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Effect of leg weight shifting on muscle activation of the 
trunk and lower extremity during trunk flexion and 
extension performance
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Objective: To investigate the effect of performing three different toe touch (TT) task condition on the activities of four different 
muscles using surface electromyography (sEMG) in healthy young adults.
Design: Cross-sectional study.
Methods: A total of 20 healthy young adults (6 males, 14 females) voluntarily participated in this study. All subject randomly per-
formed three different TT task conditions as follows: general toe-touch (GTT) task, one side toe touch (TT) task during weight 
bearing, and one side foward toe touch (FTT) task during weight bearing. The muscle activities of erector spinae (ES), gluteus 
maximus (GM), hamstring (HAM), tibialis anterior (TA) muscles during the TT task were measured using sEMG. Subject per-
formed each of the three conditions three time in random order and mean values were obtained.
Results: With the trunk flexion period, the TT and FTT showed significantly greater muscle activity in the  GM, HAM and TA 
compared to the GTT task (p<0.05). The TT position showed significantly greater HAM muscle activity than the GTT position. 
The dominant and nondominant ES muscle activity was significantly greater in the FTT compared to the GTT position (p<0.05). 
The dominant GM, HAM, and TA was significantly greater in the TT and FTT compared to the GTT position (p<0.05). Although 
the dominant ES was significantly greater in the TT and FTT compared to the GTT position (p<0.05), the dominant GM muscle ac-
tivity was signifcantly greater in the TT compared with the GTT position (p<0.05).
Conclusions: These findings may be applicable within the clinical field for selective trunk and lower extremity muscle activa-
tion and basic biomechanics purpose.
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Introduction

Low back pain associated with upper body and hip neuro-

muscular activation patterns is experienced in 80% of the 

general population during their lifetime. Low back pain is 

the most common musculoskeletal disorder and is referred 

to as a misalignment syndrome accompanied by pain and 

joint dysfunction due to asymmetric body imbalance of 

muscles, joints, and range of motion [1]. Back pain may oc-

cur due to having a lesion in the lumbar region or lumbar 

spine that is associated with the lumbar pelvic rhythm [2]. In 

particular, the working posture, which requires continuous 

upper body flexion and extension, is one of the causes and 

known to be associated with back pain [3-5]. 

The actual mechanisms involved with back pain are not 

clearly stated, and clinical and neurological diagnostic tests 

for back pain are also unclear. Dynamic electromyography 

(EMG) is used to assess the physical ability of patients with 

back pain [6]. A dynamic study of EMG signal analysis has 

been conducted to evaluate the mechanism of lumbago, and 
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Table 1. General characteristics of the subjects (N=20)

Characteristic Subject

Sex
Male 6
Female 14

Age (y) 25.70 (2.69)
Height (cm) 167.40 (7.57)
Weight (kg) 63.20 (9.57)

Values are presented as number only or mean (SD). Figure 1. General toe touch task.

epidemiological studies have been carried out to evaluate 

the activity of the trunk muscle and the differences in ex-

ercise patterns between normal and low back pain patients 

[7]. Recently, a study on muscle activity and motion pattern 

through dynamic tasks has been reported [2]. Leinonen et al. 
[8] investigated how the dynamic mobilization patterns of 

the lumbar and hip joint extensors during trunk flexion-ex-

tension differ from those of normal subjects. Hodges and 

Richardson [9] studied the changes in order of mobilization 

of trunk muscles. In addition, Shan et al. [10] and others 

have been conducting various studies on muscle activity and 

movement patterns through dynamic tasks such as studying 

the onset time through flexion to extension. 

Previous studies on muscle activity, muscle initiation 

time, and muscle relaxation through general toe touch 

(GTT) tasks have been actively conducted, but studies that 

include and apply environmental factors that may influence 

trunk extension are lacking. 

Therefore, the purpose of this study was to investigate the 

effects of trunk flexion and extension on the body and lower 

extremity muscles in healthy normal adults, to determine the 

difference in the activity of the trunk muscles according to 

the weight support environment, and to provide basic data 

on the evaluation of the injuries and diseases that may cause 

changes in back and lumbar pelvic rhythm. 

Methods
Subject

Subjects from Healings Hospital in the Uijeongbu area 

who provided their informed consent and voluntarily agreed 

to participate were included in the study. 

Twenty healthy subjects who met the selection criteria 

were randomly selected to minimize bias. Six men and four-

teen women who did not participate in extensive exercise a 

week before the experiment were included. Exclusion con-

ditions included those with congenital anomalies in the up-

per and lower limbs, those with neurological and skeletal 

muscle defects, those with medically diagnosed back and 

leg injuries, those diagnosed with medical problems, those 

with musculoskeletal pain, those who have no abnormalities 

in the total range of motion of the trunk forward flexion, and 

those who have consumed alcohol or caffeine on the day be-

fore and day after the experiment. All subjects had no other 

chronic diseases or disease associated with the erector spi-

nae (ES), gluteus maximus (GM), hamstring (HAM), and ti-

bialis anterior (TA) muscle (Table 1). In this study, the sub-

jects were fully informed about the experimental conditions 

and procedure prior to the experiment and signed the con-

sent form of agreement. The study was approved by the re-

search ethics committee of Sahmyook University (Approval 

No. 2-1040781-AB-N-01-2017104HR). 

Procedures

The maximum voluntary isometric contraction (MVIC) 

was measured after the electrodes were attached to the ES, 

GM, HAM, and TA muscles. Prior to the experiment, the re-

searchers explained to the subjects about the touch toe task, 

and each participant practiced each position three or more 

times to understand the experimental method. 

The TT task was performed as follows, which was re-

peated three times and was performed in a random order. 
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Figure 3. One side forward side toe 
touch task during weight bearing.

Figure 2. One side toe touch task during weight bearing.

General toe touch (GTT) task position
Starting from a straight standing posture with legs should-

er-width apart and the knees straight, at the start of the re-

searcher’s instructions, the subject performed trunk flexion 

until the tip of the middle finger touch their toes, and trunk 

extension was performed until their shoulders passed over 

the heels [11] (Figure 1).

One side toe touch (TT) task during weight bearing
Starting from the general TT task position and after the 

body weight has been shifted onto the dominant side, at the 

start of the researcher’s instructions, the subject performed 

trunk flexion until their middle finger touched the tips of the 

toes and performed trunk extension until the shoulder passed 

over the heels (Figure 2).

One side forward toe touch (FTT) task during weight 
bearing
Starting from the general TT task position, the lower ex-

tremities were spread apart with the dominant lower limb 

placed anteriorly and knees fully extended. At the signal of 

the researcher, the subject performed trunk flexion until the 

middle finger touched the tips of their toes and shoulder ex-

tension was performed until the trunk passed over the heels 

(Figure 3). 

The on side TT task during weight bearing and one side 

FTT task during weight bearing postures refer to the support 

of more than 55% of the body weight [10]. Each condition 

was repeated three times, and trunk flexion and extension 

was maintained for 5 seconds during the TT task posture. 

Subjects were allowed to rest for 1 minute between each 

condition, and measurements were taken during the random 

performance of each posture that was performed three times. 
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Table 2. Comparison of muscle activity according to 3 conditions (N=20)

Condition
ES GM HAM TA

Right Left Right Left Right Left Right Left

Flexion period
GTT (%MVIC) 24.96 (2.85) 23.99 (2.52) 9.67 (1.48) 9.72 (2.37) 10.48 (1.22) 9.71 (1.31) 3.80 (0.82) 5.61 (1.51)
TT (%MVIC) 27.54 (2.65) 24.33 (2.91) 16.37 (1.94)* 5.77 (1.41) 18.03 (1.62)* 7.67 (1.28)* 12.55 (3.23)* 2.43 (0.47)
FTT (%MVIC) 31.02 (3.24) 25.45 (3.26) 16.37 (1.53)* 8.65 (2.42) 19.72 (1.85)* 9.69 (1.64) 17.69 (4.08)* 5.13 (1.43)

Extension period
GTT (%MVIC) 50.11 (3.53) 48.31 (3.31) 13.89 (2.22) 13.24 (2.11) 13.42 (1.41) 13.12 (1.56) 6.66 (1.97) 7.25 (1.61)
TT (%MVIC) 54.91 (4.20) 60.60 (4.36)* 20.03 (2.25)* 6.83 (1.38)* 20.54 (2.56)* 13.93 (1.69) 15.57 (3.12)* 3.93 (0.96)
FTT (%MVIC) 59.50 (4.45)* 63.07 (4.86)* 22.39 (2.72)* 9.54 (1.96) 25.28 (2.87)*,†14.84 (1.93) 20.38 (4.43)* 4.56 (1.41)

Values are presented as mean (SD).
ES: erector spinae, GM: gluteus maximus, HAM: hamstring, TA: tibialis anterior, GTT: general toe touch task, TT: one side toe touch task 
during weight bearing, FTT: one side forward toe touch task during weight bearing.
*Significant difference compared with GTT (p<0.05). †Significant difference compared with TT (p<0.05).

Measurement

Collection of EMG materials
To assess muscle activity during the TT task position, the 

surface EMG Telemyo 2400 G2 Telemetry EMG system 

(Noraxon Inc., Scottsdale, AZ, USA) was used. The sam-

pling rate of the EMG signal was set to 1,000 Hz, and the fre-

quency bandwidth was set to 20 to 500 Hz. The EMG signals 

measured in this study were obtained using the MyoResearch 

XP Master Edition 1.07 XP software (Noraxon Inc.) and the 

root mean square value of 50 ms was obtained after full wave 

rectification. Electromyogram signals were collected for a 

total of 5 seconds, with data extracted from the middle 3 sec-

onds and the first and last second excluded. The extracted 

EMG signal was normalized to the %MVIC value obtained 

by measuring the EMG signal three times in total and con-

verting the average of the EMG signals into a percentage of 

the mean square root of the MVIC of each muscle. The 

%MVIC indicates that all the data represent a percentage be-

tween 0% and 100% and can normalize the function of the 

muscles and enable individual comparisons of each muscle 

[12]. 

The surface electrode for the ES was placed 2 cm laterally 

from the third lumbar spinous process and parallel to the 

iliac crest. In the case of the GM, the electrode was placed in 

the muscle belly at the center at the line between the lateral 

angle of the sacrum and greater trochanter. For the medial 

HAM (semimembranous), the electrodes were placed 15 cm 

inferior to the ischial tuberosity. For the anterior TA, the 

electrodes were placed parallel to and laterally along the 

central axis of the tibia. To measure the MVIC, the muscle 

contraction values of the ES, GM, medial HAM, and TA 

muscles were measured for 5 seconds before each experi-

ment. Each muscle was measured by the same assessment 

position used with the manual muscle test [12]. For the 

MMT measurement position for the ES, the subject laid in 

prone position and lifted their trunk while a therapist stabi-

lized the subject’s lower extremities. The GM was examined 

with the subject lying in prone position, and with the thera-

pist stabilizing the upper limbs, the subject lifted one lower 

extremity. For the HAM, the subject laid in prone position 

and performed knee flexion while the therapist stabilized the 

femur. For the TA, the subject was in sitting position and per-

formed ankle dorsiflexion while the therapist stabilized the 

tibia.

Data and statistical analysis
The collected data were analyzed using the PASW 

Statistics ver. 19.0 (IBM Co., Armonk, NY, USA). The gen-

eral characteristics of the subjects were analyzed by descrip-

tive statistics and one-way repeated measures analysis of 

variance was conducted to investigate the effect of perform-

ing toe touch task on trunk and lower extremity muscle 

activity. The least significant difference was used for 

post-test analysis to determine whether there was a differ-

ence in the muscle activity between the trunk and lower 

extremities. All data were statistically significant at p<0.05. 

Results

The muscle activity during the toe touch task posture ac-

cording to weight bearing are as follows (Table 2). 
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Comparison of muscle activity during the one side TT 
task during weight bearing in the trunk flexion period

The TT and FTT tasks generated significantly greater 

muscle activity of the GM, HAM, and TA compared to the 

GTT position task (p<0.05).

Comparison of muscle activity with the one side TT task 
during weight bearing posture during the trunk extension 
period

Although the dominant and non-dominant ES muscle ac-

tivity was significantly greater in the FTT condition com-

pared to the GTT (p<0.05), the muscle activities of the domi-

nant GM, HAM, and TA were significantly greater in the TT 

and FTT positions compared with the GTT position 

(p<0.05). 

In addition, the dominant HAM muscle activity was sig-

nificantly greater in the FTT compared to the TT position 

(p<0.05). Although the dominant ES was significantly in-

creased in the TT and FTT posture compared to the GTT 

(p<0.05), the dominant GM muscle activity was sig-

nificantly greater in the TT compared with the GTT posture 

(p<0.05).

Discussion

The purpose of this study was to investigate the changes 

in muscle activity of the ES, GM, HAM, and TA muscles of 

healthy persons during the TT task position with trunk flex-

ion and extension. 

The results of this study showed that TT and FTT toe task 

positions produced significantly greater GM, HAM, and TA 

muscle activity of the dominant side compared to the GTT 

task position. In addition, during the extension of the trunk, 

the TT and FTT task positions produced significantly great-

er muscle activity in the GM, HAM, and TA of the dominant 

side compared with the general touch the toe posture 

(p<0.05). 

According to Jo [13], the muscle activity of the gluteus 

medius, rectus femoris, biceps femoris, medial gastro-

cnemius, and tibialis muscle were significantly increased 

with weight bearing. Boren et al. [14] also reported that the 

muscle activity of the GM and gluteus medius were greater 

in the weight bearing environment compared to non-weight 

bearing. Studies by Bolgla and Uhl [15] also showed that the 

muscle activity of the gluteus medius muscle was signifi-

cantly increased during hip joint motion with full weight- 

bearing compared to partial weight bearing. In addition, 

when the weight bearing was increased, the stability of the 

periarticular ligaments increased due to the increased pres-

sure of the joint [16]. 

The results suggests that in the weight bearing condition, 

greater momentum is generated than in the partial weight- 

bearing condition, requiring greater muscle activity to main-

tain balance [17]. Therefore, it is considered that muscle ac-

tivity is increased with increasing weight bearing. 

Based on the results of this study, the TT task position pro-

duced significantly greater muscle activity in the dominant 

HAM compared to the GTT task position. In addition, the 

FTT task position produced a significantly greater amount 

of activity in the dominant HAM compared to the TT task 

position (p<0.05). 

According to Prince et al. [18], due to the shift in the cen-

ter of gravity, a strategy for adjusting balance is required for 

the forward weight bearing position more so than with the 

lateral weight bearing position.

In addition, it is more difficult to maintain balance in the 

diagonal stance because it requires a complete transfer of 

weight.

This result shows that the increase of instability due to the 

forward movement of the pressure center point has in-

creased the muscle activity to overcome this [19]. The sig-

nificant increase in HAM muscle activity is considered to be 

due to the role of leverage. One of the functions of the lever 

is to convert the force into torque, and the larger the distance 

from the center axis, the higher the torque [20]. Therefore, 

the exhibition of greater muscle activity with the FTT posi-

tion compared to the TT position, and with TT compared to 

the GTT task position is considered to be due to an increas-

ing distance from the center axis from the hip joint, and thus 

a longer lever arm, which generates greater force and muscle 

activity. 

In addition, studies by Woo et al. [21] have reported that 

the activity of the gastrocnemius and TA muscles increases 

mainly when various proprioceptive sensory stimuli are pro-

vided for balance. It is considered that the significant in-

creases in the lower extremity extensor and TA muscle activ-

ity were due to weight bearing and for the sake of maintain-

ing balance.

The results of this study showed that the TT and FTT posi-

tion during the trunk extension period showed a sig-

nificantly greater increase in non-dominant ES activity com-

pared to the general TT task position. 

Park et al. [22] reported that in the normal adult, the mus-
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cle activity was significantly elevated in the contralateral 

multifidus, ES, internal oblique, and rectus abdominis mus-

cle lower extremity isometric contraction in the supping 

position. In particular, the multifidus and erector spine mus-

cle activity was significantly increased during hip flexion. 

The results show that the contraction of the muscle’s ori-

gin and insertion goes over the range and is transferred to 

other muscles, tendons, ligaments, fascia, joint capsule or 

skeletal, and that the upper and lower extremity muscle con-

traction can affect the contralateral trunk muscle activity 

[23]. The HAM is anatomically linked with the ligaments 

near the ligaments of the ischial tuberosity, which are con-

nected to the ES muscles. 

The sacral tuberous ligament is composed of three bands, 

which are the outer, inner, and upper fiber bands. Of these 

bands, the upper band is attached to the superficial compo-

nent of the sacral iliac ligament and connects the coccyx and 

the posterior superior iliac spine. The biceps femoris and 

GM are associated with sacral tuberosity ligaments, which 

can increase the muscle contraction tension with lower limb 

extension [24]. Andry et al. [25] reported that the deep mul-

tifidus muscle adheres to the inner part of the upper sacroil-

iac ligament and that the contraction of the lower extremity 

muscle affects the muscle activity of the deep multifidus 

muscle. Therefore, increases in the nondominant side mus-

cle activity is observed when performing the FTT and TT toe 

task positions, which leads to increases in muscle activity of 

the dominant side HAM activity. Also, increased dominant 

HAM and ES muscle activity is exhibited during the trunk 

extension period. 

The limitations of this study are as follows. First, there is 

a limitation in generalizing the results of this study due to the 

small number of subjects. Second, although the subjects per-

formed the three different motions in a random order, the 

learning effect could not be eliminated.

The purpose of this study was to analyze the interaction 

effect of the toe touch task posture on the trunk and lower 

limb muscle activity in healthy subjects and to provide basic 

data on the evaluation of the injuries and diseases that could 

change the lumbar pelvic rhythm. Further research is needed 

to further investigate the difference between the lumbar pel-

vic rhythm of hemiplegic patients and the general popula-

tion.
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