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Abstract

Background:  Blood  flow  restriction  (BFR)  is an  effective  clinical  intervention  used to  increase

strength in healthy  individuals.  However,  its  effects  on  pain  and  function  in individuals  with

knee pain  are  unknown.

Objective:  To  determine  the  effectiveness  of  adding  BFR  to  resistance  exercise  for  pain  relief

and improvement  of  function  in patients  with  knee  pain.

Methods:  Systematic  review  with  meta-analysis  of  randomized  clinical  trials.  Medline,  Central,

Embase,  PEDro,  Lilacs,  CINAHL,  SPORTDiscus,  and Web  of Science  databases  were  searched

from inception  to  May  2019.  Randomized  clinical  trials  that  compared  resistance  exercise  with

or without  BFR  to  treat  knee  pain  and  function  in  individuals  older  than  18  years  of  age  with

knee pain  were  included.

Results:  Eight  randomized  clinical  trials  met  the  eligibility  criteria  and  for  the  quantitative

synthesis,  five  studies  were  included.  The  pooled  standardized  mean  difference  (SMD)  estimate

showed that  resistance  exercises  with  BFR  was  not  more  effective  than  resistance  exercises  for

reducing pain  (SMD:  −0.37  cm,  95%  CI = −0.93,  0.19)  and  improving  knee  function  (SMD  =  −0.23

points, 95%  CI = −0.71,  0.26)  in patients  with  knee  pain.
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Conclusion:  In  the  short  term,  there  is low  quality  of  evidence  that resistance  exercise  with  BFR

does not  provide  significant  differences  in pain  relief  and  knee  function  compared  to  resistance

exercises in patients  with  knee  pain.

PROSPERO  registration  number:  CRD42018102839.

© 2020  Associação  Brasileira  de Pesquisa  e  Pós-Graduação  em  Fisioterapia.  Published  by  Elsevier

Editora Ltda.  All  rights  reserved.

Introduction

The  prevalence  of  knee  pain  has  increased  exponentially  in
the  last  20  years.1 It is  estimated  that  approximately  50%  of
elderly  people2,3 and 19%  to 31%  of  adolescents  have  knee
pain.4,5 The  presentation  of  knee  pain  in 62%  of  cases  has
been  reported  to  be  in  the tibiofemoral  joint,  while  in 23%
of  cases  the  pain  location  is  in the patellofemoral  joint.6

This  is  consistent  with  most  common  diagnoses  being  knee
osteoarthritis  (OA)  and  patellofemoral  pain  (PFP).7

Knee  pain  is  associated  with  high  disability  and  loss  of
function  as  well  as  poor quality  of  life  in  the long  term.4,7,8

These  symptoms  and activity  limitations  have  been  associ-
ated  with  unmodifiable  risk  factors,  such  as  age and female
sex,  in  addition  to  modifiable  factors,  such as  obesity,
low  levels  of  physical  activity,  joint  overloading,  muscular
imbalance  in the hip  joint, and  reduced  muscle  mass  and
strength  in  the lower  limbs.9---11 Weaknesses  in the quadri-
ceps,  hip  abductors,  and hip  external  rotators  have  been
found  to  be  associated  with  knee pain.12,13 Therefore,  physi-
cal  therapy  programs  focusing  on  hip  and  knee  strengthening
exercises  with  the use  of  orthosis  or  manual  therapy,  has
proved  to be  effective  in reducing  symptoms  in the short-
and  medium-term  in  individuals  with  knee  OA  and  PFP.14---17

Despite  the  favorable  results,  therapeutic  exercise  is  limited
by  tolerance  to  load  and variability  in symptoms  presented
by  patients  with  knee  OA.18 Therefore,  therapeutic  exer-
cise  strategies  must  be  adapted  to  each  patient’s  clinical
condition.15

Blood  flow  restriction  (BFR) is  a therapy  which  consists
of  applying  continuous  compression  to  the proximal  portion
of  the  limb  using  a pressure  cuff  with  the  aim  to  induce
tissue  hypoxia  by  reducing  blood  flow  during exercise.19,20

The  external  pressure  applied  to  the  proximal  portion  of
the  upper  or  lower  limbs  must  be  sufficiently  low  to  main-
tain  partial  arterial  flow  in  the muscle,  but  sufficiently  high
to  occlude  venous  return  from  the muscle.21 BFR  has  proved
to  be  a  safe and  effective  training  method  for  increasing
muscle  strength  and  mass.22,23 The  advantage  of  BFR  is  that
loads  close  to  30%  of  maximum  effort  produce  similar  results
to  those  achieved  with  loads equal to  or  greater  than  80%
of  maximum  effort.22,24 The  use  of  lower  loads  reduces joint
loads  and  increases  tolerance  to  exercise,19 and  for  this  rea-
son,  BFR  could  be  an alternative  to  high-load  training  in
patients  with  musculoskeletal  pain.19,25 The  use  of  BFR  in
patients  with  knee  pain  would  appear  to  be  a useful  clin-
ical  approach,  however  it is  not  clear  whether  it produces
clinical  benefits  for  knee  pain.16

A  recent  systematic  review  showed  that  the use  of  BFR
with  low  load  exercises  produced  a moderate  effect  in
increasing  muscle  strength  in people  with  musculoskeletal

dysfunctions25;  however,  the  effectiveness  of  adding  BFR  to
resistance  exercises,  particularly  in patients  with  knee  pain,
remains  unclear.  The  aim  of  this  systematic  review  with
meta-analysis  was  to compare  the effectiveness  of  resis-
tance  exercise  alone  versus  resistance  exercise  with  BFR  for
pain  relief  and functional  improvement  in patients  with  knee
pain.

Methods

Protocol and registration

This  systematic  review  was  conducted  and  reported  accord-
ing  to  the  Preferred  Reporting  Items  for  Systematic
Reviews  and Meta-analysis  (PRISMA)  statement  and  fol-
lowed  the recommendations  of  the  Cochrane  Collaboration
Handbook.26,27 The  registration  number  in the International
Prospective  Register  of  Systematic  Review  (PROSPERO)  is
CRD42018102839.

Eligibility  criteria

Studies  were  considered  eligible  based on  the following
inclusion  criteria:  (1)  Population:  participants  were over  18
years  of  age  and  had  knee  pain  (e.g.  anterior  knee  pain,
osteoarthritis,  patellofemoral  pain,  post  knee  arthroscopy
surgery);  (2)  Type  of intervention:  exercises  incorporating
restriction  of  blood  flow  or  vascular  occlusion  in the lower
limb;  (3)  Type  of comparison:  resistance  exercise  or  other
conventional  exercise  programs  with  short  term  interven-
tion  (i.e. treatment  duration  between  two  weeks  to  three
months);  (4)  Type  of  outcome:  pain  intensity  and knee  func-
tion  as  primary  or  secondary  outcomes;  (5)  Type of  study:
randomized  clinical  trial (RCT)  or  controlled  clinical  trial
(CCT)  published  in English  or  Spanish.  The  exclusion  criteria
were:  (1)  studies  including  participants  with  experimental
knee  pain;  (2)  studies  including  participants  with  a history
of  acute  trauma  or  previous  fracture  of  the  lower  limb.

Electronic  search

We  systematically  searched  MEDLINE  (via PubMed),  the
Cochrane  Central  Register  of Controlled  Trials  (CENTRAL),
EMBASE,  the Physiotherapy  Evidence  Database  (PEDro),  the
Latin  American  and  the Caribbean  Literature  in  Health  Sci-
ences  (LILACS),  the Cumulative  Index  to  Nursing  and Allied
Health  Literature  (CINAHL),  SPORTDiscus,  and  Web  of  Sci-
ence  databases  from  inception  until  May 2019.
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Figure  1 Flow  chart  diagram.

The  search  strategy  used  included  a combination  of
the  following  Medical  Subjects  Headings  (MeSH)  terms:
‘Patellofemoral  Pain  Syndrome’;  ‘Osteoarthritis  knee’;
with  free-text  terms:  ‘Knee  pain’;  ‘Anterior  knee  pain’;

‘Blood  flow  restriction  training’;  ‘Kaatsu’;  ‘Occlusion  train-

ing’.  To  identify  randomized  trials  in Medline,  Central,  and
Embase  databases,  the Cochrane  Highly  Sensitive  Search
Strategies  was used.27 We  also  manually  searched  the refer-
ences  of  selected  articles  to  identify  additional  potentially
relevant  studies.  The  literature  search  was  independently
conducted  by  three  reviewers  (ICV, FAQ,  and  HGE),  we
involved  a  fourth  reviewer  if a  consensus  could  not be
reached  (ALS).  The  full  search  strategy  for Medline  is
reported  in  the Supplemental  Material.

Study  selection

Three  reviewers  (ICV,  FAQ, and HGE) independently
screened  the  titles  and  abstracts  retrieved  from  the
searches.  We  obtained  the full  text  of the  articles  that  any
of  the 3 reviewers  considered  to  be  potentially  relevant.  We
involved  a  fourth reviewer  (ALS)  if  a  consensus  could  not  be
reached.

Data collection  process

The  three  same  reviewers  used  a  standardized  form to  inde-
pendently  extract  the  following  data  from  each trial  (i)
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author  and  year  of  publication;  (ii) country;  (iii)  sample
characteristics  (sample  size,  age  distribution,  and  sex);  (iv)
characteristics  of  BFR  exercise;  (v)  characteristics  of  resis-
tance  exercise;  (vi)  length  of follow-up  and main  outcomes;
(vii)  main  results.  To  calculate  the effect  size  from  each
study,  we  extracted  means  and  standard  deviation  (i.e.  final
values)  from  each study.  For three-arm  trials,  we  chose  as
the  control  group  the  group  that  used  the most  similar  exer-
cise  regimen  to  the  BFR  group.

Risk  of bias  of individual  studies

The  assessment  of  the  risk  of bias  of  individual  studies
was  performed  as  recommended  by  the Cochrane  Collab-
oration  Handbook.27 This  tool  evaluates  the  risk  of  bias
according  to  seven  domains:  generation  of the random
sequence;  concealment  of  the randomization  sequence;
blinding  of  participants  and treatments;  blinding  of  the  eval-
uation  of the  results;  incomplete  results  data;  selective
reporting  of results,  and  other  biases.  We  consider  as  other
bias:  co-interventions  or  difference  in the protocol  inter-
vention,  contaminated  participants  in the studies  (drugs),
instruments  that  are  not  sensitive  to  measure  the outcome
measures.  Each  domain  was  considered  as  either  low risk  of
bias,  unclear  risk  of  bias,  or  high  risk  of  bias. Data  extrac-
tion  and  quality  assessment  were  independently  performed
by  three  reviewers  (ICV,  HGE,  and ALS). We  involved  a fourth
reviewer  if  a  consensus  could  not  be  reached  (FAQ). The
assessment  of risk  of  bias  was  performed  by  visual inspection
in  summary  graph  and  the  percentage  calculated  RevMan
5.3  program.  The  agreement  rate  between  reviewers  was
calculated  using  kappa  statistics.

Statistical  methods

The  random-effects  models  by DerSimonian  and  Laird were
used.28 Pooled  estimates  of  mean  difference  (MD)  or  stan-
dardized  mean  difference  (SMD)  were computed  depending
on  the  scales  used  in the  included  studies  for  the outcome
measures.  MD  was  used as  a  summary  statistic  in meta-
analysis  if  outcome  measurements  in all  studies  had  the
same  scale,  and SMD  was  used  as  a  summary  statistic  in
meta-analysis  if the included  studies  assessed  the same
outcome  measured  using  different  scales.27 We  reported
95%  confidence  intervals  (CI)  for  all  pooled  estimates.  The
heterogeneity  of results  across  the  studies  was  evaluated
using  the  I2 statistic,  interpreted  as: might  not  be  important
(0%---40%),  may  represent  moderate  (30%---60%),  may  repre-
sent  substantial  (50%---90%),  and considerable  (75%---100%)
heterogeneity.27 Meta-analyses  were  performed  with  the
RevMan  5.3 program.  Publication  bias  was  planned  to  be
evaluated  through  visual  inspection  of  funnel  plots,  as  well
as  using  the  method  proposed  by  Sterne  et al.29 The  synthe-
sis  and  quality  of  evidence  for  each  outcome  was  performed
with  an  adapted  version  of GRADE.30,31 The  GRADE  system
consists  of  five  items:  (1)  study  limitations  (risk  of  bias);  (2)
inconsistency  of  results  (heterogeneity);  (3)  indirectness  of
evidence;  (4)  imprecision  of  the effect  estimates,  and  (5)
reporting  bias. The  quality  of  the evidence  was  classified  in
four  categories:  high,  moderate,  low,  and very  low.32 This
approach  entails  the downgrading  of  evidence  from  high  to

moderate  to  low  and  very  low  quality  based on  certain  cri-
teria.  Downgrading  the evidence  one  level:  (1)  for  study
limitation  if the  majority  of  studies  (>50%)  was  rated  as
high  risk  of  bias; (2) for  inconsistency,  if heterogeneity  was
greater  than  the accepted  low level  (I2 > 40%); (3)  for  indi-
rectness,  if  the BFR  session  does  not  correspond  to  what
is  used  in clinical  practice;  (4)  for  imprecision,  if meta-
analysis  had small  sample  size  (n  < 300).  The  assessments
were  made  by  two  reviewers  (ICV  and FAQ) with  disagree-
ments  discussed  as  needed,  if disagreement  persisted,  a
third reviewer  (HGE)  arbitrated.

Results

Study  selection

A  total  of  163  studies  were  found through  electronic  search
and  five  through  manual  search.  Eight  studies  met  the
eligibility  criteria  and  were  included  in the  systematic
review.33---40 The  detailed  steps  of  the article  selection  pro-
cess  for this  systematic  review  are shown  in the  flow  diagram
in Fig.  1 and the excluded  studies  are  shown  in Supplemen-
tal  Material.  The  kappa  agreement  rate  between  reviewers
was  0.9.

Study  characteristics

Table  1  summarizes  the characteristics  of  the  included  stud-
ies.  The  overall  population  was  340 patients  (160  received  an
intervention  with  resistance  exercise  with  BRF  and 180  with
resistance  exercises  without BRF),  of  which  140 were men
and  200  women. The  mean  age  was  49.5  years  and  only one
study  presented  a 6-month  follow-up.35 The  studies  com-
prised  participants  with  the  following  diagnoses:  five  studies
included  patients  with  knee OA,33,34,37---39 one  with  PFP,35 one
with  anterior  knee  pain,40 and one  included  patients  who
had  undergone  knee arthroscopy.36

The  duration  of  the  interventions  varied.  There  were
two  studies  with  protocols  lasting  four weeks37,38 and two
studies  with  protocols  that lasted  six weeks,34,36 while
the  longer  studies  lasted  eight35 and  twelve  weeks.33,39,40

For  all  8 studies,  BFR  was  applied  at  the proximal  thigh
region  using  a pneumatic  cuff with  a  digital  pressure
manometer,  while  the  patient  performed  isotonic  exer-
cises  at 20%39 and  30%  of  1 maximum  repetition.33---38 Only
one  study  used  a  non-personalized  load, which  was  deter-
mined  arbitrarily.40 Four  studies  reported  the width  of  the
cuffs  used:  17.5  cm,33 11.6  cm,40 and  6.5  cm37,38;  the other
investigations  did  not describe  this  characteristic  of  the
occlusion  instrument.34---36,39 Following  the occlusion  proto-
cols  used,  four  studies  determined  the  total  limb  occlusion
pressure  (LOP) using  an echo-doppler,33,35,36,40 and  then  con-
ducted  training  at 60%,35 70%,33 and  80%36,40 of  the  total
occlusion  pressure.  Only  one  study  calculated  the  LOP
indirectly  with  an  equation.39 Three  studies  used  a  non-
personalized  LOP: two  used  a protocol  with  increments
from  140  mmHg  to  200 mmHg,37,38 and  only one  study  used
a  fixed  pressure  of  200  mmHg.34 All  the interventions  in
the  control  groups  were  based  on  resistance  exercises,
which  included  protocols  of  moderate  (60%  of  1 maxi-
mum  repetition)39 to  high  loads (70---80% of  1  maximum
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Table  1  Characteristics  of  studies  included  in  the systematic  review  and  meta-analyses  of the  effects  of  adding  blood  flow  restriction  to  resistance  exercises  in  patients  with

knee pain.

Author/Year Patient  characteristics Intervention  Follow-up/results

measurements

Results  difference  between  groups

Ferraz  et  al.

(2018)33

Women  diagnosed  with

knee  OA,

Randomized  by  a

computer-generated

code

n: 48  patients

Groups: 3

Age:  50---65  years

CG: HI-RT

n: 16

Age: 59.9  ± 4

CG: LI-RT

n: 16

Age: 60.7  ± 4

EG: BFR

n: 16

Age: 60.3  ± 4

All  groups  trained  2  days a  week  for

12  weeks.  The  first  4  weeks  with  4

sets  of  15  repetitions  with  1  minute

rest  between  sets;  from  the  5th

week, the  work  was  increased  from  4

to  5 sets  of  15  repetitions

CG: ‘‘HI-RT’’

Work  with  high  loads  (80%  of 1  --- MR)

CG: ‘‘LI---RT’’

Work  with  low  load  (30%  of  1  --- MR)

EG: ‘‘LI-RT  +  BFR’’

Work  with  low  load  (30%  of  1  --- MR)

plus partial  restriction  of blood  flow.

The  pressure  was  personalized  using

70%  of  total  LOP,  with  a  cuff  175  mm

wide  by  920  mm  long  (Pulse

monitored  by  auscultation).

No  follow-up  reported.

Pain intensity:

- WOMAC

Function:

- WOMAC

- time  up  and go  (TUG),

-  time  stand  test  (TST).

- SF-36

Muscle  strength:

- leg  press

- knee  extension

-  WOMAC  pain  ↓  in LI-RT  --- 45%

(p = 0.001)  and BFR  --- 39%

(p  = 0.02)  in  comparison  with  HI  -

RT  which  ↓  31%  (p  = 0.19)

- WOMAC  physical  function  ↑  in

HI-RT  --- 42%  (p  =  0.002)  and  BFR  ---

49%  (p  = 0.019)  in comparison  with

LI-RT  which  ↑ 42%  (p  =  0.09)

- TST  (p  =  0.05).

-  TUG  (p  =  0.05).

- SF-36  (p  = 0.05).

- Leg press  HI-RT  ↑  compared  with

LI-RT (p = 0.0001).  BFR  ↑

compared  with  LI-RT  (p  =  0.0004).

-  Knee  extension  HI-RT  ↑

compared  with  LI-RT  (p  =  0.0004).

BFR  ↑ compared  with  LI-RT

(p  = 0.0005).

HI-RT  and  BFR  (p  = 0.05).

Bryk (2016)34 Women  diagnosed  with

knee  OA,  grade  2 and  3

on  the  Kellgren  and

Lawrence  scale.

Randomization  method

not  described.

n: 34  Patients

Groups: 2

Age:  53---69

CG:  Conventional

n: 17

Age: 60.4  ± 6.7

EG: BFR

n: 17

Age: 62.3  ± 7

Both  groups  had  18  training  sessions,

spread over  6 weeks  with  3  sessions

per week.

CG: ‘‘conventional’’

Stretching  and  strengthening  of  lower

limb, with  70%  of  1  MR  quadriceps

exercises  (maximum  extension  from

90◦ flexion).

EG: ‘‘BFR’’

Stretching  and  strengthening,  but

quadriceps  strengthening  exercise

with  knee  extension  was  done  with

30%  of  1 MR  combined  with  BFR

(200  mmHg  pressure),  cuff

characteristics  not  specified.

No  follow-up  reported.

Pain intensity:

-NPRS

Pain  during  exercise:

- NPRS

Function:

- Lequesne  functional

scale

- TUG

Muscle  strength:

- Quadriceps  (knee

extension  from  90◦ to

0◦).

-  NPRS  ↓ in  EG  0.8  mm  compared

to CG  (p  =  0.001).

- NPRS  ↓ in  EG  3.7  during  exercise

compared  to  CG  (p  = 0.01).

- Lequesne  ↓ in CG  1.0  compared

to EG  (p  =  0.001)

-  TUG↓ in CG  0.4  s  compared  to

EG  (p  =  0.006).

- Quadriceps  strength  ↑  7.4  kg in

EG compared  to  CG  (p  = 0.001).
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Table  1 (Continued)

Author/Year  Patient  characteristics  Intervention  Follow-up/results

measurements

Results  difference  between  groups

Giles  et  al.

(2017)35

Women  and  men,  18---40  years

with  patellofemoral  pain

Divided  into  2  groups  by  simple

randomization.

n: 79  Patients

Groups:  2

Age: 18---40

CG: standard

n:  39

Age: 26.7  ±  5.5

EG:  BFR

n:  40

Age: 28.5  ±  5.2

The  intervention  in  both  groups

lasted  8 weeks.  They  did  5 min

‘‘light’’  bicycling  for  a  warm-up.  Leg

press from  0◦ to  60◦ flexion  and  knee

extension  from  90◦ to  45◦.

CG: ‘‘Standard’’

7---10  repetitions  with  70%  of 1-MR

and  placebo  BFR.

EG: ‘‘BFR’’

Exercises  at  30%  of  1-MR  and a  set  of

30 repetitions,  followed  by  3 sets  of

15 repetitions  and  30  s  rest  with  the

cuff  in  place.  The  pressure  was

personalized  using  60%  of  the  total

LOP  until  loss  of  pulse  (doppler

ecography),  cuff  characteristics  not

specified.

Follow-up  for  6  months

post  study  intervention

Pain  intensity:

- VAS  (0---100  mm)

Function:

-  Kujala  Patellofemoral

Score  (KPS)

Muscle  strength:

-  Torque  in  knee

extension

Pain  intensity:

-  EG  ↓  VAS  ‘‘worse  pain’’

compared  to  CG  6.0  mm

(p = 0.237)

-  EG  ↓  VAS  by 12.1  mm  in everyday

activities  compared  to  CG

(p = 0.022)

Function:

-  EG  ↑  2.4  points.  Kujala

patellofemoral  score  compared  to

CG  (p =  0.308)

Muscle  strength:

-  EG  ↑  torque  of  knee  extension

compared  to  CG  13  Nm  (p  =  0.073)

Tennent et  al.

(2017)36

Post  knee  arthroscopy,  aged

between  18  and 65  years,

authorized  by  their  surgeon  to

perform  physical  activity.

Randomization  by  computer.

n: 17  patients

Groups:  2

Age: 18---65

EG: BFR

n:  10

Age: 37.0  ±  16.2

CG:  standard

n:  7

Age: 37.0  ±  15.0

Intervention  commenced  2  weeks

postsurgery,  for  12  sessions  over  6

weeks, supervised  by  a

physiotherapist.

EG: ‘‘BFR’’

3 exercises  performed  with  BFR  with

30%  of  1  MR and 30  s  rest  between

sets with  occlusion:  leg  press,  leg

extension,  and reverse  press.  The

occlusion  pressure  was  personalized

using  80%  of  the  total  LOP  (doppler

ecography),  cuff  characteristics  not

specified.

CG: ‘‘standard’’

Exercises  performed  with  30%  of  1 MR

and  30  s  rest  between  sets:  leg  press,

leg extension,  and  reverse  press.

No  follow-up  reported.

Pain  intensity:

- KOOS

Function:

-  KOOS

-  walking  velocity:  SSWV

- 4 square  step  test:  FSST

- sit  to  stand  5  times:

STS5

-  timed  stair  ascent:  TSA

Muscle  strength:

-  knee  extension  and

flexion  with

dynamometry

Pain  intensity:

-  KOOS  pain  scale  (p  =  0.1420)

Function:

- KOOS  symptoms  (p  =  0.1711)

-  KOOS  ADL  (p  =  0.2029)

- KOOS  QOL  (p  =  0.4612)

- KOOS  sports  (p  = 0.4054)

- SSWV  (p  = 0.8073)

- FSSt  (p  = 0.6256)

- STS5  (p  =  0.6256)

Muscle  strength:

-  stair  climb  ↓ EG  0.78  compared

to CG  (p  =  0.0281).

- strength  in  flexion  and  extension

knee  ↑  in  EG  compared  to  CG

(p  = 0.09).



T
h
e

 a
d
d
itio

n

 o
f

 b
lo

o
d

 fl
o
w

 re
strictio

n

 to

 re
sista

n
ce

 e
xe

rcise

 in

 in
d
ivid

u
a
ls

 w
ith

 kn
e
e

 p
a
in

 

4
7
1

Table  1 (Continued)

Author/Year Patient  characteristics Intervention  Follow-up/results
measurements

Results  difference  between  groups

Segal  et  al.
(2015)37

Women  aged  over  45  years  with
risk of  symptomatic  knee  OA
Randomization  by  computer
n =  45  patients
Groups  =  2
EG: BFR
n  =  21
Age:  56.1  ±  5.9
CG:  Control
n  =  24
Age:  54.6  ±  6.9

Both  groups  performed  resistance
training at  30%  of  1-MR  3  times  per
week  for  4  weeks
EG:  Using  instrumented  leg  press
with  the  BFR  cuff  in position.
Occlusion  pressure  incremented  by
140---200  mmHg  week  by  week,  with  a
cuff  65  mm  wide  by  650 mm  long.
CG: Using  instrumented  leg  press
without  the  BFR  cuff  in  position.

No  follow-up  reported.
Pain intensity:
-  KOOS
Function:
-  not  evaluated
Muscle  strength:
-  power:  leg  press
-  stepped  leg  press
- scaled  isokinetic  knee
extensor  torque
-  stair-climb  power  (W)

Pain  intensity:
-  KOOS  pain  scale  (p  =  0.9574)
Muscle  strength:
- power  on  leg  press  (p  =  0.6173)
- strength  in stepped  leg  press  ↑  0.2  kg/kg
mass  in EG  compared  to  CG  (p  = 0.0385)
- isokinetic  strength  of  knee  extensor  ↑

0.12  Nm/kg  in  EG compared  to  CG  (p  = 0.0048)
- stair-climb  power  (p  =  0.1520)

Segal et  al.
(2015)38

Men  with  risk of  symptomatic
knee  OA
Randomized  by  computer,
divided  into  2 groups.
n: 42  Patients
Groups:  2
Age:  45---90
EG: BFR
n:  20
Age:  58.4  ±  8.7
CG:  Control  group
n: 22
Age:  56.1  ±  7.7

Both  groups  completed  4 sets  of
bilateral leg  press  at  30%  of  1-MR  3
times per  week  for  4  weeks
EG:  ‘‘BFR’’
3  exercises  were  performed  under
BFR with  30%  of  1  MR.  Occlusion
pressure  increased  by  140---200  mmHg
week  by  week,  with  a  cuff  65  mm
wide  by  650  mm  long.
CG: ‘‘Control  group’’
Exercises  with  30%  of  1 MR.

No  follow-up  reported.
Pain intensity:
-  KOOS
Function:
-  not  evaluated
Muscle  strength:
-  isometric  leg  press
-  knee  extension  on  isokinetic
machine

Pain  intensity:
-  knee  pain  KOOS  (p  =  0.254)
Muscle  strength:
- isometric  leg  press  (p  = 0.322)
- strength  in knee  extension  ↑  6.3  on  isokinetic
machine  in CG  (p  = 0.066)

Korakakis et  al.
(2018)40

Men  diagnosed  with  anterior
knee  pain.
Randomized  by  computer,  Web
Random  page
n:  40  Patients
Groups:  2
EG: BFR
n:  20
Age:  29  ±  6.6
CG: LLRT
n:  20
Age:  29.7  ±  7.6

The  two  groups  had  different
intervention  times.  The  training
protocol  was  knee  extension  with  90◦

flexion  to  total  extension  with
maximum  load  5  kg,  personalized  to
the pain  indicated  on  the  NPRS  0---10.
EG: training  in 4  sets  where  the  1st
set was  the maximum  number  of
repetitions  followed  by  3  sets  of  15
repetitions,  with  30  s  rest  between
series.
BFR 80%  of  LOP  calculated  with
doppler,  with  a  cuff  100  mm  wide  by
1160 mm  long.
Training  lasted  3.2  ± 2.8  months.
CG: training  4  sets  where  the  first  set
was  the  maximum  number  of
repetitions  followed  by  3  sets  of  15
repetitions,  with  30  s  rest  between
sets.
Training  without  BFR.
Training  lasted  4.3  ± 3.3  months.

No  follow-up  reported.
Pain intensity:
-  SLSs:  pain  on  executing  the
movement  measured  by  NPRS
0---10
-  SLSd:  pain  on  executing  the
movement  measured  by  NPRS
0---10
-  SDT:  pain  on executing  the
movement  measured  by  NPRS
0---10
Function:
-  not  evaluated
Muscle  strength:  -  not
evaluated

Pain  intensity:
-  significant  ↓  in  pain  in EG  for  SLSs
immediately  after  training  (p  =  <0.001).
- significant  ↓  in  pain  in EG  for  SLSd
immediately  after  training  (p  =  <0.001).
- significant  ↓  in  pain  in EG  for  SDT
immediately  after  training  (p  =  <0.001).
- significant  ↓  in  pain  in EG  for  SLS
immediately  after  physical  session  (p  =  <0.001).
- significant  ↓  in  pain  in EG  for  SDT
immediately  after  physical  session  (p  =  <0.001).
- no  significant  differences  were  found
between  groups  immediately  after  physical
session  in  almost all the  variables.
- ↓  in pain  in SLSd  in EG  compared  to  CG
immediately  after  training  (p  =  0.052).
- ↓  in pain  in SLSs  in EG  compared  to  CG
immediately  after  training  (p  =  0.374).
- ↓  in pain  in SDT  for  EG  compared  to  CG
immediately  after  training  (p  =  0.281).
- ↓  in pain  in SLSs  for  EG  compared  to  CG  after
physical  session  (p  =  0.428).
- ↓  in pain  in SLSd  for  EG  compared  to  CG  after
physical session  (p  =  0.674).
- ↓  in pain  in SDT  for  EG  compared  to  CG  after
physical  session  (p  =  0.316).
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Table  1 (Continued)

Author/Year  Patient  characteristics  Intervention  Follow-up/results

measurements

Results  difference  between  groups

Harper  et  al.

(2019)39

Elderly  men  and  women

with  OA.

RM:  Randomization  not

specified.

n: 35  Patients

Groups: 2

EG:  BFR

n: 16

Age: 67.2  ± 5.2

CG: MIRT

n: 19

Age: 69.1  ± 7.1

Both  groups  underwent  the  same

training  for  12  weeks  with  frequency

3 days  per  week.  Both  groups

performed  repetitions  to  failure.

EG: Leg  press,  leg  extension,  leg  curl,

and calf  flexion,  all at  20%  of  1-MR.

BFR  was  personalized  through  an

equation,  LOP  and  cuff

characteristics  not  specified.

CG: Leg press,  leg  extension,  leg

curl,  and  calf  flexion,  all  at 60%  of

1-MR.  No  BFR

No  follow-up  reported.

Pain  intensity:

- WOMAC

Function:

- SPPB

- Walking  velocity  (m/s)

Function:

LLFDI  (0---100  pts).

Muscle  strength:

- knee  extension  torque

in  Nm.

Pain  intensity:

-  ↓  0.24  points  on  the  WOMAC  for

CG compared  to  EG.

Function:

- ↓  in SPPB  score  of  0.66  for  EG

compared  to  CG.

- ↑  in walking  velocity  of  0.01  m/s

for  CG  compared  to  EG.

- ↓  in LLFDI  score  of  0.79  for  EG

compared  to  CG.

Muscle  strength:

-  ↑  torque  strength  by  1.87  Nm  for

CG compared  to  EG.

OA, osteoarthritis; EG,  experimental group; CG,  control group; SD, standard deviation; LOP, limb occlusion pressure; VAS, visual analog scale; WOMAC, Western Ontario and McMaster
Universities Osteoarthritis Index; KOOS, Knee Injury and Osteoarthritis Outcome Score; MR, maximum repetition; TUG, time up and go; TST, time stand test; BFR, blood flow restriction;
LI-RT, low-intensity resistance training; HI-RT, high-intensity resistance training; SF, Short Form Health Survey; NPRS, Numerical Pain Rating Scale; SSWV, self-selected walking velocity;
FSST, 4 square step test; TSA, timed stair ascent; ADL, activities of  daily living; QOL, quality of  life; PCS, physical component score; MCS, mental component score; SLSs, shallow single
leg squat; SLSd, deep single leg  squat; SDT, 20 cm step down.
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repetition),33---35 as  well  as  low loads  (30%  of  1  maximum
repetition),33,36---38 except  Korakakis  et al.,40 which  used  an
external  weight  of  5 kg.40 Only  one  study  used  stretching  as  a
co-adjuvant  modality,  in both  the control  and  experimental
groups.34

Knee  pain  intensity  was  assessed  using  the numerical
pain  rating  scale  (NPRS)34 and  visual  analog  scale  (VAS)35,39;
three  studies  used the item  related  with  the Knee  Injury
and  Osteoarthritis  Outcome  Score  (KOOS)  pain  variable,36---38

and  two  used the Western  Ontario  and McMaster  Universi-
ties  Arthritis  Index  (WOMAC)  variable.33,39 One  study  used
NPRS  to  quantify  the  pain  during  three  movements  standing
on  one  leg.40 The  studies  used five  different  questionnaires
for  self-reported  assessment  of knee function:  WOMAC,33

Lequesne  Index,34 Kujala  Patellofemoral  Score,35 Late  Life
Function  and  Disability  Instrument  (LLFDI),39 and  KOOS.36---38

One  study  used  the Short  Physical  Performance  Battery
(SPPB)  to  assess  function  of  the lower  limb  by  a  third
party.39

Risk of  bias  within studies

As  evaluated  by  the  Cochrane  Collaborations  tool  for  assess-
ing  the  risk  of bias  for  all  clinical  trials,  75.2%  of  the studies
showed  a  low  risk  of bias,34,35,38,40 and  24.8%  showed  a
medium  risk of bias.33,36,37,39 When  studies  were  analyzed
by  individual  domains,  the  random  sequence  generation
was  suitable  in 87.5%  of  the studies.  Adequate  alloca-
tion  concealment  was  observed  as  low risk  of  bias  in
75%  of  the  studies  and  unclear  in  25%.  Outcome  asses-
sors  were  blinded  in 75%  of the studies,  while  selective
reported  data  were  observed  in  100% of  the studies  as
low  risk  of  bias.  Regarding  other  sources  of  bias, only
one  study34 (12.5%)  was  considered  as  ‘‘high risk  of  bias’’
because  in  the  application  of  the exercise  protocol  a
co-intervention,  stretching  exercises,  was  added  to the
intervention  group.  The  risk  of  bias  assessment  is shown  in
Fig.  2.

Synthesis  of results

Primary  outcome

Pain.  Five  studies  included  data  to  conduct  a  meta-analysis
for  pain  using  the  VAS, NPRS,  and  knee  pain  subscale
from  KOOS.33---35,37,38 The  pooled  SMD  estimate  showed  that
resistance  exercise  with  BFR  was  not  more  effective  than
resistance  exercise  in reducing  pain  at  the end  of the  inter-
vention  (SMD  =  −0.37,  95%  CI  =  −0.93,  0.19,  Fig.  3A),  with
results  having  considerable  heterogeneity  (I2 =  76%).  The
overall  quality  of  evidence  according  to  GRADE  was  rated
as  low  (Table  2).

Secondary  outcome

Knee  function.  Two  studies  included  data  to  conduct  meta-
analyses  for  knee function.33,34 The  pooled  SMD  estimate
showed  that resistance  exercises  with  BFR  was  not more
effective  than  resistance  exercises  in  improving  function  at
the  end  of  treatment  (SMD  = −0.23, 95%  CI  = −0.71,  0.26,
Fig.  3B),  with  results  having  no  important  heterogeneity
(I2 = 0%).  The  overall  quality  of evidence  according  to  GRADE
was  rated  as  low (Table  2).

Discussion

The  aim  of  this  systematic  review  with  meta-analysis  was
to  determine  the  effect  of  adding BFR  to  resistance  exer-
cise  for  pain  relief  and  functional  improvement  in patients
with  knee  pain.  The  results  showed  that,  there  is  low qual-
ity  of  evidence  that  resistance  exercise  with  BFR  does  not
provide significant  differences  in pain  relief  and  knee func-
tion  compared  to  resistance  exercises  in patients  with  knee
pain.

The  lack  of  added  effect  of  BFR  in  this systematic  review
could  be explained  by  the heterogeneity  in  the occlusion
protocols.  The  increase  in protein  synthesis  and  satellite
cells  following  BFR  training  may  depend  on  cuff  width  as  well
as  the  occlusion  pressure.19,41 Considerable  heterogeneity
was  observed  in the cuff width  used  as reported  in four  of
the  studies,33,37,38,40 with  the other  four  studies  not describ-
ing  the characteristics  of the  occlusion  devices.34---36,39 It  has
been  shown  that  cuff width  determines  the  need  for  higher
or  lower  pressure  to generate  BFR42;  thus, the use  of stan-
dard,  non-personalized  pressures  without  calculating  the
LOP  may  favor  the occurrence  of secondary  effects (espe-
cially  pain,  paresthesia,  or  swelling)  or  limit  the  clinical
results  by  generating  a sub-threshold  therapeutic  restric-
tion  (<40%  LOP).41,43 Some  evidence  suggests  that the use  of
wide  cuffs,  using  a lower  pressure  is  needed  to  achieve  the
necessary  occlusion,  meaning  less  discomfort  and  greater
safety.44---46 However,  the  width  of  the cuff  does not  seem  to
affect  the  degree  of  BFR  when relative  pressure  is  used.47

The  LOP  is  calculated  objectively  using  an echo-doppler;
thus,  clinical  application  is  instrument-dependent.48 Only
three  of  the included  studies  used  an echo-doppler
to  calculate  the LOP  and determine  the relative  work
pressure.33,35,36 It has now  been  shown  that  the  LOP  calcula-
tion  is  position-dependent,  and  that  it  should  be calculated
with  the individual  in the  training  position,  since  this affects
the  degree  of  BFR.49,50 Bryk  et  al.34 did not  describe  the posi-
tion  adopted  for  the LOP evaluation,  while  Ferraz  et al.33

described  carrying  out the  evaluation  in the supine  position
while  the subsequent  training  was  performed  in  a seated
position;  finally,  Tennet  et al.36 described  performing  the
evaluation  and  the  training  in the sitting  position.  The  LOP
calculation  studies  used  relative  pressures  ranging  from  60%
to  80%.  It should be  noted that  the  clinical  results  in  hyper-
trophy  and  strength  have  been  shown  to be  better with
relative  pressures  close  to  80%.51 It is  possible  that  the stud-
ies  which  did  not  use  relative  pressures  for  BFR  exercises
may  not  have  achieved  the  degree  of  occlusion  necessary  to
produce  any effect,  especially  the studies  of  Segal  et  al.37,38

in  which  a relatively  low  pressure  was  applied  for  the  width
of  the  cuff  used.

The  studies  included  in this  review  present  limitations
in  the  phenotyping  of  the participants,  preventing  more
detailed  subgroup  analysis  as  suggested  in the recommen-
dations  of  the IMMPACT  group.52 Regarding  phenotyping,  it
has  been  observed  that  certain  groups  of  patients  have  a
lower  response  to  pain  treatments,  especially  those  with
psychosocial  problems,  more  complex  symptoms,  central
sensitization,  or  dysfunction  of  the endogenous  analgesic
system.52---55 From  this  perspective,  it has  been  observed  that
exercise-induced  hypoalgesia  correlates  strongly  with  nor-
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Bryk 2016

Ferraz 2018

Giles 2017

Harper 2019

Korakakis 2018

Segal 2015 a

Segal 2015 b

Tennent 2017

Random Sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

Low risk of  bias Unclear risk of bias High risk of bias

0% 25% 50% 75% 100%

Figure  2  Summary  of  risk  assessment  of  bias  of  included  articles  (A).  Risk  of  bias  graph  presented  as  a  percentage  of  all  items

included (B).

mal  conditioned  pain  modulation,  thus, lowering  the  pain
threshold  under  the  pressure  applied  after  a cold  stimulus
may  be  a  predictor  of  a good response  to  treatment  with
physical  exercise.56,57 However,  other  studies  have shown
that  healthy  subjects  with  normal  conditioned  pain  modula-
tion  present  a  reduction  of  hypoalgesia  induced  by  exercise
in  the  occluded  limb58 and situations  in which  the  same  exer-
cise  causes  pain.59 This  is  a practical  limitation  of  BFR  in
the  rehabilitation  of  pain,  since  the probabilities  of  feeling
fatigue  and  pain  are quite  high.60,61

Knee  pain  rehabilitation  is  multimodal,7,15,16 and
strengthening  of  the hip musculature  is an essential  part of
the  exercise  program14,62,63; however,  none  of the articles
included  in  this review  applied  specific  exercises  for  these

muscle  groups.  It may  be added  that  none of  the control
groups  used a  multimodal  program  for  comparison  as  the
evidence  recommends.7,15,16 Three  studies  used  compar-
isons  with  sub-threshold  intensity  (30%  of  1  maximum
repetition),36---38 which  does  not  comply  with  the  BFR  com-
parison  used  in the  literature41,43,46; the  external  validity
of  these  studies  is  therefore  limited.  All  clinical  trials
used  an  arbitrary,  pre-established  number  of repetitions,
or  repetitions  to  failure,  which  may  lead  to  increase  pain
due  to  overloading,  or  limitation  of  the  results  due  to
sub-threshold  training.  In terms  of  function,  improvements
were  observed  in  muscular  strength.25,64 However  it has
been  noted  that in knee  OA  a  gain  of  more  than  30%  in
the strength  of  the knee  extensors  is  necessary  to  result  in



T
h
e

 a
d
d
itio

n

 o
f

 b
lo

o
d

 fl
o
w

 re
strictio

n

 to

 re
sista

n
ce

 e
xe

rcise

 in

 in
d
ivid

u
a
ls

 w
ith

 kn
e
e

 p
a
in

 

4
7
5

Table  2  Summary  of  findings  and  quality  of  evidence  (GRADE)  for  resistance  exercise  with  or  without  blood  flow  restriction  (BFR).

No.  of

studies

Study

design

Risk  of

bias

Inconsistency  Indirectness  Imprecision  Outcome  Number  of

patients  BFR

with

resistance

exercise

Number  of

patients

with

resistance

exercise

Effect

(absolute

risk  95%

CI)

Quality

of

evidence

(GRADE)

Importance

5  RCT  Not

serious

Serious  Not

serious

Serious  Pain

intensity

114  109 SMD

−0.37

(−0.93,

0.19)

⊕⊕aLow Critical

2 RCT  Serious  Not

serious

Not

serious

Serious  Knee

function

33  33  SMD

-0.23

(-0.71,

0.26)

⊕⊕bLow  Important

CI, confidence interval; RCT, randomized clinical trial; SMD, standard mean difference.
Quality of  evidence:
High: We are very confident that the true effect lies close to that of the estimate of the effect.
Moderate: We are moderately confident in the effect estimate: the true  effect is likely to be close to the  estimate of  the effect, but there is a possibility that it is  substantially different.
Low: Our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low: We have very little confidence in the effect estimate: the true effect is likely to be substantially different from the  estimate of the effect.

a Reason for downgrade: I2 greater than 40% (serious inconsistency) and sample size lower than 300 (serious imprecision).
b Reason for downgrade: majority of  trials rated as high risk of  bias (serious risk of bias) and sample size lower than 300 (serious imprecision).
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A

Study or Subgroup

Bryk 2016

Bryk 2016

3.2

6.5 3.4

14.4

2.3

3.1

2.5

2.7

7.2

4

2.74             2.92

2

4.9

1.9

1.8

2.9

2.8

3.3

3.5

4.6

17

17 177 3.6 51.8%

48.2%

100.0%

13.216 16

3333

11.217.1 21.2

16

40

21

17

16

30

24

22

-2

-2

-1 0

0-1

1

1

2

2

19.3%

18.9%

22.4%

20.7%

18.7%

114 109 100.0%

-0.14 [-0.81,0.53]

-0.14 [-0.81,0.53]

-0.19 [-0.89,0.50]

-0.33 [-1.02,0.37]

-0.23 [-0.71,0.26]

-0.08 [-0.55,0.39]

-0.07 [-0.51,0.66]

-1.64 [-2.35,0.93]

-0.37 [-0.93,0.19]

20

Ferraz 2018

Ferraz 2018

Giles 2017

Total (95% CI)

Heterogeneity: Tau2 = 0.00; Chi2 =0.14, df = 1 (P = 0.71) ; I2 = 0%  

Test for overall effect Z = 0.93 (P = 0.35)

Segal 2015 a

Segal 2015 b

Total (95% CI)

Heterogeneity: Tau2 = 0.30; Chi2 = 16.38, df = (P = 0.003); I2 = 76%

Test for overall effect: Z = 1.31 (P = 0.19)

Study or Subgroup

BFR + Resistance exercise

Mean

Mean

SD

SD

Total

Total

Mean

Mean

SD

SD

Total

Total

Weight

Weight

IV, Random, 95% CI IV, Random, 95% CI

IV, Random, 95% CIIV, Random, 95% CI

BFR + Resistance exercise

Resistance exercise

Resistance exercise

Std. Mean Difference

Std. Mean Difference

Std. Mean Difference

Std. Mean Difference

BFR + Resistance exercise Resistance exercise

BFR + Resistance exercise Resistance exercise

B

2

Figure  3  Comparison  of  adding  blood  flow restriction  to  resistance  exercises  versus  standard  resistance  exercises  for  pain  intensity

at six  weeks  (A).  Comparison  of  adding  blood  flow  restriction  to  resistance  exercises  versus  standard  resistance  exercises  for  knee

function at  six  weeks  (B).

changes  in  function  and  disability,65 which  may  explain  our
results.

The  limitations  of  our  study  are as  follows:  (1)  Although
we  searched  in eight  databases  and  included  manual
searches  for  references,  we  may  have  missed  relevant
articles;  (2) There  was  a high  degree  of clinical  and  statis-
tical  heterogeneity  between  the studies  included.  Potential
sources  of heterogeneity  include  variations  in the type  and
dose  of  the  interventions  used  and  in the  form  of  the results
measured;  (3)  Methodological  limitations,  such as  an insuf-
ficient  sample  size, which  may  lead  to  the overestimation
of  the  results  of  the  interventions  studied;  (4)  Due  to  the
limited  number  of  studies  included,  it was  not  possible  to
evaluate  publication  bias;  (5)  In the planning  stages,  we
intended  to  conduct  analyses  of  subgroups  based on  age,
sex,  and  type  of  clinical  condition;  however,  the  results  of
the  stratified  analysis  in the  individual  trials  were  not  avail-
able.

Conclusion

This  systematic  review  and  meta-analysis  demonstrates  that
in  the  short  term,  there  is  low  quality  of  evidence  that
resistance  exercise  with  BFR  does  not  provide  significant
differences  in  pain  relief  and  knee  function  compared  to
resistance  exercises  in patients  with  knee  pain.  Further
research  is needed  to  further  clarify  the  clinical  effective-
ness  of  BFR  exercise  in  these  patients.
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