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This thesis summarizes the research on the elucidation of the mechanics of the dynamic
characteristics of the neonatal auditory system and the research on the development of a newborn
hearing screening apparatus based on such findings. In this study, firstly, we measured the
dynamic characteristics of the external ear and the middle ear of the neonates using sweep frequency
impedance (SFI) meter, which is our original measurement technique to evaluate auditory dynamic
characteristics. Here, the reason why the conventional 226-Hz tympanometry was not compatible
with neonatal ears was clarified. Secondly, we investigated how the auditory dynamic
characteristics of neonates changes with growth. Finally, we summarized the development of a
diagnostic apparatus for newborn hearing screening (EarDoc). This thesis consists of 7 chapters
and details are as follows.

Chapter 1 describes the background of this study. Hearing loss has been reported to occur in
about 1-2 of 1,000 newborns, causing delays in the acquisition of conversational and language skills.
Therefore, early diagnosis and treatment from the neonatal period are considered to be very
effective in achieving language skills and intellectual development. However, compared to adults,
since neonates have physical differences in the structure of the ears, it is difficult to identify the
position where the hearing loss occurred. In this chapter, problems related to hearing loss, issues
in previous studies and the importance of this study were described.

Chapter 2 describes the basics of hearing. This chapter introduced the structure and functions of
the external ear, middle ear and inner ear, and described the anatomical differences between the
adult and neonatal ears.

Chapter 3 introduces commercially-used non-invasive auditory diagnostic methods; the
tympanometry for assessing the state of the middle ear and related structures, the otoacoustic
emissions (OAEs) for assessing the function of the cochlea in the inner ear and the auditory
brainstem response (ABR) for evaluating the neurological abnormalities occurred in the brainstem.
The principle of mechanism, measurement procedures, interpretation and evaluation of results, and
limitations of each method were described. Additionally, our original diagnostic method, called
sweep frequency impedance (SFI), which uses to evaluate middle ear dysfunction and its dynamic
characteristics was described.

In Chapter 4, we investigated the reason why conventional 226-Hz tympanometry, which is a
general hearing screening test for middle ear diagnosis, is not adequate with neonatal ears.



Although the conventional tympanometry is considered as a reliable screening test for detecting
middle ear dysfunction in adults and children, it has been reported to provide inaccurate screening
results when used in neonates less than 7 months of age. However, its mechanism was unknown.
Therefore, in this study, we proposed a method for calculation of tympanogram, which obtained
from any screening tone frequency, based on SFI measurement results. Owing to the comparison
of tympanograms obtained from such different screening tone, the analytical results indicated that
the frequency of the conventional 226-Hz screening tone is close to the natural frequency of the
external ear canal wall of the neonates. Furthermore, based on such findings, the higher frequency
screening tone, such as 1000 Hz, was suggested to be more effective for neonatal screening.

In Chapter 5, we examined how the dynamic characteristics of neonatal ears change with
chronological age. In this study, we investigated the developmental changes in the dynamic
characteristics of the external and middle ears by performing SFI tests longitudinally to Japanese
healthy neonates for about a half year after birth. As a result, it was clarified that the auditory
dynamics of the neonates changed dramatically by 5 months after birth and became adult-like; that
is, the dynamic characteristics of the external ear canal wall changed with growth, while the middle
ear did not.

Chapter 6 describes the development of a new diagnostic device (EarDoc) for neonatal hearing
screening. In this study, we propose the new non-invasive hearing screening apparatus with a
combination of the tympanometry, which evaluates the mobility of the tympanic membrane, the SFI,
which evaluates the dynamic characteristics of the middle ear, and the OAEs, which evaluates the
condition of the cochlea. According to these features, this device can examine both middle and
inner ear dysfunction. Based on the knowledge about examination conditions suitable for
measurement in neonates obtained in previous chapters, we propose a principle, development and
system calibration of high-frequency tympanometry and high-frequency SFI meter. We then apply
this hearing diagnostic apparatus with normal ear adults. Finally, we showed the results applied to
adults and evaluate their effectiveness.

Chapter 7 summarizes the conclusions of this study.





