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act� Carpal Tunnel Syndrome (CTS) has been 
osed in as many as 10% of the hand-involved 

rical contacts studied by the authors. Typically a 
 diagnosis is indicative of median nerve 
ression.  Such would not be consistent with the 
n apparatus of electrical injury.  Using the finite 

ent method, current density has been evaluated in 
arpal tunnel region during an electrical contact.  
results indicate that while the majority of current 
not transverse the nerve tissue, the current density 
nificantly elevated in the nerves as they traverse the 
al tunnel region.  In certain circumstances, the 
ized current elevation could cause nerve damage 
h would masquerade as CTS when diagnostically 
d. 

ords�Carpal tunnel, electric shock,  electrical 
y 

I.  INTRODUCTION 

ymptoms following a low amperage electric shock are 
se and often unpredictable [1,2,3,4,5,6,7,8,9].   For 
ical contacts of less than 1000V a study of 108 
cts demonstrated that external tissue burning was 
t in 43% of the cases [10].  Where burning does occur, 
ically occurs at entry or exit points where current 

ty is usually highest as is also tissue resistance.  
he traditional theory is that tissue damage from 
ical contact depends mainly on three factors:  1) the 
ay and resistance of the tissues traversed by the 

nt, 2) the heat generated by the current and, 3) the 
ion of the electrical contact [3].   An additional theory 
sts that the electric field associated with the current 
act on the cell membranes causing cellular atrophy.  
greatest injury from an electric field would be 

ipated to occur in nerve and muscle cells.  [11]   
arpal tunnel syndrome (CTS) post-electric injury has 
reported in case studies done on individuals receiving 
ic shocks even when minimal observable tissue 
ge was noted directly following the electrical incident. 
  In evaluating 10 hand-to-hand electric shock cases 
minimal gross tissue damage,  three cases showed 
ostic indications of  Carpal Tunnel Syndrome.   In 
 three cases, the results of the release surgery proved 
than adequate.[4]  More recent work by the authors 
sts that in hand-involved electric shock injuries 

festing diffuse, long-term symptomatology, CTS may 

be present six months post-contact in as many as 10% of the 
cases reviewed.  This number was over seven times the 
population baseline demonstrating statistical significance. 
(Based on a study of 136 electric shock victims.)    
 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 [8].  Further, a rudimentary voltage-divider 
analysis of neural current density in the carpal tunnel region 
has suggested that localized nerve damage could result from 
even a brief duration shock with hand-entry current of 
approximately 1 [12].   
 The hypothesis tested herein is that the current density 
or charge exposure to the median nerve 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.)  The damage is presumed to be localized to 
the carpal tunnel due to the reduction in conductive tissue in 
the region of the wrist.  Localized nerve damage would then 
diagnostically mimic CTS.  
 

II. METHODS 
 

Cross sectional color images of the human arm were 
obtained from the Visual Human Project.  The images 
underwent extensive preprocessing prior to being applied to 
FEMlab (version 2.3) Finite Element Method (FEM) 
software for the purpose of determining current distribution 
in an electrical contact.  
 
Preprocessing: 
 

The data from the Visual Human Project contained 
images in .raw format.  Using Adobe Photoshop software, 
each image was converted to .psd format, all of the 
background and non-arm-tissue were removed and all slices 
of the arm were aligned using the lower right corner as the 
reference.   The final images utilized 16 bit color and were 
trimmed to 720 x 720 pixels and saved in both .BMP and 
.JPG format.  (Fig. 1) A maximum likelihood pattern 
recognition algorithm was developed to recognize six 
different tissue types from the color of the tissues in each 
image.  Unfortunately, the classifier was only accurate for 
gross tissues.  Fine tissues such as nerves had to be 
classified manually.  (Fig 2.) Once classification was 
complete, the 720 by 720 image was reduced to an 80 by 80 
numerical matrix with each number representing one of  the 
tissue types. 
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Fig. 1.  Carpal tunnel region without background. 
 

 
Fig 2.  Carpal tunnel region characterized by tissue type. 
 
 
Finite Element Method: 

Once all classification was complete, the tissue-type 
matrix was analyzed using the finite element method. Each 
element of the tissue type was then characterized by its 
parametric electrical resistivity.  Table 1 contains values of 
resistivity (ρ) for tissues of the human body.  Other than 

liquids such as blood and urine, nerves have the lowest 
electrical resistivity  [13,14,15]. 
 

Table I 
Parametric Resistivity of 

Tissues 
MATERIAL RESISTIVITY 
Blood 1.6 
Nerve 2.5 
Skeletal 
Muscle 7.0 
Bone 160.0 
Fat/Skin 27.0 

 
The two dimensional tissue restivity matrix was then 

extruded into a three dimensional tissue slice of thickness 1 
millimeter.  It was anticipated that by processing multiple 
images in this manner, finite element cubes of homogenous 
tissue of 1 mm in length and 1 pixel x 1 pixel in cross-
sectional area could ultimately come together to describe the 
whole arm.   
 Initial application of the FEMlab software was made to 
individual extruded cross-sections.    The goal being to 
compare the results of cross-sections taken along the length 
of the arm to a cross-section taken at the carpal tunnel.  Each 
cross section would be subjected to a current flow that 
would be theoretically similar to the current flow from a 
presumed electrical contact.   The point of application of the 
current was from a point that was established distant from 
the cross-section through a homogenous medium 
approximating generic soft tissue.  (NOTE:  Various 
approaches were tried before this set-up was deemed to be a 
valid estimate of an actual contact.) 

 
 

 
Fig. 3. Results of FEM analysis on data taken from fig. 1 
indicating relative current density. 

 
 



 3 of 3

III. RESULTS 
 

 Fig. 3 shows the results of the FEM analysis for the cross-
section of the carpal tunnel region from fig 1.. The lowest current 
density is found within the bones and is approximately zero on the 
relative scale shown.  Current density in fat, skin and tendon 
appears to be somewhat uniform and is shown at a value of 
approximately 20 on the relative scale.  Current density in muscle 
is approximately 35 to 40 on the relative scale. The current density 
observed in the nerve tissue is approximately 120 on the relative 
scale. 

 
V.  DISCUSSION 

 
 Not surprisingly, these results indicate that the tissue 
with the lowest current density exposure would be hard 
tissue (bone), shown in darkest blue in fig. 3.  The soft tissue 
(other than the nerves), shown in mid-blue on fig. 3 
demonstrate a somewhat diffuse exposure to current.  
Muscle demonstrates a slightly higher current density 
exposure (light blue on fig. 3).  Integration across all of the 
soft tissue shown in mid-blue and the muscle shown in light 
blue demonstrates that almost all of the current is distributed 
among the soft tissues other than the nerves.  The nerves 
although carrying only a very small total amount of current 
represent focal points with current density spiking to 
between three and six times that of the other soft tissues.  
The result is that the nerves would undergo more rapid 
heating and would also be more apt to suffer damage from 
the higher levels of current to which they are exposed. 
 

VI.  CONCLUSIONS 
 

 In sum, the FEM analysis of the tissue matrix indicates
that dramatically higher current densities are observed in the
nerve tissue of the carpal tunnel region than in other
surrounding tissues.   Given the susceptibility of nerve to 
electrical injury coupled with the dramatically high current 
density, it is very likely that electrical injury to nerve 
far precede injury to other tissues in the carpal tunnel region.   
It is further very likely that this injury would mimic CTS 
during diagnostic testing. 
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