
Effectiveness of Local Fast and Slow Cooling on 
Pressure Induced Reactive Hyperemia (RH) in Adult 
Human Participants
Yi-Ting Tzen, MS, David M. Brienza, PhD, Patricia E. Karg, MS, Patrick J. 

Loughlin, PhD, Mary J. Geyer, PhD
University of Pittsburgh, Pittsburgh, PA

ABSTRACT
Increased	
  skin	
  temperature	
  is	
  a	
  risk	
  factor	
  for	
  pressure	
  ulcers,	
  and	
  previous	
  studies	
  have	
  shown	
  that	
  local	
  
skin	
  cooling	
  had	
  a	
  protec8ve	
  effect	
  on	
  ischemic	
  8ssue.	
  	
  However,	
  no	
  ra8onale	
  was	
  given	
  for	
  the	
  selec8on	
  
of	
  cooling	
  rates.	
  	
  The	
  objec8ve	
  of	
  this	
  study	
  was	
  to	
  inves8gate	
  RH	
  following	
  the	
  applica8on	
  of	
  8	
  kPa	
  of	
  
localized	
  pressure	
  and	
  local	
  cooling	
  to	
  25°C	
  for	
  two	
  cooling	
  rates	
  (-­‐4°C/min	
  and	
  -­‐.33°C/min).	
  	
  A	
  repeated	
  
measures	
  design	
  was	
  used	
  with	
  11	
  adult	
  subjects.	
  The	
  fast	
  cooling	
  rate	
  significantly	
  reduced	
  the	
  
normalized	
  peak	
  blood	
  flow,	
  and	
  both	
  cooling	
  rates	
  significantly	
  decreased	
  the	
  perfusion	
  area.	
  	
  Our	
  
results	
  suggested	
  that	
  local	
  cooling	
  protected	
  the	
  ischemic	
  8ssue	
  through	
  metabolic	
  and	
  myogenic	
  
mechanisms,	
  and	
  fast	
  cooling	
  might	
  be	
  more	
  beneficial	
  since	
  it	
  reduced	
  the	
  severity	
  of	
  8ssue	
  ischemia.
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BACKGROUND
People	
  with	
  spinal	
  cord	
  injury	
  are	
  at	
  high	
  risk	
  for	
  developing	
  pressure	
  ulcers.	
  	
  With	
  the	
  decreased	
  
mobility	
  and	
  the	
  impaired	
  thermoregula8on	
  of	
  the	
  skin	
  below	
  injury	
  level	
  (1),	
  skin	
  temperature	
  
inevitably	
  increases	
  over	
  8me	
  where	
  in	
  close	
  contact	
  with	
  support	
  surfaces.	
  	
  Increased	
  skin	
  temperature	
  
is	
  one	
  of	
  the	
  least	
  explored	
  risk	
  factors.	
  	
  Previous	
  animal	
  and	
  human	
  studies	
  both	
  showed	
  that	
  skin	
  local	
  
cooling	
  had	
  a	
  protec8ve	
  effect	
  of	
  the	
  8ssue	
  under	
  localized	
  pressure.	
  	
  Kokate	
  et	
  al.	
  examined	
  histological	
  
data	
  of	
  swine	
  8ssue	
  following	
  loading	
  with	
  the	
  same	
  localized	
  pressure	
  and	
  different	
  temperatures.	
  	
  
They	
  found	
  that	
  the	
  lower	
  the	
  skin	
  temperature,	
  the	
  less	
  8ssue	
  damage	
  in	
  all	
  8ssue	
  layers	
  (2).

Our	
  pilot	
  study	
  on	
  young	
  adults	
  was	
  the	
  first	
  noninvasive	
  human	
  study	
  that	
  inves8gated	
  the	
  effect	
  of	
  
local	
  cooling	
  on	
  8ssue	
  viability	
  (3).	
  	
  We	
  examined	
  the	
  effect	
  by	
  measuring	
  the	
  pressure	
  induced	
  reac8ve	
  
hyperemia	
  in	
  the	
  skin	
  over	
  the	
  sacrum.	
  	
  Reac8ve	
  hyperemia	
  is	
  a	
  normal	
  physiological	
  response	
  following	
  
8ssue	
  ischemia,	
  which	
  is	
  characterized	
  by	
  a	
  rapid	
  increase	
  in	
  skin	
  blood	
  flow	
  (SBF)	
  followed	
  by	
  a	
  gradual	
  
decrease	
  back	
  to	
  baseline	
  levels.	
  	
  A	
  previous	
  study	
  showed	
  that	
  SBF	
  signals	
  contain	
  a	
  range	
  of	
  frequency	
  
components,	
  and	
  each	
  frequency	
  band	
  corresponds	
  to	
  different	
  control	
  mechanisms:	
  metabolic	
  
(0.008-­‐0.02	
  Hz),	
  neurogenic	
  (0.02-­‐0.05	
  Hz),	
  and	
  myogenic	
  (0.05-­‐0.15	
  Hz)	
  (4).	
  In	
  our	
  pilot	
  study,	
  we	
  
discovered	
  that	
  local	
  cooling	
  to	
  25°C	
  significantly	
  decreased	
  the	
  reac8ve	
  hyperemic	
  response	
  in	
  the	
  skin,	
  
and	
  both	
  the	
  metabolic	
  and	
  myogenic	
  responses	
  contributed	
  to	
  this	
  protec8ve	
  effect	
  (3).

The	
  effect	
  of	
  local	
  cooling	
  rate	
  on	
  the	
  amount	
  of	
  protec8on	
  from	
  pressure-­‐induced	
  ischemia	
  afforded	
  by	
  
the	
  cooling	
  has	
  not	
  been	
  determined.	
  	
  A	
  previous	
  study	
  inves8gated	
  the	
  SBF	
  response	
  with	
  two	
  different	
  
cooling	
  rates:	
  fast	
  cooling	
  (-­‐4°C/min)	
  and	
  slow	
  cooling	
  (-­‐.33°C/min)	
  (5).	
  	
  They	
  found	
  that	
  with	
  fast	
  cooling	
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there	
  was	
  less	
  vasconstric8on	
  as	
  compared	
  with	
  slow	
  cooling.	
  	
  Since	
  the	
  metabolic	
  rate	
  of	
  local	
  cells	
  
depends	
  on	
  their	
  surrounding	
  temperature,	
  with	
  the	
  same	
  amount	
  of	
  reduced	
  metabolic	
  demand	
  as	
  
slow	
  cooling,	
  fast	
  cooling	
  might	
  allow	
  more	
  blood	
  flow	
  supply	
  to	
  the	
  compressed	
  8ssues	
  and	
  therefore	
  
increase	
  the	
  8ssue	
  tolerance	
  to	
  ischemia.

The	
  objec8ve	
  of	
  this	
  study	
  was	
  to	
  test	
  the	
  effec8veness	
  of	
  local	
  fast	
  and	
  slow	
  cooling	
  rates	
  on	
  enhancing	
  
8ssue	
  viability	
  under	
  consistent	
  externally	
  applied	
  pressure	
  in	
  adults	
  at	
  very	
  low	
  risk	
  of	
  developing	
  
pressure	
  ulcers.	
  The	
  outcomes	
  will	
  aid	
  in	
  the	
  development	
  of	
  a	
  methodology	
  to	
  test	
  the	
  effect	
  of	
  local	
  
cooling	
  rates	
  in	
  those	
  with	
  increased	
  risk	
  for	
  pressure	
  ulcers.

METHODS
Subject and Research Design
Eleven	
  (six	
  male,	
  five	
  female)	
  adult	
  human	
  subjects	
  (33.2	
  ±	
  11.9	
  years	
  (mean	
  value	
  ±	
  standard	
  devia8on))	
  
par8cipated	
  in	
  this	
  study.	
  	
  They	
  were	
  not	
  smokers	
  and	
  had	
  no	
  history	
  of	
  cardiopulmonary	
  disease,	
  
vascular	
  disease,	
  hypertension	
  or	
  diabetes.	
  	
  They	
  also	
  did	
  not	
  take	
  any	
  medica8on	
  or	
  eat	
  food/drink	
  that	
  
may	
  affect	
  the	
  cardiovascular	
  system	
  12	
  hours	
  prior	
  to	
  the	
  study.	
  The	
  research	
  protocol	
  was	
  approved	
  by	
  
the	
  University	
  of	
  Pihsburgh	
  Ins8tu8onal	
  Review	
  Board.	
  

The	
  subjects	
  lay	
  prone	
  on	
  a	
  mat	
  table,	
  and	
  the	
  experiment	
  was	
  performed	
  on	
  the	
  skin	
  in	
  the	
  sacrum	
  area	
  
(Figure	
  1(a)).	
  	
  This	
  study	
  used	
  a	
  repeated	
  measures	
  design	
  with	
  three	
  test	
  sessions:	
  pressure	
  only,	
  
pressure	
  with	
  slow	
  cooling,	
  and	
  pressure	
  with	
  fast	
  cooling.	
  	
  The	
  pressure	
  applica8on	
  phase	
  (Figure	
  1(b))	
  
was	
  the	
  same	
  for	
  all	
  three	
  test	
  sessions	
  and	
  consisted	
  of:	
  0.4kPa	
  (3mmHg)	
  for	
  5	
  minutes,	
  8kPa	
  (60mmHg)	
  
for	
  20	
  minutes,	
  and	
  0.4kPa	
  for	
  15	
  minutes.	
  	
  For	
  the	
  test	
  sessions	
  with	
  local	
  cooling	
  applica8on,	
  local	
  
cooling	
  was	
  applied	
  through	
  the	
  pressure	
  applicator	
  to	
  25°C	
  during	
  the	
  period	
  of	
  8kPa	
  pressure	
  at	
  two	
  
different	
  rates:	
  fast	
  
cooling	
  (-­‐4°C/min)	
  
and	
  slow	
  cooling	
  (-­‐.
33°C/min).

Instrumentation 
and Data 
Analysis
An	
  integrated	
  test	
  
system	
  was	
  used	
  to	
  
simultaneously	
  apply	
  
localized	
  pressure,	
  
control	
  cooling	
  and	
  
measure	
  the	
  SBF	
  
throughout	
  the	
  test.	
  	
  
Propor8onal–
integral–deriva8ve	
  
(PID)	
  controllers	
  were	
  
used	
  to	
  maintain	
  the	
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Figure 1: Test Setup, Applied Pressure, and Measured Skin Temperature



localized	
  pressure	
  and	
  cooling	
  applied	
  to	
  the	
  subject.	
  Details	
  of	
  the	
  instrumenta8on	
  were	
  previously	
  
published	
  (3).	
  	
  Laser	
  Doppler	
  flowmetry	
  was	
  used	
  to	
  collect	
  the	
  SBF	
  signal,	
  and	
  the	
  SBF	
  during	
  reac8ve	
  
hyperemia	
  was	
  the	
  main	
  outcome	
  measurement.	
  	
  The	
  applied	
  pressure,	
  skin	
  temperature,	
  and	
  SBF	
  data	
  
were	
  collected	
  with	
  a	
  sampling	
  frequency	
  of	
  0.5Hz.	
  	
  SBF	
  during	
  reac8ve	
  hyperemia	
  is	
  characterized	
  as	
  an	
  
increase	
  in	
  SBF	
  immediately	
  following	
  the	
  release	
  of	
  pressure	
  causing	
  8ssue	
  ischemia	
  (during	
  the	
  last	
  
pressure	
  applica8on	
  phase).	
  	
  Before	
  determining	
  parameters	
  of	
  the	
  reac8ve	
  hyperemia,	
  the	
  SBF	
  signal	
  
was	
  filtered	
  using	
  a	
  10th	
  order	
  Chebyshev	
  I	
  low	
  pass	
  filter,	
  with	
  a	
  cutoff	
  frequency	
  of	
  0.15Hz.	
  	
  

The	
  outcome	
  measures	
  of	
  the	
  SBF	
  contain	
  two	
  parts:	
  five	
  8me-­‐domain	
  parameters	
  of	
  the	
  reac8ve	
  
hyperemic	
  response	
  and	
  the	
  spectral	
  density	
  of	
  each	
  frequency	
  band	
  of	
  the	
  perfusion	
  signal.	
  	
  The	
  8me-­‐
domain	
  parameters	
  are:	
  baseline	
  SBF,	
  peak	
  SBF,	
  normalized	
  peak	
  SBF,	
  8me	
  to	
  peak	
  SBF,	
  and	
  perfusion	
  
area.	
  	
  Baseline	
  SBF	
  is	
  the	
  average	
  value	
  of	
  SBF	
  collected	
  before	
  8kPa	
  pressure	
  applica8on,	
  peak	
  SBF	
  is	
  the	
  
spike	
  in	
  SBF	
  right	
  aier	
  pressure	
  relief,	
  normalized	
  peak	
  is	
  
the	
  peak	
  value	
  normalized	
  by	
  the	
  baseline,	
  8me	
  to	
  peak	
  
is	
  the	
  8me	
  period	
  from	
  pressure	
  relief	
  to	
  peak	
  SBF,	
  and	
  
perfusion	
  area	
  is	
  the	
  area	
  between	
  the	
  SBF	
  curve	
  aier	
  
pressure	
  relief	
  and	
  the	
  mean	
  baseline	
  SBF.

Spectrograms	
  (magnitude-­‐square	
  of	
  the	
  short-­‐8me	
  Fourier	
  transform)	
  were	
  computed	
  to	
  es8mate	
  the	
  
8me-­‐varying	
  spectral	
  density	
  of	
  the	
  SBF	
  signal	
  (equa8on	
  1).	
  	
  We	
  used	
  a	
  256	
  sample	
  Hanning	
  func8on	
  for	
  
the	
  window	
  h(t),	
  which	
  corresponds	
  to	
  window	
  dura8on	
  of	
  512	
  seconds.	
  	
  For	
  sta8s8cal	
  purposes,	
  the	
  
spectrogram	
  of	
  each	
  frequency	
  band	
  was	
  integrated	
  over	
  five	
  8me	
  intervals:	
  1)	
  the	
  five	
  minutes	
  prior	
  to	
  
8	
  kPa	
  pressure	
  applica8on,	
  2)	
  the	
  first	
  five	
  minutes,	
  3)	
  the	
  second	
  five	
  minutes,	
  4)	
  and	
  the	
  third	
  five	
  
minutes	
  aier	
  8	
  kPa	
  pressure	
  
removal.	
  	
  The	
  integrated	
  
spectrograms	
  were	
  normalized	
  to	
  
the	
  baseline	
  value	
  (equa8on	
  2).

For	
  sta8s8cal	
  analysis,	
  a	
  one-­‐way	
  
repeated	
  measures	
  ANOVA	
  was	
  used	
  to	
  compare	
  the	
  8me	
  domain	
  parameters,	
  and	
  a	
  two-­‐way	
  repeated	
  
measures	
  ANOVA	
  was	
  used	
  to	
  compare	
  the	
  spectral	
  densi8es	
  of	
  each	
  frequency	
  band	
  over	
  8me	
  and	
  
among	
  test	
  sessions.	
  	
  P<0.05	
  was	
  recognize	
  as	
  significant.	
  	
  For	
  pair-­‐wise	
  comparisons,	
  based	
  on	
  
Bonferroni	
  correc8on,	
  p<0.016	
  was	
  recognized	
  as	
  significant.	
  	
  

RESULTS
Figure	
  1(c)	
  is	
  the	
  average	
  pressure	
  of	
  all	
  11	
  subjects	
  for	
  the	
  three	
  test	
  sessions.	
  	
  The	
  applied	
  pressures	
  in	
  
all	
  three	
  sessions	
  were	
  almost	
  iden8cal.	
  	
  Figure	
  1(d)	
  is	
  the	
  averaged	
  skin	
  temperature	
  of	
  all	
  subjects	
  for	
  
the	
  three	
  test	
  sessions.	
  	
  The	
  skin	
  temperature	
  decreased	
  at	
  two	
  different	
  rates	
  in	
  slow	
  and	
  fast	
  cooling,	
  
and	
  the	
  skin	
  temperature	
  was	
  maintained	
  at	
  25°C	
  as	
  soon	
  as	
  the	
  target	
  temperature	
  was	
  reached	
  in	
  both	
  
test	
  sessions.	
  	
  

Table	
  1	
  shows	
  the	
  data	
  and	
  the	
  sta8s8cal	
  results	
  of	
  the	
  8me-­‐domain	
  parameters	
  of	
  the	
  reac8ve	
  
hyperemia.	
  	
  There	
  were	
  significant	
  differences	
  in	
  normalized	
  peak	
  SBF	
  and	
  perfusion	
  area,	
  but	
  not	
  the	
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Equa%on	
  1:	
  Equa%on	
  of	
  Spectrogram

Equation 2: Equation of Normalized Spectral Density



other	
  
parameters.	
  	
  
Pair-­‐wise	
  
comparison	
  
showed	
  that	
  
the	
  normalized	
  
peak	
  SBF	
  in	
  
fast	
  cooling	
  is	
  
significantly	
  
lower	
  as	
  
compared	
  with	
  
pressure	
  only	
  
(p=0.002),	
  and	
  
no	
  significant	
  
difference	
  was	
  found	
  between	
  slow	
  cooling	
  and	
  pressure	
  only	
  (p=0.021).	
  	
  Pair-­‐wise	
  comparison	
  also	
  
showed	
  that	
  the	
  perfusion	
  area	
  in	
  pressure	
  only	
  is	
  significantly	
  larger	
  as	
  compared	
  with	
  slow	
  (p=0.011)	
  
and	
  fast	
  cooling	
  (p=0.009).	
  However,	
  a	
  significant	
  difference	
  in	
  perfusion	
  area	
  between	
  slow	
  and	
  fast	
  
cooling	
  rates	
  was	
  not	
  found	
  (p=0.306).

Figure	
  2(a),	
  (b)	
  and	
  (c)	
  are	
  the	
  box	
  plots	
  of	
  the	
  normalized	
  spectral	
  density	
  in	
  metabolic,	
  neurogenic,	
  and	
  
myogenic	
  frequency	
  bands,	
  respec8vely.	
  	
  In	
  general,	
  the	
  spectral	
  density	
  of	
  test	
  session	
  “pressure	
  only”	
  
increased	
  during	
  the	
  first	
  five	
  minutes	
  aier	
  pressure	
  removal	
  and	
  returned	
  to	
  the	
  baseline	
  value	
  in	
  all	
  
three	
  frequency	
  bands.	
  	
  The	
  spectral	
  density	
  of	
  both	
  slow	
  and	
  fast	
  cooling	
  did	
  not	
  show	
  a	
  no8ceable	
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Parameters Mean ± one standard deviationMean ± one standard deviationMean ± one standard deviation pParameters
Pressure Only Pressure + Slow Pressure + Fast

p

Baseline SBF (au) 5.8 ± 2.3 6.0 ± 2.1 6.5 ± 2.4 0.662
Peak SBF (au) 13.0 ± 3.4 10.8 ± 5.1 8.8 ± 4.0 0.094
Normalized peak SBF 
(%)

168.7 ± 139.3 88.6 ± 70.0 44.1 ± 61.3 0.011*

Time to peak SBF 
(sec)

75.1 ± 48.6 81.1 ± 64.8 74.4 ± 52.7 0.960

Perfusion area (103 
au*sec)

129.9 ± 124.3 15.7 ± 25.2 6.1 ± 12.9 0.008*

Table 1: Statistical Results of the Time-Domain Parameters of Reactive 

Figure 2: Normalized Spectral Density



change	
  over	
  8me	
  in	
  all	
  three	
  frequency	
  bands.	
  	
  Repeated	
  measures	
  ANOVA	
  showed	
  that	
  only	
  the	
  
normalized	
  myogenic	
  spectral	
  density	
  had	
  a	
  significant	
  change	
  over	
  8me	
  (p=0.023).	
  	
  Pair-­‐wise	
  
comparison	
  revealed	
  that	
  the	
  changes	
  in	
  myogenic	
  spectral	
  density	
  over	
  8me	
  are	
  most	
  evident	
  in	
  the	
  
pressure	
  only	
  test	
  session	
  (baseline	
  vs.	
  1st	
  five	
  minutes:	
  p=0.045,	
  1st	
  five	
  vs.	
  2nd	
  five	
  minutes:	
  p=0.054,	
  
and	
  2nd	
  vs.	
  3rd	
  five	
  minutes:	
  p=0.042).	
  	
  However,	
  the	
  differences	
  between	
  each	
  8me	
  interval	
  did	
  not	
  
reach	
  sta8s8cal	
  significance.

DISCUSSION
The	
  results	
  of	
  the	
  applied	
  pressure	
  and	
  skin	
  temperature	
  data	
  suggested	
  that	
  our	
  integrated	
  system	
  was	
  
capable	
  of	
  rapid	
  and	
  precise	
  control	
  of	
  the	
  pressure	
  applied	
  on	
  the	
  skin	
  and,	
  at	
  the	
  same	
  8me,	
  cooling	
  
the	
  skin	
  to	
  25°C	
  at	
  two	
  different	
  rates.

The	
  8me-­‐domain	
  parameters	
  of	
  the	
  reac8ve	
  hyperemia	
  have	
  been	
  used	
  in	
  a	
  previous	
  study	
  to	
  
characterize	
  the	
  reac8ve	
  hyperemia	
  (6).	
  	
  Normalized	
  peak	
  SBF	
  represents	
  the	
  amount	
  of	
  vascular	
  
response	
  aier	
  8ssue	
  ischemia,	
  and	
  it	
  denotes	
  the	
  severity	
  of	
  the	
  8ssue	
  ischemia.	
  	
  Time	
  to	
  peak	
  SBF	
  
shows	
  how	
  fast	
  vessels	
  respond	
  to	
  the	
  release	
  of	
  ischemia,	
  and	
  the	
  perfusion	
  area	
  represents	
  the	
  
metabolic	
  repayment	
  of	
  the	
  8ssue.	
  The	
  significant	
  decrease	
  in	
  normalized	
  peak	
  SBF	
  suggested	
  that	
  fast	
  
cooling	
  significantly	
  reduced	
  the	
  severity	
  of	
  ischemia	
  under	
  localized	
  pressure,	
  whereas	
  this	
  was	
  not	
  the	
  
case	
  with	
  slow	
  cooling.	
  	
  The	
  results	
  from	
  fast	
  cooling	
  were	
  consistent	
  with	
  our	
  pilot	
  study	
  on	
  young	
  
adults,	
  in	
  which	
  the	
  skin	
  was	
  cooled	
  to	
  25°C	
  within	
  one	
  minute	
  (3).	
  	
  The	
  significant	
  decrease	
  due	
  to	
  fast	
  
cooling,	
  however	
  not	
  slow	
  cooling,	
  might	
  be	
  due	
  to	
  less	
  vasoconstric8on	
  during	
  fast	
  cooling,	
  as	
  
hypothesized.	
  This	
  may	
  also	
  be	
  because	
  the	
  ischemic	
  8ssue	
  experienced	
  a	
  longer	
  period	
  of	
  8me	
  at	
  25°C	
  
in	
  fast	
  cooling	
  than	
  in	
  slow	
  cooling.	
  	
  The	
  significantly	
  reduced	
  perfusion	
  areas	
  in	
  slow	
  and	
  fast	
  cooling	
  
indicated	
  that	
  both	
  cooling	
  rates	
  were	
  able	
  to	
  reduce	
  the	
  8ssue	
  metabolic	
  demand	
  during	
  ischemia.	
  

Previous	
  studies	
  have	
  shown	
  that	
  metabolic	
  spectral	
  density	
  was	
  related	
  to	
  the	
  release	
  of	
  endothelial-­‐
origin	
  vasodilator,	
  and	
  neurogenic	
  and	
  myogenic	
  spectral	
  densi8es	
  were	
  related	
  to	
  systema8c	
  and	
  local	
  
vasomo8on	
  control	
  mechanisms,	
  respec8vely	
  (4).	
  	
  The	
  lack	
  of	
  changes	
  in	
  the	
  myogenic	
  spectral	
  density	
  
over8me	
  in	
  fast	
  and	
  slow	
  cooling	
  suggested	
  that	
  both	
  fast	
  and	
  slow	
  cooling	
  suppressed	
  the	
  smooth	
  
muscle	
  ac8vi8es,	
  therefore	
  decreasing	
  the	
  reac8ve	
  hyperemic	
  response.	
  

Limitations
This	
  was	
  a	
  pilot	
  study	
  that	
  inves8gated	
  the	
  effec8veness	
  of	
  different	
  cooling	
  rates	
  on	
  the	
  weight-­‐bearing	
  
sacral	
  8ssue	
  on	
  adult	
  human	
  subjects	
  at	
  low	
  risk	
  for	
  pressure	
  ulcers.	
  	
  The	
  results	
  cannot	
  be	
  generalized	
  
to	
  popula8ons	
  at	
  high	
  risk	
  of	
  pressure	
  ulcers,	
  e.g.	
  people	
  with	
  spinal	
  cord	
  injury.

CONCLUSION
This	
  is	
  the	
  first	
  study	
  to	
  test	
  the	
  effect	
  of	
  different	
  cooling	
  rates	
  on	
  pressure	
  induced	
  reac8ve	
  hyperemia	
  
in	
  human	
  subjects.	
  	
  Our	
  results	
  showed	
  that	
  both	
  fast	
  and	
  slow	
  cooling	
  provided	
  a	
  protec8ve	
  effect	
  on	
  
ischemic	
  8ssue	
  by	
  decreasing	
  the	
  metabolic	
  demand	
  and	
  suppressing	
  the	
  smooth	
  muscle	
  ac8vity.	
  	
  Our	
  
results	
  also	
  suggested	
  that	
  fast	
  cooling	
  might	
  be	
  more	
  beneficial	
  than	
  slow	
  cooling	
  since	
  fast	
  cooling	
  
reduced	
  the	
  severity	
  of	
  adverse	
  effects	
  of	
  8ssue	
  ischemia.	
  	
  This	
  research	
  protocol	
  will	
  be	
  performed	
  on	
  
people	
  with	
  spinal	
  cord	
  injury	
  to	
  further	
  inves8gate	
  the	
  response	
  in	
  a	
  popula8on	
  at	
  high	
  risk	
  of	
  pressure	
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ulcer	
  development.	
  Findings	
  from	
  this	
  study	
  will	
  guide	
  future	
  design	
  in	
  seat	
  cushions	
  featuring	
  enhanced	
  
8ssue	
  tolerance	
  to	
  pressure.
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