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Purpose: This study examined the relationship between the center of pressure (COP) displacement time duringthe stance 
phase and dynamic balance ability when older adults cross a 10 cm obstacle.

Methods: Fifteen older adults were enrolled in this study (all ≥65 years of age). The F‐scan was used to measure the COP 
displacement time when subjects cross a 10 cm obstacle, and the Dynamic gait  index. Berg’s balance scale and the Four 
square step test were used to measure dynamic balance ability. 

Results: The Dynamic gait  index, Berg’s balance  scale and  the Four  square step  test were correlated with each other. 
Dynamic balance ability was correlated with COP displacement time during the stance phase at an obstacle crossing in older 
adults.

Conclusion: People with higher dynamic balance ability show a smaller COP displacement time during the stance phase at 
an obstacle crossing. Therefore, dynamic balance ability can be predicted by measuring the center of pressure displacement 
time.
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I. Introduction 

Dynamic balance is what maintains balance when the body-

moves. It is the ability to maintain the desired position and keep 

the center of gravity within a placed base of support while 

moving the body.1 There was a significant positive correlation 

between aging and dynamic balance, because age-related 

modifications in dynamic balance make older adults react slower 

in tasks required for dynamic balance.2 This reduction in 

dynamic balance can increase the risk of falls when faced with 

more challenging environments rather than ground walking at 

an obstacle crossing.

Obstacle crossing strategies are needed for gait, and the 

ability to respond to unexpected situations is required. This is 

especially true if patients with gait disabilities or elderly people 

face obstacles. They clearly show an abnormal gait pattern and 

are at increased risk of falls.3 Loss of walking ability is the first 

motor impairment that occurs in the elderly due to loss of 

muscle strength and balance during physical aging. This is the 

most common cause for falls in the elderly, and it is a direct cause 

of death in the elderly.4,5 To prevent falls, many studies have 

analyzed the characteristics of obstacle crossing.6-8 Among them, 

there are studies about characteristics of center of pressure 

(COP) displacement. The COP during stance phase in normal 

gait moves along the path and creates a characteristic pattern. So 

the displacement path of the COP during walking may be an 

important criterion for judging a normal gait.9 To measure COP 

displacement time during the stance phase is a way to measure 

the time of stance phase accurately. Longer stance time means 

compensation in abnormal gaits like decreased walking velocity 

and stride length.10 Therefore, to measure COP displacement 

time during the stance phase is an objective method to 

determine temporal parameters of gait characteristics.

Thus, it is necessary to determine whether the capability for 
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dynamic balance affects the COP displacement time. However, 

this has not yet been studied. Therefore, our study was designed 

to analyze the correlation between dynamic balance and COP 

displacement time at the stance phase during obstacle crossing. 

To do this, we measured COP displacement time using a foot 

pressure measurement system when crossing an obstacle 10 cm 

in height, which is the typical height of steps and curbs.

II. Methods

1. Subjects

Fifteen older adults (5 males, 10 females) were enrolled in this 

study (all were ≥ 65 years of age). They had no problems in 

cognitive abilities: their K-MMSE scores were over 24 points, 

they had no neurological history, and they had the Berg's 

balance scores of over 41 points, which means a lower risk of 

falls.11 Subjects voluntarily agreed to participate in the experi-

ments after listening to the purpose and method of the study.

2. Experimental methods

1) Equipment

The 10 cm obstacle was a circular wooden bar (2 m in length 

and 2.5 cm in diameter). The obstacle height of 10 cm was 

chosen based on previous research.6,12-14 The 10 cm obstacle was 

designed to be similar to step or curb heights, and is most 

commonly encountered in daily life. We did measurements three 

times and calculated, recorded and did analyses with the average.

2) Procedures

The F-scan was used to measure the center of pressure displace-

ment time when crossing an obstacle. The participants wore a 

converted device on their ankles and waist. Then they put on 

shoes that had pressure probes (in the insole) tailored to their 

foot length. Subjects initiated gait or stepped over an obstacle at 

a self-paced speed.15 When crossing an obstacle, they were 

limited to crossing over it with the left foot. We measured the 

displacement time of the right foot by measuring the step time.

The DGI (Dynamic gait index),16 BBS (Berg’s balance 

scale)11 and FSST (Four square step test)17 were used to measure 

dynamic balance ability(Figure 1). Subjects had enough break 

time to avoid fatigue caused by the experiments.

3) Data collection

The F-scan (F-scan version 3.623, Tekscan, USA), the foot 

pressure measurement system, was used to measure the center of 

pressure displacement time when crossing an obstacle. Reliability 

of the F-scan was demonstrated in a previous study.18-20 It 

collected 300 frames 22 times a second for 10 seconds at 0.01 

seconds per frame. So, one can easily obtain the number of frame 

and times, including the stance phase.

The stance phase was defined as the moment from heel strike 

to toe off at the right foot.

3. Data analysis

Spearman analysis was used to characterize the relationship 

between dynamic balance ability and COP displacement time 

during obstacle crossing. Simple linear regression tests were used 

for causal relationships. The independent variables were 

dynamic balance ability and the dependent variable was COP 

displacement time during stance phase. Statistical analyses were 

performed using SPSS ver. 12.0 and p-values less than 0.05 were 

used to identify significant differences.

III. Results

1. Characteristics of the subjects

The mean age, mean height, mean weight, and mean foot size of 

the subjects were 72.8±5.2 years, 160.3±5.2 cm, 59.3±5.7 kg, 

and 249.0±12.1 mm, respectively.

2. Correlations between DGI, BBS and FSST

DGI, BBS and FSST, which measured dynamic balance in this 

study, were strongly correlated with each other (Table 1).

3. The correlation between dynamic balance 

ability and COP displacement time

The COP displacement time during stance phase at an obstacle 

crossing was 1.54±.55 seconds. The means of the three scales – 
DGI, BBS, FSST – that were measured to investigate dynamic 

balance ability, were 20.40±3.16, 51.60±3.76, and 21.18±7.64, 

respectively. Dynamic balance ability was correlated with the 

COP displacement time during the stance phase at an obstacle 

crossing in older adults. The COP displacement time was 

negatively correlated with DGI and BBS, and positively 
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A. Dynamic gait index B. Berg’s balance scale C. Four square step test

Figure 1. The correlation between dynamic balance abilities and the COP displacement time during stance phase at 
an obstacle.

Dynamic balance

DGI BBS FSST

Coefficient

DGI 1 0.92** -0.91**

BBS 1 -0.99**

FSST 1

COP displacement time -0.64* -0.72** 0.73**

*p<0.05
**p<0.01
DGI : Dynamic gait index
BBS : Berg’s balance scale
FSST : Four square step test

Table 1. The correlation between the DGI, BBS and the FSST, and the correlation between dynamic balance abilities and
the COP displacement time during the stance phase at an obstacle

correlated with FSST (Table 1). All 3 of these dynamic balance 

tests were significant to assess COP displacement time during 

stance phase. DGI, BBS and FSST, respectively, were able to 

explain 43.3% (Figure 1A), 45.6% (Figure 1B) and 42.5% 

(Figure 1C) of the variance (Table 2).

IV. Discussion

Obstacle crossing is one of the many complex challenges 

involving movement during many daily activities and is the most 

common cause of falls for elderly people.22,23 One of the biggest 

causes of poor walking ability is reduced balance,24 and reduced 

dynamic balance ability is necessary to maintain balance while 

moving the body. Unfortunately, balance decreases with age, and 

is an essential element for obstacle crossing.1 The 10 cm obstacle 

was designed to be similar to step and curb heights, and is the 

most commonly obstacle encountered in daily life. This height 

was used to analyze the characteristics of obstacle crossings in 

many previous studies.6,12-14 Therefore, this study measured 

COP displacement time and was designed to analyze the 

correlation of dynamic balance ability and COP displacement 

time at the stance phase during obstacle crossing.

DGI, BBS and FSST were used to measure dynamic balance 
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R2 B () SE t p

DGI

Constant 3.88 0.75 5.16 0.00

Coefficient 0.43 -0.12 (-0.66) 0.04 -3.15 0.01**

BBS

Constant 6.65 1.56 4.28 0.00

Coefficient 0.46 -0.10 (-0.68) 0.03 -3.30 0.01**

FSST

Constant 0.72 0.31 2.32 0.04

Coefficient 0.64 0.07 (0.80) 0.01 4.78 0.00**
**p<0.01
DGI: Dynamic gait index
BBS: Berg’s balance scale
FSST: Four square step test

Table 2. The results of regression between dynamic abilities and the COP displacement time during the stance phase
at an obstacle.

ability. The means of the scales were, respectively, 20.40±3.16, 

51.60±3.76, and 21.18±7.64. There was a strong correlation 

between them. This finding is consistent with previous research 

that found that the FSST has a strong correlation with the DGI. 

A strongly correlation between DGI and BBS were also found in 

elderly as well as Parkinson's patients and patients with 

stroke.24-26 Subjects who participated in this study had scores of 

over 41 points on the BBS (41 points means a lower risk of 

falls).11,27 So our subjects had little risk of falls. In addition 

subjects who participated in this study had scores of over 19 

points on the DGI (19 points means a higher risk of falls),27,29 so 

it indicates that our subjects had little risk of falls. It gives backed 

the result of this study that the DGI and BBS have a strongly 

correlation. On the other hand, Dite and Temple17 found that 

the most accurate FSST score for identifying multiple fallers is 

15 seconds. In this study, subjects who had little risk of falls in 

the DGI and BBS had scores of over 15 seconds on the FSST. 

But because we did not measure the number of falls of the 

subjects, it was difficult to compare with their study directly. So 

further studies will be needed.

Dynamic balance ability and COP displacement time are 

correlated during the stance phase at an obstacle crossing in 

older adults. This means that people with a higher dynamic 

balance ability show a smaller COP displacement time during 

the stance phase at anobstacle crossing. The results of this study 

indicate that when faced with obstacles, older people adopt a 

slower gait, and dynamic balance ability in older people decrease 

with age.

The elderly due to loss of dynamic balance ability try to gait 

more slowly to reduce the risk of falling during obstacle crossing. 

Therefore, dynamic balance ability can be predicted by measur-

ing the center of pressure displacement time.

V. Conclusion 

In this study, the fact that dynamic balance ability affects COP 

displacement time during stance phase at an obstacle in the 

elderly was confirmed. The results of this study indicate that 

when faced with obstacles, older people adopt a slower gait, and 

dynamic balance ability in older people decrease with age. In 

order words, people with higher dynamic balance ability show a 

smaller COP displacement time during the stance phase at an 

obstacle crossing. We suggest that dynamic balance ability can 

be predicted by measuring COP displacement time. 
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