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Abstract

Strengthening the hip muscles has always been considered as one of the important
methods in the prevention and rehabilitation of injuries and musculoskeletal disorders.
The role of the abdominal muscles in maintaining the core stability, especially the
prevention of unwanted movements in the spine, has been proven. Plank is a type of
exercise that can strengthen these two areas. The aim of the present study was to compare
hip abductor and abdominal muscles in different Plank exercises positions.

According to the selection criteria, the participants included 18 male aged 18 to 23 years
were. The amount of activity in terms of maximum voluntary isometric contraction and
the onset time of activation of the gluteus medius muscles, Tensor fascia lata, internal
obligue and external oblique in 3 types of plank exercises; side plank with hip abduction,
with hip abduction and flexed knee, with trunk abduction was measured by EMG. The
research data were analyzed based on Repeated Measure ANOVA test. The results showed
that there was a significant difference in the activity of the Gluteus medius, Tensor fascia
lata and external oblique muscles in 3 types of Plank exercises (P<0.05). The maximum
activation of gluteus medius, Tensor fascia lata and internal oblique was observed in first
exercise but the maximum activation of external oblique was observed in second exercise.
The results also showed that there was no significant difference in the onset time of each
of the muscles among the three types of exercises (P>0.05). It can be concluded that Side
Plank exercises are used to strengthen the hip muscles and also the effective use of the
core muscles in relation to each other. The most effective condition for activation of
abductor and internal oblique muscles is side plank with hip abduction.
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Extended Abstract

Background and Purpose

Strengthening hip muscles has been considered as one of the important methods
in the prevention and rehabilitation of sports injuries and musculoskeletal
disorders of the lower limbs (1). On the other hand, the role of the abdominal
muscles and their activity in maintaining the core stability of the body, and the
high performance and efficiency of these muscles control the forces that reach the
lumbar-pelvic-hip complex and in this way provide stability in the body planes
(2). In recent years, in order to increase performance and prevent musculoskeletal
disorders, the core muscles have been of great interest in rehabilitation programs
as well as sports exercises (3). One of the most used exercises in this field is the
plank, which can be performed in different situations.

Therefore, the present study, by choosing three different types of the plank
exercise, aims to compare the effect of each of them on the activity of hip abductor
muscles and abdominal oblique muscles, and introduce the most effective training
position to strengthen hip muscles and abdominal areas.

Materials and Methods

The subjects of this study included 18 (4, 5) young male soccer players. The
research inclusion criteria included; Age range from 18 to 23 years, semi-
professional players present in Tehran clubs, regular activity in the field of soccer
in the last 2 years, no injuries in the lower limbs, hip, knees and ankles in the last
6 months, no injuries in the the upper limb (shoulder and elbow) in the last 6
months and no history of surgery in the back and lower limb in the last year. The
participants were then selected purposefully and after obtaining the consent of
voluntary participation, they entered the study.

To record surface electromyography, the amount and onset time of the electrical
activity of selected muscles, a 16-channel electromyography device Megavin
(model 6000ME manufactured by Mega Electronics, Finland) was used. After
warming up, MVIC test was taken from the subjects. For each muscle, three
MVICs were performed for 5 seconds, with a one-minute rest between each
repetition to reduce the fatigue effect. In terms of the maximum muscle activity
in the middle 3 seconds of this period (2 to 4 seconds), it was used as the maximum
voluntary isometric contraction (4, 6). After that, each subject performed side
plank with trunk abduction, and with hip abduction and flexed knee randomly and
the dominant side which means the foot they kick the ball was measured (7).
Each exercise was repeated 3 times and 1 minute rest was given to the subject
between each repetition to reduce the effect of fatigue, and 3 minutes rest was also
considered between each exercise (6, 8). During the exercises, the amount and
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onset time of the gluteus medius, tensor fascia lata, internal oblique and external
oblique muscles were evaluated. After collecting the data from the subjects
present in the research, the Shapiro Wilk test was used to determine the normality
of the data, and repeated measure ANOVA test was used to check the mean
difference of the variables, and if the differences were significant, the Bonferroni
post hoc test was used to compare two indicators and SPSS version 23 software
was used for statistical analysis.

Findings

Based on the findings of this study, there was a significant difference between the
electromyographic activity of the gluteus medius muscle between the three
different positions of side plank exercises (P=0.001). In addition, the results
showed that there is a significant difference in the electromyographic activity of
tensor fascia lata muscle between the three different positions of the side plank
exercises (P=0.001). According to the study’s findings, there was a significant
difference in the electromyographic activity of the external oblique muscle
between the three different positions of the side plank exercises (P=0.04).
However, the electromyographic activity of the internal oblique muscle between
the three different positions of the plank exercises from the side showed no
significant difference (P=0.2).

According to the results of the present study, in relation to onset time variable of
the muscles in three positions of the side plank exercises, no significant difference
was observed in the onset time of gluteus medius between the three different
positions of the side plank exercises(P=0.18). Besides, the activation time of the
tensor fascia lata in three different positions of side plank exercises showed no
significant difference (P=0.10). According to the findings of the present study,
there was no significant difference in the onset time of the internal oblique
between three different positions of side plank exercises (P=0.86). Besides, no
significant difference was observed in the onset time of the external oblique
muscle between the three different positions of side plank exercises (P=0.98).
The results of the study showed that in the side plank exercise with hip abduction
and flexed knee, the activity level of the gluteus medius muscle (71.3 + 12.4) of
tensor fascia lata (47.3 = 21.4) is more than the side plank exercise with hip
abduction, in which gluteus medius muscle (64.8 + 16.5) was activated less than
the tensor fascia lata muscle (60.9 + 21.3). This finding can be considered as an
effective exercise and recommended for strengthening the gluteus medius muscle.
Also, the internal and external oblique muscles had a high level of activity in all
three side plank exercise positions, although there was no significant difference
in the activity level of internal oblique muscle in three exercise positions, while
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the results showed that the external oblique muscle had a significant difference in
the three exercise positions. According to the mentioned points, in order to better
strengthen the abdominal muscles, plank exercises, which are one of the main
exercises for strengthening the abdominal and core muscles, can be combined
with other exercises and at the same time, in addition to the activity of other
muscles, it also increases the activity of the oblique abdominal muscles.
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Table 1- Demographic information of the subjects in the research (standard
deviation + average)

Subject Variable
215+0.7 o
Age (year)
(e Hlo) 43
1778+ 0.9
Height (cm)
(S skS) 09
+
64.7 +10.3 Weight (kg)
. S odg aly
20.6+3.3 Body mass index

1. Shapiro-Wilk Test
2. Repeated Measure ANOVA
3. Bonferroni Test
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Table 2- Values related to the amount of activation and onset time of muscles in
different plank positions from the side

S8 ellad glej SN e b lpe
Side plank
Side plank with Side plank with . N Side plank with hip side plank
trunk hip abduction Sll:iie g::;l]:‘c:;:l with trunk abduction with hip cMas
abduction and flexed knee P abduction and flexed abduction muscles
knee
Shes s
2437.5 £270.9 2475.8 £383.2 2595.8 +352.1 5.7+3.9 71.3+124 64.8 + 16.5 Gluteus
medius
Pl g oS
2324.5 £ 17.05 2371.6 £273.6 2497.1 £ 358.2 7.01 £5.05 47.3+214 60.9+21.3 Tensor fascia
latae
s e
2272.7 £290.7 2310.2 +£217.6 2286.03 +264.3 48.5+20.5 49.9 +19.08 57.4+21.4 Internal
oblique
sl e
22522 £262.5 2254.6 £229.7 2262.9+2442 363 +£20.01 48.8+27.1 45.05+21.9 External
oblique

Ol pekin 33 (9 yigy (crdind 33051 9 5350 (6550311 b il yly Judon 9051 i -Y Jgur
axdllan 890 WA (SO Sl Cudled
Table 3- The results of Repeated measure ANOVA and Bonferroni's post hoc test
in the variable of muscles activation

Significance Significance level Significance -
N . level Significance
level side plank with Side plank with level i
Slajlal side plank with hip abduction fep - eve oLl odlae
ize  hip abduction with hi hip abduction Three isti
Effect size P ! p and flexed knee different statistics muscles
with trunk abduction and .
. with trunk Plank
abduction flexed knee . .
abduction exercise
0.911 0.001 0.54 0.001 0.001 174.89 et
Gluteus medius
Ls sdiS
0.75 0.001 0.11 0.001 0.001 53.08 Fe ok )
Tensor fascia lata
s o
0.89 02 1.65 e
Internal oblique
G?JL’" ol
0.16 0.29 1 0.11 0.04 3.45 ’
External oblique

slo lis bl yuizred (P=2/0 2 V) al oanlice (5 ol Sglas gloy 51 SO Sl yai alises
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Sloline ©glas 5 slay 51 SO Sy jod hlitre Cumdg d (i (2B 50 alae (1,5 50 S]]
O GBI g0 Al (SIS grag iUl llad (e s ol gl bl a4z ST(P=2/4 ) o5
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Table 4- The results of Repeated measure ANOVA and Bonferroni's post hoc test
in the variable of onset time
Significance level

i il Significance level  side plank with s?(:%mﬂ?}:l f:“l;‘]:ll Significance ]
7 side plank with hip abduction abl()luc tion and P level oyl Mas
Effect  with pip abduction ~ with hip . Three different  ggagistics mascles
size ) . . with flexed knee . ’ ;
frunk abduction abduction and . Plank exercise
trunk abduction
flexed knee
o
0.95 0.56 081 1 177 GG
0.18 Gluteus medius
L g oS
[ty
0.2 042 1 243
0.2 0.1 Tensor fascia lata
“ =
0.009 1 1 1 0.86 0.15 o ik
Internal oblique
L?“\_)
0.001 l l 1 0.98 0.01 ST
External oblique

Ol yod Cordg dw ;o OMae (gl loy i b bl 1 jo pols addlhae mls 4 4> g5
sk 51 S Dl o3 hliee Cundg des G (Sloo (e alde (g5Ldlad o o sl 51 S
a0 ald s cauiS alae (gilldld loy e (P=/VA) Wil cualivn (g lolae wglas
Gl aisl olwl o (P=+/V ) ol Las ) (g loline glas alyy 51 SO il ol alire Cunsg
sl 5 SO Sl s alidee Sl dw o (SIS )90 ablae 3Ll (o yo p5l asdllas
alac giludled loy 4o 5 (g loline Dglds yizmen (P=+/AF) Clill 092 (5 lolne glas
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2. Selkowitz et al
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1. Selkowitz et al
2. Clamshell exercise
3. Heather Harrower et al
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4. Total Body Resistance Exercise
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