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BACKGROUND 

 Bone conduction hearing 
 

Stenfelt, 2011 



OVERVIEW BC SOLUTIONS 

 CONVENTIONAL BC SYSTEMS 
• Transcutaneous solutions 

 PERCUTANEOUS BC SYSTEMS 

• Cochlear Baha® system 

• Oticon Ponto system 

 TRANSCUTANEOUS PASSIVE BC SYSTEMS 

• Otomag Sophono Alpa system™ 

• Cochlear Baha® Attract system 

 TRANSCUTANEOUS ACTIVE BC SYSTEMS 

• Medel Bonebridge™ 

• BCI (Hakansson et al.) 

 OTHER BC SYSTEMS 

• Sonitus Medical Soundbite™ 
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Functioning Results + / - Conventional systems 



Functioning Results + / - Conventional systems 

Hol et al., 2005, n = 2 

BILATERAL CONDUCTIVE HEARING LOSS 

BEHAVIOURAL EVALUATION 



Functioning Results + / - Conventional systems 

 Advantages: 
• Children 

• Temporary solution 

• Completely non-invasive 

 

 Disadvantages: 
• Pressure / discomfort (Hakansson, 1994; Snik, 2004) 

• Aesthetics 

• Loss of gain (Verstraeten, 2008) 



PERCUTANEOUS BC SOLUTIONS 

Functioning 

Results 

Advantages & Disadvantages 3. 
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Functioning Results + / - Percutaneous systems 
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Functioning Results + / - Conventional systems 

BILATERAL CONDUCTIVE HEARING LOSS + BILATERAL BCD 

SPEECH IN NOISE 

Percutaneous systems 

-3,3 dB SNR; p < 0,01 
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Bosman et al. , 2001; n = 25 



Functioning Results + / - Conventional systems 

BILATERAL CONDUCTIVE HEARING LOSS + BILATERAL BCD 

LOCALIZATION 

Percutaneous systems 

Priwin et al. , 2004, n = 12 



Functioning Results + / - Conventional systems 

BILATERAL CONDUCTIVE HEARING LOSS + BILATERAL BCD 

SUBJECTIVE BENEFIT 

Percutaneous systems 

92% reported QOL improvement 

Glasgow Benefit Inventory, Eu Chin Ho et al. , 2009 n = 71 



Functioning Results + / - Conventional systems 

UNILATERAL CONDUCTIVE HEARING LOSS 

SPEECH IN NOISE 

Percutaneous systems 

4.6 dBSNR 

Snik et al. , 2002 n = 8 



Functioning Results + / - Conventional systems 

UNILATERAL CONDUCTIVE HEARING LOSS 

LOCALIZATION 

Agterberg et al. , 2012, n = 13 

Percutaneous systems 



Functioning Results + / - Conventional systems 

UNILATERAL CONDUCTIVE HEARING LOSS 

SUBJECTIVE BENEFIT 

Percutaneous systems 

Disability-specific questionnaire (Chung & Stephens; 1986), Hol et al. , 2005 



Functioning Results + / - Conventional systems 

SEVERE UNILATERAL SENSORINEURAL HEARING LOSS 

SPEECH IN NOISE 

Percutaneous systems 

-2,5 dB SNR 
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Hol et al. , 2010 n = 56 



Functioning Results + / - Conventional systems 

SEVERE UNILATERAL SENSORINEURAL HEARING LOSS 

SPEECH IN NOISE 

Percutaneous systems 

-1,1 dB SNR 
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Hol et al. , 2010 n = 56 



Functioning Results + / - Conventional systems 

SEVERE UNILATERAL SENSORINEURAL HEARING LOSS 

SPEECH IN NOISE 

Percutaneous systems 

+ 1.6 dB SNR 
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Hol et al. , 2010 n = 56 



Functioning Results + / - Conventional systems 

SEVERE UNILATERAL SENSORINEURAL HEARING LOSS 

LOCALIZATION 

Percutaneous systems 

NO IMPROVEMENT 

Wazen et al. , 2005 n = 8 Battista et al., 2013 n = 10 



Functioning Results + / - Conventional systems 

SEVERE UNILATERAL SENSORINEURAL HEARING LOSS 

SUBJECTIVE BENEFIT 

Percutaneous systems 
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p < 0,025 

Hol et al. , 2010  n = 56 



Functioning Results + / - Conventional systems 

 Advantages 
• More gain than transcutaneous systems 

• Possible to close the air-bone gap  (BC ≤ 55 dB HL) 

• MRI/NMR 

 Disadvantages 
• Adverse skin reactions (4,6%) and life-long care 

• Loss of the implant (8,3%) 

• Children 

• Aesthetics 

Percutaneous systems 

Dun et al. , 2012 



TRANCUTANEOUS PASSIVE BC SOLUTIONS 

Functioning 

Results 

Advantages & Disadvantages 3. 

2. 

1. 

Functioning 

Results 

Advantages & Disadvantages 3. 

2. 

1. 

SOPHONO 

BAHA® ATTRACT 



Functioning Results + / - Sophono 

Two magnetic parts – multiscrew system 



Functioning Results + / - Sophono 

Hol et al. , 2013 n = 6 children 

SOUND FIELD AUDIOMETRY 



Functioning Results + / - Sophono 

SPEECH IN NOISE 

Sylvester et al. , 2013 n = 18 
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Functioning Results + / - Sophono 

SUBJECTIVE BENEFIT 
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Sylvester et al. , 2013 n = 18 



Functioning Results + / - Baha® Attract 

Two magnetic parts – single screw system 

Baha® sound 
prcessor 

External Magnet 
& 

SoftWear™ Pad 

Magnetic 
implant 

BI300 
Implant 



Functioning Results + / - Sophono 

SUBJECTIVE BENEFIT 



Functioning Results + / - Conventional systems Passive systems 

 Advantages 
• Aesthetics: no skin penetration 

• Not as much skin problems  

• Wearing comfort ( ↔ conventional transcutaneous system) 

 

 Disadvantages 
• Not as much high frequency gain (Sophono) 

• MRI compatible BUT  large amount of distortion (around 10cm) 

• Minor skin reactions 



TRANCUTANEOUS ACTIVE BC SOLUTIONS 

Functioning 

Results 

Advantages & Disadvantages 3. 
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Functioning 

Results 

Advantages & Disadvantages 3. 

2. 

1. 

Medel BONEBRIDGE™ 

BCI 



Functioning Results + / - BONEBRIDGE™ 

Amadé Audio Processor 

Bone Conduction –  
Floating Mass Transducer  

Screw 
attachment 



Functioning Results + / - BONEBRIDGE™ 

SPEECH IN NOISE 

Mertens et al., 2013 
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Functioning Results + / - BONEBRIDGE™ 

SUBJECTIVE BENEFIT 
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Mertens et al., 2013 



Functioning Results + / - BCI 

Non - Screw 
attachment 

Taghavi et al. , 2012 



Functioning Results + / - BCI 

PRELIMINARY RESULTS 

Taghavi et al. , 2012 



Functioning Results + / - Conventional systems Active systems 

Advantages 

• Aesthetics: no skin penetration 

• No skin problems / Extrusion 

• Wearing comfort ( ↔ conventional transcutaneous system) 

• Increased gain in the high frequencies (BCI) 

• Transducer is closer to the cochlea 

 

Disadvantages 

• Not as much gain as the percutaneous system 

• MRI compatible BUT  large amount of distortion (around 10cm) 

• Beneficial for SSD? 



SOUNDBITE 

Functioning 

Results 

Advantages & Disadvantages 3. 

2. 

1. 



Functioning Results + / - Soundbite 

Miller et al. , 2010 

In The Mouth component (ITM) Behind The Ear component (BTE) 



Functioning Results + / - Soundbite 

SPEECH IN NOISE 

Murray et al. , 2011, n = 28 SSD patients 

 (p < 0,001) 



Functioning Results + / - Soundbite 

SUBJECTIVE BENEFIT 

Murray et al. , 2011, n = 28 SSD patients 
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Statistically significant improvement; p < 0,05 



Functioning Results + / - Conventional systems 

 Advantages 
• No surgery needed – completely non-invasive 

• Placement microphone in the external ear canal (pinna-effects) 

 

 Disadvantages 
• Acoustic feedback is often reported 

• 36% reports eating problems - 35% of the users eat with the ITM part 
in place 

• Orthodontic treatment is sometimes necessary 

• Relatively low power-output < 1 kHz  up to now only in SSD 

• Batteries ITM last only 6-8h 

 

Soundbite 



WHICH BC SOLUTION? 

Classification of amplification options based on 
Maximum Output 

Maximum output of BC devices 

Conclusion 3. 

2. 

1. 



Classification MO of BC Conclusion Which BC solution? 

 Maximum Output = the highest sound level that can be produced without 

distortion 

 Non-linear behavior: clipping/saturation of the device 

 Maximum output is device specific 

 Directly related to the device’s application range (dB HL)  

 Normally measured using ear/skull simulators 
 

 MO (OFL80) for percutaneous bone conductors, measured on skull simulator, 

expressed in dB FL (force level); transferred to dB HL** 

 
*    A. Snik, J. Zwartenkot, J. Noten, E. Mylanus; Radboud University Medical Center Nijmegen, ENT department 
** Using RETFLdbc (Reference equivalent threshold force level for direct bone conduction, Carlsson et al., 1997) 

 



Classicication MO of BC Conclusion Which BC solution? 

MAXIMUM OUTPUT 
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Classification MO of BC Conclusion Which BC solution? 

BAHA CLASSIC 
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Sensorineural Hearing Loss Component, PTA (dB HL) 

35 dB HL 

Inaudible 

66 dB HL 



Classicication MO of BC Conclusion Which BC solution? 

BAHA CORDELLE 
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Sensorineural Hearing Loss Component, PTA (dB HL) 

50 dB HL 

Inaudible 

79 dB HL 



Classicication MO of BC Conclusion Which BC solution? 

SOPHONO 
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Sensorineural Hearing Loss Component, PTA (dB HL) 

20 à 25 dB HL 

Inaudible 

52 dB HL 



Classicication MO of BC Conclusion Which BC solution? 

Device Max. output 

In dB HL 

Upper SNHL appl. 

border 

Baha Classic/ Divino 66* 35 

Baha Cordelle 79* 50 

Otomag Sophono 52 dB HL ** 20-25 dB HL 

Baha Attract ? ? 

Medel Bonebridge ? ? 

BCI ? ? 

Upper appl. Border refers to the maximum sensorineural hearing loss component  
 
 
* Measurements skull simulator; Snik et al. 
* Published; Hol et al., 2013 

OVERVIEW 



Classicication MO of BC Conclusion Which BC solution? 

 Bone conduction devices are a great solution for different 
groups of patients 

 

 Different solutions for different types of hearing losses, 
aetiologies, patients! 

 

 Choice for a certain system not only based on datasheets 



@JDesmet_UZA Jolien.desmet@uza.be 

THANK YOU FOR BEING “ALL EARS”! 



 
1. Stenfelt S. Acoustic and physiologic aspects of bone conduction hearing. Adv Otorhinolaryngol 2011;71:10-21. 

2. Hol MK, Cremers CW, Coppens-Schellekens W et al. The BAHA Softband. A new treatment for young children with bilateral congenital aural 
atresia. Int J Pediatr Otorhinolaryngol 2005;69:973-980. 

3. Bosman AJ, Snik AF, van der Pouw CT et al. Audiometric evaluation of bilaterally fitted bone-anchored hearing aids. Audiology 2001;40:158-
167. 

4. Priwin C, Stenfelt S, Granstrom G et al. Bilateral bone-anchored hearing aids (BAHAs): an audiometric evaluation. Laryngoscope 
2004;114:77-84. 

5. Ho EC, Monksfield P, Egan E et al. Bilateral Bone-Anchored Hearing Aid: Impact on Quality of Life Measured With the Glasgow Benefit 
Inventory. Otol Neurotol 2009. 

6. Snik AF, Mylanus EA, Cremers CW. The bone-anchored hearing aid in patients with a unilateral air-bone gap. Otol Neurotol 2002;23:61-66. 

7. Agterberg MJ, Snik AF, Hol MK et al. Contribution of monaural and binaural cues to sound localization in listeners with acquired unilateral 
conductive hearing loss: improved directional hearing with a bone-conduction device. Hear Res 2012;286:9-18. 

8. Hol MK, Snik AF, Mylanus EA et al. Does the bone-anchored hearing aid have a complementary effect on audiological and subjective 
outcomes in patients with unilateral conductive hearing loss? Audiol Neurootol 2005;10:159-168. 

9. Hol MK, Kunst SJ, Snik AF et al. Bone-anchored hearing aids in patients with acquired and congenital unilateral inner ear deafness (Baha 
CROS): clinical evaluation of 56 cases. Ann Otol Rhinol Laryngol 2010;119:447-454. 

10. Wazen JJ, Ghossaini SN, Spitzer JB et al. Localization by unilateral BAHA users. Otolaryngol Head Neck Surg 2005;132:928-932. 

11. Battista RA, Mullins K, Wiet RM et al. Sound localization in unilateral deafness with the Baha or TransEar device. JAMA Otolaryngol Head 
Neck Surg 2013;139:64-70. 

12. Desmet J, Bouzegta R, Hofkens A et al. Clinical need for a Baha trial in patients with single-sided sensorineural deafness. Analysis of a Baha 
database of 196 patients. Eur Arch Otorhinolaryngol 2012;269:799-805. 

13. Hol MK, Nelissen RC, Agterberg MJ et al. Comparison Between a New Implantable Transcutaneous Bone Conductor and Percutaneous 
Bone-Conduction Hearing Implant. Otol Neurotol 2013. 

14. Sylvester DC, Gardner R, Reilly PG et al. Audiologic and surgical outcomes of a novel, nonpercutaneous, bone conducting hearing implant. 
Otol Neurotol 2013;34:922-926. 

15. Taghavi H, Hakansson B, Reinfeldt S. Analysis and design of RF power and data link using amplitude modulation of Class-E for a novel bone 
conduction implant. IEEE Trans Biomed Eng 2012;59:3050-3059. 

16. Murray M, Miller R, Hujoel P et al. Long-term safety and benefit of a new intraoral device for single-sided deafness. Otol Neurotol 
2011;32:1262-1269. 

17. Murray M, Popelka GR, Miller R. Efficacy and safety of an in-the-mouth bone conduction device for single-sided deafness. Otol Neurotol 
2011;32:437-443. 

18. Miller RJ. It's time we listened to our teeth: the SoundBite hearing system. Am J Orthod Dentofacial Orthop 2010;138:666-669. 

19. Carlsson PU, Hakansson BE. The bone-anchored hearing aid: reference quantities and functional gain. Ear Hear 1997;18:34-41. 
  
  


