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Abstract

The backward walking can be used as an exercise program mainly after injury. However, the present reality is such that
studies evaluating the effect of backward walking through the foot pressure are lacking. The purpose of this study was to
evaluate the changes in foot pressure through forward and backward walking training before and after the interventions by
group. The subjects for this study were 20 people in control group, and 20 people in the experimental group. Measurement
tool used was the gait analyzer. All subjects were evaluated in the same manner for the foot pressure before and after the
intervention. Interventions were conducted five times a week for four weeks, 30 minutes a day. After having light clothing
and flat shoes, subjects walked forward in the control group, while the subjects walked backward in the experimental group.
As a result, there was no significant difference in foot pressure between the control and the experimental group. However,
in the control group, F2, F5, and R4 showed statistically significant reduction in pre- and poet-test. In the experimental
group, F5 and F6 showed statistically significant reduction in pre and poet-test. It is considered that the results of this

study could be used as a basis when applying the backward walking training in the clinical trials.
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1. Introduction

With a rising interest in health in recent years, more and
more people are becoming the enthusiasts for outdoor
sports such as marathon, cycling, mountaineering etc.,
and especially some young women are enjoying cardio
workout such as walking or running for weight loss'.
Walking is easy to perform without special equipment or
economic investment, yet it improves aerobic capacity?.

Backward walking is being carried out on a regular
basis in life, even if it is a common action for most people’.
In addition, since there is a risk of worsening pain for
people with problem in the muscle-skeletal system after
walking for a significant amount of time, it is backward
walking that can be an alternative to these people®. Ever
since the study of backward walking began in the early
1980s°, a variety of studies on backward walking has been
conducted.

The gait cycle of forward walking is all the process
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that takes place while the same leg is carrying out two
times of consecutive initial contact, which is occurring
in the following order, initial contact, loading response,
mid stance, terminal stance, pre-swing, initial swing, mid
swing, and terminal swing®. On the other hand, the stand
period of backward walking refers to the movement with
toes touching the ground first and then the heels touching
the ground. Reversing from forward- to backward-
treadmill walking features a decrease in gait velocity, stride
length, and duration of swing phase, and an increase in
the double-support phase’. Backward walking can correct
the bodily position required to perform a variety of
tasks®, consume 38-119% more energy than the forward
walking when the speed of both walking is the same, and
shows higher muscle activity than forward walking®. In
addition, as the load acting on ankle and knee joints is
being distributed to other muscles because the toes hit the
ground first, the stress of the joint is being reduced.
Because of this advantage, the bacwkward walking
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can be used as an exercise program mainly after injury’.
Furthermore, it has also been reported that backward falls
are common in the elderly and that hip fractures often
result from these falls'. Therefore, there has been a lot
of research going on about the backward walking. In a
study of muscle activity of healthy adults, the activity in
the rectus femoris muscle and tibialis anterior muscle
increased when walking backward than forward®. In a
study evaluating the balance ability of school-aged boys,
the overall balance ability increased significantly after 12
weeks of training backward walking'2.

Walking of human behavior requires various
mechanisms such as implementation of the conduct of
anti-gravity, balance, and stepping forward. Among
several methods to assess body’s ability to balance,
the assessment of skeletal muscle balance using
electromyography and the assessment of physique balance
through foot pressure assessment have been recognized
as a way with high reliability recently.

Through foot pressure, one can observe pressure
applied to a specific part of feet during the various activities
of daily living and functional activities’>. However, the
present reality is such that studies evaluating the effect of
backward walking through the foot pressure are lacking.
Therefore, the purpose of this study was to evaluate the
changes in foot pressure through forward and backward
walking training before and after the interventions by

group.

2. Methods

2.1 Subjects

Subjects of this study were 40 healthy male and female
in their 20s being enrolled in K University, with 20
students in the control group for forward walking task,
and 20 students in the experimental group for backward
walking task. As the experiment was not to analyze the
foot pressure according to the sex difference between
the male and female, the subjects were selected at
random for the control and treated group without sex
distinction. People with problems with walking because
of the medical history related to muscle-skeletal system,
nervous system, or mental problem, and people who
practiced walking backward or sideways during the last
three months were excluded from the study. This study
conformed to the ethical principles of the Declaration of
Helsinki and subjects signed a written informed consent
before participation.
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2.2 Instrument and Intervention

Measurement tool used was the foot pressure. Using the
gait analyzer, TS-GT001010, from a domestic company
Desktop (Inc.), the dynamic foot pressure was measured
during forward walking and backward walking on the
flat floor in a laboratory (Figure 1). The plantar area is
divided into 10 regions (Figure 2). In walking forward
measurement, the subjects were in comfortable clothing,
in barefoot, with the eyes staring toward the front and
reach right heel, and in order to measure the gait cycle,
the hitting of the right heel, the hitting of the left heel,
and back to the hitting of the right heel were measured.
With the same method, in measuring the walking back,
the hitting of the right toe, the hitting of the left toe, and
back to hitting of the right toe were measured. The foot
pressure was measured three times and an average value
was calculated to be used in the analysis of the result. All

subjects were evaluated in the same manner for the foot
pressure before and after the intervention. Interventions
were conducted five times a week for four weeks, 30
minutes a day. After having light clothing and flat shoes,
subjects walked forward in the control group, while the
subjects walked backward in the treated group.

Figure 2. 10 regions of plantar area.
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2.3 Data Analysis

For the data analysis of this study, SPSS version 20.0
(SPSS, Chicago, IL, USA) was used for the statistical
processing. To calculate the average values of the general
characteristics of the subjects, and to compare the foot
pressure before and after the exercise, the paired t-test was
carried out, while to compare the foot pressure difference
between the groups, independent sample t-test was used.
The significance level was chosen as a = 0.05.

3. Results

The subjects for this study were 20 people in control group
(men 9, female 11), and 20 people in the experimental
group (8 males and 12 females), and the general
characteristics of them are as follows (Table 1).

Table 1. Subject characteristic

Table Column Head
Table column Forward walking Backward walking
subhead (M+SD) (M+SD)
Age(year) 21.05+1.57 21.25+1.86
Sex(M/F) 9/11 9/12
Height(cm) 168.45+9.04 166.7+8.39
Weight(kg) 64.18+13.77 62.44+14.58

Foot pressure in the control and experimental groups
according to the intervention is as follows: There was no
significant difference in foot pressure between the control
and the experimental group. However, each group showed
difference before and after the interventions. In control
group (forward walking group), the foot pressure showed
statistically significant reduction in F2, F5, and R4. And
the foot pressure in the experimental group (backward
walking group) showed statistically significant reduction
in F5, and F6 (Table 2).

4. Discussion

There are in general a forward walking, backward walking,
and side walking in types of walk'®. Among them, in the
case of backward walking, there is less risk of shock to
the joints than the forward walking where the movement
is possible only when the ankles are fixed and the knees
and the legs are in flexion', and also there is the effect to
make patellofemoral joint and femoral muscle active in
more balanced ways's. However, the present situation is
such that there is a lack of studies evaluating the impact of
foot pressure. Therefore, in this study, the change of foot
pressure in each group was analyzed after each forward

Table 2. Comparison of foot pressure in pre and post-test of each group

Table Column Head
Region Pre-test (M+SD) Post-test (M+SD) t )
F1 FwW 0.49+0.91 0.50+0.62 -0.02 0.98
BW 0.56%0.70 0.58+0.47 -0.15 0.89
F2 FwW 9.85+5.40 6.97+3.23 3.07 0.01
BW 9.24+4.58 7.9613.87 1.03 0.32
F3 FwW 18.54+4.91 17.14+3.73 1.61 0.12
BW 17.39+6.85 14.98+5.37 1.47 0.16
F4 FwW 19.10+6.47 11.40£5.18 4.56 0.58
BW 13.47+6.08 12.48+6.02 0.56 0.58
F5 FwW 56.71+£16.28 35.88+11.92 6.89 0.01
BW 49.39+19.21 39.72+14.67 2.80 0.01
Fo6 Fw 40.94+14.90 34.93+12.34 1.61 0.12
BW 41.34+16.85 27.68+11.15 3.02 0.01
R1 FwW 25.96+22.78 24.07+15.47 0.46 0.65
BW 22.64+22.23 21.14+26.83 0.22 0.83
R2 FwW 110.24+47.13 90.39+38.74 2.00 0.06
BW 114.45+50.59 97.35+45.88 1.61 0.12
R3 FwW 27.40+13.25 21.15+25.22 0.92 0.37
BW 22.04+14.17 19.2749.66 0.93 0.36
R4 FwW 7.67+5.88 3.35+3.66 3.63 0.00"
BW 8.81+8.62 5.33+5.77 1.93 0.07

Footnotes. 'p<0.05; FW = Forward Walking; BW = Backward Walking.
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walking and backward walking was carried out five times
a week for four weeks, 30 minutes a day.

Recent studies on foot pressure are some of the
measurement targets at issue in the areas of clinic and
research in exercise science and rehabilitation. Foot
pressure is measured to quantify the static and dynamic
pressure of the feet during the walk®. This foot pressure is
used as an index to reflect the degree of balance of body
by analyzing the state of structural and biomechanical
function and the pattern of human gait**'.

There was no statistically significant difference in the
pressure of the control group and the experimental group
in the results of this study. In previous studies, the result
of comparing walking forward, walking backward and
walking sideway did not show any significant difference
in any areas other than F1, F2?2. On the other hand,
the pressure before and after the interventions showed
difference by group. In the control group (forward walking
groups), F2, F5, and R4 showed statistically significant
reduction in the foot pressure. In the experimental group
(backward walking group), F5 and F6 showed statistically
significant reduction in the foot pressure. This result is in
agreement with the findings of previous study. The result
of previous study on training of walking backwards with
the target patients with diabetic peripheral neuropathy in
the time span of 12-weeks, F5 and F6 showed a statistically
significant decrease in the foot pressure?®.

The limitations of this study are as follows. First, the
range of the subject selection was narrow. Second, it
has been difficult to analyze the result of this study with
significance due to the lack of the prior studies. Therefore,
further research should be made dealing with the targets
with a variety of ages and diseases. And the study of the
impact of foot pressure during backward walking should
be activated.

5. Conclusion

In conclusion, the foot pressure did not change between
walking forward and walking backward. But the pressure
in the medial mid-foot during backward walking training
showed a statistically significant reduction. Therefore, it is
considered that the results of this study could be used as
a basis when applying the backward walking training in
the clinical trials.

6. References

1. Han SW, Song CG, Park JY, Park HJ, Park HH, Shin EJ, et

- 4 | vols (27) | October 2015 | www.indjst.org

10.

11.

12.

13.

14.

15.

al. The comparative analysis of quadriceps muscle activity
depending on variations of speed in forward walking and
backward walking training. Joural of KSSPT. 2008; 4(1):17-
27.

Sung BJ, Lee GH. The effect of 8-week walking exercise on
body composition analysis, skelectal muscle mass, body fat
mass and obese factors of middle aged obese women. The
Korean Journal of Walking Science. 2005; 5(1):13-20.
Daniel J, Cipriani, Charles W, Armstrong, Shannon G.
Backward walking at three levels of treadmill inclination:
An electromyographic and kinematic analysis. Journal of
Orthopaedics and Sports Physical Therapy. 1995; 22(3):95-
102.

Kim EY, Lee SB, Jeon BS, Kwon HS, Yu DY. Comparison
between rectus femoris and tibialis anterior in terms of the
levels of activity varying depending on walking patterns
(forward and backward) and varied treadmill slopes. Ko-
rean Academic of Orthopaedic and Manual Therapy. 2010;
16(2):76-81.

Hooper TL, Dunn DM, Props JE, Bruce BA, Sawyer SE
Daniel JA. The effects of graded forward and backward
walking on heart rate and oxygen consumption. Journal of
Orthopaedics and Sports Physical Therapy. 2004; 34(2):65-
71.

Perry J. Gait analysis: Normal and pathological function.
Journal of Pediatric Orthopaedics. 1992; 12(6): 815.
Grasso R, Bianchi L, Lacquaniti E Motor patterns for hu-
man gait: Backward versus forward. Journal of Neurophys-
iology. 1998; 80:1868-85.

Threlkeld AJ, Hom TS, Wojtowitcz GM, Rooney JG, Shap-
iro R. Kinematics, ground reaction force, and muscle bal-
ance produced by backward running. Journal of Orthopae-
dics and Sports Physical Therapy. 1989; 11(2):56-63.
ACSM’s. ACSM’s guidelines for exercise testing and pre-
scription. American College Sports Medicine. 5th Edition.
PA: Williams and Wilking; 2000.

Sandler R. Robinovitch S. An analysis of the effect of low-
er extremity strength on impact severity during a back-
ward fall. Journal of Biomechanical Engineering. 2001;
123(6):590-8.

Kim EY, Lee SB, Jeon BS, Kwon HS, Yu DY. Comparison
between rectus femoris and tibialis anterior in terms of the
levels of activity varying depending on walking patterns
(forward and backward) and varied treadmill slopes. The
Korean Journal of Orthopaedic Manual Therapy. 2010;
16(2):76-81.

Hao WY, Chen Y. Backward walking training improves bal-
ance in school-aged boys. Sports Medicine, Arthroscopy,
Rehabilitation, Therapy and Technology. 2011; 3(1):24-30.
Dimitrijevic MR, Larsson LE. Neural control of gait: Clini-
cal neurophysiological aspects. Applied Neurophysiology.
1981; 44(1-3):152-9.

Kim SB, Khil JH. Effects of chiropractic treatment and
low back rehabilitation exerciseon sEMG, foot pressure
and MVAS in low back pain patients. Journal of the Ko-
rean Association of Certified Exercise Professionals. 2009;
11(1):53-64.

Kernozek TW, LaMott EE. Comparison of plantar pressure

Indian Journal of Science and Technology



Hwanhee Kim and Jemyung Shim

16.

17.

18.

19.

between the elderly and young adults. Gait Posture. 2009;
3(3):143-8.

Winter DA, Pluck N, Yang JE Backward walking: A simple
reversal of forward walking? Journal of Motor Behaviour.
1989; 21(3):291-305.

Threlkeld AJ, Hom TS, Wojtowicz GM, Rooney JG, Shapiro
R. Kinematics, ground reaction force, and muscle balance
produced by backward running. Journal of Orthopaedics
and Sports Physics Therapy. 1989; 11(2):56-63.

Thomas MA, Fast A. One step forward and two step back:
The dangers of walking backwards in therapy. American
Journal of Physical Medicine and Rehabiliation. 2009;
79(5):459-61.

Cavanagh PR, Ulbrecht JS. Clinical plantar pressure mea-
surement in diabetes rationale and methodology. Foot (Ed-
inbugh). 1994; 4(3):123-35.

Vol 8 (27) | October 2015 | www.indjst.org

20.

21.

22.

23.

Han TR, Paik NJ, Im MS. Quantification of the path of Cen-
ter of Pressure (COP) using an F-scan in-shoe transducer.
Gait Posture. 1999; 10(3):248-54.

Hessert MJ, Vyas M, Leach ], Hu K, Lipsitz LA, Novak V.
Foot pressure distribution during walking in young and old
adults. BMC. Geriatrics. 2005; 5(8):1-8.

Wang G. The comparison of muscle activity and plantar
foot pressure in lower limb in the gait direction [Master’s
thesis]. Gyeongbuk, Korea: Daegu University; 2011.

Zhang X, Zhang Y, Gao X, Wu J, Jiao X, Zhao J, et al. Inves-
tigating the role of backward walking therapy in alleviating
plantar pressure of patients with diabetic peripheral neu-
ropathy. Archives of Physical Medicine and Rehabiliation.
2014; 95(5):832-9.

Indian Journal of Science and Technology I 5 -



