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Effect of the elastic energy and stretch reflex on muscular

performance in arm flexion with pre-stretching
Keiichi TAMAKI

1. The purpose of the present study was to investigate how the
muscular performance would be modified by the pre-stretching
preceding arm flexion, especially from the viewpoint of elastic
energy and stretch reflex.

2. Eight male subjects performed arm flexion with twelve kinds of
pre-stretching conditions.

3. Surface electromyogram from m. biceps brachii was integrated
and analyzed for mean power frequency. And during flexion its
speed, power and force were measured.

4. There was a positive correlation between pre-stretching
amplitude and pre-stretching speed. The higher pre-stretching
speed, the higher flexion speed and power were obtained. And,
the heavier pre-stretching load, the stroner force was obtained.

5. There was a tendency of decrease for mean power frequency in
arm flexion with pre-stretching. There was not any significant
increase on integrated electromyogram. Therefore, it was
suggested that the effect of stretch reflex on muscular
performance would be not so great.

6. It was concluded that the increase of muscular performance
occurred by arm flexion with pre-stretching would be mainly
caused by the elastic energy stored in arm flexor muscles.
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Table 1. Physical characteristics of subjects. o
* -
Subject Age Length of arm MVC —
(Yr) (cm) (N) i

A 27 30.2 166

B 23 30.4 165 ii
C 21 31.4 192 N
D 25 33.4 209 -
E 28 30.9 191 ]
F 21 33.6 205 ]
G 23 31.6 172 ::
H 27 30.4 252 ”
Mean 24 31.5 194 N
S D 3 1.3 27 .

* Maximum voluntary contraction.
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L Table 2. Experimental conditions. |
—
. Pre-stretchin
- Pre-stretching
Load (%MVC) i
| L
non-prestretching 110 130 150 |
T 0 0%20  0%40  0%60
1 10 10%20 10%40 10%Z60 T B
. 30 30%20 30%40 30%60 —
e 50 50%20 50%40 50%60 |
‘T B | | | i | i | ‘
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Table 3. Range of pre-stretching movement (deg). i%f:
e Pre-stretching —
Amplitude (deg) 20 40 60
7"' Pre-stretching I
Load (%MVC) :
|
| 0 24.5 44,0 2,2
T +2.0 2.9 3.5
10 25.5 44.8 62.6
i +2.6 6.2 3.1
30 26.6 44,3 61.2
+2.9 4.1 2.4 R
50 26.6 42.8 59.4
- 3.5 2.3 3.6 —
fm;: Values are means #SD. S
A A T T N —
I | I i | i |
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i | !
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- -

(JE X &2 A% B 2%



i | i { | ] T
R | T T [ Z ? 1
| | I | L ;
‘ i ' , | | : ; i
A B S A i | 1 .
) - — T
E | . L
B E———
Table 4. Negative impulse (N:sec). e
i

Pre-stretching
Amplitude (deg)

;;;j;:;;EZEIE§~‘~

Load (%MVC)

20

40

60

10

-0.137
+0.530

1.529
£0.815

-0.221
+0.733

2.307
10.717

-0.293
$0.961

1.596
£1.247

]
|
|

T 30 3.625 5.865 5.231 T
o £0.856 +1.820 +1.762 1
7 50 5.534 7.402 8.352 |
| £1.613 £2.056 £1.741 —
- Values are means *SD. —
| : |
) ) i | | 1 |
l:\ j | - “-‘%V i | “ .
L ] | ]
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‘ Table 5. Pre-stretching speed (cm/sec). %Af
| |
: Pre-stretching ]
-AEEEEEE§f\£fif3 20 40 60
1 Pre-stretching T
| Load (%MVC)
|
- 0 123.0 185.5 218.1 T
; £23.5 £11.4 £28.2
: 10 83.1 116.0 161.6 1
+13.3 +15.3 +32.6 i
1 30 92.9 120.8 160.2 1
B +4.9 +13.7 +18.3 4
| 50 97.6 134.5 163.0
+4.5 +20.6 *15.5 -
|
. 1
. Values are means %SD. —
| |
- N T e ] [
,, l\ L { ! B | l ’ | | ], |
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Table 6. Flexion speed (cm/sec). —
Pre-stretching -
W 20 40 60 N
Pre-stretching A
Load (%MVC)
non-prestretching 122.6 133.8 129.3 |
£14.0 +14.6 +13.5
0 148.4 %%  160.8 *%%x  169.7 sk  —
+23.2 +20.0 $£21.0
10 139.6 ** 152.6 * 161.7 ** a
+15.7 $24.1 +27.3 ]
30 144.2 ** 160.7 ¥k 167.8 ke
+14.2 £18.5 +£24.2 _—
50 148.5 * 167.4 ¥k 173.9 ** ]
+17.3 +19.4 +17.3

Significant differences from each non-prestretching
condition:* P<0.05,%% P<0.01,%*** P<0.001.

means *SD.

Values are




d

Significant differences from each non-prestretching
Values are

condition:¥* P<0.05,** P<0.01,

means *SD.

P<0.001.

( )
| |
| 1 | i
R i
i )‘,, i i R |
T T | L
I | | | | :
I | L | i i |
| B
_ ! b 1 [
Table 7. Mean power (W). —
Pre-stretching -]
_Amplitude (deg) 20 40 60 ]
Pm T
Load (%MVC) .
non-prestretching 70.3 78.0 75.1 .
+10.1 7.0 +8.9
0 82.8 * 91.2 ** 96.6 **%  —
*8.6 7.1 +11.8
10 78.9 %% 86.4 90.4 e o
+10.3 +10.9 +12.4
30 82.0 ** 90.5 **% 94.5 ¥k
$10.6 7.7 8.6 ]
50 79.4 90.0 %% 94.8 ** o
9.4 +9.3 9.0




Table 8. Mean force (N).

Pre-stretching
W 20 40 60
Pre-stretching
Load (%ZMVC)
non-prestretching 73.8 73.9 71.5
8.2 +11.3 t11.6
0 77.3 75.3 72.7
£11.3 +14.5 +11.6
10 77.9 77.5 74.2
t11.7 £15.3 £12.0
30 79.4 81.5 * 74 .4
$12.9 t14.4 +10.3
50 78.4 79.8 * 77.3 *
$12.2 £11.9 8.1

Significant differences from each non-prestretching

condition:* P<0.05.

Values are means *SD.
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Table 9. Integrated electromyogram QMV'

sec).

Pre-stretching

W 20 40 60 ]
Pre-stretching o
Load (7%MVC) —
non-prestretching 1276 1566 1967 o

1243 +242 £409
0 1425 1575 1759 —

+178 +288 £349
10 1455 1596 1799 o
277 £327 +235 —

30 1499 =* 1562 1855
£225 +286 1254 -
50 1464 1626 1815 S
1244 1230 +120 —

Significant differences from each non-prestretching

condition:* P<0.05. Values are means #SD.
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Table 10. Mean power frequency (Hz).

Pre-stretching
Amplitude (deg) 20 40 60
Pm
Load (%MVC)
non-prestretching 69.7 68.1 68.7
$13.0 $12.2 £11.5
0 67.0 64.1 66.4
+15.4 +12.8 +14.0
10 67.6 63.5 * 67.4
$17.9 $12.1 £11.5
30 67.6 65.5 67.1
$16.0 +13.1 +11.7
50 65.4 66.0 65.9
+14.9 $12.0 +11.5

Significant differences from each non-prestretching
Values are means #SD.

condition:* P<0.05.
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New-designed arm ergometer.
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Fig. 2. Experimental posture.
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