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The purpose of this study was to evaluate the components of walking
adults who have no symptoms by integrating the temporal and spatial
walking variables obtained from the GAITRite system. The following de-
scribes previous debates on weight-loaded walking training. The con-
clusion was as follows. First, there was a significant difference in walk-
ing distance between the 0% group and 1% group and between the 1%
group and 2% group (P<0.05). Sencond, there was a significant differ-
ence in walking velocity between the 0% group and 1% group and be-
tween the 0% group and 2% group (P<0.05). Third, there was a signifi-

INTRODUCTION

The ability to walk freely, which means the movement of the
human body from one point to another through bipedalism, is the
most fundamental basis for the successful performance of an indi-
vidual’s daily routine (Yi, 2011). Normal walking is a functional
relationship where the body’s anatomical and psychological sup-
porting systems are properly integrated and mutually depend on
each other in an organic way (Kim and Yoon, 2009). Walking is a
complicated motion that is possible when approximately 100 skel-
etal muscles coordinate with multiple joints in the upper and low-
er limbs (Whittlesey and Hamill, 1996). For complete walking,
the following four requirements should be satisfied. First, the
trunk, head, and arms above the two hip joints should be balanced.
Second, support of the lower limb segments should be maintained
during the stance phase. Third, the feet should be completely off
the ground during the swing phase. Finally, energy that can drive
the body forward needs to be supplied (Olney and Richard, 1996).

cant difference in walking cadence hetween the 0% group and 1%
group, between the 1% group and 2% group, and between the 0%
group and 2% group (P<0.05). These study results indicate that diverse
amounts of weight loading can be effective for enhancing the walking
factors of adults without symptoms.

Keywords: Weight-loaded, Gait rite system, Walking factors, Walking
velocity and cadence

There are two ways of expressing walking: gait and walk. Gait
refers to the controlling mechanism of walking and walk refers to
the appearance of walking in general (Levine et al., 2012). Every-
one performs bipedal walk, but each person has a different gait.

Walking is an exercise that requires low-intensity endurance. It
helps improve physical strength and the circulation function of
women and middle-aged or older people (American College of
Sports Medicine, 2000). It is also effective in weight loss and the
improvement of the cardiopulmonary function (Shono et al.,
2001). Walking is an effective exercise that has a relatively low
risk of injury to the musculoskeletal system due to its small effect
on the human body (Park et al., 2007). However, as it requires a
long time due to its low energy consumption, walking as an exer-
cise has the disadvantage of being boring (Kim et al., 2002).

To counteract the shortcoming of this exercise that requites a
long time, ways to increase exercise consumption during the same
amount of time have been introduced that can save time and in-
crease the intensity and efficiency of the exercise (Auble and
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Schwartz, 1991). Examples include walking while holding a
dumbbell in each hand or wearing a sandbag around each ankle
(Yang, 1996). In particular, a lot of people do weight-loaded exer-
cise using sandbags because sandbags are inexpensive and easy to
wear. Walking exercise with added weight loading is reported to
be more effective than normal walking exercise (Burse et al.,
1979; Pandolf and Goldman, 1975).

There have been a variety of studies regarding weight loading
on the lower limbs. A study reported that exercise effects increase
when the attachment location of the weight load is nearer to the
lower limb than the upper limb and that the minimum weight
loading is 2% of body weight, with 1% on each lower limb (Yang,
1996). A study that compared the activity of the gluteus medius
muscle during walking by applying a weight load of 0%, 1%,
and 2% of body weight reported significant activation in the case
of 1% loading (Lee, 2013).

Studies have been published that argue that weight-loaded
training is effective for walking and the activation of the muscle
strength of the lower limb. However, few studies have used
weight load to compare the walking factors of adults who do not
have symptoms. Hence, this study examined the impact of train-
ing with weight loading, which many people use in daily life, on
walking according to different weight loads by using temporal
and spatial walking analyses.

MATERIALS AND METHODS

Participants

Male and female adults living in Busan, Korea were selected as
the research subjects for this study. All of the participants had not
experienced any injury in the lower limbs over the past 6 months
and were familiar with walking as they were already walking for
more than 2 hr every day. Before the experiment, the purpose and
method of this experiment was explained to them sufficiently. All
of the subjects participated voluntarily. After submitting consent,
they participated in the experiment in random order.

Measurement tool

This study used GAITRite (CIR system Inc., Franklin, New
Jersey, USA) to measure the temporal and spatial variables of
walking. GAITRte is an electronic walking plate that has a walk-
ing area of 61-cm width and 366-cm length. As a subject walks
on the walking lane, a pressure detection device attached to the
plate captures the subject’s walking. The walking analyzer gener-
ates and stores records in computer files so that users can collect
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information regarding the temporal and spatial walking variables.

Measurement method

The entire process of the study’s experiment was sufficiently ex-
plained to all the subjects. The experiment was implemented after
resting so that the subjects were familiar with the environment.
For accuracy, the measurement was conducted by a single tester.

For the walking measurement, a tester showed an example and
let the subjects walk at their comfortable walking velocity and
maintain the velocity to the end. Walking began 2 m in front of
the walking plate upon a verbal signal from the tester. Then, the
subjects walked over to the walking plate and returned after walk-
ing 2 m more in distance.

This process was repeated 3 times and walking velocity, step
length, cadence, stride, and stride length were measured. The av-
erage of the three measurements was used for the analysis.

Weight-loading method

Before the measurement, weight that corresponded to 0%, 1%,
and 2% of the individual’s body weight was attached at 5 cm
above the left and right ankle bones using sandbags with Vel-
cro-type straps.

Data analysis

This study used IBM SPSS ver. 18.0 (IBM Co., Armonk, NY,
USA) for the analysis of the collected data. We used a repeated mea-
sures analysis of variance for the comparison analysis of the temporal
and spatial variables, the kinematic variable, and the kinetic vari-
able of each group. The significance level was set at a=0.05.

RESULTS

General characteristics of the research subjects

The research subjects included 11 men and 16 women whose
average age was 22.19+1.96 years old, average height was
166.33+9.22 cm, and average body weight was 61.52+11.44 kg
(Table 1).

Table 1. General characteristics of the subjects (n=27)

Characteristic Value
Gender (male:female) 11:16
Age (yr) 22.19+1.96
Height (cm) 166.33+9.22
Weight (kg) 61.52+11.44

Values are presented as number or mean + standard deviation.
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Table 2. Within-subject contrast test of walking distance

Walking distance Type lll SS Degree of freedom Mean square F Significance probability
Levels 1 and 2 7,733.794 1 7,733.794 1.756 0.197

Levels 2and 3 20,106.453 1 20,106.453 4838 0.037*

Levels Tand 3 2,900.386 1 2,900.386 0570 0.457
*P<0.05.

Table 3. Within-subject contrast test of walking velocity

Walking velocity Type Il SS Degree of freedom Mean square F Significance probability
Levels 1 and 2 272653 1 272.653 6.181 0.020*
Levels2and 3 42.563 1 42.563 1.234 0.277

Levels 1and 3 530.670 1 530.670 8.381 0.008**
*P<0.05. **P<0.01.

Table 4. Within-subject contrast test of walking cadence

Walking cadence Type Il SS Degree of freedom Mean square [F Significance probability
Levels 1 and 2 209.446 1 209.446 16.609 0.000**

Levels 2 and 3 46.413 1 46.413 5.057 0.033*

Levels Tand 3 453.050 1 453.050 24533 0.000**
*P<0.05. **P<0.01.

Table 5. Within-subject contrast test of walking step length

Walking step length Type Il SS Degree of freedom Mean square £ Significance probability
Levels 1 and 2 0699 1 0.699 0.107 0.746

Levels 2and 3 0.406 1 0.406 0.098 0.757

Levels Tand 3 0.040 1 0.040 0.004 0.947

Change in and comparison of the temporal and spatial
walking variables

Walking distance

In the measurement of walking distance, the group with 0%
added weight had 813.80+48.00 cm, 1% had 830.73+50.64
cm, and 2% had 803.44+49.19 cm. There was a significant dif-
ference between the 1% group and 2% group (P < 0.05) (Table 2).

Walking velocity

In the measurement of walking velocity, the 0% group had
129.81+14.83 cm/sec, 1% had 126.63+16.92 cm/sec, and 2%
had 125.38+17.18 cm/sec. There was a significant difference be-

tween the 0% group and 1% group and between the 0% group
and 2% group (P <0.05) (Table 3).

Cadence

In the measurement of walking cadence, the 0% group had
117.88+8.71 step/min, 1% had 115.10+9.39 step/min, and 2%
had 113.79+9.43 step/min. A significant difference was observed
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between the 0% group and 1% group, between the 0% group
and 2% group, and between the 1% group and 2% group (P <
0.05) (Table 4).

Step length

In the measurement of step length, the 0% group had 66.05+
5.31 cm, 1% had 65.89+5.44 cm, and 2% had 66.01 +6.06 cm.
There was no statistically significant difference in the bwtween-
group comparison (Table 5).

Stride length

In the measurement of stride length, the 0% group had 132.30+
10.65 cm, 1% had 131.80%£10.90 cm, and 2% had 132.12+
12.00 cm. There was no statistically significant difference in the
between-group comparison (Table 6).

Double support time

In the measurement of the double support time of walking, the
0% group had 0.21+0.04 sec, 1% had 0.21+0.04 sec, and 2%
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Table 6. Within-subject contrast test of walking stride length

Walking stride length Type Il SS Degree of freedom Mean square £ Significance probability
Levels 1and 2 6.589 1 6.589 0.223 0.641
Levels2and 3 2.772 1 2772 0.155 0.697

Levels 1and 3 0813 1 0813 0.022 0.883

Table 7. Within-subject contrast test of double support time while walking

Double support time while walking Type lll SS Degree of freedom Mean square F Significance probability
Levels 1and 2 0.000 1 0.000 0.462 0.503
Levels2and 3 0.000 1 0.000 0.022 0.882

Levels 1and 3 0.000 1 0.000 0.322 0.575

had 0.21£0.05 sec. There was no statistically significant between-
group difference (Table 7).

DISCUSSION

This study examined the temporal and spatial changes in adults
without symptoms due to weight by using walking analysis.
Studies related to walking began with the most fundamental de-
scriptive research on the walking phase and have evolved to incor-
porate more complicated and diverse methods and measurement
tools. The related literature is now building a unique domain, for
example, a recent study used a mathematical modeling technique.
Clinical studies focusing on the medical diagnosis and improve-
ment of motions that can cause surgical impediments in patients
with walking impairment are under active progress (Harris and
Wertsch, 1994).

Our study evaluated the components of walking adults who
have no symptoms by integrating the temporal and spatial walk-
ing variables obtained from the GAITRite system. The following
describes previous debates on weight-loaded walking training.

Yang (1996) reported that exercise effects, such as energy me-
tabolism or rate of perceived exertion, increased as the location of
weight loading goes farther from the trunk or upper limb toward
the ankle. A study that examined the activation of the lower limb
in the stance phase during walking using diverse weight amounts
(0 kg, 0.5 kg, and 1 kg) reported a significant difference in the
case of 0.5 kg vertical loading (Lee et al., 2013). Lee (2013) stud-
ied weight loading that corresponded to 0%, 1%, and 2% of body
weight on the lower limbs in the swing phase side of 40 young
men in their 20s and 30s and compared the activity of the gluteus
medius muscle in the stance phase side. The study reported a sig-
nificant activation of the gluteus medius muscle in the case of 1%
loading. The study also conducted a comparison analysis among

428 http://www.e-jer.org

the 0%, 1%, and 2% groups and reported a significant difference
between 1% and 2%, showing similar results to previous studies.
Lee and Lee (2011) provided 6-week treadmill walking training
to subjects consisting of patients with stroke by dividing them
into a weight-loading group on the unaffected side where 5% of
body weight was applied, a weight-loading group on the affected
side with the same amount of weight loading, and a non—
weight-loading group. In the study results, the group that had
weight loading on the unaffected side showed a significant differ-
ence in temporal and spatial walking factors. It is conjectured that
our study could have produced significant results in the walking
factor if we had applied 1% weight loading to patients.

In the analysis results of this study, a significant difference in
walking distance was observed between the 1% group and 2%
group when walking distance was high in the 1% group and low
in the 2% group. There was a significant difference in walking
velocity between the 0% group and 1% group and between the
1% group and 2% group when walking velocity decreased as
weight increased. Cadence also showed a significant difference in
all of the between-group comparisons when cadence decreased ac-
cording to weight increase. Lee (2013) reported that 1% weight
loading increases the activity of the gluteus medius muscle during
walking, but 2% weight loading decreases its activity. It is con-
jectured that 1% weight loading caused an increase in walking
distance by providing stability to the lower limb in the stance
phase side due to the increased activity of the gluteus medius
muscle, while 2% weight loading decreased distance because it
acted as an interfering factor by reducing the activity of the glute-
us medius muscle during walking. Walking velocity and cadence
are proportional to each other (Lin et al., 2006) and cadence de-
creases more in an overweight group than in a low body weight
group (Kang and Park, 2014). This study also confirmed the con-
sistency of walking velocity and cadence. A dectease in walking

https://doi.org/10.12965/jer.1734954.477



Hwang JW, etal. e The effects of ankle weight loading on the walking factors

velocity and cadence due to an increase of weight load can be at-
tributed to limited joint mobility because of the weight loading.

Considering the results of the previous literature and this study,
weight loading that corresponds to 1% of body weight improves
walking ability, which is expected to contribute to independent walk-
ing and better daily life. We believe that diverse studies are needed
that can be applied to a broader range of patients in the future.

This study examined the temporal and spatial changes in the
walking factors of male and female adults without symptoms due
to weight loading. We selected 20 male and female adults that
had no symptoms and investigated the temporal and spatial walk-
ing variables of their walking factors using the GAITRite system.
Below is a summary of the study results.

(a) There was a significant difference in walking distance be-
tween the 0% group and 1% group and between the 1% group
and 2% group (P <0.05).

(b) There was a significant difference in walking velocity be-
tween the 0% group and 1% group and between the 0% group
and 2% group (P <0.05).

(c) There was a significant difference in walking cadence be-
tween the 0% group and 1% group, between the 1% group and
2% group, and between the 0% group and 2% group (P <0.05).

These study results indicate that diverse amounts of weight
loading can be effective for enhancing the walking factors of
adults without symptoms.
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