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摘　要
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38 ~ 42 18 ~ 25

8 ~ 9

(Dogramaci, Watsford, & 

Murphy, 2011)

170 ~ 190 83%

85%

(Barbero-Alvarez, Soto, Barbero-

Alvarez, & Granda-Vera, 2008)

62.8 

ml min kg

55.2 ml min kg (Álvarez, D’ottavio, Vera, 

& Castagna, 2009)

3 4

20 30 Barbero-

Alvarez et al. (2008)

117.3

28.5%

13.7%

8.9%

(autonomic 

nervous system, ANS)

(heart rate 

variability) (frequency domain 

analysis)

(cardiac 

cycle)

R

R-R

(Fast Fourier 

transform, FFT)

0.04 ~ 0.15 Hz

0.15 ~ 0.40 Hz

(

2000)

ANS

(cardiac vagal)

(Sloan et al., 2009, 

2011)
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(Buchheit et al., 2013; Leti & Bricout, 

2013; Oliveira, Leicht, Bishop, Barbero-

Álvarez, & Nakamura, 2013)

(Soares-Caldeira 

et al., 2014) (Oliveira et al., 

2013)

(rMSSD)

(Nakamura et al., 2016)

(Makivi�, Niki�, & Willis, 2013)

1

Yo-Yo

(Bangsbo, Iaia, & Krustrup, 2008)

6 20

(Oliveira et al., 2013)

Yo-Yo

一、研究對象

10

10

3 4

10 ~ 16

24

二、運動模式

（一）有氧運動模式

Yo-Yo

(Bangsbo et al., 2008; Krustrup et al., 

2003) 20

5
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20

( )

( 40  ×  = )

( ) 20

10

6 ~ 20

（二）無氧運動模式

(repeated sprint ability, RSA) (Nakamura et 

al., 2016)

20

(Fusion Sport, 

Coopers Plains, Australia) 30

20

5 6

20

6 20

三、研究工具

（一）心率變異度

15

30

(MP35, Biopac, CA, USA)

1,000 Hz

Acqknowledge 4.2

(Biopac Inc, CA, USA) R-R

512 RR

R-R

5%

R-R (mean R-R intervals, mRRI)

(mean heart rate, HR)

(standard deviation of normal 

R-R interval, SDRR)

(coefficient of variation, CVRR)

(root mean 

square different of successive normal R-R 

intervals, rMSSD)

(Mathcad 15, 

Parametric Technologies, Natick, MA)

0.01 0.40 Hz

(TP) 0.01 0.04 Hz

(very low-frequency 

power, VLFP) 0.04 0.15 Hz

(low-frequency 

power, LFP) 0.15

0.40 (high-frequency 
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power, HFP)

 × 100

(normalization of very low-frequency 

power, nVLFP)  × 

100 (normalization of low-

frequency power, nLFP)

 × 100 (normalization 

of HFP, nHFP)

(low-/high- frequency 

power ratio, LHR)

( 2008)

（二）血乳酸

(cos14827-01, h/p/

Cosmos Sirius, Leipzig, Germany)

(h/p/Cosmos 

Sirius, Leipzig, Germany)

（三）運動自覺量表

6 ~ 20

Borg

四、研究步驟

(FT 80, 

Polar Electro, Finland) 15

(Kendall ™ 200 Series Foam Electrodes, 

Covidien, Mansfield, MA, USA)

Biopac student lab

15

15

(Optibike Med, Ergoline, 

Germany) 5

50 60 

rpm

Yo-Yo

30

24

2

五、統計方法

SPSS 22.0 version for Windows 

(IBM Corporation, New York, USA)

(mean ± SD)

Yo-Yo

t

(  × )

Bonferroni

p < .05
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一、參與者基本生理指數

10

BMI

( 1)

二、運動表現

Yo-Yo

2

Yo-Yo

(p < .05)

三、儲備心跳率

1 Yo-Yo

5

(p > .05) 2

5

表 1　參與者基本資料 (平均值 ± 標準差 )

(n = 10) (n = 10) t p 95% CI

(yrs)   20.30 ± 1.83   19.80 ± 1.14 0.74 0.47 -0.93 ~ 1.93

(cm) 173.14 ± 6.44 172.98 ± 4.93 0.62 0.95 -5.23 ~ -5.55

(kg)   66.72 ± 4.46   64.56 ± 6.34 0.88 0.39 -2.99 ~ 7.31

BMI (kg/m2)   22.23 ± 1.40   21.56 ± 1.54 1.02 0.32 -0.71 ~ 7.31

(%)   15.65 ± 5.18   14.05 ± 4.05 0.55 0.59 -3.22 ~ 5.52

(yrs) -     9.10 ± 0.88 -32.87 < 0.001 -9.68 ~ -8.5

表 2　Yo-Yo間歇恢復運動總距離與 20公尺反覆衝刺第一趟至第六趟衝刺時間 (平均值 ± 標準差 )

(n = 10) (n = 10) t p 95% CI

Yo-Yo

(m)   876. ± 270 1,164 ± 252* -2.46 0.024 -533.78 ~ 42.23

(s)   7.69 ± 0.43   7.19 ± 0.30* 3.03 0.007 0.15 ~ 0.85

(s)   7.84 ± 0.37   7.30 ± 0.34* 3.42 0.003 0.21 ~ 0.88

(s)   8.11 ± 0.46   7.41 ± 0.35* 3.79 0.001 0.31 ~ 1.08

(s)   8.27 ± 0.50   7.57 ± 0.31* 3.79 0.001 0.31 ~ 1.10

(s)   8.40 ± 0.57   7.67 ± 0.35* 3.45 0.003 0.28 ~ 1.17

(s)   8.47 ± 0.54   7.72 ± 0.30* 3.83 0.001 0.34 ~ 1.16

(s)   8.13 ± 0.44   7.47 ± 0.30* 2.76 0.013 0.13 ~ 0.99

(s) 48.77 ± 2.61 44.85 ± 1.80* 3.91 0.001 1.81 ~ 6.03

*
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(

80.34% vs. 85.84% t = 3.79, p < 

.05) (p > .05)

四、血乳酸與運動自覺量表

(p > .05)

(p < .05)

圖 1　Yo-Yo間歇恢復運動第一趟折返，運動中最高心跳與恢復期每 5鐘儲備心跳率 (平均值 ± 標準差 )

圖 2　20公尺反覆衝刺第一趟至第六趟衝刺與恢復期 5分鐘儲備心跳率 (平均值 ± 標準差 )

*
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Yo-Yo

(p > .05) ( 3)

五、心率變異度

(p > .05)

(p > .05)

(p < .05)

(HFP; p = .041)

(nVLFP; p = .036)

(nHFP; p = .045)

Yo-Yo

(VLFP)

(p = .01) Yo-Yo

4 5

一、運動表現

Yo-Yo

( 876 ± 270  vs. 

1,164 ± 252 )

Boullosa et al. (2013)

Yo-Yo

1,226 ± 282

1,164 ± 

表 3　血乳酸濃度與運動自覺量表 (RPE)運動前後與組間比較

(n = 10) (n = 10) p
Yo-Yo

(mmol) 1.67 ± 1.46 1.59 ± 0.37
#  < 

(mmol) 18.35 ± 3.80 16.75 ± 3.82

RPE 7.5 ± 1.65 6.90 ± 0.57
#  < 

RPE 19.60 ± 0.70 19.40 ± 0.52

(mmol) 1.62 ± 0.89 1.22 ± 0.42
#  < 

(mmol) 17.65 ± 3.14 16.16 ± 3.37

RPE 9.4 ± 3.44 10.10 ± 2.02
#  < 

RPE 15.30 ± 3.43 17.80 ± 2.35

# (p < .001)



59 

表
4
　

Y
o
-Y

o
間
歇
恢
復
運
動
前
後
心
率
變
異
性
的
變
化

(
平
均
值

 ±
 標
準
差

)

(n
 =

 1
0)

(n
 =

 1
0)

p
(

)
Y

o-
Y

o
Y

o-
Y

o
Y

o-
Y

o
Y

o-
Y

o

m
R

R
I 

(m
s)

93
3.

71
 ±

 1
29

.9
0

61
8.

70
 ±

 7
2.

42
   

95
4.

52
 ±

 1
72

.8
8

62
6.

14
 ±

 5
1.

18
#

 >
 

H
R

 (
bm

p)
  6

5.
54

 ±
 1

0.
37

  9
8.

11
 ±

 1
0.

78
   

  6
4.

68
 ±

 1
1.

44
  9

6.
44

 ±
 8

.3
3

#
 <

 

SD
R

R
 (

m
s)

  6
6.

02
 ±

 2
9.

26
  1

5.
84

 ±
 7

.2
3

   
  8

5.
22

 ±
 2

1.
78

  1
6.

56
 ±

 5
.2

4
#

 >
 

C
V

R
R
 (

%
)

   
 7

.1
4 

± 
3.

22
   

 2
.4

8 
± 

0.
89

   
   

 9
.0

8 
± 

2.
49

   
 2

.6
1 

± 
0.

70
#

 >
 

rM
SS

D
 (

m
s)

  4
9.

55
 ±

28
.4

7
   

 5
.8

6 
± 

4.
73

   
  6

5.
31

 ±
 2

1.
73

   
 4

.5
9 

± 
1.

91
#

 >
 

T
P 

(m
s2 )

1,
92

4.
86

 ±
 1

,7
19

.8
3

  8
2.

96
 ±

 8
5.

24
2,

62
2.

23
 ±

 1
,1

56
.8

9
  7

9.
84

 ±
 4

8.
16

#
 >

 

V
L

FP
 (

m
s2 )

   
42

2.
48

 ±
 2

60
.6

0
  4

2.
37

 ±
 3

3.
16

   
94

1.
72

 ±
 5

07
.4

5*
  4

9.
04

 ±
 3

1.
04

#
 >

 
*

 <
 

L
FP

 (
m

s2 )
   

90
7.

52
 ±

 1
,0

43
.4

4
  2

9.
17

 ±
 3

7.
06

   
92

6.
76

 ±
 5

82
.1

9
  2

6.
46

 ±
 2

2.
20

#
 >

 

H
FP

 (
m

s2 )
   

59
4.

88
 ±

 5
80

.8
0

  1
1.

42
 ±

 2
1.

01
   

75
3.

91
 ±

 4
04

.8
8

   
 4

.3
4 

± 
4.

97
#

 >
 

nV
L

FP
 (

nu
)

   
  3

3.
57

 ±
 2

0.
71

  6
1.

83
 ±

 1
6.

37
   

  3
6.

76
 ±

 8
.9

8
  6

2.
76

 ±
 1

6.
34

#
 <

 

nL
FP

 (
nu

)
   

  3
8.

39
 ±

 1
3.

90
  2

8.
84

 ±
 1

3.
18

   
  3

4.
17

 ±
 1

0.
69

  3
2.

10
 ±

 1
2.

85

nH
FP

 (
nu

)
   

  2
8.

04
 ±

 1
5.

52
   

 9
.3

3 
± 

8.
34

   
  2

9.
07

 ±
 1

0.
75

   
 5

.1
4 

± 
4.

57
#

 >
 

L
H

R
   

   
 1

.8
1 

± 
1.

37
   

 5
.6

2 
± 

4.
00

   
   

 1
.5

0 
± 

1.
06

   
 8

.9
3 

± 
5.

79
#

 <
 

m
R

R
I

R
-R

H
R

SD
R

R
C

V
R

R
rM

S
S

D
T

P
V

L
FP

L
FP

H
FP

nV
L

FP
nL

F
P

nH
F

P
L

H
R

#
( p

 <
 .0

01
)

( p
 <

 .0
5)

*
( p

 <
 .0

5)
( p

 <
 .0

05
)



60 

表
5
　
反
覆
衝
刺
運
動
前
後
心
率
變
異
性
的
變
化

 (
 平
均
值

 ±
 標
準
差

 )

(n
 =

 1
0)

(n
 =

 1
0)

p
(

)

m
R

R
I 

(m
s)

   
95

2.
31

 ±
 1

35
.2

3
61

5.
40

 ±
 7

8.
70

1,
02

6.
19

 ±
 1

85
.3

0
64

5.
28

 ±
 4

5.
58

#
 >

 

H
R

 (
bm

p)
   

  6
4.

13
 ±

 8
.8

8
  9

8.
89

 ±
 1

2.
15

   
  6

0.
50

 ±
 1

2.
72

  9
3.

44
 ±

 7
.2

9
#

 <
 

SD
R

R
 (

m
s)

   
  7

7.
64

 ±
 3

1.
63

  2
2.

31
 ±

 1
7.

56
   

  8
8.

95
 ±

 2
3.

10
  2

2.
63

 ±
 8

.8
5

#
 >

 

C
V

R
R
 (

%
)

   
   

 7
.9

9 
± 

2.
81

   
 3

.5
6 

± 
2.

86
   

   
 8

.6
7 

± 
1.

62
   

 3
.4

9 
± 

1.
28

#
 >

 

rM
SS

D
 (

m
s)

   
  6

1.
78

 ±
 3

1.
08

  1
0.

06
 ±

 1
0.

11
   

  7
6.

28
 ±

 3
1.

28
   

 5
.8

5 
± 

2.
21

#
 >

 

T
P 

(m
s2 )

2,
50

2.
90

 ±
 1

,7
47

.2
3

25
4.

27
 ±

 4
90

.6
3

2,
80

4.
44

 ±
 1

,8
00

.2
3

17
7.

62
 ±

 1
28

.2
1

#
 >

 

V
L

FP
 (

m
s2 )

   
73

8.
70

 ±
 4

64
.2

2
13

9.
86

 ±
 3

04
.9

4
   

  9
23

.6
7 

± 
49

2.
88

12
2.

42
 ±

 7
8.

99
#

 >
 

*
 <

 

L
FP

 (
m

s2 )
   

85
3.

49
 ±

 7
15

.2
8

  8
4.

79
 ±

 1
60

.7
4

   
  8

35
.6

0 
± 

72
9.

27
  4

8.
24

 ±
 4

9.
88

#
 >

 

H
FP

 (
m

s2 )
   

91
0.

36
 ±

 7
22

.7
6

  2
9.

64
 ±

 3
8.

87
1,

04
5.

36
 ±

 7
50

.0
8

   
 6

.9
6 

± 
5.

42
*

#
 >

 

nV
L

FP
 (

nu
)

   
  3

3.
99

 ±
 1

0.
57

  5
4.

43
 ±

 1
9.

18
   

  3
8.

08
 ±

 1
2.

55
  7

0.
13

 ±
 1

0.
70

*
#

 <
 

nL
FP

 (
nu

)
   

  3
2.

75
 ±

 8
.0

3
  3

2.
63

 ±
 1

0.
93

   
  2

7.
25

 ±
 1

1.
33

  2
5.

45
 ±

 9
.9

5

nH
FP

 (
nu

)
   

  3
3.

27
 ±

 1
1.

61
  1

2.
94

 ±
 1

3.
17

   
  3

4.
67

 ±
 9

.2
8

   
 4

.4
2 

± 
2.

38
*

#
 >

 

L
H

R
   

   
 1

.1
2 

± 
0.

48
   

 4
.8

1 
± 

3.
15

   
   

 0
.8

6 
± 

0.
45

   
 7

.1
0 

± 
4.

14
#

 <
 

m
R

R
I

R
-R

H
R

SD
R

R
C

V
R

R
rM

S
S

D
T

P
V

L
FP

L
FP

H
FP

nV
L

FP
nL

F
P

nH
F

P
L

H
R

#
( p

 <
 .0

01
)

( p
 <

 .0
5)

*
( p

 <
 .0

5)
( p

 <
 .0

05
)



61 

252

20

(7.19 ± 0.3

) (7.17 ±  

0.37 ) (Soares-Caldeira et al., 2014)

(Girard, Mendez-

Villanueva, & Bishop, 2011)

二、心率變異度

SDRR CVRR TP

HFP nHFP

nVLFP

nVLFP

nHFP

30

(Macor, Fagard, & Amery, 1996)

Soares-

Caldeira et al. (2014) 4

40
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(Lu, Chen, & Kuo, 2016) Buchheit, 

Laursen, and Ahmaidi (2007)

(Catecholamine)

Yo-Yo

Yo-Yo

(

93% )

Yo-Yo

Dutra et al. (2013)

(Lu et al., 

2016)

(

2008)

( ) 11

Yo-Yo

(Makivi� et al., 2013) Yo-Yo

三、結論與建議

Yo-Yo
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Abstract
The purpose of this study was to investigate the acute effects of repeated sprint ability 

(RSA) and Yo-Yo intermittent recovery test level 1 (Yo-Yo) on heart rate variability (HRV) 

in collegiate male futsal players and physically active collegiate students. Ten collegiate 

physical education students without specific sport training status (control group) and 10 
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study. Electrocardiographic (ECG) signals, blood lactate concentration, and rate of perceived 

exertion (RPE) were recorded in supine position 15 min before and 30 min after the RSA or 

Yo-Yo test in a sport massage room. Time domain and frequency domain analyses were used 

to evaluate the exercise-induced alterations in the autonomic functions. The results showed 

that the capacity of the RSA and total covered distance of Yo-Yo test were greater in the 

futsal group than those in the control group. For the blood lactate concentration and RPE, no 
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During the RSA test, lower high-frequency power (HFP) and normalization of HFP (nHFP), 

and higher normalization of very low-frequency power (nVLFP) were observed in the futsal 

group, compared with the control group. However, there were no significant differences 
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of post-exercise HRV indices in the group-comparison after the Yo-Yo test. In comparison 
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of LFP (nLFP) during post-exercise measurement in the futsal group. In conclusion, futsal 

players decreased vagal activation after the RSA exercise intervention. The inhibitory effect 

of cardiac vagal modulation after repeated sprints indicated the adaptive change in cardiac 

autonomic function to futsal traini[ng.

Keywords: sympathetic nerve, parasympathetic nerve, automatic nervous system, Yo-Yo 

intermittent recovery test, repeated sprint ability


