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บทคัดย่อ 
การศกึษานีม้ีวตัถปุระสงค์เพื่อศกึษาผลของการใสแ่ละไมใ่สถ่งุนอ่งแบบผ้ายืดด้วยแรงกดที่แตกตา่งกนัของ 

ถงุน่อง ท่ีมีต่อการท างานของกล้ามเนือ้ ขณะออกก าลงักายด้วยการเดิน อาสาสมคัรเป็นชายที่มีสขุภาพดีทัง้หมด 30 คน 
อายรุะหว่าง 21-22 ปี ท าการออกก าลงักายด้วยการเดินบนลู่วิ่งไฟฟ้าเป็นเวลา 45 นาที (ที่ความเร็ว 3.5 ไมล์ต่อชั่วโมง, 
ความชนั 10%, โดยอบอุ่นร่างกายด้วยการเดินที่ความเร็ว 2 ไมล์ตอ่ชัว่โมง เป็นเวลา 3 นาที) พร้อมกบัการใสถ่งุน่องแบบ
ผ้ายืด ที่มีแรงกดของถงุนอ่งที่บริเวณนอ่ง ประมาณ 4 มิลลิเมตรปรอท (P4; n=17) หรือ 10 มิลลิเมตรปรอท (P10; n=13) 
ขณะออกก าลงักาย และอาสาสมคัรจะท าการทดสอบทัง้หมด 2 ครัง้ คือ การทดสอบขณะท าการใสแ่ละไมใ่สถ่งุน่อง โดย
การทดสอบในแต่ละครัง้จะมีระยะเวลาห่างกัน 7 วัน ค่าแรงบิดสูงสุด และค่า root mean square (RMS) ที่ได้จาก
คลื่นไฟฟ้ากล้ามเนือ้ โดยวดัที่กล้ามเนือ้ tibialis anterior (TA) และกล้ามเนือ้ medial gastrocnemius (MG) ของขาข้าง
ขวา ซึ่งจะถูกวัดค่าขณะที่มีการทดสอบการหดตัวสูงสุดของกล้ามเนือ้ ด้วยการท า isokinetic dorsi-plantar flexion 
จ านวน 5 ครัง้ทัง้ก่อนและหลงัจากหยดุออกก าลงักายทนัที และน าข้อมลูมาค านวณค่าเปอร์เซนต์ของคา่แรงบิดสงูสดุและ
คา่ RMS 

จากการศกึษาพบวา่ การใสถ่งุนอ่งสง่ผลให้เปอร์เซนต์ของคา่แรงบิดสงูสดุของกล้ามเนือ้ MG ก่อนการออกก าลงั
กายมีค่าต ่ากว่าเมื่อเทียบกบัการไมใ่สถ่งุนอ่ง แตภ่ายหลงัการออกก าลงักายไมพ่บว่ามีความแตกต่างของคา่แรงบิดสงูสดุ
ระหว่างการใส่และไม่ใสถ่งุน่อง  นอกจากนีพ้บว่าภายหลงัจากการออกก าลงักาย การใสถ่งุน่องสามารถรักษาค่าแรงบิด
สงูสุดเมื่อเทียบกับตอนเร่ิมต้นก่อนการออกก าลงักายได้ การใส่ถุงน่องแบบผ้ายืดอาจช่วยให้การท างานของ muscle 
pump ดีขึน้ และลดการล้าของกล้ามเนือ้ได้ อยา่งไรก็ตามการใช้ถงุนอ่งแบบผ้ายืดในการศกึษานีอ้าจจ ากดัการเคลือ่นไหว 
และท าให้ความยาวของกล้ามเนือ้ MG ลดลง จึงท าให้แรงบิดสงูสดุของกล้ามเนือ้มีคา่ลดลง 
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ABSTRACT 

The aim of the present study was to investigate the changes of muscle activity with and without the 
elastic compression stocking (ECS) with two different compression pressures during walking. Thirty healthy 
male subjects (age range of 21-22 years) participated in this study. Subjects performed walking on the 
treadmill for 45 minutes (at speed 3.5 mph, inclination 10%, including warm up at speed 2 mph for 3 min) and 
wore either the ECS with compression pressure approximately 4 mmHg (P4; n=17) or 10 mmHg (P10; n=13) 
at the calf during exercise. Each group performed two trials, 7 days apart, with and without elastic 
compression stocking in a randomized manner. Before and immediately after the walking, isokinetic peak 
torque and the root mean square (RMS) from surface electromyography (EMG) signal of right tibialis anterior 
(TA) and right medial gastrocnemius (MG) muscles were recorded during isokinetic dorsi-plantar flexion for 
five times of maximal repetitive contractions.  
 The results showed that the percentage peak torque of MG muscle was significantly lower when 
wearing the ECS compared to not wearing the ECS at pre-exercise, whereas those with and without the ECS 
at post-exercise were not different. Additionally, the peak torque following walking with ECS could be 
maintained at the baseline because of the enhancement of the muscle pump and reduction of muscle fatigue. 
However, using ECS in the present may compromise peak torque at pre-exercise especially in the MG muscle 
because the stiffness of the ECS might restrict joint movement and decrease muscle length. 
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INTRODUCTION 
 The ECS can be used effectively not only for medical treatment but also for enhancement of sport 
performance in a diversity of sports1. Mechanism of the ECS is that pressure exerted by the stocking will 
increase intra-compartmental pressure. As a result, it will increase either intramuscular pressure2 or 
cutaneous pressure3. The stocking exerted a compression pressure at the ankle was higher than at the calf 
producing a “degressive” pressure profile on the leg4. Thus, the ECS can reduce a cross-section of vein5 and 
its venous blood flow is expedited6. In addition, it has been reported that the ECS improves venous return7 
and reduces blood pooling8 as well as reduces blood lactate accumulation in the lower limb during exercise9. 
The recommendation for optimal pressure of the ECS was 20-40 mmHg for enhancement physical 
performance such as vertical jump, running time, and fatigue10. 
 Lawrence and Kakkar (1980) investigated that ECS exerted external compression on blood 
circulation responses include for low pressure range of 10, 8, and 4 mmHg and for high pressure range of 30, 
24, and 14 mmHg at the ankle, calf, and knee, respectively. The authors reported that the high pressure 
range was decreased deep venous velocity in some subjects and subcutaneous tissue flow, whereas the low 
pressure range was increased muscle blood flow and subcutaneous tissue flow11. Liu and coworker (2008) 
suggested that the ECS with light (10-14 mmHg), and mild (18.4-21.2 mmHg) compression profiles influenced 
reduction in venous cross-sectional area, venous pooling, and improved venous return of the lower 
extremities7. In other study reported that about the effects of ECS on subjective sensation, which that they 
investigated the proximal external compression force at the ankle (0, 15, 21 and 30 mmHg for control, low, 
medium and high-grade of ECS, respectively). It was found that ECS gave more comfortable sensation in the 
low and the control groups than the medium and the high groups12. Moreover, compressive pressure of ECS 
approximately 15-20 mmHg at the ankle was claimed to be difficult to put on and removal the stocking13. 
Therefore, the present study used the ECS with low compression pressure, which consisted of 4 and 10 
mmHg external compression at the calf for investigation of the effect of the ECS on physiological responses. 
 On the other hand, studies of compression stocking garment are mostly related to peripheral blood 
circulation7,8,9, whereas few studies assessed the effects of the ECS on muscle fatigue by using surface 
electromyogram (EMG) and torque generated capacity of the muscle contractions. Human muscle fatigue has 
been investigated by using several assessment methods, exercise profile, and procedures. In isokinetic 
contraction, one of the choices assessed muscle fatigues is maximal power output as well as peak torque 
value. In addition, muscle fatigue can be investigated by using the EMG. The EMG signal produces power 
spectral estimation, whose frequency contents tends to decrease when fatigue occurs. In the EMG analysis, a 
root mean square (RMS) of the EMG signal indicates muscle fatigue which arises from impaired muscle fiber 
velocity (MFV) and increased motor unit (MU) recruitment during muscle contraction14. The purpose of this 
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study was to investigate changes of muscle activity in the conditions of without and with two different 
pressures of the ECS during walking. 
 
MEDTHODS 
Subjects 
 Thirty healthy males, voluntarily participated in this study. Subject characteristics are given in Table 
1. They did not participate in any physical activity for more than 2 times a week. Each subject provided written 
informed consent before the start of the test. This study was approved by the Mahidol University Institutional 
Review Board (2012/098.3105). 
       Table 1. Characteristics of subjects 

Variables P4 (n=17) P10 (n=13) 
Anthropometric variables:   
       Age (yrs) 22.1 ± 0.57 21.0 ± 0.2 
       Body weight (kg) 65.74 ± 2.05 73.17 ± 3.91 
       Height (cm) 171.47 ± 1.42 175.54 ± 1.62 
       BMI (kg· ) 22.32 ± 0.54 23.62 ± 1.0 
       Range of motion (ROM) of the ankle (deg)  
            Dorsi flexion 21.29 ± 1.40 22.85 ± 2.43 
           Plantar flexion 48.41 ± 2.42 52.7 ± 2.75 
Lower leg circumference (cm):   
Right    Leg length 34.47 ± 0.46 35.65 ± 0.48 
          Ankle 22.58 ± 0.27 23.18 ± 0.44 
          Calf 36.91 ± 0.58 37.68 ± 0.96 
          Below the knee 32.60 ± 0.44 34.41 ± 0.81* 
Left     Leg length 34.47 ± 0.46 35.65 ± 0.46 
          Ankle 22.60 ± 0.26 23.27 ± 0.50 
          Calf 36.78 ± 0.60 36.95 ± 0.83 
          Below the knee 32.71 ± 0.43 34.52 ± 0.80 
Baseline isokinetic characteristic:   
       Peak torque ( )   
          Dorsi flexors 28.06 ± 1.67 27.54 ± 1.40 
          Plantar flexors 50.47 ± 4.43 65.92 ± 5.08** 

* Significantly different between groups (p<0.05). ** Significantly different between groups (p<0.01). 
P4: group of the ECS with compression pressure 4 mmHg, 
P10: group of the ECS with compression pressure 10 mmHg. 
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 Elastic compression stocking 
In this study, the manufactured ECS was fabricated (Thai Parfun, Japan). The sizes (circumferences 

and lower leg length) of ECS were adjusted relatively to each subject’s morphology i.e. the circumference of 
the ankle, calf, and below the knee were 60%, 65%, and 70%, respectively, regardless of the texture of 
stocking garment. Circumferences of the lower leg were measured at four points during standing position 
according to the following approach; Ankle: The minimum circumference of the ankle was taken at the 
narrowest point lateral malleolus, Calf: At the maximal circumference of the calf, Below the knee: measured at 
the tip patella, and Lower leg length: measured between lateral malleolus and below of the knee point along 
the line of lower leg28. In addition, the pressure exerted by the ECS was assessed by using a special device 
on both legs, measured at the calf level on each lower leg. The pressures exerted by ECS on the right and left 
leg of P10 were 9.54 ± 0.85 and 9.77 ± 0.44 mmHg, while those of P4 were 4.41 ± 0.35 and 4.41 ± 0.33 
mmHg, respectively. 

EMG recording 
The surface EMG was recorded concurrently from two muscles (Tibialis anterior; TA and Medial 

Gastrocnemius; MG) of the right leg. Before the measurement, the hair at the choosen skin area was shaved, 
and rubbing cleaned the outermost epidermal layer. Oil and dust from the skin were removed with a 70% 
alcohol cotton. The recordings were obtained by using bipolar surface electrodes, placed with an inter-
electrode distance of 20 mm on the target muscle15. The electrodes were placed at one-third of the length of 
TA muscle through the line running between the tip of the fibula and the tip of medial malleolus.  Additionally, 
the electrodes were placed at one-third of the length of MG muscle through the line running between head of 
tibia and heel. The EMG signal was amplified by using an analog differential amplifier with a band-pass 
filtering between 8-500 Hz and then recorded on a personal computer with a sampling frequency of 1,000 Hz 
(Megawin software V2.3.3, Mega electronic, Ltd.). 

Isokinetic muscle test 
Isokinetic concentric/ concentric performances, of the right TA and the right MG, were measured by 

using the isokinetic dynamometer (LIDO multijoint II, USA). Ankle dorsi-plantar flexion test: Subject was 
seated on the dynamometer chair with the feet hanging off the front of the seat cushion. The thigh was 
stabilized with a strap just above the right knee joint which was in a flexed position. The foot was fit to the 
ankle plate. Then, the ankle joint ROM was determined using goniometer and the ankle joint was adapted to 
the neutral position before beginning the dorsi-plantar flexion test. Next, the subjects performed five maximum 
repetitive contractions for the measurement of the peak torque for each muscle. The angular velocity of the 
test was set at 60 degree/sec16. 
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Experimental procedure 
On the experimental session, the subject came to the laboratory and took a rest for 10 min. In 

accordance with randomized test, subjects were asked to wear or not to wear the ECS for each compression 
pressure groups (P4 & P10). Then, the subjects performed the isokinetic ankle test (dorsi-plantar flexion) for 
five times of maximal repetitive contractions pre-exercise and EMG was recorded during this test. During the 
exercise test, the subjects were asked to walk on a treadmill, which consisted of 3 min warming up with a 
speed set at 2 mph. Then, speed was increased and kept constantly at 3.5 mph, inclination 10% for 45 min. 
After the end of exercise, subjects were instructed to immediately perform the second isokinetic ankle dorsi-
plantar flexion test to evaluate the changes of peak torque following the exercise. The EMG during this test 
was also recorded. 

Data analysis 
The raw data of the EMG of the right TA and right MG muscles were analyzed using a software 

program (Megawin software V2.3.3, Mega electronic, Ltd.). The average peak torque value of the isokinetic 
test and RMS of the EMG signal during dorsi flexion of the right TA and plantar flexion of the right MG muscle 
were calculated from five maximal isokinetic contractions. Percentage changes of peak torque when wearing 
the ECS were calculated as the followings: 

    for pre-exercise, and 

 

                               for post-exercise. 

 Percentage changes of RMS when wearing the ECS were calculated using similar equation as 
previously indicated for percentage changes of peak torque.  
 

Statistical analysis 
Normal distribution test was tested by using Kolmogorov-Smirnov test. Data was expressed as mean 

and standard error of mean (SEM) or otherwise indicated. Two way mixed model ANOVAs (within × between; 
application of ECS × groups) were used to analyze the main effect of wearing ECS (with and without ECS), 
main effect of ECS pressures (P4 and P10), and main effect of time (pre- and post-exercise) on percentage 
peak torque and percentage RMS from the isokinetic ankle test. 

 
RESULTS 

The percentage peak torque of right TA muscle during with the ECS at pre and post-exercise were 
104.02 ± 3.48 and 105.55 ± 4.11 for P4, 100.63 ± 4.79 and 101.75 ± 5.36 % of baseline for P10, respectively, 
while that right MG muscle were 93.85 ± 6.86 and 91.29 ± 7.27 for P4, 81.76 ± 6.04 and 85.12 ± 7.07 % of 
baseline for P10, respectively. The percentage of isokinetic peak torque among without (baseline), with the 
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ECS during pre and post-exercise were no significant difference for the right TA muscle (Fig 1 A). However, 
there was significant difference between without (baseline) and with the ECS during pre-exercise of P4 and 
P10 [F (2, 56) = 4.56, p<0.05], while the percentage of isokinetic peak torque with the ECS during pre-
exercise was lower than without (baseline) the ECS for right MG muscle (Fig 1 B). The percentage RMS of 
right TA muscle during with the ECS at pre and post-exercise were 103.67 ± .4.41 and 101.75 ± 4.24 for P4, 
96.81 ± 7.75 and 99.44 ± 8.0 % of baseline for P10, respectively, while that right MG muscle were 97.0 ± 5.33 
and 91.80 ± 5.31 for P4, 91.22 ± 6.91 and 93.56 ± 8.0 % of baseline for P10, respectively. The percentage of 
RMS from EMG signal recorded during isokinetic ankle test among without (baseline), with the ECS at pre and 
with the ECS at post-exercise were no significant difference for the right TA muscle (Fig 2 A), as well as the 
percentage RMS of medial gastrocnemius there was no significant difference among three conditions (Fig 2 
B). 
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Fig 1 The percentage change of peak torque during isokinetic ankle test of the right leg with the ECS during 
pre and with the ECS during post-exercise relative to without ECS in the right TA (A) and the right MG (B) 
muscle on different pressures of P4 and P10. *Significant different between without (baseline) and with the 
ECS during pre-exercise (p<0.05). 
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Fig 2 Mean ± SEM of the percentage change of RMS from EMG signal recorded during isokinetic ankle test of 
the right leg with the ECS at pre and with the ECS at post-exercise relative to without ECS in the right TA (A) 
and right MG (B) muscle on different pressures. 
 
DISCUSSION 

The higher peak torque of P10 compared to P4 was in parallel with the greater circumference of the 
right lower leg at below the knee (Table 1.). In fact, the calf muscle was mainly made up of medial and lateral 
gastrocnemius muscle17. It is well established that the muscle size is associated to muscle strength. Bamman 
and co-worker (2000) suggested that the anthropometric technique (e.g. limb circumference measurement) 
can be used to estimate the muscle strength, since muscle strength was related to the muscle size. 
Additionally, the correlations between the calf circumference or muscle size and maximum voluntary isometric 
strength was reported (r=0.6-0.8)18,19. The subjects who had greater lower extremity circumference; therefore 
they had greater isokinetic ankle plantar flexion torque16. 

The decrement of percentage change of peak torque at pre-exercise during wearing the ECS was 
observed when compared with baseline (without wearing ECS) values. Similarly, to the previous mention, the 
compressive pressures of the ECS may impede the ankle movement as well as the mobility range of motion. 
Partsch (2005) investigated the effect of different compression materials on the stiffness of the elastic, 
inelastic stocking, short, and long-stretch materials20. The study reported that the short-stretch material and 
inelastic stocking had higher stiffness index than the long-stretch and elastic stocking. The stiffness index 
values were greater than 10 mmHg for inelastic, short-stretch material and less than 10 mmHg for elastic, 
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long-stretch material20. The stiffness is defined as the increase in pressure per 1 cm increase in leg 
circumference, and this determines the exerted compressive pressure of the compression device21. Although 
stiffness index was not measured in the present study, it may be speculated that stiffness of the ECS used in 
the present study may possibly be responsible for the decrement of peak torque compared to without wearing 
the ECS22. Because the force of muscle was affected by the variation of angles of ankle movement, and 
associated with the force-length of muscle relationship23. 

On the other hand, when compared between without the ECS (baseline) and with the ECS at post-
exercise, no significant different was observed. Our result showed that the percentage change of peak torque 
in MG muscle after exercise could be maintained to the baseline values during wearing the ECS. During 
walking, the muscle activation was improved. The calf muscle pump is the primary mechanism to propel 
blood from the lower limbs to the heart resulting increase venous return24. Previous study showed that the 
higher stiffness of stocking on the calf could increase muscle pump, although a possible reduction of ankle 
movement may be found25. The stiffness of compression stocking could restrict the ankle movement, but 
improved the ejection fraction due to an increase of muscle pump26.  

In this study, wearing the ECS can maintain the peak torque after exercise resulting from the 
concomitant increase the muscle pump during exercise. Liu and co-worker (2008) examined the effect of 
graduated compression stocking and gradient distribution profile on the venous function of lower extremities. 
They found that the graduated compression stocking with low compression pressure reduced venous dilation 
and venous pooling, as well as improved venous return in the lower extremities7. Similarly, the recent study 
reported that wearing graduated compression stocking with optimizing compression was increased venous 
return greater than not wearing stocking27. 
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