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Purpose: To evaluate changes in lower extremity muscle activity caused by high heeled shoe wearing during normal, brisk, 
and upslope walking. 

Methods: Twenty healthy young women (age, 23.9±2.47) participated in this study. Muscle activities of the tibialis anterior, 
peroneus longus, gastrocnemius lateralis, gastrocnemius medialis, soleus, hamstring, vastus lateralis, and vastus medialis 
while walking normally, walking briskly, and walking up a slope. 

Results: When walking normally, the peroneus longus, gastrocnemius lateralis, soleus, and vastus lateralis evidenced higher 
activity when high‐heeled shoes were worn (p<0.05). During brisk walking, the peroneus longus and gastrocnemius lateralis 
exhibited higher activity (p<0.05). Although the peroneus longus and vastus lateralis exhibited higher activity when walking 
up an  incline with high‐heeled  shoes,  the activity  levels of  the  tibialis anterior and gastrocnemius medialis were  lower 
(p<0.05). 

Conclusion: The results of this study demonstrate that  increased heel height substantially reduces muscle effort when 
walking up a slope. From a therapeutic perspective, it is possible that using high heeled shoes over a short period might 
enhance muscle activity of ankle evertor, although it can cause mediolateral muscle imbalances in the lower extremities.
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I. Introduction 

For the past 250 years, medical scientists have associated the 

wearing of high-heeled shoes with several health problems.1 

Previous studies regarding the wearing of high-heeled shoes have 

focused principally on pain and deformity in the back and the 

lower extremity joints, in addition, alterations of the musculo-

skeletal system.2-4 According to previous studies, high-heeled 

shoes have the following adverse effects on the musculoskeletal 

system; skeletal deformities of the foot, including metatarsalgia 

(pes cavus, hallux valgus, Morton's foot and intermetatarsal 

phalangeal bursitis), Haglund’s disease, and Retro- Achilles 

bursitis.3,5-7 High-heeled shoes have also been reported to 

increase the risk of degenerative osteoarthritis in the knee, ankle 

sprains, falling and back pain.8-11 Additionally, the risk of 

secondary damage as the result of muscle imbalance and changes 

in gait pattern may be elevated in association with high heeled 

shoes.12,13 Therefore, clinicians should be aware of the negative 

effects of wearing high-heeled shoe and should pay more 

attention to this topic when they treat patients.

The general view that high-heeled shoes are abnormal could 

bias opinions with regarding to their biomechanical effects; thus, 

it is important to adhere strictly to an objective perspective in 

order to avoid study bias. A previous questionnaire-based study 

reported that women who had worn poorly fitting shoes suffered 

from heel cord pain induced by heel cord tightness.14 However, 

their classifications included not only high-heeled shoes but also 

a variety of flat shoes types, such as sandals and slippers, which 

induce an elongated heel cord. 

Several studies have raised doubts regarding the negative 

49



50

J Kor Soc Phys Ther 2011;23(3):49-56

Lower Extremity Muscle Activity while Wearing High-heeled Shoes under Various Situations: A Therapeutic Perspective

N Year (yr) Height (cm) Weight (kg) Foot length (cm) Foot width (cm)

20 23.9±2.47 163.26±4.69 52.88±5.21 238.47±8.79 8.71±0.45

Table 1. Anthropometric characteristics of subjects (mean±SD)

Trials Composition

Trial 1 Normal walking (velocity: 2 km/h, inclination: 0°) & flat shoes

Trial 2 Normal walking (velocity: 2 km/h, inclination: 0°) & high-heeled shoes

Trial 3 Bisk walking (velocity: 4 km/h, inclination: 0°) & flat shoes

Trial 4 Brisk walking (velocity: 4 km/h, inclination: 0°) & high-heeled shoes

Trial 5 Upslope walking (velocity: 2 km/h, inclination: 15°) & flat shoes

Trial 6 Upslope walking (velocity: 2 km/h, inclination: 15°) & high-heeled shoes

Table 2. Composition of each trial 

effects of high-heeled shoes. In one study, it was determined that 

the risks of foot deformity and pain in elderly women were 

greater in wearers of low-heeled shoes.15 Another researcher 

suggested that high-heeled shoes exert a therapeutic effect. It was 

determined that the wearing of 7-cm heeled shoes can double 

mean leg venous pressure as compared with barefooted walking, 

which suggests that high-heeled shoes might exert positive 

effects on patients suffering from venous diseases.16 Additionally, 

in a electromyographic study concerning the effects of high- 

heeled shoes on muscle activity, it was suggested that 

high-heeled shoes might be proveduseful in the treatment of 

tendoachilles bursitis and tenosynovitis of the Achilles tendon, 

and also in the postoperative management of a ruptured Achilles 

tendon.17

The studies mentioned above suggested that the effects of 

high-heeled shoes on the human body are diverse, and appear to 

be strongly associated with joint deformity or muscular fatigue. 

However, studies of the effects of high-heeled shoes have 

generally been carried out only under normal walking con-

ditions. Accordingly, it is necessary to evaluate the effects of 

high-heeled shoes under various conditions in daily living, such 

as brisk and upslope walking. The principal objective of this 

study was to assess both the positive and negative therapeutic 

aspects of high-heeled shoe wearing by analyzing lower 

extremity muscle activities in subjects wearing flat shoes and 

high-heeled shoes under a variety of conditions.

II. Methods

1. Subjects

Twenty healthy females in their 20s participated in this study. 

The characteristics of subjects are described in Table 1. Three 

women had no experience with wearing high heeled shoes (heel 

height over 8cm). On average, the other subjects reported 

wearing high-heeled shoes for 3.8±1.69 hours per day. Prior to 

the experiment, all subjects underwent a 10-minute instruction 

session and provided informed consent for participating in the 

study. All subjects completed a questionnaire assessing their 

living habits and medical histories. None of the subjects had any 

history of orthopedic or neurologic diseases of the lower 

extremities over the previous 6 months. The Ethics Committee 

of the University of Korea approved the protocols of this study.

2. Experimental Procedure

All subjects wore the shorts to permit the attachment of EMG 

electrodes. After placing electrodes on the dominant leg, the 

subjects walked on a treadmill wearing flat (0 cm) or high-heeled 

shoes (8 cm), and leg muscle activities were recorded via EMG. 

All subjects were allowed a 10-minute adjustment time on the 

treadmill while wearing flat or high-heeled shoes. During the 

measurement sessions, the electrical amplitudes of the dominant 

leg muscles were recorded. The experiment consisted of two 

shoe conditions (flat or high-heeled shoes) and three walking 

conditions (normal walking, brisk walking or upslope walking). 

Therefore, the subjects were made to walk under six different 

experimental conditions (Table 2). All subjects participated in 

randomized order under six distinct experimental conditions. 
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Figure 1. Integrated peroneus longus EMG amplitudes. The RMS values of the muscle activities of gait cycles for flat 
and high heeled shoes. 
PL: peroneus longus
FW: walking in flat shoes
HW: walking in high-heeled shoes

Normalization of each muscle activity
RMS_S_w-Rest_S_W

Max_F_w-Rest_F_w

During each session, the subjects were instructed to maintain a 

walking speed for 11 gait cycles. A one-minute break was 

allowed between sessions. 

3. EMG measurements

Surface EMG was recorded while subjects walked on the 

treadmill. Unipolar Ag/AgCl surface electrode pairs were 

attached to the muscle belly of the tibialis anterior (TA), 

peroneus longus (PL), gastrocnemius lateral head (GL), gastroc-

nemius medial head (GM), soleus (SO), vastus lateralis (VL), 

vastus medialis (VM), and hamstring (HM) muscles of 

dominant leg. Electrodes were placed as described previously.18 

The electrodes were 10 mm in diameter and were positioned 

with an inter-electrode gap of 22 mm. The ground electrode was 

placed on the tibial tuberosity. EMG signals were collected with 

a MES 9000 interface (FA Myotronics Noromed USA) filtered 

with a band-pass filter (15~500 Hz). The signals were full wave 

rectified and raw data were transformed with MATLAB 

Software (MathWorks Inc., USA) for 4th order Butterworth 

filtering (2.5 Hz). Data from the firstand last gait cycles were not 

considered. The data of the 9 sequential gait cycles were divided 

into 3 sets of 3 consecutive gait cycles to analysis of reliability 

(Figure 1). The normalization method of Romkes J et al.19 was 

employed to compare the high-heeled and flat shoe data. All data 

was calculated via the following equation:

in which ‘S’is the shoe type (high-heeled shoe or flat shoe), ‘w’ is 

the walking type (normal, brisk, or upslope walking). 

Resting values were subtracted from all filtered EMG data. 

Data for the RMS of the high-heeled shoes was divided by the 

maximum values of flat shoes under identical walking 

conditions. All high-heeleddata were expressed as percentages of 

peak amplitudes of flat shoe data. For example, when a subject 

executed trial 4 which consisted of brisk walking in high-heeled 

shoes, the normalization method is as follows. RMS_S_w is the 

RMS value of trial 4, Rest_S_w is the RMS value under resting 

conditions in trial 4. Max_F_w is the peak amplitude of trial 3. 

Rest_F_w is RMS value of resting condition in trial 3.

After normalization, the RMS values of each of the muscle 

activities in the 3 EMG data sets—each of which consisted of 3 

gait cycles--were calculated for all six experimental conditions. 

On average, the intraclass correlation coefficient of all EMG 

data was 0.90±50.

Statistical analysis was conducted to confirm that the 

normalized RMS values of muscle activities for flat and 

high-heeled shoes differed. Thus, the averages of three sequential 

RMS values for the 8 leg muscles by the two types of shoes in 

each normal, brisk and upslope walking were analyzed via 
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two-way repeated measures of ANOVA, contained in the SPSS 

12.0 software package for Windows. Paired t-test was used as a 

post-hoc procedure. Significance levels were set to  = 0.05.

III. Results

Twenty healthy women in their 20s were recruited for this study. 

The average subject age was 23.9±2.5 years, and the subjects’ mean 

height and body weight were 163.3±4.7 cm and 52.9±5.2 kg. 

The mean±SD EMG values of muscle activities in flat and 

high-heeled shoes are shown in Table 1. The figure 2 shows the 

relative activity of the ankle and knee muscles, comparing 

muscle activity levels between the flat shoe and high heeled 

shoes. 

As a result of our study, significant differences of muscle 

activity between two shoe type swere detected for each of the 

walking conditions tested. During 2 km/h walking on a treadmill 

at a tilt angle of 0°, the measured activities of the PL (F=32.73, 

p<0.01), GL (F=5.92, p=0.02), SO (F=6.97, p=0.01), VL (F= 

6.43, p=0.02) showed that walking in high-heeled shoes requires 

more leg muscle activity than walking in flat shoes. In particular, 

PL activity in high-heeled shoes was nearly twice that measured 

in flat shoes. During brisk walking (4 km/h), walking in 

high-heeled shoes required greater muscle activity in PL (F= 

14.08, p<0.01) and GL (F=4.77, p=0.04) than flat shoes.

Interestingly, during walking on a treadmill at a tilt angle of 

15°, the activities of TA (F=24.84, p<0.01) and GM (F=14.64, 

p<0.01) were lower and the activities of PL (F=5.28, p=0.037) 

and VL (F=6.94, p=0.02) were slightly higher for walking in 

high-heeled shoes than walking in flat shoes.

Figure 2 shows that PL, GL, and SO exhibited higher 

activities for high heeled shoes during normal walking and brisk 

walking at a tilt angle of 0°. However, the activities of these 

muscles were lower for high-heeled shoes on the treadmill at 15°.

In summary, on a flat surface, walking in high-heeled shoes 

was shown to increase the activity levels of PL, GL, SO, and VL. 

Brisk walking on a flat surface in high-heeled shoes was shown to 

increase PL and GL activity. On an upward slope, walking in 

high-heeled shoes reduced TA and GM activity, but increased 

GL and VL activity. In terms of the ankle joint, the activity levels 

of the lateral muscles (PL, GL, SO) were increased on a flat 

surface, but reduced on an inclined surface. In the knee joint, 

muscle activity levels differed between flat and high-heeled shoes 

on the flat surface, but no significant differences were observed 

at an incline of 15°.

IV. Discussion

To evaluate the overall characteristics of lower extremity muscle 

activity while walking in high-heeled shoes, we devised an 

experimental plan involving a variety of walking conditions and 

recorded the RMS values of the EMG outputs from eight lower 

extremity muscles. Previous studies have shown that leg muscle 

activities are increased by the wearing of high-heeled shoes while 

walking on a flat surface at a single walking speed.11,12,20,21 In 

this study, we also determined that muscle activities are also 

influenced not only by heel height but also by the walking 

conditions. Different RMS values of the relative amplitudes of 

ankle and knee joint muscle activities were noted under three 

treadmill conditions, with the subjects wearing flat or high- 

heeled shoes.

In this study, PL, GL, SO, and VL muscleactivities were 

determined to be greater with high-heeled shoes than with flat 

shoes; these results are consistent with the findings of previous 

studies. We confirmed that lower extremity muscle activities in 

lateral regions such as PL, GL, and VL were more strongly 

activated when women wore high-heeled shoes. Other studies 

have also reported higher levels of PL and VL muscle activity 

when high-heeled shoes were worn.11,20,22 Furthermore, high- 

heeled shoes were shown to increase lateral leg muscle activity 

during brisk walking on an incline. This pattern was expected, as 

the result of increasing angles of hip adduction, shifting the 

pelvis laterally and the center of pressure medially.2,23,24 Shifting 

the pelvis laterally in the stance phase might require greater 

muscle effort in the lateral regions of the lower extremities and a 

change in the disposition of muscle contraction, from isometric 

to eccentric contraction.  

However, this result regarding the increase of lateral leg 

muscle activities might be derived from an EMG pattern of 

VM/VL and GM/GL imbalance. A previous study reported that 

the PL and GL muscles of habitual wearers of high-heeled shoes 

were more prone to fatigue than those of non-high-heeled shoe 

wearers.12 This result appears to be attributable to the increased 

lateral leg muscle activity induced by high-heeled shoes. 
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Figure 2. Normalized root mean square values of ankle (A) and knee (B) muscle activities while wearing flat shoes 
and high-heeled shoes under the three walking conditions: normal walking on a flat surface (I), brisk walking on a 
flat surface (II), and walking up a 15 degree incline (III). Black lines represent the flat shoes and gray lines illustrate 
the high heeled shoes. 
* significantly greater for flat shoes
†significantly less for flat shoes 
TA: tibialis anterior
PL: peronius longus
GL: gastrocnemius lateral head
GM: gastrocnemius medial head
SO: soleus
VL: vastus lateralis
VM: vastus medialis
HM: medial hamstring
FW: walking in flat shoes
HW: walking in high-heeled shoes
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Furthermore, the imbalance between VM and VL muscle 

activity observed in women who wore high-heeled shoes has 

important implications for patellofemoral pain syndrome and 

knee osteoarthritis associated with abnormal patellar track-

ing.9,25,26 These results also suggest that habitual wearers of high- 

heeled shoes should attempt to strengthen the medial portion of 

their thighswith specific exercises.27 

In this study, we determined that PL and SO activities were 

increased by the wearing of high-heeled shoes; this is consistent with 

the result of a previous study.20 The PL is a key stabilizer of the ankle 

and protects the ankle against sudden inversion displacement, 

which could easily result in a sprain.28-30 Additionally, SO plays an 

important role in the maintenance of postural stability.31 

Accordingly, the occasional wearing of high-heeled shoes might 

increase ankle strength, therefore enhancing stability. However, 

excessive wearing of high-heeled shoes could reduce endurance due 

to muscle fatigue and could expose wearers to the risk of ankle 

instability.12 

Interestingly, less muscle activity was observed in the TA, 

GM, and SO when subjects walked up an incline wearing 

high-heeled shoes. Generally, TA, GM, and SO activity increased 

when walking upslope, because the ankle plantar flexors are 

actively lengthened with eccentric contraction, whereas the TA is 

actively shortened with concentric contraction to pull the shank 

forward.32,33 Likewise, the results of kinematic studies have 

demonstrated that knee flexion and ankle dorsiflexion increase 

gradually with increases in slope angle.34,35 On the other hand, 

when walking up an upward sloped in high-heeled shoes, rather 

less muscle effort in the lower extremities is required because the 

reduced ankle dorsiflexion induced by high-heeled shoes 

provides an environment similar to that seen when walking on a 

flat surface. Thus, increasing heel height may improve energy 

efficiency when walking up an incline.

The limitation of this study was that the subject of this study 

was only young females. One previous study found that age 

made change of kinetic and kinematic parameters in gait 

pattern.36 Thus, further studies would be required to confirm 

these finding to consider changes in muscle strength and ankle 

stability.

V. Conclusion 

In this study, we focused on the positive and negative therapeutic 

aspects of high-heeled shoes based on measures of lower 

extremity muscle activity. Our findings showed differences in 

knee and ankle muscle activities while wearing high-heeled and 

flat shoes under three different walking conditions. With regard 

to their negative effects, the results of this study demonstrated 

that high-heeled shoes increase muscle imbalance as the 

consequence of increased lateral leg muscle activity. Therefore, 

therapists and clinicians should exercise caution regarding leg 

muscle imbalance in habitual high-heeled shoe wearers, and 

should instruct their patients to exercise in order to strengthen 

their medial leg muscles. Although high-heeled shoes require 

more muscle activity than flat shoes when walking on flat 

surfaces, we confirmed that increased heel height provides less 

muscle effort when walking up a slope. Moreover, our findings 

indicate that high-heeled shoes may enhance ankle strength as 

the result of increases in PL and SO activities. However, future 

studies will be necessary to confirm or findings regarding 

changes in muscle strength or ankle stability.

Author Contributions 
Research design: Kim YS, Lim JM, Ko NY 

Acquisition of data: Kim YS, Lim JM, Ko NY

Analysis and interpretation of data: Kim YS 

Drafting of the manuscript: Kim YS

Administrative, technical, and material support: Yoon BC, Lim 

JM

Research supervision: Yoon BC 

Acknowledgements
The authors would like to express their appreciation to Gye- 

Yeon Park, Suk-Joo Lee and Ki-Chul Moon for assistance our 

experiment.

Reference

1. Linder M, Saltzman CL. A history of medical scientists on high 

heels. Int J Health Serv. 1998;28(2):201-25.

2. Esenyel M, Walsh K, Walden JG et al. Kinetics of high-heeled 

gait. J Am Podiatr Med Assn. 2003;93(1):27-32.

3. Ko PH, Hsiao TY, Kang JH et al. Relationship between plantar 



55

Yu-Shin Kim, Jong-Min Lim, Na-Yeon Ko, Bum-Chul Yoon

Lower Extremity Muscle Activity while Wearing High-heeled Shoes under Various Situations: A Therapeutic Perspective

pressure and soft tissue strain under metatarsal heads with 

different heel heights. Foot Ankle Int. 2009;30(11):1111-6.

4. Ebbeling CJ, Hamill J, Crussemeyer JA. Lower extremity 

mechanics and energy cost of walking in high-heeled shoes. J 

Orthop Sports Phys Ther. 1994;19(4):190-6.

5. Read JW, Noakes JB, Kerr D et al. Morton's metatarsalgia: 

sonographic findings and correlated histopathology. Foot 

Ankle Int. 1999;20(3):153-61.

6. Albert SF. Soft-tissue causes of metatarsalgia. Clin Podiatr Med 

Surg. 1990;7(4):579-95.

7. Pierre-Jerome C, Moncayo V, Terk MR. MRI of the Achilles 

tendon: A comprehensive review of the anatomy, biomechanics, 

and imaging of overuse tendinopathies. Acta Radiol. 2010; 

51(4):438-54.

8. Kerrigan DC, Todd MK, Riley PO. Knee osteoarthritis and 

high-heeled shoes. Lancet. 1998;351(9113):1399-401.

9. Nieto E, Nahigian SH. Severe ankle injuries while wearing 

elevated "platform" shoes. Ohio State Med J. 1975;71(3): 

137-41.

10. Cho YH, Choi JH. Muscle activities of the lower extremity 

based on ankle plantar-flexion in elderly women. J Kor Soc Phys 

Ther. 2009;21(4):57-63.

11. Lee CM, Jeong EH, Freivalds A. Biomechanical effects of 

wearing high-heeled shoes. Int J Ind Ergonom. 2001;28(6): 

321-6.

12. Gefen A, Megido-Ravid M, Itzchak Y et al. Analysis of muscular 

fatigue and foot stability during high-heeled gait. Gait & 

Posture. 2002;15(1):56-63.

13. Gastwirth BW, O'Brien TD, Nelson RM et al. An 

electrodynographic study of foot function in shoes of varying 

heel heights. J Am Podiatr Med Assoc. 1991;81(9):463-72.

14. Dufour AB, Broe KE, Nguyen US et al. Foot pain: is current 

or past shoewear a factor? Arthritis Rheum. 2009;61(10): 

1352-8.

15. Dawson J, Thorogood M, Marks SA et al. The prevalence of 

foot problems in older women: a cause for concern. J Public 

Health Med. 2002;24(2):77-84.

16. Poterio-Filho J, Silveira SA, Poterio GM et al. The effect of 

walking with high-heeled shoes on the leg venous pressure. 

Angiology. 2006;57(4):424-30.

17. Lee KH, Shieh JC, Matteliano A et al. Electromyographic 

changes of leg muscles with heel lifts in women: Therapeutic 

implications. Arch Phys Med Rehab. 1990;71(1):31-3.

18. Winter DA, Yack HJ. EMG Profiles during normal human 

walking-stride-to-stride and inter-subject variability. Electro-

encephalogr Clin Neurophysiol. 1987;67(5):402-11.

19. Romkes J, Rudmann C, Brunner R. Changes in gait and EMG 

when walking with the masai barefoot technique. Clin Biomech 

(Bristol, Avon). 2006;21(1):75-81.

20. Stefanyshyn DJ, Nigg BM, Fisher V et al. The influence of high 

heeled shoes on kinematics, kinetics, and muscle EMG of 

normal female gait. JAB. 2000;16(3):309-19.

21. Li JX, Hong Y. Kinematic and electromyographic analysis of 

the trunk and lower limbs during walking in negative-heeled 

shoes. J Am Podiatr Med Assoc. 2007;97(6):447-56.

22. Park KM, Chun SM, Oh DW et al. The change in vastus 

medialis oblique and vastus lateralis electromyographic activity 

related to shoe heel height during treadmill walking. J Back 

Musculoskelet Rehabil. 2010;23(1):39-44.

23. Speksnijder CM, vd Munckhof RJH, Moonen SAFCM et al. 

The higher the heel the higher the forefoot-pressure in ten 

healthy women. The Foot. 2005;15(1):17-21.

24. Hong WH, Lee YH, Chen HC et al. Influence of heel height 

and shoe insert on comfort perception and biomechanical 

performance of young female adults during walking. Foot 

Ankle Int.2005;26(12):1042-8.

25. Santos EP, Bessa SNF, Lins CAA et al. Electromyographic 

activity of vastus medialis obliquus and vastus lateralis muscles 

during functional activities in subjects with patellofemoral pain 

syndrome. Rev Bras Fisioter. 2008;12(4):304-10.

26. Wu SH, Chu NK, Liu YC et al. Relationship between the EMG 

ratio of muscle activation and bony structure in osteoarthritic 

knee patients with and without patellar malalignment. J 

Rehabil Med. 2008;40(5):381-6.

27. Nam KS. Effect of the resistance direction by an elastic band 

on the VMO/VL electromyographic antivity ratio during 

dynamic squat exercise. J Kor Soc Phys Ther. 2008;20(3): 

29-34.

28. Hopkins JT, McLoda T, McCaw S. Muscle activation following 

sudden ankle inversion during standing and walking. Eur J Appl 

Physiol. 2007;99(4):371-8.

29. Cordova ML, Bernard LW, Au KK et al. Cryotherapy and ankle 

bracing effects on peroneus longus response during sudden 

inversion. J Electromyogr Kinesiol. 2010;20(2):348-53.

30. Bellew JW, Frilot CF, Busch SC et al. Facilitating activation of 

the peroneus longus: electromyographic analysis of exercises 

consistent with biomechanical function. J Strength Cond Res. 

2010;24(2):442-6.



56

J Kor Soc Phys Ther 2011;23(3):49-56

Lower Extremity Muscle Activity while Wearing High-heeled Shoes under Various Situations: A Therapeutic Perspective

31. Sefton JM, Hicks-Little CA, Koceja DM et al. Modulation of 

soleus H-reflex by presynaptic spinal mechanisms during 

varying surface and ankle brace conditions. Neurophysiol Clin. 

2007;37(1):15-21.

32. Han JT, Gong WT, Lee YS. Comparison of muscle activity with 

lower extremity during stairs and ramp climbing of old adlts 

by EMG. J Kor Soc Phys Thr. 2009;21(1):35-40.

33. Lay AN, Hass CJ, Nichols TR et al. The effects of sloped surfaces 

on locomotion: an electromyo graphic analysis. J Biomech. 

2007;40(6):1276-85.

34. McIntosh AS, Beatty KT, Dwan LN et al. Gait dynamics on 

an inclined walkway. J Biomech. 2006;39(13):2491-502.

35. Lay AN, Hass CJ, Gregor RJ. The effects of sloped surfaces on 

locomotion: akinematic and kinetic analysis. J Biomech. 

2006;39(9):1621-8.

36. Yoon NM, Yoon HJ, Park JS, Jeong HS, Kim G. The 

comparative study on age-associated gait analysis in normal 

Korean. J Kor Soc Phys Thr. 2010;22(2):15-24.




