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Abstract-Text:  
Purpose: 
The currently used electrically driven hearing devices (IHD) apply either electromagnetic 
coupling or piezoelectric actuation to drive the ossicular chain. They represent optimal 
hearing improvement for an increasing number of specific indications and can be used for 
the rehabilitation of patients with either conductive (BAHA Classic, Rion MEI), mixed 
(BAHA Cordelle) or sensorineural hearing loss (Vibrant Soundbridge, Soundtec, Otologic). 
One of these is the MET ossicular stimulator (Otologics, LCC., Bolder, CO, USA), a semi-
implantable hearing aid with an internal unit consisting of an electromagnetic transducer 
with the option to vary static preload intraoperatively. This internal unit is coupled to the 
incus by a coupling rod that is inserted in a previously made whole and adjusted by a 
microadjustive screw to achieve an optimal static preload. Optimal preload is crucial to 
achieve maximum transmission of the implant vibrations onto the ossicular chain resulting 
in maximum footplate displacement. Determining the optimal preload by acoustical 
measurements is intraoperatively limited due to possible occlusion effects of the ear 
canal.The laser Doppler velocimeter (LDV) is an excellent technique for non-contact 
vibration measurements in ears with high precision. LDV is considered as the standard for 
evaluating the performance of IHDs and allows in vivo measurements as well. 
The aim of this study is to determine with LDV measurements both, in vitro and in vivo, the 
transfer functions in relation to different static preload conditions of the MET. Method: 
LDV was used for the selection of three temporal bones with different vibrational patterns 
(VP). Transfer functions were calculated between vibration patterns of the measurement 
points at the coupling rod, umbo, incus (INC) and footplate. The MET was implanted, 
coupled to the ossicular chain and the vibration patterns were measured at the incus, 
umbo and footplate with different preloads corresponding to MET advancements of 0 µm, 
62 µm, 125 µm and 188 µm or screw rotation of 0°, 90°, 180° and 270°, respectively. 
In addition, intraoperatively acoustical and mechanical measurements were done during 
three MET implantations at the same time. A probe microphone that was inserted into the 
subsequently sealed ear canal was used for the acoustical measurements. For the 
vibration measurements, the developed and subsequently optimized setup according to 
Rodriguez Jorge and Hemmert was used consisting of a LDV that is coupled to an 
operation microscope. We stimulated the MET ossicular stimulator with 9 simultaneous 



pure tones (250 Hz, 500 Hz, 750 Hz, 1000 Hz, 1500 Hz, 2000 Hz, 3000 Hz, 4000 Hz and 
6000 Hz) and the microadjustive screw was turned to obtain the maximum incus 
displacement amplitude. The incus vibration amplitude was measured twice while the laser 
beam was focused onto the incus body. Results: 
In vivo, the highest amplitudes (40 µm/V - 80 µm/V) were found with a screw rotation of 0° 
- 90° (0 to 0.0625 mm). In vitro, optimal transfer function between the MET transducer and 
the oval window was achieved during contact when the coupling rod advanced 0.0625 µm 
(90° rotation).If the microadjustive screw was rotated 180° in vivo, the amplitude 
decreased by 14 dB - 20 dB. Altogether, an optimal preload was achieved with a rotation 
of 90° corresponding to a coupling rod advancement of 0.0625 mm. 
 
Conclusion: 
1. The described setup is a sensitive and precise technique for intraoperative vibration 
measurements and precise adjustment of the coupling of active middle ear implant with 
the ossicular chain. 2. Based on our findings we are of the opinion that optimal force 
loading occurs between contact situation (0°) and 0.0625 mm (90° rotatation). For 
intraoperative usage we recommend an advancement of 0.0312 mm (45° rotation) in order 
to avoid an overloading. Overloading might result in a decreased efficacy of the MET.  
  
Bild 1/JPG 

 
  



Bild 2/JPG 

 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [72 72]
  /PageSize [615.118 824.882]
>> setpagedevice


