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A IV Data collection sheet

Participant ID

Date ....... Liiacisd I
MVC
1. RA
Sitting Crook lying
Test
Mean
1 2 3
rRAmy | T S | e |
2.EO
Sitting Crook lying
Test
Mean
1 2 3
gomy | M=y | e |
3. TrA/IO
Sitting Crook lying
Test
Mean
1 2 3

TrA/IO (mV)




Group assignment of abdominal hollowing (Balance Latin Square)

Group

Order

1

2

3

B
C
D

D
A
B

4

A
B
C
D

A

| >»| OO

C

A = Crook lying,

1. Crook lying

B = Prone lying, C = Four point kneeling, and D = Wall support standing.

Muscle

Mean

% MVC

RA (mV)

...........

.......................

EO (mV)

...........

...........

.......................

TrA/IO
(mV)

2. Prone lying

Muscle

Mean

% MVC

RA (mV)

EO (mV)

TrA/IO
(mV)




3. Four point kneeling

72

Muscle

Mean

% MVC

RA (mV)

EO (mV)

TrA/IO
(mV)

4. Wall support standing

Muscle

Mean

% MVC

RA (mV)

...........

EO (mV)

...........

.......................

TrA/IO
(mV)

...........
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APPENDIX B

B | Ethical approval granted by the Ethical Review Committee for Research Involving
Human Subjects and/or Use of Animal in Research, Health Science Group of Faculties,

Colleges and Institutes, Chulalongkorn University, Thailand
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APPENDIX C

C | Instruction for participants to perform maximal voluntary contraction of three

abdominal muscles in two starting positions: six maneuvers
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APPENDIX D

PILOT STUDY

D | Introduction

There are two widely accepted methods for taking EMG in order to provide information
on muscle activity, there are fine-wire and surface EMG (Hogrel, 2005: Soderberg and
Knutson, 2000). The fine-wire EMG is the method that has to use a needle to collect
muscle activity on one muscle fiber. Consequently, this may cause pain and muscle
trauma (Hogrel, 2005). On the other hand, the surface EMG is non-painful and non-
invasive method (Hogrel, 2005). However, both fine-wire and surface EMG showed
similar results of muscle activation during functional tasks (Hodges and Richardson,
1997; Marshall and Murphy, 2003). Moreover, the surface EMG was shown to be able of
evaluating the activity of deep abdominal muscles although the surface electrodes were

placed on the skin overlying the muscles (Beith et al., 2001; Dankaerts et al., 2004; Ng
etal., 1998; O’'Sullivan et al., 1998).

To be able to compare the EMG activity between muscles, activities, individuals, or
studies; normalization of the EMG activity to a reference value is essential (Soderberg
and Knutson, 2000). There are a few normalization methods that were commonly used in
previous studies, there were sub-MVC and MVC (Dankaerts et al., 2004; Ng et al., 2003).
The most frequently used reference value is the MVC against either manual or
instrumental resistance. This is performed by calculating the EMG activity of a muscle as
a percentage of the MVC of that muscle (Hogrel, 2005). Due to this characteristic of the
EMG, the validity of the comparisons of the EMG activity would also be affected by the
reliability of the surface EMG activity during MVC (Dankaerts et al., 2004).

Previous studies investigating within-day reliability of the MVC for RA, EO, and 10

muscles in either asymptomatic or symptomatic LBP showed good to excellent with 1ICC
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values ranged from 0.83 to 0.98 in asymptomatic LBP (Allison et al., 1998: Dankaerts et
al., 2004; Ng et al., 2003) and 0.76 to 0.96 in symptomatic LBP (Dankaerts et al., 2004).
Additionally, no distinct differences were found between the reported ICC values
derived from performing MVC against manual resistance and instrumental resistance.
For RA muscle, the reported ICC values were ranged between 0.87 and 0.96 with
manual resistance (Allison et al., 1998; Dankaerts et al., 2004) while it was 0.93 with
instrumental resistance (Ng et al., 2003). For EO and 10 muscles, the reported ICC
values were 0.96 and 0.91 with manual resistance (Dankaerts et al., 2004). While

reported ICC values were 0.95 for EO and 0.93 for 10 with instrumental resistance (Ng et
al., 2003).

Although these previous studies showed good to excellent reliability of surface EMG, it
is recommended that all studies should have to conduct their own reliability study. This
is because the reliability is an inherent property that is associated with certain
population and testing procedure (Portney and Watkins, 2000). Thus, the aim of this pilot

study was to examine the reliability of EMG activity of the tested abdominal muscles
during MVC.

D Il Study design

A test-retest research design was used to evaluate the reliability of the surface EMG
activity of the RA, EO and TrA/IO muscles during MVC. The independent variable was

the trial and the dependent variable was the EMG activity of the RA, EO and TrA/IO

muscles,
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D Ill Participants

Ten asymptomatic LBP participants were recruited in this study. The inclusion and the
exclusion criteria were the same as those described in Section 3.3. Prior to the
experiment, each participant was required to give written informed consent (Appendix
A). Ethical approval to conduct the study was approved by the Ethical Review
Committee for Research Involving Human Subjects and/or Use of Animal in Research,

Health Science Group of Faculties, Colleges and Institutes, Chulalongkorn University,

Thailand.

D IV Materials and methods

All materials described in Section 3.4 were used for measuring the EMG activity of the
three muscles (RA, EO and TrA/IO). The procedures for acquiring MVC from these three
muscles are described in Section 3.5. Each participant was asked to perform three trials

of MVC with 2-minute rest between trials in order to avoid fatigue. For each trial, the

contraction duration time was kept at five seconds.

D V Data processing

The raw EMG activities recorded from each of the three trials were managed in the same

way as that presented in Section 3.6.

D VI Statistical analysis

To determine the reliability between all three trials, the ICC,,,, were obtained using the
SPSS. The level of agreement was considered little or no relationship when the ICC was

between 0 and 0.25, fair when it was between 0.25 and 0.50, moderate to good between
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0.50 and 0.75, and good to excellent when greater than 0.75 (Portney and Watkins,
2000).

One way repeated measures ANOVA was also performed on the EMG data in order to
investigate whether there was any systematic difference in the EMG activities among the

three trials (Domholdt, 2000). A value of p<0.05 was used to determine statistical

significance.

D VIl Results

Three males and seven females participated in this study. The demographic data is
presented in Table 1. The ICC,, , values EMG activities during MVC are summarized in

Table 2. EMG activities during MVC showed excellent reliability with high ICC, ,, values
(mean 0.92, range 0.86-0.96).

Table D | Demographic data of participants (n = 10)
Minimum Mean (SD) Maximum
Age (year) 20.0 21.2(0.8) 22.0
Mass (kg) 40.0 49.7(6.1) 63.0
Height (m) 1.54 1.63(0.07) 1.80
Body mass index (kg/m?) 16.02 18.58(1.49) 21.09
Abdominal skinfold thickness (mm) 12 16(28) 20

Suprailiac skinfold thickness (mm) 6 10(3) 14
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Table D Il The intraclass correlation coefficient (ICCy,) values of the

electromyographic activity for maximal voluntary contraction (MVC)

(n=10)
MvC ICC,, 4 p-value
RA 0.96 0.71
EO 0.86 0.09
TrA/IO 0.95 0.71
Mean 0.92

RA = Rectus abdominis, EO = Extemnal abdominal oblique, TrA/IO = Transversus abdominis

/ internal abdominal oblique muscles.

D VIII Discussion

Excellent ICCs reported in this study were consistent the results of previous studies
(Allison et al., 1998; Dankaerts et al., 2004: Ng et al., 2003). This may be the fact that the
researcher had practiced the skill related to this procedure for trunk and lower limb
muscles, there was clearly setting procedure of participants while performing and
allowed the participants to practice until they perform correctly. Additionally, the

researcher used consistent verbal feedback to encourage participants.

D VIl Conclusion

Reliability of EMG activity during MVC showed excellent ICC. Therefore, MVC of the

three abdominal muscles (RA, EO, TrA/IO) could be investigated from one exertion.
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Table E | Demographic data of participants (n = 10)
Body mass Abdominal Supra-iliac
Participants Sex Age MES it index skinfold skinfold
()] (kg) (m) 2 . ,
(kg/m®) thickness (mm)  thickness (mm)
1 Female 20 46 155 19.16 14 1
2 Female 21 40 158 16.02 17 7
3 Female 21 52 163 19.57 20 14
4 Male 22 54 160 21.09 14 T
5 Female 20 48 164 17.85 20 13
6 Female 22 47 154 19.82 18 1
7 Male 22 48 165 17.63 12 7
8 Female 21 52 170 17.99 15 4
9 Male 21 63 180 19.44 14 6
10 Female 22 47 165 17.26 14 13
Table E Il

voluntary contraction (MVC) (n = 10)

MVC of RA (millivoits)

Participants

1 2 3 Mean
1 130 138 146 138.00
2 44 51 40 45.00
3 62 63 55 60.00
4 82 84 111 92.33
5 76 78 72 75.33
6 54 54 74 60.67
7 173 131 139 147.67
8 57 41 42 46.67
9 90 83 63 78.67
10 53 54 60 55.67

Electromyographic activity of rectus abdominis (RA) during maximal
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Table E IlI Electromyographic activity of external abdominal oblique (EO) during

maximal voluntary contraction (MVC) (n = 10)

MVC of EO (millivolts)

Participants . > 2 oo
1 216 144 133 164.33
2 103 131 77 103.67
3 70 59 44 57.67
4 70 68 69 69.00
5 122 125 114 120.33
6 136 126 103 121.67
7 150 165 123 146.00
8 115 94 123 110.67
9 114 125 85 108.00
10 137 103 149 129.67

Table E IV Electromyographic activity of transversus abdominis / internal abdominal

oblique (TrA/IO) during maximal voluntary contraction (MVC) (n = 10)

MVC of TrA/IO (millivolts)

Participants —
1 2 3 Mean

1 347 358 399 368.00
2 239 199 249 229.00
3 131 88 106 108.33
4 177 183 179 179.67
5 190 234 274 232.67
6 160 176 153 163.00
7 398 308 269 325.00
8 144 116 150 136.67
9 160 165 178 167.67
10 215 236 206 219.00
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Table F | Demographic data of participants (n = 32)
Body mass Abdominal Supra-iliac
Participants Sex Age Mass  Height index skinfold skinfold
v) (kg) (m) 2 : ;
(kg/m®) thickness (mm)  thickness (mm)

1 Female 21 40 1.55 16.65 14 8
2 Female 20 46 1.61 17.75 15 13
3 Male 21 57 1.70 19.72 17 13
4 Male 21 56 1.65 20.20 18 10
5 Female 20 49 1.78 15.47 19 9
6 Female 21 44 1.58 17.63 19 12
7 Male 22 60 1.75 19.59 15 6
8 Male 21 68 1.73 2272 20 10
9 Male 22 68 1.70 23.53 18 13
10 Female 23 45 15T 18.26 17 12
11 Male 22 54 1.68 19.13 7 4
12 Female 22 36 1.48 16.44 1 6
13 Female 20 38 Lits3) 15.82 19 9
14 Female 21 37 1.50 16.44 20 9
15 Female 21 45 1.60 17.59 19 15
16 Male 21 62 1.74 20.48 14 6
17 Male 20 53 1.65 19.47 12 4
18 Female 20 49 1.65 18.00 15 16
19 Male 22 60 1.70 20.76 6 5
20 Female 21 44 1.57 17.85 17 12
21 Male 22 55 1.74 18.17 8 5
22 Male 22 58 1.72 19.61 18 10
23 Male 21 48 1.65 17.63 20 10
24 Female 22 43 1.60 16.80 13 9
25 Female 22 49 1.57 19.88 16 9
26 Male 20 45 1.60 17.58 15 8
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Table F | Demographic data of participants (n = 32) (continued)
Body mass Abdominal Supra-iliac
Age Mass  Height
Participants Sex index skinfold skinfold
(y) (ka) (m) 3 ‘ ,
(kg/m®) thickness (mm)  thickness (mm)
27 Female 22 50 1.59 19.78 18 10
28 Male 22 56 1.74 18.50 18 6
29 Female 22 48 1.65 17.63 14 9
30 Female 21 43 1.53 18.37 13 9
31 Female 22 53 1.65 19.47 13 10
32 Female 21 48 1.58 19.23 17 10
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Table F I Electromyographic activity of three abdominal muscles during maximal

voluntary contraction (MVC) (n = 32)

o MVC (millivolts)
Participants =) E0 =
1 88 157 290
2 113 128 243
3 46 264 275
4 97 308 417
5 49 235 124
6 42 125 147
7 130 392 240
8 30 17 424
9 73 310 169
10 103 72 181
11 263 320 965
12 167 249 348
13 77 64 152
14 186 479 224
15 66 61 152
16 61 276 184
17 95 227 312
18 41 149 288
19 105 452 448
20 36 75 157
21 102 295 420
22 44 163 159
23 152 150 316
24 29 145 200
25 45 126 150
26 146 327 283
27 68 118 115
28 39 185 159
29 22 45 117
30 52 226 411
31 50 206 170
32 74 250 219

RA = Rectus abdominis, EO = External abdominal oblique, and TrA/IO = Transversus

abdominis / internal abdominal oblique.
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Table F il Root mean square of electromyographic activity of three abdominal
muscles during abdominal hollowing in crook lying position (n = 32)
RA (millivolts) EO (millivolts) TrA/IO (millivoits)
SRl 1 2 a3 Mean 1 2 3 Mean 1 2 3 Mean
1 0 1 1 067 3 5 8 533 44 45 57 4867
2 1 1 2 133 10 10 10 1000 51 56 48 5167
3 1 2 1 133 6 5 4 500 25 19 14 1933
4 0 1 0 033 10 12 11 11.00 302 279 267 28267
5 4 T2 23 5 11 13 966 51 57 51  53.00
6 0 1 1 067 0 0 0 000 31 31 30 3067
7 0 1 2 100 5 5 4 467 27 26 28  27.00
8 4 5 6 500 35 41 45 4033 200 215 250 25467
9 0 0 0 000 0O/ 2 7 300 33 30 26 2967
10 1 1 1 100 (7 9 9 833 57 47 40 48.00
1 0 0 0 000 7 8 9 800 172 193 223 196.00
12 0 0 0 000/ 6 7 14 900 35 39 54 4267
13 4 2 4 33310 9 8 900 28 28 24 2667
14 0 0 0 /S000 0 0 0 000 33 19 26 2600
15 3 3 4 /3833 10 .9 8 900 28 28 24 2667
16 0 0 4 133 5 10 11 867 94 105 99 9933
17 0 0 0 000 8 4 567 49 31 36 3867
18 1 0 00 033 1 2 2 167 24 27 34 2833
19 1 0 =0, 033 7 2 0 300 8 55 51 6367
20 3 10 1339 14 6 967 90 126 98 10467
21 1 09 Wt 067 5 7 4 533 178 132 132 147.33
22 0 2 0 067 100 0 033 25 23 20 2267
23 1 0 0 03 3 6 6 500 14 16 17 1567
24 0 0 0 000 1 T2 133 13 14 15 1400
25 0o 1 2 1.00 1 32 200 122 114 142 126,00
26 1 0 0 03 5 3 1 300 34 35 31 3333
27 0o 0o 1 033 3 3 4 333 9 8 8 833
28 0 0 0 000 9 8 15 1067 135 120 138 131.00
29 0 0 0 000 0 3 3 200 6 11 10 1233
30 1 1 1 100 5 5 7 567 57 63 79 6833
31 6 2 0 267 13 5 11 967 38 38 46 4067
32 0 0 0 000 2 4 6 400 27 24 33 2800
RA = Rectus abdominis, EO = External abdominal oblique, and TrA/IO = Transversus

abdominis / internal abdominal oblique.
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Table F IV Root mean square of electromyographic activity of three abdominal
muscles during abdominal hollowing in prone lying position (n = 32)
RA (millivolts) EO (millivolts) TrANIO (millivolts)
Faficipants 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean
1 0o 0 o0 000 2 4 0 200 52 51 45 49.33
2 0 4 1 167 11 9 8 933 97 71 85 8433
3 0 5 2 233 12 19 9 1333 37 38 32 3566
4 0 0 o0 000 19 41 25 2833 385 406 314 368.33
5 0 1 0 033 17 18 16 17.00 67 53 62 6066
6 0 1 1 067 2 2 2 200 57 67 61 61.67
7 0o 2 0 067 7 11 9 9.00 34 43 32 3633
8 o 0 3 100 10, 5 13 933 126 102 125 117.67
9 o 2 o0 08N 2 A0 1.00 34 42 34 3667
10 1 0 4 167 20 26 23 2567 105 90 84  93.00
1 2 0 0 067 /31 21 25 2567 225 226 212 221.00
12 0 0 2 067/ 2 6 4 400 22 11 15 16.00
13 5 0 2 233 6, 8 9 767 28 37 30 3167
14 0o 0 0 0.00 N2\ 2 167 102 80 93  91.67
15 6 0 2 B ARy |\ g 800 27 37 30 3133
16 0 1 3 133 36 49 34 3967 121 112 97  100.00
17 0 1 0 033 13 9. 5 9.00 40 50 49 4633
18 1 0 .0 0338 8 5. 700 97 119 97 104.33
19 0 1 0 033 4 2 .3 300 44 49 48  47.00
20 0 1 0 033 6 11 9 867 62 54 50 5067
21 0 0 o g.hg bee VI L Viy 133 118 105 100 107.67
22 0 (ZHING 067 0 0O 0 000 20 26 23 23.00
23 2 1 0 100 98 10 7 867 35 35 33 3433
24 0 o0 o 000 7 3 2 400 20 19 17 1867
25 0 1 0 033. 0 0 0 000 40 54 45 4633
26 1 2 1 133 8 12 9 967 65 75 79 73.00
27 0 o 1 0.33 1 2 4 233 13 15 17 1500
28 1 0 0 033 10 16 14 1333 122 100 110 11067
29 0 3 0 100 3 4 4 367 12 10 11 11.00
30 0o 1 1 067 8 14 11 1100 74 56 46  58.67
31 0 2 5 233 18 23 21 2067 37 51 39 4233
32 0 0 o 000 4 4 0 267 27 25 23 2500
RA = Rectus abdominis, EO = External abdominal oblique, and TrA/I0 = Transversus

abdominis / internal abdominal oblique.
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Table F V Root mean square of electromyographic activity of three abdominal
muscles during abdominal hollowing in four-point kneeling position
(n=232)
RA (millivolts) EO (millivolts) TrA/IO (millivolts)

Fericipants 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean
1 0 0 o 0.00 0 1 133 17 16 12 15.00
2 0 10 0.33 5 10 5 667 34 32 39 3500
3 5 0 3 267 B 2 3 367 21 21 26 2267
4 0 0 0 000 3 2 8 433 36 33 37 3533
5 0 0 0 000 10 19 13 1400 43 54 41  46.00
6 0 0 0 000 0 0 0 000 17 17 13 1567
7 0 0 0 0.00 1 3 4 267 14 21 20 1833
8 2 2 2 200 18 20 17 1833 87 82 &8 85.67
9 0o 0 1 0.33 6.9 4 633 30 42 35 3567
10 0 1 1 067 19 20 24 2100 63 65 66 64.67
1 1 1 O 067 13 12 15 1333 106 123 102 110.33
12 0 2 0 o087 3 1 5 300 14 19 20 1767
13 0 0 0 000 5 5 4 4867 18 20 25 2100
14 0 1 0/ 033 0 4 0 133 78 95 82 8500
15 1 0 0 0.33 7 500 18 16 25 1967
16 1 0 0 033 21 47 25 2100 110 121 117 116.00
17 0 0 0 000 T B 367 20 21 23 2133
18 5 1 0 200 4 3 3 333 62 58 51 57.00
19 0 2 & 100 0 3 2 167 18 21 14 1767
20 1 1 0 067 4 4 4 400 56 42 48 4867
21 0 09 Wol&iNgag 2 VA Ky 1 100 133 75 82 9667
2 1 DL i0A | (968 K NE 1 1 133 17 14 19 1667
23 2 2 9 18 9 4 11 800 33 37 33 3433
24 2 0 0 067 2 2 3 23 14 10 13 1233
25 0 0 1 033 0 4 4 267 41 37 50 4267
2% 23 200 0 2 1 100 32 30 24 2867
27 1 1 0 067 4 5 6 500 8 11 10 9s7
28 1 0 1 067 33 25 32 3000 127 121 121 12300
29 4 0 o0 1.33 0 1 1 067 5 6 g 6.33
30 0 1 0 033 9 7 12 933 58 59 69 6200
31 5 1 0 2.00 8 M 9 933 24 32 2 97w
32 0 1 0 033 10 2 1 433 39 26 26 3033

RA = Rectus abdominis, EO = External abdominal oblique, and TrA/IO = Transversus

abdominis / internal abdominal oblique.
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Table F VI Root mean square of electromyographic activity of three abdominal

muscles during abdominal hollowing in wall support standing position

(n=32)
RA (millivolts) EOQ (millivolts) TrA/IO (millivolts)
i 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean
1 5 0 0 1.67 20 17 22 19.67 44 53 44 47.00
2 0 1 1 0.67 8 7 4 6.33 69 66 54 63.00
3 0 0 0 0.00 4 2 3 3.00 N 24 27 24.00
4 0 1 1 0.67 12 7 10 9.67 76 81 108  88.33
5 1 1 0 - 0.67 6 1" 6 7.67 42 41 3 38.00
6 1 0 0 0.33 1 1 1 1.00 53 s 44 47.00
7 1 1 1 1.00 7 13 13 11.00 47 47 42 45.33
8 5 8 12 8.33 19 15 24 19.33 146 164 177 162.33
9 0 0 0 0.00 7 6 7 6.67 40 51 55 48.67
10 3 3 5 3.87 16 17 o1 17.67 71 82 94 82.33
1 0 0 0 0.00 6 1 10 9.00 55 58 58 57.00
12 1 1 5 2.33 7 13 10 10.00 34 32 29 31.67
13 1 2 1 1.33 9 8 ¥4 8.00 37 27 26 30.33
14 0 1 0 0.33 6 3 A 433 23 14 20 19.00
15 2 2 1 167 12 8 7 9.00 37 27 26 30.00
16 1 2 1 1:33 14 22 20 18.67 92 116 111 106.33
17 1 1 0 0.67 2 3 1 2.00 a3 28 22 27.67
18 3 4 3 333 " 14 14 13.00 55 57 72 61.33
19 0 1 0 0.33 8 10 10 9.33 26 28 32 28.67
20 3 1 1 1.67 5 3 3 3.67 30 3 40 33.67
21 1 0 0 0.33 0 0 1 0.33 69 74 53 65.33
22 0 0 0 0.00 13 12 1 12.00 32 19 24 25.00
23 4 2 4 333 14 14 24 17.33 88 78 108 91.33
24 0 0 0 0.00 6 & 7 6.67 14 14 14 14.00
25 0 0 0 0.00 2 L 1 2.33 29 26 29 28.00
26 3 0 1 1.33 22 21 22 21.67 18 21 17 18.67
27 0 0 0 0.00 5 3 2 3.33 15 13 14 14.00
28 4 6 5 5.00 15 26 23 21.33 118 137 139 131.33
29 0 1 0 0.33 4 5 5 4,67 12 15 18 15.00
30 1 1 2 1:33 17 14 23 18.00 45 36 46 42.33
31 0 1 1 0.67 5 4 6 5.00 19 21 21 20.33
32 0 0 0 0.00 5 7 1 7.67 29 27 29 28.33

RA = rectus abdominis, EO = external abdominal oblique, and TrA/IO = Transversus

abdominis / internal abdominal oblique.



Table F VII Electromyographic activity (percent of maximal voluntary contraction) of three abdominal muscles during abdominal

hollowing in four positions (n = 32)

Crook lying Prone lying Four-point kneeling Wall support standing

Participants

RA EO TrAlIO RA EO TrA/IO RA EO TrA/IO RA EO TrA/IO
1 0.76 3.39 16.78 0.00 1.27 17.01 0.00 0.85 517 1.90 12.53 16.21
] 1.18 7.81 21.26 1.48 7.29 34.70 0.29 5:21 14.40 0.59 4.95 25.93
3 2.89 1.89 6.93 5.07 5.06 12.78 5.80 1.39 8.24 0.00 1.14 8.60
4 0.34 3.57 67.79 0.00 9.20 88.33 0.00 1.41 8.47 0.69 3.14 21.18
5 4.76 4.11 42.74 0.67 .23 48.92 0.00 5,96 37.10 1.37 3.26 30.65
6 1.60 0.00 20.86 1.60 1.65 41.95 0.00 0.00 10.66 0.79 0.80 31.97
7 0.77 1.19 11.25 0.52 2.30 15.14 0.00 0.68 7.64 0.77 2.81 18.89
8 16.67 34.57 60.06 3.33 7.97 27,75 6.67 15.67 20.21 13.88 16.52 38.29
g 0.00 0.97 17.56 0.92 0.32 21.70 0.45 2.04 21.11 0.00 2.156 28.80
10 0.97 11.57 26.52 1.62 35.65 51.38 0.65 29.17 35.73 3.56 24.54 34.49
11 0.00 N 20.31 0.25 9.99 22.90 0.26 5.19 11.43 0.00 3.50 591
12 0.00 3.61 12.26 0.40 1.61 4.60 0.40 1.20 5.08 1.40 4.02 9.10

c6




Electromyographic activity (percent of maximal voluntary contraction) of three abdominal muscles during abdominal

Table F VII
hollowing in four positions (n = 32) (continued)
Crook lying Prone lying Four-point kneeling Wall support standing

Participants

RA EO TrAJIO RA EO TrANO RA EO TrA/IO RA EO TrAJIO
13 4.32 14.06 17.55 3.03 11.98 20.84 0.00 7.30 13.82 1.73 12.50 19.95
14 0.00 .00 11.61 0.00 0.35 40.92 0.18 0.28 37.95 0.18 0.90 8.48
15 5.05 14.75 17.55 4.05 13.11 20.61 0.50 8.20 12.94 2.53 14.75 19.74
16 218 3.14 53.98 218 14.37 59.78 0.54 7.61 63.04 2.18 6.76 57.79
17 0.00 2.50 12.39 0.35 3.96 14.85 0.00 1.62 6.84 0.71 0.88 8.87
18 0.80 .01 9.84 0.80 4.70 36.23 4.88 223 19.79 8.12 8.72 21.30
19 0.31 .66 14.21 0.31 0.66 10.49 0.95 0.37 3.94 0.31 2.06 6.40
20 3.69 12.89 66.67 0.92 11.56 32.27 1.86 5.33 31.00 4.64 4.89 21.45
21 0.66 1.81 35.08 0.00 0.45 25.64 0.00 0.34 23.02 0.32 0.11 15.65
22 1.62 .20 14.26 1.52 0.00 14.47 0.75 0.82 10.48 0.00 7.36 14.97
23 0.22 3.33 4.96 0.66 5.78 10.86 0.88 5.33 10.86 219 11.55 28.90
24 0.00 .92 7.00 0.00 2.76 9.34 2.31 1.61 6.17 0.00 4.60 7.00

€6



Table F VIl Electromyographic activity (percent of maximal voluntary contraction) of three abdominal muscles during abdominal

hollowing in four positions (n = 32) (continued)

Crook lying Prone lying Four-point kneeling Wall support standing

Participants

RA EO TrAllO RA EO TrA/lO RA EO TrAllO RA EO TrA/lO
25 222 1.59 84.00 0.73 0.00 30.89 0.73 2.12 28.45 0.00 1.85 18.67
26 0.23 92 11.78 0.91 2.96 25.80 1.37 0.31 10.13 0.91 6.63 6.59
27 0.49 2.82 7.24 0.49 1.97 13.04 0.99 4.24 8.41 0.00 2.82 12.17
28 0.00 577 82.39 0.85 7.21 69.60 1.72 16.22 77.36 12.82 11.53 82.60
29 0.00 4.44 10.54 4.55 8.16 9.40 6.05 1.49 5.41 1.50 10.38 12.82
30 1.92 2.50 16.63 1.29 4.23 14.27 0.63 413 15.09 2.56 7.96 10.30
31 5.34 469 2392 4.67 10.03 24.90 4.00 4.53 16.08 1.34 2.43 11.96
32 0.00 1.60 12.79 9.00 1.07 11.42 0.45 1.73 13.85 0.00 307 12.94

RA = Rectus abdominis, EO = External abdominal oblique, and TrA/IO = Transversus abominis muscles.

6



APPENDIX G

G | Inhibition and isolation of three abdominal muscles

95

Table G | Number and percentage of participants who could inhibit activity from

rectus abdominis muscle during abdominal hollowing (n = 32)

Starting positions

Numbers of participants (percent)

Always Sometimes Never
Crook lying 9 (28.13) 15 (46.88) 8 (25.00)
Prone lying 6 (18.75) 25 (78.13) 1(3.13)
Four-point kneeling 8 (25.00) 22 (68.75) 2(6.25)
Wall support standing 8 (25.00) 12 (37.50) 12 (37.50)
Table G Il Number and percentage of participants who could inhibit activity from

external abdominal muscle during abdominal hollowing (n = 32)

Starting positions

Numbers of participants (percent)

Always Sometimes Never
Crook lying 2 (6.25) 4 (12.50) 26 (81.25)
Prone lying 2(6.25) 4 (12.50) 26 (81.25)
Four-point kneeling 1(3.13) 7 (21.88) 24 (75.00)
Wall support standing 0 (0.00) 1(3.13) 31 (96.88)




96

Table G 1lI Number and percentage of participants who could isolate activity of

transversus abdominis / internal abdominal oblique muscle from other

abdominal muscles during abdominal hollowing (n = 32)

Starting positions

Numbers of participants (percent)

Always Sometimes Never
Crook lying 1(3.13) 5 (15.63) 26 (81.25)
Prone lying 0 (0.00) 6 (18.75) 26 (81.25)
Four-point kneeling 1(3.13) 4 (12.50) 27 (84.38)
Wall support standing 0 (0.00) 1(3.13) 31 (96.88)
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