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Many experts have used an indirect method for enhancing strength and
performance of muscles in clinical practice. The indirect method, which
called an irradiation is a basic procedure of proprioceptive neuromus-
cular facilitation, there is little research related the effects of irradiation.
This study investigated abdominal muscle activity during abdominal
drawing-in maneuver (ADIM) combined with irradiation variations. The
study recruited 42 healthy, young adults who were divided randomly
into three groups according to which intervention they received. The
first group performed the ADIM combined with coactivation of the pel-
vic floor muscle. The second group performed the ADIM combined with
the irradiation resulting from dorsiflexion of the ankle. The third group
performed the ADIM combined with the irradiation resulting from bilat-
eral arm extension. Electromyography data were collected from the

INTRODUCTION

Proprioceptive neuromuscular facilitation (PNF) is a concept of
training widely used in clinical practice in order to improve the
performance of the neuromusculoskeletal system by stimulation of
muscle and joint proprioceptors using basic procedures (Gontijo et
al., 2012; Koforolis and Kellis, 2007). PNF is recognized as a
stretching technique for muscle elasticity and shown to have a pos-
itive effect on active and passive range of motion (Hindle et al.,
2012; Sharman et al., 2006). Additionally, this often used as an al-
ternative form of progressive resistive exercise by physiotherapist or
athletic trainer as its use has a greater benefit than general strength
training in athletic injury rehabilitation (Lusting et al., 1992).

rectus abdominis, external oblique abdominis, and transversus abdomi-
nis/internal oblique abdominis (TrA/I0) muscles during ADIM combined
with irradiation variations. There were significant differences in the ab-
dominal muscle activity and the preferential contraction ratio of the TrA/
|0 among the three groups (P<0.05). ADIM combined with irradiation
resulting from bilateral arm extension may be effective for enhancing
the deep and superficial abdominal muscles of healthy people and ath-
letes. The ADIM without the irradiation is advantageous for recovering
motor control of the TrA/I0.

Keywords: Proprioceptive neuromuscular facilitation, Irradiation, Ab-
dominal drawing-in maneuver

The irradiation is a basic procedure of PNF, which is defined as
increasing the spread and strength of the response to resistance
(Shimura and Kasai, 2002), an outcome that might derive from
resistance-induced temporal or spatial summation (Eccles and
Sherrington, 1930). This is based on the fact that the stimulation
of strong, healthy muscles increases the activity of the contralater-
al injured muscles and the number of active motor units recruited
and weakens the neuromuscular response (Adler et al., 2008;
Shimura and Kasai, 2002).

When it is difficult to train the injured areas directly in sport
rehabilitation, the cross training that improves strength of injured
part using the opposite part is a form of irradiation (Abreu et al.,
2015; Kofotolis and Kellis, 2007; Reznik et al., 2015). The
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mechanism is uncertain and may be caused by the bilateral distri-
bution of the descending motor pathways, neural overflow and
muscular system (Kofotolis and Kellis, 2007; Rge et al., 2000).
The irradiation can be occurred through various body parts as well
as the form of cross training. The application of irradiation is
achieved in various ways, not only for cross training. First of all, it
is used to improve the muscle strength of distal part through the
proximal movement. There are some studies that irradiation re-
sulting from trunk was effective to increase the muscle strength of
lower extremity (Gontijo et al., 2012; Tayashiki et al., 2016).

On the contrary, it is able to improve the muscle strength of
proximal through the distal movement. Previous study reported
that the abdominal drawing-in maneuver (ADIM) combined with
the irradiation resulting from ankle dorsiflexion has improved the
function of transversus abdominis (TrA) (Chon et al., 2010). Al-
though recent studies have examined the effects of irradiation us-
ing ankle motion, few studies have identified the effects of irradia-
tion resulting from upper extremity on the strength of abdominal
muscle. Therefore, this study investigated abdominal muscle ac-
tivity during ADIM combined with irradiation variations.

MATERIALS AND METHODS

Subjects

This study recruited 42 health adults (27 male and 15 female
adults). They were randomly divided into three groups of 14 ac-
cording to the exercise intervention used. The study was approved
by the Research Ethics Committee of Kaya University (Kaya
IRB-146). Participants were excluded from the study if they had
symptoms of musculoskeletal or neurological disease, functional
limitations, pain or dysfunction in the upper or lower extremities
on exercise, back pain during the last 6 months, or experience
with the ADIM.

Instrumentation

We used surface electromyography (Free EMG 300, BTS Bioen-
gineering, Garbagnate Milanese, Italy) to record and process the
electromyography signals of the rectus abdominis (RA), external
oblique abdominis (EO), and transversus abdominis/internal
oblique abdominis (TrA/IO). The bandwidth of the surface electro-
myography was 20 to 500 Hz; the sampling rate was set to 1,000
Hz. Surface electrodes were attached to the muscle fibers on right
sides of the body: for the RA, the electrodes were attached 1 cm
laterally and 2 cm inferiorly from the navel; for the EO, they were
attached diagonally to the lower edge of the line connecting the
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contralateral pubic symphysis and the lowest edge of the rib (Ng
et al., 1998). Although Lima et al. (2012) recommended using an
internal electrode to observe the activity of the TrA, the Research
Ethics Committee recommended changing the method to avoid
pain and infection in the subjects. Therefore, we observed the TrA/
IO using electrodes attached 2 cm medially and 2 cm inferiorly to
the anterior superior iliac spine (Marshall and Murphy, 2003).

To standardize the action potential of each muscle, a maximal
voluntary isometric contraction (MVIC) was performed against
manual resistance. The subjects lay flat on their backs, with their
knees bent to 90°, and both hands crossed on the chest. The TrA/
IO was measured when the subjects turned their trunks to the left
while curving their trunks. The EO was measured when the sub-
jects turned their trunks to the opposite side while curving their
trunks. The RA was measured when the subjects curved their
trunks without turning them while crossing the arms. To prevent
muscle fatigue while the MVIC was measured, the subjects main-
tained the contraction for 5 sec and then rested for 30 sec. We
measured each MVIC 3 times, and used the mean value for the
middle 3 sec.

Tasks and procedures

For the ADIM, the participants were asked to draw in their ab-
domen without moving the spine, ribs, or pelvis, while gradually
pulling their navel inward and toward their heads. During the
ADIM, a pressure biofeedback unit (Stabilizer, Chattanooga Med-
ical Supply Inc., Chattanooga, TN, USA) was located between the
subject’s waist and the ground surface, whereas the pressure gauge
was maintained at 4042 mmHg (Park and Lee, 2013). To con-
tract the pelvic floor muscle, the women were asked to perform a
contraction as if holding urine by pulling the inner muscles of the
vagina inward and tightening them; the men were asked to per-
form a contraction that felt like they were flexing the penis (Not-
ris, 1999).

Group A performed the ADIM combined with coactivation of
the pelvic floor muscle (Fig. 1A). Group B performed the ADIM
combined with the irradiation resulting from dorsiflexion of the
ankle (Fig. 1B). Group C performed the ADIM with the irradia-
tion resulting from bilateral arm extension (Fig. 1C). We used a
muscle testing device (Commander Muscle Testing, J-tech Inc.,
Chester Springs, PA, USA) to maintain constant resistance-pro-
voking irradiation. For resistance to the irradiation, the maximum
contraction was measured by the device, and resistance equal to
approximately 70% of the maximum contraction was applied.

The participants were asked to maintain the abdominal con-
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traction for 10 sec while breathing normally. Each posture was
performed three times. To prevent muscle fatigue caused by con-
tinuous measurements, the exercise intervention was performed
for 10 sec followed by a 1-min rest. The muscle activity based on
the exercise intervention was calculated as the mean value for
6-sec excluding the first and last 2 sec.

Fig. 1. Abdominal drawing-in maneuver (ADIM): (A) ADIM combined with co-
activation of pelvic floor muscle, (B) ADIM combined with the irradiation re-
sulting from dorsiflexion of the ankle, (C) ADIM combined with the irradiation
resulting from bilateral arm extension.

Statistical analysis

Forty-two participants were required for the present study de-
sign, which set as 80% of power, 0.5 of effect size (n°), and 0.05 of
alpha level. One-way analysis of variance was used to compare the
differences in the actions of the abdominal muscles and the prefer-
ential contraction ratio (PCR) of the TrA/IO according to the
three interventions. Scheffé multiple comparison analysis was used
as a posttest. IBM SPSS ver. 18.0 (IBM Co., Armonk, NY, USA)
was used for the statistical analyses. The significance level was set
at a=0.05.

RESULTS

The mean age, height, body weight, and body mass index of the
subjects were 21.36+ 1.64 years, 169.9+8.52 cm, 64.33+13.50
kg, and 22.16+3.76 kg/m’, respectively. These values do not rep-
resent significant differences among the three groups.

Table 1 shows the activities of the abdominal muscles associated
with the three interventions. Significant differences among the
three groups were found in the RA, EO, and TrA/IO. The ab-
dominal muscles were significantly more active in members of
group C (Fig. 2). The PCR of the TrA/IO differed significantly
among the three groups and was highest in group A (Fig. 2).

DISCUSSION

It has been reported that the ADIM combined with the irradia-
tion using dorsiflexion of the ankle resulted in significantly great-
er activity of the TrA when compared with the standard ADIM
(Chon et al., 2010); however, no significant difference in this re-
gard was observed in the current study. These results may relate to
differences between the standard ADIM and the ADIM accompa-
nied by a contraction of the pelvic floor muscle. Contraction of the
pelvic floor muscle interacts with the TrA to increase the activity

Table 1. Changes in the abdominal muscle activity and the TrA/I0 PCR during abdominal drawing-in maneuver combined with irradiation variations

Variable Group A Group B Group C F

RA* (%MVIC) 558+1.69 7.51+1.00 13.26+3.00 52111
EO* (%MVIC) 10.91+4.36 14.07+343 20.88+2.96 27620
TrA/I0* (%MVIC) 21.69+352 24.22+3.61 41.12+892 44,621
TrA/I0 PCR* 0.57+0.05 0.53+0.03 0.54+0.03 4852

Values are presented as mean + standard deviation.

Group A, abdominal drawing-in maneuver (ADIM) combined with coactivation of pelvic floor muscle; group B, ADIM combined with the irradiation resulting from dorsiflexion
of the ankle; group C, ADIM combined with the irradiation resulting from bilateral arm extension; TrA/IO, transversus abdominis/internal oblique abdominis; PCR, preferential
contraction ratio; RA, rectus abdominis; EQ, extenal oblique abdominis; MVIC, maximal voluntary isometric contraction.

*Significant difference between conditions.
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Fig. 2. Changes in abdominal muscle activity and the TrA/I0 PCR among three
groups. Group A, ADIM combined with co-activation of pelvic floor muscle;
group B, ADIM combined with the irradiation resulting from dorsiflexion of the
ankle; group C, ADIM combined with the irradiation resulting from bilateral
arm extension; RA, rectus abdominis; EQ, extenal oblique abdominis; TrA/IO,
transversus abdominis/internal oblique abdominis; PCR, preferential contrac-
tion ratio; MVIC, maximal voluntary isometric contraction. *Significant differ-
ence between conditions.

of the latter and to provide trunk stability by enhancing the ab-
dominal pressure by about 6 mmHg (Neumann and Gill, 2002;
Sapsford and Hodges, 2001). Some studies have reported that the
ADIM combined with pelvic floor muscle contraction was more
effective than the traditional ADIM at increasing the TrA activity
(Critchley, 2002; Mew, 2009).

Based on the results of the preceding studies, the ADIM com-
bined with coactivation of the pelvic floor muscle increased the
TrA activity compared with the traditional ADIM. Additionally,
the muscle activities were similar to those of the ADIM combined
with the irradiation resulting from dorsiflexion of the ankle. This
suggests that the ADIM combined with coactivation of the pelvic
floor muscle can increase the TrA actions to the same extent as the
ADIM combined with the irradiation resulting from dorsiflexion
of the ankle.

The ADIM combined with the irradiation resulting from bilat-
eral arm extension induced significant increases in the activities of
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the TrA/IO and the other abdominal muscles compared with the
other two interventions. These results support the literature (Adler
et al., 2008) that training using bilateral extremities was effective
to facilitate the trunk muscles. The extension-adduction-external
rotation patterns of the PNF applied to the upper extremities can
activate the serratus, rhomboid, and pectoralis minor muscles
(Adler et al., 2008) while stimulating the spiral lines of the fascia
that connect the rhomboids, serratus muscle, and IO/EO to the
pelvis (Myers, 2012). Then, the TrA can be activated indirectly
because the lower fibers of the IO work together without separa-
tion of the TrA and fascia (Marshall and Murphy, 2003). Addi-
tionally, the upper extremity pattern of the PNF applied to both
sides may generate movement for the curving of the trunk, sum-
ming the actions of the abdominal muscles.

The original purpose of the ADIM was to promote the prefer-
ential contraction of the deep TrA while minimizing the contrac-
tion of the abdominal muscles in the surface layer. However, many
studies have reported that it is difficult to remove the actions of
the EO during the ADIM (Chanthapetch et al., 2009; Urquhart
et al., 2005), and all types of intervention used in the current
study produced similar results. The ADIM combined with coacti-
vation of the pelvic floor muscles resulted in a higher PCR of the
TrA/IO than did the ADIM combined with either of the irradia-
tions. These results suggest that the irradiation are useful for in-
creasing the activities of all the abdominal muscles but have a
limited effect on the actions of the TrA only.

The ADIM combined with the irradiation using bilateral arm
extension is recommended for athletes or healthy, normal people
rather than patients with early back pain, because it can enhance
general muscle strength and reinforce contraction of the TrA. The
ADIM combined with contraction of the pelvic floor muscles may
be appropriate for improving the motor control ability and con-
traction ratio of the TrA rather than its strength.

This study had several limitations. First, because the partici-
pants were 42 healthy adults, the generalizability of the results to
adults of all ages is limited. Second, noninvasive surface electro-
myography has a limited ability to measuring the TrA and the IO
separately. Third, it is difficult to predict long-term changes based
on this short-term study.
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