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LETTER TO THE EDITOR

Letter to the Editor about the  article
‘‘The  addition of blood flow
restriction to  resistance exercise in
individuals with knee pain: a
systematic review and
meta-analysis’’

We  recently  read  with  great  interest  the systematic  review
and  meta-analysis  by Cuyul-Vásquez  et al.1 on  the effects
of  blood  flow  restriction  (BFR)  exercise  in  individuals  with
knee  pain  and  would  like  to congratulate  them  for  their
impressive  work.  The  authors  report  there  is  low  quality evi-
dence  regarding  the  addition  of  BFR  to resistance  exercise
to  reduce  pain  and improve  knee  function  when  compared
to  resistance  exercise  with  free  blood  flow.  We  agree  with
them  that  current  evidence  on this  topic  is  of  low quality;
however,  we  would like  to contribute  to the  discussion  on
the  possible  benefits  of  combining  BFR  and  exercise  for  the
treatment  of knee  pain.

A  concern  with  the conclusions  reached  in the  review  by
Cuyul-Vásquez  et  al.1 is  that  the  meta-analysis  combined
studies  comparing  BFR  exercise  (30%  one-repetition  max-
imum  [1-RM])  with  both  high  (70% 1-RM)2,3 and low  (30%
1-RM)4---6 intensity  exercises  without  BFR.  Considering  that
previous  meta-analyses7,8 have  reported  different  results
when  low  intensity  BFR  exercise  is compared  to  high  or  low
intensity  exercise  with  free  blood  flow,  it is  reasonable  to
consider  that  grouping  the two  exercise  intensities  in the
meta-analyses  may  have  affected  the results  reported  by
Cuyul-Vásquez  et al.1 For  instance,  Centner  et al.7 showed
that  BFR  exercise  was  superior  to  low  intensity  exercise
without  BFR  to  improve  muscular  strength  in the elderly,
while  BFR  was  not  superior  to  the  effects  of  high  intensity
exercise  without  BFR.  Similarly,  Hughes  et  al.8 showed  that,
in  patients  with  musculoskeletal  conditions,  BFR  exercise
was  able  to  induce  greater  gains  in muscular  strength  when
compared  to low  intensity  exercise  with  free  blood  flow,  but
not  when  compared  to  high  intensity  exercise  without  BFR.

Although  Centner  et  al.7 and  Hughes  et  al.8 evaluated
a  different  outcome  (muscle  strength)  than  Cuyul-Vásquez
et  al.1 (knee  pain  and  function),  taken  together  the find-
ings  of  these  previous  systematic  reviews7,8 suggest  that
low  intensity  BFR  exercise  does  not  generate  superior
effects  when  compared  to  high  intensity  exercise.  Con-
versely,  in  those  individuals  who  are unable  to  perform
high  load exercise  due  to  joint  pain,  the  addition  of  BFR
can  be  suitable  to  potentiate  the low intensity  exercise

effects.  Consistent  with  this notion,  Giles  et al.2 showed
that  patients  with  higher  levels  of  patellofemoral  pain
were  those  who  most  benefited  from  low  intensity BFR
exercise.

We  recognize  that  the  review  by  Cuyul-Vásquez  et  al.1

has  many  merits  in  summarizing  the literature  and  point-
ing  out the  low quality  of  evidence  on  BFR  exercise  for  the
treatment  of knee pain.  However,  based  on  the  above  infor-
mation,  it  seems  reasonable  to  consider  that  a  stratified
analysis  (i.e. low intensity  BFR  versus  low  intensity  exercise
with  free  blood  flow;  low  intensity  BFR  versus  high  inten-
sity  exercise  with  free  blood  flow)  would  have  made the
results  of  Cuyul-Vásquez  et  al.1 more  accurate  and  consis-
tent  with  the  current  literature.  Moreover,  we  have  recently
suggested9 that  in addition  to  the load,  the total  exercise
volume  (load  x  repetitions  x sets),  should  be considered  in
BFR  exercise  prescription.  Because  in  many  studies2,3,10 the
total  exercise  volume  of  BFR  training  is  similar  or  greater
than  the comparison  intervention,  it  seems  paramount  that
future  clinical  trials  and  systematic  reviews  consider  both
the load  (intensity)  as  well  as the  total  volume  delivered  in
their  study  design  and  analyses.

Conflicts of  interest

The  authors  declare  no  conflicts  of  interest.

References

1. Cuyul-Vásquez I, Leiva-Sepúlveda A, Catalán-Medalla O, Araya-
Quintanilla F, Gutiérrez-Espinoza H.  The addition of  blood flow
restriction to resistance exercise in individuals with knee pain:
A systematic review and meta-analysis. Braz J Phys Ther.
2020;24(6):465---478.

2. Giles L, Webster KE, Mcclelland J, Cook  JL. Quadriceps
strengthening with and without blood flow restriction in the
treatment of patellofemoral pain: A double-blind randomised
trial. Br  J  Sports Med. 2017;51(23):1688---1694.

3. Bryk FF, dos Reis AC, Fingerhut D, et  al. Exercises with partial
vascular occlusion in patients with knee osteoarthritis: a ran-
domized clinical trial. Knee Surg Sports Traumatol Arthrosc.
2016;24(5):1580---1586.

4. Ferraz RB, Gualano B, Rodrigues R, et al. Benefits of resistance
training with blood flow restriction in knee osteoarthritis. Med

Sci Sports Exerc. 2018;50(5):897---905.
5. Segal NA, Williams GN,  Davis MC, Wallace RB, Mikesky AE. Effi-

cacy of blood flow-restricted, low-load resistance training in
women with risk factors for symptomatic knee osteoarthritis.
PMR. 2015;7(4):376---384.

https://doi.org/
https://www.journals.elsevier.com/brazilian-journal-of-physical-therapy
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0005
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0010
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0015
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0020
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025
http://refhub.elsevier.com/S1413-3555(20)30289-6/sbref0025


LETTER  TO  THE  EDITOR  561

6. Segal N, Davis MD, Mikesky AE. Efficacy of blood flow-restricted
low-load resistance training for quadriceps strengthening in
men at risk of  symptomatic knee osteoarthritis. Geriatr Orthop

Surg Rehabil. 2015;6(3):160---167.
7. Centner C, Wiegel P, Gollhofer A, König D. Effects of blood

flow restriction training on muscular strength and hypertrophy
in older individuals: A systematic review and meta-analysis.
Sports Med. 2019;49(1):95---108.

8. Hughes L, Paton B, Rosenblatt B, Gissane C, Patterson SD. Blood
flow restriction training in clinical musculoskeletal rehabilita-
tion: A systematic review and meta-analysis. BrJ Sports Med.
2017;51(13):1003---1011.

9. Cerqueira MS, de Brito Vieira WH. Effects of  blood flow restric-
tion exercise with very low load and low volume in patients
with knee osteoarthritis: Protocol for a randomized trial. Tri-

als. 2019;20(1):135.
10. Hughes L,  Rosenblatt B, Haddad F, et al. Comparing the

effectiveness of  blood flow restriction and traditional heavy
load resistance training in the post-surgery rehabilitation
of anterior cruciate ligament reconstruction patients: A UK

national health service randomised controlled trial. Sports

Med. 2019;49(11):1787---1805.

Mikhail  Santos  Cerqueira,
Wouber  Hérickson  de  Brito  Vieira ∗

Neuromuscular  Performance  Analysis  Laboratory,

Department  of  Physical  Therapy,  Federal  University  of Rio

Grande  do Norte  (UFRN),  Avenida  Senador  Salgado  Filho,

3000-  Campus  Universitário,  Lagoa  Nova,  CEP:  59072-970

Natal,  RN,  Brazil

∗ Corresponding  author.
E-mail:  hericksonfisio@yahoo.com.br  (W.H.  Brito Vieira).

https://doi.org/10.1016/j.bjpt.2020.05.005
1413-3555/ © 2020 Associação  Brasileira de Pesquisa e
Pós-Graduação em  Fisioterapia. Published by  Elsevier Editora
Ltda. All  rights reserved.

Reply to letter to  the  Editor  about
the  article ‘‘The addition of blood
flow restriction to  resistance
exercise in individuals with knee
pain: a systematic review and
meta-analysis’’

Dear  Editor

We  appreciate  the comments  on  our  article  ‘‘The  addition
of  blood  flow  restriction  to  resistance  exercise  in individu-
als  with  knee  pain:  a systematic  review  and  meta-analysis’’
(Cuyul-Vásquez  et al.1).  We  would  like  to take  the opportu-
nity  to address  several  points  raised  in these  comments.

First,  it  is  important  to  consider  that  performing  sub-
group  analyses  for  meta-analysis  with  less  than  10  studies
and  with  high  heterogeneity  among  the  included  studies,  is
not  recommended.2,3 In  our  meta-analysis  for  pain  inten-
sity,  the  small  number  of  included  clinical  trials  (n = 5),  the
considerable  heterogeneity  (i2 = 76%)  of these  trials,  and
the  lack  of  plausible  interaction,  justify  our  decision  not
to  report  a  subgroup  analysis.  We  understand  how  the  con-
trast  between  the  results  of  previous  investigations  and  the
findings  of  our  study  could  be  questioned.  For  this  reason,
in  response  to your  letter,  we performed  a subgroup  analy-
sis  for  pain  intensity,  independently  combining  studies  that
used  high  intensity  versus  low  intensity  resistance  exercises
in  the  control  group.

The  comparison  between  low  intensity  resistance  exer-
cise  (30%-1RM)  combined  with  blood  flow  restriction  (BFR)
versus  high  intensity  resistance  exercise  (70% -1RM),4---6

showed  no  benefits  of BFR  for  pain  relief  (pooled  SMD  =
-0.08,  95%  CI  =  -0.41,  0.26,  p = 0.66,  I2:  0%).  For the com-
parison  between  low intensity  resistance  exercise  (30%-1RM)
with  or  without  BFR,4,7,8 the  pooled  SMD  also  showed  no
added  effectiveness  of  BFR  on  pain  relief  (SMD=  -0.51,  95%  CI
=  -1.57,  0.55,  p  =  0.34,  I2:  87%).  Therefore,  both  comparisons
are  not  statistically  and  clinically  significant.9 While  this

subgroup  analysis  is  affected  by the  limitations  described
in  the first  point  of  this  letter,  these  findings  support  the
conclusions  of our  systematic  review  with  meta-analysis,
that  adding  BFR  to  resistance  exercise  does not  provide
additional  benefits  to  decrease  knee  pain.1
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