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Abstract: To measure the thickness of Transversus Abdomis (TrA), Internal Oblique (1O), External Oblique
(EO) and Multifidus (MF) and compare the effects on trunk stability according to the performing
abdominal drawing-in manuever during plank exercises. Thirty healthy male and female adults were recruited.
Subjects perform the plank exercises after measuring thickness of TrA, 10, EO and MF in resting position. When
performing the General Plank(GP), General Plank with Abdominal drawing-in maneuver (GPA), Unstable Surface
of Plank (UUSP) and Unstable Surface of the Plank with Abdominal drawing-in maneuver (IJSPA), we measured
three tumes and used the value of measurements. All measurements were used in one way repeated ANOVA.
The results of study, resting time and each plank exercises showed significant differences in TrA, 10, MF
muscles. In the comparison between each plank exercises, the TrA, I0, MF activation increased because that
muscle were thicker than other plank exercises when performing GPA and USPA. These findings suggest that
a plank exercise with abdommal drawing-in maneuver 1s useful way in trunk stability.
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INTRODUCTION

Core 18 general term for waist area such as abdominal
area, pelvis and muscles located on this area that is
mvolved with balance and movement of body and
maintaining the position area called core muscles. When
core muscles are trained, mamtaining the balance of body
and muscle strength are improved through force path
from center of trunk or waist area to upper and lower body
(Brill et al, 2002). Core stability exercise not only
unproves the flexibility of spine but 1s also effective to
strengthening trunk muscle and reducing the angle of
spinal curvature (Akuthota ef al., 2008). Likewise, there
are many researches on core stability exercise regarding
postures, tools and surface (Do and Yoo, 2015
Crzaprowski et al., 2014; Escamilla et al., 2010; McGill,
2007, Aluthota and Nadler, 2004). Many of them
emphasize the importance of core stability muscle
(Mok et al., 2015).

Core stability muscle plays role on reinforcing muscle
strength, improving endurance and mnjury prevention and
rehabilitation of sports athletes (Escamilla et al., 2010).
There 1s plank exercise which is an exercise to enhance
core stability muscles (Hodges and Richardson, 1997a, b)
and it activates the trunk stability muscles (Ekstrom et al.,
2007). Tsometric exercise, the plank exercise trains
transverse abdominis (Coldron et al., 2008) and internal

abdominal oblique which are core stability muscles
(Palmer et al., 2015) and it is used as exercise for patient
with back pain due to the reason that stability of back
comes from core muscle reinforcement during plank
exercise (Akuthota et al., 2008). Patients with back pain
lack the repositioning sense due to the decline of
proprioception and core muscles of them are weaker than
normal that problem occurs on stability of back and pelvis
which are pointed out to be causes of back pain
(O Sullivan, et al, 2003). Therefore, core stability is
essential for proper load balance within pelvis and spine
and exercise chain({Akuthota et al., 2008).

Muscles that are involved with trunk stability keep
the balance during the movement of body and stabilize
the waist (Carter et af., 2006, Marshall and Murphy, 2005).
There are abdominal core muscles such as transverse
abdomims, mternal abdommal oblique (Carter ef af., 2006)
and activation of multifidus stabilize the waist of patients
with back pam (Wallwork et al, 2009). Especially,
transverse abdominis improves the stabilization of core
with diaphragm, internal abdominal oblhque and
pelvic floor Musculature, it creates and controls the
intra-abdominal pressure (Carter et al., 2006, Akuthota
and Nadler, 2004). Also, transverse abdominis and
multifidus contract faster than any other muscles in every
movement of body to keep the balance of body
(Willson et al., 2005; Hodges and Richardson, 1997a, b).
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It was shown that plank exercise is more effective on
unstable surface or narrow contact surface than on
stable surface which increase the muscle activity of core
muscle 5. When waist stabilization exercise was performed
on unstable surfaces in every exercise other than
bridge exercise, activity of trunk muscle were increased
(Imai et &f., 2010). Abdominal drawing-in method is used
to stabilize waist preventing excessive anterior pelvic tilt
and lordosis of waist (Oh ef al., 2007; Kisner and Colby,
2002). Tt was shown that abdominal drawing-in method
minimizes the angle of anterior pelvic tilt during the hip
extension exercise (Radziszewski, 2007; Walker ef al,
1987).

There are many researches about the effect of plank
exercise but number of researches on comparison of plank
exercise on unstable surface and plank exercise using
abdominal drawing-in method is insufficient. Also,
existing researches compare the muscle activation using
electromyography, yet researches on measuring the
thickness of muscle using ultrasonography devices.

Therefore, this research attempts to suggest the
effective way for plank exercise with comparison of
thickness of transverse abdominis, external abdominal
oblique, internal abdominal oblique and multifidus in each
exercise after performing plank on stable surface with
abdominal drawing-in method, plank on unstable surface
with balancing pads on each arms, plank on unstable
surface with abdominal drawing-in method.

MATERIALS AND METHODS

Research participants: Test subjects to this research are
30 healthy young adults without muscular skeletal
diseases such as fracture and damage of ligament and
muscle and neurological diseases. Previous to the
research, the content and purpose of the research are well
informed to test subjects and after the agreement of
research was signed by each of them, the research was
conducted as shown in Table 1. This research was
conducted with verification of institution review board of
Sunmoon University (SM-201605-010-2).

Measurement and procedures: In this research, in order
to provide unstable surface, two balance pads (Togu,
GTG 400200, Germany, 2010) were used and eZono 3000
(Germany, 2011) ultrasonic device was used to measure
the thickness of transverse abdominis, internal abdominal
oblique, external abdominal oblique and multifidus. The
frequency was set to 7~10MHz and linear probe was used
in Fig. 1. Previous to experiment, during the break before
exercige, thickness of transverse abdominis, internal
abdominal oblique and external abdominal oblique were

Table 1. General characteristics (n = 300

Characteristic Values
Gender
Male n=14
Female n=16
Age (years) 19.67+1.52
Height (cm) 168 53+8.78
Weight kg) 60,771 1.46
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Fig. 1: Ultrasonic device eZono3000, linear probe

measured from point where it is 15 mm apart from
aponeurosis vertically (Reeve and Dilley, 2009) and
thickness of internal abdominal oblique was measured by
connecting the transverse abdominis log line. Thickness
of multifidus was measured from between L4 and L3
(Jackie, 2007). From laying down position, during third
exhalation, it was measured with ultrasonic wave and
during plank exercise, same procedure was performed 5 as
in Fig 1-3.

Abdominal drawing-in method training was guided to
test subjects that during the exhalation, they pull their
bellybuttons upward and lumbar vertebra (Richardson
and Jull, 1995). They maintained it, so that, they can
breathe normally during abdominal drawing-in method
(Critchley, 2002). Test subjects learned through abdominal
drawing-in training with real time ultrasonic wave video
which is a visual feedback (Kwon efal., 2011).

Test subjects were guided to bend elbow in 90° and
to support surface with lower arm for plank exercise.
Scapula was maintained to be stuck out, pelvis and lumbar
vertebra were maintained in neutral position and from
ankle to knee, hip, pelvis, spine and head were maintained
position where all of these are in straight line. Arms were
spread about the width of shoulders and feet were spread
about the width of pelvis and ankles were supporting the
surface doing dorsiflexion(Do and Yoo, 2015; Imai ef al.,
2010). First measurement was taken during break before
exercise (PP) in General Plank exercise position (GP).
Second measurement was taken in plank position with
abdominal drawing-in method added (GPA). Third
measurement was taken while two feet were on the center
of balance pad to create unstable surface for lower body
(USP). Fourth measurements were taken on Unstable
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Fig. 2:a) Linear probe measure point of transverse
abdomirs, internal oblique and external oblique
and b) Linear probe measure point of multifidus

Fig. 3:a) Thickness of transverse abdominis, internal
oblique and external oblique measure point and b)
Thickness of multifidus measure point

Surface m Plank position with Abdommal drawing-in
method added (USPA) as shown in Table 2and
Fig 4.

Experiment was conducted with test subjects having
bear feet (Do and Yoo, 2015) and examiners directed
subjects to keep the proper plank position. To
maximize the reliability of experiment for each position,

Table 2: Methods of plank exercises
Descriptions  Exercises

GP General Plank exercise
GPA General Plank exercise with Abdominal drawing-in manetuver
USSP Unstable Surface of the Plank
USPA Unstable Surface of the Plank with Abominal drawing-in
maneuver
@ (b) ©

L

Fig. 4:a) TrA, TO, EO mesurement in resting position; b)
MF mesurement i resting position; ¢) GP (General
Plank exercise);, d) GPA (General plank exercise
with Abdominal drawing-in maneuver), e) USP
(Unstable Surface of the Plank) and f) USPA
(Unstable Surface of the Plank with Abominal
drawing-in maneuver)

measurements were taken three times and average of them
was used as data. To prevent muscle fatigue, two
mediations were conducted every other day. In between
mediations 10 min breaks were taken to prevent muscle
fatigue. Also, to minimize studying effect of mediation
order of experiment, orders were randomized.

Statistical analysis: About For data analysis, TBM
SPSS/PC Ver. 22.0 for windows program was used.
Shapiro-Wilk was performed for regularity examination
and it satisfied regularity examination. During breaks and
each plank exercise for the comparison regarding
thickness change of transverse abdominis, internal
abdominal oblique, external abdommal oblique and
multifidus, repeated measure one way repeated ANOVA
was used and for variable difference, Bonferron method
was used as post-hoc analysis. Statistical significance
was set to be p<0.05.

RESULTS AND DISCUSSION

The thickness of TrA, TO, EO and MF was compared
before the intervention and after each interventions. As
a result of the post hoc test, there were significant
difference of transverse abdominis, internal oblique,
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Fig. 5: a) TrA thickness compared to resting position and each plank exercises; b) IO thickness compared to resting
position and each plank exercises; ¢) EO TrA thickness compared to resting position and each plank exercises
and d) MF thickness compared to resting position and each plank exercises

Table 3: The comparisons of muscles thickness during Plank exercises (Units: mm) (n = 30)

Exercises muscles PP GP

GPA USP USPA F-values
TrA 3.43+0.80a 4.26+1.03 5.66+1.22 4.83+1.17 5.86+1.24 62.37*
10 6.76+2.03 7.13+2.12 8.01+2.47 7.43+2.49 8.25+2.50 18.05%
EO 4.5441.23 5.16+1.81 5.27+1.64 4.68+1.57 4.69+1.52 2.107
MF 32214494 37.65+4.91 39.53+4.88 38.51+4.91 39.81+4.83 13.00*

#p<_.05, *mean + standard deviation PP: Pre-Plank, GP: General plank, GPA: General Plank with ADIM,USP: Unstable Surface of the Plank, USPA: Unstable

Surface of the Plank with ADIM

multifidus on both of PP and each plank exercise and
between GP and GPA, GP and USPA, GPA and UP and UP
and USPA significant differences were shown. But for
External oblique, there was not sigmificant difference
(p=0.05) inFig. 5.

For transverse abdominis, both on PP and each plank
exercise, there was significant difference (p<0.05) and
between GP and GPA, GP and USP, GP and USPA, GPA
and TSP and USP and USPA significant differences were
shown (p<0.05) Table 5. For Internal abdominal oblique,
both on PP and each plank exercise, there was significant
difference (p<0.05) and between GP and GPA, GP and
USPA, GPA and TSP and USP and USPA significant
differences were shown (p<0.05) for multifidus, both on
PP and each plank exercise, there was significant

difference (p<t0.05) and between GP and GPA, GP and
USPA significant differences were shown (p<t0.05) in
Table 3.

This research compared influence on trunk
stabilization during plank exercise with abdominal
drawing-in added on unstable surface by comparing the
thickness of transverse abdominis, external abdominal
oblique, mternal abdommal oblique and multifidus. As a
result, there was more statistical significant increase with
thickness of transverse abdomimnis, internal abdominal
oblique and multifidus during plank exercise than break.
Rather than during GP during GPA, USP and USPA,
thickness of transverse abdominis and internal abdominal
oblique was significantly increased. During TSP, increase
of thickness of abdominis and mternal abdominal oblique
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is consistent with previous research suggesting that
plank exercise on wmstable surface had more mcrease of
muscle activity than it on stable surface (Do and Yoo,
2015; Czaprowski et al., 2014, Escamilla ez al., 2010;
MeGill, 2007; Akuthota and Nadler, 2004). However, only
in between GP and GPA and GP and UPSA, multifidus
showed significant difference. According to the previous
research, it seems to be this result came out due to the
fact that plank exercise mainly activates abdominal
core muscles and multifidus is not the main muscle
(Palmer et al., 2015; Coldron et af., 2008, Hodges and
Richardson, 1997a, b) Additionally, the result of this
research did not show significant difference of external
abdominal oblique during plank exercise which shows that
plank exercise activates core muscle rather than superficial
muscles and external abdominal oblique was not acting as
superficial muscle (O’Sullivan et «@f, 2003). In the
comparison of each plank exercise, during GPA and
USPA, thickness of transverse abdominis and internal
abdominal oblique were majorly increased.

Regarding this, the reason significant difference on
thickness of muscle is believed to be that abdominal
drawing-in method pulls the abdominal wall inward wlich
contracts only transverse abdominis and internal
abdominal oblique and increase the abdominal pressure,
resulting the waist stabilization traning 1s performed
effectively. Kwon referred that abdominal drawing-in
method with real time ultrasonic wave feedback increase
the activity of transverse abdomims while activity of
external abdominal oblique. Also, Hodges and Richardson
(1997a, b) reported that during ADIM rather than general
waist stabilization exercise was performed, 1t 1s more
effective to increase the thickness of transverse
abdominis and internal abdominal oblique. Therefore,
during the plank exercise on stable and unstable exercise
when abdominal drawing-in method is added, thickness of
transverse abdominis and internal abdominal oblique and
thickness of external abdominal oblique decreases which
is consistent with the result of the experiment. Tn other
words, it seems to be it leads simultaneous contraction of
muscles, core stabilization 1s relatively more activated,
resulting stabilization of trunk rather than during the
general plank. Therefore, transverse abdominis and
mternal abdominal oblique which are involved with core
stabilizing muscle were activated and it seems to be that
plank exercise on stable and unstable surface with
abdominal drawing-in method 1s effective plank exercise
in this research. Also, it is suggested that it is effective to
stabilize the trunk with simultaneous contraction of
abdominal and back muscles due to the fact that during
GPA and USPA, multifidus thickness was increased as
well.

Next, on the comparison of muscle activity with other
mediation added to general plank exercise, there was

significant difference on plank exercise with mediation of
unstable surface and plank exercise with ADIM regarding
TrA and GP but between GPA and USP, only TrA had
significant difference and GPA was more effective. This
shows that TrA is main expiration muscle on ADIM when
it is compared to 10O,

There are electromyography and ultrasonography
measurement for measuring the activity of core muscles.
Another way to measure the core muscle with
electromyography may be crossed with other superficial
muscles, resulting inaccurate measurement without
differentiating activity of each muscle (Teyhen et al,
2007), ultrasonography with better reliability on thickness
evaluation is used for measuring activity of core muscles
(Hodges et al., 2003, Hodges and Richardson, 1997a, b).

Hides et al. (1994) referred that ultrasonic wave was
used to evaluate atrophy and hypertrophy directly and
there are a lot of researches conducted with
electromyography during plank, yet not a lot of them with
ultrasonography.  Therefore, 1n  tlis  research,
ultrasonography was used to measure the change of
thickness of transverse abdomimnis, internal abdominal
oblique and multifidus which are core muscles that play
role of stabilization and it of external abdominal oblique,
a superficial muscle.

In this research, there are a few limitations. First of all,
subjects of this research were healthy male and female
who are in 20s to evaluate the muscle activity of core
stability muscle of trunk. Therefore, it cammot be
generalized to all age group. Also, there were not many
test subjects, thus, it will have difficulties to assume that
this 1s the result of this age group. Second, applying
balance pad is not the most effective plank exercise on
unstable surface. This research suggests additional
research on plank exercise with abdominal drawing-in
method on unstable surface with various types of balance
pad such as suspension and gym balls. Thirdly, in this
research thickness of transverse abdomims, mternal
abdominal oblique, external abdominal oblique and
multifidus were measured on third expiration of each test
subject, however, they are not precisely same, resulting
another limitation of this research. Lastly, this research
was not long-term research but it is comparison of
measurement of muscle thickness with temporary
positions, a future research with muscle thickness activity
change through long-term core stabilization training.

CONCLUSION

The results of this study mdicate that the thickness
and activity of core muscles in GPA and USPA increased
more than in other interventions. Therefore, the plank
exercise combimed ADIM 1s expected more effective for
stabilization of trunk muscles.
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