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APPENDIX 1 

Effect size and sample size (N) calculation 
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Effect size and sample size (N) calculation 

Formula  Effect size =   X 1- X 2

        (SD1+SD2)/2 

   N =        ( 2.8/effect size)2

Outcome 

measures 

Control group 

X (SD) 

Experimental 

group

X (SD) 

Effect size N/group 

PPT 174.31 (82.84) 330.07 (138.75) 1.406 4 

ROM-AE 59.55 (14.18) 71.55 (14.44) 0.839 12 

Pain-free GS 152.34 (77.76) 240.82 (82.93) 1.101 7 

Pain-free WES 36.76 (16.40) 56.36 (27.41) 0.895 10 

* sample size calculation was determined from the pilot data 
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APPENDIX 2 

Questionnaire form 
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APPENDIX 3 

Consent form 
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APPENDIX 4 

The ethical approval 
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APPENDIX 5 

Recording form of the experiment 
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Pain intensity 
VAS (average pain)
Pre-test 

___________________________________________________
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Immediate 

___________________________________________________
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D1
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D6
___________________________________________________
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D7 
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D13
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D14
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157

Modified Likert scale 

Pre-test
0 1 2 3 4 5 6 

Immediate 
0 1 2 3 4 5 6 

D1
0 1 2 3 4 5 6 

D2
0 1 2 3 4 5 6 

D3
0 1 2 3 4 5 6 

D4
0 1 2 3 4 5 6 

D5
0 1 2 3 4 5 6 

D6
0 1 2 3 4 5 6 

D7
0 1 2 3 4 5 6 

D8
0 1 2 3 4 5 6 

D9
0 1 2 3 4 5 6 

D10
0 1 2 3 4 5 6 

D11
0 1 2 3 4 5 6 

D12
0 1 2 3 4 5 6 

D13
0 1 2 3 4 5 6 

D14
0 1 2 3 4 5 6 

0 = �������	���	�����
1 = �����	���	�����������	��������������������� ��
2 = �����	���	��	����������!�������� �� "��#!����	�������������$�
3 = �����	���	����������������������%&���	��
	���#������������!��!
4 = �����	���	������������������� �'�	�� ! 
	�� ����"	!����#������
������ (�����
         �&��
�����$�)���
5 = �����	���	�����������	����������! �'�	�� ! 
	�� ����"	!����#������
������ (��
         ����&� �
�����$�)��� 
6 = �����	���	�����������	����	��"	! �'�	�� ! 
	�� ����"	!*'� !� &����#�����	+)���	
          �#������
�
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Measurement of Pain thresholds 
Thermal pain threshold (TPT)

Pre-test 1
Cold pain    Hot pain 
Site 1 2 3 mean Site 1 2 3 mean 
O     O     
M     M     
Pre-test 2
Cold pain    Hot pain 
Site 1 2 3 mean Site 1 2 3 mean 
O     O     
M     M     

Immediate 
Cold pain    Hot pain 
Site 1 2 3 mean Site 1 2 3 mean 
O     O     
M     M     
D1
Cold pain    Hot pain 
Site 1 2 3 mean Site 1 2 3 mean 
O     O     
M     M     
D2
Cold pain    Hot pain 
Site 1 2 3 mean Site 1 2 3 mean 
O     O     
M     M     
D3
Cold pain    Hot pain 
Site 1 2 3 mean Site 1 2 3 mean 
O     O     
M     M     
D4
Cold pain    Hot pain 
Site 1 2 3 mean Site 1 2 3 mean 
O     O     
M     M     
D5
Cold pain    Hot pain 
Site 1 2 3 mean Site 1 2 3 mean 
O     O     
M     M     
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D6
Cold pain    Hot pain 
Site 1 2 3 mean Site 1 2 3 mean 
O     O     
M     M     
D7
Cold pain    Hot pain 
Site 1 2 3 mean Site 1 2 3 mean 
O     O     
M     M     
D8
Cold pain    Hot pain 
Site 1 2 3 mean Site 1 2 3 mean 
O     O     
M     M     
D9
Cold pain    Hot pain 
Site 1 2 3 mean Site 1 2 3 mean 
O     O     
M     M     
D10
Cold pain    Hot pain 
Site 1 2 3 mean Site 1 2 3 mean 
O     O     
M     M     
D11
Cold pain    Hot pain 
Site 1 2 3 mean Site 1 2 3 mean 
O     O     
M     M     
D12
Cold pain    Hot pain 
Site 1 2 3 mean Site 1 2 3 mean 
O     O     
M     M     
D13
Cold pain    Hot pain 
Site 1 2 3 mean Site 1 2 3 mean 
O     O     
M     M     
D14
Cold pain    Hot pain 
Site 1 2 3 mean Site 1 2 3 mean 
O     O     
M     M     
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sense
Pre-test 1    Pre-test 2 
Site 1 2 3 mean Site 1 2 3 mean 
O     O     
M     M     
Immediate 
Site 1 2 3 mean 
O     
M     

D1 
Site 1 2 3 mean 
O     
M     

D2 
Site 1 2 3 mean 
O     
M     

D3 
Site 1 2 3 mean 
O     
M     

D4 
Site 1 2 3 mean 
O     
M     

D5 
Site 1 2 3 mean 
O     
M     

D6 
Site 1 2 3 mean 
O     
M     

D7 
Site 1 2 3 mean 
O     
M     

D8 
Site 1 2 3 mean 
O     
M     

D9 
Site 1 2 3 mean 
O     
M     

D10 
Site 1 2 3 mean 
O     
M     
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D11 
Site 1 2 3 mean 
O     
M     

D12 
Site 1 2 3 mean 
O     
M     

D13 
Site 1 2 3 mean 
O     
M     

D14 
Site 1 2 3 mean 
O     
M     
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Pressure pain threshold (PPT) 
Pre-test 1    Pre-test 2 
Site 1 2 3 mean Site 1 2 3 mean 
O     O     
M     M     
Immediate 
Site 1 2 3 mean 
O     
M     

D1 
Site 1 2 3 mean 
O     
M     

D2 
Site 1 2 3 mean 
O     
M     

D3 
Site 1 2 3 mean 
O     
M     

D4 
Site 1 2 3 mean 
O     
M     

D5 
Site 1 2 3 mean 
O     
M     

D6 
Site 1 2 3 mean 
O     
M     

D7 
Site 1 2 3 mean 
O     
M     

D8 
Site 1 2 3 mean 
O     
M     

D9 
Site 1 2 3 mean 
O     
M     

D10 
Site 1 2 3 mean 
O     
M     
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D11 
Site 1 2 3 mean 
O     
M     

D12 
Site 1 2 3 mean 
O     
M     

D13 
Site 1 2 3 mean 
O     
M     

D14 
Site 1 2 3 mean 
O     
M     

Range of motion (ROM)  
Pre-test 1    Pre-test 2 
Motion 1 2 3 mean Motion 1 2 3 mean 
AF     AF     
AE     AE     
PF     PF     
PE     PE     
Immediate 
Motion 1 2 3 mean
AF     
AE     
PF     
PE     
D1 
Motion 1 2 3 mean
AF     
AE     
PF     
PE     
D2 
Motion 1 2 3 mean
AF     
AE     
PF     
PE     
D3 
Motion 1 2 3 mean
AF     
AE     
PF     
PE     
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D4 
Motion 1 2 3 mean
AF     
AE     
PF     
PE     
D5 
Motion 1 2 3 mean
AF     
AE     
PF     
PE     
D6 
Motion 1 2 3 mean
AF     
AE     
PF     
PE     
D7 
Motion 1 2 3 mean
AF     
AE     
PF     
PE     
D8 
Motion 1 2 3 mean
AF     
AE     
PF     
PE     
D9 
Motion 1 2 3 mean
AF     
AE     
PF     
PE     
D10 
Motion 1 2 3 mean
AF     
AE     
PF     
PE     
D11 
Motion 1 2 3 mean
AF     
AE     
PF     
PE     
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D12 
Motion 1 2 3 mean
AF     
AE     
PF     
PE     
D13 
Motion 1 2 3 mean
AF     
AE     
PF     
PE     
D14 
Motion 1 2 3 mean
AF     
AE     
PF     
PE     
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Joint error position evaluations 
Pre-test 1 
Normal      DOMS 
Motion 1 2 3 mean Motion 1 2 3 mean 
F     F     
E     E     
Pre-test 2 
Normal      DOMS 
Motion 1 2 3 mean Motion 1 2 3 mean 
F     F     
E     E     

Immediate 
Normal      DOMS 
Motion 1 2 3 mean Motion 1 2 3 mean 
F     F     
E     E     

D1
Normal      DOMS 
Motion 1 2 3 mean Motion 1 2 3 mean 
F     F     
E     E     

D2
Normal      DOMS 
Motion 1 2 3 mean Motion 1 2 3 mean 
F     F     
E     E     

D3
Normal      DOMS 
Motion 1 2 3 mean Motion 1 2 3 mean 
F     F     
E     E     

D4
Normal      DOMS 
Motion 1 2 3 mean Motion 1 2 3 mean 
F     F     
E     E     

D5
Normal      DOMS 
Motion 1 2 3 mean Motion 1 2 3 mean 
F     F     
E     E     
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D6
Normal      DOMS 
Motion 1 2 3 mean Motion 1 2 3 mean 
F     F     
E     E     

D7
Normal      DOMS 
Motion 1 2 3 mean Motion 1 2 3 mean 
F     F     
E     E     

D8
Normal      DOMS 
Motion 1 2 3 mean Motion 1 2 3 mean 
F     F     
E     E     

D9
Normal      DOMS 
Motion 1 2 3 mean Motion 1 2 3 mean 
F     F     
E     E     

D10
Normal      DOMS 
Motion 1 2 3 mean Motion 1 2 3 mean 
F     F     
E     E     

D11
Normal      DOMS 
Motion 1 2 3 mean Motion 1 2 3 mean 
F     F     
E     E     

D12
Normal      DOMS 
Motion 1 2 3 mean Motion 1 2 3 mean 
F     F     
E     E     

D13
Normal      DOMS 
Motion 1 2 3 mean Motion 1 2 3 mean 
F     F     
E     E     
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D14
Normal      DOMS 
Motion 1 2 3 mean Motion 1 2 3 mean 
F     F     
E     E     

Choice response time (CRT)  
CRT(Pre1) 3 2 1 1 2 1 3 3 2 1 2 3 Ave. 
Normal               
DOMS              
CRT(Pre2) 3 2 1 1 2 1 3 3 2 1 2 3 Ave. 
Normal               
DOMS              
Immediate 
CRT 3 2 1 1 2 1 3 3 2 1 2 3 Ave. 
Normal               
DOMS              
D1 
CRT 3 2 1 1 2 1 3 3 2 1 2 3 Ave. 
Normal               
DOMS              
D2 
CRT 3 2 1 1 2 1 3 3 2 1 2 3 Ave. 
Normal               
DOMS              
D3 
CRT 3 2 1 1 2 1 3 3 2 1 2 3 Ave. 
Normal               
DOMS              
D4 
CRT 3 2 1 1 2 1 3 3 2 1 2 3 Ave. 
Normal               
DOMS              
D5 
CRT 3 2 1 1 2 1 3 3 2 1 2 3 Ave. 
Normal               
DOMS              
D6 
CRT 3 2 1 1 2 1 3 3 2 1 2 3 Ave. 
Normal               
DOMS              
D7 
CRT 3 2 1 1 2 1 3 3 2 1 2 3 Ave. 
Normal               
DOMS              
D8 
CRT 3 2 1 1 2 1 3 3 2 1 2 3 Ave. 
Normal               
DOMS              
D9 
CRT 3 2 1 1 2 1 3 3 2 1 2 3 Ave. 
Normal               
DOMS              
D10 
CRT 3 2 1 1 2 1 3 3 2 1 2 3 Ave. 
Normal               
DOMS              
D11 
CRT 3 2 1 1 2 1 3 3 2 1 2 3 Ave. 
Normal               
DOMS              



169

D12 
CRT 3 2 1 1 2 1 3 3 2 1 2 3 Ave. 
Normal               
DOMS              
D13 
CRT 3 2 1 1 2 1 3 3 2 1 2 3 Ave. 
Normal               
DOMS              
D14 
CRT 3 2 1 1 2 1 3 3 2 1 2 3 Ave. 
Normal               
DOMS              

Grip force
Max. grip 
Pre-test 1    Pre-test 2 
Grip 1 2 3 mean Grip 1 2 3 mean 
Force     Force     
Immediate 
Without pain    Max. grip 
Grip 1 2 3 mean Grip 1 2 3 mean 
Force     Force     
D1
Without pain    Max. grip 
Grip 1 2 3 mean Grip 1 2 3 mean 
Force     Force     
D2
Without pain    Max. grip 
Grip 1 2 3 mean Grip 1 2 3 mean 
Force     Force     
D3
Without pain    Max. grip 
Grip 1 2 3 mean Grip 1 2 3 mean 
Force     Force     
D4
Without pain    Max. grip 
Grip 1 2 3 mean Grip 1 2 3 mean 
Force     Force     
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D5
Without pain    Max. grip 
Grip 1 2 3 mean Grip 1 2 3 mean 
Force     Force     
D6
Without pain    Max. grip 
Grip 1 2 3 mean Grip 1 2 3 mean 
Force     Force     
D7
Without pain    Max. grip 
Grip 1 2 3 mean Grip 1 2 3 mean 
Force     Force     
D8
Without pain    Max. grip 
Grip 1 2 3 mean Grip 1 2 3 mean 
Force     Force     
D9
Without pain    Max. grip 
Grip 1 2 3 mean Grip 1 2 3 mean 
Force     Force     
D10
Without pain    Max. grip 
Grip 1 2 3 mean Grip 1 2 3 mean 
Force     Force     
D11
Without pain    Max. grip 
Grip 1 2 3 mean Grip 1 2 3 mean 
Force     Force     
D12
Without pain    Max. grip 
Grip 1 2 3 mean Grip 1 2 3 mean 
Force     Force     
D13
Without pain    Max. grip 
Grip 1 2 3 mean Grip 1 2 3 mean 
Force     Force     
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D14
Without pain    Max. grip 
Grip 1 2 3 mean Grip 1 2 3 mean 
Force     Force     
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Wrist extension force  (EF) 
Max. Wr.E 
Pre-test 1    Pre-test 2 

Wr.E 1 2 3 Mean Wr.E 1 2 3 Mean 

Force     Force     

Immediate 
Without pain    Max. EF 

Wr.E 1 2 3 Mean Wr.E 1 2 3 Mean 

Force     Force     

D1
Without pain    Max. EF 

Wr.E 1 2 3 Mean Wr.E 1 2 3 Mean 

Force     Force     

D2
Without pain    Max. EF 

Wr.E 1 2 3 Mean Wr.E 1 2 3 Mean 

Force     Force     

D3
Without pain    Max. EF 

Wr.E 1 2 3 Mean Wr.E 1 2 3 Mean 

Force     Force     

D4
Without pain    Max. Ef 

Wr.E 1 2 3 Mean Wr.E 1 2 3 Mean 

Force     Force     

D5
Without pain    Max. EF 

Wr.E 1 2 3 Mean Wr.E 1 2 3 Mean 

Force     Force     
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D6
Without pain    Max. EF 

Wr.E 1 2 3 Mean Wr.E 1 2 3 Mean 

Force     Force     

D7
Without pain    Max. EF 

Wr.E 1 2 3 Mean Wr.E 1 2 3 Mean 

Force     Force     

D8
Without pain    Max. EF 

Wr.E 1 2 3 Mean Wr.E 1 2 3 Mean 

Force     Force     

D9
Without pain    Max. EF 

Wr.E 1 2 3 Mean Wr.E 1 2 3 Mean 

Force     Force     

D10
Without pain    Max. EF 

Wr.E 1 2 3 Mean Wr.E 1 2 3 Mean 

Force     Force     

D11
Without pain    Max. EF 

Wr.E 1 2 3 Mean Wr.E 1 2 3 Mean 

Force     Force     

D12
Without pain    Max. EF 

Wr.E 1 2 3 Mean Wr.E 1 2 3 Mean 

Force     Force     

D13 Without pain   Max. EF 

Wr.E 1 2 3 Mean Wr.E 1 2 3 Mean 

Force     Force     
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D14
Without pain    Max. EF 

Wr.E 1 2 3 Mean Wr.E 1 2 3 Mean 

Force     Force     
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APPENDIX 6 

Notable relationships among outcome measures during 

 the most painful day post-exercise 
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Notable relationships among outcome measures during the most painful day 

post-exercise (i.e., D1, D2) were also reported.  There included VAS & LS (D1), 

VAS & GS (D2), and VAS & WES (D1) (r = 0.401, -0.581, and -0.494, respectively), 

LS & PPTM (D2), LS & AF (D1), LS & AF (D2), LS & PF (D1) and LS & PF (D2) 

(r = -0.459, -0.508, -0.554, -0.60, and -0.685, respectively), PPTO & CPTO (D1), 

PPTO & CPTO (D2), PPTM & CPTM (D1) (r = -0.509, -0.556, and -0.47, 

respectively), AF & GS (D2), AF & WES (D2), AE & PPTO (D1), AE & PPTM 

(D1), AE & GS (D1), AE & GS (D2), AE & WES (D2), and PF & PPTM (D2) (r = 

0.675, 0.463, 0.42, 0.397, 0.416, 0.518, 0.463, and 0.415, respectively), GS & WES 

(D1) and GS & WES (D2) (r = 0.499 and r = 0.646. 
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The relationship among measurement outcomes on day 1 (D1) and day 2 (D2) post 

exercise. 

Correlation r p-value

VAS & LS (D1)  0.401 0.047 

 AS & GS (D2) -0.581 0.002 

VAS & WES (D1) -0.494 0.012 

LS & PPTM (D2) -0.459 0.021 

LS & AF (D1) -0.508 0.010 

LS & AF (D2) -0.554 0.004 

LS & PF (D1) -0.60 0.002 

LS & PF (D2) -0.685 0.000 

PPTO & CPTO (D1) -0.509 0.009 

PPTO & CPTO (D2) -0.556 0.004 

PPTM & CPTM (D1) -0.47 0.018 

AF & GS (D2)  0.675 0.000 

AF & WES (D2) 0.463 0.020 

AE & PPTO (D1) 0.420 0.037 

AE & PPTM (D1) 0.397 0.050 

AE & GS (D1) 0.416 0.039 

AE & GS (D2) 0.518 0.008 

AE & WES (D2) 0.463 0.020 
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Correlation r p-value

PF & PPTM (D2) 0.415 0.039 

GS & WES (D1) 0.499 0.011 

GS & WES (D2) 0.646 0.000 
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