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Abstract.

[Purpose] The purpose of this study was to determine the effects of abdominal hollowing during lower-

limb proprioceptive neuromuscular facilitation (PNF) training on the activation of contralateral muscles. [Subjects]
Twenty male college students without symptoms or signs of muscular or nervous disease participated in this experi-
ment after signing a consent form. [Methods] All the subjects were measured with electromyography (EMG) in a
muscle activation test before and after abdominal hollowing. In the PNF program, the lower-limb pattern of PNF
training, was maintained for 5 seconds, followed by a 2-minute break. This was repeated three times. The resting
time between sets was 30 minutes. Surface EMG (Keypoint, Medtronic Inc., USA) was used for the measurements,
and the highest value of three measurements was used in the analysis. [Result] The results revealed a significant
change in the muscular activation of the opposite-side lower limbs. The muscular activations of the vastus lateralis,
tibialis anterior, semitendinosus and gastrocnemius were increased significantly after the abdominal hollowing.
[Conclusion] The findings suggest that abdominal hollowing in PNF pattern training can be effective at promoting
muscular activation of the contralateral muscles. To promote muscular activation of the opposite side in lower-limb
PNF pattern training, abdominal hollowing should be considered to improve the effect of PNF pattern training.
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INTRODUCTION

Proprioceptive neuromuscular facilitation (PNF) is a
treatment method that can be applied in a specific diagonal
pattern, to facilitate the ability to promote function?. PNF
is known to increase muscle coordination and to elicit the
maximum response from motor units?.

Generally, in neurological PNF treatment, the treat-
ment is applied directly to the affected side with the aim
of functional improvement of that side. However, many
recent studies have shown that the indirect PNF treatment
method, which focuses on the unaffected side, is effective
at improving the recovery of the affected side. The indirect
treatment method strengthens the weak side by increasing
the resistance to the strong side in a process known as ir-
radiation?. Although the mechanism underlying the effect
of irradiation is unclear, if continuous training of the ipsi-
lateral limb is performed, it also affects the contralateral
limb via cross-training or the contralateral effect?. In PNF,
proprioception is recovered by facilitating muscle activa-
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tion through resistance training at the unaffected side®. The
contralateral effect is frequently used to promote muscular
strength and motor function, and it has been reported to
have positive effects”).

In a meta-analysis of the effect of ipsilateral training,
Munn et al.¥ stated that cross-training was effective at in-
creasing contralateral muscular strength. Kim® determined
muscle activation after applying PNF flexion, abduction
and external rotation upper-limb patterns, and bilateral
upper-lifting patterns. One study found that PNF patterns
applied to the ipsilateral upper-limb noticeably increased
the muscle activation of the contralateral lower limb. Zhou”
reviewed a number of studies of the effect of cross-training,
and found that the muscular strength of the contralateral
limb could be promoted, depending on the intensity of the
exercise. Thus, the literature suggests that resistance train-
ing applied to an ipsilateral extremity is effective at promot-
ing muscular strength. However, these previous studies did
not consider an essential prerequisite for the effectiveness
of cross-training, the stabilization of the core muscles.

The core muscles are responsible for all the power and
the mobility of the human body. They control balance ev-
ery time the human body moves, and they protect muscle
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and bone by properly maintaining musculoskeletal struc-
ture. Furthermore, core muscles are tonic muscles, which
play an important role in trunk stability and postural con-
trol during whole body training®. Among the core muscles,
physical therapists have focused in particular on the role
of the transversus abdominis muscle in stability”. In par-
ticular, the activities of the transversus abdominis increase
the tension of the lumbar facial structure and contribute to
stability through variation of intra-abdominal pressure!?.
Therefore, to maximize the effects of cross-training resis-
tance exercises during PNF and to enhance core stabiliza-
tion, the activities of the transversus abdominis should be
facilitated. There have been few studies of the stabilization
of core muscles during PNF cross-training with resistance,
either in South Korea or elsewhere. In particular, few stud-
ies have investigated the influence of core stabilization on
the effect of cross-training on the co-activation of the trans-
versus abdominis. Therefore, this study aimed to determine
the influence of the coactivation of the transversus abdomi-
nis on the muscle activation of the contralateral lower limb
in PNF lower-limb pattern training.

SUBJECTS AND METHODS

The research participants were selected from students
of S university in Busan, Republic of Korea. The subjects
could control independent weight bearing of the lower limbs
on both sides and had no abnormalities in the muscular or
nervous systems. Twenty male students participated in the
experiment. They participated in the experiment after being
informed of the procedures of the experiment. The ethical
committee of Silla University approved this study, and writ-
ten informed consent was received from each participant.

At the start of the exercise, the subjects lay in a supine
position, with the sole of the foot pressed against the surface
of a wall, the lateral malleolus and fibular head at a normal
level, and the hip joint flexed at an angle of 40 degrees In
the lower-limb PNF exercises, flexion/adduction and exter-
nal rotation patterns were applied to the right lower limb
to facilitate the contralateral effect. The increase in muscle
activation was measured and approximated while the ankle
joint was held and maximally dorsiflexed in the mid-range
of the lower-limb patterns,

For the analysis, the highest value of three surface elec-
tromyogram (EMG) (Keypoint, Medtronic Inc., USA) mea-
surements was used. Following Jung!'D, the electrodes were
attached to the muscle belly of the vastus lateralis, the semi-
tendinosus, the tibialis anterior, and the gastrocnemius. To
reduce measurement error, the locations where the elec-
trodes were placed were shaved and cleansed with alcohol.
The electrodes were firmly attached to the skin to prevent
noise resulting from their movement during the PNF pat-
tern training. They were attached 10—15 cm from the up-
per part and 6 cm from the lateral part of the upper edge of
the patella on the vastus lateralis. The semitendinosus was
monitored by attaching another electrode at a point halfway
between the ischial tuberosity and the medial condyle of the
tibia. Another electrode was attached to the upper 75% area
of the tibialis anterior, linking the lateral condyle to the lat-
eral malleolus and the knee joint. At the medial head of the

Table 1. The general characteristics of the study
subjects (Unit)

Age (year) Height (cm) Weight (kg)
21.1 £ 1.4 1747 + 4.5 68.4+82
“Mean = SD

gastrocnemius, an electrode was attached to the upper 35%,
linking the medial condyle to the lateral calcaneus of the
knee joint'?. The ground electrode was attached just below
the fibular head. The maximal voluntary isometric contrac-
tion (MVIC) was measured for 5 seconds, and the highest
value of three trials, excluding the first second, was used as
the MVIC. The duration of the contractions (5 seconds) was
strictly controlled during the measurement, after which the
subjects had a 5S-minute rest. Measurements with or without
abdominal hollowing were also made for 5 seconds, and the
first second of data was discarded. When applying the PNF
lower-limb patterns, a 2-minute rest was given after every
trial to prevent muscle fatigue, and sufficient rest was also
given after every measurement. The measurements were
conducted three times, and the highest value of the trials
was used in the analysis.

For the EMG analysis, EMG was normalized to MVIC
as follows: NorEMG (MVIC%) = EMGm/EMGmax x
100%. Here, NorEMG represents the normalized EMG val-
ue of each muscle, EMGm indicates the EMG value of each
muscle measured during the training, and EMGmax stands
for the EMG value of the maximum MVIC of each muscle.

The Shapiro-Wilk test was conducted to verify the nor-
mality of the data, which were collected from only a small
number of subjects. The test result was satisfactory, and
parametric tests were conducted accordingly. To examine
the effect of abdominal hollowing on muscular activation,
the paired sample t-test was conducted to compare the mus-
cular activation before and after the abdominal hollowing.
SPSS WIN (ver. 20.0) was used for statistical analysis, with
a significance level of 0=0.05.

RESULTS

The 20 male subjects had an average age of 21.1 years,
an average height of 174.6 cm, and an average weight was
68.35 kg (Table 1). Comparison of the muscle activations
in the contralateral lower limb, according to the presence
or absence of abdominal hollowing following the applica-
tion of the PNF patterns, showed that the vastus lateralis
remarkably increased from 41.5% MVIC to 54.3% MVIC
(p<0.05), the semitendinosus increased from 59.7% MVIC
to 73.4% MVIC (p<0.05), the tibialis anterior increased
from 47.5% MVIC to 61.8% MVIC (p<0.05), and the gas-
trocnemius increased from 51.8% MVIC to 62.6% MVIC
(p<0.05) with abdominal hollowing (Table 2).

DISCUSSION
Recent clinical trials have described the indirect treat-

ment approach in cross-training using the contralateral
effect, and their results reveal that training the unaffected



Table 2. Comparison of muscle activations in the contralateral
lower-limb, according to presence or absence of abdomi-
nal hollowing, in PNF patterns (Unit: %MVIC)

Muscles absence presence

Vastus lateralis* 41.5£16.2% 54.3+19.9
Semitendinosus* 59.7+£16.9 73.4 £ 18.8
Tibialis anterior* 475+£15.6 61.8 + 14.5
Gastrocnemius* 51.8+20.3 62.6+22.8

#Mean + SD *: p<0.05

side affects the function of the affected side'?. For this rea-
son, PNF focuses on strengthening the weak side through
exercises of the strong side using an approach known as
irradiation?. Many studies have reported that interlateral
transfer is enabled by cross-training exercise, with result-
ing improvements in muscular strength, function, and en-
durance of the untrained contralateral limb'¥. Furthermore,
improvements in motor function have also been reported!®.

Shima et al.!®) reported that ipsilateral resistance train-
ing improved contralateral muscular strength according to
EMG measurements. Bemben and Murphy!”) indicated that
the muscular strength of the untrained contralateral limb
also increased after temporary ipsilateral resistance train-
ing. Kim et al.'® showed that isokinetic exercise for the hip
joint improved the balance of the contralateral lower limb
while standing on one leg. Similarly, this kind of effect has
been observed in PNF. In a study of healthy people, Niko-
laos et al.'” showed that application of the lower-limb pat-
tern to the ipsilateral lower limb increased the knee exten-
sor strength of the untrained contralateral limb. Lee et al.2?
reported that lower-limb patterns applied to the unaffected
side of stroke patients triggered irradiation, which indirect-
ly increased the muscle activation of the upper limb, regard-
less of all articular elements. According to Hortobagyi et
al.?), this cross-training effect is controlled at the cortical
level. Lagerquist et al.?? suggested that the cross-training
effect is generated at a level higher than the spinal cord lev-
el. Hortobagyi et al.?! stated that the effect occurred after
the activation of the contralateral and ipsilateral sensorimo-
tor cortexes. Munn et al.?? reported that ipsilateral weight
training increased contralateral muscular strength because
of an increase in the firing rate and the recruitment of motor
units in the central nervous system.

However, most recent research studies did not consider
the stabilization of the core muscles. Such stabilization is an
essential prerequisite for the effectiveness of cross-training,
in particular, the stabilization of the core muscles in the cen-
ter of the body. To increase muscle strength, the limb and
trunk muscles must be recruited. Among these muscles,
the activity of the transversus abdominis is important. Ab-
dominal hollowing is a core stabilization exercise that can
facilitate the activity of the transversus abdominis®¥. The
transversus abdominis is involved in postural control, and
it contracts first at the moment when any movement starts,
or when the body is loaded. The transversus abdominis of
a healthy individual contracts 30 to 100 ms earlier before
the movement of the upper or lower limbs?. Oh et al.2®)
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reported that the muscle activation of the gluteus maximus
and the medial hamstring was increased after hip extension
exercise with abdominal hollowing. In a study of the ef-
fect of bridging exercise including abdominal hollowing,
measured with a pressure biofeedback unit, Kim et al.??
reported that the muscle activation of the lateral hamstring
was remarkably increased. Thus, unilateral application of
PNF patterns appears to increase muscle activation on the
contralateral side, and core stabilization through coactiva-
tion seems to be effective at increasing muscle activation.
In the present study, when the PNF lower-limb patterns
were applied with abdominal hollowing, the muscle activa-
tion of the vastus lateralis, semitendinosus, tibialis anterior,
and gastrocnemius increased noticeably. We think this is
due to local activation of the transversus abdominis during
the abdominal hollowing exercise. In essence, the activa-
tion of the transversus abdominis through abdominal hol-
lowing contributed to stability by increasing the tension of
the thoracolumbar facia, as a function of the local system,
and providing proprioceptor feedback during the abdomi-
nal hollowing. The activation of the transversus abdominis
may also increase the intra-abdominal pressure, solidify
articular stiffness, more firmly fix the spine and the pelvic
girdle, and facilitate postural balance, thereby making core
stabilization possible.

The results of this study show that the activation of the
transversus abdominis makes anticipatory postural control
and core stabilization possible, in addition to contributing
to the stability of the lower limb and facilitating smoother
and more complete movement. All the power and the mobil-
ity of the body are generated from the core muscles. When
the core of the body becomes unstable, the limbs are used
to stabilize the core, resulting in poor functioning. Thus,
core stabilization is the main factor in every movement. As
a result, it is important to combine abdominal hollowing
with PNF patterns.
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