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Abstract  The purpose of this study was to compare 

three clam exercises (clam, modified clam 1, and modified 

clam 2) used in the Pilates physical fitness system, to 

examine the activity of the gluteus medius and tensor fascia 

latae and to determine which of the three exercises 

maximizes the activity of the gluteus medius while 

minimizing the activity of the tensor fascia latae. Twenty 

healthy volunteers participated in this study. Surface 

electromyography (sEMG) was used to measure the 

electrical activities of the gluteus medius (GMed) and 

tensor fascia latae (TFL). This study showed significant 

differences between GMed and TFL muscle activities 

according to each of the three clam exercises (p < 0.05). 

The gluteus medius showed the highest activity during 

modified clam 2 and the lowest in clam (p < 0.05). Tensor 

fascia latae showed the lowest activity during clam and the 

highest in modified clam 2 (p < 0.05). The gluteus medius 

to tensor fascia latae ratio was the highest in modified clam 

1 and the lowest in modified clam 2 (p < 0.05). Therefore, 

these findings inform clinicians and Pilates instructors that 

the appropriate exercise to maximize the activity of the 

gluteus medius while minimizing the activity of the tensor 

facia latae is modified clam 1. 

Keywords  Clam Exercise, Gluteus Medius, Tensor 

Fasciae Latae 

 

1. Introduction

The gluteus medius is a muscle that provides pelvic 

stability and controls the movement of the thigh while the 

lower extremities are moving, and the importance of 

selective strengthening of this muscle in lower and upper 

musculoskeletal disease exercise programs is constantly 

emphasized [1-4]. 

This muscle is the largest of the hip abductor, providing 

stability of the pelvis and hip joints in the stance phase 

[5-6]. 

If the gluteus medius fails to produce normal torque, 

lateral bending of the trunk and circumduction may occur 

during walking, and weight support during the stance 

phase may not be available, producing a Trendelenburg 

sign in which the pelvis tilts to the opposite side [7-8]. In 

addition, gluteus medius weakness can cause a number of 

musculoskeletal disorders, including patellofemoral pain 

syndrome, iliotibial band syndrome, anterior cruciate 

ligament sprain, and ankle injury [9-10]. 

The tensor fasciae latae works with gluteus medius on 

hip abduction, but also on internal hip rotation [11]. If 

abnormal alignment of the hip joint occurs due to 

weakness of the gluteus medius, the knee joint may be 

moved laterally due to the increased valgus force, 

resulting in overactivation of the tensor fasciae latae and 

weakness or contraction of gluteus medius posterior fibers 

[12]. 
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Among the 12 exercises that activate the gluteus medius, 

the side-lying hip abduction exercise was found to 

produce the greatest activation [13]. When doing this 

exercise, there is a need to reduce the compensatory 

movement of the synergist, quadratus lumborum, and 

tensor fasciae latae to effectively strengthen the gluteus 

medius [14]. Therefore, the clam maneuver is an exercise 

that selectively activates the gluteus medius while 

minimizing the activity of the tensor fasciae latae [15].  

While there have been studies comparing various 

exercises that strengthen the gluteus medius, there have 

been none comparing the three clam exercises commonly 

used in the Pilates exercise program. Therefore, the 

purpose of this study was to compare the basic clam 

exercise with two modified forms of the Pilates clam 

exercises to identify the best one for selectively 

strengthening the gluteus medius and to present a method 

that can be applied effectively both in Pilates and 

rehabilitation exercises. 

2. Materials and methods 

2.1. Participants 

Twenty healthy individuals volunteered to participate in 

this study. Participants consisted of 13 adult men and 

seven adult women in their 20s who are currently 

attending D University. 

The average age of the participants was 24.5 years, the 

average height 171.15 cm, and the average weight 69.25 

kg. Participants were selected among those who had no 

orthopedic abnormalities in their lumbar or lower 

extremities in the last six months, had no neurological 

damage or pain, and had no birth defects. 

This study was conducted after obtaining approval from 

the institutional ethics committee of Daegu Catholic 

University (CUIRB-2020-0073). 

2.2. Procedures 

Each participant participated in MVIC(maximum 

voluntary isometric contraction) measurements before 

performing three clam exercises. The MVIC measurement 

posture of gluteus medius and tensor fasciae latae was 

performed in accordance with the standard frequency 

strength test method of Kendal et al. [11]. Each posture 

was measured three times for five seconds. By calculating 

the average value over three seconds, excluding the first 

and last second, the average value of three repeats was 

obtained and the %MVIC was calculated. 

Clam (CL), modified clam 1 (M-CL1), and modified 

clam 2 (M-CL2) were repeated three times each to 

measure muscle activity. As the three exercises were 

repeated, the sequence in which they were performed was 

randomly assigned using lots. Each exercise was 

maintained for seven seconds, and the measured signals 

over three seconds were used for analysis, excluding the 

first and last two second periods. After measuring the 

muscle activity of each movement, 30 seconds of rest 

were given to minimize muscle fatigue. 

2.2.1. Clam exercise (CL) 

Each participant is positioned side-lying on a mat. The 

lower arm extends below the head and alongside the spine. 

The hip joint bends 60 degrees and the knee joint bends so 

that the foot is positioned alongside the back of the pelvis. 

The foot stay dorsiflex. The upper arm is bent and the 

palm is placed on the mat in front of the chest. With the 

participant's anterior superior iliac spine (ASIS) facing the 

front, the upper knee and lower leg to the heel abducts. At 

this point, linguistic feedback is provided to maximize 

knee extension to the extent that the pelvis and spine 

remain motionless. 

2.2.2. Modified clam 1(M-CL 1) 

Each participant is positioned side-lying on the mat. 

The lower arm extends below the head and alongside the 

spine. The hip joint bends 60 degrees and the knee joint 

bends so that the foot is positioned alongside the back of 

the pelvis. The foot stay dorsiflex. The upper arm is bent 

and the palm is placed on the mat in front of the chest.  

Keeping the femur on the mat, the foot is lifted so that 

it is aligned with the upper pelvis. At this time, the palm 

in front of the chest applies force to prevent the body’s 

weight from collapsing forward. With the participant's 

anterior superior iliac spine (ASIS) facing the front, the 

upper knee is abducted to the end with the heel attached. 

At this point, linguistic feedback is provided to maximize 

knee extension to the extent that the pelvis and spine 

remain motionless. 

2.2.3. Modified clam 2(M-CL 2) 

Each participant is positioned side-lying on the mat. 

The lower arm extends below the head and is alongside 

the spine. The hip joint bends 60 degrees and the knee 

joint bends so that the foot is positioned alongside the 

back of the pelvis. The foot maintains dorsiflexion. The 

upper arm is bent and the palm is placed on the mat in 

front of the chest. Keeping the femur on the mat, the foot 

is lifted so that it is aligned with the upper pelvis. At this 

time, the palm in front of the chest applies force to prevent 

the body’s weight from collapsing forward. With the 

participant's anterior superior iliac spine (ASIS) facing the 

front, the upper knee is abducted to the end with the heel 

attached. At this point, linguistic feedback is provided to 

maximize knee extension to the extent that the pelvis and 

spine remain motionless. The upper knee joint is extended 

while maintaining this position. At this point, the upper 

foot is plantarflexed. 

2.3. Measurements 

Two electrode pads were attached at 1/3 on the side of 
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the greater trochanter of the femur, between the iliac crest 

and the greater trochanter of femur, to measure EMGs of 

the gluteus medius. 

A further two electrode pads were attached slightly 

outside and 2 cm below the anterior superior iliac spine 

[16], to measure EMGs of the tensor fasciae latae. 

All electrode pads were attached by the same 

experimenter, and skin resistance was minimized by 

wiping the skin with alcohol cotton and removing hair 

with a razor. Each electrode pad was attached parallel to 

myofibres and the distance between the two electrode 

pads was maintained at approximately 20 mm. 

In order to minimize noise, cables for connecting the 

electrode pad to the EMG equipment used in this study 

were carefully organized for each experiment. Signals 

obtained through EMG equipment were collected and 

analyzed using Laxtha Tesla software 2.0. The surface 

EMG signal was set to a sampling rate of 1024 Hz. The 

notch filter was set to 60 Hz and the bandpass filter was 

set to 20-500 Hz. The units of all EMG signals were 

recorded in mV. To reduce the error of the collected EMG 

signal, the signal-averaged value over three seconds was 

used and excluded the first two and the last two seconds 

of the signal. An average was obtained from three 

repeated measurements. The collected EMG signals were 

root mean square processed and analyzed. 

2.4. Statistical Analysis 

The statistical program SPSS v18.0 for Windows was 

used to calculate and compare the mean and standard 

deviation of the data collected through this study. 

One-way repeated measures ANOVA was applied to 

compare the activity of gluteus medius, tensor fasciae 

latae, and the ratio of tensor fasciae latae to gluteus 

medius for the three exercises (CL, M-CL 1, M-CL 2). A 

post-hoc comparison was performed using Sheffe’s 

method. The statistical significance level (α) was set to 

0.05. 

3. Results 

There were significant differences observed in the 

activity of the gluteus medius muscle between the three 

exercises (p < 0.05). There was a significant difference in 

GMed activity between CL and M-CL 1, and a significant 

difference between CL and M-CL 2, but there was no 

significant difference between M-CL 1 and M-CL 2. 

There was also a significant difference in the activity of 

tensor fasciae latae between the three exercises (p < 0.05). 

There was a significant difference in TFL activity between 

CL and M-CL 2, as well as a significant difference 

between M-CL 1 and M-CL 2, but there was no 

significant difference between CL and M-CL 1. 

There was a significant difference in the activity ratios 

of the gluteus medius and tensor fasciae latae between the 

three exercises (p < 0.05). Significant differences were 

seen between CL and M-CL 2, and between M-CL 1 and 

M-CL 2, but there was no significant difference between 

CL and M-CL 1. 

The closer the activity ratio of GMed-TFL to +1, the 

better the exercise and the higher the ratio of GMed to –1, 

the higher the activity rate of TFL. The formula for 

obtaining GMed-TFL ratios is as follows (Table 3). 

Table 1.  Comparison of gluteus medius muscle activity according to type of exercise 

 CL M-CL 1 M-CL 2 F p 

GMed 35.1±23.5a 56.0±20.1 60.9±20.3 8.245 0.001* 

avalues are mean ± standard deviation 
*p < 0.05 

GMed: gluteus medius 

CL: clam 

M-CL 1: modified clam 1 

M-CL 2: modified clam 2 

Table 2.  Comparison of tensor fascia latae muscle activity according to type of exercise 

 CL M-CL 1 M-CL 2 F p 

TFL 13.1±90.2a 19.9±12.9 52.4±15.9 52.5 0.000* 

avalues are mean ± standard deviation 
*p < 0.05 

TFL: tensor fasciae latae 

CL: clam 

M-CL 1: modified clam 1 

M-CL 2: modified clam 2 
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Table 3.  Comparison of GMed-TFL ratio according to sorts of the exercises 

 CL M-CL 1 M-CL 2 F p 

GMed 

-TFL ratio 
0.39±0.4a 0.49±0.2 0.06±0.3 12.530 0.000* 

avalues are mean ± standard deviation 
*p < 0.05 

CL: clam 

M-CL 1: modified clam 1 

M-CL 2: modified clam 2 

GMed-TFL ratio = 
%MVIC of GMed − %MVIC of TFL

%MVIC of GMed + %MVIC of TFL 
 

 

4. Discussion 

This study wanted to compare the relative activities of 

gluteus medius and tensor fasciae latae muscles during 

three Pilates clam exercises when conducted on healthy 

men and women in their 20s. 

When exercising to strengthen the gluteus medius, the 

pelvis can rotate and cause instability, or impair the 

movement if the synergist, the tensor fasciae latae and 

quadratus lumborum, make compensatory movements 

[14,17]. In addition, an imbalance in the tensor fasciae 

latae can increase pressure on the gluteus medius [18]. 

Therefore, it is important to apply exercise that selectively 

strengthens just the gluteus medius [19-20]. Several 

experiments have been conducted on exercises to 

strengthen this muscle. The ratio of the activity of gluteus 

medius to tensor fasciae latae showed the greatest activity 

of the gluteus medius in the clam exercise compared to the 

other hip abduction exercises. Among the many hip 

abduction exercises, clam exercises are not the most 

active for gluteus medius, but are the most appropriate 

exercises for selective activation [15]. 

Of the 12 exercises that activate gluteus medius, the 

side-lying hip abduction exercise proved to be most active 

[13]. When internal rotation of the hip joint was applied 

during the side-lying hip abduction exercise, the activity 

of the tensor fasciae latae was reduced and the gluteus 

medius was selectively strengthened [21]. 

Comparing the M-CL2 of the three Pilates clam 

exercises conducted in this study, the motion is similar to 

the side-lying hip abduction exercise with hip external 

rotation, which causes hyperactivity of tensor fasciae latae. 

However, M-CL2 is a step-by-step movement that 

transforms the traditional clam exercise, and is not just a 

movement to abduct the hip joint while the legs are 

extended, but a movement that extends the knee joint to 

make the legs longer with the knees abduct, so there is 

relatively little compensatory movement. 

For side-lying hip abduction exercises, early 

contraction of the quadratus lumborum occurs below 20 

degrees [22]. When performing side-lying hip abduction 

exercises, increasing lumbar stability by using a 

biofeedback device reduces the activity of the quadratus 

lumborum and increases the activity of the gluteus medius 

[23]. Based on the principle of leverage, the three Pilates 

clam exercises conducted in this study are less 

compensatory because the action point is close relative to 

the side-lying hip abduction. Furthermore, the exercises of 

this study excluded compensatory movements of the spine 

and pelvis through verbal feedback instead of by using 

tools to provide stability, and induced only movement of 

the hip joint. 

In this study, we implement modified clam exercises 

that can provide resistance without using devices for 

resistance. The modified clam exercises move the weight 

forward, resulting in greater resistance to the knee and hip 

joints than the basic clam exercise. As a result, the EMG 

activity of gluteus medius and tensor fasciae latae in the 

modified clam exercises compared to the basic clam 

exercise is higher. 

Our data shows that the ratio of the activity of gluteus 

medius in M-CL 1 is the largest. Therefore, the results 

obtained are considered to be grounds for selective use of 

the exercise if the tensor fasciae latae is hyperactive due to 

deformation of the alignment of the lower extremities or 

functional disability. 

However, this study has clinical limitations in terms of 

generalizability because the participating subjects were 

limited to healthy men and women in their 20s. 

Furthermore, since the results may vary depending on the 

alignment of the lower extremities, it is suggested that the 

alignment of lower extremities should also be considered 

in future studies. 

5. Conclusions 

Twenty healthy men and women in their 20s were 

compared for the activity of their gluteus medius and 

tensor fasciae latae muscles in three Pilates clam exercises, 

with the aim of minimizing the activity of tensor fasciae 

latae while maximizing the activity of the gluteus medius. 

EMG pads were attached to the two muscles, and data 

recorded using the EMG device as three exercises were 

performed. 

The study found that both CL, M-CL 1, and M-CL 2 
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were more active in gluteus medius than in tensor fasciae 

latae, and for gluteus medius, larger activations in the 

M-CL 1 and M-CL 2 were shown to be significant. In the 

case of tensor fasciae latae, the largest activation seen 

with M-CL 2 was significantly greater than with CL and 

M-CL 1. 

Therefore, to selectively strengthen the gluteus medius, 

M-CL 1 with a higher gluteus medius activation ratio is 

more appropriate than M-CL 2, in which the tensor fasciae 

latae is highly activated. 

It is expected that data from this study will help 

selectively apply the correct exercise according to the 

alignment of the lower and upper extremities in Pilates 

training or in rehabilitation programs that enhance gluteus 

medius. 
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