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Biomechanical Effect of Waraji-LL
on Walking and Standing
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Introduction

Many footwear and shoes claimed as effective tool of promoting health and
rehabilitation have been invented. However, there is little evidence found in
many cases. We had an opportunity to evaluate footwear invented by inspiration
from Waraji (Japanese traditional sandal). The purpose of this study was to

investigate the effect of this footwear from biomechanical point of view.

A strap inspired by
that of Waraji

! !

Waraji (Japanese traditional sandal)

First, 10 healthy adults were recruited as subjects. Biomechanical data of the
subjects with the footwear worn were compared to those with the bare feet in 3
types of motion.

Proposed footwear

Experiments

® Walking  Kinematic data and ground reaction force
were collected from a motion capture system (MAC3D)
and a force plate. Electromyograms (EMG) of 8 channels
were also measured from main muscles on the lower body.

@ Static standing ® Hallux bending

Camera

Foot
Contact face

Force plate Faorce plate

Foot platform
P 4

Force éensor
Then, as an intervention, we asked subjects to wear the footwear for 30 days as
long as possible. After the intervention, the same experiments were conducted.

_ Data processing

The following performance indices were computed: walking basic parameters
(gait speed, stride length and gait cycle time), arch angle, gap between toes,
maximum ground reaction force, jerk of knee and ankle angles, trajectory
length of center of pressure (COP), iEMG, trajectory length of COP in static
standing and maximum force in hallux bending.

EEESSSEEEEE To estimate internal mechanical loads such as joint torques,

we used the inverse dynamics method and a 3D
musculoskeletal model (SIMM; MusculoGraphics, Inc.). Using
the model, joint torques, muscle forces and contraction speeds
of 15 muscles were calculated.

Furthermore, we calculated the energy consumption as
following equation.

Fau cyele time

15
X (Basal Metabolic Power +Z Muscle Work Rate)dt

iption =

The below figures show the results which have significant differences about
intervention effects.

®Trajectory length of COP

Energy co

Body Mass * g * Stride Length

Results
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Without Before v Without After
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Decrease Increase

®Maximum ground reaction force (anteroposterior and vertical)
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*maximum reaction force : increase — driving power increase

®Joint torques, muscle force and energy consumption
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-ankle and knee torques, and soleus : decrease — distant parts are less active
*hip torque and biceps femoris : increase — proximal parts are more active
- energy consumption : not change — total motion is not changed

Before

®Result of Wilcoxon ranks sum tes

% p<(.05, * p<0.1 il

Without
Before-Afier

With
Before-After

Gait speed[mm/s)
Stride length[mm]
Gait cycle time[s]
Arch angle[deg]
Gap between toes [mm]

Maximum reaction force: FX[N]

i reaction force: Fz[N]

Jerk of knee angle (X 10')[rad%s’]

Jerk of foot angle (X 10')[rad*/s’]

Trajectory length of COP in walking[mm]
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Ankle torque [Nm]
Knee torque [Nm]
| Hip torque [Nm]
Soleus [N]

Biceps femoris [N]
Energy consumption
Trajectory length of COP in static
Maximum force in hallux bending [N]

®Hypothesis of the footwear’s function
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Discussion

We assume that motions of toes are restricted because of its structure when
wearing this footwear. Thus, subjects are apt not to use toes after intervention.

®Relationship between the result and hypothesis

In static standing with footwear, ground contact area is smaller. So subject
might be unable to stand stably. In walking, however, the smaller ground
contact area is, the shorter trajectory length of COP is, because the body
balance is maintained dynamically in walking.

If subjects do not use their toes so much, position of the reaction force is
closer to the ankle joint. So ankle and knee torques and soleus muscle force
decreased significantly.

Distant muscles and joints will be less strained

On the other hand, the other parts of the body would make up for restriction
of toes” motion, because energy consumption is not changed. Ground reaction
force and muscle force of the biceps femoris increase significantly

Proximal muscles and joint will be more active
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