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B?ne conduction mapping for determining the cause of hearing loss in kendo
players
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Kendo, Japanese fencing, is a modern martial art, which descended from
swordsmanship, and is widely practiced in Japan, Korea and many other countries today. Many
audiometric studies have shown that kendo training over many years often causes sensorineural
hearing loss at 2kHz and/or 4kHz. Although the risk of kendo-associated hearing loss has long been
known, its mechanism is still unclear.

Our hypothesis is that the cause of hearing loss by kendo may possibly be related to accumulation of
small concussions in the inner ear by the impact of the bamboo sword on the head, which is the most
common target area, or by excessive noise of shouting during kendo training and matches.

In this study, in order to evaluate the effects of impact on bone conduction, we made a “ bone

conduction map” by experiments using a human skull model and results were compared simulation

results using FE computational model of a human head.
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Fig.1. Relationship between years of kendo
experience and hearing level measured by
audiometry. The thin solid line is linear
approximation (n=16) .
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Fig.2. Experimental setup for bone
conduction map using a skull bone model.
Impact force was applied by a device with
miniature Shinai.
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Fig.3. Time history response of strain
impact area. CH1 and CH2 shows
anterior—posterior —and lateral axes,
respectively.
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Fig.4. Bone conduction mapping by impact
on the skull model. Length of each lines
shows ratio of strain to maximum strain
value at impact point (thick arrow line) .
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Fig.5. Frequency response of the strain

amplitude at impact, ear, and back of the
head areas.
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Fig.6. FE computational model of a human
head. This model includes (A) skim, (B)
skull, (C) brain and cartilage and (D)
auditory peripheries.
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Fig.7. Frequency response of the velocity
amplitude at impact, ear, and back of the
head areas.
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Fig.8. Frequency response of the velocity
amplitude of the cochlea.
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