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Abstract1)

The aim of this study is to compare the effect of abdominal drawing-in maneuver (ADIM) on lower

trapezius (LT), serratus anterior (SA), and erector spinae (ES) muscle activity during arm lifts in prone

and standing positions. Twenty healthy subjects were recruited, and NoraxonTeleMyo 2400T was used to

collect electromyographic signals from the LT, SA, and ES muscles. A two-way repeated analysis of

variance (ANOVA) used a significance level of .05. If a significant interaction was found, pairwise

comparisons were performed with a Bonferroni adjustment (.05/4=.013). The results of the study were as

follows: 1) In LT, no significant ADIM by position interaction was found (F1,19=.356, p=.558). There was a

significant main effect for ADIM. LT muscle activity with ADIM was significantly greater compared with

muscle activity without ADIM (F1,19=82.863, p<.001). There was also a significant main effect for position.

LT muscle activity in the prone position was greater compared with muscle activity in the standing

position (F1,19=116.401, p<.001). 2) In SA, significant ADIM by position interaction was found (F1,19=8.687,

p=.008). There were significant differences in all pairwise comparisons. The greatest SA muscle activity

was observed in the standing position with ADIM. 3) In ES, significant ADIM by position interaction

was found (F1,19=122.473, p<.001). The lowest ES muscle activity was elicited in the standing position

with ADIM. Based on these results, ADIM is advocated in the prone position to increase LT muscle

activity. In addition, it is concluded that arm lifts in the standing position with ADIM offer the most

favorable combination for reducing ES muscle activity and increasing SA muscle activity.
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Introduction
The arm lift has been utilized to activate the low-

er trapezius (LT) and the serratus anterior (SA)

muscles in both prone and standing positions

(Arlotta et al, 2011; Ebaugh et al, 2005; Hardwick et

al, 2006). The exercise for inducing muscle activities

of LT and SA muscles is helpful to increase range

of motion during arm lift (Ekstrom et al, 2003). LT

and SA move scapular to tilt posteriorly and rotate

upwardly during arm lift to prevent impingement of

supraspinatus tendon between acromial process and

greater tuberosity. However, various compensations

can occur during arm lift. In particular, erector spi-
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Characteristics Mean±SD
b

Age (yrs) 23.9±3.3

Height (m) 1.7±4.6

Weght (㎏) 72.5±10.7

BMI
a

23.8±3.4

Right handed (n) 20

Left handed (n) 0
abody mass index, bmean±standard deviation.

Table 1. General characteristics for this subjects

(N=20)

nae (ES) can cause excessive lumbar lordosis

(Marks et al, 2009; Vedantam et al, 2000) and/or an-

terior pelvic tilt, compromising the quality of the arm

lift (Aota et al, 2011).

The abdominal drawing-in maneuver (ADIM) us-

ing a pressure biofeedback unit is commonly per-

formed to stabilize the lumbopelvic area during arm

and leg exercises. Previous studies used ADIM in

supine, prone, and side-lying positions (Gill and

Callaghan, 1998; Jull et al, 1993; Urquhart and

Hodges, 2005). A pressure biofeedback unit was used

in various positions to stabilize the lumbopelvic area

in other previous studies (Cynn et al, 2006; Hodges

and Richardson, 1996; Park et al, 2011; von Garnier

et al, 2009).

A recent study reported that the backward rocking

diagonal arm lift induced greater activity in the LT

than the backward rocking arm lift and wall facing

arm lift, and the backward rocking arm lift induced

greater activity in the SA than other exercises did

(Ha et al, 2012). However, no previous studies re-

ported the effect of ADIM on trunk muscle activity

during arm lifts in prone and standing positions.

Thus, the aim of this study is to compare the ef-

fect of ADIM on trunk muscle activity during arm

lifts in prone and standing positions with and with-

out ADIM. We hypothesized that ADIM would in-

crease the LT and SA muscle activity and decrease

the ES activity during the arm lift and that muscle

activity during arm lifts would differ in prone and

standing positions.

Methods
Subjects
Power analysis was used to calculate the appro-

priate sample size at an alpha level of .05, power of

.8, and effect size of .28. The general characteristics

of the subjects are presented in Table 1. The in-

clusion criteria were as follows: 1) the subject was

able to perform full flexion comfortably in the sag-

ittal plane, full abduction in the frontal plane, and

full scaption in the scapular plane. 2) the pectoralis

minor, levator scapulae, and rhomboid muscles were

within normal length, as determined by tests for

muscle length (Page et al, 2010; Sahrmann, 2011).

The exclusion criteria included current shoulder pain

or shoulder surgery and a history of neurological,

musculoskeletal, or cardiopulmonary disease that

could interfere with shoulder motion in the testing

positions. Each subject signed an informed written

consent. This study was approved by the Human

Studies Committee of Yonsei University Wonju

Campus.

Instruments2)
Noraxon TeleMyo 2400T

1)
was used to collect

electromyographic signals from the LT, SA, and ES

muscles. The electrode sites were shaved and

cleaned with rubbing alcohol. The surface electrode

pairs were positioned at an interelectrode distance of

2 ㎝. The reference electrode was placed on the ipsi-

lateral clavicle. Electrmyographic (EMG) data were

collected on the LT muscle (electrodes were placed

at an oblique vertical angle, with one electrode supe-

rior and one inferior to a point 5 ㎝ inferomedial

from the root of the spine of the scapula), the SA

muscle (electrodes were placed vertically along the

mid-axillary line at rib levels 6-8), and the ES mus-

cle (electrodes were placed over the muscle belly

1) Noraxon TeleMyo 2400T, Noraxon Inc., Scottsdale, AZ, U.S.A.
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Figure 1. Arm lift in each position with or without abdominal
drawing-in maneuver (ADIM) (A: prone without ADIM, B: prone with
ADIM, C: standing without ADIM, D: standing with ADIM).

parallel to the spine, approximately 2 ㎝ lateral to

the spinous process of L3) (Cram et al, 1998). The

sampling rate was 1000 ㎐. A bandpass filter be-

tween 20 and 300 ㎐ was used. EMG data were

processed into the root mean square (RMS) value,

which was calculated from 50 ㎳ window data

points.

Procedures

1) Preferred arm lift
The preferred arm lift was performed first. The

principal investigator explained the procedure to the

subjects in detail prior to the experiment. The sub-

ject was asked to lift both arms in prone and stand-

ing positions in random order. A computer-generated

random number was used to eliminate the effects of

the order and training between the prone and stand-

ing arm lifts.

For the prone arm lift, the subject was placed in

the prone position. Using a goniometer, the humerus

was aligned diagonally overhead with a shoulder ab-

duction of 145°; the forearm was in a neutral

position. The subjects were asked to keep the fore-

head on the folded towel (3 ㎝ in height) to stabilize

the neck and thoracic spine. The subject was then

instructed to lift both arms with elbows extended

until the radial border of the wrist slightly touched

the target bar without pushing it while maintaining

the arm position. The distance to the target bar was

determined by extending a vertical line from the

floor to the subject’s earlobe in the prone position

(Figure 1).

For the standing arm lift, the subject was required

to stand facing the wall, touching from the nose to

the knees with the feet shoulder-width apart. In the

starting position, the ulnar border of the forearms

and medial side of the humerus were in contact with

the wall, and the shoulder abducted 90° with elbows

flexed at 90°. The subjects were instructed to slide

their arms up the wall. The sliding movement ended

when the shoulder reached 145° of abduction. The

subject was then instructed to lift both hands with

elbows extended until the radial border of the wrist

slightly touched the target bar without pushing it

while maintaining the arm position. Target bar was

place placed at the same distance in arm lift in

prone (Figure 1).

2) ADIM familiarization3) 
After the collection of data on the preferred arm

lift in prone and standing positions, the subjects

were familiarized with the use of the pressure bio-

feedback unit2). With the subject in the prone posi-

tion, a pressure biofeedback unit was placed between

the pad of the therapeutic table and the subject's

2) Stabilizer, Chattanooga group Inc., Hixson, U.S.A.
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lower abdomen to monitor abdominal muscle action.

The elastic bag of the pressure biofeedback unit was

inflated to 70 ㎜Hg, and the subject was instructed

to draw in the abdomen and hold this position. The

subject was asked to maintain a pressure of 60 ㎜Hg

by visual feedback from an analog pressure gauge

during hip extension (Richardson and Jull, 1995).

Data within pressure changes of 65 ㎜Hg were used

for the statistical analysis. In the standing position,

the familiarization procedure was identical to the

prone position, except that in this condition, a pres-

sure biofeedback unit was placed between the wall

and the subject’s lower abdomen, and the inelastic

bag was inflated to 40 ㎜Hg.

3) Arm lift with ADIM
The order of arm lifts with ADIM in prone and

standing positions was randomized in the same man-

ner as in preferred arm lift. For the arm lift in the

prone position, the pressure biofeedback unit was

placed under the abdomen. For arm lifts against the

wall in the standing position, the pressure biofeed-

back unit was placed on an adjusted point of the

subject's abdominal height. A different tester moni-

tored the gauge of the pressure biofeedback unit and

gave verbal cues to the subject in order to maintain

the performance quality of ADIM during the arm lift

with ADIM against the wall in the standing position.

Data collection
The EMG data were normalized by calculating the

mean RMS of three trials of maximal voluntary iso-

metric contraction (MVIC) for each muscle. We used

the manual muscle testing positions recommended by

Kendall et al (2005) for measuring MVIC. LT muscle

activity was tested in the prone position; both arms

were placed diagonally overhead in line with the

lower fibers of the trapezius muscle during external

rotation while resistance was applied distal to the

elbow. The SA muscle was tested while the subject

was seated on a treatment table with no back

support. The shoulder was internally rotated and ab-

ducted to 125° in the scapular plane while resistance

was applied proximal to the subject’s elbow by the

principal investigator. Each contraction was held for

6 sec with maximal effort against manual resistance.

The first and last second of the EMG data from

each MVIC trial were discarded, and the remaining 4

sec of data were used (De Oliveira et al 2008;

Vezina and Hubley-Kozey, 2000). Three repetitions of

each test were performed, with a 2 min rest interval

between repetitions to minimize muscle fatigue

(Vera-Garcia et al, 2010). The mean MVIC value of

the three trials was calculated. Each isometric

arm-lifting exercise was performed for 6 sec; the

first and last second of each exercise trial were dis-

carded, and the remaining 4 sec of EMG data were

used (De Oliveira et al, 2008; Vezina and

Hubley-Kozey, 2000). The mean of three trials for

each arm-lifting exercise was analyzed. The partic-

ipants were allowed to rest for 2 min between trials

and for 3 min between the different exercise posi-

tions (De Mey et al, 2009; Lehman et al, 2006). The

data for each trial were expressed as a percentage of

the calculated mean RMS of the MVIC (%MVIC).

The mean %MVIC of the three trials was used in

the analysis.

Statistical Analysis
A two-way (2 by 2) repeated analysis of variance

(ANOVA) was used with a significance level of .05.

If a significant interaction was found, a paired t-test

was performed with a Bonferroni adjustment

(.05/4=.013). SPSS (Statistical Package for the Social

Sciences) ver. 12.0 was used for the statistical

analysis.

Results
The descriptive statistics of mean %MVIC in each

exercise condition are presented in Table 2. In LT,

no significant ADIM by position interaction was

found (F1,19=.356, p=.558). There was a significant
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Variables Exercise conditions compared Difference (95% CI) p

%MVICa of SAb

ADIMd prone vs. ADIM standing 8.2(6.2, 10.1) <.001

noADIMe prone vs. noADIM standing 4.7(3.3, 6.2) <.001

ADIM prone vs. noADIM prone -7.7(-11.6, -3.8) <.001

ADIM standing vs. noADIM standing -11.1(-14.6, -7.7) <.001

%MVIC of ES
c

ADIM prone vs. ADIM standing 9.8(7.4, 12.2) <.001

noADIM prone vs. noADIM standing 27.9(24.9, 30.8) <.001

ADIM prone vs. noADIM prone -14.5(-17.5, -11.5) <.001

ADIM standing vs. noADIM standing 3.6(2.1, 5.0) <.001
a
percentage of reference voluntary contraction,

b
serratus anterior,

c
erector spinae,

d
abdominal drawing-in maneuver

e
condition of do not abdominal drawing-in maneuver.

Table 3. Post hoc comparisons of the differences in the muscle activity of the SA and ES

Muscle Exercise conditions
%MVICb

(Mean±SD)

Lower trapezius

With ADIMa prone 52.68±5.12

standing 32.06±8.11

Without ADIM prone 46.48±5.88

standing 26.59±5.39

Serratus anterior

With ADIM prone 41.67±7.28

standing 49.33±6.34

Without ADIM prone 33.47±5.96

standing 44.59±5.53

Erector spinae

With ADIM prone 17.55±5.56

standing 7.44±3.71

Without ADIM prone 32.05±6.66

standing 4.19±1.98
aabdominal drawing-in maneuver, bpercentage of reference voluntary contraction.

Table 2. Descriptive statistics of mean %MVIC in each exercise conditions

main effect for ADIM. LT muscle activity with

ADIM was significantly greater compared with mus-

cle activity without ADIM (F1,19=82.863, p<.001).

There was also a significant main effect according to

position. LT muscle activity in the prone position

was greater than muscle activity in the standing po-

sition (F1,19=116.401, p<.001). In SA, a significant

ADIM by position interaction was found (F1,19=8.687,

p=.008). There were significant differences in all

pairwise comparisons (Table 3). The greatest SA

muscle activity was observed in the standing posi-

tion with ADIM. In ES, significant ADIM by position

interaction was found (F1,19=122.473, p<.001). There

were significant differences in all pairwise compar-

isons (Table 3). The lowest ES muscle activity was

elicited in the standing position with ADIM.

Discussion
This present study was undertaken to compare the

effect of ADIM on trunk muscle activity during arm

lifts in prone and standing positions. To our knowl-

edge, this is the first study to investigate and com-

pare trunk and abdominal muscle activity during

prone and standing arm lifts. The findings of this
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study supported our research hypothesis that ADIM

increases LT and SA muscle activity and decreases

ES activity during arm lift, and LT muscle activity

increases in the prone position, whereas in the

standing position, SA activity increases and ES ac-

tivity decreases.

In LT, no significant ADIM by position interaction

was found. There was a significant main effect for

ADIM. LT muscle activity with ADIM was sig-

nificantly greater than muscle activity without ADIM.

There was also a significant main effect for position.

LT muscle activity in the prone position was greater

than muscle activity in the standing position. The

findings of this study are in agreement with a pre-

vious study that reported increased LT activation

during arm lifts in prone and backward rocking

quadruped positions compared with arm lifts in the

standing position (Ha et al, 2012). The LT muscle

tilts the scapular backward and assists complete

shoulder flexion in the terminal phase. When the

subject lifts the arm in the prone position, the arm

reaches out from the proximal trunk; hence, this po-

sition could be affected by gravity more than by the

standing position.

In SA, significant ADIM by position interaction

was found. There were significant differences in all

pairwise comparisons. The greatest SA muscle activ-

ity was observed in the standing position with

ADIM. This result could be because the flexion tor-

que in the axial skeleton could be increased by the

muscular action of the transvers abdominis

(Neumann, 2010), and the flexion momentum in the

standing position might be greater than that in the

prone position. This explanation should be supported

by supplementary data on other kinetic and kine-

matic activity. However, the result of a previous

study might support that there was no significant

difference in the muscle activity of SA between the

arm lift against the wall in the standing position and

the prone position. Moreover, the muscle activity in

the wall standing position was greater than that in

the prone position (Ha et al, 2012).

Increased SA and LT activity with ADIM can be

also explained by enhanced lumbopelvic stability.

Because arm lifts can be a destabilizing activity, en-

hanced lumbopelvic stability in the ADIM condition

may have provided a stable base whereby the proper

upward rotation of the scapula was possible and the

SA and LT were activated.

In ES, significant ADIM by position interaction

was found. There were significant differences in all

pairwise comparisons. The lowest ES muscle activity

was elicited in the standing position with ADIM.

Reduced ES activity during arm lifts in the standing

position compared with arm lifts in the prone posi-

tion could be explained by different degrees of anti-

gravity arm lift movement between the standing and

prone positions. Obviously, the arm lift in the prone

position involves more antigravity movement than in

the arm lift in the standing position, thus requiring

further ES muscle recruitment. The greater ES mus-

cle activity with ADIM can be explained by the ef-

fect of lumbopelvic stability, which was ensured by

the use of the pressure biofeedback unit. The results

of previous studies also support our positive effect of

lumbosacral stabilization in which core stability eli-

cited the muscle activity of the primary mover and

decreased that of erector spinae (Cynn et al, 2006;

Park et al, 2011). By applying ADIM, deep segmental

stabilizers of the abdominal muscles, transversus ab-

dominis and internal oblique, and the multifidus

muscle of the back extensors may have been acti-

vated; thus, ES activity was decreased by inhibition

of extrinsic muscular stabilizer and increased by

multifidus activation as a role of intrinsic muscular

stabilizer (Neumann, 2010). Clinically excessive ES

activation is associated with excessive lumbar lordo-

sis, creating microtrauma and pain (Holmstrom et al,

1992; Kuramoto et al, 2011). In particular, arm lifts

with increased lumbar lordosis can decrease the

movements of the scapular and shoulder joints while

overusing lumbar extension. The results of our study

showed that by using ADIM, this unwanted compen-

sation could be successfully prevented by favoring
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the use of ADIM during arm lift exercises. This is

the first study that reported the effect of ADIM on

trunk muscle activity during arm lifts in prone and

standing positions. Hence, these result of favorable

combination with ADIM and position could provide

effective methods to increase strength of targeted LT

and SA muscles during arm lift exercise for the pa-

tients with limited motion of shoulder joint and low

back pain.

This study has several limitations. First, kinematic

data for scapular upward rotation, posterior tilt, and

adduction would have indicated the degree of optimal

scapular movement during arm lift. Second, even

though authors in this study attempted to control

head movements and eye gaze, the influence of sub-

tle head and eye movements might have affected

arm and trunk movements. Third, since this is a

cross-sectional study, the training effect of ADIM

during arm lifts in prone and standing position can-

not be ascertained from the results of this study.

Thus, a further study is required to examine the

long-term effects of ADIM by recruiting a patient

population for generalization.

Conclusion
This study compared trunk muscle activity during

arm lifts in prone and standing positions with and

without ADIM in healthy subjects using surface

EMG. LT muscle activity with ADIM was sig-

nificantly greater than muscle activity without ADIM,

and LT muscle activity in the prone position was

greater than muscle activity in the standing position.

The greatest SA muscle activity was observed in

the standing position with ADIM. The lowest ES

muscle activity was elicited in the standing position

with ADIM. Therefore, these findings indicate that

ADIM can effectively increase LT muscle activity in

the prone position and that arm lifts in the standing

position with ADIM offer the most favorable combi-

nation for reducing ES muscle activity and increas-

ing SA muscle activity.
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