
Abstract—Using geometric primitives, a three dimensional 
finite element model has been developed to assess the pathway 
followed by electric current during an electrical accident 
assuming the entry point for the current was on one hand.  
Results indicate that the area where the risk of soft tissue 
injury is greatest is in the wrist region.  Current entry on the 
palm or finger fronts was found to be more likely to yield 
injury to the median nerve than an entry point on the back of 
the hand.  The lesser injury is theorized to result because of 
current shielding of the nerve by bone.  

Keywords— Carpal tunnel, electric shock, electrical 
injury, median nerve, carpal tunnel syndrome, finite 
element method 

I. INTRODUCTION

 Using FEMLAB software, a three dimensional finite 
element model of the forearm, wrist and hand was 
developed based upon a composite of simple geometric 
primitives.  The use of simple primitives created a 
reasonable approximation of the tissue type and geometry of 
the lower arm and hand while also allowing for FEM 
analysis of a much greater three dimensional volume than in 
prior models in which more complex geometries had been 
used in the model [1].  
 Prior FEM research has suggested that current density in 
a hand involved electrical contact will be elevated in the 
wrist (carpal tunnel) region [1,2].   The limitation of this 
earlier work was the mathematical complexity introduced by 
the use of very complex geometries derived from the visible 
human project.  The mathematical intensity of the FEM 
limited the earlier analysis to successive three dimensional 
slices.  The goal in the current work was develop a 
simplified three dimension model that would incorporate 
hand, wrist, and forearm in a single analysis. 
 Regarding the risk of tissue injury, the traditional theory 
is that tissue damage from electrical contact depends mainly 
on three factors:  1) the pathway and resistance of the tissues 
traversed by the current, 2) the heat generated by the current 

and, 3) the duration of the electrical contact [3].   An 
additional theory suggests that the electric field associated 
with the current may act on the cell membranes causing 
cellular atrophy.  The greatest injury from an electric field 
would be anticipated to occur in nerve and muscle cells.  [4]     
 In considering the potential for neural injury, it has been 
reported that for a 3mm diameter peripheral nerve (in cats), 
a current of 40 ma applied for a duration of 5 seconds is 
sufficient to cause lasting disorders in function and structure 
[5].   
   Since the wrist is characterized by a reduction in 
conductive soft tissue as compared to surrounding regions, it 
would be logical to theorize that current density would be 
elevated in the wrist. The hypothesis thus tested herein is 
that the current density or charge exposure to nerve tissue in 
the region of the carpal tunnel can exceed the threshold 
required to cause neural damage even when the source 
current is not high enough to cause more obvious tissue 
damage (such as entry and exit burns.)  

Fig 1. Model employed in finite element analysis. 
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 A three dimensional model was developed using 
geometric primitives such that it was not of  so great 
complexity as to require more memory (real and virtual) 
than the maximum available (as limited by the 32 bit bus) on 
the PC upon which the Comsol FEMLAB software was 
resident.  (The matrix inversion required for FEM is of such 
complexity that the model can very easily exceed the 
limitations of the computer on which the software resides.) 
The use of geometric primitives decreases the matrix 
complexity thus making for an easier solution. 
 The dimensions of the model were derived from slices 
taken from the visible human project.  The model was 
limited to four fingers (eliminating the thumb as an entry 
point) to further simplify the geometry and thus simplify the 
mathematics.  The characterization of tissue types and 
relative geometry of tissue location was also based on slices 
taken from the visible human project.  Published 
conductivity of different tissue types was used to 
parameterize the tissues in the model [6,7].  The mesh 
generated for the model by the FEMLAB software  
consisted of 21527 nodes (Fig. 1) 
 Once the model was established, multiple analyses were 
run.  In each, a 1 ampere current source was applied at a 
different entry point to simulate an electrical contact.  Figure 
2 shows the resulting surface current density when the 
current is applied to the top of the leftmost finger.  For each 
solution, multiple slices were separated and analyzed to 
determine the percentage of current traversing each tissue 
type at the level of the slice. (Fig. 3) 

Fig 2. Model showing surface current density with the top of 
the left-most finger as entry point. 

Fig 3. Current density cross-section plot taken at mid-palm 
level for Fig. 2 simulation.  Highest current density is 
observed in area of soft tissue.   

III.  RESULTS

Figure 4 shows results typical of the application of one 
ampere of current to the tip of the leftmost finger.  The X 
axis has been normalize to reflect displacement in 
centimeters from the mid-wrist region while the Y axis 
shows current density in the median nerve normalized as a 
fraction of the current observed in the mid-wrist region. 
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Fig 4  Normalized current density as a function of distance 
from the mid-wrist region for an approximation of the 

median nerve. 
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IV.  DISCUSSION 

 Using the model developed, it was observed that current 
density calculated for nerve tissue (placed geometrically 
consistent with the median nerve) would more than double 
over a distance of 6.7 cm, down the forearm, moving in the 
direction of the mid-wrist.  Current would then fall off 
slightly when moving distal to the mid-wrist toward the 
palm.  Multiple simulations yielded similar results. 
Although not shown here, it was observed that when the 
application of current was on the dorsal portion of a finger, 
the peak current density in the mid wrist was significantly 
reduced over simulations in which the current was applied to 
the palmar side of  a finger. 

V.  CONCLUSION 

 It has been demonstrated using the model presented 
herein that current density in the region of the median nerve 
at the mid-wrist can be more than double that of the current 
density seen by the median nerve in the forearm.  This 
suggests the possibility of localized neural damage at the 
level of the mid-wrist even absent other observable injury. 
The results also suggest that bone acts to protect the carpal 
tunnel region by shielding the region during an electrical 
contact involving the dorsal hand.  Future research is needed 
to explore the extent of potential injury associated with 
varying current levels.  

VI. REFERENCES 

[1] Morse, M.S., J.S. Berg, and R.L. Tenwolde, "Analysis of 
Current Density in the Carpal Tunnel Region During an 
Electrical Accident by way of the Finite Element Method"  
presented at 25th  IEEE-EMBS Conf., Cancun, September, 2003.  

[2] Morse, M.S., " A Study of Carpal Tunnel Injury Following 
Electrical Trauma"  presented at 22nd IEEE-EMBS Conf.,
Chicago, CA, Jul. 2000. 

[3] Irvine, J.,"Electric Shock and Associated Injuries," The 
Practitioner, vol. 233, pp. 1454-1457,  Nov. 8, 1989. 

[4] Lee, R.C. and M.S. Kolodney, "Electrical Injury Mechanisms:  
Electrical Breakdown of Cell Membranes," Plastic and 
Reconstructive Surgery, vol 80, no 6, pp 672 -679, Nov., 1987. 

[5] Somogyi, E. and C.G. Tedeschi, "Section 4. Injury by Electrical 
Force, "  Forensic Medicine, A Study in Trauma, vol 1, p 660. 

[6] Baker, L., "Principles of the Impedance Technique,"  IEEE Eng. 
in Medicine and Bio., pp. 11-13, March 1989. 

[7] Geddes, L.A. and L.E. Baker, "The Specific Resistance of 
Biological Material -- A Compendium of Data For the 
Biomedical Engineer adn Physiologist," Med. and Biol. Eng.,
vol 5, pp 271-293, 1967. 

2379


	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /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 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


