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Abstract
There	
  are	
  limited	
  data	
  on	
  the	
  prevalence	
  of	
  upper	
  extremity	
  nerve	
  entrapments	
  in	
  military	
  veterans	
  with	
  
major	
  limb	
  amputa9ons.	
  A	
  pilot	
  study	
  of	
  20	
  par9cipants	
  at	
  the	
  2008	
  Na9onal	
  Disabled	
  Veterans	
  Winter	
  
Sports	
  Clinic	
  (NDVWSC)	
  used	
  nerve	
  conduc9on	
  studies	
  and	
  showed	
  an	
  increased	
  prevalence	
  of	
  upper	
  
extremity	
  nerve	
  entrapments	
  in	
  the	
  veteran	
  amputee	
  popula9on.	
  In	
  this	
  study,	
  we	
  followed	
  on	
  the	
  
previous	
  findings	
  of	
  increased	
  prevalence	
  of	
  upper	
  extremity	
  nerve	
  entrapments.	
  Using	
  ultrasonography	
  
techniques,	
  we	
  inves9gated	
  changes	
  in	
  the	
  median	
  nerve	
  characteris9cs	
  in	
  a	
  sample	
  of	
  36	
  veterans.	
  The	
  
results	
  were	
  in	
  agreement	
  with	
  those	
  of	
  the	
  previous	
  pilot	
  study	
  and	
  demonstrated	
  evidence	
  of	
  median	
  
nerve	
  health	
  deteriora9on	
  in	
  the	
  veterans	
  with	
  major	
  limb	
  amputa9ons.
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Background
Individuals	
  with	
  lower	
  extremity	
  amputa9ons	
  rely	
  heavily	
  on	
  their	
  upper	
  extremi9es	
  for	
  ac9vi9es	
  of	
  daily	
  
living	
  and	
  mobility.	
  Both	
  manual	
  wheelchair	
  propulsion	
  and	
  crutch	
  ambula9on	
  have	
  been	
  implicated	
  in	
  
upper	
  limb	
  repe99ve	
  strain	
  injuries,	
  including	
  upper	
  extremity	
  nerve	
  entrapment	
  condi9ons,	
  such	
  as	
  
carpal	
  tunnel	
  syndrome	
  (CTS).	
  The	
  prevalence	
  of	
  CTS	
  among	
  manual	
  wheelchair	
  users	
  is	
  between	
  49%	
  
and	
  73%.	
  Gellman,	
  in	
  a	
  study	
  of	
  77	
  individuals	
  with	
  T2	
  or	
  below	
  paraplegia,	
  found	
  49%	
  had	
  signs	
  and	
  
symptoms	
  of	
  CTS	
  (1).	
  Sie	
  interviewed	
  103	
  subjects	
  with	
  paraplegia	
  and	
  found	
  historical	
  or	
  physical	
  
examina9on	
  evidence	
  of	
  CTS	
  in	
  66%	
  (2).	
  In	
  these	
  studies,	
  wheelchair	
  propulsion	
  and	
  crutch	
  use	
  have	
  
been	
  implicated	
  as	
  contribu9ng	
  to	
  injury.	
  There	
  is,	
  however,	
  limited	
  data	
  on	
  the	
  incidence	
  of	
  upper	
  
extremity	
  nerve	
  entrapments	
  in	
  the	
  popula9on	
  of	
  individuals	
  with	
  major	
  limb	
  loss,	
  especially	
  among	
  
soldiers	
  and	
  veterans.	
  	
  Reddy	
  reported	
  on	
  carpal	
  and	
  cubital	
  syndromes	
  in	
  5	
  pa9ents	
  with	
  a	
  contralateral	
  
upper	
  extremity	
  amputa9on	
  that	
  resolved	
  with	
  adjustment	
  of	
  the	
  figure-­‐8	
  harness	
  (3).	
  Boninger,	
  
Robertson,	
  Wolff,	
  and	
  Cooper	
  (4)	
  showed	
  that	
  although	
  elite	
  wheelchair	
  users	
  had	
  a	
  higher	
  prevalence	
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of	
  carpal	
  tunnel	
  syndrome	
  than	
  the	
  general	
  popula9on,	
  these	
  wheelchair	
  athletes	
  had	
  a	
  similar	
  or	
  lower	
  
prevalence	
  than	
  reported	
  in	
  the	
  general	
  wheelchair	
  using	
  popula9on.	
  In	
  manual	
  wheelchair	
  users,	
  
several	
  variables	
  have	
  been	
  shown	
  to	
  correlate	
  with	
  median	
  nerve	
  func9on.	
  	
  These	
  include	
  body	
  mass	
  
and	
  wheelchair	
  pushrim	
  forces	
  (5),	
  and	
  wrist	
  forces	
  and	
  moments	
  (6,	
  7).	
  	
  Crutch	
  ambulators	
  are	
  likely	
  
subject	
  to	
  similar	
  forces,	
  but	
  this	
  has	
  yet	
  to	
  be	
  quan9fied.	
  Individuals	
  with	
  disabili9es	
  have	
  reported	
  that	
  
acquiring	
  a	
  repe99ve	
  strain	
  injury	
  is	
  similar	
  to	
  having	
  a	
  more	
  severe	
  disability,	
  and	
  that	
  the	
  
accompanying	
  pain	
  is	
  one	
  of	
  the	
  most	
  significant	
  factors	
  related	
  to	
  self-­‐reported	
  quality	
  of	
  life.	
  The	
  
objec9ve	
  of	
  this	
  research	
  study	
  was	
  to	
  use	
  ultrasonography	
  to	
  inves9gate	
  nerve	
  entrapments	
  of	
  the	
  
upper	
  extremi9es	
  in	
  soldiers/veterans	
  with	
  major	
  limb	
  loss.	
  This	
  informa9on	
  is	
  needed	
  to	
  guide	
  the	
  
development	
  and	
  evalua9on	
  of	
  preven9on	
  and	
  treatment	
  approaches.

Methodology
Subjects 
Thirty-­‐six	
  veterans	
  or	
  ac9ve	
  duty	
  soldiers	
  with	
  at	
  least	
  one	
  major	
  limb	
  amputa9on	
  were	
  recruited	
  from	
  
par9cipants	
  at	
  the	
  2009	
  Na9onal	
  Disabled	
  Veterans	
  Winter	
  Sports	
  Clinics	
  at	
  Snowmass,	
  Colorado.	
  All	
  
subjects	
  were	
  aged	
  18	
  and	
  over	
  and	
  used	
  assis9ve	
  technology,	
  such	
  as	
  a	
  wheelchair	
  or	
  prosthesis,	
  for	
  
mobility	
  or	
  to	
  assist	
  with	
  ac9vi9es	
  of	
  daily	
  living.	
  Subjects	
  completed	
  a	
  ques9onnaire,	
  and	
  underwent	
  an	
  
upper	
  extremity	
  physical	
  exam	
  and	
  quan9ta9ve	
  clinical	
  ultrasonographic	
  evalua9on.	
  

Ultrasonography (US)
Ultrasonographic	
  images	
  were	
  collected	
  using	
  the	
  Philips	
  HD11	
  1.0.6	
  ultrasound	
  machine	
  with	
  a	
  5-­‐12	
  
MHz	
  50	
  mm	
  linear	
  array	
  transducer.	
  Images	
  of	
  the	
  carpal	
  tunnel,	
  with	
  primary	
  emphasis	
  on	
  the	
  median	
  
nerve,	
  were	
  collected	
  at	
  the	
  distal	
  radius	
  and	
  the	
  pisiform	
  level.	
  These	
  two	
  regions	
  are	
  easily	
  viewed	
  
using	
  US	
  and	
  nerve	
  characteris9cs	
  at	
  these	
  loca9ons	
  have	
  previously	
  been	
  linked	
  to	
  CTS	
  both	
  
symptoma9cally	
  and	
  electrodiagnos9cally	
  (8-­‐12).	
  

Data Analysis
An	
  interac9ve	
  MATLAB	
  image	
  analysis	
  program	
  was	
  used	
  to	
  make	
  manual	
  diameter	
  and	
  cross-­‐sec9onal	
  
area	
  (CSA)	
  measurements	
  of	
  structures	
  of	
  interest	
  using	
  the	
  US	
  images.	
  This	
  program	
  has	
  been	
  used	
  in	
  
previous	
  studies	
  (13-­‐15).	
  Median	
  nerve	
  diameter	
  and	
  cross-­‐sec9onal	
  area	
  were	
  determined	
  by	
  
performing	
  a	
  boundary	
  trace	
  (Figure	
  1).	
  Other	
  
indicators	
  such	
  as	
  flahening	
  ra9o	
  and	
  swelling	
  
ra9o	
  were	
  determined	
  post-­‐analysis.	
  

Statistical Analysis 
Distribu9ons	
  of	
  variables	
  were	
  examined	
  and	
  
transforma9ons	
  were	
  made	
  where	
  necessary.	
  
Paired	
  t-­‐tests	
  were	
  conducted	
  to	
  determine	
  
significant	
  differences	
  between	
  the	
  variables	
  at	
  
two	
  levels,	
  and	
  p-­‐values	
  of	
  0.05	
  were	
  
considered	
  significant.	
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Figure 1: An exemplar US image of median nerve 
at the distal radius level that has been analyzed 
using our image analysis software.



Results
The	
  changes	
  in	
  
ultrasonographic	
  
parameters	
  were	
  not	
  
sta9s9cally	
  significant;	
  
however,	
  trends	
  which	
  
may	
  represent	
  
deteriora9ng	
  median	
  
nerve	
  health	
  were	
  noted	
  
in	
  our	
  analysis.	
  
Par9cularly,	
  the	
  flahening	
  ra9o	
  (defined	
  as	
  nerve	
  width	
  divided	
  by	
  nerve	
  height)	
  at	
  the	
  pisiform	
  level	
  was	
  
greater	
  when	
  compared	
  to	
  those	
  at	
  the	
  distal	
  radius	
  level.	
  While	
  the	
  average	
  cross-­‐sec9onal	
  area	
  at	
  the	
  
pisiform	
  level	
  was	
  not	
  significantly	
  different	
  from	
  the	
  CSA	
  at	
  the	
  distal	
  radius	
  level,	
  the	
  swelling	
  ra9o	
  
(defined	
  as	
  CSA	
  at	
  the	
  pisiform	
  level	
  /	
  CSA	
  at	
  the	
  distal	
  radius	
  level)	
  showed	
  4.2%	
  increase	
  (Table	
  1).

Discussion
There	
  are	
  limited	
  data	
  on	
  the	
  prevalence	
  of	
  upper	
  extremity	
  nerve	
  entrapments	
  in	
  military	
  veterans	
  with	
  
major	
  limb	
  loss.	
  Because	
  many	
  service	
  members	
  with	
  amputa9ons	
  are	
  returning	
  to	
  service	
  and	
  veterans	
  
with	
  major	
  limb	
  amputa9ons	
  provide	
  a	
  model	
  for	
  the	
  future	
  of	
  recent	
  interna9onal	
  conflicts	
  (e.g.,	
  
Opera9on	
  of	
  Iraqi	
  Freedom	
  and	
  Opera9on	
  of	
  Endurance	
  Freedom)	
  veterans,	
  informa9on	
  on	
  the	
  
incidence	
  of	
  upper	
  extremity	
  nerve	
  entrapments	
  is	
  important	
  for	
  counseling	
  and	
  safety	
  training	
  for	
  
military	
  personnel	
  and	
  veterans,	
  for	
  training	
  medical	
  staff,	
  and	
  for	
  preparing	
  strategies	
  for	
  prophylaxis	
  
and	
  treatment.	
  A	
  pilot	
  study	
  of	
  20	
  par9cipants	
  was	
  performed	
  using	
  nerve	
  conduc9on	
  studies	
  at	
  the	
  
2008	
  Na9onal	
  Disabled	
  Veterans	
  Winter	
  Sports	
  Clinic	
  and	
  showed	
  an	
  increased	
  prevalence	
  of	
  upper	
  
extremity	
  nerve	
  entrapments	
  in	
  the	
  veteran	
  amputee	
  popula9on.	
  The	
  objec9ve	
  of	
  the	
  current	
  study	
  was	
  
to	
  use	
  ultrasound	
  to	
  follow	
  on	
  those	
  findings	
  of	
  increased	
  prevalence	
  of	
  upper	
  extremity	
  nerve	
  
entrapments	
  with	
  a	
  larger	
  subject	
  popula9on.

Ultrasonography	
  has	
  been	
  proved	
  to	
  be	
  a	
  reliable	
  and	
  repeatable	
  means	
  to	
  inves9gate	
  musculoskeletal	
  
structures.	
  Research	
  has	
  shown	
  good	
  reproducibility	
  of	
  median	
  nerve	
  characteris9cs	
  when	
  measured	
  
using	
  ultrasound	
  (16).	
  An	
  unpublished	
  repeatability	
  study	
  conducted	
  by	
  the	
  same	
  inves9gators	
  collec9ng	
  
and	
  analyzing	
  these	
  images	
  in	
  20	
  subjects,	
  found	
  up	
  to	
  91%	
  intra-­‐class	
  correla9on	
  coefficients.	
  
Ultrasound	
  provides	
  inves9gators	
  with	
  a	
  non-­‐invasive,	
  rela9vely	
  inexpensive,	
  and	
  dynamic	
  method	
  to	
  
evaluate	
  musculoskeletal	
  structures,	
  such	
  as	
  tendon	
  and	
  peripheral	
  nerves,	
  even	
  in	
  a	
  non-­‐clinical	
  
environment.	
  Our	
  laboratories	
  have	
  successfully	
  used	
  ultrasound	
  to	
  study	
  structural	
  changes	
  in	
  upper	
  
extremity,	
  including	
  tendons	
  and	
  nerves	
  in	
  shoulder	
  and	
  wrist	
  areas.

The	
  results	
  of	
  current	
  study	
  demonstrated	
  that	
  even	
  though	
  ultrasound	
  characteris9cs	
  of	
  the	
  amputees’	
  
median	
  nerve	
  were	
  not	
  sta9s9cally	
  different,	
  trends	
  represen9ng	
  deteriora9on	
  of	
  median	
  nerve	
  health	
  
were	
  noted.	
  This	
  study	
  correlated	
  with	
  the	
  findings	
  of	
  our	
  pilot	
  study	
  where	
  all	
  20	
  par9cipants	
  had	
  
electrodiagnos9c	
  evidence	
  of	
  nerve	
  entrapment.	
  Mul9ple	
  variables	
  may	
  contribute	
  to	
  these	
  injuries	
  and	
  
more	
  research	
  is	
  necessary	
  to	
  inves9gate	
  possible	
  causes	
  and	
  preven9on.	
  By	
  gaining	
  more	
  informa9on	
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Cross-sectional 
Area

Flattening 
Ratio

Swelling Ratio

Distal Radius 
Level

9.45 ± 1.54 3.27 ± 0.80 100.5% ± 30.2%

Pisiform Level 9.33 ± 2.63 3.41 ± 1.25

100.5% ± 30.2%

Table 1: The ultrasound characteristics of median nerve which were 
quantified at two levels in the carpal tunnel.



regarding	
  the	
  median	
  nerve	
  health	
  in	
  major	
  limb	
  amputees	
  we	
  can	
  reduce	
  the	
  risk	
  of	
  injury	
  and	
  perhaps	
  
delay	
  the	
  onset	
  of	
  nerve	
  damage.	
  Longitudinal	
  studies	
  have	
  yet	
  to	
  be	
  conducted	
  and	
  vigorous	
  sta9s9cal	
  
analysis	
  in	
  a	
  much	
  larger	
  popula9on	
  must	
  be	
  performed,	
  as	
  this	
  small	
  study	
  might	
  have	
  not	
  possessed	
  
enough	
  power	
  to	
  detect	
  a	
  significant	
  difference.
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