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Abstract The current study was undertaken to verify appropriateness of muscle endurance test at three different

o

angles (30°, 40°, 50°) of isometric contraction position, and to sought valid and reliable testing method that
provide an alternative to sit-ups. Total 92 young and healthy subjects (68 males and 24 females) were recruited,
and the following results were obtained. 1. A low correlations in males, but a high correlations in females was
found when the comparisons were made between aerobic and muscle endurance capability. 2. Measuring
tolerance time, by using isometric contraction was showed a significant correlation with the repetition numbers
of sit-ups. 3. The highest correlation was found at 40 inclined degrees of plane, and the lowest correlation was
drawn from 50 inclined degrees of plane. Based on these results, it was concluded that measuring tolerance
time during maintaining an isometric contraction at 40 inclined degrees of plane is a valid and effective tool for
measuring abdominal muscle endurance, and it can be used as an alternative way of sit-up, which potentially
risky for inducing many back-associated injuries. Further studies need to be undertaken to determine for optimal
angles, that can safely be applied for people of various age groups and physical conditions.
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[Table 1] The characteristics of subjects

Age  Weight Height BMI
on (kg (cm)  (kg/m’)
Towl 219 675 1723 226
o (1.8) (128  (7.6) (3.2)
y 217 728 1758 235
Gonder (19 (105 (5.4 (32)
. 225 527 1626 199
9 @) @e”  as”
212 742 1760 239
" Growp A 14y (15 (58 (G4
G g 223 710 1750 232
P 22 ©.1) 4.8) 2.8
217 553 1610 213
FooGow A os a6 (5.0) (1.5)
28 521 1630 196
Grow B 16 4o G.1) (1.3)

Values are means + SD. Significantly different from male,
p<.05; “p<.01; "'p<.001. BMI, Body Mass Indes. M, Male;
F, Female.
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[Table 2] The effect of aerobic step test on the change
of heart rate, and estimation of maximal
aerobic capacity(VOzmax) adopting Starkey’s
method [17]

3.4 RBUYSI|I| 4} SHY 25 3 b
EI7| AlZH Atolo] Alzreb
3.4.1 &-0f F
ABUCT|7Ik BHY 25 5 wEy] A7 Abole]
AT ATl Av BE A ZEelA] felg

ATHAS vebchTable 4, Fig. 1], 50°0A] r'gto]
0.33(p<.001)Z, 40°2} 30°0f| 4] r*gho] 0.31(p<.001)L L}

Epch. SPARE S0°¢] ANES AR A9 34 A

Heart Racopm) V0w ) AIZHS] SE(E: 3002)8 W71 m@Ast Ak
Rest  Finish (gi“l);zz) (mmelf)g o] AR A-g Alol= HAMHO] 40°5-2 30°E ARE-S}
Toul 700 1470 305 50.0 © o] ieAE ZloR Hof rHTable 4, Fig. 1].
9.1 (18.2) 5.4) 9.0)
M 68.6 143.0 29:5 >1.9 [Table 4] The relationship between repetition number of
an a1y 4.6) (8.0) . . X .
Gender situp and tolerance time with various
74.1 158.0 33.4 44.5 . . ..
F isometrically contracted conditions (total)
(11.5) (16.9) (6.6) 9.9)
Group A 004, 1320 260 576 Angels between ground and participants’ back
M P 6.1 1267 (2.5 (5.8) . . -
Growp B 125 1560 336 450 50 40 30
076 (124 25 G4 r2 0.33 031 031
= G A 68.5 140.(.). ) 26.0 55.7
P A 10 146 5T aLn™ p value <001 <.001 <.001
Gr B 76.9 165.0 36.7 39.4
O E 112 (124 @.1) (3.7
Values are means *+ SD.  Significantly different from
normal(p<.001). VOizmax, Maximal Oxygen Consumption. M, . y=3.76061 + 25.748
Male: Fp Female. 2 Ve P R =087 My - @S =219 + 12938

[Table 3] Repetition numbers of sit-up and the change
of tolerance time with various isometrically
contracted conditions

Tolerance time with

Slit ],Jp isometric contraction(sec)
(min) =750 400 300
Total 411 1800 1030  76.1
(13.4)  (87.9) (52.9)  (40.4)

M 457 1990 1120 848

(7.8)  (77.0) (44.0) (32.8)

Gender

. 274 1240 779 513

16.8)™ (962)" (67.3)" 9.7

Group A 462 2060 1200 896

" up 6.6) (795 (489  (38.1)
Growp B 432 1910 1030 791

up (92) (743) (359 (24.3)

Group A 403 2320 1420 803

. up (7.3 785" (571.8" (22.6)
G B 238 890 S8l 429

oup (17.1) (7.7 (517  (54.3)

Values are means + SD. Significantly different from male,
“p<.01; ""p<.001. significantly different from normal
(p<.001). M, Male; F, Female.
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[Fig. 1] The relationship between repetition number of
situp and tolerance time with
isometrically contracted conditions (total)
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[Table 5] The relationship between repetition number of
situp and tolerance time with various
isometrically contracted conditions (male)

Angels between ground and participants’ back

50° 40° 30°
r 0.071 0.070 0.059
p value .028 .029 .046
360 - @i0= =0266
i 280 i 200 '
& &
z210 Z 150 !
L8 LS
{F 140 {F 100
» k<]
f 7o b =

—
0 80
23]0] a2y

r
0
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\=10132¢+ 38455
¢ @0 |02

T T T T
D 40 50 60

HASLOI @
[Fig. 2] The relationship between repetition number of

situp and tolerance time with
isometrically contracted conditions (male)

various
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o]de] SlEdorl7|er SAY 5 5 HE| ARE

Apolo] JHHAS A A, e AR Ak=ollA
ot A AHHAE HERATHp<.05). FARES] Z}o]

50°0| 4 r?o] 0.43(p<.001)2, 40°0||A] r*o] 0.51(p<.001)
2, 30°0] 4] 1*0] 0.54(p<.001)Z L}EFHTHTable 6, Fig. 3].
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[Table 6] The relationship between repetition number of
sit-up and with
isometrically contracted conditions (female)

tolerance time various

Angels between ground and participants’ back

50° 40° 30°
v 0.539 0.510 0.429
p value <.001 <.001 <.001
s - @0 gﬁmsmﬁ 0+ @os y:éﬁ-zw
o e .

i
<210
#
<140
0

f

T
10 20 30 & 50 6 70 0 10 20 30 4 % & 7
AZUOI @y HELOI@n

r
0

250, . y=1.9804x- 31179
@~ =065

g '

&

< 150

L

< 100

k)

il

[Fig. 3] The relationship between repetition number of
situp and tolerance time with various
isometrically contracted conditions (female)
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[Table 7] The relationship between VO,max and
repetition number of sit-ups, and tolerance
time with various isometrically contracted
conditions (total)

tolerance time with isometric

Sit Up contraction
50° 40° 30°
r 0.11 0.12 0.19 0.18
p value <.001 <.001 <.001 <.001

YOI J| @)

@305

Jul
Y,
=

5 @

4
VOhrariigrin )

[Fig. 4] The relationship between VO,max and repetition
number of sit-ups, and tolerance time with
various isometrically contracted conditions (total)
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A
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=
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% F ey AzRe] BAlAE 50°(°=0.0012,
p<.01)®} 30°(:>=0.098,
UeRHtH Table 8, Fig.

p>.05)2 AT 40°(°=0.10,
p<0D)ofARE frofet AuAS
5].

[Table 8] The relationship between VO,max and
repetition number of sit-ups, and tolerance
time with various isometrically contracted
conditions (male)

tolerance time with isometric contraction
Sit Up
50° 40° 30°
P 0.0022 0.0012 0.10 0.098
p value .706 779 .007 .010
VORI VOTERH1B1B
0D ~OB6
~ LR Al vt
EN T T T .
ol ate . T = HE
ol " Ll . 'l .
o o <F Pt
™ . X0 L
o
2 & @ B 2 &5 @ B
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EBED | 1288+ 7B
_ g% u y,=:(1]3m+
7] v £ T
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W bl
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[Fig. 5] The relationship between VO»max and repetition
number of sit-ups, and tolerance time with
various isometrically contracted conditions (male)
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[Table 9] The relationship between VOamax and repetition
number of sit-ups, and tolerance time with

various isometrically contracted conditions
(female)
tolerance time after isometric
Sit Up contraction
50° 40° 30°
r 0.089 0.47 0.20 0.14
p value .167 <.001 .031 .073
V0T +4905 VB612- 160%
0285 I =066
I ' )
% - o
Jal . ] &
ol ' =
0 .
3 _— #
oo . <+
o ot . X0
o
# 4
~ ~
= =< "
L A o
<+ <+ ; .
a® . T
UE "y E?(; LI
£ & @ ] £ 5 @ ]
VOorexirigrin ) \me(rrl_lgrvin-1)

[Fig. 6] The relationship between VOimi and repetition
number of sit-ups, and tolerance time with
various isometrically contracted conditions (female)

Ak ARAA $ET 2A7 ST A
e B3 AT AZo] $43t ARFECIAE ol
HHAE HolA] ghetthp>.05). SHAIRE EFo| AlE
AL AP Holk  500°=044, p<.001),
40°(*=0.43, p<.001), & 30°(’=0.38, p<.001) 5 ZAA}zH
9] Zof| atgle] HAEYLr|7|of w2 A JHAE

Ut Table 10, Fig. 7).

[Table 10] The effects of aerobic capacity on the change
of sit-ups and tolerance time with
isometrically contracted conditions (total)

Sit-Up Sit-Up Sit-Up
vs. 50° vs. 40°  vs. 30°
r 0.034 0036  0.070

Group A
p value 234 222 .087

VOZmax 5

r 0.44 0.43 0.38

Group B
p value <.001 <.001 <.001
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[Fig. 7] The relationship between VOimax and repetition
number of sit-ups, and tolerance time with
various isometrically contracted conditions (total)
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[Table 11] The relationship between VOimax and [Table 12] The relationship between VOimax and
repetition number of sit-ups, and tolerance repetition number of sit-ups, and tolerance
time with various isometrically contracted time with various isometrically contracted
conditions (male) conditions (female)

Sit-Up Sit-Up Sit-Up Sit-Up Sit-Up Sit-Up
vs. 50°  vs. 40°  vs. 30° vs. 50° vs. 40°  wvs. 30°
r 0.040 0.13 0.086 r 0.20 0.13 0.032
Group A Group A
p value 235 .028 .078 p value  .380 488 735
VOZmax 5 VOZmax 2
r 0.11 0.028 0.041 r 0.50 0.60 0.40
Group B Group B
p value .070 .367 273 p value .002 .001 .008
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[Fig. 8] The relationship between VOam. and repetition
number of sit-ups, and tolerance time with
various isometrically contracted conditions (male)
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