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Abstract

Background/Obijectives: The purpose of this study is to analyze the effect of exercise by conducting three kinds of
sguat exercises in age-specific groups from their 10s to 60s and comparing the seven lower muscle activities.

Methods: Participants were six groups of healthy women in their 10s to 60s who have not experienced any surgical
operation. In each group, bipedal squat, single leg squat, and isometric squat exercises were conducted, and muscle
activity of the lower extremity was measured. Electromyography was used to measure muscle activity during three
types of squats, and Two-way-ANOVA was used for comparative analysis of muscle activity.

Findings: In this study, there were significant differences in muscle activity depending on the age group and type of
squats (p<.05), while the association between age and squats was inconsistent. However, the results of this study show
that as you get old, your muscles decrease as well, and the difference in muscle activation varies depending on the
type of squats. Therefore, the study will be the basis for maintaining good health through effectively strengthening
the lower extremity by age.

Improvements: As age increased, muscle activity gradually decreased after the 50s. These results suggest the
necessity to strengthen muscles through lower extremity exercise as you age.

Keywords : Age, Women, Dynamic squat, Static squat, Lower-extremity, Eletromyography

1. Introduction

According to the United Nations Population Report, in 1960, 5.1 percent of the population (15.35 million) were aged 65 or
older. In 1980, the rate increased to 5.7 percent (25.59 million) and 6.6 percent (45 million) in 2000. Recently, the proportion of
the population aged 65 and older continues to grow from 12.8 percent of the total population in 2015 to 13.2 percent in 2016,
13.8 percent in 2017, and 14.3 percent in 2018[1]. The aging process results in a significant loss in muscle mass and strength.
Muscle strength decreases between 16.6 to 40.9 percent in the age of 40s[2]. After age 50, muscle mass decreases by 1 to 2
percent a year[3]. There is a popular exercise, Squat, to prevent the muscle loss of the elderly in the aging society. It strengthens
the muscles of the lower extremity and improves the ability to neutralize the medial or lateral displacement of the knee[4]. Squat
is one of the most frequently used exercises in strength and conditioning[5]. Therefore, this study will try to apply dynamic squats
and isomeric squats by age.

Muscle strength varies depending on such factors as the joint position if the muscle serves its role as a motive force or stability,
and whether the task is dynamic or static. Such dynamic squats as single leg squats and alternating leg squat, as well as isometric
single leg squat naturally require high muscle activation as they should only be raised by single leg[6]. Isometric squats produce
the same force and torque and are convenient to understand changes in muscle activation patterns without confusing external
effects from dynamic motion[7]. There is EMG to observe the muscle activation pattern.

There was an important main effect of the knee joint and foot position, and also an interaction effect on vastus medialis oblique
and vastus lateralis oblique in EMG activity. The ratio of vastus medialis oblique(\VMO), vastus lateralis oblique(VLO) had
significant differences depending on tibia rotation and showed interaction effects. The mid-line produced much more VMO /
VLO active rates at 60 degrees of internal rotation position and external rotation position. Given the interaction effect on EMG

http://annalsofrscb.ro 895


http://annalsofrscb.ro/

Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 1, 2021, Pages. 895 - 904
Received 15 December 2020; Accepted 05 January 2021.

activity in the quadriceps femoris, it provides a sufficient condition at a 60-degree knee angle in a neutral foot position[8]. Based
on these studies, we invertigated effective squat exercises by age. According to a recent study, adolescents are more explosive
and demonstrate distinct muscle adaptations compared to adults in response to conventional strength exercises[9]. In young men,
it increases significantly after six minutes into the exercise, and the results support that the level of muscle activity in the lower
extremity during weight-based exercise has a negative correlation to knee joint torque relative to body weight[10]. For physically
weak elderly, a short-term conditioning program consisting of repetitive sit-down exercises is effective in strengthening the knee
extensor and reducing the muscle effort required to lower or raise the body[11].

Based on these studies, age-specific training programs have been identified to improve stability as well as the overall functional
performance. It is true that there were no age-related studies in the previous studies observing the muscle changes by squats or
the effects of squats[9,10], and that there was a lack of studies covering effective types of squats by age. The purpose of this
study is to measure the muscle activity of lower extremity in each age group from women in their 10s to 60s, through EMG to

determine what types of squats show changes in muscle activity for each age group, and to find out the best and most effective
squat.

2. Materials and Methods
2.1. Participants

The study design was randomized control and multiple intervention. In this study 39 healthy female and male adults attending
Sun moon university in Asan. Before taking part, all subjects were given sufficient explanations about the purpose and method of
this study 39 participants conducted experiments in CoN. The ESG wearing EMS and did squat exercise, SG did squat exercise
and CoN did not apply any exercise. The exclusion in this study is history of ACL damage, knee damage or surgical experience.
The physical characteristics of the subjects are shown in [Table 1]. This study was conducted with the approval of the Sun moon
University Research by the Institutional Review Board at Sun moon University Research Ethnics Board(SM-201904-029-1).

Table 1: General characteristics of the subject (n=30)

Characteristic Values
Gender(female) 30
Age(yr) 39.65+2.92
Height(cm) 159.26+0.75
Weight(kg) 55.87+1.26

2.2. Experimental procedures

In this study, Inbody 570 (Biospace, Korea) was used to measure the general characteristics of the subject and an EMG
(OQUS100 Zero WIRE EMG, Noraxon) was performed to measure the target's muscles. All parts of the targeted muscles were
active while measuring the groups, and the measured region was performed, where it was conducted in the previous study. Total
seven muscles, vastus medialis oblique (VMO), vastus lateralis oblique (VLO), rectus femoris (RF), tibialis anterior (TA), tensor
fasciae latae (TFL), gastrocnemius (GCM), and biceps femoris (BF), of all participants were measured. For objectivity of the
measured values, each participant was measured 15 times, determining the mean of measured values as the final value of the
muscle. After the measurement, muscle activity was assessed.
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Healthy female Volunteered for study
(n=30)

Described about study procedure and method
and Written informed consent form

10s 20s 30s 40s 50s 60s
(n=5) (n=5) (n=5) (n=5) (n=5) (n=5)
Measurement
Muscle Activity

Data analysis (n=30)

Figure 1. Experiment protocol flow chart
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bl 20 C
Figure 2. The attached location of EMG A : Anterior, B : Side, C : Posterior
(1) VMO, (2) VLO, (3) RF, (4) TA, (5) TFL, (6) GCM, (7) BF.

Depending on the type of squats, single leg squat was measured after performing it 15 times with knee in 45 degrees flexion and
ankle supported 50~60 degrees on the ground in a straight-line position. The bipedal squat was measured after performing it 15
times with feet wider than the shoulder-width apart, knee in 90 degrees flexion, and ankle supported 70 degrees on the ground.
The isometric squat was measured after performing it 15 seconds with feet wider than the shoulder-width apart, knee in 70 degrees
flexion, and ankle supported 80 degrees on the ground[Table 2].

In this study, a goniometer was used to measure the range of motion (ROM) of the subject. The knee joint is measured with the
head of the fibula as its axis. The ankle joint is measured by fixing parallel to the mid-line of lateral fibula with lateral malleolus
as its axis and using the exercise arm parallel to the midline of the fifth metatarsal bone[Figure 3]

ST A
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Table 2: Measurement method of squats posture
Type Measurement Position

The single leg squat was measured after performing
it 15 times with knee in 45 degrees flexion and ankle
supported 50~60 degrees on the ground in a straight-
line position.

Single leg squat

The bipedal squat was measured after
performing it 15 times with feet wider than the

Bipedal squat shoulder-width apart, knee in 90 degrees
flexion, and ankle supported 70 degrees on the
ground.

The isometric squat was measured after
performing it 15 seconds with feet wider than

Isometric squat the shoulder-width apart, knee in 70 degrees
flexion, and ankle supported 80 degrees on the
ground.

Figure 3. EMG and Goniometer

2.3. Statistical analysis

All data measured in this study were analyzed using the SPSS 22.0 version statistical program. The chi-square test was used to
verify homogeneity between groups. Two-way-ANOVA was used to identify differences in muscle thickness and angles in the
ROM depending on the group, and Bonferroni and Tukey HSD analysis methods were used for post-analysis on differences between
groups. The statistical significance level of this study was set at a=0.05.

3. Result

The differences in muscle activity are shown in[Table 3]. In this study, we were able to identify decreased muscle activity as the
age increases between 10s and 60s. In VMO, muscle activity changed with age increases between 10s and 60s, and there were
significant differences between 10s and those in their 20s, 50s, and 60s; between those in their 20s and 10s, 50s and 60s; and
between those in their 30s and 40s, 50s and 60s (p<.05). The difference in muscle activity by squats in VMO was the highest in
the SLS.

In VLO, muscle activity changed with age increases between 10s and 60s, and there were significant differences between 10s
and those in their 20s, 50s, and 60s; between those in their 20s and 10s, 40s, 50s and 60s; and between those in their 30s and 40s,
50s and 60s (p<.05). The difference in muscle activity by squats in VLO was the highest in the SLS.

In RF, muscle activity changed with age increases between 10s and 60s, and there were no significant differences between 10s
and those in their 30s; as well as those in their 40s and 50s and 60s (p>.05). The difference in muscle activity by squats in RF
was the highest in the SLS.

In TFL, muscle activity decreased with age increases between 10s and 60s, but no significant differences were found (p>.05).
For the difference in muscle activity by squats in TFL, SLS and BPS showed a significant difference (p>.05), and SLS was the
highest in value.

In TA, muscle activity decreased with age increases between 10s and 60s, and there were significant differences between 10s
and those in their 60s; those in their 20s and 40s and 60s; and those in their 30s and 40s and 60s (p<.05). For the difference in
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muscle activity by squats in TA, there were significant differences between SLS, BPS, and ISO (p>.05), and SLS was the highest
in value while 1SO was the lowest.

In GCM, muscle activity changed with age increases between 10s and 60s, and there were significant differences between those
in their 60s and 30s and 40s (p<.05). The difference in muscle activity by squats in GCM was the highest in the SLS.

In BF, muscle activity changed with age increases between 10s and 60s, and there were significant differences between those in
their 60s and 20s and 30s; as well as the 10s and those in their 20s and 30s (p<.05). For the difference in muscle activity by squats
in BF, there were significant differences between SLS, BPS, and ISO (p>.05), and SLS was the highest in value while ISO was
the lowest[Figure 4, Figure 5, Figure 6].

TFL

B210s
B 20s
30s
m40s
B50s
60s

TA GCM BF
VMO:Vastus medialis oblique, VLO:Vastus lateralis oblique, RF:Rectus femoris, TFL:Tensor fasciae latae,
TA:Tibialis anterior, GCM:Gastrocnemius, BF:Biceps femoris

Figure 4. Muscle activity multiple comparisons (BPS, 10s-each age group)
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Figure 5. Muscle activity multiple comparisons (SLS, 10s-each age group)

blique
GCM:Gastrochem

VMO:Vastus medial

IS

, BF:Bi

1US

TA:Tibialis anterior

iceps

TFL

VLO

VMO

O10s

B 20s
30s

m40s

B50s
60s

i
-

P
e,

GCM

blique, VLO:Vastus lateralis oblique, RF:Rectus femoris, TFL:Tensor fasciae

TA:Tibialis anterior, GCM:Gastrocnemius, BF:Biceps femoris

o

latae,

VMO:Vastus medialis o

Figure 6. Muscle activity multiple comparisons (ISO, 10s-each age group)
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Table 3: Lower extremity according to age and squat methods

Muscle Type 10s 20s 30s 40s 50s 60s F

BPS 2710+1117 2904+1332 34324826 2864+534 27844809 1940920  1.263

WO sis 07683 BIEIE gopp U820 ML om0 g
50 P 39004600 40506543 28208566 X475 20962333 3.704%

BPS 5870+811 6662714 53404664 4358+531 4090+1029 26904696 17.545*
42.94+10.7 41.60+11.1

VIO SLS 4544328 62626499 6406:747 49945728 0% A 7.647%

1SO 42'405-“12'9 56404547 5328801 37.024873 36.02+401 3658:365 6.656*

BPS 4646:1530 G6L12+781 35644931 26024573 23824625 2528:680 13.189%
3094102

RF SLS 37.124376 55443300 53324480 37521831 3528:648 0 11,500

1SO 39'086-“10'4 46904727 4554+819 2046+7.50 3306+4.43 27.18+388  6.461*

BPS 1746+470 1830+1162 18644518 1708+301 1478+512 1520+¢397  0.323
TFL  SLS 32.08+8.10 27.20+7.27 27.66+3.64 28.64+6.49 24.16+4.73 20161541  2.207
ISO 21.34+6.30 17.82+2.96 19.04+2.73 17.80+3.81 16.86+5.44 19.12+4.71  0.598

BPS 56824078 4500£554 40124580 2628+753 43984868 3268+1297 4.643*
41.66+11.0 45.30+10.7 38.68+11.2

TA  SLS L0 50424477 616610487 a6T8ro8s % : 7.158*
ISO 14464612 1668764 16074700 o00T0% 13013512 11764350  0.943
BPS 16214582 1830t670 15204644 1578738 1561+491 1618+456  0.161
GCM  SLS 3362651 3506:887 46126380 o> 30801808 0ot 3853+

ISO 7.60+247 14324469 1256+347 8.18+244 1206+244 588+425 4.727*
BPS  1744+485 19944725 26624799 20064689 2154+441 1508+385  2.077
BF  SLS 19.60+345 34.36+495 29.44+573 24.18+6.44 2298+420 17924232 8.542*

ISO 13524577 16.00+4.06 12.38+3.85 12.56+4.46 12.40+4.36 10.52+3.31  0.852

*p<.05, mean + standard deviation, VLO: Vastus lateralis oblique, VMO: Vastus medialis oblique, RF: Rectus
femoris, TFL: Tensor fasciae latae, TA: Tibialis anterior, GCM: Gastrocnemius, BF: Biceps femoris
BPS: Bipedal squat, SLS: Single leg squat, ISO: Isometric squat

4.Discussion

This study was conducted on 30 healthy women aged between 10s and 60s to see the difference in muscle activity of seven lower
extremity, VMO, VLO, RF, TFL, TA, GCM and BF, according to the squat posture and method during the three types of squats
exercise by measuring their muscle activity using the EMG.

With respect to bipedal squats, McCurdy et al. reported higher activity in quadriceps femoris during single leg squat[12]. Squats
do not obstruct the stability of the knee and can improve stability if performed properly. They can be effective for the hip joint,
knee, and ankle muscle development because they produce moderate to high limb and hamstring activation while squatting down.
In a lower position, the contribution of the foot, not the posture, leads to less hip flexion, resulting in the correct trunk position,
reducing the activation of the hamstring. It has also been proven that parallel squats are not harmful to healthy knee[13]. Previous
studies have shown the highest consistency was between 40 Hz and 60 Hz during BPS, SLS, and I1SO. In ISO, peak consistency
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occurred at higher frequencies[6]. Therefore, we believe that ISO is effective in improving muscle endurance, given the
occurrence of peak consistency.

The study of Schwanbeck et al. tried to determine whether the free weights or Smith machine squats were optimal for activating
the main moving devices of the legs and trunk. The free weight squats were significantly higher in the GCM, BF, and VMO,
compared to the Smith machine squats. The EMG mean for all muscles during the free weight squats was 43% higher compared
to the Smith machine squats (p<.05). Free weight squats may be more advantageous than Smith's machine squats for individuals
who are trying to strengthen the plantar flexion, the knee flexor, and the knee extensor[14].

This study compared the differences in muscle activities between the seven muscles among groups of different ages during the
three squat exercises. VLO showed significant differences between the three squats and by age differences. VMO did not differ
significantly from each other in terms of squats, and they also showed little differences by age. There was no significant difference
between squats in RF, but a significant difference between ages. TFL showed significant differences between squats but no
significant differences among age groups, while TA showed significant differences between both the squats and the age groups.
GCM showed no significant difference between squats and significant differences in SLS by age. Neither squats nor age groups
in BF displayed significant differences. Significant differences in muscle activity in these studies show that muscles decrease
with age. Sarcopenia is defined as the degradation of mass and function in muscle strength due to aging and key symptoms share
the characteristics of falls and fractures, including obesity, gait movement disorders, lack of muscle strength, and difficulty
breathing[15]. There was a big difference in muscle thickness between young and older women in terms of sarcopenia from aging.
In particular, the muscle thickness of the lower extremity including gluteus maximus, gluteus medius, gluteus minimus, psoas
major, RF, VLO, VMO, BF and GCM, was significantly greater in younger groups than in older groups[16]. This is considered
to be the reason why people of higher age showed low muscle activity in all postures in this study.

Quadriceps femoris refers to a group of four muscles on the anterior of the vastus, which consists of VMO, VLO, vastus
intermedius and RF[17]. VMO contributes to the stability of the sliding patellar when passing through the intertubercular groove
on the femur[18]. RF is on the very surface of all quadriceps femoris, and it is relevant to the flexion of the hip joint as well as
the extension of the knee joint[19]. Since the RF is the only two joint muscle of the quadriceps femoris, they are the most
commonly injured muscles in the quadriceps femoris, and the pathology is commonly found in short-distance races, post-jumping
landings, and kicks, and is primarily related to the muscle-tendon junction[19,20]. RF plays an important role in walking or
standing position as the agonist for the knee extension[21]. Impairment in stability and balance of the muscles supporting the
knees can cause a reduction in contact areas of the VMO and VLO as well as the imbalance of the patellar, which can lead to
various diseases[22]. Thus, in this study, we observed more activation in quadriceps femoris to compensate for the tibialis anterior
after the 50s, which results in lower-cross syndrome(LCS). Lower-cross syndrome results in the rigidity of the hip joint flexor
and the erector spinae, and inhibition and weakening of the gluteus and abdominal muscles[23]. LCS is also called distal or pelvic
crossed syndrome. In the LCS, the thoracic and vertebral extensors are crossed with iliopsoas and RF, and weakness in deep
abdominal is crossed with the weakness in gluteus maximus and gluteus medius. These unbalanced patterns include the anterior
tilt of the pelvis, scoliosis, external rotation of leg, and hyper-extension. This pattern also displays an imbalance in the trunk
muscles[24]. In this study, VLO showed a significant difference in muscle activity by age. Therefore, single leg squats can be an
efficient way to increase the muscle activity of VLO at all ages. In the case of VMO, there was no significant difference between
the squats by age. Thus the three squats cannot be a way to increase the muscle activity of the VMO. In the case of RF, there was
a significant difference in muscle activity by age, so single leg squats and isometric squats can be an efficient way to increase
muscle activity of leg muscles. For selective increase of RF muscle activity, isometric squats can be a more efficient method than
the single leg squats.

TFL decreased with age, but no significant difference between age groups was found. As it is connected to the iliotibial band, it
acts as a tendon and shows less muscle decrease. Women demonstrate relatively small abduction in the hip joints during squats,
so the use of TFL is small, and we reckon the lack of hip abduction exercise in various age groups. Previous studies identified
that single leg wall squat has a higher percentage of muscle activity in TFL than in a typical SLS[25]. Thus, this study
acknowledges that the highest value can be found in SLS, concluding that SLS is an effective exercise method when compared
with other squats.

TA refers to the muscles located in the anterior of the tibia. TA is one of the important muscles responsible for balance and a
decrease in tibialis anterior results in a significant increase in the risk of falling[26]. Previous studies have shown that aging
increases balance disorders and increases the risk of falling by mistake in elders, while at the same time insisting that continued
physical and sports activities are efficient to improve balance control[27]. Therefore, this study considers this as the reason for
low muscle activity in the TA. Thus, after checking the results of this study and the results of the previous studies, and obtained
that Single leg squat can be an efficient way to improve muscle activity and balance of TA with increasing age[28].

Previous studies have shown that the contraction of the plantar flexion muscle during squats is characterized to display
significantly slower torque production in an elderly group compared to young women and that the aging plantar flexion muscles
have impaired their ability to produce stabilization torque for the ankle joint[29]. In the case of gastrocnemius, the significant
difference between those in their 30s and their 40s and 20s is relevant to the decreased muscle activity due to the activation of
quadriceps femoris in compensation for a decrease in the plantar flexion as the age increases. As a result, previous studies have
confirmed that SLS is BPS more effective for muscle enhancement of TA and GCM[28]. As with the results of this study, SLS
can be an efficient way to strengthen the muscle strength of GCM, which has a significant influence on the stabilization of the
ankle joint, and 1SO can be an efficient way to strengthen the muscle strength of GCM because it shows a significantly lower
value compared to the other squats.

The hamstring is composed of biceps femoris, semimembranosus, and semitendinosus. Most of the muscles in the hamstring,
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which starts from the pelvis, extending backward along the length of the femur, crosses striation and knee joint[30]. The hamstring
muscle group plays a prominent role in the hip joint extension (anterior movement of the femur) and knee flexion (anterior
movement of the tibia and the fibula). With respect to the gait cycle [32], hamstring starts at the final 25% of the swing phase,
producing resistance in the hip and exerting resistance in the knee. The hamstring also plays an essential role as a mechanical
stabilizer for the knee joints. The hamstring, which works with the anterior cruciate ligament, resists the anterior translation of
tibia at the heel-off stage of the gait cycle[31]. In this study, the muscle activity varies with age in the case of biceps femoris in
the hamstring muscles. Therefore, a single leg squat can be an efficient way to improve muscle activity of biceps femoris and
knee stability.

This study has several limitations. First, since each group organized by age from 10s to 60 was comprised of only five healthy
women, it is difficult to generalize the result to typical patients or all age groups. Second, the same results may not appear in men
because the experiment targeted only women. Third, it cannot be generalized to people whose use of muscles has changed due to
illness. Fourth, since measurements were made only with the dominant side legs, the same results may not be seen on the non-
dominant side legs. Fifth, it is believed that long-term research on the comparison of muscle activity will be necessary for the
future since the study was conducted for a fairly short period of time.

4. Conclusion

This study selected 30 women from age 10s to 60s without musculoskeletal diseases and pain, to measure the muscle activity in

seven lower extremity, including VMO, VLO, RF, TFL, TA, GCM and BF, while conducting three types of squats. The study
has reached the following conclusions: Measuring the muscle activity of the three squat exercises SLS, BPS, and 1SO resulted in
significant differences between the squats, and the value was significantly higher in SLS. Measuring the muscle activity between
people in their 10s and 60s by age group indicated a value higher than average for those in their 20s and 30s. and a lower activity
for those in their 50s. There were differences between muscles, VLO, VMO, RF, TFL, TA, GCM and BF. As a result, muscle
strength decreases as age increases, resulting in an unbalanced pattern by using the quadriceps femoris to compensate for TA
during squats. Therefore, simultaneous effort in strengthening muscles for both hamstring and GCM is suggested.
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