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Blood Flow  Restriction (BFR) Therapy

D r.  E r ic  J .  F u c h s ,  A T C ,  A E M T

C h a ir, D e p a r t m e n t o f E x e r c is e & S p o r t S c ie n c e

P r o fe s s o r,  A t h le t ic  T r a in in g  /  A s s o c ia t e  G r a d u a t e  F a c u lt y

E a s t e r n K e n t u c k y  U n iv e r s it y

B lood Flow  Restriction (BFR) Therapy Disclosures

• C e r t i f ie d  B F R  t h r o u g h  O w n e s R e c o v e r y  S c ie n c e

• N o t  c r e d e n t ia le d  in   K A A T S U  

• N o  f in a n c ia l d is c lo s u r e s

Brief History of Blood Flow Occlusion?
• F ir s t  D e v e lo p e d  in  J a p a n  in 1 9 6 6  Yo s h ia k i  S a t o  n o t ic e d  h is  le g s  g o  n u m b  w h i le  s i t t in g  

o n  t h e  f lo o r  in  t r a d it io n a l  p o s t u r e  a n d  n o t ic e d  h e  c o u ld  b a r e ly  s t a n d  fo r  t h e  b lo o d  
f lo w  h a d  b e e n  b lo c k e d  t o  h is  c a lv e s  t h e  o r ig in a l  “A h - H a ”  m o m e n t

• S w e l l in g  in  C a lv e s  w a s  s im i la r  t o  h o w  h e  fe lt  a f t e r  h e  l i f t e d  w e ig h t s   w it h  h is  le g s

• D r. S a t o in  1 9 7 3 d e v e lo p e d d e t a i l  o f t o d a y ’s K A A T S U  a s it is c u r r e n t ly  u t i l iz e d

– D r. Sato  re h ab b e d  h is  b ro ke n  an k le  b y  ap p ly in g  K A ATSU  B an d s w ith  p re ssu re  o n  an d  o ff  to  h is  
u p p e r le g  w h ile  d o in g  exe rc ise  fo r 3 0  se cs  3 x  a  d ay  re su lts  im p re sse d  h is  M D  as h is  m u sc le s  d i 

d id  n o t atro p hy  

• 1 9 9 4 S a t o  a p p l ie d  fo r  f i r s t  p a t e n t s  in  J a p a n ,  U S A  a n d
E u r o p e  p r o d u c in g  f i r s t  c o m m e r c ia l ly  a v a i la b le  K A A T S U  b a n d s

• 1 9 9 7  In t r o d u c e d  K A A T S U  In s t r u c t o r  P r o g r a m

Brief History/Overview of 
Blood Flow Restriction in U.S.

• J o h n n y  O w e n s ,  M P T  s t a r t e d w o r k in g in m il i t a r y in s p o r t s

m e d ic in e , b u t w it h O p e r a t io n s Ir a q i  a n d  E n d u r in g  f r e e d o m  
t h e r e  b e c a m e  n e e d  fo r  im p r o v e m e n t s  in  l im b  s a lv a g e  

r e h a b i l i t a t io n

• J o h n n y  O w e n s  c a m e  a c r o s s  b lo o d  f lo w  r e s t r ic t io n  t r a in in g  in  

t h e  l i t e r a t u r e ,  w h ic h  w a s  a  m e t h o d  t h a t  w o u ld  s e e m  t o  a l lo w  
a  p e r s o n  t o  in c r e a s e  s t r e n g t h  a n d  g a in  m u s c le  h y p e r t r o p h y  

u s in g  v e r y  l ig h t  w e ig h t s .

• O w e n s  R e c o v e r y  S c ie n c e  &  B F R  C e r t i f ic a t io n  D e v e lo p e d

KAATSU Unit is Blood Flow Moderation not BFR

• K A A T S U  – t h e  d e v ic e s  d e s ig n e d  a n d  m a n u fa c t u r e d  b y  K A A T S U  G lo b a l ,  In c .  ( e . g . ,  

K A A T S U  N a n o ,  K A A T S U  M a s t e r  2 .0 ,  K A A T S U  A ir  B a n d s )  

– th e  K A ATSU  p ro d u cts  are  n o t d e sig n e d  to  ev e n  re m o te ly  a p p ro a ch  o cclu sio n  p re ssu re  o f 
a rte ria l flo w  o r d o  B lo o d  F lo w  R e strictio n  in  a  lim b . (W e ath e rh o lt, e t a l. 2 0 1 1 )

– T h e  K A ATSU  e q u ip m e nt w as d e sign e d  an d  is  sp e cifica lly  m a n u fa ctu re d  to  a vo id  a rte ria l 
o cclu sio n  in  th e  lim b s. (W e ath e rh o lt, e t a l. 2 0 1 1 )

– T h is  fact is  w hy  K A AT SU  w a s o rig in a lly  d e fin e d  b y  D r. Yo sh iak i Sato , th e  K A ATSU  inve nto r, an d  
le ad in g  Jap an e se  card io lo g ists  at th e  U n ive rs ity  o f To kyo  H o sp ita l a s a  B lo o d  F lo w  M o d e ra tio n  

(B FM ) d ev ice . K A ATSU  e q u ip m e nt is  sp e cifica lly  n o t a  B FR  (B lo o d  F lo w  Re strictio n ) d e v ice .

Delfi Personal Tourniquet System by Owens 
Recovery Science is Blood Flow Restriction (BFR)

• T h e  D e lf i s y s t e m  id e n t i f ie s  t o t a l  o c c lu s io n  p r e s s u r e  a n d  

t h e n  a p p l ie s  a  s p e c if ic  p e r c e n t a g e  o f  t h a t  p r e s s u r e  d u r in g  
i t s  a p p l ic a t io n s .  

– T h e  w id e r cu ff o f th e  D e lfi Po rtab le  To u rn iq u e t Syste m  fo r B lo o d  

F lo w  Re strictio n  is  ab le  to  re strict a rte ria l b lo o d  flo w  at 
s ign ificantly  lo w e r p re ssu re s co m p are d  to  th e  n arro w  cu ff o f  
K A ATSU  A ir B an d s.  (W e ath e rh o lt, e t a l. 2 0 1 1 )

“W e  w e re  u n a b le  to  a ch iev e  co m p lete  a rte ria l o cclu sio n  in  
a ny  p a rtic ip a n t w ith  th e  K A AT SU  cu ff.”  (W e ath e rh o lt, e t a l. 2 0 1 1 )
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Physiological Responses Known with BFR Application

• B F R A c t iv a t e s C o r i - C y c le  u s in g  lo w  lo a d s  e x e r c is e  w h ic h  is  k n o w n  a s  a  r e s u lt  o f  t h e  

la c t a t e  b u i ld  u p  /  r is e  fo l lo w in g  a p p l ic a t io n  o f  B F R

• Ta k a r a d a ( 2 0 0 0 )  c o m p a r e d a  lo a d  o f  2 0 %  1  R M  lo w  lo a d  e x e r c is e  w it h  a n d  w it h o u t  a  
t o u r n iq u e t  o n ly  t h e  t o u r n iq u e t  g r o u p  d e m o n s t r a t e d  a  s ig n if ic a n t  r is e  in  la c t a t e .  

• P o t o n e t  a l  ( 2 0 1 4 )  d e m o n s t r a t e d  le v e ls  o f  b lo o d  la c t a t e  a c c u m u la t io n  w e r e  s im i la r  

b e t w e e n  

– B FR  a n d  exe rcise  at lo w  lo a d  (2 0 %  1 R M ) a n d  H ig h  In te n sity  Tra in in g  (H IT  8 0 %  1 R M ).
– W h ile  co ntro l g ro u p  p e rfo rm e d  lo w  lo ad  exe rc ise  (2 0 % 1 R M ) w ith o u t B FR  d id  n o t h ave  a  

s ign ificant r ise  in  lactate . 

Physiological Responses Known with BFR Application
• In c r e a s e p r o d u c t io n  o f   la c t a t e  a ls o  fo r c e s  t h e  m u s c le  t o  u s e  a n d  r e c r u it   la r g e r  m o t o r  

u n it s

• Y a s u d a ( 2 0 1 4 )  B lo o d  la c t a t e  c o n c e n t r a t io n  a t  P o s t  w a s  s ig n if ic a n t ly  c o r r e la t e d  w it h  

in c r e a s e d  iE M G in  b o t h  t r ic e p s  e x t e n s io n ( r  =  0 .6 5 ,  P  <  0 .0 1 )  a n d  b ic e p s  f le x io n  

e x e r c is e s  ( r  =  0 .5 2 ,  P  <  0 .0 5 ) .  

• Y a s u d a  ( 2 0 1 4 )  d e m o n s t r a t e d  d o in g  a  t y p ic a l  “ r e h a b ”  e x e r c is e  u s in g  e la s t ic  b a n d s  a n d  

B F R  s ig n if ic a n t ly  in c r e a s e d  b lo o d  la c t a t e  v s .  c o n t r o ls  a n d  s u b s e q u e n t ly  in c r e a s e d  

iE M G a c t iv it y .  

– a lso  b e e n  co n firm e d  in  lo w e r extre m ity  exe rc ise  th at co m p are d  iE M G activ ity  b e tw e e n  B FR  at 

2 0 %  1  R M  an d  w o rk-m atch e d  co ntro ls  (Yasu d a  2 0 1 4  & , Takarad a  2 0 0 0 )

• W ils o n e t . a l ( 2 0 1 3 ) fo u n d  t h a t  a f t e r  4  s e t s  o f  lo w  r e s is t a n c e  e x e r c is e  ( 3 0 %  1 R M )  

t h e r e  is  n o t  a  s ig n if ic a n t  in c r e a s e  in  iE M G w it h o u t  a  a p p l ic a t io n  o f  t o u r n iq u e t .

Physiological Responses Known with BFR Application

• A m e r ic a n  C o l le g e  o f  S p o r t s  M e d ic in e  ( A C S M )

– State s “  o p tim izin g  m u scu lar stre n gth  an d  hyp e rtro p hy  can  b e  ach ie ve d  th ro u gh  m o d e rate  to  

h igh  in te n sitie s  o f re s istan ce  exe rc ise s”

• D o n n e l ly  ( 2 0 0 9 ) s t a t e d  t h e s e  e x e r c is e s  s h o u ld  t a r g e t  m a jo r  m u s c le  g r o u p ’s  2 - 3  d a y s  

d u r in g  w e e k  w it h  1  d a y  a t  a  t r a in in g  in t e n s it y  o f  m o r e  t h a n  6 5 %  o f  a  p a t ie n t s  1 - r e p  

m a x .  

• A C S M  r e c o m m e n d e d ,  d u r in g  r e s is t a n c e  t r a in in g ,  t h e  lo a d  s h o u ld  b e  > 7 0 %  o f  t h e  1  

r e p  m a x t o  a c h ie v e  m a x im u m  m u s c le  h y p e r t r o p h y

Physiological Responses Known with BFR Application

• Ta k a r a d a  ( 2 0 0 0 )  D e m o n s t r a t e d  a  H ig h  in t e n s it y  t r a in in g  ( H IT  8 0 %  1  R M ) ,  lo w  in t e n s it y  

B F R  ( 3 0 %  1  R M )  a n d  lo w  in t e n s it y  w it h o u t  B F R  ( 3 0 %  1  R M )  d e m o n s t r a t e d  s im i la r  

in c r e a s e s  in  s t r e n g t h  b e t w e e n  H IT  a n d  B F R  a n d  b o t h  w e r e  s ig n if ic a n t ly  h ig h e r  t h a n  

t h e  lo w  in t e n s it y  w it h o u t  B F R  g r o u p .

• Im p l ic a t io n s fo r r e h a b i l i t a t io n o f p a t ie n t s

– m e an s as a th e rap ist can  ge t stre n gth  ga in s  w ith  lo w  lo ad , w h ich  p atie nts  can  to le rate  safe ly  

o r p e rce ive  to  b e  e asie r

– In c lu d in g p o st su rg ica l p atie nts th ro u gh iso m e trics  an d  B FR

Growth Hormone Response / Stimulus
• A c c u m u la t io n  o f  la c t a t e  b u i ld  u p  w i l l  s t im u la t e  G H  r e s p o n s e  ( G o t o ,  2 0 0 5 ,  Ta k a d a  

2 0 0 0

• Ta k a r a d a ( 2 0 0 0 )  e t  a l  fo u n d  a  la r g e  a n d  s ig n if ic a n t  r is e  in  G H  a f t e r  p e r fo r m in g  lo w  
in t e n s it y  B F R  fo r  a p p r o x im a t e ly  1 0  m in u t e s  o f  e x e r c is e .  

• Ta k a r a d a ( 2 0 0 0 )  s e c o n d  g r o u p  p e r fo r m in g  lo w  in t e n s it y  e x e r c is e  w it h o u t  o c c lu s io n  

a n d  a  t h ir d  g r o u p  t h a t  s im p ly  w o r e  a  t o u r n iq u e t  d id  n o t  h a v e  a  s ig n if ic a n t  r is e  in  
g r o w t h  h o r m o n e .

• T h is  f in d in g  w a s  r e - e n fo r c e d  in  P ie r c e  ( 2 0 0 6 )

• D o e s s in g  e t  a l  ( 2 0 1 0 )  d e m o n s t r a t e d  t h a t  g r o w t h  h o r m o n e  p la y e d  a  d ir e c t  r o le  in  

in c r e a s e d  c o l la g e n  s y n t h e s is  a f t e r  e x e r c is e .  

ORS BFR Manual, 2016
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Myogenic Stem Cell Release

• M y o s t a t in  is  t h e  s w it c h  t h a t  a l lo w s  p r o l i fe r a t io n  o f  m y o g e n ic  s t e m  c e l ls  t o  p r o l i fe r a t e  

a n d  a l lo w  m u s c le  h y p e r t r o p h y.

• D e c r e a s e d  m y o s t a t in  is  k e y  fo r  m u s c u la r  h y p e r t r o p h y  a n d  s t r e n g t h  g a in s  a n d  t h e r e  a r e   
t w o  w a y s  t o  s u p p r e s s  m y o s t a t in :

1 . h e av y  re s istan ce  tra in in g  (H IT )

2 . light re s istan ce  tra in in g  w ith  B FR

• R o t h  e t  a l  ( 2 0 0 3 )  d e m o n s t r a t e d  a  d o w n  r e g u la t io n  o f  m y o s t a t in  a f t e r  9  w e e k s  o f  
h e a v y  l i f t in g  u p  t o  8 5 %  o f   a  1  R M .

• L a u r e n t in o  e t  a l   ( 2 0 1 2 )  m e a s u r e d  m y o s t a t in  m a r k e r s  b e t w e e n  3  g r o u p s  o v e r  8  w e e k s .  

1 . G ro u p  p e rfo rm e d  lo w  inte n sity  re s istan ce  tra in in g  (2 0 %  1  R M ) 

2 . G ro u p  p e rfo rm e d  lo w  inte n sity  re s istan ce  tra in in g  (2 0 %  1  R M ) w ith  B FR  re su lte d  in  ↓  M yo statin  
Le ve ls

3 . G ro u p  p e rfo rm e d  h igh  in te n sity  re s istan ce  tra in in g  (H IT ) (8 0 %  1 R M ) re su lte d  in  ↓  M yo statin  
Le ve ls

• L a o u r n e t o e t  a l  ( 2 0 1 2 )  s t u d y  p r o v id e s  e v id e n c e  t h a t  u t i l iz a t io n  o f  B F R  in  r e h a b  o r  t r a in in g  

c a n  le a d  t o  in c r e a s e  in  m u s c le  h y p e r t r o p h y  a n d  s t r e n g t h  w it h  o u t  r is k  o f  h ig h  in t e n s it y  
t r a in in g  le v e ls

Myogenic Stem Cell Release

BFR Effects on Bone 

• B e e k le y ( 2 0 0 5 )  s t u d ie d   e f f ic a c y  o f  B F R  o n  b o n e  u s in g  3  w k s o f  w a lk in g  w it h  

in t e r m it t e n t  B F R  v s .  w a lk in g  w it h o u t  B F R  

– fo u n d  th at b o n e  sp e cific  a lka lin e p h o sp h ate (B A P ) a  m arke r o f o ste o b lastic  activ ity  w as 
e le vate d  in  th e  B FR  gro u p

– n o t th e  co ntro l. 

• B e e k le y ( 2 0 0 5 )  a ls o  fo u n d  s ig n if ic a n t  in c r e a s e s  in  s t r e n g t h  a n d  h y p e r t r o p h y  in  t h e  
t h ig h  m u s c le s  o f  t h e  B F R  g r o u p .  (

• B e m b e n e t  a l  ( 2 0 0 7 )  fo u n d  a  b o n e  r e a b s o r p t io n  w a s  s ig n if ic a n t ly  lo w e r  in  a  B F R  

g r o u p  p e r fo r m in g  2 0 %  1  R M  k n e e  e x t e n s io n s  v s .  c o n t r o ls .  

• K a r a b u lu t ( 2 0 1 1 )  c o m p a r e d  6  w k s o f  B F R  le g  e x e r c is e s  ( k n e e  e x t e n s io n  a n d  le g  p r e s s )  
a t  2 0 %  1  R M  t o  t h e  s a m e  e x e r c is e s  a t  8 0 %  1  R M  d e m o n s t r a t e d  p o s it iv e  b lo o d  b o n e  

m a r k e r s  in  s im i la r  a m o u n t s  in  b o t h  g r o u p s .  ( K a r a b u lu t 2 0 1 1 )

BFR Cardiovascular Benefits 
• A b e ,  T. ,  e t  a l  ( 2 0 1 0 )  e x a m in e d  t h e  e f fe c t s  o f  lo w - in t e n s it y  c y c le  e x e r c is e  t r a in in g  w  

a n d  w / o   B F R  o n  m u s c le  s iz e  a n d  m a x im u m  o x y g e n  u p t a k e  ( V O 2 m a x ) .  

– A  g r o u p  o f  1 9  y o u n g  m e n  ( m e a n  a g e  ± S D :  2 3 .0  ± 1 .7  y e a r s )  w e r e  a l lo c a t e d  
r a n d o m ly  in t o  t w o  g r o u p s  b o t h  w h ic h  t r a in e d  fo r  3 d a y s / w k fo r  8  w k s .  G r o u p s  

1 . B FR -tra in in g  gro u p  (n = 9 , B FR -tra in in g) 

– T r a in in g  in t e n s it y  a n d  d u r a t io n  w a s  4 0 %  o f  V O 2 m a x  a n d  1 5  m in  fo r  t h e  B F R -

t r a in in g  g r o u p
2 . N o n - B F R  c o n t r o l  t r a in in g  g r o u p  ( n = 1 0 ,  C O N - t r a in in g ) ,

– 40% of VO2max and 45 min for the CON-training group. 

BFR Cardiovascular Benefits 

• A b e ,  T. ,  e t  a l  ( 2 0 1 0 ) C o n t in u e d  

– M R I-m e asu re d  th igh  an d  q u ad rice p s m u scle  cro ss-se ctio n a l a re a  an d  m u scle  vo lu m e  in cre ase d  
b y  3 .4 -5 .1 %  (P  <  0 .0 1 ) 

– T h e re  w as n o  ch an ge  in  m u scle  s ize  (~ 0 .6 % ) an d  stre n gth  (~ 1 .4 % ) in  th e  C O N -tra in in g  gro u p .

– S ig n ifica n t im p ro v e m e n ts in  V O 2 m a x (6 .4 % ) a n d  exe rcise  tim e  u n til exh a u stio n  (1 5 .4 % ) 
w e re  o b se rv e d  in  th e  B FR -tra in in g  g ro u p  (p  <  0 .0 5 )

– N o im p ro ve m e nts in V O 2 m ax an d exe rc ise tim e u ntil exh au stio n  w e re    n o t  fo u n d  in  th e  C O N -
tra in in g  gro u p  (-0 .1  an d  3 . 9 % , re sp e ctive ly ). 

– Su g g e stin g  th a t lo w -in te n sity, sh o rt-d u ra tio n  cyclin g  exe rcise  co m b in e d  w ith  B FR  im p ro v e s 
b o th  m u scle  hyp e rtro p hy  a n d  a e ro b ic  ca p a city  co n cu rre n tly  in  yo u n g  m e n . 

Integration Into Clinical Practice (ORS Manual 2015 & 2016)

• U t i l iz e O w e n  R e c o v e r y  S c ie n c e  P r o t o c o ls  a n d  E x p e r ie n c e

• S t a n d a r d  P r o t o c o ls  w it h  O w e n s  R e c o v e r y  S c ie n c e  fo r  B F R  is

– 3 0 Re p s / 1 5 Re p s / 1 5  Re p s /  1 5  re p s w / 3 0  se c  re st

– C u ff stays in flate d fo r e ntire p e rio d
– L im b O cclu sio n  p re ssu re at 8 0 %

• May start lower for patient tolerance or until  patient is comfortable

• E K U A T ’s fo l lo w  t h e p r o t o c o ls a n d u t i l iz e B F R w it h  a l l  
p a t ie n t s  fo r  t h e  p a t ie n t s  t h e r e x

• S t a r t  B F R  a s  s o o n  a s  p o s s ib le  a n d  in c o r p o r a t e  t h r o u g h  e n t ir e  

r e h a b i l i t a t io n  in c lu d in g  r e t u r n  t o  s p o r t  a c t iv it y
– U tilize d  in  W e ight Ro o m  w ith  te am  activ itie s  

– In d o o r Tu rf w ith  p o sitio n a l exe rc ise s

– A ctive so ft-to ss o r k ick  p asse s



7/10/18

4

Integration Into Clinical Practice

• U t i l iz e  w it h  a n y  t h e r- e x  a c t iv it y

– T h ro w in g  w ith  th ro w in g  ath le te s 

– B ik in g  activ itie s  w ith  B ilate ra l C u ff O cc lu s io n  fo r S tre n gth  an d  C ard io vascu lar b e n efits
– U tilize  5  m in  B ike  P ro to co l fo r n e w  p atie nts  to  ge t u se d  to  B FR  p rio r to  exe rc ise  as  a  w arm -u p

– Sp o rt Sp e cific D rills an d re h ab

Integration into Clinical Practice

• B e  C r e a t iv e ! !

• E d u c a t e  y o u r  p a t ie n t  o f  t h e  B e n e f it s

• P a t ie n t e d u c a t io n o f w h a t t o e x p e c t

• B i l l in g fo r B F R –

– C u rre ntly  n o  b illin g  co d e s ex ist b u t can  b ill as  th e rap e u tic  
exe rc ise

– Patie nt o u tco m e s an d  Patie nt satisfactio n  is  d riv in g  
h e a lth care  an d  B FR  Re su lts  can  p lay  a  cru c ia l ro le  in  th is  

a re a  o f yo u r h e a lth care  syste m

Future of BFR ? 
• EKU  Exercise Physiology lab currently working on a few research areas 

under Direction of Micheal Lane, PhD, CSCS Associate professor & clinical 
exercise physiologist
– U t i l iz in g  B a s e  L in e  D e x a s c a n s  t o  t r a c k  le a n  m u s c le  m a s s  in c r e a s e a f t e r in ju r y a n d  

B F R ’s  e f fe c t s  o n  le a n m u s c le  m a s s  in  l im b

– E f fe c t s o f B F R  o n  p a in  c a t a s t r o p h iz e r 's  A a r o n  S c ia s c ia ,  P h D ,  A T C  &  M a t t  S a b in  P h D ,  
A T C

• PRPInjection enhancement through BFR Application prior to draw to 
increase stem cell and GH - Adam Antz, MD–ASMI
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