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Abstract-Text:  
Purpose:Lumbar punctures are performed for diagnosis and therapy. The puncture is done 
by inserting a needle into the body to inject medicaments or to extract liquor. The training 
is usually done guided by experienced supervisors directly in contact with the patient. The 
use of training dolls or cadavers is unusual. The relevance of virtual reality based 
simulators is increasing because with the use of simulators experience can be gained 
cheaply without risking the patient’s health. Thus, a lumbar puncture simulator has been 
developed to support the training. Method:The simulator is split into a haptic and a visual 
component. The haptic component renders the forces that affect the needle during the 
insertion. We use a force feedback device with six degrees of freedom for the haptic I/O. 
This device enables haptic feedback in three directions in space and in three rotation axes 
of the endeffector (Fig. 1). The forces are calculated in real time depending on needle 
position, needle rotation, insertion angle and local tissue properties. The haptic device is 
then used to return the rendered forces to the user. Different force components are 
considered: Resisting force, surface friction and viscosity of medical structures are 
simulated based on a haptic volume rendering approach [1]. The rotation and transversal 
motion of the needle inside the body is restricted using the insertion angle and position at 
the moment of insertion. Furthermore the friction that resists the needle insertion is 
computed based on the penetration depth.The visual component is build up of 2D and 3D 
visualizations of the virtual body. The 3D scene shows a virtual representation of the 
needle and the surfaces of relevant medical structures like skin, bone, fat and muscles. 
The whole scene can be rotated, panned and zoomed using the mouse (Fig. 2). A stereo 
view facilitates the impression of depth. Three 2D views show orthogonal slices (sagittal, 
coronal and axial) of the image data (Fig. 3). The slice positions are defined by the current 
position of the needle tip. The alignment of the needle is shown by a projection into each 
orthogonal view. In a first step the input data for the lumbar puncture simulator has been 
generated based on the visible human male data set. We used the CT data and the 
segmentation (label data) of skin, bone, muscles and fat. Surface models have been 
generated based on the label data to enable the 3D visualization. Parameters for haptic 
and visual component and the definition of the input data are provided to the framework 
using an XML file. Results:Several users with varying medical experience tested the 
simulation of lumbar puncture. The users were able to identify different tissues like 
muscles, fat, skin and bone by means of viscosity, resisting force and friction. Viscosity 
turned out to be essential for a realistic haptic feedback. The synchronization of force 
feedback and miscellaneous visualization techniques provided a realistic impression of the 
anatomy though the usage of a haptic device is very unusual for most users. I turns out 



that the simulator developed is able to support and improve the lumbar puncture training 
using virtual reality techniques. Conclusion:Virtual reality enables the development of new 
approaches for visualization and evaluation of the insertion procedure during the training. 
The training method offers a new way to understand anatomical contexts and to gain 
experiences in using a puncture needle. Our future work will be the enhancement of the 
existing simulator and the design of other puncture simulators. The next steps will be the 
simulation using patient data, the realistic simulation of soft tissue deformation and 
bending of needles to enable the simulation of soft tissue punctures like liver or lung 
puncture.References:[1] Lundin K, Ynnerman A, Gudmundson B. Proxy-Based Haptic 
Feedback From Volumetric Density Data. In: Proceedings of the Eurohaptics Conference 
2002, Edinburgh, United Kingdom: 104-5  
  
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


