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a b s t r a c t
bacKGrouNd: hip and knee strengthening exercises are implemented in rehabilitation of patellofemoral pain patients, but typically use 
high loads (70% of 1 repetition maximum). this may lead to increased patellofemoral joint stress. low load training (20-30% of 1 repetition 
maximum) with blood flow restriction could allow for exercise strength benefits to proximal and distal muscles with reduced joint stress and by 
promoting hypoalgesia.
AIM: The aim of this study was to compare hip and knee focused exercises with and without blood flow restriction in adults with patellofemoral 
pain for short term effectiveness.
dEsiGN: a randomized observed-blind controlled trial.
sEttiNG: Musculoskeletal laboratories of the European university cyprus, Nicosia, cyprus.
populatioN: 60 volunteer patients, 18-40 years of age with patellofemoral pain.
MEthods: participants were randomly assigned to (1 reference group) hip and knee strengthening at (70% of 1 repetition maximum) or (2 
experimental group) Strengthening with blood flow restriction at (30% of 1 repetition maximum at 70% of limb occlution pressure). Treatments 
took place 3 times per week for 4weeks and outcomes were assessed at baseline, end of treatment and at 2-month follow-up. the primary out-
come was the Kujala anterior Knee pain scale and secondary outcomes were worst and usual pain, pain with single leg squats, the maximum 
pain free flexion angle, the Tampa Scale of kinesiophobia, the Pain Catastrophizing Scale and isometric strength of knee extensors, hip extensors 
and hip abductors.
RESULTS: No difference were found for the main outcome of this study between groups. There was a significant effect of time for all out-
come measures in both groups. Between group differences showed a significant difference for isometric strength of Knee extensor values at 2 
month follow-up F(1,58)=5.56, P=0.02, partial η2=0.09, 459.4 (412.13, 506.64) vs. 380.68 (333.42, 427.93) and in worst pain post-treatment 
F(1,58)=5.27, P=0.02, partial η2=0.08, 0.76 (0.48, 1.04) vs. reference group 1.30 (0.91, 1.68) with significantly better scores in the blood flow 
restriction group.
CONCLUSIONS: Blood flow restriction exercises of the hip and knee musculature used in this study were as effective as usual exercises of 
hip and knee musculature in reducing symptoms in the short term. they also indicated greater increases in strength and reduction of worst pain 
post-treatment.
cliNical rEhabilitatioN iMpact: further research is needed to investigate the dose response relationship with longer follow-ups.
(Cite this article as: constantinou a, Mamais i, papathanasiou G, lamnisos d, stasinopoulos d. comparing hip and knee focused exercises versus hip 
and knee focused exercises with the use of blood flow restriction training in adults with patellofemoral pain. Eur J Phys Rehabil Med 2022;58:225-35. 
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study was registered after completion at clinicaltrials.gov 
data base Nct04340453. it was designed and reported in 
accordance with the coNsort (consolidated standards 
of reporting trials) guidelines for reporting of random-
ized controlled trials20 (figure 1). all assessments and 
treatments took place at the European university cyprus.

sample size was determined through power analysis us-
ing the Gpower 3.0.10 software. the minimal clinical sig-
nificant difference of the main outcome measure (Kujala 
anterior Knee pain scale) was used for the estimation. for 
a minimal clinical significant difference of 10 points21 with 
an estimated standard deviation of 13.5 points22 and 0.80 
power with level of significance a=0.05 and considering a 

patellofemoral pain is one of the most common muscu-
loskeletal knee joint problems in young adults.1 it is 

defined as peri or retro patellar pain aggravated by at least 
one of the following activities that increase stress on the 
patellofemoral joint (squatting, running, jumping, kneeling, 
stair ascent/descent and prolonged sitting).2

according to the 2018 consensus statement,3 on patel-
lofemoral pain, exercise is considered to be the treatment 
of choice. Exercises consist mainly of quadriceps strength-
ening and in recent years strengthening the hip muscles in 
combination have been proved appropriate.3 Exercises use 
relatively high loads (70% of one repetition maximum)4-10 
and can increase patellofemoral joint stress, potentially ag-
gravating patients symptoms. this may lead therapists to 
reduce the exercise load in order to avoid pain during ex-
ercise and thus loads may not be sufficient for increasing 
strenght.11

Blood flow restriction training is a method of exercise 
where the limbs blood flow is restricted by a pneumatic 
cuff reducing arterial blood flow and venous return. This 
technique forces the musculature to exercise in an oxygen 
deprived environment leading to early fatigue.12 While ex-
ercising with low loads of 20-30% of one repetition maxi-
mum, muscle hypertrophy is promoted,13, 14 not only mus-
cles distal to the cuff but proximal muscles above the cuff 
as well.15 it is thought that these changes occur due to a 
greater accumulation of metabolites as a result of increased 
production and the prolonged stasis from blood pooling.16 it 
has been shown that it could possibly induce hypoalgesia in 
patients with anterior knee pain17, 18 although mechanisms 
are still unclear. It seems that blood flow restriction training 
could facilitate patellofemoral pain rehabilitation, by allow-
ing exercise benefits with reduced joint stress, possibly with 
faster increases in strength and by promoting hypoalgesia. 
however, only one study has been conducted on patello-
femoral pain patients but it did not include hip exercises.19

the purpose of this study was to compare hip and knee 
focused exercises with and without blood flow restriction 
training in adults with patellofemoral pain.

Materials and methods

This was an observer blinded randomized trial with the first 
primary end point at 4 weeks (end of treatment) and final 
endpoint at 2-month follow-up which took place between 
November 2019 and February 2020. Ethical approval was 
granted by the European university cyprus of cyprus as 
part of the main authors phd thesis and by the cyprus 
National Bioethics Committee, ΕΕΒΚ/ΕΠ/2019/86. The 

Figure 1.—CONSORT Diagram of patient flow through the study.
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randomization was carried out using a block sequence 
of 4, generated at https://www.sealedenvelope.com27 by 
an external statistician and assigned participants into one 
of two treatment groups; group 1 ‘hip and knee exercise’ 
(reference group) and group 2 ‘blood flow restriction, hip 
and κnee exercise’ (experimental group).

outcomes assessor was blinded to patient allocation. 
physiotherapists providing treatment were blind to the 
other groups treatment. data analysis and writing of the 
manuscript were performed blinded until consensus about 
the interpretation was reached. patient blinding was im-
possible.

Group 1 (reference group) followed hip and knee strength-
ening exercises with a combination of stretching, 3 times a 
week for 4 weeks to a total of 12-, 45-minute sessions. ther-
apy sessions were in group form and supervised. Exercises 
focused on strengthening the hip extensors, abductors and 
external rotators, as well as, the quadriceps and hamstrings 
in both open and closed kinetic chain. open kinetic chain 
exercises were executed first followed by closed kinetic 
chain exercises. Exercises with ankle weights or mechanical 
resistance were set at a load of 70% of one repetition maxi-
mum and 3 sets of 10 repetitions. Elastic resistance exercis-
es were based on participants 10 repetitions maximum for 3 
sets. the time under tension and tempo of the exercises was 
set at 1:2 (concentric/eccentric) at 60 bpm with auditory cue, 
by the Metronome application installed on a smartphone. 
rest between sets was 30 seconds and 2 minutes between 
exercises (table i).

Group 2 (experimental group) followed a hip and knee 
strengthening exercise program using blood flow restric-
tion with a combination of stretching, 3 times a week for 
4 weeks to a total of 12,1 hour, sessions. therapy sessions 
were in group form and supervised. sports rehab tourni-
quet© cuffs were used, with a width of 10cm and a length 
of 116 cm or 84 cm depending on the diameter of the par-
ticipants thigh. the length of the cuff had to be adequate to 
wrap around the upper third of the participants thigh and 
the edges of the cuff had been overlapping with no gap 
between them. Exercises focused on strengthening the hip 
extensors and abductors, as well as the quadriceps both 
in open and closed kinetic chain. open kinetic chain ex-
ercises involving the hip musculature were executed first 
followed by quadriceps strengthening and closed kinetic 
chain exercises. Mechanical resistance was used at a load 
of 30% of one repetition maximum with a limb occlusion 
pressure of 70%. four sets were carried out for each exer-
cise. The first set consisted of 30 repetitions and the next 3 
sets of 15 repetitions. time under tension and tempo of the 

two tailed t-test, sample size was calculated to be 60 par-
ticipants. by estimating a possible 20% drop out we con-
cluded to a sample size of 75. to include an equal number 
of participants in the two groups we concluded to 38 par-
ticipants per group.

participants volunteered for inclusion after being in-
formed of the study by printed posters at the European uni-
versity cyprus campus and local social media. screening 
was carried out by an orthopedic surgeon to determine eli-
gibility at the university’s musculoskeletal laboratory. all 
participants signed consent forms. assessment involved 
patient history and clinical examination based on the inclu-
sion and exclusion criteria are listed below.

patellofemoral pain patients who voluntarily agreed to 
participate in this study were included for screening. the 
following inclusion criteria were used: either male or fe-
male, between 18-40 years of age with at least a 4 week23 
history of peri or retro-patella non traumatic pain (≥3 cm 
Visual analogue scale [Vas]). pain had to be reproduced 
by at least two of the following functional tasks: squatting, 
kneeling, prolonged sitting, stair ascending or descending, 
hopping or running.2 in addition, during physical exami-
nation pain had to be present with either palpation of the 
patella facets or with the patella compression test. for vol-
unteers with bilateral symptoms the limb with the worst 
pain was used for analysis.

participants were excluded if they were athletes or 
had a high level of physical activity based on assessment 
of the international physical activity Questionnaire in 
Greek.24 other exclusion criteria included history or cur-
rent meniscus ligament or other knee injury and/or sur-
gery. other knee pathology such as knee osteoarthritis, 
osgood-schlatter or sinding-larsen-Johanssen syndrome 
or tendinopathy of muscles surrounding the knee.25 Knee 
instability, feeling of “giving way,” history of subluxation 
or dislocation of the knee joint or joint edema. Extended 
use (≥3 months) of nonsteroidal anti-inflammatory drugs or 
corticosteroids. referred pain from lumbar spine or another 
region. patella dysplasia, rheumatoid arthritis or neurologi-
cal syndromes or diseases.2, 10 pain located on the patella 
tendon eliminated with isometric contraction, the pes anse-
rinus, the iliotibial band, or with a positive medial or lateral 
patella apprehension test.26 previous treatment in the past 6 
months. unexplained chest pains, cardiovascular disease, 
renal disease, vascular surgery or disease, high risk or his-
tory of deep venous thrombosis, resent surgery ≤6 months, 
high blood pressure (≥140/90 mmHg), dizzy spells, history 
of fainting or dizziness with exercise, pregnancy and any 
contraindication to exercise.19
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used to estimate level of elastic resistance with the use of 
theraband professional Non-latex resistance bands. 
Pain was allowed during testing at a level of ≤2/10 on a 
numeric pain rating scale. these testing procedures are 
within the guidelines of the National strength and condi-
tioning association.28

Participants limb occlusion pressure for blood flow 
restriction training was estimated by the groups physio-
therapist, at the beginning of each session, for all exercise 
positions; standing, sitting and semi seated. it was esti-
mated daily to ensure accurate measurements as occlusion 
pressure changes based on body position and the circadian 
cycle.29 Measurements were assessed before each session 
in the following way: the participant was placed in stand-
ing position with the cuff (deflated) on the most proximal 
third of the thigh. the participant would rest for three min-
utes before assessment commenced. by using a Edan sd3 
Vascular doppler W/8MhZ the arterial pulse was located. 
Then, the cuff was inflated steadily in increments of ap-
proximately 10mmhg until the auditory signal was com-
pletely lost. this pressure was recorded as the limb occlu-
sion pressure. Measurements were repeated in the seated 
and finally in the semi-seated position.30 Exercises were 
executed using the same pneumatic cuff that was used for 
limb occlusion assessment.

all outcome measures were assessed by one assessor 
on three occasions (baseline, 4 weeks end of treatment 
and 2-month follow-up). baseline assessment included 

exercises was set at 2:2 (concentric/eccentric) at 60bpm 
with auditory cue, by the Metronome app installed on a 
smartphone. rest between sets was 30 seconds and 2 min-
utes between exercises. The cuff stayed inflated during the 
30 second rest but was deflated during the 2-minute rest-
ing period between exercises (table i).

Exercise progression was individualized for both groups 
with weekly repetition maximum testing. assessments 
were performed at the beginning of each week. pain with 
exercise was not permitted. No modification of exercise 
was needed for any of the participants. both groups re-
ceived passive stretching (3 x 30 second stretches for each 
muscle group) by the groups physiotherapist. stretching 
involved the hamstrings, plantar flexors, quadriceps and 
iliotibial band.4, 5 besides stretching no other cointerven-
tions were allowed. No home-based exercises were given 
and participants were not allowed to exercise for the dura-
tion of the treatments nor the end of treatment up to the 
follow-up period (table i).

to estimate the 1 repetition maximum, the 5-repetition 
maximum test was chosen,28 as this test uses less resis-
tance and thought to be more tolerable for patient popula-
tion. tests were conducted by the physiotherapist of each 
group. Muscle testing included: single leg press 0-60o, leg 
extension 90-45o, hip abduction and extension using tech-
nogym® equipment for mechanical resistance and using 
ankle weights. the 5-repetition maximum was estimated 
within 3 to 5 trials. the 10-repetition maximum test was 

Table I.—� Treatment protocols performed in the study.
parameters (dose)

Group 1 (hip and knee exercise program)
hip abduction with ankle weights (side-lying)* 3 sets of 10 rep
hip extension (machine)* 70% of 1rM (1:2) con/ecc
hip abduction against elastic band (standing)† 30sec rest / sets
hip external rotation against elastic band (sitting)† 2min rest / exersices
Seated knee extension (90-45°) (sitting)* 3 sets of 10 rep at 10rM (1:2) con/ecc
Prone knee flexion* 30sec rest / set
Squatting (0-45°)* 2min rest / exercise
Single leg press (0-45°) (machine)*

Group 2 (bfr - hip and Knee Exercise program)
hip extension (machine)** 1st set 30 reps followed by 3 sets of 15 reps
hip abduction (machine)** 30% of 1rM (2:2) con/ecc
Seated single knee extension (machine)**(90-45°) 70% lop
Single Leg press (0-45°) (machine)** 30sec rest / sets

2min rest / exersices
cointervention assisted, passive, static stretching

Hamstrings and plantar flexors 3 rep. of 30sec
Quadriceps
iliotibial band

rep: repetitions; rM: repetition maximum; sec: seconds; con: concentric; ecc: eccentric; lop: limb occlusion pressure.
*3 sets of 10 rep; **1st set 30 reps followed by 3 sets of 15 reps; †3 sets of 10 rep at 10rM (1:2) con/ecc.
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to influence pain.36 the Greek version was used that has 
been found to be valid and reliable. strength was assessed 
by measuring maximum isometric voluntary contraction 
with the use of a MicrofEt2™ hand-held dynamometer. 
The quadriceps was measured at ≈60o of knee flexion from 
the seated position with the dynamometer placed on the 
anterior aspect of the tibia, 5 cm above the lateral malleo-
lus. hip extensors were assessed from the prone position 
with the dynamometer placed on the posterior aspect of 
the tibia, 5 cm above the lateral malleolus and hip abduc-
tors were assessed in the side-lying position with the hip 
abducted to ≈10o with the dynamometer placed laterally, 
5 cm above the lateral malleolus. testing began with 2-3 
sub-maximal contractions for familiarization and warm-
up followed by a maximal isometric contraction for 5 sec-
onds with standard verbal encouragement. the participant 
rested for 30 second and the test was repeated. if the two 
measures differed less than 10% then no other testing was 
carried out. if measures had a difference greater than 10%, 
then the tests were repeated until the above criteria was 
met.17 the mean of the two valid measures was used for 
analysis.

Statistical analysis

statistical analysis was performed by the studies asses-
sor, using the ibM spss “statistical package for the so-
cial sciences” (spss, Version 20.0). Numeric, normally 
distributed data was presented as mean and standard de-
viation and non-normally distributed data was presented 
as median and interquartile range. a normality was as-
sessed using the one sample Kolmogorov-smirnov test 
(p<0.05). for differences between groups, the chi-squared 
test was used to test categorical variables. the indepen-
dent-samples t-test for normally distributed numerical 
variables and the Mann-Whitney u-test for variables with 
non-normal distribution. in order to estimate differences 
between the two groups the mixed methods two-way 
aNoVa test was used with “time” as the within-subjects 
factor and “treatment” as the between subjects factor. out-
liers were assessed using the studentized residual value 
±3 and normality of distribution by analyzing the studen-
tized residual values on a Q-Q plot. No outliers were ex-
cluded from the analysis due to genuinely unusual values 
and they did not significantly influence results. Homoge-
neity of variance was checked with the levene test <0.05 
and covariances with box’s test p>0.001. sphericity was 
assessed with Mauchly’s test p>0.05. if the assumption 
of sphericity was violated a Greenhouse-Geisser correc-
tion was applied. In cases of a significant group time in-

clinical characteristics, somatometric and demographic 
characteristics, as well as baseline level of all outcome 
measures.

the study outcome measures were as follows: the 
Greek version of the Kujala anterior Knee pain scale,31 
worst pain and usual pain using the visual analogue scale, 
pain with single leg squat tests (deep and shallow), the 
decline step down test, the tampa scale of kinesiopho-
bia, the pain catastrophizing scale and maximum isometric 
voluntary contraction strength of knee extensors, hip ex-
tensors and hip abductors using hand held dynamometry. 
the Kujala anterior Knee pain scale32 has a maximum 
score of 100 (no pain/disability/limitation) and a mini-
mum 0 (worst possible function). this questionnaire has 
been previously used in patellofemoral pain studies and 
was found to be valid and reliable.21 the validated Greek 
version was used.31 the visual analogue scale measuring 
worst and usual pain are valid and reliable.21 two depths 
of squatting (deep and shallow) were used to assess pain 
with the visual analogue scale with each squat. this testing 
method has been previously used to assess pain in anterior 
knee pain patients.17, 18 the decline step down test33 was 
used to measure the maximum pain free flexion angle of 
the knee joint. the test has been found to be reliable with 
intraobserver reliability icc=0.83 and inter-observer re-
liability icc=0.85.33 the angle was measured whilst pa-
tients descended from a 20-cm high step with a surface 
inclination of 20o, using the dr. Goniometer application, 
installed on an iphone 6s. the tampa scale of kinesio-
phobia was originally constructed by Kori et al.34 Kinesio-
phobia was assessed using the Greek Version of the tampa 
scale of kinesiophobia that has been found to be valid and 
reliable.35 this scale consists of 17 items that assess fear 
of injury due to movement on a four-point likert scale, 
(1 [strongly disagree] to 4 [strongly agree]). responses 
were summed after reversing the scores of items 4, 8, 12 
and 16. the pain catastrophizing scale assesses the cog-
nitive process by which pain is seen as fan extreme threat 
and from which the patient suffers exaggerated negative 
consequences.36 the questionnaire consists of 13 items 
(statements) describing pain experience and participants 
were asked to indicate their level of agreement regarding 
these statements on a five-point scale, rating from 0 (not 
at all) to 4 (always). the pain catastrophizing scale mea-
sures three subcategories: rumination, magnification and 
helplessness. rumination refers to the patients’ inability to 
apart the pain from their mind, magnification expresses the 
exaggerated cognitions of pain as a threat, and hopeless-
ness is the estimation that the patient cannot do anything 
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regarding the main outcome there was no statisti-
cally significant interaction between interventions and 
time on the Kujala anterior Knee pain scale values 
F(1,79)=27.10, P=0.39, partial η2=0.14, worst pain values 
F(2,98)=1.09, P=0.33, partial η2=0.02, usual pain values 
F(2,89)=0.20, P=0.76, partial η2=0.004, pain with shallow 
single leg squat F(2,88)=0.20, P=0.76, partial η2=0.003 
or pain with deep pain single leg squat f(2,102)=0.74, 
P=0.46, partial η2=0.01. there was a statistically signif-
icant interaction between interventions and time on the 
maximum pain free flexion angle values F(2,102)=3.71, 
P=0.03, partial η2=0.06. between group differences 
showed that there was a statistically significant difference 
in maximum pain free flexion angles between groups at 
Baseline F(1,58)=4.59, P=0.04, partial η2=0.07. Mea-
sures were statistically significantly greater in the blood 
flow restriction group 67.6 (65.56, 69.64) compared to 
the reference group 64.5 (62.36, 66.64) with a mean dif-
ference of -3.1 (-5.99, -0.2). Mean differences between 
groups were not statistically significant post-treatment 
0.34 (-2.52, 3.19) P>0.05 nor at 2-month follow-up 1.34 
(-1.01, 3.70) p>0.05 (supplementary digital Material 1: 
supplementary table i).

the main effects of time showed a statistically sig-
nificant difference at different time points for the 
means of Kujala anterior Knee pain scale values 
F(1,79)=496.63, P<0.001, partial η2=0.89, Worst pain val-
ues F(2,98)=895.32, P<0.001, partial η2=0.94, Usual pain 
values F(2,89)=834.74, P<0.001, partial η2=0.93, pain 
with shallow single leg squat values f(2,88)=1135.70, 

teraction a General linear model univariate analysis for 
assessing differences between groups at the different time 
points was conducted and a General linear model re-
peated measures analysis for assessing differences within 
groups (4 weeks - baseline, 2-month follow-up - baseline 
and 2-month follow-up - 4weeks). results are presented 
as, F values, P values and partial η2. interpretation of par-
tial η2: 0.01= small effect, 0.06= moderate effect, 0.14= 
large effect.37

Results

We examined 87 patients for eligibility to the study: 18 
were excluded as they did not meet inclusion criteria or 
met exclusion criteria as well as 1 patient who did not 
want to participate due to time constraints; 68 patients 
were randomized into the two groups but a total of 8 par-
ticipants did not receive the allocated intervention due to 
time inconvenience of treatments. finally, 30 participants 
received treatment for each group and completed at least 
10 out of the 12 sessions. this was monitored and reported 
by the groups physiotherapist at the end of the 4 week ses-
sions. No participants were lost to follow-up and all par-
ticipants were analyzed at all assessments (figure 1). No 
differences were found between groups for age, gender, 
height, weight, ΒΜΙ, symptom duration, involved limb or 
level of physical activity p>0.05 (table ii). No adverse 
effects were reported or observed during or at the end of 
the study. patients did not report use of pain medication 
during the study.

Table II.—� Baseline somatometric, demographic characteristics and differences between groups.
Group 1 (N.=30) Group 2 (N.=30) p value

age (yrs) 30.5(16) [18-40] 25.5(14) [18-40] p=0.122
height (m) 1.7(0.13) [1.5-1.8] 1.7(0.1) [1.6-1.8] P=0.496
Weight (kg) 72.4 (±16.9) [48-115] 72.5 (±11.1) [49-95] P=0.971
ΒΜΙ (kg/m2) 24.7 (±4.3) [18.4-36.7] 24.6 (±3) [18.6-32.8] P=0.879
pain duration (months) 11(17) [3-48] 14(16) [3-36] P=0.169
Gender N. (%) P>0.999

Male 16 (53) 17 (57)
female 14 (47) 13 (43)

limb/s with pain N. (%) p=0.266
right 16 (53) 7 (23.3)
left 6 (20) 10 (33.3)
bilateral 8 (27) 13 (43.3)

involved limb N. (%) p=0.067
right 9 (30) 13 (43)
left 21 (70) 17 (57)

ipaQ, N. (%) P>0.999
low 9 (30) 10 (33)
Moderate 21 (70) 20 (67)

data are presented as: mean ±sd [min-max] or median (iQr) [min-max] unless otherwise indicated.
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means at baseline F(1,58)=8.17 P=0.006 η2=0.12 but no 
statistically significant difference in means was observed 
at post-treatment or 2-month follow-up (supplementary 
digital Material 1: supplementary table ii).

the main effects of time showed a statistically sig-
nificant difference in means of kinesiophobia scores 
F(1,77)=76.77, P<0.001, partial η2=0.81, catastrophizing 
scores F(1,68)=293.08, P<0.001, partial η2=0.83 and for 
subscales, Rumination F(1,91)=288.03, P<0.001, partial 
η2=0.83, Magnification F(1,76)=159.22, P<0.001, partial 
η2=0.73 and hopelessness f(1,67)=162.07, p<0.001, par-
tial η2=0.74 at the different time points for both groups. 
No differences were observed for the effect of group for 
any values (supplementary table ii).

No statistically significant interaction between inter-
ventions and time was observed for maximum isometric 
contraction hip extensor values f(2,101)=0.24, p=0.76, 
partial η2=0.004 or hip abductor values f(2,116)=0.34, 
P=0.71, partial η2=0.006. there was a statistically sig-
nificant interaction between interventions and time for 
the knee extensor values F(1,81)=4.69, P=0.02, partial 
η2=0.07. assessment of between groups differences for 
Knee extensor values showed no differences at baseline 
F(1,58)=1.58, P=0.21, partial η2=0.03 or at 4 weeks post 
treatment F(1,58)=2.89, P=0.09, partial η2=0.05. there 
was a statistically significant difference at 2-month fol-

P<0.001, partial η2=0.95. Pain with deep single leg squat 
values F(2,102)=795.61, P<0.001, partial η2=0.93 and 
maximum pain free flexion angle values F(2,102)=751.17, 
P<0.001, partial η2=0.93 for both groups but no differ-
ences were found for the effect of group. When assess-
ing between group differences there was a statistically 
significant difference in worst pain scores post treatment 
F(1,58)=5.27, P=0.02, partial η2=0.08. Measures were 
statistically significantly lower in the blood flow restric-
tion group 0.76 (0.48, 1.04) compared to the hip and knee 
group 1.30 (0.91, 1.68) with a mean difference of 0.54 
(0.07, 1.00) p=0.02 post treatment. there were no differ-
ences at Baseline F(1,58)=0.95, P=0.33, partial η2=0.02 
or at 2-month follow-up F(1,58)=2.91, P=0.09, partial 
η2=0.05 (supplementary table i).

There was no statistically significant interaction 
between interventions and time for kinesiophobia 
F(1,77)=2.72, P=0.09, partial η2=0.04 or catastrophizing 
F(1,68)=55.71, P=0.09, partial η2=0.05. there was no 
statistically significant interaction between interventions 
and time for Magnification scores F(1,76)=0.32, P=0.63, 
partial η2=0.01 or Hopelessness values F(1,67)=0.97, 
P=0.34, partial η2=0.02. there was a statistically sig-
nificant interaction for Rumination values F(1,91)=7.38, 
P=0.002, partial η2=0.11. between group differences for 
Rumination showed a statistically significant difference in 

Table III.—� Group scores, between and within group differences for MVIC strength values.
secondary outcomes baseline End of treatment 4 weeks follow-up 2 months 4 weeks - baseline 2 months - baseline 2 months - 4 weeks
MVic Knee ext.a, b

Group 1 (N.=30) 229.1
(212.6, 245.69)

312.6
(336.69, 424.66)

380.7
(333.42, 427.93)

136.1
(103.20, 168.99)*

151.5
(108.37, 194.70)*

15.4
(-5.53, 36.45)

Group 2 (N.=30) 249.6
(220.66, 278.61)

412.9
(367.20, 458.72)

459.4
(412.13, 506.64)

163.3
(126.42, 200.23)*

209.7
(167.84, 251.66)*

46.4
(23.84, 69.01)*

between groups dif. 20.4
(-12.16, 53.15)

47.7
(-8.45, 103.90)

78.7
(11.88, 145.54)*

MVic hip ext a, b

Group 1 (N.=30) 171.9
(151.7, 195.04)

204.9
(187.04, 222.83)

211.1
(191.94, 230.17)

32.9
(22.35, 43.61)*

39.1
(27.35, 50.84)*

6.1
(-1.37, 13.61)

Group 2 (N.=30) 215.3
(192.22, 235.56)

252.2
(234.33, 270.13)

254.1
(234.95, 273.18)

36.9
(25.27, 48.58)*

38.7
(29.27, 48.25)*

1.8
(-6.34, 10.01)

between groups dif. -43.3
(-71.99, -14.69)*

-47.3
(-72.61, -21.98)*

-43.0
(-70.04, -15.98)*

MVic hip abd a, b

Group 1 (N.=30) 114.6
(104.79, 124.52)

133.4
(121.11, 145.71)

134.9
(123.88, 146.02)

18.7
(11.50, 26.01)*

20.3
(13.39, 27.19)*

1.5
(-4.76, 7.84)

Group 2 (N.=30) 124.9
(113.44, 136.49)

147.3
(137.36, 157.35)

148.7
(137.87, 159.69)

22.3
(13.91, 30,87)*

23.8
(15.65, 31.99)*

1.4
(-4.47, 7.33)

between groups dif. -10.3
(-25.16, 4.54)

-13.9
(-29.46, 1.56)

-13.8
(-29.04, 1.38)

Values are presented as mean (95% CI).
Mpffa: Maximum pain free flexion angle.
ahigh values indicate greater strength; bvalues are in Newtons; *p<0.05.
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points it was evident that a statistically significant greater 
reduction existed for the Blood flow restriction group 
post-treatment. The effect was not statistically significant 
possibly because both groups had minimal to no pain at 
2-month follow-up and no difference occurred between 
them at that point. Nevertheless, greater pain reduction 
could also be appointed to the use of blood flow restric-
tion. It has been shown that low load blood flow restric-
tion training at 80% limb occlusion pressure could have 
a hypoalgesic effect on anterior knee pain patients and 
it has been hypothesized that this might be due to: 1) 
conditioned pain modulation through the diffuse noxious 
conditioning controls effect; 2) exercise related release 
of endogenous substances which inhibit nociceptive 
pathways; and 3) induced hypoxia17, 38 but these mecha-
nisms have not yet been investigated. there may also be 
a blood flow restriction dose response effect related to 
pain reduction. in another study in patellofemoral pain 
patients, assessing the effectiveness of blood flow restric-
tion strengthening (30% 1 repetition maximum, 1 set of 
30 and 3 sets of 15 repetitions, at 60% limb occlusion 
pressure) compared to usual strengthening, no between 
group differences were found for worst pain values.19 
from a dose response view point, their study used a low-
er percent of limb occlusion pressure (60%) for exercise 
compared to the present study (70%) and others (80%) 
that have noticed differences in pain values.17, 18 it could 
be that higher limb occlusion pressure might have some 
effect on hypoalgesia and if so, possibly due to a greater 
release or accumulation of endogenous substances which 
inhibit the nociceptive pathways. another explanation 
might be the time under tension with Blood flow restric-
tion. an increase of time under tension also translates to a 
longer time with the muscles under a “hypoxic” like state, 
that could lead to the accumulation of substances and a 
longer exposure to them. in the present study, as well as 
the studies by Korakakis et al.,17, 18 time under tension 
was similar with a tempo of 2:2 and 4 sets of 30/15/15/15 
repetitions. but tempo used in the study by Giles et al.19 
is not stated. additionally, the present study treatment in-
volved both strengthening of hip and knee musculature in 
contrast to the study by Giles et al.19 it has been shown 
that strengthening of both hip and knee musculature have 
better outcomes4, 5 than just knee focused exercises.3 re-
gardless, mechanisms are unclear and future research 
should address these issues.

strength measures for knee extensors, hip extensors and 
hip abductors showed improvement in both groups of this 
study as indicated by the effect of time. the interaction of 

low-up F(1,58)=5.56, P=0.02, partial η2=0.09 and values 
were significantly greater in the blood flow restriction 
group 459.4 (412.13, 506.64) compared to the reference 
group 380.68 (333.42, 427.93) with a mean difference of 
78.7 (11.88, 145.54) p=0.02 (table iii).

The main effects of time showed a statistically significant 
difference in means of all strength measures at the different 
time points. for knee extensors f(1,81)=206.21, p<0.001, 
partial η2=0.78, hip extensors f(2,101)=76.77, p<0.001, 
partial η2=0.57 and Hip abductors F(2,116)=48.69, 
P<0.001, partial η2=0.46 (table iii).

the main effect of intervention showed no statistical-
ly significant difference in strength for Hip abductor or 
Knee extensors even though Knee extensor values were 
close to statistical significance F(1,58)=811.49, P=0.051, 
partial η2=0.78. There was a statistically significant dif-
ference in means of Hip extensor values F(1,58)=11.92, 
P=0.001, partial η2=0.17. from assessing differences 
between groups for hip extensor values at the different 
time points, differences were statistically significantly 
greater in the blood flow restriction group at Baseline 
F(1,58)=9.17, P<0.05, partial η2=0.14, at 4 weeks post-
treatment F(1,58)=13.99, P<0.001, partial η2=0.19 and at 
2-month follow-up F(1,58)=10.15, P<0.05, partial η2=0.15 
(table iii).

Discussion

this study compared hip and knee focused exercises ver-
sus hip and knee focused exercises with the use of blood 
flow restriction training in adults with patellofemoral pain. 
results showed that both interventions were successful 
in reducing symptoms and increasing maximal isometric 
contraction strength. differences between groups were 
evident for maximum pain free flexion angle, worst pain, 
rumination and maximum voluntary isometric contrac-
tion strength for knee and hip extensor strength measures. 
the only true differences were found for worst pain at 
post-treatment and for the Knee extensor strength.

the interaction between interventions and time on the 
maximum pain free flexion angle was statistically signifi-
cant. however, when assessing between group differenc-
es, results showed that values were lower in the reference 
group at baseline, thus indicating they had a larger window 
of improvement which could be the reason for this result 
since both groups where similar at end of treatment and the 
2-month follow-up.

There was no significant interaction or effect for worst 
pain. When assessing differences at the different time 
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Limitations of the study

this study is not without limitations. a placebo group 
was not used in this study and comparison to placebo 
blood flow restriction was not possible. Exercises where 
not matched in the two groups due to the increased time 
it would take to implement the reference group exercises 
with the use of blood flow restriction and this could raise 
the risk of adverse effects.34 results of this study cannot be 
generalized to other patellofemoral pain populations such 
as adolescents, ages over 40 years, patients with patello-
femoral instability, patients with a high level of physical 
activity or athletes. finally, studies with longer follow-ups 
are needed as it is unknown if effects would carry on for 
a longer period of time as this study only observed short 
term effects at 2 months.

Conclusions

intermittent low level blood flow restriction strengthen-
ing of the hip and knee musculature as used in this study 
seems to be as effective as usual high level strength exer-
cises of the hip and knee musculature with the combina-
tion of stretching for increasing function, reducing levels 
of usual pain, kinesiophobia and catastrophizing. there is 
an indication that blood flow restriction may have a greater 
effect on reducing levels of worst pain in the short term and 
have provide greater increases in knee extensor strength 
than usual exercise. More studies are needed to investigate 
these effects in relation to dose response, mechanisms of 
action, other populations and longer follow-ups.
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interventions and time was statistically significant only for 
the knee extensors. between groups, differences for the 
knee extensors showed that values were statistically sig-
nificantly greater in the blood flow restriction group com-
pared to the reference group at 2-month follow-up. the 
main effect of intervention was close to statistical signifi-
cance F(1,58)=811.49, P=0.051, partial η2=0.78. the main 
effect of intervention was statistically significant only for 
hip extensor values but from assessing differences be-
tween groups values were statistically significantly greater 
at all the different time points for the blood flow restric-
tion group so the results might not indicate a true effect 
of treatment. the results of this study seem to be different 
than those of the study by Giles et al.19 they had found 
no statistically significant differences for knee extensor 
strength when comparing low level blood flow restriction 
to usual strengthening after 8 weeks of treatment and at 
6 months follow-up but they had found that patients with 
higher levels of pain with knee extension had greater in-
creases in strength with blood flow restriction. In the pres-
ent study, no subgroup analysis was made as it was not 
previously planned and thought to be unnecessary since 
pain was not allowed with exercise. Moreover, it is pos-
sible that the higher limb occlusion pressure (70%) used 
in the present study might be related to this difference. it 
could be that exercising with a greater occlusion pressure 
>60% may be needed to observe greater changes in mus-
cle strength. higher occlusion pressures (80%) have been 
correlated to proximal muscle strength changes even on 
the contra-lateral side.15 this is though due to the fact that 
lower pressures cause less blood pooling and result in less 
metabolic stress to the muscles especially when occlusion 
is intermittent and not continuous.39 future studies could 
focus on this dose response relationship. it must also be 
pointed out that strength comparisons in the present study 
could not be made between involved limb and the contra 
lateral due to the fact that patients with bilateral symptoms 
were included.

results of the present study showed similar improve-
ments of kinesiophobia and catastrophizing in both treat-
ment groups. This finding strengthens the result of true 
function and pain improvement of the participants.40 the 
only statistically significant interaction found was for the 
Pain Catastrophizing subscale Rumination. This finding 
could be explained by the fact that groups were not similar 
regarding rumination at baseline with the reference group 
having higher scores than the blood flow restriction 
group. No other differences were observed post-treatment 
or at 2-month follow-up.
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