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A new bone conduction hearing aid to predict hearing outcome with an active 1 

implanted device 2 

 3 

ABSTRACT 4 

Purpose: We compared our historical medium-term data obtained with an active semi-implanted bone conduction device 5 

and the hearing results of a new passive bone conduction hearing device to determine its predictive value for the hearing 6 

results with the semi-implanted device. 7 

Methods: The study sample was 15 patients with an active bone conduction implant (mean follow-up 26 months). Pure 8 

tone audiometry was performed with headphones, sound field speech audiometry was conducted unaided, and free-field 9 

speech audiometry was carried out with both the active bone conduction system and the passive device switched off. 10 

Results: As compared with the unaided condition, speech reception was significantly improved with both devices. 11 

Comparison of speech reception threshold at 100% of word recognition showed no difference between the active and 12 

the passive device. At lower intensity the difference in speech perception was significant in the patients with monaural 13 

fitting (group A) and was non-statistically significant in those with binaural fitting (group B); the speech reception 14 

threshold at 50% of word recognition was 26.00 dB (±10.22) with the active implant and 30.50 dB (±7.98) with the 15 

passive device in group A (p=0.047) and  24.00 dB (± 5.48) and 29.00 dB (±2.24) in group B (p=0.052), respectively. 16 

Conclusions: The hearing outcome after active bone conduction implant was comparable to published data. Compared 17 

with the unaided condition, speech recognition was significantly improved with the passive device. The device may also 18 

provide value to predict the hearing outcome with the implanted device, especially at higher intensities. 19 
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 28 

INTRODUCTION 29 

Treatment options for hearing rehabilitation of mixed and conductive hearing loss have widened with the introduction 30 

of an active semi-implantable bone conduction auditory prosthesis [1]. The only currently available active implant is the 31 

Bonebridge™ (MED-EL, Innsbruck, Austria). The Bonebridge™ produces direct stimulation of the bone through an 32 

electromagnetic transducer fixed to the skull. The fixing screw transmits the sound vibrations to the bone and the 33 

receiver implanted under the skin is driven by an external processor. The surgical procedure for positioning the implant 34 

is safe and associated with a low complications rate [2,3]. The Bonebridge™ system has been shown effective in 35 

improving audiometric threshold and speech discrimination in quiet and in noise, as well as attaining patient satisfaction 36 

[1,4]. 37 

As implantation of the device requires surgery, patients need to be informed about what they can realistically expect. An 38 

important aspect in patient counselling is the prediction of hearing outcome. A trial with external stimulation by a bone 39 

conduction device for simulation of the functional result after implantation is generally recommended before implant 40 
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surgery [5]. Ilher et al. [6] reported that the application of a bone conduction hearing device (Cochlear ™ Baha ® 3 41 

Power, BP110 Power sound processor) through a dedicated headband could be a valuable tool for the realistic 42 

prediction of speech recognition with a semi-implantable bone conduction hearing system. 43 

The ADHEAR™ is a recently developed bone conduction concept based on adhesive bone conduction. The system 44 

works with an adapter that has, on one side, an adhesive surface to attach it to the hairless skin behind the pinna and, on 45 

the other side, a connection to which the audio processor can be easily connected and disconnected. The adhesive 46 

adapter delivers the vibratory energy to the skull. The system has been developed to limit power dispersion and to be as 47 

efficient as possible, while reducing the weight of the adhesive, the materials, and  the dimension of the area in contact 48 

with the skin. The materials in contact with the skin are biocompatible. Clinical data for this pressure-free adhesive 49 

bone conduction device are still limited but have indicated that the audiological outcomes are good even at higher 50 

frequencies and that the subjective benefits are excellent with no skin irritation or pain [7, 8]. 51 

The Bonebridge™ device is indicated in conductive and mixed hearing loss with a bone conduction threshold within 45 52 

dB, while the ADHEAR™ should be used with a bone conduction threshold within 25 dB. This difference is due to a 53 

limit in the sound transmission capacity of an adhesive bone conduction system, which is a passive system with the 54 

transducer attached to the skin. The expected hearing gain is lower, especially at higher frequencies [8]. While 55 

indications for the one device or the other differ, both can find use in some cases. This is why  direct comparison of the 56 

two devices may be useful when discussing with patients the expected results  of implantation with and the active 57 

device. 58 

To date no studies have compared the intraindividual results of speech recognition in noise with external stimulation by 59 

a pressure-free, adhesive bone conduction device and the results obtained with an active semi-implantable 60 

transcutaneous bone conduction device. The aim of the present study was two-fold: to collect data about the gain of 61 

fitting ADHEAR™ in patients with conductive and mixed hearing loss and to evaluate the predictive value of hearing 62 

data acquired with a passive, pressure-free bone conduction hearing device by comparing these data against our 63 

historical, medium-term data obtained with an active semi-implanted bone conduction device. 64 

 65 

MATERIALS AND METHODS 66 

 67 

Compliance with Ethical Standards: The study was approved by the Ethics Committee of our institution (protocol n. 68 

0026286; CS2/622 on March 13, 2018). 69 

 70 

Patients 71 

Since 2014, 18 patients have received the Bonebridge™ device (MED-EL, Innsbruck, Austria) at the ENT Division of 72 

Città della Salute e della Scienza (Turin, Italy). Indications for implantation included failure with acoustic hearing aids 73 

after middle ear surgery for chronic otitis media, isolated or syndromic aural atresia. Three patients continued to use the 74 

device but were eventually excluded from the study because they changed residence and received follow-up at another 75 

ENT division. The final analysis included the data from 15 patients: female-to-male ratio 12:3; mean  age 40 ±20 years. 76 

Ear malformations were present in 7 patients; the cause of hearing loss in 8 patients was chronic otitis media. Two 77 

patients had unilateral hearing loss with contralateral normal hearing: the one was a 24-year-old man who requested 78 

bilateral hearing rehabilitation because the monaural deficit limited his social and work activities during meetings, 79 

while the other was a woman who was uncomfortable with monaural hearing loss and had received a middle ear implant 80 
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(Vibrant Soundbridge™) in which displacement of the floating mass transducer occurred. The mean duration of follow-81 

up was 26 ±18 months (range 5 – 62). Table 1 presents the demographic and clinical characteristics of the 15 patients.  82 

Surgical procedure: Surgery was performed via retrosigmoidal approach in 13 of 15 patients; the implant was 83 

positioned in the mastoid in 2 patients because  space was needed to fit the floating mass transducer of the 84 

Bonebridge™. 85 

A monaural bone conduction device had been implanted in the worse ear in the patients with bilateral mixed hearing 86 

loss; those with bilateral symmetric hearing loss due to bilateral atresia had received a binaural implant.   87 

Devices: All patients were implanted with a semi-implantable bone conduction device (Bonebridge™ MED-EL). The 88 

device is CE certified since April 4, 2012 (No. I7120351383010). For non-invasive bone conduction hearing, 89 

ADHEAR™, a new device distributed by MED-EL was used (ADHEAR™ is CE certified since 2017, No. 90 

G1161217853118). 91 

 92 

Study protocol: Patients underwent clinical examination and pure tone audiometry (PTA) in an anechoic chamber 93 

(thresholds were measured at 0.5, 1.0, 2.0, and 4.0 kHz in dB HL) without any device. To evaluate the hearing results, 94 

speech audiometry in unaided conditions in free field, with a signal-to-noise ratio of +10, was performed in unaided 95 

condition, in aided condition with the Bonebridge™ device  on and with the ADHEAR™ device on and the 96 

Bonebridge™ device off. Testing was conducted on two days so that patients could familiarize themselves with the 97 

adhesive device and so that we could perform the calibrations for optimization of subjective auditory benefit. PTA was 98 

performed on day 1 with headphones and free-field speech audiometry in unaided condition and with the Bonebridge™ 99 

device  on. Speech audiometry with ADHEAR™ on was performed on day 2 after  of fitting. Tests were conducted with 100 

speech coming from the loudspeaker in front of the patient and noise from the loudspeaker behind the patient. In free-101 

field audiometry testing, the intensity level in dB at which 50% of the words are recognized (speech reception threshold 102 

[SRT50]) and SRT100, the level in dB at which 100% of the words are recognized, were measured.  In the 10 patients 103 

with a monaural implant, and in the patients with bilateral mixed hearing loss, speech audiometry in aided and unaided 104 

conditions was conducted with the contralateral ear plugged with a customized insert and muffled. During 105 

measurements the external device was positioned on the side of the Bonebridge™ implant in the patients with a 106 

monaural implant; ADHEAR™ was positioned bilaterally in the patients with a bilateral implant and the Bonebridge™ 107 

(mono or bilateral) was temporary inactivated. All audiological measurements were performed by professional staff 108 

using a clinical audiometer (Inventis, Padua, Italia).  109 

 110 

Outcome Measures 111 

Statistical Analyses: Wilcoxon matched-pairs signed-rank test was used in STATA version 13.1 (Stata Corp., College 112 

Station, TX, USA).  113 

 114 

RESULTS 115 

At clinical examination no patients reported implant migration or skin irritation. The mean SRT100 at baseline without 116 

amplification was 62.27 dB ± 11.91 in 11 out of 15 patients (73%); the mean SRT50 was  47.50 dB ± 14.11 in 14 117 

patients (93%). In  patients with a Bonebridge™ implant, the mean SRT100 was 48.67 dB ± 12.88 and the mean SRT50 118 

was 25.33 dB ± 8.76. The mean SRT100 was 50.00 dB ± 8.32 in the 14 out of 15 (93%) patients with an ADHEAR™ 119 

device and the mean SRT50 was 30.00 dB ± 6.55 in all 15 patients (Table 2). The improvement in SRTs was statistically 120 

significant. 121 
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The patients were then divided into two subgroups: 10 with asymmetric hearing loss implanted monaurally (group A) 122 

and 5 with bilateral middle ear malformation implanted binaurally (group B). Audiometric assessment results are 123 

presented in Tables 3 and 4. The bone conduction data are the same for both ears (Table 4). The patients with ear 124 

malformation were young (mean age 21.8 years) and presented no cochlear damage due to age or noise exposure that 125 

would have altered bone threshold. Table 5 compares the thresholds (SRT100 and SRT50) obtained with the 126 

Bonebridge™ and the ADHEAR™ devices.  A positive correlation was found between bone conduction and hearing 127 

gain with both devices for all 15 patients. The SRT50% with the active bone conduction implant had a positive 128 

correlation of 0.55 (p=0.031); the correlation was 0.68 (p=0.005) with the bone conduction hearing aid (Figure 1 and 129 

Figure 2). 130 

 131 

DISCUSSION 132 

The Bonebridge™ active bone conduction implant has been shown to be a safe device with very good cutaneous 133 

tolerance [4]. In our patient series, no cases of infection, loss of stability or revision surgery were recorded at a follow-134 

up of 5 to 62 months. Considering hearing outcomes in terms of speech recognition, there was a significant reduction in 135 

the signal intensity level to recognize 100% and 50% of the words in noise: a reduction of 13.6 dB for SRT100 and of 136 

22.17 dB for SRT50. Schmerber et al. [4] reported similar results in quiet: the mean intensity level needed to reach the 137 

maximum speech recognition score in quiet was 66 dB in the unaided condition vs. 47 dB with the Bonebridge™ 138 

device, with a difference of 19 dB.  139 

All of the 15 patients in the present series, including the 2 with monaural implant and contralateral normal hearing, 140 

continued to use their device. Indeed, our longer follow-up data corroborate the safety of the Bonebridge™ [2,3]. A 141 

further aim of the present study was to compare our historical medium-term Bonebridge™ results with the new 142 

ADHEAR™ system. The two devices differ in the mechanism of bone stimulation. The Bonebridge™ is a bone 143 

conduction system with the transducer implanted in the bone, whereas the ADHEAR™ is a passive, pressure-free, 144 

adhesive bone conduction hearing aid. Importantly, the purpose of the comparison was not to evaluate which device 145 

works better; the Bonebridge™ is an active system that provides pure tone gain comparable with a more powerful 146 

transcutaneous system when the bone conduction threshold is better than 45 dB [9]. The functional gain of the 147 

ADHEAR™ implant is lower, especially at higher frequencies: the mean functional gain at 4 kHz is 11.2 dB with the 148 

ADHEAR™ [8] versus 12.0 dB with bone conduction stimulation with a headband and 25.6 dB with the Bonebridge™ 149 

[6]. 150 

The rationale for the comparison was to determine whether the ADHEAR™ can simulate the Bonebridge™ outcome in 151 

terms of speech perception in certain conditions and, if not, to determine how much of a difference is there between the 152 

two devices. This is important to know when considering treatment options with patients and discussing how much 153 

improvement might be expected after fitting the active bone conduction implant. The audiological gain with the 154 

ADHEAR™ for the whole group, i.e., the mean reduction in SRT, was 17.5 dB for SRT50 and 12.27 dB for SRT100. 155 

These differences were statistically significant compared with baseline values. As expected, the mean reduction was 156 

slightly lower with the passive device; the active device is more powerful and, as shown in the correlation study, it is 157 

less influenced by the bone conduction threshold than the passive device (correlation of 0.55 vs. 0.68; both statistically 158 

significant). In order to compare the two devices and reduce sample dishomogeneity, we pooled the data of the 159 

monaurally fitted (group A) and the bilaterally fitted (group B) to analyse the intragroup results. 160 

The difference in SRT between the devices was higher at lower intensity in the patients with monaural fitting and it was 161 

statistically significant: the SRT50 was 26 dB with the Bonebridge™ and 30.50 dB with the ADHEAR™. The SRT50 162 
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was not statistically different for group B. This difference in SRT100 was considerably smaller for both groups and it 163 

was not statistically significant. There are many possible explanation for these findings; the absence of recruitment, 164 

because of conductive and mixed hearing loss, allows for improvement in speech perception with increasing intensity 165 

and a ceiling effect for SRT100. In contrast, to reach SRT50 at lower intensity, the ADHEAR™ is more affected by the 166 

bone conduction threshold than the Bonebridge™ (Figure 1 and Figure 2). This difference was greater in group A for 167 

two likely reasons: because bone conduction was worse in this group (22.90 – 22.17 versus 16.4 in group B) and 168 

because bilateral amplification increased the gain due to the summation effect [10]. 169 

One limitation of the present study is the short period between adhesive bone conduction hearing aid fitting and speech 170 

testing. Nonetheless, since all patients were bone conduction implant users, it was relatively easy to fit them with the 171 

new device according to their suggestions for attaining the best conditions. 172 

In conclusion, our study provides longer follow-up data as further evidence for the safety of the Bonebridge™ implant. 173 

The non-invasive ADHEAR™ device showed very good results with a significant improvement in SRT as compared 174 

with the unaided condition and so it can be considered a valuable option for patients who require a bone conduction 175 

hearing aid for only a short period of time, for children who do not have sufficient skull thickness for receiving an 176 

active or a percutaneous implant device, and as an alternative for adults in whom surgery is contraindicated. Clearly, we 177 

will not stop implanting the active device, especially because of the difference at low intensity in mixed hearing loss 178 

after middle ear surgery.  In the patients with conductive hearing loss and ear malformation there was a difference of 5 179 

dB for SRT 50. The  Bonebridge™ is recommended in patients with bone conduction threshold better than 25 dB. 180 

The ADHEAR™ device  can be considered a valid tool to predict hearing results with an active bone conduction 181 

implant, especially at higher levels of stimulation. The ADHEAR™  is currently used off label in hearing rehabilitation 182 

for mixed hearing loss;. As  expected, the active device has an SRT50 4 dB lower than the passive system in mixed 183 

hearing loss, but the difference is only 1.44 dB for SRT100. It is at the high intensities of speech audiometry, near 50 184 

dB that the ADHEAR™ may be used for predicting hearing outcome with the Bonebridge™ system. These details are 185 

important for better counselling of the patients requiring hearing rehabilitation for conductive or mixed hearing loss.186 



 

6 
 

REFERENCES 187 

 188 

1) Sprinzl G, Lenarz T, Ernst A, Hagen R, Wolf – Magele A, Mojallal H, Todt I, Mlynski R, Wolframm MD. First 189 

European Multicenter Results with a new Transcutaneous Bone Conduction Hearing Implant system: short-190 

term safety and efficacy. Otol Neurotol 2013; 34: 1076 – 1083. doi: 10.1097/MAO.0b013e31828bb541. 191 

2) Dun CA, Faber HT, Wolf MJ, Mylanus EA, Cremers CW, Hol MK. Assessment of more than 1000 implanted 192 

percutaneous bone conduction devices. Skin reactions and implant survival. Otol Neurotol 2012; 33(2): 192 – 193 

198. doi: 10.1097/MAO.0b013e318241c0bf 194 

3) Hobson JC, Roper AJ, Andrew R, Rothera MP, Hill P, Green KM. Complications of bone-anchored hearing aid 195 

implantation. The Journal of Laryngology and Otology 2010; 124(2): 132 – 136. doi: 196 

10.1017/S0022215109991708 197 

4) Schmerber S, Deguine O, Marx M, Van de Heyning P, Sterkers O, Mosnier I, Garin P, Godey B, Vincent C, 198 

Venail F, Mondain M, Deveze A, Lavieille JP, Karkas A. Safety and effectiveness of the Bonebridge 199 

transcutaneous active direct-drive bone-conduction hearing implant at 1-year device use. Eur Arch 200 

Otorhinolaryngol 2017; 274: 1835 – 1851. doi: 10.1007/s00405-016-4228-6 201 

5) Gavilian J, Adunka O, Agrawal S, Atlas M, Baumgartner WD, Brill S, De Heyning PV. Quality standards for bone 202 

conduction implants. Acta Oto-laryngologica 2015; 135 (12): 1277 – 1285. doi: 203 

10.3109/00016489.2015.1067904 204 

6) Ilher F, Blum J, Berger MU, Weis BG, Welz C, Cains M. The prediction of speech recognition in noise with a 205 

semi-implantable bone conduction hearing system by external bone conduction stimulation with headband: a 206 

prospective study. Trends in Hearing 2016; 20: 1 – 12. pii: 2331216516669330 207 

7) Westerkull P. An adhesive bone conduction system, Adhear, a new treatment option for conductive hearing 208 

losses. Journal of Hearing Science 2018; 8 (2): 35 – 43. 209 

8)  Dahm V, Baumgartner WD, Liepins R, Arnoldner C, Riss D. First results with a new, pressure-free, adhesive 210 

bone conduction hearing aid. Otol Neurotol 2018; 39 (6): 748 – 754. doi: 10.1097/MAO.0000000000001829 211 



 

7 
 

9) Gerdes T, Lenarz T. Comparison of Audiological Results Between a Transcutaneous and a Percutaneous Bone 212 

Conduction Instrument in Conductive Hearing Loss., Otol Neurotol, 2016. doi: 213 

10.1097/MAO.0000000000001010 214 

10) Stern RM Jr, Colburn HS. Theory of binaural interaction based in auditory-nerve data. IV. A model for 215 

subjective lateral position. J Acoust Soc Am, 1978.  64:127–140 216 

  217 



 

8 
 

 218 


