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Introduction/Epidemiology	
  
	
   Multidisciplinary	
  healthcare	
  knowledge	
  has	
  certainly	
  come	
  a	
  long	
  way	
  since	
  
the	
  first	
  reference	
  to	
  spinal	
  cord	
  injury	
  (SCI)	
  made	
  over	
  5,000	
  years	
  ago	
  by	
  an	
  
Egyptian	
  physician	
  as	
  “an	
  ailment	
  not	
  to	
  be	
  treated”1.	
  	
  Today,	
  traumatic	
  SCI	
  in	
  the	
  
United	
  States	
  has	
  an	
  incidence	
  of	
  approximately	
  12,000	
  patients	
  per	
  year	
  with	
  an	
  
estimated	
  prevalence	
  of	
  270,0002.	
  	
  Motor	
  vehicle	
  crashes	
  continue	
  to	
  be	
  the	
  primary	
  
cause	
  of	
  SCI	
  (39.2%),	
  followed	
  by	
  falls	
  (28.3%)	
  and	
  violence-­‐related	
  causes	
  
(14.6%)2,	
  3.	
  	
  The	
  proportion	
  of	
  sport-­‐related	
  injuries	
  (8.2%)	
  has	
  decreased	
  over	
  time	
  
while	
  the	
  proportion	
  of	
  injuries	
  related	
  to	
  falls	
  has	
  increased.	
  	
  Making	
  up	
  80.6%	
  of	
  
spinal	
  cord	
  injuries,	
  males	
  are	
  predominantly	
  affected	
  with	
  the	
  majority	
  of	
  injuries	
  
occurring	
  between	
  the	
  ages	
  of	
  16	
  and	
  30	
  years	
  old3.	
  

Injuries	
  to	
  one	
  of	
  the	
  eight	
  cervical	
  segments	
  of	
  the	
  spinal	
  cord	
  result	
  in	
  
tetraplegia	
  and	
  these	
  cervical	
  lesions	
  make	
  up	
  approximately	
  one	
  half	
  of	
  all	
  
traumatic	
  SCI	
  cases2.	
  	
  Of	
  all	
  traumatic	
  SCIs,	
  the	
  most	
  common	
  neurological	
  level	
  of	
  
injury	
  is	
  C5,	
  followed	
  by	
  C4	
  and	
  then	
  C63.	
  	
  	
  Specifically,	
  incomplete	
  tetraplegia	
  is	
  the	
  
most	
  frequently	
  diagnosed	
  neurologic	
  category	
  at	
  discharge	
  (40.8%)	
  and	
  
continuous	
  to	
  demonstrate	
  an	
  increasing	
  incidence	
  trend.	
  	
  By	
  definition,	
  incomplete	
  
tetraplegia	
  involves	
  loss	
  of	
  motor	
  or	
  sensory	
  function	
  of	
  the	
  cervical	
  segments	
  of	
  the	
  
spinal	
  cord	
  with	
  some	
  preservation	
  of	
  these	
  functions	
  below	
  the	
  neurological	
  level	
  
of	
  injury	
  that	
  includes	
  the	
  lowest	
  sacral	
  segments3.	
  	
  Incomplete	
  spinal	
  cord	
  injuries	
  
are	
  often	
  categorized	
  based	
  on	
  different	
  clinical	
  syndromes	
  such	
  as	
  central	
  cord,	
  
Brown-­‐Sequard,	
  anterior	
  cord,	
  conus	
  medullaris,	
  and	
  cauda	
  equina	
  syndromes.	
  	
  	
  

Central	
  Cord	
  Syndrome	
  (CCS)	
  is	
  the	
  most	
  common	
  of	
  the	
  incomplete	
  
syndromes	
  compromising	
  15-­‐25%	
  of	
  cases	
  and	
  is	
  most	
  frequently	
  seen	
  affecting	
  the	
  
cervical	
  spinal	
  cord3,	
  4.	
  	
  This	
  type	
  of	
  injury,	
  characterized	
  by	
  motor	
  weakness	
  in	
  the	
  
upper	
  extremities	
  greater	
  than	
  the	
  lower	
  limbs	
  with	
  sacral	
  sparing,	
  most	
  frequently	
  
occurs	
  with	
  hyperextension	
  injuries	
  in	
  older	
  adults	
  with	
  cervical	
  spondylosis3.	
  	
  
However,	
  this	
  syndrome	
  may	
  occur	
  in	
  individuals	
  at	
  any	
  age	
  and	
  from	
  various	
  
etiologies	
  such	
  as	
  severe	
  spinal	
  column	
  traumatic	
  injuries	
  and	
  subsequent	
  spinal	
  
instability	
  (as	
  seen	
  in	
  motor	
  vehicle	
  crashes)	
  or	
  low	
  velocity	
  traumatic	
  injuries	
  
resulting	
  from	
  acute	
  central	
  cervical	
  disk	
  herniations5.	
  	
  Trauma	
  is	
  the	
  most	
  common	
  
cause	
  of	
  CCS	
  occurring	
  most	
  in	
  motor	
  vehicle	
  accidents,	
  falls,	
  and	
  diving	
  injuries	
  
though	
  it	
  can	
  also	
  have	
  nontraumatic	
  etiologies	
  such	
  as	
  spinal	
  epidural	
  absess4.	
  
	
  
	
  
Pathology	
  and	
  Pathophysiology	
  	
  	
  	
  
	
  
	
   Though	
  exact	
  etiologies	
  of	
  the	
  trauma	
  vary,	
  acute	
  spinal	
  cord	
  injuries	
  are	
  a	
  
two-­‐step	
  process.	
  	
  The	
  initial	
  mechanical	
  trauma	
  leads	
  to	
  possible	
  deformation	
  of	
  
the	
  spine,	
  direct	
  compression	
  of	
  the	
  spinal	
  cord,	
  and	
  damage	
  of	
  neural	
  elements	
  and	
  
blood	
  vessels	
  local	
  through	
  fracture/displaced	
  bone	
  fragments	
  or	
  disc	
  material.	
  	
  	
  
Energy	
  delivered	
  to	
  the	
  spinal	
  cord	
  at	
  the	
  moment	
  of	
  impact	
  dictates	
  the	
  extent	
  of	
  



initial	
  tissue	
  disruption	
  and	
  secondary	
  injury.	
  	
  This	
  primary	
  injury	
  of	
  the	
  spinal	
  cord	
  
then	
  causes	
  secondary	
  mechanisms	
  including:	
  

• Vascular	
  changes	
   (including	
  ischemia,	
  autoregulation	
  abnormalities,	
  	
  
neurogenic	
  shock,	
  vasospasm,	
  hemorrhage,	
  etc)	
  

• Dysregulation	
  of	
  ionic	
  homeostasis	
  (including	
  increase	
  intracellular	
  calcium,	
  	
  
extracellular	
  potassium,	
  and	
  sodium	
  
permeability)	
  

• 	
  Neurotransmitter	
  accumulation	
  	
   (serotonin,	
  catecholamines,	
  and	
  
extracellular	
  glutemate)	
  

• Formation	
  of	
  free	
  radicals	
  and	
  lipid	
  peroxidation	
  
• Endogenous	
  opiods	
  
• Edema	
  
• Post-­‐traumatic	
  inflammatory	
  reaction	
  
• Excitotoxic	
  cell	
  injury	
  and	
  apoptosis6-­‐8.	
  	
  	
  

	
  
	
   In	
  terms	
  of	
  primary	
  of	
  injury	
  of	
  CCS	
  specifically,	
  the	
  initial	
  pathology	
  is	
  
specific	
  to	
  injury	
  that	
  primarily	
  affects	
  the	
  center	
  of	
  the	
  spinal	
  cord.	
  	
  	
  It	
  is	
  thought	
  
that	
  the	
  simultaneous	
  compression	
  of	
  the	
  spinal	
  cord	
  by	
  anterior	
  osteophytes	
  and	
  
posterior	
  impingement	
  cause	
  by	
  bulking	
  of	
  the	
  ligamentum	
  flavum	
  during	
  
hyperextension	
  injuries	
  is	
  the	
  primary	
  mechanism	
  of	
  injury3.	
  	
  This	
  type	
  of	
  
etiological	
  mechanism	
  results	
  in	
  damaging	
  of	
  the	
  spinothalamic	
  tract,	
  corticospinal	
  
tract,	
  and	
  dorsal	
  columns.	
  	
  Original	
  pathogenesis	
  theories	
  believed	
  that	
  injury	
  to	
  the	
  
central	
  spinal	
  cord	
  disrupts	
  the	
  medial	
  lamination	
  of	
  corticospinal	
  tracts	
  (which	
  
serve	
  the	
  hands	
  and	
  upper	
  extremity	
  function)	
  while	
  sparing	
  the	
  lateral	
  tracts,	
  
which	
  control	
  the	
  sacral	
  and	
  lower	
  extremities3.	
  	
  This	
  would	
  help	
  to	
  explain	
  the	
  
typical	
  clinical	
  presentation	
  of	
  upper	
  extremity	
  involvement	
  greater	
  than	
  lower	
  
extremity	
  as	
  well	
  as	
  motor	
  deficits	
  more	
  prominent	
  than	
  sensory	
  impairments.	
  	
  
However,	
  this	
  theory	
  is	
  controversial	
  due	
  to	
  speculation	
  of	
  exact	
  anatomical	
  
distribution	
  and	
  contribution	
  to	
  motor	
  function	
  of	
  the	
  corticospinal	
  tracts5.	
  	
  	
  
Patients	
  will	
  also	
  suffer	
  from	
  secondary	
  injuries	
  described	
  above	
  and	
  exhibit	
  
Wallerian	
  degeneration	
  of	
  lateral	
  corticospinal	
  axonal	
  tracts	
  distal	
  to	
  the	
  site	
  of	
  
injury4.	
  	
  
	
  
	
  
PT	
  Guide	
  To	
  Practice	
  Guidelines	
  
	
   Individuals	
  with	
  incomplete	
  cervical	
  spinal	
  cord	
  injuries	
  can	
  be	
  classified	
  
under	
  multiple	
  APTA	
  Practice	
  Patterns	
  defined	
  by	
  the	
  APTA’s	
  Guide	
  to	
  Physical	
  
Therapy	
  Practice9.	
  	
  Practice	
  patterns	
  that	
  the	
  APTA	
  particularly	
  classifies	
  
tetraplegia/quadriplegia	
  include:	
  

• Pattern	
  5H:	
   Impaired	
  Motor	
  Function,	
  Peripheral	
  Nerve	
  Integrity,	
  and	
  	
  
Sensory	
  Integrity	
  Associated	
  with	
  Nonprogressive	
  Disorders	
  of	
  
the	
  Spinal	
  Cord	
  

• Pattern	
  4A:	
   Primary	
  Prevention/Risk	
  Reduction	
  for	
  Skeletal	
  	
  
Demineralization	
  

• Pattern	
  6B:	
   Impaired	
  Aerobic	
  Capacity/Endurance	
  Associated	
  with	
  	
  
Deconditioning	
  



• Pattern	
  6E:	
   Impaired	
  Ventilation	
  and	
  Respiration/Gas	
  Exchange	
  	
  
Associated	
  with	
  Ventilatory	
  Pump	
  Dysfunction	
  or	
  Failure	
  

• Pattern	
  7A:	
   Primary	
  Prevention/Risk	
  Reduction	
  for	
  Integumentary	
  	
  
Disorders	
  

• Pattern	
  7B:	
   Impaired	
  Integumentary	
  Integrity	
  Associated	
  with	
  Superficial	
  	
  
Skin	
  Involvement	
  

• Pattern	
  7C:	
   Impaired	
  Integumentary	
  Integrity	
  Associated	
  with	
  partial-­‐
Thickness	
  Skin	
  Involvement	
  and	
  Formation	
  

	
  
	
  
Effects	
  on	
  Systems:	
  

Incomplete	
  cervical	
  spinal	
  cord	
  injuries	
  result	
  in	
  loss	
  of	
  function	
  of	
  the	
  cervical	
  
segments	
  of	
  the	
  spinal	
  cord	
  with	
  some	
  preservation	
  of	
  motor	
  of	
  sensory	
  function	
  
below	
  the	
  level	
  of	
  injury.	
  	
  The	
  exact	
  impact	
  of	
  such	
  an	
  injury	
  on	
  all	
  other	
  systems	
  is	
  
vast,	
  variable,	
  and	
  dependent	
  on	
  the	
  location	
  and	
  extent	
  of	
  injury.	
  	
  For	
  this	
  reason,	
  it	
  
is	
  these	
  individuals	
  with	
  cervical	
  lesions	
  are	
  at	
  the	
  highest	
  risk	
  for	
  significant	
  
involvement	
  or	
  effects.	
  	
  However,	
  the	
  intent	
  of	
  an	
  incomplete	
  lesion	
  fairs	
  better	
  than	
  
complete.	
  	
  Some	
  of	
  the	
  effects	
  of	
  incomplete	
  cervical	
  spinal	
  cord	
  injuries	
  may	
  
include:	
  

• Central/Peripheral	
  Nervous	
  System:	
  
Following	
  SCI	
  there	
  is	
  an	
  interruption	
  between	
  receptor	
  organs	
  and	
  

brainstem	
  centers	
  communication	
  as	
  well	
  as	
  the	
  autonomic	
  nervous	
  
system	
  leading	
  to	
  dysfunction	
  in	
  the	
  CNS.	
  	
  One	
  autonomic	
  (sympathetic)	
  
dysfunction	
  that	
  arises	
  is	
  impaired	
  temperature	
  control	
  because	
  the	
  
hypothalamus	
  can	
  no	
  longer	
  control	
  cutaneous	
  blood	
  flow	
  or	
  degree	
  of	
  
sweating.	
  	
  In	
  this	
  loss	
  of	
  internal	
  thermoregulatory	
  response,	
  individuals	
  
may	
  lose	
  the	
  ability	
  to	
  shiver,	
  vasodilate/vasoconstrict	
  in	
  response	
  to	
  
heat/cold,	
  and	
  cool	
  through	
  normal	
  evaporative	
  cooling	
  due	
  to	
  loss	
  of	
  
thermoregulation	
  sweating.	
  	
  Lack	
  of	
  sweating	
  may	
  sometimes	
  be	
  
compensated	
  for	
  through	
  diaphoresis	
  above	
  the	
  level	
  of	
  injury.	
  It	
  is	
  not	
  
uncommon	
  for	
  individuals	
  with	
  incomplete	
  lesion	
  to	
  report	
  “spotty”	
  area	
  
sweating	
  below	
  the	
  lesion.	
  	
  In	
  addition,	
  individuals	
  with	
  cervical	
  SCI’s	
  
thermal	
  regulation	
  is	
  more	
  influenced	
  by	
  the	
  external	
  environment	
  than	
  
all	
  other	
  levels	
  of	
  injury	
  and	
  are	
  more	
  likely	
  to	
  experience	
  long-­‐term	
  
impairment	
  of	
  body	
  temperature	
  regulation10.	
  

In	
  addition,	
  autonomic	
  dysreflexia,	
  a	
  dangerous	
  pathological	
  
autonomic	
  reflex,	
  is	
  estimated	
  to	
  occur	
  in	
  as	
  many	
  as	
  85%	
  of	
  those	
  with	
  
tetraplegia	
  during	
  their	
  course	
  of	
  rehabilitation.	
  	
  Episodes	
  of	
  autonomic	
  
dysreflexia	
  gradually	
  subside	
  and	
  are	
  more	
  uncommon	
  3	
  years	
  following	
  
injury10.	
  	
  Damage	
  to	
  nerve	
  roots	
  at	
  or	
  near	
  the	
  site	
  of	
  cord	
  damage	
  may	
  
result	
  in	
  sharp,	
  stabbing,	
  burning,	
  or	
  shooting	
  nerve	
  root	
  pain	
  or	
  
dysesthesias.	
  

Characterized	
  by	
  hypertonicity,	
  hyperactive	
  stretch	
  reflexes,	
  and	
  
clonus;	
  approximately	
  70%	
  of	
  patients	
  with	
  SCI	
  develop	
  spasticity	
  within	
  
1	
  year	
  of	
  injury.	
  	
  It	
  typically	
  occurs	
  below	
  the	
  level	
  of	
  lesion	
  following	
  
spinal	
  shock	
  and	
  continues	
  to	
  gradually	
  increase	
  during	
  the	
  first	
  year.	
  	
  It	
  



is	
  more	
  common	
  among	
  those	
  with	
  minimal	
  sparing	
  of	
  voluntary	
  
movement	
  (incomplete	
  injuries).	
  	
  Decreased	
  sensation,	
  abnormal	
  
reflexes,	
  increased	
  deep	
  tendon	
  reflexes,	
  and	
  decreased	
  body	
  awareness	
  
may	
  also	
  be	
  apparent	
  following	
  an	
  incomplete	
  cervical	
  SCI3,	
  10,	
  11.	
  	
  	
  

Though	
  uncommon	
  (evident	
  in	
  only	
  2%	
  of	
  SCI),	
  post-­‐traumatic	
  
syringomyelia	
  may	
  occur	
  as	
  early	
  at	
  2	
  months	
  after	
  injury.	
  	
  At	
  this	
  time,	
  
no	
  relationship	
  has	
  been	
  found	
  between	
  the	
  level	
  of	
  SCI	
  and	
  the	
  
likelihood	
  of	
  developing	
  this	
  intramedullary	
  cyst	
  filled	
  with	
  cerebrospinal	
  
fluid.	
  	
  Fortunately,	
  those	
  with	
  incomplete	
  injuries	
  are	
  at	
  a	
  lower	
  risk	
  for	
  
development	
  than	
  those	
  with	
  complete	
  tetraplegia12,	
  36.	
  

• Musculoskeletal:	
  
Partial	
  or	
  complete	
  paralysis	
  of	
  voluntary	
  musculature	
  and	
  the	
  

associated	
  muscle	
  atrophy	
  are	
  not	
  the	
  only	
  musculoskeletal	
  effects	
  of	
  
SCI.	
  	
  Drastic	
  bone	
  mass	
  loss	
  occurs	
  during	
  the	
  first	
  6	
  months	
  following	
  
SCI	
  and	
  continues	
  over	
  time	
  leading	
  to	
  osteoporosis	
  and	
  increased	
  
risk	
  for	
  fracture	
  in	
  the	
  involved	
  limbs.	
  	
  The	
  majority	
  of	
  individuals	
  
with	
  SCI	
  experience	
  the	
  most	
  dramatic	
  bone	
  loss	
  in	
  their	
  pelvis	
  and	
  
lower	
  extremities,	
  with	
  significant	
  loss	
  occurring	
  in	
  a	
  distal	
  to	
  
proximal	
  pattern.	
  	
  However,	
  location	
  of	
  bone	
  loss	
  varies	
  dependent	
  on	
  
the	
  location	
  and	
  extent	
  of	
  SCI	
  as	
  well	
  as	
  involved	
  structures.	
  	
  In	
  
contrast	
  to	
  the	
  extremities,	
  the	
  spinal	
  column	
  does	
  not	
  appear	
  to	
  be	
  
affected	
  by	
  demineralization	
  however3,	
  13-­‐15.	
  
	
   Heterotrophic	
  ossification	
  (HO)	
  occurs	
  in	
  up	
  to	
  53%	
  of	
  
individuals	
  with	
  SCI	
  and	
  will	
  limit	
  a	
  patients	
  ROM	
  and	
  ability	
  to	
  
perform	
  ADLs	
  in	
  20%	
  of	
  cases.	
  	
  HO	
  is	
  most	
  commonly	
  develops	
  in	
  the	
  
anterior	
  hip	
  followed	
  by	
  the	
  medial	
  aspect	
  of	
  the	
  knee	
  though	
  
individuals	
  with	
  tetraplegia	
  are	
  also	
  affected	
  by	
  HO	
  in	
  their	
  shoulders	
  
and	
  elbow.	
  	
  Clinical	
  features	
  of	
  HO	
  include	
  swelling,	
  warmth,	
  and	
  fever	
  
with	
  decreased	
  ROM	
  and	
  is	
  most	
  often	
  occurs	
  1	
  to	
  4	
  months	
  following	
  
injury3.	
  
	
   Because	
  of	
  the	
  lack	
  of	
  active	
  muscle	
  functioning,	
  reciprocal	
  
muscle	
  groups	
  and	
  surrounding	
  structures	
  do	
  not	
  stretch	
  as	
  they	
  
normally	
  would.	
  	
  This	
  unopposed	
  shortening,	
  flaccidity,	
  faulty	
  
positioning,	
  HO,	
  edema,	
  and	
  muscle	
  imbalances	
  all	
  contribute	
  to	
  the	
  
development	
  of	
  contractures.	
  	
  Hip	
  flexion	
  with	
  components	
  of	
  internal	
  
rotation	
  and	
  adduction,	
  as	
  well	
  as	
  elbows,	
  wrists,	
  fingers,	
  knees,	
  
ankles,	
  and	
  toes	
  most	
  common	
  in	
  this	
  population10.	
  

Additionally,	
  various	
  musculoskeletal	
  injuries	
  may	
  result	
  from	
  
direct	
  impact	
  or	
  trauma	
  in	
  association	
  with	
  the	
  spinal	
  cord	
  injury.	
  	
  For	
  
example,	
  CCS	
  is	
  most	
  often	
  caused	
  by	
  cervical	
  hyperextension	
  injuries.	
  	
  
This	
  etiology	
  is	
  also	
  with	
  fractures	
  of	
  cervical	
  spinous	
  processes,	
  
laminae,	
  and	
  facets;	
  avulsion	
  fractures	
  of	
  the	
  anterior	
  aspect	
  of	
  
cervical	
  vertebrae,	
  ruptured	
  anterior	
  longitudinal	
  ligament,	
  or	
  
ruptured	
  disk10.	
  

As	
  one	
  type	
  of	
  incomplete	
  cervical	
  injury,	
  CCS	
  is	
  also	
  
characterized	
  by	
  a	
  unique	
  disproportionately	
  altered	
  motor	
  



impairment	
  of	
  the	
  upper	
  extremities	
  greater	
  than	
  the	
  lower	
  
extremities3.	
  	
  The	
  typical	
  pattern	
  of	
  recovery	
  also	
  occurs	
  earliest	
  and	
  
greatest	
  in	
  the	
  lower	
  limbs,	
  followed	
  by	
  return	
  of	
  bladder	
  function,	
  
then	
  proximal	
  upper	
  limbs,	
  and	
  intrinsic	
  hand	
  function10,	
  16.	
  

• Cardiovascular:	
  
During	
  acute	
  SCI,	
  hypotension	
  and	
  cardiac	
  arrhythmias	
  such	
  as	
  

bradycardia	
  are	
  typically	
  seen	
  due	
  to	
  the	
  loss	
  of	
  sympathetic	
  tone,	
  
systemic	
  vascular	
  resistance,	
  and	
  dilation	
  of	
  the	
  venous	
  vessels.	
  	
  
Individuals	
  with	
  high-­‐level	
  tetraplegia	
  are	
  most	
  at	
  risk	
  for	
  
bradycardia	
  from	
  stimulation	
  of	
  the	
  vagus	
  nerve	
  such	
  as	
  tracheal	
  
suction,	
  turning	
  to	
  prone,	
  defecation,	
  and	
  burping.	
  Though	
  orthostatic	
  
hyotension	
  is	
  more	
  commonly	
  seen	
  in	
  patients	
  with	
  complete	
  cervical	
  
SCI	
  than	
  incomplete,	
  this	
  is	
  still	
  a	
  prominent	
  condition	
  following	
  
incomplete	
  cervical	
  SCI.	
  	
  Deep	
  vein	
  thrombosis	
  (DVT)	
  is	
  the	
  most	
  
common	
  of	
  the	
  cardiovascular	
  complications	
  and	
  more	
  common	
  in	
  
patients	
  with	
  tetraplegia.	
  	
  1-­‐7%	
  of	
  patients	
  with	
  SCI	
  will	
  develop	
  a	
  
pulmonary	
  embolism	
  from	
  deep	
  veins	
  of	
  the	
  lower	
  limbs	
  but	
  this	
  is	
  
not	
  influenced	
  by	
  the	
  degree	
  or	
  level	
  of	
  SCI3,	
  10.	
  

• Pulmonary:	
  	
  	
  
Injuries	
  between	
  C1	
  and	
  C3	
  affect	
  phrenic	
  nerve	
  innervation,	
  

resulting	
  in	
  impaired	
  or	
  lost	
  spontaneous	
  respiration.	
  	
  In	
  these	
  cases,	
  
an	
  artificial	
  ventilator	
  or	
  phrenic	
  stimulator	
  is	
  needed	
  to	
  live.	
  	
  At	
  least	
  
some	
  level	
  of	
  respiratory	
  function	
  compromise	
  exists	
  in	
  all	
  patients	
  
with	
  tetraplegia.	
  	
  The	
  level	
  of	
  impairments	
  is	
  directly	
  related	
  to	
  the	
  
lesion	
  level,	
  residual	
  respiratory	
  muscle	
  function,	
  presence	
  of	
  
additional	
  trauma	
  at	
  the	
  time	
  of	
  injury,	
  and	
  premorbid	
  respiratory	
  
status.	
  	
  	
  The	
  higher	
  the	
  lesion	
  level,	
  the	
  greater	
  the	
  loss	
  of	
  respiratory	
  
function	
  can	
  be	
  expected.	
  	
  Possible	
  involvement	
  or	
  paralysis	
  of	
  the	
  
following	
  muscles	
  may	
  result	
  in	
  the	
  associated	
  impairments:	
  

 Intercostals-­‐	
   decreased	
  chest	
  expansion,	
  lower	
  inspiratory	
  
volume,	
  decreased	
  expiratory	
  efficiency	
  (may	
  not	
  increased	
  
involvement	
  of	
  accessory	
  muscles	
  during	
  inspiration)	
  

 Abdominals/External	
  Obliques-­‐	
  decreased	
  expiratory	
  
efficiency,	
  expiratory	
  reserve	
  volume,	
  cough	
  effectiveness,	
  and	
  
ability	
  to	
  expel	
  secretions	
  



Individuals	
  with	
  respiratory	
  involvement	
  may	
  also	
  present	
  with	
  an	
  
altered	
  breathing	
  pattern	
  characterized	
  by	
  upper	
  chest	
  wall	
  flattening,	
  
decreased	
  chest	
  wall	
  expansion,	
  and	
  dominant	
  epigastiric	
  rise	
  during	
  
inspiration.	
  	
  This	
  alter	
  way	
  of	
  breathing	
  could	
  lead	
  to	
  permanent	
  
postural	
  change.	
  	
  Reduced	
  ventilation	
  and	
  inability	
  to	
  effectively	
  
cough	
  and	
  clear	
  secretions	
  can	
  result	
  in	
  atelectasis	
  of	
  pneumonia,	
  the	
  
most	
  common	
  cause	
  of	
  death	
  in	
  individuals	
  with	
  SCI	
  (71.2%)3,	
  6,	
  8,	
  10,	
  36.	
  

• Integumentary:	
  
Skin	
  breakdown	
  and	
  pressure	
  ulcers	
  are	
  a	
  common	
  and	
  costly	
  

sequelae	
  following	
  SCI.	
  	
  Paralysis,	
  decreased	
  sensation,	
  incontinence,	
  
infections,	
  obesity,	
  spasticity,	
  joint	
  contracture,	
  edema,	
  anemia,	
  and	
  
poor	
  nutrition	
  are	
  all	
  risk	
  factors	
  that	
  predispose	
  this	
  population	
  to	
  
pressure	
  ulcers.	
  	
  Inadequate	
  pressure	
  relief,	
  shear	
  forces,	
  friction,	
  and	
  
improper	
  transfer	
  techniques	
  further	
  increase	
  the	
  coincidence	
  of	
  skin	
  
breakdown.	
  	
  	
  The	
  most	
  common	
  sites	
  of	
  skin	
  breakdown	
  include	
  the	
  
sacrum,	
  heels,	
  ischial	
  tuberosities,	
  trochanters,	
  scapula,	
  and	
  occiput3.	
  	
  	
  	
  

• Gastrointestinal/Genitourinal:	
  	
  	
  
Acutely,	
  almost	
  all	
  patients	
  have	
  paralytic	
  ileus,	
  gastric	
  atony,	
  

and	
  distention	
  during	
  the	
  early	
  phases	
  of	
  spinal	
  shock	
  (about	
  5	
  days).	
  	
  
The	
  most	
  frequent	
  gastrointestinal	
  problem	
  following	
  SCI	
  is	
  altered	
  
bowel	
  elimination.	
  	
  Decreased	
  mobility,	
  lack	
  of	
  sensation,	
  and	
  
disrupted	
  autonomic	
  control	
  of	
  GI	
  all	
  cause	
  conditions	
  such	
  as	
  delayed	
  
gastric	
  emptying,	
  poor	
  colonic	
  motility,	
  prolonged	
  bowel	
  transit	
  time,	
  
constipation,	
  postprandial,	
  and	
  abdominal	
  distension3,	
  17.	
  

Bladder	
  dysfunction	
  is	
  over	
  a	
  key	
  acute	
  characteristic	
  of	
  CCS.	
  	
  
Bladder	
  outcome	
  in	
  patients	
  with	
  CCS	
  is	
  shown	
  to	
  be	
  better	
  than	
  other	
  
patients	
  with	
  incomplete	
  tetraplegia	
  and	
  considerable	
  function	
  
recovery	
  can	
  occur,	
  typically	
  within	
  the	
  first	
  6	
  months	
  post-­‐injury.	
  	
  
Approximately	
  52-­‐84%	
  of	
  patients	
  with	
  CCS	
  will	
  achieve	
  spontaneous	
  
voiding18.	
  	
  Patients	
  with	
  cervical	
  injuries	
  will	
  most	
  likely	
  suffer	
  from	
  
neurogenic	
  spastic	
  bowel	
  dysfunction.10	
  

Many	
  patients	
  with	
  incomplete	
  cervical	
  SCI	
  will	
  also	
  suffer	
  
from	
  sexual	
  dysfunction.	
  Males	
  with	
  UMN	
  lesions	
  and	
  incomplete	
  
injuries	
  have	
  a	
  greater	
  erectile	
  capacity	
  than	
  complete	
  and	
  LMN	
  
lesions	
  however	
  most	
  males	
  are	
  infertile	
  following	
  injury.	
  	
  In	
  women,	
  
the	
  potential	
  for	
  conception	
  remain	
  unimpaired.10	
  

	
  
From	
  the	
  perspective	
  of	
  the	
  ICF	
  Model:	
  

• Impairments:	
  
Individuals	
  with	
  incomplete	
  cervical	
  spinal	
  cord	
  injuries	
  may	
  suffer	
  
from	
  multiple	
  various	
  impairments.	
  	
  The	
  extent	
  and	
  location	
  of	
  the	
  
injury	
  will	
  then	
  determine	
  the	
  severity	
  and	
  presence	
  of	
  the	
  
impairment.	
  A	
  few	
  impairments	
  that	
  may	
  be	
  present	
  in	
  this	
  
population	
  include3,	
  9,	
  10,	
  19:	
  	
  

o Impaired	
  touch	
  
sensation	
  

o Impaired	
  sensation	
  of	
  
pain	
  



o Impaired	
  motor	
  
function	
  (paralysis,	
  
decreased	
  strength,	
  
atrophy)	
  

o Decreased	
  muscle	
  
endurance	
  and	
  
performance	
  

o Impaired	
  respiratory	
  
function	
  

o Impaired	
  exercise	
  
tolerance/decreased	
  
aerobic	
  capacity	
  

o Impaired	
  peripheral	
  
nerve	
  integrity	
  

o Decreased	
  ROM	
  
o Joint	
  Contractures	
  

o Abnormal	
  Tone	
  
o Pain	
  (traumatic	
  pain,	
  

musculoskeletal,	
  
neuropathic,	
  
dysesthesias)	
  

o Impaired	
  reflexes	
  and	
  
responses	
  to	
  stimuli	
  

o Impaired	
  coordination	
  
o Impaired	
  Gait	
  
o Impaired	
  skin	
  integrity	
  
o Bowel/bladder	
  

dysfunction	
  
o Edema	
  
o Inflammation	
  
o Ischemia	
  

• Activity/Participation/QOL	
  
As	
  is	
  the	
  theme,	
  the	
  extent	
  and	
  location	
  of	
  the	
  injury	
  is	
  a	
  key	
  determinant	
  
in	
  establishing	
  a	
  patient’s	
  required	
  dependence	
  with	
  activities	
  or	
  
capabilities	
  in	
  participation.	
  For	
  example,	
  individuals	
  with	
  CCS	
  tend	
  to	
  
have	
  a	
  favorable	
  prognosis	
  to	
  other	
  incomplete	
  cervical	
  lesions	
  due	
  to	
  the	
  
significant	
  functional	
  recovery	
  achieved	
  by	
  this	
  patient	
  population.	
  	
  The	
  
majority	
  of	
  these	
  individuals	
  will	
  gain	
  independence	
  with	
  ambulation	
  and	
  
dressing	
  as	
  well	
  as	
  bowel	
  and	
  bladder	
  function3,	
  10,	
  and	
  18.	
  

Patients	
  with	
  the	
  most	
  proximal	
  nerve	
  root	
  innervation	
  at	
  C1,	
  C2,	
  or	
  
C3	
  are	
  often	
  fully	
  dependent	
  with	
  activities	
  of	
  daily	
  living	
  (ADLs)	
  and	
  
transfers,	
  requiring	
  full	
  time	
  assistance.	
  	
  Despite	
  the	
  inability	
  to	
  perform	
  
these	
  skills	
  independently,	
  it	
  is	
  crucial	
  that	
  they	
  can	
  verbalize	
  self-­‐care	
  
needs.	
  	
  They	
  can	
  be	
  independent	
  with	
  a	
  power	
  wheelchair	
  however	
  
increasing	
  their	
  access	
  to	
  the	
  community	
  and	
  ability	
  to	
  participate.	
  	
  
Individuals	
  with	
  a	
  C4	
  injury	
  are	
  primarily	
  still	
  dependent	
  for	
  ADLs	
  and	
  
transfers	
  but	
  gain	
  limited	
  ability	
  to	
  self	
  feed,	
  turn	
  pages,	
  and	
  participate	
  
in	
  recreational	
  table	
  games	
  or	
  painting	
  with	
  adaptive	
  sticks	
  and	
  using	
  
their	
  mouth.	
  	
  An	
  individual	
  with	
  a	
  C5	
  injury	
  may	
  need	
  less	
  assistance	
  with	
  
ADLS	
  at	
  a	
  tabletop	
  and	
  with	
  some	
  setup	
  assistance.	
  	
  These	
  individuals	
  
gain	
  function	
  in	
  limited	
  upper	
  extremity	
  dressing,	
  washing,	
  brushing	
  
teeth,	
  grooming	
  and	
  other	
  self	
  care	
  activities	
  with	
  adaptive	
  equipment.	
  	
  A	
  
patient	
  may	
  also	
  be	
  able	
  to	
  participate	
  in	
  driving	
  using	
  van	
  hand	
  controls.	
  
.	
  	
  Injuries	
  at	
  C6	
  or	
  below	
  gain	
  a	
  significant	
  advantage	
  in	
  independence	
  
with	
  the	
  individual’s	
  use	
  of	
  wrist	
  extension	
  and	
  shoulder	
  flexion.	
  	
  Patients	
  
may	
  gain	
  full	
  independence	
  in	
  ADLs,	
  self-­‐feeding,	
  dressing,	
  self	
  care,	
  
wheelchair	
  propulsion,	
  transfers,	
  skin	
  pressure	
  relief,	
  bowel/bladder	
  
care,	
  cough,	
  driving,	
  and	
  meal	
  preparation.	
  	
  Limited	
  participation	
  in	
  
sports	
  such	
  as	
  bowling	
  or	
  fishing	
  are	
  also	
  available.	
  	
  Patients	
  continue	
  to	
  
gain	
  independence	
  and	
  efficiency	
  in	
  these	
  activities	
  with	
  progressively	
  
less	
  need	
  for	
  adaptive	
  equipment	
  with	
  C7	
  and	
  C8	
  injuries3,	
  10.	
  	
  Common	
  



activity	
  limitations	
  (of	
  course	
  dependent	
  on	
  location	
  and	
  extent	
  of	
  
injury):	
  
o Lying	
  down	
  
o Standing	
  
o Bending	
  
o Shifting	
  center	
  of	
  

gravity	
  
o Maintaining	
  a	
  sitting	
  

position	
  
o Maintaining	
  a	
  standing	
  

position	
  
o Transferring	
  oneself	
  

o Lifting/carrying	
  heavy	
  
objects	
  

o Hand	
  and	
  arm	
  use	
  
o Walking	
  short/long	
  

distances	
  
o Walking	
  on	
  different	
  

surfaces	
  
o Walking	
  around	
  

obstacles	
  
o Using	
  adaptive	
  

equipment	
  
Limitations	
  in	
  many	
  of	
  these	
  activities	
  then	
  greatly	
  impact	
  the	
  

individual’s	
  ability	
  and	
  desire	
  to	
  participate	
  in	
  the	
  community.	
  Common	
  
limitations	
  for	
  full	
  community	
  participation	
  in	
  this	
  patient	
  population	
  include	
  
the	
  inability	
  to	
  keep	
  up	
  with	
  peers,	
  inability	
  to	
  perform	
  work	
  
(job/schools/play),	
  and	
  difficulty	
  accessing	
  the	
  community9.	
  	
  Environmental	
  
factors	
  such	
  as	
  familial	
  support,	
  living	
  in	
  an	
  accessible	
  physical	
  and	
  social	
  
community,	
  as	
  well	
  as	
  self-­‐esteem	
  all	
  increase	
  the	
  chance	
  that	
  an	
  individual	
  
with	
  participate	
  in	
  their	
  community	
  and	
  increase	
  their	
  quality	
  of	
  life	
  (QOL).	
  	
  
Impairments	
  of	
  pain,	
  bowel/bladder/sexual	
  dysfunction,	
  and	
  spasticity	
  have	
  
been	
  associated	
  with	
  a	
  negative	
  QOL	
  in	
  individuals	
  with	
  SCI.	
  	
  Mobility	
  and	
  
increased	
  participation	
  in	
  physical	
  activity	
  or	
  sports	
  have	
  all	
  been	
  associated	
  
with	
  improved	
  quality	
  of	
  life20-­‐22,	
  36.	
  

	
  
Interventions	
  
	
   Cervical	
  level	
  spinal	
  cord	
  injuries	
  result	
  in	
  the	
  loss	
  upper	
  limb	
  and	
  hand	
  
motor	
  and/or	
  sensory	
  function.	
  	
  Even	
  in	
  incomplete	
  spinal	
  cord	
  injuries	
  where	
  some	
  
neuronal	
  information	
  can	
  pass	
  through	
  the	
  spinal	
  cord,	
  there	
  are	
  still	
  often	
  distorted	
  
transmissions	
  leading	
  to	
  chronic	
  pain	
  or	
  spasticity.	
  	
  The	
  loss	
  of	
  upper	
  limb	
  function,	
  
especially	
  the	
  hands,	
  is	
  reported	
  to	
  be	
  one	
  of	
  the	
  most	
  significant	
  and	
  devastating	
  
losses	
  an	
  individual	
  may	
  experience,	
  as	
  it	
  is	
  needed	
  for	
  completion	
  of	
  basic	
  ADLs,	
  
transfers,	
  and	
  optimal	
  mobility23.	
  	
  In	
  fact,	
  over	
  75%	
  of	
  patients	
  with	
  tetraplegia	
  
consider	
  upper	
  extremity	
  function	
  their	
  highest	
  priority	
  and	
  that	
  regaining	
  this	
  
function	
  would	
  most	
  improve	
  their	
  quality	
  of	
  life24,	
  25.	
  	
  According	
  to	
  patients,	
  this	
  
priority	
  remains	
  superior	
  to	
  all	
  others	
  regardless	
  of	
  how	
  long	
  someone	
  has	
  been	
  
injured24.	
  	
  Even	
  in	
  central	
  cord	
  injuries	
  which	
  have	
  the	
  best	
  prognosis	
  of	
  incomplete	
  
spinal	
  cord	
  injuries,	
  upper	
  limb	
  and	
  hand	
  functions	
  are	
  the	
  last	
  to	
  recover,	
  if	
  ever3,	
  
36.	
  	
  Therefore,	
  management	
  of	
  the	
  upper	
  limb	
  following	
  tetraplegia	
  is	
  critically	
  
important	
  and	
  tends	
  to	
  be	
  very	
  eclectic	
  with	
  the	
  use	
  of	
  traditional	
  rehabilitation	
  
interventions,	
  use	
  of	
  orthosis	
  and	
  surgery.	
  During	
  the	
  acute	
  phase	
  of	
  SCI	
  
rehabilitation,	
  realistic	
  goals	
  of	
  maintaining	
  ROM,	
  improved	
  strength,	
  tone	
  
management,	
  spasticity,	
  and	
  the	
  prevention	
  of	
  secondary	
  complications	
  in	
  order	
  to	
  
achieve	
  the	
  person’s	
  maximal	
  functional	
  ability	
  are	
  priority23,	
  35.	
  



	
   Muscle	
  weakness,	
  loss	
  of	
  autonomic	
  control	
  below	
  the	
  injury	
  level,	
  reduced	
  
activity,	
  and	
  changes	
  in	
  metabolic/vascular	
  function	
  significantly	
  decrease	
  an	
  
individual’s	
  physical	
  capacity	
  in	
  the	
  acute	
  stage.	
  	
  In	
  individuals	
  with	
  tetraplegia,	
  the	
  
level	
  of	
  injury	
  is	
  significantly	
  correlated	
  with	
  functional	
  ability,	
  peak	
  oxygen	
  intake,	
  
muscle	
  strength	
  of	
  sitting	
  balance,	
  spasticity	
  of	
  the	
  lower	
  limb,	
  handgrip	
  strength,	
  
wrist	
  extensor	
  strength,	
  and	
  global	
  upper	
  extremity	
  strength23.	
  	
  	
  It	
  is	
  believed	
  that	
  
natural	
  muscle	
  strength	
  recovery	
  can	
  occur	
  up	
  to	
  two	
  years	
  post	
  -­‐injury,	
  with	
  most	
  
of	
  the	
  recovery	
  occurring	
  in	
  the	
  first	
  6	
  months.	
  	
  It	
  is	
  also	
  thought	
  that	
  changes	
  in	
  
strength	
  noted	
  in	
  the	
  first	
  6	
  months	
  of	
  injury	
  are	
  due	
  to	
  collateral	
  sprouting	
  in	
  the	
  
spinal	
  cord	
  while	
  changes	
  at	
  2-­‐8	
  months	
  are	
  caused	
  by	
  peripheral	
  nerve	
  sprouting	
  
and	
  fiber	
  hypertrophy23,	
  35.	
  
	
   Interventions	
  aiming	
  to	
  improve	
  strength	
  such	
  as	
  neuromuscular	
  stimulation	
  
(NMS)-­‐assisted	
  exercise	
  have	
  been	
  shown	
  to	
  be	
  effective	
  at	
  improving	
  not	
  only	
  
strength,	
  but	
  preventing	
  injury,	
  and	
  increasing	
  independence	
  in	
  patients	
  with	
  
tetraplegia.	
  	
  NMS-­‐assisted	
  exercise	
  ergomety	
  has	
  been	
  found	
  effective	
  at	
  
strengthening	
  the	
  upper	
  limb	
  in	
  this	
  population	
  during	
  the	
  acute	
  stage	
  and	
  even	
  
well	
  after	
  injury26.	
  	
  Also,	
  with	
  upper	
  extremity	
  exercise	
  training,	
  patients	
  often	
  
report	
  decreases	
  in	
  stress,	
  pain,	
  and	
  depression	
  along	
  with	
  enhanced	
  self-­‐concept	
  
and	
  overall	
  QOL27.	
  	
  Other	
  studies	
  suggest	
  the	
  NMS-­‐assisted	
  exercises	
  improve	
  upper	
  
limb	
  strength	
  over	
  conventional	
  rehabilitation	
  strategies28.	
  	
  Utilizing	
  augmented	
  
feedback	
  strategies	
  such	
  as	
  biofeedback	
  to	
  reacquire	
  motor	
  skills	
  of	
  the	
  upper	
  
extremity	
  has	
  been	
  tested	
  as	
  well	
  in	
  this	
  population.	
  	
  Unfortunately,	
  at	
  this	
  time	
  all	
  
evidence	
  suggests	
  that	
  the	
  use	
  of	
  augmented	
  feedback	
  to	
  improve	
  upper	
  extremity	
  
function	
  is	
  not	
  effective	
  in	
  rehabiliation23.	
  
	
   Because	
  cortical,	
  subcortical,	
  and	
  much	
  of	
  the	
  local	
  spinal	
  cord	
  circuitry	
  
remains	
  intact	
  and	
  partially	
  connected	
  during	
  incomplete	
  SCI;	
  the	
  CNS	
  is	
  capable	
  of	
  
substantial	
  reorganization.	
  	
  Images	
  even	
  show	
  changes	
  in	
  the	
  cortex	
  following	
  SCI	
  
with	
  expansion	
  of	
  areas	
  controlling	
  muscles	
  spared	
  after	
  SCI	
  into	
  the	
  cortical	
  areas	
  
previously	
  related	
  to	
  muscles	
  reinnervated	
  below	
  the	
  lesion29,	
  30.	
  	
  Massed	
  practice	
  
such	
  as	
  constraint-­‐induced	
  therapy	
  and	
  somatosensory	
  peripheral	
  nerve	
  
stimulation	
  (SS)	
  are	
  two	
  therapy	
  interventions	
  believed	
  to	
  contribute	
  to	
  changes	
  in	
  
the	
  cortex.	
  	
  In	
  two	
  randomized	
  control	
  trials,	
  Beekhuizen	
  and	
  Field-­‐Fote31,	
  32	
  
combined	
  mass	
  practice	
  with	
  afferent	
  median	
  nerve	
  stimulation	
  (500	
  ms	
  train,	
  
10Hz,	
  1	
  ms	
  pulse	
  duration)	
  for	
  2	
  hours,	
  5	
  days/week	
  for	
  3	
  weeks	
  in	
  patients	
  with	
  
incomplete	
  cervical	
  spinal	
  cord	
  injuries.	
  	
  This	
  combination	
  resulted	
  in	
  significant	
  
improvements	
  in	
  upper	
  extremity	
  function,	
  pinch	
  grip	
  strength,	
  sensory	
  scores,	
  and	
  
promotes	
  cortical	
  reorganization.	
  It	
  is	
  believed	
  that	
  the	
  afferent	
  inputs	
  from	
  sensory	
  
stimulation	
  in	
  association	
  with	
  repetitive	
  movements	
  and	
  peripheral	
  nerve	
  
stimulation	
  are	
  a	
  key	
  component	
  in	
  the	
  cortical	
  neuroplasticity	
  needed	
  to	
  improve	
  
upper	
  extremity	
  function23.	
  	
  	
  

One	
  other	
  innovative	
  method	
  to	
  achieve	
  this	
  cortical	
  change	
  is	
  repetitive	
  
transcranial	
  magnetic	
  stimulation	
  (rTMS).	
  	
  This	
  noninvasive	
  technique	
  allows	
  for	
  
electromagnetic	
  currents	
  in	
  a	
  coil	
  to	
  produce	
  magnetic	
  pulses	
  to	
  cross	
  the	
  cranium	
  
and	
  induce	
  neuron	
  depolarization	
  and	
  changes	
  in	
  cortical	
  excitability.	
  	
  The	
  effects	
  
can	
  last	
  minutes	
  to	
  years	
  and	
  have	
  been	
  shown	
  to	
  reduce	
  pain	
  and	
  otherwise	
  
intractable	
  spasticity	
  as	
  well.	
  	
  In	
  one	
  study,	
  Belci	
  and	
  colleagues	
  applied	
  rTMS	
  to	
  5	
  



patients	
  with	
  chronic	
  incomplete	
  C5	
  SCIs	
  for	
  5	
  days	
  of	
  sham	
  rTMS	
  followed	
  by	
  5	
  
days	
  of	
  therapeutic	
  rTMS	
  and	
  found	
  efficacy	
  in	
  reduced	
  corticalspinal	
  inhibition	
  and	
  
improved	
  functional	
  recovery.	
  	
  Patients	
  increased	
  in	
  their	
  AIS	
  sensory	
  and	
  motor	
  
scores	
  as	
  wel	
  as	
  their	
  response	
  to	
  cutaneous	
  estim	
  over	
  the	
  thenar	
  muscles	
  and	
  
improved	
  hand/finger	
  function33.	
  	
  	
  

Though	
  advanced	
  innovative	
  technology	
  and	
  knowledge	
  of	
  neuroplasticity	
  is	
  
exciting,	
  there	
  are	
  traditional	
  interventions,	
  such	
  as	
  splinting,	
  that	
  cannot	
  be	
  
forgotten.	
  Early	
  protective	
  splinting	
  in	
  the	
  acute	
  stage	
  of	
  tetraplegia	
  is	
  just	
  as	
  
important	
  in	
  order	
  to	
  prevent	
  deformity	
  and	
  contractures,	
  protect	
  insensate	
  areas	
  
from	
  injury,	
  prevent	
  or	
  reduce	
  edema,	
  counteract	
  hypertrophic	
  scars,	
  support	
  weak	
  
muscles,	
  decrease	
  pain,	
  and	
  promote	
  a	
  functional	
  hand3,	
  23.	
  	
  Resting	
  pan	
  or	
  paddle,	
  
wrist	
  extension,	
  short	
  hand,	
  and	
  enuresis	
  splints	
  are	
  the	
  most	
  common	
  splints	
  given	
  
to	
  patients	
  with	
  tetraplegia.	
  	
  Though	
  this	
  is	
  very	
  common	
  practice,	
  very	
  little	
  
research	
  exists	
  regarding	
  the	
  effectivness	
  of	
  splinting	
  and	
  most	
  appropriate	
  
selection	
  for	
  various	
  levels	
  of	
  injury	
  and	
  stage	
  of	
  SCI.	
  Recommendations	
  do	
  exist	
  
however.	
  For	
  individuals	
  with	
  acute	
  C1-­‐C4	
  injuries,	
  the	
  wrist	
  should	
  be	
  positioned	
  
in	
  30	
  degrees	
  of	
  extension	
  and	
  thumb	
  placed	
  in	
  full	
  abduction	
  and	
  extension	
  in	
  a	
  
long	
  opponenes	
  wrist-­‐hand-­‐orthosis	
  during	
  the	
  day.	
  	
  Nighttime	
  splinting	
  then	
  places	
  
the	
  hand	
  in	
  an	
  intrinsic	
  plus	
  posture.	
  	
  For	
  patients	
  with	
  midcervical	
  injuries,	
  there	
  
are	
  two	
  distinct	
  groups:	
  those	
  with	
  gravity-­‐eliminated	
  wrist	
  extension	
  strength	
  and	
  
those	
  with	
  against-­‐gravity	
  strength.	
  	
  The	
  flexor	
  hinge	
  orthosis	
  is	
  the	
  functional	
  
orthosis	
  of	
  choice	
  for	
  individuals	
  with	
  C6	
  injuries.	
  	
  This	
  training	
  should	
  include	
  self-­‐
catheterization	
  activities,	
  feeding,	
  tooth	
  brushing,	
  writing,	
  and	
  other	
  ADLS	
  as	
  well	
  as	
  
donning/doffing	
  the	
  orthosis3,	
  34.	
  	
  	
  

When	
  applying	
  this	
  information	
  clinically,	
  it	
  is	
  important	
  to	
  remember	
  that	
  
ROM	
  exercises	
  and	
  proper	
  bed	
  positioning,	
  are	
  all	
  also	
  key	
  in	
  preventing	
  upper	
  
extremity	
  injuries	
  further	
  along	
  the	
  rehabilitation	
  and	
  recovery	
  path.	
  	
  Strengthening	
  
should	
  be	
  encouraged	
  early	
  in	
  the	
  acute	
  phase	
  with	
  the	
  assistance	
  of	
  NMS	
  as	
  
appropriate.	
  	
  Feedback	
  should	
  be	
  used	
  throughout	
  the	
  rehabilitation	
  process	
  toaid	
  
in	
  motor	
  learning	
  though	
  biofeedback	
  may	
  not	
  be	
  the	
  best	
  method	
  of	
  choice	
  for	
  this	
  
population.	
  Though	
  innovative	
  technologies	
  such	
  as	
  rTMS	
  may	
  be	
  beneficial	
  in	
  the	
  
acute	
  stage,	
  it	
  is	
  important	
  to	
  set	
  patients	
  up	
  with	
  a	
  program	
  that	
  they	
  can	
  sustain	
  
after	
  leaving	
  acute	
  or	
  subacute	
  care.	
  	
  Therefore,	
  strengthening,	
  ROM,	
  and	
  protective	
  
methods	
  should	
  be	
  available	
  at	
  home	
  or	
  beyond	
  the	
  care	
  of	
  a	
  hospital	
  for	
  increased	
  
compliance.	
  	
  Patients	
  should	
  be	
  educated	
  that	
  the	
  shoulder	
  joint	
  is	
  the	
  most	
  
common	
  joint	
  for	
  patients	
  to	
  complain	
  of	
  pain	
  following	
  tetraplegia,	
  as	
  it	
  is	
  not	
  well	
  
designed	
  to	
  handle	
  the	
  pressures	
  required	
  of	
  it	
  during	
  transfers	
  and	
  mobility.	
  	
  
Patients	
  with	
  tetraplegia	
  are	
  at	
  even	
  higher	
  risk	
  for	
  injury	
  due	
  to	
  partial	
  innervation	
  
and	
  impaired	
  balance	
  of	
  the	
  shoulder,	
  scapular,	
  and	
  thoracolumbar	
  muscles.	
  	
  
Therefore	
  upper	
  extremity	
  range	
  of	
  motion,	
  strength,	
  injury	
  prevention,	
  and	
  
restorative	
  interventions	
  continue	
  to	
  play	
  a	
  large	
  role	
  not	
  only	
  during	
  the	
  acute	
  
rehabilitation	
  phase,	
  but	
  later	
  phases	
  and	
  for	
  the	
  rest	
  of	
  the	
  individual’s	
  life34.	
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