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Abstract

The role of the upper limbs in the common plank exercises is considered a limiting factor
in targeting the core muscles. The purpose of this study was to investigate the core muscles
activation in plank with and without support on upper limbs during different body angles.
Twenty-one healthy men aged 20-30 participated in this study. The subjects performed
the plank in two positions with support on the upper limb (by the TRX suspension device)
and without support on the upper limb (by the researcher-made device) at 20, 40, 60 and
80 of body angles. Every eight tests were repeated twice for 5 seconds. The activity of
rectus abdominis, external oblique, multifidus, erector spinae lumbar, and rectus femoris
muscles were measured and compared. Repeated measures analysis of variance was used
to examine the effects of upper limb on our outcomes. The results showed that there is no
difference on core muscles activity between plank with and without support on upper
limbs during different body angles (p=0.821). Changing the body angle (20, 40, 60 and 80
degrees) showed a main different on the core muscles activity in the both plank positions
with and without support on upper limbs (P<0.05). Not using the upper limbs in the plank
exercises does not change the activity of the core muscles, and also the level of their
activity increases through the gradual addition in the body angle.
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Extended Abstract

Background and Purpose

Isometric exercises challenge trunk control in a way that spares spine from
excessive compressive forces (1). Among the isometric trunk exercise positions,
prone position has a unique advantage in engaging core muscles and spine
stability (2). The simultaneous core muscles activation attributes to core
stabilization in prone position exercises (2,3). The significant issue that usually is
seen in the common instructions for prone position exercises such as prone bridge
(plank), is that the upper limb is often used as a support to control body weight in
closed kinetic chain (2,4). However, the role of the upper limbs in the traditional
plank exercises is considered a limiting factor in targeting core muscles (4,5).
Accordingly, the purpose of this study was to investigate the core muscles
activation in plank with and without support on upper limbs during different body
angles. In order to identify the specificity and progression effect on the core
muscles, the EMG activity of core muscles was measured and compared during
different angles of plank with TRX and researcher-made devices. It is assumed
with neutralizing the upper limbs does not change the activity of the core muscles,
and it will make progression in the core stability exercises.

Materials and Methods

Twenty-one healthy men (age=27.66+3.32 years, height=176.09+4.51 cm,
mass=71.66+11.7 kg) participated in this study. Subjects were in the age group of
20to 32 years. The present study was approved by the Research Ethics Committee
of University of Isfahan under reference number of IR.UI.LREC.1400.055. The
subjects performed the plank tests in two conditions, TRX and a researcher's hand
made device at four different body angles. The tests included: Common plank
(CP): The subjects were asked to adopt the plank position with a TRX device. The
only weight-bearing points of the body were the toes of the feet and the hands.
The toes placed on the ground and the forearms were placed on the TRX handles.
This test scheme was repeated for all body angles (20°,40°,60°,and 80°), while
arms and the straps were at a right angle relative to the body; Plank without upper
limbs (PW): The subjects performed plank without use of the upper limbs. This
test was performed with a researcher-made device. In this device, there is no need
to use the upper limbs as support to do isometric trunk exercises in prone position,
and the gravity forces are transferred between the body and the device through
connecting straps. The toes placed on the ground and the chest placed on the strap.
Beides, this motor scheme was repeated for all body angles. The participants were
asked to maintain fixed posture for the 5 seconds in all eight test conditions to
obtain the electromyographic (EMG) activity of the rectus abdominis (RA),
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external oblique (EO), multifidus (MF), erector spinae lumbar (ES), and rectus
femoris (RF) muscles on the right side. In order to prevent the muscles fatigue, a
two-minute rest was taken between each test. Before the commence of testing,
maximum voluntary isometric contraction (MVIC) trials of the muscles were
measured. After approving the normality of the data by the Shapiro-Wilk test,
repeated measures analysis of variance was used to assess the effect of upper limbs
on our outcomes. The significance level was set at the level of p < 0.05.

Findings

In general, the results showed that there is no main effect of using upper limbs on
muscles activity in two plank exercises at all body angles (20,40,60 and 80)
(F(20,1)=0.516,p=0.821,ES=0.912). In the separate comparison of each muscle,
there is lower external oblique activity in plank without upper limbs than plank
with upper limbs conditions (P<0.05), however, no significant difference was
shown in RA, MF, ES, and RF (P>0.05). The results related to increase the body
angles in the plank with support on the upper limb showed main increase in the
core muscles activity (F(15,6)=13.08,p=0.002,ES=0.97). Moreover, the results
related to increase the body angles in the plank without support on the upper limb
showed main increase in the core muscles activity (F(15,6)
=4.69,p=0.033,ES=0.921).

Table 2. Comparison of emg activity (%6MVIC) of the muscles during plank with
and without using the upper limbs

Body angle plank
muscle N Common without upper limbs P value
(degree) (means=sd) (means+sd)
20 10.28=11.29 7.21%4.27 .206
RA 40 17.13+10.07F 10.65+7.09% .012*
60 33.41£20.12+4% 19.61=11.02+% .006*
80 52.18429.73+1] 31.44+£20.74F19 .021*
20 11.44+£7.28 8.75x£5.07 .020%*
40 20.23%£8.62F 14.58+8.11F .008*
EX 60 33.07£20.55% 23.10x13.73+% .015%
80 47.80+24.601LY 33.26+18.34119 .043*
20 2.50=1.79 1.79+.91 .026%*
MF 40 2.13=1.05 1.86+1.36 451
60 2.86=1.50 2.07+£2.03 .010%*
80 4.86+2.85+11 3.56+3.48 238
20 2.47=1.59 2.55%2.15 .832
ESL 40 3.01£2.53 2.57+1.91 342
60 3.96+2.767 3.77£5.80 .852
80 5.65+4.28%% 3.63+2.96% .035%
20 4.54=5.23 8.63%6.08 .018%*
RF 40 10.27+5.38% 12.424+10.687 316
60 17.24+10.88%% 16.42+12.607F 745
80 27.36+17.3711Y 22.82+15.79111 ST
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1 Significantlysmore compared with 20° (p < 0.05).
1 Significantly more compared with 40° (p < 0.05).
q Significantly more compared with 60° (p < 0.05).
* Significant difference between plank with and witout support limbs (p < 0.05).

Conclusion

The findings of this study have potential applications in effective rehabilitation of
core stability and the development of plank exercises. Training planning based on
principles and capacity of individual’s bodies can ensure effective training. Based
on the study’s findings, not using the upper limbs in different angles of plank
exercises does not change the activity of the RA, EO, MF, ESL, and RF muscles.
Further, the level of their activity increases through the gradual addition in the
body angle. This modified form of plank exercise is suitable for the intrinsic and
acquired limitations of the upper limb in high weight bearing. Training without
using the upper limb in different plank angles can be used for specificity and
Progression of core stability training of people who are unable to perform the
common plank.

Keyword: Core Stability Muscles, Plank, Training Principles, Functional
Training, Electromyography
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1. Core Stability Exercises (CSE)

2. Prone Bridge (PB)

3. Total Resistance Exercises (TRX)
4. Forearm Plank
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1. Push up
2. Devorski
3. Strand
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1. Surface Electrodes

2. Maximum Voluntary Isometric Contraction (MVIC)
3. Intraclass Correlation Coefficient (ICC)

4. Electromyography (EMG)

5. Root Mean Square (RMS)
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Table 2- Comparison of Muscle Activity (%6MVIC) in the Plank With And Without
Leaning on the Upper Arm at Different Angles of the Body
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