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The purpose of this study was to comparatively analyze normal gait on 
the plains by gender for old people reference data for the normal gait 
pattern for the old people. Participants were selected according to the 
Korean standard body type provided by the Ministry of Health and Wel-
fare and used a three-dimensional motion analysis system. Cortex, Or-
thotrak, and Excel were used as the software for analyzing the extract-
ed data, and IBM SPSS Statistics ver. 24.0 was used for statistical anal-
ysis. When data standardization was performed using the dimension-
less numbers conversion, the step length and stride length of the lower 
extremities, which had differences between genders before dimension-
less numbers conversion, showed no difference after dimensionless 
numbers conversion. Cadence, step time, and single support time of the 

left lower extremity, which had no difference between genders before 
dimensionless numbers conversion, were found to have significant dif-
ferences after dimensionless numbers conversion. In addition, as a re-
sult of analyzing the coefficient of variation value to find out the degree 
of change in data due to dimensionless numbers conversion, there 
were increase and decrease in the coefficient of variation value rang-
ing from -8.11% to 6.67% before and after dimensionless numbers con-
version, which means dimensionless numbers conversion can affect 
the statistical test.

Keywords: Gait, Spatio-temporal variables, Dimensionless numbers, 
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INTRODUCTION

The analysis of spatio-temporal variables in gait studies is im-
portant because it can evaluate the lower extremities disorder, gait 
stability, and gait pattern changes (Rose et al., 1991). In the major 
preceding studies on gait in old people, comparative analysis be-
tween age and gender (Callisaya et al., 2010; Doyo et al., 2011; 
Ko et al., 2011; Laufer, 2003; Menz et al., 2004), fall-related anal-
ysis (Kwon et al., 2018; Mortaza et al., 2014), research related to 
diagnosis and effectiveness for rehabilitation treatment (de Haart 
et al., 2005; Pau et al., 2016), and analysis of disease-related ab-
normal gait (Amaral-Felipe et al., 2020) have been conducted. 
Although these preceding studies have been analyzed for causality 
with factors that can influence spatio-temporal variables according 
to the purpose, they are insufficient to be used as reference data for 
evaluating normal and abnormal gait of the Korean old people. 

This is because the participants in foreign studies are completely 
different from Koreans in their physical characteristics. And in the 
case of domestic studies involving Koreans, conditions such as the 
age range of the study subjects, the suitability of physical charac-
teristics, and the number of subjects to test for statistical signifi-
cance were not met properly. Above all, the presented data was 
not standardized, so it is difficult to determine the factors of change 
in spatio-temporal variables.

For normal gait reference data, Hof (1996) proposed data stan-
dardization using dimensionless numbers (DN) method. DN is a 
mathematical model that removes physical characteristics such as 
weight and height that affect the body segment parameter used 
when calculating spatio-temporal and dynamics variables for gait 
pattern analysis. Hof (1996) proposals have been used in studies 
such as Pierrynowski and Galea (2001), Stansfield et al. (2003). In 
gait analysis, standardization data of normal gait is essential to 
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find out whether the results of gait variable analysis are within the 
range of the normal gait and to compare the characteristics of ab-
normal gait with normal gait. However, no research has been con-
ducted on the effects of standardized data targeting the gait vari-
ables of old people in domestic studies.

This study compares and analyzes spatio-temporal variables be-
tween genders by conducting a flat gait experiment with old peo-
ple in Korean to prepare reference data for normal gait patterns of 
Korean old people. We intend to test the effect of Hof’s (1996) 
DN using gait data from old people.

MATERIALS AND METHODS

Participants
This study has selected 75 healthy old people without reported 

medical history related to walking and aged 70 years or older. To 
determine the actual targets of this study, this study has utilized 
purposive sampling to arrive at a total of 68 participants (male, 
34; female, 34) in the ±1σ of standard height and weight as pro-
vided by Korea Health Statistics 2015: Korea National Health 
and Nutrition Examination Survey (KNHANES VI-3) from the 
Ministry of Health and Welfare (2016). The physical characteris-
tics of the final participants are shown in Table 1. As a result of 
conducting a one-sample t-test on the KNHANES VI-3 to verify 
the representativeness of the subjects, it was verified that both 
male and female had the average body type of the age group (Table 
1). Moreover, this study utilized Gpower, a sample size testing 
program, to determine the appropriate reference data, for Korean 
old people in their 70s. A two-sided test with parameters of α= 
0.05, ES (effect size)=0.8, power=90% was conducted to com-
pare with the standard data provided by KNHANES VI-3. This 
yielded a sample size of 34 participants, with 90.1% statistical 
power. In addition, 34 sample sizes were suitable as the sample 
size for this study because they maintain the normality of statisti-
cal data by central limit theorem and satisfy the minimum size for 
using the parametric analysis method.

Equipment
The equipment used in this study is three-dimensional (3D) 

image analysis equipment and force platforms. The motion capture 
system of Motion Analysis (MotionAnalysis Corp., Santa Rosa, CA, 
USA) was used as the 3D image analysis equipment. The sampling 
frequency of the camera was 120 frames/sec, and the shutter speed 
was set to 1/1,000 sec. Also, the coordinate data extracted from 
the image was smoothed using a Butterworth two-order lowpass 
filter, and the cutoff frequency used in this process was 6 Hz. The 
force platforms used were type 9260AA6 (1 unit, 600×500) and 
type 9260AA3 (1 unit, 298.5×500) manufactured by Kistler 
(Kistler Instrument Corp., Novi, MI, USA); the sampling rate 
was set at 1,200 Hz and the gain value was ±5 V. The captured 
images were translated into 3D coordinate data through editing 
using Cortex, and spatio-temporal variable data were calculated 
using Orthotrak and Excel software.

Experimental procedure and content
Three days before the experiment, the participants were remind-

ed to ensure that their everyday activity remained normal (refrain-
ing from drinking, excessive exercise, or lack of sleep), which was 
confirmed through interviews on the day of the experiment. Before 
the experiment, this study obtained measurements of the physical 
characteristics of the participants, including height, weight, lower 
extremity length, foot length, and foot width. The lower extremi-
ties length was determined to be the distance from the anterior 
superior iliac spine to the center of ankle joint. The anatomical lo-
cations of the markers attached to the participants for image anal-
ysis were determined using the Helen-Hayes marker set method. 
Participants practiced walking in their self-selected normal walk-
ing speeds for 3–5 min with having the markers attached. A sec-
tion of six steps was filmed to extract data from the participants. 
This study identified the clips were the feet of the participants were 
properly placed on the force platform, and the participant and the 
researcher selected three gait data points where the participant was 
walking normally and calculated their averages for analysis.

Table 1. One sample t-test participants’ physical characteristics with Korea Health Statistics 2015; Korea National Health and Nutrition Examination Survey by Min-
istry of Health and Welfare of Korea (2016)

Gender Item Participant KNHANES VI-3
One-sample t-test

t df P-value

Male (n= 34) Height (cm) 165.84± 4.91 164.20± 0.37 1.943 33 0.061
Weight (kg) 62.93± 6.30 63.90± 0.60 -0.898 33 0.376

Female (n= 34) Height (cm) 151.03± 3.80 150.20± 0.38 1.276 33 0.211
Weight (kg) 55.35± 7.7 55.40± 0.48 -0.036 33 0.972
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The spatio-temporal variables were calculated on the original 
data obtained through the experiment and normalized using the 
DN of Hof (1996). Statistical analysis was performed using IBM 
SPSS Statistics ver. 24.0 (IBM Co., Armonk, NY, USA). Indepen-
dent t-test was used to examine the difference between the lower 
extremities the same gender and between genders; the significance 
level for the statistical analysis was α=0.05.

RESULTS

Results of nondimensionless numbers’ data analysis on 
spatio-temporal variables

As a result of Shapiro-Wilk normality test for spatio-temporal 
variables before DN conversion, speed, single support time (SST), 
double support time (DST) of lower extremities were out of nor-
mality in male. Table 2 shows the results of the descriptive statis-
tics for spatio-temporal variables, an independent t-test between 
genders, and a nonparametric test of Mann-Whitney U-test before 
DN conversion. According to Table 2, SST, DST, and step length 
of the right lower extremity were not assumed to be equality of 
variance. Differences between genders for spatio-temporal variables 

did not show statistically significant differences in cadence, step 
time, SST, and DST, but for speed, step length, and stride length, 
there was a significant difference in the mean value between gen-
ders, which was the same as the result in the Mann-Whitney U-test.

Fig. 1 is a graph showing the gait cycle of a participant. Accord-
ing to Fig. 1A, the average swing phase ratio was 36.10% for male 
and 35.85% for female. Fig. 1B shows the ratio of single support 
phase (SSP) and double support phase (DSP) in the stance phase. 
According to the results of this study, the ratio of DSP was 43.10% 
for males and 43.92% for females. In addition, the difference be-
tween SSP and DSP was 13.80% for male, which was greater than 
12.12% for female (Fig. 1B).

Results of dimensionless numbers’ data analysis on  
spatio-temporal variables

Table 3 shows the results of a descriptive statistics and an inde-
pendent t-test as a test for spatio-temporal variables after DN con-
version and the results of Mann-Whitney U-test as a test for non-
parametric test. After the DN conversion, the speed was not out 
of normality, which had been out of normality before the DN 
conversion. In addition, all variables were assumed to be equality 

Table 2. Descriptive statistics, equality of variance, and independent t-test for spatio-temporal variables before dimensionless numbers conversion

Variable Male Female
Levene test for equality of variances t-test Nonparametrice test

F P t df P Mann-Whitey U P

Cadence (steps/min)
   Right 113.91± 8.00 113.95± 11.22 2.139 0.148 -0.020 66 0.984 568.000 0.902
   Left 114.32± 8.12 113.82± 10.56 1.385 0.243 0.439 66 0.662 553.000 0.759
Step time (sec)
   Right 0.53± 0.04 0.53± 0.05 1.389 0.243 0.131 66 0.896 562.000 0.844
   Left 0.53± 0.04 0.53± 0.05 1.488 0.227 -0.294 66 0.770 574.000 0.961
Speed (cm/sec)
   Right 113.24± 15.56 96.24± 16.46 0.929 0.339 4.377 66 0.000 278.000 0.000
   Left 114.69± 15.56 95.93± 16.10 0.261 0.611 4.883 66 0.000 240.000 0.000
Single support time (sec)
   Right 0.50± 0.12 0.50± 0.11 1.195 0.278 -0.019 64.139 0.985 609.000 0.704
   Left 0.48± 0.09 0.52± 0.10 0.454 0.503 -1.439 66 0.155 692.000 0.162
Double support time (sec)
   Right 0.41± 0.20 0.41± 0.14 6.826 0.011 -0.074 60.121 0.941 595.000 0.835
   Left 0.40± 0.17 0.42± 0.15 1.709 0.196 -0.662 66 0.510 629.000 0.532
Step length (cm)
   Right 58.86± 9.93 49.99± 6.66 5.116 0.027 4.324 57.681 0.000 271.000 0.000
   Left 61.08± 9.70 50.73± 6.83 0.875 0.353 5.085 66 0.000 201.000 0.000
Stride length (cm)
   Right 120.13± 13.99 101.14± 11.17 1.216 0.274 6.211 66 0.000 159.000 0.000
   Left 120.80± 13.94 101.13± 11.69 1.354 0.249 6.306 66 0.000 171.000 0.000

Values are presented as mean± standard deviation.
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of variance. It can be seen that the data after DN conversion was 
smaller than that before DN, and the standard deviation value 
was also smaller. In the difference test between genders of spatio- 
temporal variables, there was no significant difference in step length 
and stride length of lower extremities after DN conversion. But, 
in the cadence, step time, and SST of the left lower extremity, there 
was a significant difference between genders. The results of the 
t-test and the Mann-Whitney U-test between genders were the 
same.

The coefficient of variation (CV) was calculated to find the change 
in the deviation before and after the DN conversion, and the results 
are shown in Table 4. According to Table 4, before and after the 
DN conversion, the CV value increased or decreased, and the range 
was -8.11% to 6.76%.

DISCUSSION

In order to improve the validity of this study and to understand 

Fig. 1. Comparison of gait cycle ratios between participants by gender.
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Table 3. Descriptive statistics, equality of variance, and independent t-test for spatio-temporal variables after dimensionless numbers conversion

Variable Male Female
Levene test for equality of variances t-test Nonparametrice test

F P t df P Mann-Whitey U P

Cadence
   Right 0.52± 0.04 0.49± 0.05 1.643 0.204 2.955 66 0.004 348.000 0.005
   Left 0.52± 0.04 0.49± 0.05 0.690 0.409 3.527 66 0.001 326.000 0.002
Step time
   Right 1.92± 0.14 2.03± 0.19 2.740 0.103 -2.801 66 0.007 562.000 0.844
   Left 1.92± 0.13 2.04± 0.19 2.285 0.135 -3.255 66 0.002 574.000 0.961
Speed
   Right 0.42± 0.06 0.38± 0.06 2.775 0.101 2.765 66 0.007 381.000 0.016
   Left 0.42± 0.06 0.38± 0.06 1.558 0.216 3.237 66 0.002 354.000 0.006
Single support time
   Right 1.82± 0.43 1.93± 0.39 0.712 0.402 -1.136 66 0.260 685.000 0.189
   Left 1.76± 0.34 2.00± 0.42 0.850 0.360 -2.594 66 0.012 776.000 0.015
Double support time
   Right 1.49± 0.71 1.59± 0.55 1.110 0.296 -0.737 66 0.464 641.000 0.440
   Left 1.44± 0.62 1.62± 0.56 0.831 0.365 -1.272 66 0.208 683.000 0.198
Step length
   Right 0.79± 0.13 0.76± 0.10 0.266 0.108 1.228 66 0.224 458.000 0.141
   Left 0.82± 0.12 0.77± 0.11 0.039 0.844 1.811 66 0.075 418.000 0.050
Stride length
   Right 1.61± 0.18 1.53± 0.17 0.086 0.770 1.962 66 0.054 437.000 0.084
   Left 1.62± 0.17 1.53± 0.18 0.092 0.713 1.973 66 0.052 437.000 0.084

Values are presented as mean± standard deviation.
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the gait patterns of Korean old people, we compared gait pattern 
with the results of preceding studies. Fig. 2 is a graph comparing 
the results of this study with the spatio-temporal variables of the 
preceding studies (Callisaya et al., 2010; Ko et al., 2011; Laufer, 
2003). Although the objectives of the preceding studies presented 
were different, they were conducted for the old people, similar 
study methods were used. For comparison, spatio-temporal vari-
ables that were not converted by DN were presented among the 
result of the studies.

Compared with the results of preceding studies presented in 
Fig. 2, the results in this study show higher cadence due to short-
er step length, shorter step time, and slower speed. In addition, in 
the speed and step length, the difference between genders in Ko-
rean participants was greater than that of the preceding study. In 
the total gait cycle, the stance phase ratio was similar to the results 

Table 4. The results of coefficient of variation value and rate of change for 
spatio-temporal variables

Variable Sex
Coefficient of variation 

Pre Post Post-pre Rate (%)

Cadence Male Right 7.023 6.953 -0.070 -1.00
Left 7.107 7.034 -0.073 -1.03

Female Right 9.848 9.492 -0.356 -3.61
Left 9.321 8.934 -0.387 -4.15

Step time Male Right 7.141 7.072 -0.069 -0.97
Left 7.021 6.969 -0.052 -0.74

Female Right 9.409 9.293 -0.116 -1.23
Left 9.355 9.187 -0.618 -1.80

Speed Male Right 13.740 13.447 -0.293 -2.13
Left 13.567 13.134 -0.433 -3.19

Female Right 17.100 17.151 0.051 0.30
Left 16.787 17.107 0.383 1.91

Single 
support 
time

Male Right 23.768 23.738 -0.042 -0.13
Left 18.403 19.160 0.757 4.11

Female Right 19.991 20.028 0.037 0.19
Left 20.988 20.806 -0.182 -0.87

Double 
support 
time

Male Right 48.013 47.866 -0.147 -0.31
Left 42.632 42.844 0.212 0.50

Female Right 34.482 34.555 0.073 0.21
Left 34.700 34.706 0.006 0.02

Step 
length

Male Right 16.885 16.718 -0.167 -0.99
Left 15.884 15.185 -0.699 -4.40

Female Right 13.331 13.128 -0.203 -1.52
Left 13.482 14.393 0.911 6.76

Stride 
length

Male Right 11.568 10.986 -0.582 -5.03
Left 11.544 10.607 -0.937 -8.11

Female Right 11.049 11.191 0.142 1.29
Left 11.555 12.007 0.452 3.91
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of Laufer (2003) and Ko et al. (2011) but numerically, Korean 
women had the lowest stance phase ratio. The DSP ratio, which is 
affected by gait speed, was found to be higher than that of the 
participants in Laufer (2003), whose gait speed was slow. Compre-
hensively, the characteristics of the walking pattern of the old 
people in Korea were short step length, slow gait speed, and high 
cadence, which are typical patterns to improve gait stability (Kres-
sig et al., 2004). The variables compared with the preceding stud-
ies showed numerical differences. It is unclear whether they re-
sulted from the differences in height, weight, and length of the 
lower extremity between Koreans and foreigners, or whether it is 
a characteristic of the gait pattern of Korean old people.

In the gender difference test, there were differences in statistical 
tests before and after the DN conversion. Among the spatio-tem-
poral variables, there was a change in gender difference test before 
and after DN conversion at step length, stride length, cadence, and 
step time. This difference shows similar results to the study of Doyo 
et al. (2011) for the Japanese public. In addition, after the DN 
conversion, the normality of the variables was confirmed, which 
had been deviated from the normality before the DN conversion. 
And it was possible to assume an equality of variance in all vari-
ables. The change occurred in the CV value to investigate the change 
in the deviation due to the DN conversion. In other words, DN 
conversion is influencing the data of spatio-temporal variables to 
change statistical tests, and is thought to prove that the use of 
DN conversion is necessary in gait analysis.
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