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Study of a simple noninvasive diagnosis for conductive hearing loss
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The number of people aged 65 and over in Japan has reached 36.19 million, which is about 30%
of the total population. Although about 800,000 babies born each year, 1 or 2 out of 1000 babies,
that is, around 1000 babies per year, are born with hearing loss. It is one of the most common
congenital diseases among newborn babies.  Tympanometry (TYM) is widely used for diagnosis of
conductive hearing loss, which is known to be sensitive for detection of otitis media with effusion.
However, in the case of other middle ear dysfunctions, it is not effective because similar measurement
results would be obtained even for different diseases due to its measurement principle. In addition,
TYM is known to show incorrect in neonates aged below 9 months old. Development of a new diagnosis
method for middle ear dysfunction is therefore indispensable.

We have developed SFI and WFI meters, which discriminate middle ear function in detail, using
sweeping frequency sound and pseudo noise, respectively, and applied them to adults and newborns.
However, due to lack of knowledge and experience in medical device development and due to lack of
collaboration with experienced companies in medical device development, we have not yet found a path
to social implementation of our techniques.

In the present study, therefore, we aimed to develop our core technologies and to clarify the basic
concept of our techniques as a medical device by receiving intensive support from development support
organization. First, we would like to examine the applicability of swept-sine sound as a more robust
stimulus sound, leading to an enhancement of its superiority over existing equipment. Furthermore,
measurements will be performed to neonates and adults with normal hearing and middle ear dysfunctions
using SFI / WFl and the newly developed technique. By comparing these data, a new method for testing
middle ear function (development concept) will be established.

Regarding the development of measurement techniques, we tried to establish a new measurement
principle using swept-sine sound. We investigated a measurement method with the swept-sine sound, and
confirmed the equivalence with conventional SFI/WFI. Furthermore, the measurement time was shortened
and the noise was reduced.

A prototype system was then developed and performed test measurements on adults with normal
hearing (30 cases), demonstrating the superiority of the new measurement principle. Measurements
were also performed to patients with middle ear disease and NHS-referred neonates. For the purpose
of extrapolating to neonates and verifying applicability, measurements were also carried out on
infants (3 to 6 years old). At present, most of the data for newborns are for normal-hearing children,
and measurement for neonates with hearing loss is a future issue. In collaboration with related
academic societies, we plan to increase the number of measurement cases in the future by conducting
joint research at multiple institutions. In addition, based on the clinical research system built
in this project, we will measure patients with conductive hearing loss, NHS-referred newborns, 3-
year-old infants and normal-hearing people from 20s to 60s at multiple institutions.

Based on various strategies ((1) needs statement and needs criteria, (3) gap analysis, (4)
market size estimation, (5) risk assessment, (6) regulatory affairs, (7) intellectual property, (8)
business strategy), the final concept of our device was developed. The value of this device is,
firstly, that it is applicable to newborns, which was previously impossible by TYM. Secondly, our
device can detect the conductive hearing loss with higher sensitivity than the conventional TYM. As
for the strategy for derivation of this technique, it should be discussed with companies in the future

work.



