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PURPOSE: This study examined the effects of different 

external loads on the muscle activities around the hip during 

prone hip extension with knee flexion (PHEKF) exercise in 

healthy young men.

METHODS: Sixteen healthy adult males participated in the 

study. A pressure biofeedback unit was used to provide 

feedback to the participants during the abdominal drawing-in 

maneuver (ADIM) with PHEKF. Sandbags (0 kg, 1 kg, 2 kg, 

and 3 kg) were used to provide external resistance. The quadriceps 

was contracted to maintain knee flexion 90° against resistance. 

Each resistance condition using a sandbag weight was given 

in random order. Surface electromyography (sEMG) was 

used to measure the electrical activity of the gluteus maximus, 

biceps femoris, and erector spinae during PHEKF.

RESULTS: The muscle activity of the gluteus maximus 
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was highest with the 3 kg resistance and lowest with 0 kg (F 

= 128.46, P = .00). The muscle activities of the biceps femoris 

and erector spinae were highest with 0 kg and lowest with 3 

kg (F = 29.49, P = .00). The muscle activity rate of the gluteus 

maximus/biceps femoris was highest with 3 kg and lowest 

with 0 kg (F = 37.49, P = .00).

CONCLUSION: The activity of the gluteus maximus was 

increased using a higher external weight load during PHEKF, 

while the activity of the biceps femoris decreased. These 

findings suggest that an external weight is needed during hip 

extensor exercise to strengthen the gluteus maximus and 

inhibit the biceps femoris.

Key Words: Electromyography, External loads, Gluteus 

maximus, Prone hip extension

Ⅰ. Introduction

Hip extension exercise is the general clinical method 

for improving the weakened muscle strength of the hip 

extensors [1,2]. Hip extension exercise is often used to 

strengthen the gluteus maximus, and is also recommended 

for patients with pain in the lower back, pelvis, or hip 

[2-4]. The gluteus maximus contributes to the postural 
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alignments, core stability, and functional abilities that are 

important for normal gait [5]. A weakness of gluteus 

maximus can cause an abnormal gait cycle that can affect 

the gait mechanics at both hip and knee joints [5-7]. In 

particular, gluteus maximus exercise is important for 

patients who have low back pain and lower extremity 

injuries [8]. Patients with low back pain show reduced 

activity of the gluteus maximus [3,9-11]. Early activation 

of the hamstring muscles and spinal erector, as well as 

delayed or decreased activation of the gluteal muscles, are 

considered indications of faulty muscle activation [1,12,13].

Many studies have assessed methods for selective 

strengthening of the gluteus maximus. Prone hip extension 

(PHE) exercise is generally used to activate and strengthen 

the gluteus maximus selectively [14,15]. Active prone hip 

extension with knee flexion is a common exercise employed 

to optimize gluteus maximus activation because this 

position causes active insufficiency of the hamstring [11]. 

A previous study reported that PHE exercise is the most 

effective method for activating the gluteal muscles when 

subjects extend their hip with 30° abduction [8].

Other studies have suggested that an abdominal 

drawing-in maneuver (ADIM) with prone hip extension 

is useful for the selective activation of the gluteus maximus 

from the erector spinae and hamstring [2,16]. The hamstring 

activation earlier than the gluteal muscles contributes to 

pain and hip dysfunction [1,13,17]. A correction of the 

abnormal pattern is recommended to reduce the stress on 

the spine and hip joint [1,12,13]. In a clinical setting, the 

ADIM is used during hip extension to prevent abnormal 

motion of the pelvis and lumbar [16].

Previous studies have shown that the activity of the 

gluteus maximus is related to the hamstring activity 

[3,13,18], and the degree of knee extension has an effect 

on the gluteus maximus activity [11,19]. When the level 

of knee extension is increased, the activity of the gluteus 

maximus decreases, and the hamstring activity increases 

[11,19]. Previous studies compared the muscle activities 

of the hamstring and gluteus maximus during prone hip 

extension with ADIM [20-22]. The following were applied 

during active prone hip extension exercise: knee flexion, 

knee extension, hip external rotation with knee flexion, 

and hip external rotation with knee extension [21]. In 

addition, eleven different exercises of the gluteus maximus 

used in therapeutic exercises were compared [22]. On the 

other hand, few studies have examined the effects of the 

external weight loads on the muscle activities around hip 

during prone hip extension for selective strengthening of 

the gluteus maximus. Therefore, this study examined the 

effects of an external weight load on the muscle activities 

around the hip during prone hip extension with knee flexion 

(PHEKF) exercise. 

Ⅱ. Methods

1. Participants

Sixteen healthy adult males in their 20s, who agreed 

voluntarily to this experiment, were included. The sample 

size for this study was calculated using the G* Power 

program 3.1.0 (G power program Version 3.1, Heinrich- 

Heine-University Düsseldorf, Germany). Based on the data 

from a pilot study, the estimated sample size required to 

obtain a minimum power of 80% at a significant alpha 

level of 95% was 14. Accordingly, 16 participants were 

recruited to account for a possible dropout rate of 20%.

The participants had an average age, height, weight, 

and BMI of 20.60 ± 3.33 years, 176.93 ± 4.69 cm, 74.20 

± 8.17 kg, and 23.71 ± 1.90 kg/m, respectively (Table 1). 

General Characteristics Mean ± SD Range

Sex (male/female) 16/0

Age (years) 20.60 ± 3.33 23 ~ 29

Height (cm) 176.93 ± 4.69 169 ~ 186

Weight (kg) 74.20 ± 8.17 65 ~ 89

BMI (kg/m²) 23.71 ± 1.90 20.98 ~ 26.42

Mean ± SD, *p < .05 

Table 1. General Characteristics of the Participants
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Before starting the study, all subjects understood its content 

and signed an informed consent form. This study was 

approved by the ethical committee of Daegu University 

(1040621-201911-HR-027-02) and complied with the ethical 

standards of the declaration of Helsinki. The exclusion 

criteria for the participants included the following: (1) a 

history of hip or back pain lasting for more than one week 

within the last five years before testing [13], (2) current 

lower extremity injury [13], (3) lumbar or hip pain when 

performing prone hip extension with knee flexion [8], (4) 

Thomas test at 10° below the hip extension and knee flexion 

below 80° [3], and (5) hip pain with active straight-leg 

raises or passive hip flexion with adduction and medial 

rotation [13].

2. Measurements

1) Surface Electromyography (sEMG)

The electrical activity of the muscles was measured by 

sEMG (Noraxon myosystem DTS, USA) (Fig. 1). The 

sEMG data were recorded, and the muscle activities of 

the gluteus maximus, biceps femoris, and erector spinae 

on the dominant side were analyzed. Ag/AgC surface 

electrodes were used for the sEMG measurements. The 

electrodes were disposable grounded electrodes with an 

electrode area of 4.7 cm2. The inter-electrode distance was 

attached to the surface parallel to the muscle fibers to 2 

cm [23]. Before measuring sEMG, any hair on the skin 

was shaved, which was then cleaned with an alcohol swab. 

All electrodes were attached to the muscles based on 

anatomical landmarks [24](Fig. 2) The gluteus maximus 

electrodes were attached half the distance between the 

greater trochanter and second sacral vertebra and at an 

oblique angle, or slightly above, the level of the trochanter 

[24]. Biceps femoris electrodes were attached a percentage 

distance from the ischial tuberosity to the lateral side of 

the popliteus cavity [24]. The erector spinae electrodes were 

attached approximately 2cm lateral to the spinous process 

at the L1 level and aligned parallel to the spine [24].

The electromyography (EMG) data were collected using 

a TeleMyo DTS (Noraxon myosystem DTS, USA). A 

sampling rate of 1,500 Hz was used for the raw EMG 

signal acquisition, and the signals were full-wave rectified. 

Band-pass filtering at 30–500 Hz was performed using the 

MyoResearch XP 1.72 (Noraxon Inc., Holtsville, NY, 

USA) software, and the signals were also notch filtered 

at 60 Hz to remove noise. To normalize the EMG data, 

a maximum voluntary isometric contraction (MVIC) was 

performed for each muscle, and the EMG amplitude was 

recorded. The mean of the EMG data between 2-4 seconds 

was processed using the root-mean-square (RMS) and 

represent 100% MVIC. For the MVIC of the gluteus 

maximus, the participants were asked to maintain hip 

extension with 90° knee flexion against a resistance in 

the prone position [25]. The MVIC of the biceps femoris 

was performed in the prone position, with the knee flexed 

with a resistance applied just above the ankle [26,27]. For 

the MVIC of the erector spinae, the participants were asked 

Fig. 1. Noraxon myosystem DTS. Fig. 2. Surface electromyography.
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to raise their trunk against the resistance in the prone position. 

At the same time, the lower extremities were stabilized 

firmly on the table [28]. A five-minute break was allowed 

between each test to prevent muscle fatigue [24].

3. Experimental Procedures

1) Abdominal Drawing-in Maneuver (ADIM)

The participants received education about ADIM and 

exercise method using a pressure biofeedback unit (PBFU, 

Stabilizer, Chattanooga, USA) for ten minutes before the 

experiment began. The participants laid down in the prone 

position, and the PBFU was placed between the table and 

the participants’ lower abdomen [29]. The participants 

performed the ADIM in the prone position using a PBFU 

to control the pelvic posterior tilt [16]. The participants 

were then asked to draw in the abdomen and hold this 

position, so the change in pressure could be measured [29]. 

The PBFU was inflated until the pressure reached 70 

mmHg, and the participant and investigator monitored this 

pressure during the ADIM to ensure that it remained at 

60 mmHg [16]. Data collected within pressure changes 

of ± 5 mmHg were used for statistical analysis [16].

2) Prone Hip Extension with Knee Flexion (PHEKF) 

PHEKF was used for selective strengthening of the 

gluteus maximus while inhibiting the activity of the biceps 

femoris [14]. The participants performed PHEKF in 90° 

knee flexion with 30° hip abduction and 10° hip extension 

to increase the muscle activity of gluteus maximus [8]. 

After measuring the degree of prone hip extension using 

a goniometer (Prstige medical, USA), a horizontal bar was 

hung by a rope and used as a reference point when the 

participants reached 10° hip extension (Fig. 3). In the prone 

position, the participant performed 10° hip extension until 

the posterior knee reached the horizontal bar [30]. The 

participants maintained 90° knee flexion with 30° hip 

abduction and 10° hip extension in the prone position 

against the resistance. Sandbags (0 kg, 1 kg, 2 kg, and 

3 kg) were used to provide the resistance on the ankle 

through a rope and pulley. The quadriceps muscles were 

contracted to maintain 90° knee flexion against a knee 

flexion force. Each resistance condition using a sandbag 

weight was given in random order. Each condition was 

tested three times for five seconds each. A five-minute 

break was allowed between the tests.

4. Statistical Analysis

The data were analyzed using SPSS version 18.0 (SPSS 

Inc. Chicago, IL) for Windows. The changes in the muscle 

activity of gluteus maximus, biceps femoris, and erector 

spinae associated with four resistance conditions during 

  

                   Starting position                                            Ending position

Fig. 3. Prone hip extension with knee flexion.



| 5
Effects of Different External Loads on the Activities of the Gluteus Maximus and Biceps Femoris during Prone 

Hip Extension in Healthy Young Men

the PHEKF were determined using one-way repeated 

ANOVA. A Bonferroni correction was used for the 

post-hoc test. The significance levels were set to α = .05.

Ⅲ. Results

The activity of the gluteus maximus and the muscle 

activity rate of the gluteus maximus/biceps femoris were 

highest with 3 kg resistance and lowest with 0 kg (Table 2). 

Repeated measure analysis revealed significant differences 

in muscle activities associated with the changes in external 

weight loads (p < .05). A comparison of the resistance 

revealed significant differences between 0 kg and 2 kg, 

0 kg and 3 kg, 1 and 3 kg, and 2 and 3 kg (p < .008)(Fig. 4).

The activities of the biceps femoris and erector spinae 

were highest with 0kg resistance and lowest with 3 kg 

Muscles
Weight Loads

F p
0 kg 1 kg 2 kg 3 kg

GM 37.50 ± 3.31 42.18 ± 4.10 45.06 ± 4.07 49.06 ± 4.11 128.469 .000＊

BF 20.85 ± 4.02 14.12 ± 2.85 10.12 ± 1.84 8.12 ± 1.49 29.493 .000＊

ES 32.00 ± 3.59 30.81 ± 3.59 27.81 ± 3.33 27.37 ± 4.01 73.851 .000＊

GM/BF 2.14 ± 1.28 4.61 ± 3.82 6.38 ± 3.81 9.67 ± 6.84 37.498 .000＊

Mean ± SD, ＊p < .05

GM: Gluteus Maximus, BF: Biceps Femoris, ES: Erector Spinae

Table 2. Muscle Activity Around Hip Associated with External Weight Loads

Fig. 4. Post-hoc test of the muscle activity around hip associated with external weight loads.
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(Table 2). Repeated measure analysis revealed significant 

differences in the muscle activities associated with the changes 

in the external weight loads (p < .05). A comparison of 

the resistances revealed significant differences between 0 

kg and 1 kg, 0 kg and 2 kg, and 0 kg and 3 kg (p < 

.008)(Fig. 4) in the biceps femoris, but there were no 

significant differences between the resistances (p < 

.008)(Fig. 4) in the erector spinae.

Ⅳ. Discussion

This study examined the effects of external weight loads 

with PHEKF and ADIM on the muscle activities around 

the hip. The activity of the gluteus maximus increased with 

increasing external weight load during PHEKF while the 

activity of the biceps femoris decreased.

During hip extension, when the hamstring is taut, or 

gluteus maximus activation is delayed, the hamstring is 

activated more than the gluteus maximus. Therefore, this 

study used PHEKE in 90° knee flexion with 30° hip 

abduction to strengthen the gluteus maximus selectively 

and inhibit hamstring activation [31].

The muscle activity of the gluteus maximus was highest 

with 3 kg external loads and lowest with 0 kg. Excessive 

knee flexion has been considered a sign of hamstring 

over-activity [13,32,33]. In this study, weights to provide 

the quadriceps with resistance play a role in preventing 

hamstring activation. Neurophysiologically, the hamstring 

activity decreases during quadriceps contraction [34]. The 

gluteus maximus activity is low while the hamstring is 

activated [1,12,13], and the greatest activity of the gluteus 

maximus is related to the lowest activity for the hamstring 

[11]. Since the quadriceps had to contract to maintain knee 

flexion 90° against external weight loads given by the 

weights, the quadriceps activity increased with increasing 

external load. Therefore, when a larger external load was 

given, the hamstring showed less activation with a 

concomitant increase in gluteus maximus activation. In this 

study, the muscle activity of the gluteus maximus was 

highest with 3 kg resistance during PHEKF with ADIM. 

Under the condition of 0kg resistance, the biceps femoris 

was activated more than that under the 1 kg, 2 kg, and 

3 kg conditions. As a result of increasing biceps femoris 

activity, the muscle activity of gluteus maximus was lowest 

at 0kg resistance. A higher external load was found to 

be related to a higher activity of the gluteus maximus and 

lower activity biceps femoris.

The muscle activity of the biceps femoris was highest 

with a 0 kg external load and lowest with a 3 kg load. 

The hamstring activity is related to the activity of the 

gluteus maximus [1,11-13]. The hamstring showed the 

highest EMG activity, and the gluteus maximus showed 

the lowest activity. The greatest activity of the gluteus 

maximus is related to the lowest activity of the hamstring 

[11]. The hamstring activity is also affected by the degree 

of knee flexion [35,36]. A previous study showed that the 

hamstring activity was lowest during hip extension with 

knee flexion [11]. When the quadriceps muscle was 

activated to maintain 90° knee flexion, the hamstring 

activity was relatively low. In this study, the muscle activity 

of the biceps femoris was lowest with 3 kg resistance during 

PHEKF with ADIM. With 0 kg resistance, the biceps 

femoris was activated more than under the 1kg, 2 kg, and 

3 kg loads. The muscle activity of biceps femoris was 

low because of the increasing knee extensor activity to 

maintain the knee degree.

The muscle activity of the erector spinae was highest 

with a 0 kg external load and lowest with a 3 kg load. 

A weak activation or delayed recruitment of the gluteus 

maximus leads to compensatory stress on the lumbar with 

over-activity of the erector spinae [17]. In this study, the 

activity of the erector spinae tended to increase with 

decreasing activity of the gluteus maximus. These findings 

are consistent with previous studies suggesting that the 

increased activity of the erector spinae is associated with 

a low activity of the gluteus maximus [17]. Although the 



| 7
Effects of Different External Loads on the Activities of the Gluteus Maximus and Biceps Femoris during Prone 

Hip Extension in Healthy Young Men

participants performed ADIM to stabilize the lumbar 

motion and prevent activation of the erector spinae, the 

erector spinae activity increased in the low resistance 

condition. Under the 0 kg condition, biceps femoris activity 

increased with decreasing quadriceps activity, and the 

erector spinae activity increased with decreasing activity 

of the gluteus maximus. As the quadriceps, hamstrings, 

gluteus maximus, rectus abdominis, and erector spinae are 

linked functionally and kinetically [5], as the activity of 

one muscle was increased, the activity of the other muscle 

was decreased.

No significant differences were observed with increasing 

external loads in erector spinae. This is because knee 

extension resistance caused quadriceps contraction and 

hamstring relaxation, which increased the activation of the 

gluteus maximus with hamstring inhibition during hip 

extension. During ADIM exercise, knee extension resistance 

could not change erector spinae activation because the 

pelvic posterior tilt changed the length of the erector spinae.

The muscle activity rate of the gluteus maximus/biceps 

femoris was highest with a 3 kg external load and the 

lowest with 0kg. These results mean that the muscle activity 

of the gluteus maximus increased while the biceps femoris 

activity decreased. These results are consistent with 

previous studies. Previous studies suggested that the gluteus 

maximus activity is related to the hamstring activity 

[1,11-13]. In addition, the highest activity of the gluteus 

maximus is associated with the lowest activity of the 

hamstring [11], and the gluteus maximus activity is low 

when the hamstring is activated [1,12,13]. Overall, the 

increased activity of the gluteus maximus was associated 

with the decreased activities of the biceps femoris and 

erector spinae. Compared to low external loads, high external 

loads help activate the gluteus maximus selectively.

This study had several limitations. First, the small 

sample size might have influenced certain variables and 

the results. Second, this study was aimed at males who 

were in good health. Hence, the effects of gender were 

not assessed. Third, the long-term effects of external loads 

with PHEKF and ADIM for gluteus maximus strengthening 

were not examined. Fourth, there is the possibility of a 

measurement error of EMG. Finally, this study measured 

the EMG activities of the gluteus maximus, biceps femoris, 

and erector spinae, but this is insufficient to identify the 

interactions between the muscles around the trunk, pelvic, 

hip, and lower extremities. Therefore, further studies will 

be needed to find the long-term effects, difference between 

genders, and activities of more muscles.

Ⅴ. Conclusion

This study suggests a method for strengthening exercise 

of the gluteus maximus to prevent low back pain and injury. 

In this study, the results showed that the activity of the 

gluteus maximus increased with a higher external weight 

load during PHEKF while the activity of the biceps femoris 

decreased. These findings suggest that external weight loads 

are needed during hip extensor exercise to strengthen the 

gluteus maximus and inhibit the biceps femoris.
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