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A relatively loud sound is audible when a vibrator is attached to the aural cartilage. This form of conduction is
referred to as cartilage conduction (CC). In Japan, a new type of hearing aid has been developed using CC and
has been available in clinical practice since 2017. A clinical study conducted prior to its launch demonstrated its

benefits, particularly in patients with aural atresia who were unable to use air conduction hearing aids.

bone conduction cartilage conduction hearing device aural atresia

| 1. Introduction

Sound is generally delivered to the ear via air conduction (AC) in conventional hearing aids. AC hearing aids
amplify signals to help patients with various hearing losses. Unfortunately, some patients are unable to receive
adequate benefits from AC hearing aids. For instance, in patients with aural atresia, hearing aids cannot be worn
owing to anatomical issues or they receive inadequate benefits even if they can be worn L. In addition, continuous
otorrhea prevents the use of hearing aids because they can prolong the inflammation, damage hearing aids, and
obstruct the bore, thereby deteriorating the signal 2. Bone conduction (BC) hearing aids have been considered as
an alternative. In conventional BC hearing aids, a vibrator with static force is placed on the mastoid using a
headband. BC hearing aids are effective in amplifying sound in the above-mentioned cases because sound is
transmitted via BC B4Rl |n contrast, the fixed form of BC causes various problems, such as skin induration, long-
continued depressions in the skin, and discomfort B4l Furthermore, fixation with a headband is considered an
esthetic disadvantage. Therefore, BC hearing aids are not preferred in patients who can use AC hearing aids

without serious complications, and are rarely used in patients with unilateral aural atresia.

When a vibrator is attached to the aural cartilage, hearing is significantly improved compared with that in the
unattached condition. This phenomenon was confirmed by using a probe microphone 8. Previous studies have
demonstrated this improvement to be significant, particularly at low to middle frequencies EIBIE This unique form
of transmission is called cartilage conduction (CC) 19, Figure 1A shows the predominant pathways theoretically
assumed in CC L2 The first pathway is direct AC. The vibrator radiates sound around it, which cannot be
completely eliminated. This airborne sound travels through the ear canal to drive the eardrum and the ossicles.
This pathway is considered an AC pathway. The second pathway is the cartilage—BC. Vibrations are delivered to
the skull bone via the aural cartilage, and the vibrations of the skull bone are transmitted to the cochlea in the same
manner as in BC. Mediation by the aural cartilage could deteriorate these signals. This pathway is considered the
BC pathway. The third pathway is the cartilage—AC. The delivered vibrations of the cartilaginous portion of the ear

canal generate airborne sounds in the ear canal. The cartilaginous portion of the ear canal functions as a movable
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plate during this process 13l This third pathway is not the predominant signaling route in either AC or BC.
However, the airborne sound level in the cartilage AC is considered to be larger than that in direct AC in CC. The
differences in the elevations of the thresholds with the insertion of an earplug and the injection of water into the ear
canal demonstrated a significant cartilage AC function [211214I115] previous studies have concluded that CC varies

in the transduction method from AC and BC.

@ Direct-air conduction @ Cartilage-bone conduction
@ Cartilage-air conduction @ Fibrotic tissue pathway

Figure 1. Difference in signal transmission in the normal ear (A), a bony atretic ear (B), and a fibrotic atretic ear
with a fibrotic tissue pathway (FTP) (C).

| 2. Development of CC Hearing Aids

CC hearing aids are new hearing devices utilizing CC L8718l CC hearing aids were first developed in 2010 €],
The characteristics of CC hearing aids are more similar to those of AC hearing aids than BC hearing aids because
sound is finally transmitted to the cochlea via the eardrum and ossicles. In contrast to AC hearing aids, CC hearing
aids deliver sounds to the aural cartilage as vibrations. In patients with aural atresia, skull vibrations are required to
transmit sounds to the cochlea using any hearing device. Sound deterioration in CC is considerably lower than that
in AC because it avoids the boundary between the air and the body during sound transmission. The vibrator of a
CC hearing aid is placed on the aural cartilage without contact force, which is different from that of BC hearing
aids. To fix it, the vibrator is inserted into the cavity or attached with double-sided tape. This fixation style can
resolve the problems experienced in BC hearing aid use. In patients with continuous otorrhea, ear canal opening
contributes to the continuous use of hearing devices. The vibrator of the CC hearing aid can be placed to keep the
ear canal open, thereby contributing to ventilation; moreover, it is completely waterproof, which reduces the risk of
damage to the vibrator. The audiological benefits of the prototype CC hearing aids were evaluated in a previous

study to demonstrate their benefits, particularly in patients with aural atresia 19,

The initial prototype CC hearing aid was a box type, and the transducer was not compact 2827 Furthermore, a
piezoelectric transducer was employed, which required a high-voltage battery for proper function. Therefore, using
this prototype in clinical practice is challenging. A new electromagnetic transducer was developed as a CC hearing
aid for clinical practice. It functions using the same battery used in commercially available AC hearing aids. This

new transducer contributed to the miniaturization and production of a behind the ear (BTE)-style hearing aid. A
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clinical study was performed using the devised BTE CC hearing aids, mainly in patients with aural atresia 22!,
Forty-one patients (21, 15, and 5 with bilateral aural atresia, unilateral aural atresia, and other conductive hearing
loss, respectively) participated in the study. Most patients with bilateral aural atresia had used BC hearing aids
before the trial. No significant differences were observed in the aided thresholds and speech recognition between
the CC and BC hearing aids. After the trial, 20 patients with bilateral aural atresia continued to use the CC hearing
aids. Nearly none of the patients with unilateral aural atresia used any hearing device. The functional gains
obtained using the CC hearing aid were similar to those observed in patients with bilateral aural atresia. After the
trial, 14 patients continued to use the CC hearing aids. A clinical study has demonstrated the effectiveness of CC
hearing aids 12; moreover, CC hearing aids were approved as new medical devices by the Ministry of Health,
Labor, and Welfare in Japan and have been used in clinical practice in Japan since 2017.

| 3. Performance of CC Hearing Aids

Commercially available CC hearing aids are small BTE hearing aids, which were developed based on those used
in clinical studies. The main body was designed based on that used in commercially available receiver-in-canal
(RIC)-style AC hearing aids. The vibrator is connected to the main body with a wire that encapsulates the electrode
within. Three types of vibrator units (ear-chip embedded, ear-chip attachment, and simple) are employed (Figure
2). The size and mass of the assembled transducer are 11.9 x 7.8 x 4.7 mm and 1.4 g, respectively. This type was
chosen based on the ear condition. The ear chips are custom fitted, made based on ear impressions. Instead of
taking an impression of the ear, computed tomography (CT) images can also be utilized for designing the vibrator
(20l Compared to the conventional process, the merits of the design using CT images are as follows: no risks
related to taking the ear impression, advantage of understanding the shape of the ear in 3D, no physical transport
or shipment of an ear impression, and CT images can be sent instantly via the internet. Therefore, CC hearing aids
can be created without visiting the hospital. If a CT scan is performed for diagnosis or other purposes, the images
can be used without additional risk. A previous study reported that the performance of a CT-based vibrator is not
significantly inferior to that of an impression-based vibrator 29, In contrast, the simple type is available for all ear
conditions and can be prepared in advance; patients can try it quickly and unnecessary ear chip costs are also
reduced. However, the simple type requires double-sided tape for fixation. Among the three types, the custom-fitted
type is recommended for improved stability when the cavity of the fixation placement is sufficient to hold the
transducer. A previous study (2] that investigated the differences in the purchase rates demonstrated a decreased

purchase rate particularly in canal-open ears when a simple vibrator was used for the trial of the CC hearing aid.
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Figure 2. Two models of cartilage conduction hearing aids used in clinical practice: HB-J1CC (upper) and HB-
A2CC (lower). Both models have three transducer types: ear-chip embedded (left), ear-chip attachment (middle),

and simple vibrator (right).

Two CC hearing aid (HB-J1CC and HB-A2CC; Rion Co Ltd., Kokubunji, Japan) models are commercially available
(Figure 2). The transducers used in the vibrator are identical. The functions of the two devices vary slightly. HB-
A2CC is a later model that has been modified to reflect the feedback obtained from HB-J1CC users. Both devices
were adjusted using fitting software. The gains, compression rates, and maximum output levels can be controlled.
Linear amplification is utilized in patients with conduction hearing loss, such as those with aural atresia. The fitting
software depicts the frequency responses on the screen; however, these simulated gains are not always equal to
the actual values. Therefore, the real gains must be confirmed by measuring the unaided and aided thresholds.
Both devices can manage feedback problems and directional modes. While only one program can be memorized
for HB-J1CC, three programs can be used to switch memories for HB-A2CC. Furthermore, HB-A2CC can be
connected via Bluetooth with an Android smartphone using an application and equipped with a child safety lock for

the battery locker.
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