
������

��������	
�����
	�	�������������

���������� ��!"�#$���%��&'(���''��)*�(��+,��

,�"-(,&�&.���/(,*�+0�1�!�2���

������� 	
��
������� ������� ��������� ���������
�� ������ ����� 	�� �
!�"#$%�#&��

'��( ��)�*�	
��+����������

����
	�� �
!�"#$%�#&�,�
��������-(
��.	��/�

����+��������� �
!�"�����0�� (���������� ���+�������,�1

���	
��
��������

�������������������

��� !"�#$ !%"&�'$(�������������������

���������	��
�� ��2 � ���� ���	
���


�������	
��������������������
�����
���

�������������	�����
�������������������

����
��������
�������

� !���� �����	
���""#$
��!����	�!


3456
75

58
	 ���
�9��:	 �
;
�9	 <=	 �8
	 9:��8�<>

�<?9	��@	9A������	
B
���9
	��	9������

��C	 9���C���	 D<9���<�9E	 �	 9�?C:	 ��

8
���8:	9?FG
��9

34567895:;<� =��� >6?<@<A<B;<67� C��

356<A;<B�D��

�� E5F<@?B56?� GH� C;IJ4:<8�K5L4:465

<6L� M5;<N484?<?4G6�� C@<BG67A9?A8<G

OGJF4?<8P� ��� E5F<@?B56?� GH� 3FG@?

3:456:5��3@46<A<@46Q4@GR�S64Q5@J4?I�

�FG
���;
9E��)�($*$+,"-$�.!+(")/!0�

.1&!+� "-*$-0"*2� )3� 02-. +)-)10� !+,

04"-5"-5�$6$+."0$

4�?C:	 C
9���E�7$0.+"8*"/$�!-!&2*".!&

0*1(2

4
�����E�9!+("!.�#$ !%"&"*!*")-�.&"-".

4?FG
��9E��4$-*2�3)1+� $!&* 2�/)&1-*$$+0

�!5$� ������ 2$!+0�� ���,$-� !-(��

4),$-�� 4"* )1*� 0 )1&($+� 8!"-� )+

&","*$(�+!-5$�)3�,)*")-:

H��
�;
���<�E�;!. �01%<$.*�8$+3)+,$(

01%�,!6",!&� !+,�.+!-=� 5+!($(

$6$+."0$� *$0*� *)�($*$+,"-$�,!6",!&

)625$-�.)-01,8*")-��>?
�

,!6�����:�

@�:�,&A=5A,"-��!-(�* $-�8$+3)+,$(�B

)+($+�0*$!(2�0*!*$�02-. +)-)10�!+,

04"-5"-5�%)1*0� "-.&1("-5�C�D���D�B�

+8,�"-�0"**"-5�!-(�0*!-("-5�8)0"*")-0:

;!. � *$0*� &!0*$(� B� ,"-� !-(� 4!0

0$8!+!*$(�%2�!���,"-�+$0*:�E$!+*�+!*$D

%&))(�8+$001+$D�>?
�

,!6�!-(�+!*$�)3

8$+.$"/$(� $6$+*")-� �#F;�� 4$+$

+$.)+($(:

6
9?��9E� � $� !%0)&1*$� "-*$-0"*"$0

�,$*!%)&".� $G1"/!&$-*� *",$D�';���)3

("33$+$-*�%)1*0�)3�$6$+."0$��0"*�C��+8,D

0*!-(�C�� +8,D� 0"*� ��� +8,D� 0*!-(���

+8,D�0"*�B�� +8,D�!-(�0*!-(�B�� +8,�

4$+$��:��@�:�CD��:CB@�:�BD��:��@��:��D

�:C�@�:�BD� �:��@�:��D� �:��@�:��

';�0�+$08$.*"/$&2:�� $�+$&!*"/$�"-*$-�

0"*"$0�"-�* $�*$+,�)3�H�>?
�

,!6�4$+$

�B:��@�:��H� �� ��:��@�:��H�� )3�H

,!6",!&� $!+*�+!*$0��HE#�,!6��4$+$

CC:��@��:��H���C�:��@B:B�H�!-(�)3�H

 $!+*� +!*$� +$0$+/$� �H�E#� +$0$+/$�

4$+$��:�C@��:��H�����:��@��:��H:

� $�8$+.$8*1!&�+$08)-0$0�"-�* $�*$+,

)3�#F;�4$+$��:��@�:������:��@�:��:

7<���?9�<�E�� $0$�+$01&*0�0155$0*$(

* !*��* $�"-*$-0"*2�&$/$&�)3�02-. +)-)10

!+,� 04"-5"-5� $6$+."0$�4!0� �:C��:�

';�0D�.&!00"3"$(�!0�/$+2�&"5 *�"-*$-0"*2

%2�!%0)&1*$� "-*$-0"*2� �';��D� !-(�!0

/$+2�&"5 *�*)�&"5 *�"-*$-0"*2�%2�+$&!*"/$

"-*$-0"*2�!-(�#F;� +$8)+*:� � $+$3)+$D

* $� !+,� 04"-5"-5� $6$+."0$�,!2�%$

%$-$3"."!&�!-(�0!3$� 3)+�8!*"$-*0�4"* 

.!+("!.� ("0$!0$� !-(� * )0$�  !/"-5

8+)%&$,�4"* �&$5�$6$+."0$:

I
:	A<�C9E� $6$+."0$D�!+,�04"-5"-5D

"-*$-0"*2�&$/$&

T�D;<4�M5;<N48�K5L�UVVWP�XWYZ[2�\V]\^

�J!� +-'

"��KL2��M(!�E��IJKL	MNO

PQRST�
UV�RN

�S
WLXN

YN�ZXYW�W[P�RKXY\P]J�^�

T�_N�̀�a
NLR�

N

��b�WLXVR�^aY\P

LR�

N

^�bLLNc�̀a�

�N2,�����"�O�+E�N
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  Durnin

and Womersley 

 

 

 4  biceps, triceps,

subscapular   supra-iliac 

 

 skinfold caliper 

-

 

 1

 

skinfold caliper 

 1 .

 2  

  3   

(4,5,6)

7.  (electronic timer) 

 2

8.  

 

 2 

1.

2.  

 

24 . 

 

 3 .

3.   

    

4. Exercise test: 

 80 

(maximum aerobic power) 

VO
2
max

-

 submaximum 

 24 . 

-  sub-

maximum 

 

 60 /  warm-up  0

watt  3   work

load  30    10

watt/   HR 

 80  HRmax (

220- )
(7,8,9)

  

 VO
2
Max 

-  exercise test  sub-

maximum 

 Grange 

(10,11,12)

5. Arm swing test: 

  

-  2

 1  

 

 

 

 

  

 

 

  

-  

 

 

  40, 50, 60 

 (50 

 )

-  

 

-

  40 /

  6   5 

 50

 60 /  

 6

 5 

-  

 

 

 (rating

of perceived exertion, RPE) 

Borg’s scale
(13)

: 6-20 scale

(  1)

-

 6  

-  FitMate 

 FitMate 

6.  

 SPSS for Windows (SPSS UK

Ltd,Woking, UK) 

-

 (mean) 

 (SD)

J Thai Rehabil Med 2008; 18(3)
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 1  (rating of perceived exertion, RPE)  Borg’s scale
(13)

: 6-20 scale

 
Borg’s scale Relative intensity Absolute intensity METs (age) 

RPE %VO
2
max 

(%) 

%HR 

reserve 

%HRmax 

(%) 

Young (20-

39) 

Middle (40-

64) 

Old 

(65-79) 

Very old 

(80+) 

Very light (<10) <25 <20 <35 <2.4 <2 <1.6 <1 

Light (10-11) 24-44 20-39 35-54 2.4-4.7 2.0-3.9 1.6-3.1 1.1-1.9 

Moderate (12-13) 45-59 40-59 55-69 4.8-7.1 4.0-5.9 3.2-4.7 2.0-2.9 

Hard (14-16) 60-84 60-84 70-89 7.2-10.1 6.0-8.4 4.8-6.7 3-4.25 

Very hard (17-19) >85 >85 >90 >10.2 >8.5 >6.8 >4.25 

Maximum (20) 100 100 100 12 10 8 5 
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 2  (risingHR = exerciseHR – restingHR)  (SBPchange =

exerciseSBP – restingSBP)  (DBPchange = exerciseDBP – restingDBP)  VO
2
 ( ./ ./ )

 RPE (  7=  9= )

 3  (METs) 

MET = , %VO
2
Max = ,

%HRmax = , %HRreserve =  (exerciseHR-restingHR)*100/

(HRmax-restingHR)

 4 

* =  (P<0.05)

 

 

/

 

Mean  

rising HR 

( / ) 

Mean  

SBP change 

( . ) 

Mean  

DBP change 

( . ) 

Mean  

VO
2 

( ./ ./ ) 

Mean  

RPE 

 40 11.25+10.64 -0.79+11.36 4.79+10.25 5.31+0.86 7.50+0.88 

 40 14.83+12.51 1.71+10.95 4.58+9.76 5.12+0.92 7.67+1.40 

 50 12.38+12.78 -2.04+10.47 2.08+8.72 5.33+0.94 8.00+1.56 

 50 14.29+12.54 -0.96+10.08 5.58+11.73 5.14+0.90 8.33+1.74 

 60 10.58+25.66 -1.17+9.39 0.13+8.09 6.01+1.36 8.42+1.90 

 60 16.83+15.42 1.67+10.59 3.29+11.34 5.41+1.04 8.50+1.98 

 

 
Absolute intensity Relative intensity (% of maximum value) 

 /  MET(METs) VO
2
 (%) HR (%) HR reserve (%) 

 40 1.52+0.24 16.81+3.56 45.17+4.21 8.88+6.84 

 40 1.46+0.26 16.08+2.91 46.99+5.64 11.96+8.29 

 50 1.52+0.27 16.84+3.47 45.75+5.39 9.82+9.05 

 50 1.47+0.26 16.28+3.28 46.71+4.83 11.37+7.99 

 60 1.72+0.39 19.12+5.39 44.83+10.13 7.54+10.33 

 60 1.55+0.30 17.18+3.97 47.99+6.67 13.52+10.95 

 

J Thai Rehabil Med 2008; 18(3)

  ( ) +    

 
   p-value 

40 /  11.25+10.64 14.83+12.51 0.00* 

50 /  12.38+12.78 14.29+12.54 0.22 

60 /  10.58+25.66 16.83+15.42 0.23 
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 Pimental NA 

 

 

  ventilatory

equivalent 

 

(14)

 

 

  80 

(submaximal exercise test) 

 

 treadmill  10
(15-17)

 

 (poorly fit) 

 (steady state) 

 VO
2
max 

(18,19)

 6 

 (  ATP

) 

 1-4

 

 

 

 

 2-3 

 100
(20-23)

 

 40, 50, 60 /   1.4-

1.9 METs, 14.9-21.4  %

VO
2
Max,  40.6-50.8  %HR

max  

 

 (ICU 

CCU) 

 1-2 METs
(24,25)

 (

 50  %VO
2
max) 

 

 5    40,

50, 60 /   (*= )

 2551; 18(3)

 
( / )  

MET(METs) 
40 50 60 p-value 

 1.52+0.24 1.52+0.27 1.72+0.39 0.004* 

 1.46+0.26 1.47+0.26 1.55+0.30 0.159 

P 0.25 0.18 0.00*  

( / )  %VO
2
Max 

( ) 40 50 60 p-value 

 16.81+3.56 16.84+3.47 19.12+5.39 0.005* 

 16.08+2.91 16.28+3.28 17.18+3.97 0.105 

P 0.20 0.19 0.00*  

( / )  %HR max 

( ) 40 50 60 p-value 

 45.17+4.21 45.75+5.39 44.83+10.13 0.690 

 46.99+5.64 46.71+4.83 47.99+6.67 0.610 

P-value 0.00* 0.23 0.23  

( / )  %HR reserve 

( ) 40 50 60 p-value 

 8.88+6.84 9.82+9.05 7.54+10.33 0.122 

 11.96+8.29 11.37+7.99 13.52+10.95 0.503 

P-value 0.01* 0.13 0.44  

( / )  
RPE 

40 50 60 p-value 

 7.50+0.88 8.00+1.56 8.42+1.90 0.062 

 7.67+1.40 8.33+1.74 8.50+1.98 0.028* 

P-value 0.57 0.10 0.75  
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 40  %

VO
2
max 3   8

  %VO
2
Max

 17
(26-28)

  

 

 

(29)
 

 

  

  

   

 

 (deconditioning)

 

 

    

 %VO
2
Max  MET 

 60 /  

 venous return 

 stroke volume  

cardiac output   %HR

max   %HR reserve 

 40 /

venous return  stroke

volume   

40%VO
2
Max 

 cardiac output  

 stroke volume 

  

cardiac output 

(20-23)
 

 

 (

)  

 

 MET, %VO
2
Max 

 60 /

 

 20  

  

 

 

  

 

 

 40, 50, 60 /  
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