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Abstract

:

Cartilage conduction hearing aids (CC-HA), bone anchored hearing aids (Baha), and ADHEAR are good choices to improve hearing in patients who cannot use air conduction hearing aids because of aural atresia or continuous otorrhea. As there are many overlaps in the characteristics of these devices, we conducted a comparative trial of CC-HA, Baha, and ADHEAR. We provided patients with the opportunity to select their devices. The data of 6 patients who underwent comparative trials in our department between October 2021 and August 2022 were retrospectively examined. The gains of Baha and CC-HA outweighed those of ADHEAR. Regarding the sound localization test, there was no significant tendency for any of the hearing devices. Regarding the Glasgow Benefit Inventory, there was no clear tendency among the three devices in the quality of life evaluation. The most satisfactory model was the one subjectively chosen by the patient, regardless of the gain and score of the sound source localization test. Therefore, we believe that it is necessary to provide an opportunity for comparative trials and a consultation with each patient in the process of selecting a device.
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1. Introduction


Cartilage conduction hearing aids (CC-HA) or bone conduction hearing aids are the treatments of choice to improve hearing in patients who cannot use air conduction hearing aids (AC-HA) because of aural atresia or continuous otorrhea [1,2]. In regards to bone conduction hearing aids, the conventional eyeglass and headband types are large and are problematic in terms of aesthetics, as well as comfortability due to the compression of the vibrator [3]. In recent years, however, bone conduction implants such as bone anchored hearing aids (Baha; Cochlea Corp., Sydney, NSW, Australia) [4] and bone conduction hearing aids with an adhesive adapter sticking to the skin, such as the ADHEAR system (MED-EL, Innsbruck, Austria), are available in Japan, and the range of choices for the above cases are broad.



CC-HA is a device that utilizes cartilage conduction which has been in use in Japan since 2017 [5]. Cartilage conduction is the third type of hearing conduction pathway proposed by Hosoi [6], followed by air and bone conduction [7]. It is preferred in patients who cannot use AC-HA and whose hearing level cannot be improved with appropriate surgery, and moreover, there are no restrictions on hearing level. Aural atresia is a good indication for CC-HAs and they are also expected to be effective and preferred in patients with persistent otorrhea due to chronic otitis media [8]. We previously reported that CC-HA is effective in pediatric cases [9]. We also reported that CC-HA enabled a novel noninvasive therapeutic procedure for microtia patients using 3D printing technology without reducing hearing gain [10].



Baha is preferred in patients with bilateral hearing loss, with bone conduction hearing levels of 55 dB HL or less in at least one ear, and with difficult or inadequate hearing improvement using either air, bone, or cartilage conduction hearing aids [11]. The qualifications for Baha are external auditory canal atresia, continuous otorrhea from the external and middle ear, and cases in which hearing improvement cannot be expected or cannot be obtained with appropriate surgery. It is also an option for those in which the contralateral side is deaf or has severe hearing loss, so as to avoid the risk of complications of hearing loss due to surgery. Baha requires surgery for placement of the implant in the temporal bone, however, patients can try the device to know how it hears without surgery using a sound arc.



ADHEAR is a new bone conduction hearing device consisting of a thin adhesive adapter and a sound processor. The adapter sticks to the skin behind the ear and the sound processor clicks onto it. Because ADHEAR is a non-implanted device, it does not require surgery. There is work recommending ADHEAR to patients who cannot or do not want to undergo surgery [12]. It also overcomes the problems of aesthetics and comfortability associated with conventional bone conduction hearing aids. Furthermore, ADHEAR is small and can be discreetly placed behind the ear where it does not exert pressure on the skin. Additionally, ADHEAR’s volume can be changed by turning the dial. Although it is simple, there is the problem that fine adjustments of the hearing gain is not possible in Japan compared to other devices.



There are many overlaps in the characteristics for conduction hearing aid devices, and it is difficult for otologists and audiologists to objectively distinguish the indications based on patient-side factors such as hearing levels and disease conditions. In our department, we conducted a comparative trial of CC-HA, Baha, and ADHEAR, and provided patients with an opportunity to select conduction hearing aids, based on hearing gain and subjective evaluation. In this study, we evaluated the performance of these devices, the likelihood of subjectively reported improvement and examined the necessity of a comparative trial.




2. Materials and Methods


The data of 6 patients who underwent comparative trials in our department between October 2021 and August 2022 were retrospectively examined. This study was approved by the Institutional Review Board of Keio University (Ethics Number 20200033).



The diagnoses of the enrolled patients included external auditory canal obstruction (two cases), external auditory canal stenosis (one case), external middle ear malformation (one case), superior canal dehiscence syndrome (one case), and postoperative chronic otitis media (one case). Four of these cases were unilateral while the remaining two cases were bilateral.



CC-HA optimally adjusted the gain according to the patient’s hearing ability. This procedure was similar to those used for AC-HA [13]. ADHEAR was used in default mode (directivity of the microphone, howling suppression, and noise suppression) without any further fitting changes. Patients were able to adjust the volume of ADHEAR devices by turning the dial. The volume was adjusted individually to the most comfortable level for each patient. Baha was programmed using specific fitting software provided by the Cochlea Corporation according to each patient’s direct bone conduction hearing thresholds obtained through the BC Direct function.



CC-HA was affixed using double-sided adhesive tape to the skin of the tragus or auricular cartilage (Figure 1). ADHEAR was snugly attached to the skin of the mastoid with no hair (Figure 2). Sweat made the device easy to peel off, and therefore, the adhesion part of the seal was wiped off before its application. After confirming the hearing gain of CC-HA and ADHEAR by the sound field threshold test, the trial was performed for a month. During this time, sound localization tests, and evaluations of quality of life (QOL) using the Glasgow Benefit Inventory (GBI) were performed. Baha was worn using a sound arc for the trial (Figure 3). After confirming the hearing gain by a sound field threshold test, patients tried the device in the hospital for about an hour, then the same evaluation was performed.



Sound field audiometry was performed according to the Guidelines for Hearing Aid Fit Testing (2010), which are advocated by the Japan Audiological Society [14]. Patients were seated 1 m from the sound source speaker in a soundproof room, and the height of the speaker was the same height to the center of the patient’s head. The speaker and the patient were kept at least 1 m away from the wall. A hearing aid was worn on the affected ear and the unaffected ear was masked with narrowband noise during sound field audiometry.



The sound localization test was performed according to Kitoh’s report [15]. Nine speakers were installed at equal intervals (22.5°) on a semicircle 1 m in front of the patient and from the left end, No. 1 (−90°) to No. 9 (90°). CCITT (Comite Consultatif International Telegraphique et Telephonique) noise was used as the sound source and it was presented twice at 60, 65, and 70 dB SPL, for a total of 54 times. The numbers answered by the patients, denoting the speakers from which they thought the sounds were presented, were recorded. Localization accuracy was evaluated using the root mean square (RMS) score. A lower score indicated a more accurate sense of direction. The sound localization test was performed only in cases of unilateral primary disease.



GBI is a questionnaire that evaluates the extent to which the QOL of patients improves in association with intervention on a scale from −100 to 100 [16]. A score greater than 0 indicated that the intervention improved their QOL, whereas a score less than 0 indicated that it negatively affected their QOL. The higher the score, the greater the degree of improvement in QOL. The original GBI was developed in English, and therefore we translated it into Japanese, as follows, before they werecompleted by the patients. First, we translated the original GBI into Japanese. Second, it was retranslated into English by a translator who was bilingual in English and Japanese. Finally, it was compared with the original GBI and certified by a translator as having the same meaning.



Based on the results of comparative trial within each case, the usefulness of each device was examined.




3. Results


Table 1 shows the results of the comparative trials of CC-HA, Baha, and ADHEAR for each case.



3.1. Case 1


The patient was a 58-year-old male with left superior canal dehiscence syndrome and middle ear malformation. He used an AC-HA on the left, but was not satisfied with the effect, so he requested another device to try and participated in this trial. His air conduction hearing thresholds are 25 (125 Hz)–30 (250 Hz)–35 (500 Hz)–25 (1 kHz)–10 (2 kHz)–25 (4 kHz)–60 (8 kHz) dB HL on the right and 75 (125 Hz)–75 (250 Hz)–80 (500 Hz)–70 (1 kHz)–40 (2 kHz)–50 (4 kHz)–90 (8 kHz) dB HL on the left. His bone conduction hearing thresholds are 25 (250 Hz)–30 (500 Hz)–25 (1 kHz)–5 (2 kHz)–20 (4 kHz) dB HL on the right and 30 (250 Hz)–45 (500 Hz)–25 (1 kHz)–25 (2 kHz)–40 (4 kHz) dB HL on the left. The hearing thresholds of the ADHEAR device was larger than that of the other two devices at all frequencies. The hearing thresholds with CC-HA and Baha both showed approximately 30 dB HL at the middle frequencies, however, the thresholds with Baha were smaller than those with CC-HA at low frequencies. Regarding the sound localization test, RMS increased with CC-HA, decreased slightly with Baha and ADHEAR, and was the lowest with ADHEAR (Figure 4 and Figure 5). GBI was the same and positive for all devices (Figure 6).



This graph shows the results of the sound localization test without hearing aids and with cartilage conduction hearing aids (CC-HA), Baha, and ADHEAR. The horizontal axis represents the number of the speaker sounded, and the vertical axis represents the speaker number as per the patient’s response. The size of the circles in the graph is proportional to the number of times the patient responded with the number of each speaker. The circles on the slanted line indicate correct answers. The larger the circle is from the slanted line, the more times the patient answered the incorrect speaker.



A lower score indicates a more accurate sense of direction. In case 1, the score worsened with CC-HA, but improved in Baha and ADHEAR. In case 2, the score improved with Baha. In case 5, the score worsened with CC-HA and ADHEAR, whereas Baha showed little change, albeit slight improvement.



In case 1, the score indicated that all devices improved the QOL to the same extent. In case 2, Baha showed greater improvement than CC-HA. In case 3, improvement was observed in the order of ADHEAR, CC-HA, and Baha. In case 5, improvement was observed in the order of CC-HA, ADHEAR, and Baha.




3.2. Case 2


The patient was a 56-year-old female with right chronic otitis media. She used an AC-HA on the right, but was unable to continue using it due to otorrhea and participated in this trial. Her air conduction hearing thresholds are 75 (125 Hz)–85 (250 Hz)–100 (500 Hz)–110 (1 kHz)–105 (2 kHz)–115 (4 kHz)–105 (8 kHz) dB HL on the right and 30 (125 Hz)–25 (250 Hz)–25 (500 Hz)–35 (1 kHz)–45 (2 kHz)–55 (4 kHz)–50 (8 kHz) dB HL on the left. Her bone conduction hearing thresholds are 30 (250 Hz)–35 (500 Hz)–50 (1 kHz)–65 (2 kHz)–60 (4 kHz) dB HL on the right and 20 (250 Hz)–20 (500 Hz)–30 (1 kHz)–50 (2 kHz)–50 (4 kHz) dB HL on the left. She could not attempt using ADHEAR because the device immediately peeled off from her skin. The hearing thresholds with Baha were almost the same at middle-to-high frequencies as the thresholds with CC-HA but were smaller at low frequencies. Regarding the sound localization test, RMS decreased with Baha (Figure 4 and Figure 5). The patient refused the later sound localization test with CC-HA because she experienced severe difficulty when performing the test with Baha and she was discouraged to continue the test. GBI was higher in Baha than in CC-HA (Figure 6).




3.3. Case 3


The patient was a 45-year-old female with bilateral malformation of the external and middle ears. She was unable to use AC-HAs because of the malformation and participated in this trial. Her air conduction hearing thresholds are 65 (125 Hz)–75 (250 Hz)–75 (500 Hz)–60 (1 kHz)–50 (2 kHz)–115 (4 kHz)–105 (8 kHz) dB HL on the right and 60 (125 Hz)–60 (250 Hz)–55 (500 Hz)–35 (1 kHz)–30 (2 kHz)–45 (4 kHz)–75 (8 kHz) dB HL on the left. Her bone conduction hearing thresholds are 45 (250 Hz)–45 (500 Hz)–30 (1 kHz)–50 (2 kHz)–50 (4 kHz) dB HL on the right and 25 (250 Hz)–25 (500 Hz)–30 (1 kHz)–15 (2 kHz)–30 (4 kHz) dB HL on the left. She used devices on her left ear. The hearing thresholds with ADHEAR were almost the same as the thresholds with CC-HA and Baha at high frequencies but were larger at low and middle frequencies. There was no significant difference between the thresholds with CC-HA and Baha at any frequency. GBI increased in the order of ADHEAR, CC-HA, and Baha (Figure 6).




3.4. Case 4


The patient was a 49-year-old female with left aural atresia. She was unable to use an AC-HA because of atresia and participated in this trial. Her air conduction hearing thresholds are 25 (125 Hz)–20 (250 Hz)–20 (500 Hz)–25 (1 kHz)–15 (2 kHz)–20 (4 kHz)–20 (8 kHz) dB HL on the right and 50 (125 Hz)–50 (250 Hz)–65 (500 Hz)–70 (1 kHz)–65 (2 kHz)–50 (4 kHz)–65 (8 kHz) dB HL on the left. Her bone conduction hearing thresholds are 25 (250 Hz)–25 (500 Hz)–25 (1 kHz)–25 (2 kHz)–25 (4 kHz) dB HL on the left. She could not attempt ADHEAR because the device immediately peeled off from her skin. She did not attempt using Baha because she did not want to undergo surgery. The hearing level improved at middle frequencies, however, there was little gain at 250 Hz and 4000 Hz with CC-HA. GBI was positive for CC-HA.




3.5. Case 5


The patient was a 30-year-old male with right aural atresia. He was unable to use an AC-HA because of atresia and participated in this trial. His air conduction hearing thresholds are 75 (125 Hz)–90 (250 Hz)–80 (500 Hz)–70 (1 kHz)–70 (2 kHz)–70 (4 kHz)–100 (8 kHz) dB HL on the right and 15 (125 Hz)–15 (250 Hz)–10 (500 Hz)–10 (1 kHz)–5 (2 kHz)–0 (4 kHz)–15 (8 kHz) dB HL on the left. His bone conduction hearing thresholds are 15 (250 Hz)–15 (500 Hz)–10 (1 kHz)–10 (2 kHz)–5 (4 kHz) dB HL on the right. The hearing levels improved with all three devices. The thresholds with Baha were smaller than those of CC-HA and ADHEAR at low frequencies. There was almost no difference between the thresholds for CC-HA and ADHEAR. Regarding the sound localization test, RMS increased with CC-HA and Baha, but slightly decreased with ADHEAR. (Figure 4 and Figure 5). GBI increased in the order of CC-HA, ADHEAR, and Baha (Figure 6).




3.6. Case 6


The patient was a 73-year-old male with bilateral ear canal stenosis. He was not satisfied with the effect and participated in this trial. His air conduction hearing thresholds are 70 (125 Hz)–55 (250 Hz)–40 (500 Hz)–40 (1 kHz)–60 (2 kHz)–75 (4 kHz)–105 (8 kHz) dB HL on the right and 65 (125 Hz)–60 (250 Hz)–30 (500 Hz)–45 (1 kHz)–65 (2 kHz)–70 (4 kHz)–100 (8 kHz) dB HL on the left. His bone conduction hearing thresholds are 10 (250 Hz)–10 (500 Hz)–10 (1 kHz)–55 (2 kHz)–45 (4 kHz) dB HL on the right and 15 (250 Hz)–10 (500 Hz)–20 (1 kHz)–60 (2 kHz)–40 (4 kHz) dB HL on the left. He used devices on his right ear. The hearing thresholds with CC-HA were smaller than those with ADHEAR at low and middle frequencies. He did not attempt using Baha because he did not want to undergo surgery.





4. Discussion


Advances in medical technology have led to the development of several devices that can be used in patients with hearing loss. Selecting devices for patients has become more difficult, as more devices are available for patients with conductive or mixed hearing loss. Although, AC-HA remains the most commonly used device, and CC-HA, Baha, and ADHEAR are also indicated when AC-HA is difficult to use. There are many overlaps in hearing levels and indicated diseases for each device. Since factors other than patient factors can determine which device is deemed suitable for each patient by an otologist and audiologist, we examined the results using a comparative trial.



The hearing gains of Baha and CC-HA tended to be greater than those of ADHEAR, particularly at low and middle frequencies. There was a report comparing ADHEAR with another bone conduction implant, Bonebridge (MED-EL, Innsbruck, Austria). In Dahm’s study, the gain of Bonebridge is larger than that of ADHEAR [17], meaning that, the gain of Baha, one of a transcutaneous bone conduction implant, is more likely to be larger than that of ADHEAR. Although, it is difficult to determine the cause of the lower hearing gain observed with ADHEAR, but several mechanisms are conceived. First, ADHEAR uses less pressure than conventional bone conduction hearing aids. Increased comfort is associated with ADHEAR usage, however, it diminishes low-frequency hearing gains by compressing the temporal bone. Second, the gain of ADHEAR is set in a readymade manner that cannot be adjusted or fine-tuned to the patient’s hearing level in Japan. On the other hand, the other two hearing devices (CC-HA and Baha) can fine-tune the hearing gain and accelerate the low-frequency hearing function. In a previous report by Dahm, it was suspected that amplification is smaller with ADHEAR, as working principles were considered. The manufacturer suggests that cases with bone conduction hearing thresholds within 25 dB HL are good candidates for ADHEAR [18], so the limits of ADHEAR’s gain might be smaller than those of the other two devices. However, we believe that it would be meaningful for patients who cannot use AC-HAs for some reason, such as ear discharge or itchy ears, to experience the ADHEAR device, which does not need to be placed in the ear, and is noninvasive. Hearing thresholds at 4 kHz in each type of hearing aid are worse than without in cases 1, 3, and 4. Since the sound sources used in sound field audiometry are not pure-tone, but a warble-tone, this difference may have caused a measurement error for high frequencies. Although no subjective hearing loss was observed in any of the cases, we believe that we need to pay attention to this difference.



Regarding the device fixation, ADHEAR immediately peeled off and could not be tested in two out of the six patients, suggesting that the condition of the skin limits ADHEAR usage in some patients. Baha was not tested in two out of the six patients because they had negative reactions to the operation. Even so, all patients attempted to use CC-HA, which is thought to be advantageous because it is easy to use in daily life and does not require surgery.



Regarding the results of the sound localization test, there was no clear advantage for any of the hearing devices. In cases where the score worsened, patients reported that it was because the sound from all speakers stood out equally, and claimed that it felt like all the sounds were coming from the side with the hearing aid. Previous studies have also reported that wearing Baha does not improve the sense of sound localization. Similar to the results of this study, some cases improved while others worsened [19]. To date, there have been few reports on the improvements in sound localization using ADHEAR or CC-HA. We believe that in order to make accurate evaluations for these devices, a few issues will need to be clarified, such as the setting of the presentation sound pressure level in examinations.



Regarding the results of GBI, all three devices contributed to the improvement of QOL in all cases. There have been studies on ADHEAR and QOL [20,21], though the method of QOL evaluation was different, and they also reported that the use of ADHEAR improved QOL. There are examples in the literature where GBI is used for QOL evaluation, and that also acknowledge the improvement of QOL due to using Baha. In our study, the GBI score for Baha was relatively lower to those reported in previous studies (38 on average), but it is considered that factors such as race, hearing level, and the duration of using the device were different [22,23]. Additionally, there have been works in the literature comparing ADHEAR with Baha on the point of QOL, but there have been no reports comparing the degree of QOL improvement using these three devices. In the work comparing ADHEAR with Baha, there was no significant difference between two devices [17], and in this study, no clear relationship was found among the three devices in the QOL evaluation, and the results of the devices differed for each case. The degree of improvement in QOL is often inconsistent with the results of objective tests such as sound field audiometry and sound localization tests. Various subjective factors, such as comfortability and sound quality, are thought to be related to improvements in QOL.



Baha may be suitable for patients who desire a large gain in hearing. However, this is not an option for patients who refuse surgery.



CC-HA and ADHEAR are options suitable for patients who refuse surgery. ADHEAR claims simplicity as its merit, however, its gain tends to be smaller than that of CC-HA. In addition, comfort in wearing the device and its aesthetics are said to be advantages of using ADHEAR. In this study, however, the device easily peeled off from the skin of a few patients, and it was unexpectedly noticeable compared to others. We concluded that the decision of which device is most satisfactory depends on the patient’s impression, regardless of the gain and score of the sound source localization test. Therefore, we believe that it is necessary to provide an opportunity for comparative trials and consultations with each patient in the process of device selection.




5. Limitations


In this study, the number of cases were relatively small, therefore statistical examination was not performed. In addition, in some cases not all the devices were tested, but we consider not only the gain and QOL improvement, but also the reason why Baha or ADHEAR was not selected as an important point in this study, and hence, we included these cases. If these cases are excluded, we suspect that selection bias will occur for the purpose of this paper, so we advocate to include them as cases. In the future, we would like to solve these problems by increasing the number of cases.




6. Conclusions


The gains of Baha and CC-HA were larger than those of ADHEAR. Depending on the condition of the skin, ADHEAR may peel off easily and not be available. Some patients may avoid Baha because they do not desire to undergo surgery. In the sound localization test, there were cases in which the score worsened while using the device, however, some patients were able to hear from the affected side. No clear relationship was found in the degree of improvement in QOL among the three devices. Furthermore, QOL was not only influenced by hearing gain but also by the patient’s impression, thus, comparative trials are suggested for device selection.
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Figure 1. Example of ear with a cartilage conduction hearing aid (CC-HA). Profile views (left side) of a patient fitted with a CC-HA. Transducer and sound processor components of CC-HA are attached to the skin using double-sided adhesive tape. 
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Figure 2. Example of an ear with an ADHEAR. Profile views (left side) of a patient fitted with an ADHEAR. Sound processor is attached to the skin with an adhesive adapter. 
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Figure 3. Example of an ear with a Bone anchored hearing aid (Baha). Profile views (left side) of a patient fitted with a Baha. The sound arc is designed to sit above the ears and be worn behind the head with a sound processor. 
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Figure 4. Results of Sound Localization Tests. 
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Figure 5. The root mean square (RMS) value of each device. 
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Figure 6. Results of Glasgow Benefit Inventory (GBI). 
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Table 1. Results of the comparative trials of CC-HA, Baha and ADHEAR in each case.
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Case

	
Disease

	
Sex

	
Age

(Years)

	
Status

	
Hearing Thresholds (dB HL)

	
Sound Localization Test

	
GBI

(Points)




	
250 Hz

	
500 Hz

	
1000 Hz

	
2000 Hz

	
4000 Hz

	
RMS






	
1

	
Lt. superior canal

dehiscence syndrome

middle ear malformation

	
Male

	
58

	
BE BC

	
25

	
30

	
25

	
5

	
20

	

	




	
BE AC

	
30

	
35

	
25

	
10

	
25

	

	




	
AE BC

	
30

	
45

	
25

	
25

	
40

	

	




	
AE AC

	
75

	
80

	
70

	
40

	
50

	
31

	




	
CC-HA

	
60

	
50

	
30

	
25

	
65

	
44

	
8.3




	
Baha

	
45

	
40

	
35

	
20

	
55

	
28

	
8.3




	
ADHEAR

	
60

	
60

	
50

	
30

	
60

	
26

	
8.3




	
2

	
Rt. chronic otitis media

	
Female

	
56

	
BE BC

	
20

	
20

	
30

	
50

	
50

	

	




	
BE AC

	
25

	
25

	
35

	
45

	
55

	

	




	
AE BC

	
30

	
35

	
50

	
65

	
60

	

	




	
AE AC

	
85

	
100

	
110

	
105

	
115

	
79

	




	
CC-HA

	
50

	
50

	
50

	
85

	
100

	
refused test

	
11




	
Baha

	
30

	
45

	
60

	
75

	
80

	
56

	
19




	
ADHEAR

	
No trial (the device immediately peeled off from skin)




	
3

	
malformation of

external and middle ear

	
Female

	
45

	
Rt. BC

	
45

	
45

	
30

	
50

	
50

	
Not performed

(bilateral hearing loss)

	




	
Rt. AC

	
75

	
75

	
60

	
50

	
115

	




	
Lt. BC

	
25

	
25

	
30

	
15

	
30

	




	
Lt. AC

	
60

	
55

	
35

	
30

	
45

	




	
CC-HA

	
25

	
20

	
20

	
25

	
50

	
22




	
Baha

	
20

	
30

	
20

	
30

	
60

	
19




	
ADHEAR

	
35

	
45

	
35

	
30

	
50

	
33




	
4

	
Lt. aural atresia

	
Female

	
49

	
BE BC

	

	

	

	

	

	

	




	
BE AC

	
20

	
20

	
25

	
15

	
20

	

	




	
AE BC

	
25

	
25

	
25

	
25

	
25

	

	




	
AE AC

	
50

	
65

	
70

	
65

	
50

	
refused test

	




	
CC-HA

	
55

	
50

	
45

	
50

	
60

	
14

	
14




	
Baha

	
No trial (do not want to undergo operation)




	
ADHEAR

	
No trial (the device immediately peeled off from skin)




	
5

	
Rt. aural atresia

	
Male

	
30

	
BE BC

	

	

	

	

	

	

	




	
BE AC

	
15

	
10

	
10

	
5

	
0

	

	




	
AE BC

	
15

	
15

	
10

	
10

	
5

	

	




	
AE AC

	
90

	
80

	
70

	
70

	
70

	
30

	




	
CC-HA

	
55

	
55

	
40

	
40

	
50

	
36

	
25




	
Baha

	
45

	
50

	
35

	
40

	
65

	
29

	
8.3




	
ADHEAR

	
50

	
60

	
40

	
40

	
55

	
45

	
14




	
6

	
ear canal stenosis

	
Male

	
73

	
Rt. BC

	
10

	
10

	
10

	
55

	
45

	
Not performed

(bilateral hearing loss)

	




	
Rt. AC

	
55

	
40

	
40

	
60

	
75

	




	
Lt. BC

	
15

	
10

	
20

	
60

	
40

	




	
Lt. AC

	
60

	
30

	
45

	
65

	
70

	




	
CC-HA

	
25

	
20

	
25

	
35

	
70

	
Not

performed




	
Baha

	
No trial (do not want to undergo operation)




	
ADHEAR

	
30

	
35

	
25

	
45

	
65

	
Not performed

(bilateral hearing loss)

	
Not

performed








BE: better side of ear, AE: affected side of ear, BC: bone conduction hearing threshold, AC: air conduction hearing threshold.
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