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Abstract— The motion of the residual-tibia within a trans-
tibial socket was examined so far only by X-ray. In this pre-
study now the motion of the residual tibia is to be described 
during gait using ultrasound data. The results of measurement 
raised here are to serve as input for later simulation work, in 
order to be able to adapt socket fit individually.  

So far, this procedure of ultrasound measurement during 
gait cycle was used only related to the femur. 

In the first part the structure of the test rig and the integra-
tion into the socket is described, as well as the calibration of 
the system. In the second part, the results of measurement are 
represented and discussed afterwards. 
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I. INTRODUCTION  

Eriksson and Lemperg (1969) [1], Grevsten and Eriksson 
(1975) [2] and Lilja et al. (1993) [3] all used radiographic 
techniques to analyse residual tibial movement within trans-
tibial sockets. Mayfield et al. (1977)[4], Sabolich (1985)[5] 
and Long (1985)[6] also used radiographic techniques to the 
analysis, however they were occupied with the motion of 
the residual femur within the trans-femoral socket. The use 
of radiographic technique is possible only temporarily be-
cause of the risk of ionising radiation. Furthermore these 
studies were restricted to static analysis at simulated instants 
of the gait cycle. 

Convery and Murray (2000) [7] used the ultrasound for 
the examination of the residual femur motion within a trans-
femoral socket during gait cycle for the first time.  

The ETH Zurich developed in 2006 a „moving-video-
fluoroscope“, a C-arm-x-ray unit, which is carried with the 
patient. Thus it permits recordings of the knee-TEP during a 
complete gait cycle [8, 9]. This procedure was used only to 
analyse TEP knee joints so far. 

This pre-study measured the motion of the residual tibia 
within a trans-tibial socket during gait using ultrasound for 
first time. 

Four 9MHz linear array transducer were selected in order 
to provide an optimal image of the tibia. The field of view 

of all four transducers is 39mm and each transducer was 
connected to a separate diagnostic ultrasound scanner 
EchoBlaster128 (Telemed, Lithuania).  

By mounting the ultrasound transducers on the outside 
wall of the socket it is possible to set the movement of the 
Tibia within the socket direct in connection to the socket. 
However, overruns may occur due to poor contact at the 
interface between transducer and stump during gait cycle. 
This can be prevented and/or minimized by exact position-
ing of probes in forward, an optimal socket fit and the use 
of “Sonar Aid” (Geistlich Pharma, Switzerland), aqueous 
coupling medium for diagnostic ultrasound. 

Also out of this the necessity can be derived that for each 
measurement an individually manufactured and adapted 
prosthesis socket will be required. 

II. SUBJECT 

The subject is a 27-year-old male whose left trans-tibial 
amputation was a result of an osteogenic sarcoma. He is 
1,82 meter tall and weights 72 kilogram. The subject was 
amputated for 11 years at the time of the preliminary study. 
He carries his prosthesis daily about 16 hours, is vocation-
ally main sitting actively and is due to its private activities 
assigned to the activity class IV. 

III. METHODOLOGY 

For the production of the measuring socket at first a test 
socket was manufactured out of „Thermoflex solid“ (Bauer-
feind, Germany) within a 3mm soft wall interior socket out 
of „Extrafoam “ (Leder Scheben, Germany).  

At the measuring socket, four ultrasound transducers 
were positioned in such a way that the Tibia is on target 
during the entire gait cycle. Subsequently, two points of 
reference were specified: proximal the Tuberositas tibiae 
and distal at the end of the tibia, to those in each case two 
ultrasonic probes were anterior and laterally aligned. For 
stabilization serves a metal-rack, which fix the probes by 
means of cube caps. Threaded rods and axial pivots connect 
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the mounting plates and thus avoids the change in angle of 
the probes among themselves. 

According to this model the measuring socket could be 
manufactured. As placeholder for the ultrasound transducer 
dummies from gypsum were manufactured. Armoring con-
sisted of four layers stockinette, four layers glass, carbon 
fiber amplification, and the whole was filled up with carbon 
acrylic resin. The finished measuring socket with the inte-
grated ultrasound transducers and the metal-rack is to be 
seen in fig. 1. 

In each case the four ultrasound transducers were as-
signed to an IPC (Bressner, Germany). These IPCs contain 
an Intel Core2Duo processor with 1,6GHz and 2GB DDR II 
RAM main memory. USB 2.0 connect the diagnostic ultra-
sound scanner with the IPCs. The four IPCs are interlaced 
over a SWITCH among themselves. All devices of the 
measurement setup are supplied via a voltage supply with 
12VDC.  

The four measuring systems were appointed before be-
ginning of each measurement with the help of DCF77-
receiver for accuracy in the same time. This time serves for 
the synchronisation of the measurements.  

The entire ultrasound measuring system is on a trolley, 
which was motor driven over a belt drive beside the subject. 
  

 
Fig. 1 Measuring socket with integrated transducers 

 

Fig. 2 Ultrasound measurement of the Tibia with  
the transducer 2 

 
For calibration of the measuring system three long paral-

lel rods with 5mm targets were incorporated centrally in the 
socket, parallel to the socket axis. The socket was filled 
with water and the position of the rods in the socket was 
compared with the values of the ultrasound measurement. 

A 3-dimensional x, y, z co-ordinate system was adopted 
for measurement purposes. The z distance was measured 
perpendicular from the transducer surface to the measuring 
object. The x distance was measured parallel to the trans-
ducer, from the lateral border of the field of view to the 
measuring object. The distance y indicates the measurement 
from the deepest point of the Patella support, the relative 
depth of the measuring object within the socket. It was 
measured using a height gauge. Figure 2 illustrates the ul-
trasound image of the residual tibia-end within the socket as 
a semicircular arc and the transducer surface as the horizon-
tal line across the top of the screen. The x and z co-
ordinates lie at the apex of the arc. 

The ultrasound transducers 1 and 2 lie approximately 
parallel to the posterior brim of the socket. Tibia motion 
perpendicular to the sensing surface of the transducers 1 and 
2 was considered to be flexion/extension relative to the 
anterior socket wall. Tibia motion parallel to the sensing 
surface of the two transducers was considered to be abduc-
tion/adduction relative to the anterior socket wall. The 
measured ultrasound data was transferred to spreadsheets. 

By the knowledge about the orientation of all ultrasound 
transducers to each other and these, again to the axle center 
of socket, the angle changes of the Tibia movement can be 
computed. The flexion/extension of the Tibia on each mo-
ment of the gait cycle was computed over the formula 1.  
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Abduktion/adduktion of the Tibia was computed over the 
formula 2. The ultrasound transducers 3 and 4 were evalu-
ated as check measurement. 
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 A Qualisys Motion Capture system (Qualisys, 

Sweden) seizes „the outside “kinematic data. Thirteen retro-
reflective markers were placed after the Oxford Foot Model 
on both sides of the subject. Two parallel hall-effect-force-
plates (AMTI, USA) and the NOVEL pedarX system 
(NOVEL, Germany) supply kinetic data. The Qualisys 
program as well as the NOVEL system and the force-plates 
serve the momentary gait phase as reference values for the 
clear regulation. 

The pre-study was accomplished in the gait-laboratory of 
the department of Orthopaedics and movement systems of 
the Fraunhofer Institute for Manufacturing Engineering and 
Automation in Stuttgart. 

The patient moved in a self-chosen and pleasant cadence 
and speed for him. In ten going attempts by four measuring 
transducers the distances between bone edge and socket 
wall, as well as the kinetic and kinematic parameters were 
determined. 

IV. RESULTS 

Further the measurements take place at present, results 
up to the expiration of the term are supplied later. 

V. DISCUSSION 

 Discussion is supplied later. 

VI. CONCLUSIONS  

 Conclusions are supplied later.  

ACKNOWLEDGMENT 

 Sanitätshaus Bächle, Deutschland 

REFERENCES  

1. Eriksson U, Lemperg R (1969) Roentgenological study of movements 
of the amputation stump within the prosthesis socket in below-knee 
amputees fitted with a PTB prosthesis. Acta Orthop Scand 40:520–
529 

2. Grevsten S, Eriksson U (1974) Stump-Socket Contact and Skeletal 
Displacement in a Suction Patellar-Tendon Bearing Prostesis. J Bone 
Joint Surg 56:1692–1696  

3. Lilja M, Johansson T, Oberg T (1993) Movement of the tibial end in a 
PTB prosthesis socket: a sagittal X-ray study of the PTB prosthesis. 
Prosthet Orthot Int 17:21–26 

4. Mayfield GW, Scanlon J, Long I (1977) A new look to and trough the 
above-knee socket (abstract). Orthop Trans 1:95 

5. Sabolich J (1985) Contoured adduction trochanteric controlled align-
ment method (CAT-CAM). Clin Prosthet Orthot 9:15-26 

6. Long I (1985) Normal shape Normal Alignment (NSNA) above-knee 
prosthesis. Clin Prosthet Orthot 29:53-54 

7. Convery P, Murray KD (2000) Ultrasound study of the motion of the 
residual femur within a trans-femoral socket during gait. Prosthet Or-
thot Int 24:226–232. 

8. Meier, Christoph (2006): Das bewegte Knie. Mobiler Röntgenapparat. 
ETH Life. at http://archiv.ethlife.ethz.ch/articles/tages/mobilroentg. 
html 

9. Foresti M, Gerber H et al. (2008) A novel set-up for the automation of 
a video knee joint kinematics during level walking. Laboratory for 
Biomechanics. at http://www.univ-valenciennes.fr/congres/3D2006/ 
Abstracts/149-Foresti.pdf 

Use macro [author address] to enter  the address of the corresponding 
author: 

Author: Urs Schneider 
Institute: Fraunhofer IPA 
Street: Nobelstr. 12 
City: Stuttgart 
Country: Germany 
Email: Urs.Schneider@ipa.fraunhofer.de 

 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




