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Biomechanical studies of finger extension function
Analysis with a new force measuring device and ultrasound  

examination in rheumatoid arthritis and healthy muscles

Sofia Brorsson

Department of Hand Surgery/Orthopaedics, Insitute of Clinical Sciences, Sahlgrenska Academy, 
University of Gothenburg, Göteborg, Sweden, 2008.

ABSTRACT

Aims: The overall aim of this thesis was to further our understanding of extensor muscles and their 
role for hand function. The aims of the studies were:

To develop and evaluate a new device for finger extensor force measurements. 
To evaluate ultrasound as a tool for assessment of muscle architecture. 
To determine the correlation between extensor muscle force and hand function. 
To evaluate the degree of impaired finger extensor force in rheumatoid arthritis (RA) and the corre-   

 lation to impaired hand function.
To analyse the effect of hand exercise in RA patients and healthy subjects with ultrasound and finger    

 extension force measurements.
Method: A new finger extension force measuring device was developed and an ultrasound based 
method was used to be able to objectively measure the finger extension force and analyze the static 
and dynamic extensor muscle architectures. Measurements were made of healthy volunteers (n=127) 
and RA patients (n=77) during uninfluenced and experimental conditions. A hand exercise program 
was performed and evaluated with hand force measurements, hand function test, patient relevant 
questionnaires (DASH and SF-36) and ultrasound measurements. 
Results: The new finger extension force measurement device was developed and then validated with 
measurements of accuracy as well as test-retest reliability. The coefficient of variation was 1.8 % of the 
applied load, and the test-retest reliability showed a coefficient of variation no more than 7.1% for 
healthy subjects. Ultrasound examination on m. extensor digitorum communis (EDC) showed sig-
nificant differences between healthy men and healthy women as well as between healthy women and 
RA patients. The extension and flexion force improved in both groups after six weeks of hand exercise 
(p<0.01). Hand function improved in both groups (p<0.01). The RA group showed improvement 
in the results of the DASH questionnaire (p<0.05). The cross-sectional area of the EDC increased 
significantly in both groups.
Conclusions: A new finger extension force measuring device has been developed which provides ob-
jective and reliable data on the extension force capacity of normal and dysfunctional hands and is suf-
ficiently sensitive to evaluate the effects of hand exercise. US provide useful information about muscle 
architecture. A significant improvement of hand strength and hand function in RA patients was seen 
after six weeks of hand training, the improvement was even more pronounced after 12 weeks. Hand 
exercise is thus an effective intervention for RA patients, providing better strength and function.
Keywords: Grip force, finger extension force, ultrasound, hand exercise, rheumatoid arthritis, muscle 
architecture, ultrasound, GAT, DASH, SF-36.
Correspondence to: Sofia Brorsson, Halmstad University, School of Business and Engineering,  
P.O. Box 823, SE-301 18 Halmstad, Sweden. E-mail: sofia.brorsson@hh.se.
ISBN: 978-91-628-7602-9



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 99
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF00440065006e006e00610020006a006f0062006f007000740069006f006e00660069006c002000e400720020006f007000740069006d00650072006100640020006600f6007200200044006f00630075005300790073002000700072006f00640075006b00740069006f006e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.283 858.898]
>> setpagedevice


