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Effect of Forward and Backward Arm Extension Movement of Pilates Exercise
Using Cadillac Instrument on Trunk Muscle Activity

Jinryeong Kim, Sunghoon Hur, Kyungjun An, Songjune Kim, Jongsam Lee

Research Center for Exercise and Sport Science, Daegu University, Gyeongsan, Korea

Purpose: This study analyzed the muscle activity changes induced by motions of reaching forward and chest expansion
that were examined from the bilateral muscles with rectus abdominis, external oblique, multifidus, and longissimus thoracic
using Pilates cadillac instrument.

Methods: Nine young adult women, who have no musculoskeletal disorder and any of chronic diseases, were
participated. Surface electromyography system was used for recording of all signals produced by muscles, and then
normalized as percentage of maximum voluntary isometric contraction (%MVIC). The paired t-test and repeated
measures of analysis of variance was performed.

Results: Reaching-forward motion showed a higher muscle activity from non-dominant external oblique muscle than
that of the chest-expansion motion. During both reaching-forward motion and chest-expansion motion, MVIC values
collected from dominant side of external oblique muscle were shown a significantly lower than the values obtained
from non-dominant side (p <0.05). Conversely, %MVIC values in external oblique muscle collected from dominant side
showed a significantly higher than the values obtained from non-dominant side of the same oblique muscle (p <0.05).
Reaching-forward motion was caused a higher %MVIC on non-dominant external oblique muscle than that of the
chest-expansion motion (p <0.05). Regardless of dominant or non-dominant sides, external oblique muscle was shown
the highest activation rate of all the other muscles during reaching forward action, and longissimus thoracic muscle
was shown the highest activation rate of all the other muscles during chest expansion action.

Conclusion: Reaching-forward motion is suitable for activating an external oblique muscle, and chest-expansion
motion is an effective enough in activating of longissimus thoracic muscle.
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Table 1. Physical characteristics of the participants (n=9)

Variable Value
Age (yr) 28.6+4.0
Height (cm) 163.5+2.9
Weight (kg) 59.7+5.5

Values are presented as meanzstandard deviation.



Y 9. LY 712 ©18Y WekHlA WY T wI) S| MY 2 YY) UjxE =

expansion 32 A5l =83}t Reaching forward 52}
S AEHEE T A 71" AAA TS AFLE o
435} ¢ 0 m(Fig. 1A), chest expansionS 7jE &S ujahi
1% A BE o2 ML o SyshglkF
1) §79] RIAE Sfolel §2& AstE A3} A
3o ARE BESlen FAH 2470 7H0E 42
HE £ & SIES stk 2A7te] So] delel % 539
wEalgon A2 08 58 49 A o1 53 4o g
289 12 42 ] 95 su7te FANTE Boial
Stk 1027b9] B2o] B2 T PHE 28 $UT 5 Hae
opR ek 3248 A9t 4% 592 EMGworks Analysis (Delsys
Inc., Boston, MA, USA)S E3] 245 k2 root mean square
RVS) o2 SHslsich 2 7 57 Al el 2 B4E
o ATZS 102 Fk] A T3] AR WYV Wt
43 A9 $AE el g8 Ageas

) SO Hoh SHA S0l GlE T YT 5

2o 2 SAY £ 2AHE %2 Ta17] 99 s
o Hojo) o2 A 3L 37 Hey) ol W Fol
Ygte] 2 4 Yetol de EAZ BAeA Bk ol g

2AZ A2sh7] 9ol A4 4T 547 2L F2ke) g
=2 AT S Zol F&35t= %DMC (percentage of
dynamic movement cycle) BFHE Q1o o]t WHEE Ert
2 Algo] HAEe] ZHE AFE Y8l 7P Az Eo A=
F23}F 5l %MVIC (percentage of maximum voluntary
isometric contraction) HIH-& AME3IATE. 2+ 2259 014
FHANE EEIA77] S8 2E ddAES 294 Y
AN £EMVICKE S5 & FHEY S4L2 3
w22, &5 Wl $35 7P, £35S
ZAZ 5 HZoA o] R FTH " F2te] FHo|q WE
IREHER 3 o o4 F2 a7t dojuhA] =g
oo of ff A7t T e A #58E FA
A =(Trigno EMG Sensor, Delsys Inc.)& o]-&3}o] o] &
A 94 A FAL 52 L] T 7
(Fig. 21> 212 53]4 AAJsto] 2agh, AGS A2 389
Ue 5 S A 94 A SAA 5 des
s SAE +oF Hdf FAN 5 A 4 2 24
=) A= A F Al Yehlle 2 8= Ao it
A vle2 BEH%WMVIOA 7l=dl AHEsHA

3 A HolHE E4dtes =5 MVIC 529 3

NoHg e o

Fig. 1. Reaching forward (A) and
chest expansion (B) movement
with the cadillac.
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Fig. 2. A measurement of volun—
tary maximal isometric contraction.
(A) Rectus abdominis and ex-
ternal obliques. (B) Multifidus and
longissimus thoracis.

Fig. 3. Location of surface elec—
tromyography sensor attachment.
(A) Rectus abdominis and ex-
ternal obliques. (B) Multifidus and
longissimus thoracis.
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Fig. 4. Comparison of electromyography (EMG) activation from the muscles between dominant and non—-dominant, and
between ventral region and dorsal region. Rec Abd: rectus abdominis, D: dominant, N: non—-dominant, Ext Obl: external
obliques, Longi Thor: longissimus thoracis, Multi: multifidus. **Significant difference to the mode of operation (p<0.01).

Table 2. Comparison of muscle activations during reaching forward movement between dominant and non-dominant body
sides while maximal voluntary isometric contraction was performing

Variable Dominant Non-dominant t p-value

Rectus abdominis

MVIC 73.94£33.9 63.2+25.4 0.770 0.463

%MVIC 18.5+7.8 20.9+£11.9 —0.465 0.658
External oblique

MVIC 56.4+23.3* 69.7+£22.7 —2.784 0.024

%MVIC 36.2+12.5* 31.1+£11.7 3.000 0.024
Longissimus thoracis

MVIC 57.4+15.4 57.4+9.3 0.006 0.995

%MVIC 31.8434.3 21.5+8.4 0.802 0.453
Multifidus

MVIC 50.5+16.4 53.2+£16.5 —0.639 0.541

%MVIC 17.8+12.0 13.0+6.8 1.578 0.166

Values are presented as meanzstandard deviation.

MVIC: maximum voluntary isometric contraction,

*Significant difference to non—-dominant (p<0.05).

%MVIC: percentage of maximum voluntary isometric contraction.
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Table 3. Comparison of muscle activations during the chest expansion movement between dominant and non—dominant
body sides while maximal voluntary isometric contraction was performing

Variable Dominant Non-dominant t p-value

Rectus abdominis

MVIC 73.9433.9 63.2+25.4 0.770 0.463

%MVIC 13.2+5.2 12.9+8.3 0.085 0.935
External oblique

MVIC 56.4+23.3* 69.7+22.7 —2.784 0.024

%MVIC 28.5+5. 1% 20.1+5.2 6.141 0.001
Longissimus thoracis

MVIC 57.4+15.4 57.449.3 0.006 0.995

%MVIC 35.0+£11.9 29.0+8.4 1.535 0.176
Multifidus

MVIC 50.5+16.4 53.2+16.5 —0.639 0.541

%MVIC 19.5+13.0 19.4+9.4 0.002 0.998

Values are presented as meanzstandard deviation.

MVIC: maximum voluntary isometric contraction, %MVIC: percentage of maximum voluntary isometric contraction.
*Significant difference to non—dominant (p<0.05); **Significant difference to non—-dominant (p<0.01).

Table 4. %MVIC comparison according to movement type (n=7)

Variable Reaching forward Chest expansion t p-value
Rectus abdominis (D) 18.5+7.8% 13.1+5.2 3.697 0.010
Rectus abdominis (N) 20.9+11.9 12.8+8.3 2.367 0.056
External oblique (D) 36.2+12.5 28.5+5.1 2.271 0.064
External obliqgue (N) 31.1+11.7% 20.1+£5.2 2.929 0.026
Longissimus thoracis (D) 31.8+34.3 35.0+11.8 —0.245 0.815
Longissimus thoracis (N) 21.5+8.4 29.0+£8.4 —1.393 0.213
Multifidus (D) 17.8£12.0 19.5413.0 —0.433 0.680
Multifidus (N) 13.0+6.8 19.449.4 —2.033 0.088

Values are presented as meanzstandard deviation. The unit of values is %MVIC.
%MVIC: percentage of maximum voluntary isometric contraction, D: dominant, N: non—-dominant.
*Significant difference to chest expansion (n=7, p<0.05).
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Table 5. %MVIC comparison between muscles according to movement type (n=7)

Variable Rectus abdominis External oblique Longissimus thoracis Multifidus
Reaching forward D 18.6+7.8 36.1+12.5° 31.8+34.3 17.8+12.0°
Reaching forward N 20.9+11.9 31.1£11.7° 21.5+8.4 12.9+6.8°
Chest expansion D 13.245.2 28.5+5.1% 35.0+11.8° 19.5+13.0
Chest expansion N 12.8+8.4 20.2+5.2 29.048.4% 19.4+9.4

Values are presented as meanzstandard deviation. The unit of values is %MVIC.
%MVIC, percentage of maximum voluntary isometric contraction, D: dominant, N: non—-dominant.
agignificantly different to rectus abdominis (p<0.05); °Significantly different to external oblique (p<0.05); ®Significantly

different to rectus abdominis and external oblique (p<0.05).
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