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INTRODUCTION 
The studies for coordination and balance during walking 
have well been documented in different subject matters such 
as in gender, aging, shoe, and various conditions especially, 
to estimate the stability and potential injuries in locomotion 
[2,3,4]. However, little study has been conducted to 
determine whether the intra-limb coordination of the lower 
extremities and balance changed among different height of 
high-heeled shoes during walking. Therefore, the purpose of 
this study was to investigate the lower extremities' 
coordination determined by temporal relations and gait 
balance among different high-heeled shoes (3, 7, 9cm). 
 
METHODS 
Twenty healthy women (height: 161.6±3.3 cm, body mass: 
53.8 ±6.3 kg, age: 23.8±2.7 yrs), who has no history of lower 
limb pain within 6 month were recruited for this study.  

After fully warmed-up each participant was asked to walk 
across the 10m walkway under three different walking 
conditions: walking with 3, 7 and 9 cm high-heeled shoes. 
Participants asked to walk at their preferred walking speed 
(mean speed 0.87±0.1m/s) and contact a force plate 
embedded in the middle of the walkway.  Five successful 
trials were collected for each walking condition and these 
trials were averaged prior to data analysis. All conditions 
were balanced and randomized in order. 

Total of six infrared cameras(Qualisys MCU 240, Sweden) 
and one force plate(Kistler Type 9286, Swiss) were used to 
collect data with sampling frequency as 100 Hz and 1000 Hz, 
respectively. The parameters analyzed in this study for 
pursuit the study goal were COP(center of pressure) range 
and free moment as the dynamic balance. Also peak knee 
flexion, tibia internal rotation, and foot eversion angles were 
calculated to find intra-limb coordination of lower extremies 
and provided their occurrence time during support phase. 
One-way ANOVA was employed for this study to determine 
the significance among the conditions. A Turkey post-hoc 
test was performed if a statistical difference was found. 
Alpha level was set at 0.05 for all statistical analysis.  

 
RESULTS AND DISCUSSION 
The significant differences were observed in segmental 
movement as heel height of shoe increased (p<.05, Table 1). 
The peak angle of these movements occurred almost 

simultaneously in 3cm high-heeled walking, but not in 7cm 
and 9cm. Especially, the peak time occurrence ratio of foot 
eversion to tibia internal rotation converged to 1 in 3cm 
high-heeled walking, but those were less than 1 in 7cm and 
9cm. These results indicated that 7 and 9cm high-heeled 
walking may have more potential injury than that of 3cm 
walking as increasing imbalances in lower-extremity 
coordination [3]. 

The finding of COP and free moment revealed that heel 
height of shoe affected on the COP range in the anterio-
posterial direction not in the medio-lateral direction and free 
moment (Figure 1). It means that control mechanism about 
the vertical axis may not be affected as increasing shoe heel 
height during walking [1] 

 
Table 1: Occurrence time of peak angles during support 
phase among three different heights of high heeled shoes(%) 
 

3cm 7cm 9cm 

Knee Flexion 67.3±5.9a 61.6±3.8a,b 57.5±3.0a,b 
Tibia Internal Rotation 68.4±3.2a 81.9±4.4  86.5±4.6  
Foot Eversion 70.0±4.5a 62.7±5.4  66.5±6.9  
Values are expressed as mean ± sd. a and b indicate significant 
differences among heel height and movements, respectively. 
 

 

 
 

Figure 1: The range of COP and free torque range during 
support phase among three different heights of high heeled 
shoes.  



 
CONCLUSIONS 
In conclusion, the finding of this study indicated that 3cm 
high-heel walking had better in the lower extremities' 
coordination compared with those of 7, 9cm high-heel 
walking. It also concluded that heel height of shoe affected 
on the COP range in the anterio-posterial direction during 
walking (dynamic balance). These results suggest that as 
heel height of shoe increased, walker have more fatigue and 
instability due to poor coordination between lower 
extremities and poor balance. 

REFERENCES 

1. Dalleau, et al., Eur Spine J. 16: 1593-1599, 2007 

2. Heiderscheit., et al., J Appl. Biomech. 18:110-121,2002. 
3. Stergiou ,et al, Clin Biomech. 16: 213-221, 2001. 
4. Stefanyshyn, et al., J Appl. Biomech. 16: 309-319, 2000. 


