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Abstract.	 [Purpose] A decrease in hip extension has been reported to be a factor in short step width and slow 
walking speed. Hip motion is related to pelvic and spinal motion, and transversus abdominis (TrA) activation is 
important for stabilising the pelvis and spine. The abdominal drawing-in manoeuvre (ADIM) can be performed to 
activate the TrA. The purpose of this study was to examine the influence of the ADIM on forward steps as a gait 
exercise. [Subjects] The subjects were 20 healthy men (mean age, 20.8 ± 2.4 years). [Methods] Thicknesses of the 
lateral abdominal muscles during forward step posture with and without ADIM were measured using ultrasound, 
and kinematics of the hip and pelvis were examined using a three-dimensional motion capture system. [Results] 
Thicknesses of the TrA and internal oblique increased during forward steps with ADIM. In addition, hip exten-
sion increased and pelvic rotation and oblique angles decreased during forward step with ADIM. [Conclusion] We 
believe that ADIM activates the so-called corset muscles, which consequently stabilise the pelvis and spine and 
increase hip extension. Our results suggest that an ADIM could increase hip extension during gait exercise.
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INTRODUCTION

Walking is the most common daily activity of locomo-
tion. Gait studies indicate that parameters associated with 
walking change over time with aging, including decrease 
of comfortable walking speed, reduction of stride length, 
increase of step width, prolongation of the stance phase, 
and shortening of the swing phase. In addition, Murray et 
al.1) and Kimura et al.2) reported there was a decrease in the 
amplitude of the total vertical excursion of the head, and 
slightly less hip and pelvic rotation in older men. Walking 
speed is correlated with stride length, and it is important for 
elderly individuals to maintain walking speed in order to 
enjoy a healthy and active life. Kerrigan et al.3, 4) observed 
healthy elderly subjects and found a reduction in peak hip 
extension and increased anterior pelvic tilt with decreased 
walking speed. Hip extension influences the energy cost of 
walking5), therefore, hip extension is an important factor 
that should be focused on when gait is considered.

During walking, spine and pelvic movements affect hip 
movement. The pelvic and hip joints also influence each oth-
er—a phenomenon known as hip-spine syndrome6, 7). For 
instance, after unilateral total hip arthroplasty, a decrease 

in hip extension shows an inverse correlation with the range 
of motion of pelvic tilt during walking8). Thus, hip exten-
sion exercises in the prone position are often performed in 
rehabilitation. However, in these exercises, patients are of-
ten seen performing hip extension with unwanted anterior 
pelvic tilt and lumbar lordosis. To prevent unwanted lumbar 
spine and pelvic tilt, stabilisation of the spine is necessary.

Synchronous functioning of the transversus abdomi-
nis (TrA) muscle with the multifidus muscle stabilises the 
spine9, 10). Hodges et al.11, 12) demonstrated that TrA acti-
vation occurs prior to limb movement, independent of 
movement direction, in asymptomatic adults, but that TrA 
activation was delayed in patients with low back pain. Fur-
thermore, recruitment of the TrA in individuals with low 
back pain showed lower electromyographic activity and 
a smaller increase in TrA thickness during leg tasks than 
those without low back pain13). Thus, they concluded that 
a decrease in TrA activation was associated with low back 
pain. Recently, spine stabilisation exercises have become a 
popular physiotherapeutic treatment for low back pain.

The abdominal drawing-in manoeuvre (ADIM) is com-
monly used as a basic component of lumbar stabilisation 
training programs14). Using magnetic resonance imaging, 
Hides et al.15) reported that the function of the TrA and 
thicknesses of the TrA and internal oblique (IO) increased 
during ADIM. Many other researchers have used ultra-
sound to demonstrate an increase in TrA thickness during 
ADIM16, 17). Ultrasound reliably measures thicknesses of 
the abdominal muscles was reported18). Also, correlation 
with ultrasound measures thicknesses of the muscles and 
EMG has been reported19).
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Hip extension during ADIM in the prone position im-
proves the relative timing of gluteus maximus activation in 
relation to the biceps femoris20), decreases the electromyo-
graphic (EMG) signal amplitude of the erector spinae, in-
creases the EMG signal amplitude of both the gluteus maxi-
mus and medial hamstring, and decreases anterior pelvic 
tilt21). However, few studies have reported on hip extension 
during ADIM in the standing position or during walking. 
In healthy elderly subjects, the reduction in peak hip exten-
sion and increased anterior pelvic tilt might be related to 
trunk stabilisation with TrA activation. Thus, walking with 
ADIM might increase step width. Accordingly, the purpose 
of the present study was to examine the effects of ADIM 
during forward steps. Forward steps are performed to prac-
tice walking in physical therapy. Yoneda et al.22) measured 
surface electromyography of the trunk muscles during for-
ward steps, but the TrA was not included.

The hypothesis of the present study was that ADIM dur-
ing forward steps would increase hip extension and reduce 
pelvic rotation.

SUBJECTS AND METHODS

A convenience sample of 20 healthy male volunteers was 
recruited from a university student population. Their mean 
age was 20.8 years, their mean weight was 61.5 ± 5.4 kg, 
and their mean height was 171.1 ± 4.1 cm.They had no neu-
romuscular disease or low back pain at the time of testing. 
Prior to the study, the principal investigator explained the 
procedures to all of the subjects. All of the subjects signed 
an informed consent form, and the study protocol was ap-
proved by the Medical Ethics Committee of Kanazawa Uni-
versity.

Measurements were performed in the following pos-
tures: in neutral standing, in the forward step posture, and 
in the forward step posture with ADIM. During neutral 
standing, subjects were asked to look at a marker set in front 
of them. During the forward step, subjects stepped forward 
with their right foot. Prior to stepping, they walked at a self-
selected comfortable speed and stride length. After walk-
ing, they practiced forward stepping at the same step length 
as determined while walking comfortably and observing 
the marker set in front of them.

Subjects practiced ADIM in the standing position, dur-
ing which we used ultrasound to confirm changes in thick-
ness of the TrA. Ultrasound imaging was performed using 
a Mylab 25 (Esaote, Indianapolis, IN) in B mode with a 
7.5 MHz linear array transducer. The transducer was posi-
tioned along the lateral abdominal wall at the anterior axil-
lary line midway between the lowest rib and the iliac crest. 
The position was determined by visualisation of the fascial 
planes of the lateral abdominal muscles16, 23) and the middle 
region of the TrA and IO24). After confirming the fascial 
planes, we marked each position on the skin to ensure re-
producibility of measurement. For the ADIM, subjects were 
instructed to take in a deep breath, draw their belly button 
up and in towards the spine as they exhaled, and to hold 
this position25). After they had understood what entailed an 
ADIM, data were collected in each of the 3 postures using 

ultrasound and a three-dimensional analysis system.
Ultrasound was used in this study to measure the thick-

nesses of both sides of the lateral abdominal muscles in 
each of the 3 postures. Both sides were measured 3 times 
in each posture. One investigator positioned the transducer 
and captured all of the images. Each trial was recorded for 
10 s.

After muscle thickness measurement using ultrasound, 
the angles of each hip joint and pelvis segment were mea-
sured 3 times using a 3-dimensional motion analysis sys-
tem (Vicon Motion Systems, Oxford, UK) in each of the 
3 postures. The 2 types of step motion were performed at 
random. Three-dimensional kinematic data were recorded 
at 250 Hz using 6 cameras (MT-10; Vicon Motion Systems). 
Twenty-three reflective markers were placed on anatomic 
landmarks based on the VICON Plug-in gait and trunk 
landmarks: C7; Th10; jugular notch; sternum xiphoid; right 
mid scapula; and both sides of the acromioclavicular joint, 
anterior superior iliac spine, posterior superior iliac spine, 
mid-thigh, knee, mid-shank, heel, malleolus, and second 
metatarsal head. Each trial was recorded from the begin-
ning to the end of the step motion and during stabilisation.

Ultrasound images were selected at the end of inspiration 
from within the 10-s recording. Thicknesses of the muscles 
were measured at the line passing through the middle of the 
image using the measurement function of MyLab 25 (Fig. 
1). Muscle thicknesses were averaged over the 3 measure-
ments of each of the 3 conditions for all subjects.

Motion capture data were processed using VICON Plug-
in gait to calculate joint angles. Pelvic tilt was measured 
as the angle in the laboratory sagittal plane between the 
sagittal pelvic axis and the sagittal laboratory axis. Pelvic 
rotation was measured as the angle in the pelvic transverse 
plane between the sagittal axis of the pelvis and the sagittal 
laboratory axis. The pelvic oblique angle was measured be-
tween the plane of the transverse pelvic axis and the plane 
of the laboratory transverse axis. Hip flexion and extension 
were measured as the angle between the sagittal thigh axis 
and the sagittal pelvic axis. Forward step posture was esti-
mated in each trial when the vertical velocity curve of the 
left heel marker became constant. Hip and pelvic angle data 
were averaged over the 3 trials of each of the 3 postures for 

Fig. 1.	 Ultrasound image
The line passing through the middle of 
the image.
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all subjects.
Muscle thickness and joint angle averages of each in-

dividual were expressed as the mean (SD) of all subjects. 
Comparisons between the neutral standing and step posture 
and between the two step conditions were made using the 
paired t test with the Bonferroni correction. Analysis was 
performed with SPSS Statistics version 19.0.0 (IBM Cor-
poration, Armonk, NY) using p =0.05 as the threshold for 
significance.

RESULTS

The intraclass correlation coefficient for reliability was 
more than 0.90 in neutral standing, more than 0.91 in the 
forward step posture, and more than 0.85 in the forward 
step posture with ADIM for all muscles.

For the forward step (right) side, the external oblique (EO) 
thicknesses in the forward step posture and in the forward 
step posture with ADIM increased significantly compared 
with that in neutral standing (p <0.01 and p <0.05, respec-
tively). The difference in the forward step side EO thick-
ness between the forward step posture alone and in with the 
forward step posture with ADIM was not significantly dif-
ferent. Similarly, the thicknesses of the TrA in the forward 
step posture and the forward step posture with ADIM were 
significantly increased compared with that during neutral 
standing (p <0.05 and p <0.01, respectively). Additionally, 
TrA thickness in the forward step posture with ADIM was 
significantly increased compared with that in the forward 
step posture alone (p <0.01). The IO results were similar to 
those of the TrA.

For the nonstep (left) side, the EO thickness in the for-
ward step posture was significantly smaller than that in 
neutral standing (p <0.05), but there was no significant dif-
ference between neutral standing and the forward step pos-
ture with ADIM. Moreover, the nonstep side EO thickness 
during the forward step posture alone was not significantly 
different from that in the forward step posture with ADIM. 
The TrA thickness in the forward step posture was signifi-
cantly smaller than that during neutral standing (p <0.01). 
In addition, the thickness of the TrA in the forward step 
posture with ADIM was significantly increased compared 

with that in neutral standing (p < 0.01). Additionally, the 
thickness of the TrA in the forward step posture was signifi-
cantly different from that in the forward step posture with 
ADIM (p <0.01). The IO results were similar to those of the 
TrA (Table 1).

For the forward step side, hip flexion angles in the for-
ward step posture and in the forward step posture with 
ADIM were significantly larger than that during neutral 
standing (p <0.01). The hip flexion angle of the step side 
during the forward step posture alone was not significantly 
different from that in the forward step posture with ADIM. 
For the non-step side, the hip extension angles in the for-
ward step posture and in the forward step posture with 
ADIM were significantly larger than that in neutral stand-
ing (p <0.01). Additionally, the hip extension angle in the 
forward step posture with ADIM was significantly larger 
than that in the forward step posture alone (p <0.05).

There were no significant differences in pelvic tilt. The 
pelvic oblique angle was significantly inclined on the left 
side in the forward step posture and the forward step pos-
ture with ADIM compared with that in neutral standing (p 
<0.01). No significant difference was seen between the for-
ward step posture alone and that with ADIM. Pelvic rota-
tion in the forward step posture and in the forward step pos-
ture with ADIM was to the left of that in neutral standing (p 
<0.01). Additionally, pelvic left rotation in the forward step 
with ADIM was significantly lower than that in the forward 
step posture alone (p <0.05) (Table 2).

DISCUSSION

The results of the present study show that the muscles on 
the step side in the forward step posture were significant-
ly thicker than in neutral standing. Correspondingly, the 
thicknesses of the muscles on the non-step side decreased. 
The relative increase observed in the IO on the step side was 
similar to that determined by Yoneda et al.22), who reported 
that relative IO muscle activity on the step side increased 
in forward stepping, as measured by surface electromyog-
raphy. In addition, in the present study, the thicknesses of 
the EO and TrA on the step side increased in the forward 
step posture. Hu et al.26)showed that all lateral abdominal 

Table 1.  Muscle thicknesses (in millimetres)

Step side Natural standing Forward step Forward step with 
ADIM

EO 8.4 ± 1.4 9.2 ± 1.7* 9.0 ± 1.4*
IO 11.9 ± 2.5 13.1 ± 2.2* 16.9 ± 2.9*†
TrA 5.4 ± 1.3 6.0 ± 1.3* 8.2 ± 1.7*†

Non-step side
EO 8.3 ± 1.7 7.9 ± 1.8* 7.9 ± 1.9
IO 12.3 ± 2.4 11.3 ± 2.2* 14.6 ± 2.4*†
TrA 5.5 ± 1.3 5.0 ± 1.4* 7.8 ± 2.4*†

Values are expressed as mean ± SD
*Significant difference compared with natural standing
†Significant difference compared with forward step
ADIM, abdominal drawing-in manoeuvre; EO, external oblique; IO, internal 
oblique; TrA, transversus abdominis
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muscles on the stepping side are active during the stride 
cycle of gait, which indicates stabilisation, and our results 
are similar to those reported by their study Hu et al. also 
reported that the TrA on the swing side and the EO on the 
opposite side are active during the swing cycle. Thus, the 
TrA on the contralateral swing side may be active; however, 
this is not clear.

The 3D motion analysis showed that in the forward step 
posture, pelvic tilt did not occur, but that lateral tilt and left 
rotation occurred. We found that the motion of the forward 
step shifts the weight to the step side, and that the lower 
limb of the non-step side moves such that only the tip of the 
toe remains on the ground. The results of a preliminary ex-
periment showed that lateral abdominal muscle thicknesses 
and the pelvic angle in one-leg standing did not change 
from those of neutral standing. Urquhart et al.27) reported 
there was greater activity in the lower and middle regions of 
the contralateral TrA and in the lower region of the contra-
lateral IO during left rotation, and that the upper regions of 
the ipsilateral TrA and EO are predominantly active during 
right rotation. In this study, we measured the thicknesses 
of the middle regions of the TrA and IO. Both thicknesses 
increased along with pelvic rotation to the opposite side. 
It is not clear whether the difference between sitting and 
standing might be related to the activity of the EO. Fur-
ther examination is necessary to clarify the relationship 
between the change in pelvic angle and lateral abdominal 
muscle thickness.

The thicknesses of the IO and TrA on both sides were 
increased in the forward step posture with ADIM compared 
with those of neutral standing. Based on this result, we be-
lieve that ADIM causes the IO and TrA activation on both 
sides.

The results of the kinematic analysis show that ADIM 
increased hip extension in the forward step posture, con-
firming the hypothesis of our present study. Konz et al.28) 
investigated walking with and without spinal restriction us-
ing a fiberglass body jacket at 5 different speeds. They re-
ported that peak-to-peak pelvic obliquity and rotation were 
significantly reduced across all walking speeds with spinal 
restriction, while peak-to-peak hip flexion-extension sig-
nificantly increased at only the slow and very slow speeds. 
In our present study, hip extension in the forward step pos-
ture with ADIM might have been increased by the action 
of ADIM replicating that of a body jacket, restricting spine 

and pelvic motion. Moreover, Konz et al.28) reported that 
the peak-to-peak pelvic tilt was significantly reduced only 
at the fastest speed. In our study, pelvic tilt was not differ-
ent between the forward step with and without ADIM. This 
is probably because the forward step in the present study 
was a single-step motion, and because it was similar at a 
slow speed. Hu et al.29) investigated muscle activity during 
treadmill gait with and without a pelvic belt, and found that 
the activities of the transverse and oblique muscles of the 
abdominal wall, iliacus, erector spinae, and biceps femo-
ris were reduced by a pelvic belt, while that of the gluteus 
maximus was increased. They suggested that the pelvic belt 
substituted for pelvic-stabilizing activity. Chance-Larsen et 
al.20) reported that prone hip extension with ADIM possibly 
improves the relative timing of gluteus maximus activation 
in relation to the biceps femoris. The increase in hip exten-
sion seen in our study may have been related to the activ-
ity of the gluteus maximus, but we did not measure gluteus 
maximus activation. Further investigation of this muscle’s 
activity is necessary.

We studied young, healthy, male volunteers who could 
perform ADIM with accuracy; thus, it is not clear whether 
comparable results would be obtained in other age groups 
and females. Moreover, we measured pelvic and hip angles 
but did not establish whether step width increased. It will be 
necessary to measure step width and to confirm the influ-
ence of the change in hip extension in a future study. More-
over, we did not measure the activity of the back muscles, 
which are considered to influence stability of the trunk and 
pelvis; therefore, we need to investigate back muscle activ-
ity in the future. In addition, muscle activity of the lower 
limbs should also be evaluated in future studies.
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