�**�"�ː

ęĐǮ0˱ɠÞ�/ƜŜEƫ�Aɒ˱Ȕʠ-Ȍń�çF)Aɒ˱ŸɴEë�"ɒ˱

˃Œ/ůʙ˔ı˱˪ǌɠǊɛ˔ı˱ʑȜȍ��Aɒ<˱ȸȤȋŭ<Ȥȿȋŭ/ƜŜ/

�Aɒ*�"��B?/ĐǮ-òɧ�˱ƱȞȭ-óů/š?B" 18 ô˯ŋčŌˮ

57.9±10.3ǐ˱ȃū 12ô/Ğū 5ô˰EȞȭßÓɒ*�"�ñŭɒ/Ōˮ˱ūÌ˱ɠÞ

�/Ȫ˥*˂£˱ȐȍƝ�?/ŋčƝƖ˯DTIƏ» T˱MSǃƻ˱ĄŢƭxeix^�

Tv}Ȍǂʵˏ˰-&(ɵ 4-Ȣ�"�,�˱�4(/ȍ©-ķ�(Ȟȭ/ʥƞE

ÜÈ-ʔƠ�˱ǽʅ�š?B"�)ɦȂůŧ-Đ'�ƘƧ->AóůEš"�ƱȞȭ

0˱ɫĎȚȮÛȏěħ³ǽĢü�/Źʑ˯ŹʑȈï˺641˰Eë�(ɳDB"� 
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ɵ 4˲ŭɒĐƱŮđ 

 

DTI˻diffusion tensor imaging˱TMS˻transcranial magnetic stimulation 

 

 

4.3.2� ʽ×Ǌɛ�şʍ«  

� ĄŢƭxeix^�Tv}Ȍǂʵˏƣ/˱Fugl-Meyer assessment˯�� FMA˰/�

ɖ�>2�ɖʽ×VQG˱ARAT˱ȝ�ɖɷÁ/Ŧɽū/ƫǳEʽ×Ǌɛ�ş/ʍ«

Ɓǈ*�"�FMA0ɠÞ�ŭɒ-ķ�Aʍ«ƚǡ*�(¯ˢū˱Ġŗū*;-ÜÈ

ǃʈ�B(�@[62,70,71]˱ˋȵ/È˖Ȓ,ʽ×Ǌɛ/ʍ«*�(ʽ×VQG˯�ɖ˱

�ɖ˰EȀ"��ɖʽ×VQG0˱ɗˋȵ˱ɔˋȵ˱Ÿˋȵ˱ŸƁ/ˋȵʽ×/ʍ

«�>2èĸ�ßʖʽ×˯˭Ɓʎ˧˰/ʍ«�?ǆŴ�B˱èĸ0 2Ǔˑ˯0˺ǳ�˱

2˺ƫ@˰˱  /�/˞Ȗ0 3Ǔˑ˯0˺�ɛ˱1˺˂ÈȒ-íɛ˱2˺¿í×ď-ǫ%

(íɛ˰)ʍ«�B¿ 33˞Ȗ˱òʇ 66ǲ*,A��ɖʽ×VQG0˱ɕˋȵ˱ɢˋ

ȵ˱ʦˋȵ/ˋȵʽ×/ʍ«�>2èĸ�ßʖū˯ʫɢʎ˧˰/ʍ«�?ǆŴ�B˱

�ɖóǇ-èĸ0 2Ǔˑ˯0˺ǳ� 2˱˺ƫ@˰˱  /�/˞Ȗ0 3Ǔˑ˯0˺�ɛ 1˱˺

˂ÈȒ-íɛ 2˱˺ ¿í×ď-ǫ%(íɛ )˰ʍ«�B¿ 17˞Ȗ ò˱ʇ 34ǲ*,A�

7"˱È˖ʽ×>@ǊɛȒ,ʍ«Ɓǈ*�(�ɖ)0 ARAT[63]EȀ"��ɖ-�

�AǊɛʍ«-0ǎɳƣ/ȝ�ɖɷÁ¨Ȁ/ƫǳEƁǈ-Ȁ"� 

 

4.3.3� DTIƏ»Ƶ�  

� Ȅ»êš-0 1.5T-MRIɷɍ˯TOSHIBAȣɹ˱EXCELART Vantage˱MRT-2003˰

EȀ"�DTI0˱single shot spin echo EPIT�P}V˯TR=10000ms˱TE=100ms˱

motion-probing gradient orientation=6˱b=1000˱field of view 260mm×260mm˱oNXy

SIW 1×1×1mm˱p`x]NV 128×128˱VwIVã 3mm˰-(Ə»�"� 
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4.3.4� ROIʅƷ->Aˆ¥ʩʍ«  

� ROIʅƷ-0 O˱xford FMRIB Software Library˯ �� FSL, http://fsl.fmrib.ox.ac.uk/fsl˰

[52]EȀ"�ROI ʅƷ0ȱ 1 ȞȭóǇ/Ÿ˟)ɳ%"�Á¥Ȓ-0˱eddy-current 

correction-(Ȅ»/Ǐ8ɸǍ<ˡ˂/×�/ɸǍE�"ş˱brain extraction tool-(

b0Ȅ»EĐ-ɠĭʠȄ»/8EžÇ�pVNȄ»E§Ŵ�"�Ǐ8ɸǍEɳ%"_�

Z*pVNȄ»EȀ FMRIB’s diffusion toolbox-( FAȄ»E§Ŵ� ǈ˱Ǯ FAȄ»

˯FMRIB58˰3*˛ɇŘĘƋ�"�ǈǮÚ�"ñŭɒ/ FAȄ»-�(˱ƍ¸¶�

>2˛ƍ¸¶ÝǼ/ÂÙşɝ3ˋťˠď˯region of interest˻ ROI˰EʊĬ�"[37]�Â

Ùşɝ/ ROI 0 FSL -Ⱦ8ʱ7B(AG`wV˯JHU ICBM-DTI-81 white-matter 

labels atlas˰>@Ȁ[56]˱ B!B/ ROI-��Aŋč FA²EȴÇ�"�FA²/

±�ŇEż�A": F˱AǗ˯FA ratio˱�� rFA˰E rFA=ƍ¸¶ŋč FA²/˛ƍ¸¶

ŋč FA²)Ǜ:ǈǮÚ�"� /": r˱FA� 1>@ĺ��,A5+ƍ¸¶ŋč FA

²�¤��(A�**,A� 

 

4.3.5� MEP�>2 CMCT->Aˆ¥ʩʍ«  

� ȱ 2ȞȭóǇ- ñ˱ŭɒ�(ăɖ B!B>@ʉˇ�"MEP M˱Ǣ F˱ǢEȀ

"�ȳ˘ĉ0˱�ɖ0�¶/ȱ�ə¶˨ˊȳ>@˱�ɖ0�¶/Ǖʧęʬȳ>@ʉˇ

�"�ŭɒ/ģØ0əɤ£Ĩ˚*�˱ķʝ/ȳ�?Ʃ;ě�,MEP�š?BAñȳ

/�ǌʽ×˄�/ˡ˂£ɍ-ȠǙÎǰQIyEɍ�Ĩ˚ƣʽ×ˌ²/ȹ 150%)ȠǙ

ÎǰEɳ%"�ăɖ B!B�?MEPE 5Ąʉˇ�˱MEP/ƫǳ*Ʃȝ/ǯƣEǛ

:"�MǢ�>2 FǢ/ʇǬ0˱�ɖ0Ÿ˦˂)ļ˨ȤȿE˱�ɖ0Âƹʲ·)ɞ˨

ȤȿEȿȔȒ-˘ǙÎǰ�"�˘ǙÎǰŖŒ0˱ƩěMǢ�š?BAŖŒ>@�-

ʊĬ�"�MǢ�>2 FǢ0ñɖ) B!B 16Ąʉˇ� Ʃ˱ȝ/ǯƣEǛ:"�CMCT

0˱MǢ�>2 FǢ>@ȴÇ�BAưǁȤȿ/ʽ× ĹƣˊEMEP/ǯƣ�?Ň�

Ŕ��* &˱7@ C˱MCT=MEPǯƣ-(FǢǯƣ+MǢǯƣ-1)/2)ȴÇ�A�*�íɛ

)�A[27]�CMCT/±�ŇEż�A":-˱Ņî�ɖ˱Ņî�ɖ B!B/ CMCT

Ǘ˯CMCT ratio˱�� rCMCT˰E rCMCT=ƍ¸¶ CMCT/˛ƍ¸¶ CMCT-(Ǜ:ǈ

ǮÚ�"�Š%( rCMCT� 1>@ě�Ēò0˱ƍ¸ÝǼ/ CMCT-ʼœ��A*

��*-,A��ƚ˱MEP�ʉˇ)�,Ēò0 rCMCT0ȴÇ�ɛ*,A� 

 

4.3.6� ɁʇħȒʅƷ  

� FMA�ɖʽ×VQG A˱RAT F˱MA�ɖʽ×VQG B!B-�(ÂÙşɝ rFA

*/ȘˋÈƷ-0 Spearman/˟£ȘˋƖEȀ"�óǇ- F˱MA�ɖʽ×VQG˱

ARAT˱FMA �ɖʽ×VQG B!B-�( rCMCT */ȘˋÈƷ- Spearman /

˟£ȘˋƖEȀ"�MEP/ƫǳ-&(˱�@ɏ*,�ɏ-È˥�˱FMA�ɖ
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ʽ×VQG˱ARAT˱FMA �ɖʽ×VQG-&( B!B Wilcoxon Ȱï��˟£

úǃĬEɳ%"�7"˱MEP /ƫǳ*ȝ�ɖɷÁ¨Ȁ/ƫǳ*/ˋʹ-&(0j

H]Tt�/ǍȟȟǺǃĬEȀ"�ȝ�ɖɷÁ/¨Ȁ/ƫǳ-ˋ�˱�@ɏ*,�

ɏ-È˥�˱rFA˱rCMCT/Ň-&( B!BķŨ/, tǃĬEɳ%"�Ɂʇʅ

ƷYj`0 R3.2.3˯https://www.R-project.org/˰EȀ˱ƫůǚǮ0 0.05Ưǭ*�"� 

�  

4.4� ɀƹ  

4.4.1� ŭɒ_�Z  

� ñŭɒ/¾ˏƣ/ ROIʅƷ->AÂÙşɝ rFA˱¾ˏƣ/MEP/ƫǳ˱¾ˏƣ/

rCMCT˱ʵˏƣ/ FMA�ɖ��ɖʽ×VQG˱ʵˏƣ/ ARAT˱ʵˏƣ/ȝ�ɖɷ

Á¨Ȁ/ƫǳ-&(ɵ 5-Ȣ�"�˳ô/ŭɒ˯ŭɒ No.5˰-�( ARAT�ǋ

ƍ�("":˱��/ ARATEö9ʅƷ0 1ôEː" 16ô)ĭƛ�"� 

 

 

ɵ 5˲ŭɒ_�Z˯n=17˰ 

 

rFA˻fractional anisotropy ratio˱MEP˻motor evoked potential˱rCMCT˻central motor 

conduction time ratio˱FMA˻Fugle-Meyer assessment˱ARAT˻action research arm test 
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4.4.2� ROIʅƷ->AÂÙşɝ rFA*ʽ×Ǌɛ�ş*/ˋʹ  

� ÂÙşɝ rFA*/ȘˋÈƷ/ɀƹ˱FMA�ɖʽ×VQG˯r=0.77˱p<0.01˰�>2

ARAT˯r=0.72˱p<0.01˰*ƫů,Ǎ/ȘˋEʑ:"��ƚ˱rFA* FMA�ɖʽ×V

QG˯r=0.46˱p=0.06˰*/ˊ-ƫů,Șˋˋ0ʑ:,�%"˯ĉ 5 �˰ĉ 5>@˱

rFA� 0.85��/ȍ©)0 FMA�ɖ��ɖʽ×VQG˱ARAT�¤ɀƹ#%"�

ȝ�ɖɷÁ¨Ȁ/ƫǳ->%(È˥�" ɷ˱Á�@ɏ*,�ɏ-�(0 rFA-0ƫ

ů,ŇEʑ:,�%"˯p=0.29 �˰ 

 

 

 
ĉ 5˲ʽ×Ǌɛ�ş*ÂÙşɝ rFA*/Șˋˋ 

ʵˏƣ/˯a˰FMA�ɖʽ×VQG˯n=17˰˱˯b˰ARAT˯n=16˰˱˯c˰FMA�ɖʽ×

VQG˯n=17˰*ÂÙşɝ rFA*/ȘˋˋE B!BȢ�"�FMA�ɖʽ×VQ

G* ARAT/�ƚ-�(ÂÙşɝ rFA*/ˊ-ƫů,ȘˋˋEʑ:";//˱

FMA�ɖʽ×VQG*ÂÙşɝ rFA*/ˊ-0ɁʇħȒ-ƫů,Șˋˋ0,�%

"���� r˱FA� 0.85��-¤��(Aŭɒ)0ʽ×Ǌɛ�ş�¤ɀƹ)�%

"�rFA˻fractional anisotropy ratio˱FMA˻Fugle-Meyer assessment 
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4.4.3� MEP/ƫǳ*ʽ×Ǌɛ�ş*/ˋʹ  

� MEP/ƫǳ->%(È˥�"MEP�@ɏ*MEP,�ɏ-�(˱FMA�ɖʽ×

VQG˯ p<0.01 �˰>2 ARAT˯ p<0.01 �˰MEP,�ɏ)ƫů-¤��("˯ ĉ 6 �˰

�ƚ˱FMA�ɖʽ×VQG-ɏˊ)ƫůŇ0ʑ:,�%"˯p=0.43 �˰7"˱MEP/

ƫǳ*ȝ�ɖɷÁ¨Ȁ/ƫǳ*-0ƫů,ˋʹ08?B,�%"˯p=0.34 �˰ 

 

 

 
ĉ 6˲MEP/ƫǳ->Aʽ×Ǌɛ�ş/ʿ 

MEP/ƫǳ->@ɏÈ��ʽ×Ǌɛ�şEǗʯ�"�˯ ˼˰FMA�ɖʽ×VQG

˯n=17˰˱˯b˰ARAT˯n=16˰-�(0MEP,�ɏ˯n=6˰�MEP�@ɏ˯n=11˰

*Ǘʯ�ƫů-ʽ×Ǌɛ�ş�¤��("��ƚ˱˯b F˰MA�ɖʽ×VQG˯ n=17˰

-�(0MEP,�ɏ˯n=5˰*MEP�@ɏ˯n=12˰-ƫůŇ08?B,�%"� 
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4.4.4� rCMCT*ʽ×Ǌɛ�ş*/ˋʹ  

� rCMCT* ARAT*/ˊ-0ƫů,ʞ/Șˋˋ˯r=-0.87˱p<0.01˰Eʑ:"��

ƚ˱rCMCT * FMA�ɖʽ×VQG˯r=-0.57˱p=0.07˰�>2 FMA�ɖʽ×VQG

˯r=-0.54˱p=0.07˰*/ˊ-0ƫů,ȘˋˋEʑ:,�%"˯ĉ 7 �˰ȍ©Ɩ�Ļ,

�˱�ɖ)0 rCMCT� 1.5��/ȍ©) FMA�ɖʽ×VQG A˱RAT*;¤�,

A¹õ�8?B"�ȝ�ɖɷÁ¨Ȁ/ƫǳ->%(È˥�"ɷÁ�@ɏ*ɷÁ,�ɏ

*/Ǘʯ-�( rCMCT-ƫů,Ň0ʑ:,�%"˯ p=0.05 ;˰// r˱CMCT� 1.3

��/ȍ©)0ȝ�ɖɷÁ�Ŧɽ)�%"� 

 

 

 
ĉ 7˲rCMCT*ʽ×Ǌɛ�ş*/ˋʹ 

rCMCT*˯a˰FMA�ɖʽ×VQG˯n=11˰˱˯b˰ARAT˯n=10˰˱˯c˰FMA�ɖʽ

×VQG˯n=12˰*/ȘˋˋEȢ�"�ARAT-�(/8 rCMCT*ƫů,ʞ/

ȘˋEʑ:"� 

 

 

4.5� ɑĵ  

� � ƱȞȭ0 Ą˱Ţƭxeix^�Tv}Ȍǂ-¾ˏ�"ÊȐɠÞ�ǵˬȎŭɒEķ

ʝ-ˆ¥ʩE˛¬ɻȒ-ʍ«íɛ,Ÿǡ)�A DTI�>2 TMS/ñƁǈEȀ(ʵ

ˏƣ/ʽ×Ǌɛ*ķŨ��"�ROI ʅƷ->AÂÙşɝ rFA 0˱FMA �ɖʽ×VQ

G�>2 ARAT*ƫů,Ǎ/ȘˋEʑ:"�FMA�ɖʽ×VQG* rFA-0ƫů,

ȘˋˋEʑ:,�%";// r˱FA� 0.85��/ȍ©)0�ɖ �˱ɖÀ-ʽ×Ǌɛ

�ş�¤��("�TMS ->A MEP /ƫǳ)È˥�"ɏˊǗʯ)0˱FMA �ɖ

ʽ×VQG�>2 ARAT*;MEP,�ɏ�ƫů-¤ɀƹ)�%"��ƚ F˱MA�

ɖʽ×VQG-�(0ɏˊ-ƫůŇEʑ:� ȝ˱�ɖɷÁ/ƫǳ*/ˋʹ;8?B

,�%"�rCMCT*ñʽ×Ǌɛ�ş˯FMA�ɖʽ×VQG˱FMA�ɖʽ×VQG˱
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ARAT˰*/ȘˋÈƷ)0˱ARAT-�(/8ƫů,ʞ/ȘˋEʑ:"� 

 

4.5.1� rFA* MEP�>2 rCMCTEȀ"ˆ¥ʩʍ«*�ɖʽ×Ǌɛ�ş  

� ȱ 1Ȟȭ)0 BRS/�ɖ˱ŸƁ*;- rFA*ƫů,ȘˋˋEʑ:"�ƱȞȭ-

�(;ʍ«Ɓǈ0ȉ,A�˱FMA�ɖʽ×VQG�>2 ARAT*;- rFA*ƫů

,ȘˋEʑ:"��/ɀƹ0 Ě˱�/¼ɳȞȭ[22–25,37,42–47]EƑƀ�A;/)�A�

7"˱rFA � 0.85 ��/ȍ©)0˱�ɖǊɛ�ş�¤��("�rFA EȴÇ�A

ROI/˂£0ȉ,A�L]`Kj²-ʆç�"Ȟȭ[42,46,54])0 0˱.8< 0.85��)

ʽ×Ǌɛ�ş��ɩ*/đø�ƕɾ�Bǅ.�ɧ�A;/*ũDBA�MEP /ƫǳ

->Aʽ×Ǌɛ�ş/Ǘʯ-�(;˱FMA�ɖʽ×VQG�>2 ARAT*;-ƫ

ůŇEʑ:"��B;¼ɳȞȭ[28–33]óǇ/ɀƹ)�@ MEP/ƫǳ0ƫȀ,Ɓǈ)

�A*ɑ�?BA� 

� ƱȞȭ)0˱rCMCT* ARAT*/ˊ-ƫů,ʞ/ȘˋˋEʑ:"�&7@˱ƍ

¸ÝǼ/ CMCT -ʼœ��AĒò0�ɖʽ×Ǌɛ�ş˱Ƿ-ǶûƐ§ɛÓ�¤��

Aɀƹ*,%"����,�? C˱MCTEˆ¥ʩ/Ɓǈ-Ȁ"¼ɳȞȭ[31–33])0

 /ƫȀū-&(�Ĭ/ɾʅ�š?B(,� /ǽȂ*�(˱�B?/¼ɳȞ

ȭ)0�-ȳÓʍ«EȀ(ǃʈ�(A�*�Ƃ�?BA�ARAT0ǶûƐ§Eö

9�ɖǊɛʍ«)�@ŸƁ/ņɊū×§<�ɖ/ßʖȒ,×§�ɽǛ�BA":˱

CMCT0àȺ,Ó<ˋȵʽ×>@ņɊȒ)ßʖȒ,×§*/ˋʹ�ƈĵ�BA�FMA

�ɖʽ×VQG-0ƫů,ȘˋˋEʑ:� A˱RAT/8ƫů,ʞ/ȘˋEʑ:"Ʊ

Ȟȭɀƹ0�/�*EƑƀ�AÊ:(/đø)�A� 

 

4.5.2� rFA* MEP�>2 rCMCTEȀ"ˆ¥ʩʍ«*�ɖʽ×Ǌɛ�ş  

� ȱ 1Ȟȭ-�(˱ÂÙşɝ rFA*�ɖ BRS*/ˊ-ƫů,Ǎ/ȘˋˋEʑ:

"����,�?˱FMA�ɖʽ×VQG*ÂÙşɝ rFA*/ˊ-0ƫů,Șˋˋ

0ɾ?B,�%"��/ǽȂ*�(˱BRS0 stage���7)/ 6Ǔˑʍ«˯�˺ŕ

ɉū˃Œʽ×ˬȎ��˺È˖ʽ×Ǌɛɩğ˰-ķ�(˱ʏȼ-ǲƖÚ�íɛ, FMA
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