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Abstract-Text:  
Purpose 
In our experiment we measure forces exerted by the endoscope to tissue within the nasal 
cavity during FESS (functional endoscopic sinus surgery). The results can be used for 
simulator-based education and for the optimization of manual skills. In our project we use 
force data to develop a robot assisted endoscope guidance. The robot will move the 
endoscope inside the nasal cavity in order to support the surgeon. The sensor based force 
control is one of several features which should ensure reliable and secure robot 
movements. Method 
Throughout the entire operation forces are continuously recorded by custom software. One 
part of the experiment is carried out on four formalin fixed human cadaver heads, the other 
on nine patients. Simultaneously to the force measurement we noted the corresponding 
surgical steps. For the force measurement we use the force/torque sensor Nano 43 SI-36-
0.5 (Schunk GmbH, Lauffen/Neckar, Germany). Force/torque sensors are tactile devices, 
which determine forces acting on the instrument in six degrees of freedom. The sensor is 
mounted between an endoscope (Karl Storz GmbH, Tuttlingen, Germany) and a video 
camera (Fig. 1) and measures forces and torques applied by the endoscope. The standard 
endoscope (No.: 28162AA) has the following hardware properties: 30° optics, 4 mm 
diameter and 18 cm length. The in vivo experiment needs further security components to 
avoid harm to the patient. Fig. 2 shows the experimental setup. We add an isolating 
transformer (Toennies Medizinische Elektronik, Freiburg, Germany) in order to realize a 
galvanic separation between socket and patient. A sterile slipcover is used to wrap the 
cables connected with the sensor and the endoscope (Fig. 3). Results 
The experiment shows that the average force during cadaver sinus surgery is 2.8 N with a 
maximum of 11.8 N (Tab. 1). Most of the time forces do not exceed 5 N and there are few 
peak forces higher than 6 N (Fig. 4). Cadaver head 2 has very rigid tissue, which causes 
high average forces. The in vivo study reveals an average force of 3.38 N. Force data 
measured for patient 4 are influenced by the slipcover which was too narrow, so additional 
force was exerted to the sensor by the protective cover. If we do not include patient 4 we 
have an average force of 3.0 N with a maximum of 25.1 N. For 94.92 % of the time forces 
are lower than 7 N. In our opinion the force variances result from the anatomical varieties. 
During the preparation of the maxillary sinus the number of peak forces is higher than in all 
other surgical steps probably because of a narrow nasal passage. For a detailed force 
data analysis, more force measurements are needed. Conclusion 
There are typical changes of force data depending on the surgical step. It takes higher 



forces to perform endoscopy of the maxillary sinus than examining the ethmoidal sinus. 
Consequentially we need local force thresholds for the robot assisted endoscope guidance. 
A problem of our measurements is the sensor functionality. The sensor gauges the sum of 
all forces which exerts the endoscope to nasal and paranasal tissue. So far we can not 
differentiate between forces within the sinus and those which occur at the entrance of the 
nasal cavity.The measured force data are adequate to damage sensitive structure in 
paranasal sinuses as we found out in earlier experiments. The robot assisted endoscope 
guidance needs more than one security feature to preserve the patient’s integrity. In future 
further control of robotic endoscope movement will be obtained by developing a 
multisensor system.  
  
Bild 1/JPG 

 
  
Bild 2/JPG 

 
Bild 3/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


