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Abstract  

Background: The initiation, progression, and severity of  
knee osteoarthritis (OA) have been associated with decreased  
muscular strength and alterations in joint biomechanics.  
Resistance exercise has been shown to be an effective inter-
vention for decreasing pain, restoring muscle strength and  
joint mechanics while improving physical function in patients  
with knee OA. High-resistance exercise has been demonstrated  

to be more beneficial than low-resistance exercise. However,  
patients with knee OA may have reduced tolerance of high  
resistance training programs.  

Aim of Study: The current study was conducted to assess  
whether concurrent application of blood flow restriction (BFR)  
to low load resistance (LLR) training is an efficient and  
tolerable mean of improving functional mobility in patients  
with knee OA.  

Patients and Methods:  Forty female patients with mild  
to moderate unilateral tibiofemoral OA. Their age ranged  

from 45-60 years old. All patients were referred by orthopedic  

surgeons who were responsible for diagnosis of OA based on  
clinical and radiological examination. All patients were  
randomly assigned into one of two groups: Group (A) This  
group included 20 patients underwent conventional high load  
resistance (HLR) training exercises (60% 1RM), group (B)  
This group included 20 patients received LLR training exer-
cises (30% 1RM) combined with BFR, three sessions per  

week for one month. The study was conducted from September  
2017 to February 2018 in a private orthopedic and physical  
therapy center.  

Evaluation: Timed up and go (TUG) test was used to  
assess patient's functional mobility. Results showed that both  
groups had significant improvement in functional mobility.  

Conclusion:  Both conventional HLR training and LLR-
BFR training are effective treatment options for improving  
functional mobility in patients with knee OA, However, the  
use of LLR-BFR training resulted in less anterior knee pain  

during sessions compared to high load training.  

Correspondence to:  Dr. Mai M.A. Abdallah, The Department  
of Physical Therapy for Musculoskeletal Disorders and Their  
Surgeries, Cairo Egypt  

Key Words:  Knee osteoarthritis – Blood flow restriction –  
Strengthening exercises – TUG test.  

Introduction  

OSTEOARTHRITIS  is a disabling disease that  
produces severe morbidity reducing physical ac-
tivity [1] . It is the most common joint disorder and  
is among the main causes of disability in the elderly  
[2] . The knee is the most common weight-bearing  
joint affected by OA, with an estimated 45% of  
all adults at risk of developing knee OA in their  
lifetime [3] .  

One biomechanical factor that may significantly  
contribute to incident knee OA and progression of  
cartilage loss is quadriceps weakness [4] . Multiple  
studies have reported that individuals with knee  
OA have weak quadriceps muscles [5] , and an  
observational study revealed that higher quadriceps  
strength protected against the development of knee  
OA [6] .  

Since the quadriceps, in addition to other lower  
limb muscles, are necessary for knee loading and  
stability during locomotion, increasing quadriceps  
muscle strength may result in increased physical  
function of those with or at risk of knee OA and  
decrease the incidence and/or progression of the  

disease [7] .  

The Osteoarthritis Research Society Interna-
tional (ORSI) recommended strength training as  
a possible treatment or a method to slow progres-
sion of knee OA [8] .  

There is reasonably large literature supporting  

the efficacy of resistance training in patients with  
knee OA. Many studies found knee OA symptoms,  
physical function, and strength improved with  
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resistance training when compared with usual care  

[9] .  

Strength training, as recommended by the Amer-
ican College of Sports Medicine (ACSM), must  
be performed at a minimum resistance training  

load of 60% to 70% 1-repetition maximum (1RM)  

for strength gain and 70% to 85% 1RM for muscle  
hypertrophy [10] . Unfortunately, factors that confer  
elevated risk of knee OA (for example, obesity,  

knee pain, knee injury/surgery) also contribute to  
a perceived reduced tolerance of the high-load  

programs recommended for eliciting strength gains  
[11] . Thus, for reducing disease risk and enhancing  
physical function, there is a need for a means of  

effectively strengthening the quadriceps muscles  

while limiting pain and adverse joint loading in  
people with knee OA [7] .  

An alternative to traditional strength training  

that may be well tolerated by patients with knee  
OA is LLR-BFR training. Blood flow restriction  

is attained through administering pressure exter-
nally with a pneumatic cuff or tourniquet. The  

applied pressure occludes venous outflow while  

maintaining arterial inflow [12] .  

Blood flow restriction training also known as  
Kaatsu training, was pioneered by Yoshiaki Sato,  

of Japan in the 1970s and 1980s [13] . This training  
method involves decreasing blood flow to a muscle  

by application of an external constricting device  

to provide mechanical compression of the under-
lying vasculature. Blood flow restriction is applied  
with the intent to promote blood pooling in the  

capillary beds of the limb musculature distal to the  
tourniquet [13] .  

Blood flow restriction alone has been shown  
to attenuate the disuse atrophy during periods of  

immobilization; however, BFR must be combined  
with an exercise which enhances muscular devel-
opment [14] . Resistance exercise appears to provide  

greater muscular gains when combined with BFR  

[13] . In further support of LLR-BFR, Loenneke et  

al., [15]  concluded that it offered no greater risk  

than traditional exercise. Blood flow restriction  

has been combined with several types of exercise  

(e.g. knee extension, knee flexion, leg press, cy-
cling, walking) and resulted in significant improve-
ments in strength and physical function [16-18] .  

Subjects and Methods  

The study design is a randomized controlled  

trial which was conducted from September 2017  
to February 2018. Forty female patients with mild  

to moderate unilateral tibiofemoral OA, their age  

ranged from 45-60 years; the participants were  

selected from a private orthopedic and physical  

therapy center in Alexandria. Before enrollment  

in the study patients signed an informed consent.  

Patients were excluded if they had bilateral  
knee OA, Congenital or acquired inflammatory or  

neurological (systemic or local) diseases involving  
the knee ,Repeated treatment with steroids, Patients  

who had received joint replacement surgery in  

either Knee and/or a hip and patients with cardio-
vascular disorders.  

All patients were randomly assigned to one of  
two groups (A and B) of equal number, using  

opaque sealed envelopes. Group A included 20  

patients who received conventional HLR training  
exercises. Group B included 20 patients who re-
ceived LLR-BFR training.  

The training load in each group has been ad-
justed according to the 1RM test [19] . The load  
during quadriceps exercises in the conventional  

group was standardized to 60% of the estimated  

1-repetition maximum (1-RM) and the load in the  

BFR group was standardized to 30% of the 1-RM  
associated with BFR [20] .  

Assessment procedures:  
Functional mobility has been assessed using  

TUG test. Participant was asked to stand up, walk  

to a mark 3m away, turn around and return to sit  

back in the chair at their regular pace. Regular  

walking aid was allowed and recorded. Same chair  
is needed for re-testing.  

Fig. (1): Timed up and go test adopted from Gautschi et al., [21].  
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Treatment procedures:  

Throughout the intervention, each training  
session was preceded by 10min of general warm  

up. The maximum load for all strengthening exer-
cises (60% of the 1-RM in the conventional group  
and 30% of 1-RM in the BFR group) was evaluated  
during the first treatment session and reviewed  

weekly in order to make any necessary adjustments.  
Resistance was progressively increased as strength  

improves. Exercise load was adjusted each session  
according to the 1RM test. The patients performed  

exercises during physical therapy and did not  
perform exercises at home.  

One-repetition maximum (1-RM) Estimation:  

Maximum load with which 1 repetition of the  

exercise could be completed without pain (using  

a knee extension amplitude between 90º and 0º of  

knee flexion. Patient performed up to five attempts  

of a unilateral knee extension (dominant limb).  

This exercise was done using ankle weights and  
progressed to a knee extension machine based on  
the patient's tolerance with intervals of three to  

five minutes between attempts. The 1RM test was  

performed as a pre-test and the training load is  
then adjusted accordingly [19] . These criteria were  
based on the protocol of a previous study by the  
American college of sports medicine [22] .  

Fig. (2): Knee extension machine used for 1-RM Estimation.  

Group A (conventional group):  Patients assigned  
to this group received stretching and strengthening  
of the lower limb musculature (Appendix I), in-
cluding HLR quadriceps exercises (60% of 1RM)  
for a total of 12 treatment sessions (3 sessions per  

week) for 4 weeks [23] .  
Exercise 1:  Straight leg raises (SLR) with ankle  

weight.  
Exercise 2:  Seated knee extension with ankle weight  

Exercise 3:  Hip abduction and adduction with ankle  
weight.  

Exercise 4:  Calf raises.  
Exercise  5:  Hamstring muscle stretch.  

Group B (BFR group):  Patients assigned to  
group B received the same protocol but with LLR  

(30% of 1RM) combined with BFR for a total of  

12 treatment sessions (three sessions per week)  

for 4 weeks (Appendix II). The equipment used in  
BFR is a specially designed sphygmomanometer  

for lower limb that is able to restrict the thigh  

blood flow [24] .  

Exercise 1:  SLRs with BFR using ankle weight.  

Exercise 2:  Seated knee extension with BFR using  
ankle weight.  

Exercise 3:  Hip abduction and adduction with BFR  

using ankle weight.  

Exercise 4:  Calf raises.  

Exercise  5:  Hamstring muscle stretch.  

Blood flow restriction cuff placement:  

Blood flow restriction was induced by using  
relatively narrow restrictive cuffs 5-6cm width.  

Restrictive cuff pressure between 1 60-240mmHg  

for the lower body is appropriate for most individ-
uals. The device used was a specially designed  

sphygmomanometer for the lower limb. A pressure  
cuff inflated to 200mmHg during the quadriceps  

exercises was used [20] .  
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Group A  
Mean ±  SD  

Group B  
Mean ±  SD  Items  

Group I  Group II  
Age (years)  
BMI (kg/m2)  

48.55±3.38  
26.25± 1.55  

48.85±3.23  
26.21± 1.57  

0.388 N.S  
0.468 N.S  

Time up and go test  
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The distance from the inguinal crease to the  

top of the patella was measured using a measuring  

tape and a mark was made on the leg 33% distal  

to the inguinal crease. Thigh circumference was  

measured at this mark to capture an accurate rep-
resentation of the site at which the cuff would be  

placed. The device caused pooling of blood in  
vessels distal to the cuff [25] .  

Continuous rather than intermittent BFR during  
exercise was used. Continuous BFR is preferable  

to increase the metabolic demands and motor unit  
recruitment during LLR exercise [26] .  

Fig. (3): Specially designed sphygmomanometer for the lower  

limb.  

Statistical analysis:  
Data were fed to the computer using SPSS  

software package version 20.0. Descriptive statistics  

were calculated for TUG in the form of mean ±  
standard deviation.  

For normally distributed data, comparison be-
tween both groups (A and B) was done using  

independent t-test while comparison between same  
group before and after treatment, unpaired t-test  
was used. Significance of the obtained results was  
judged at the 5% level.  

Results  

General characteristics:  

The current study was conducted on 40 female  
patients suffering from mild to moderate degree  
knee OA. They were assigned randomly into two  
equal groups. As indicated by the independent t  

test, there were no significant differences (p>0.05)  
in the mean values of age and body mass index  

(BMI) between both tested groups (Table 1).  

Table (1): Demographic data of Patients in both groups.  

Comparison  
p-value  

Multiple pairwise comparison tests (Post hoc  
tests) for TUG test:  

1- Within groups:  
As presented in Table (2) and illustrated in Fig.  

(4), within group's comparison (the mean ±  SD)  
values of TUG test in the "pre" and "post" tests.  

Multiple pairwise comparison tests (Post hoc tests)  

revealed significant reduction of TUG test at post  

treatment compared to pretreatment ( p-value  
=0.0001). While, the (mean ±  SD) values of TUG  
test in the "pre" and "post" tests revealed that there  

was significant reduction of TUG test at post  
treatment when compared to pretreatment ( p-value  
=0.0001).  

2- Between groups:  
Considering the effect of the tested group on  

TUG test, Multiple pairwise comparison tests (Post  
hoc tests) revealed that the mean values of the  

"pre" test between both groups showed no signif-
icant differences with (p=0.311). As well as, mul-
tiple pairwise comparison tests (Post hoc tests)  
revealed that there was no significant difference  

of the mean values of the "post" test between both  
groups with (p=0.358).  

Table (2): Mean ±SD and p-values of TUG test pre and post  
treatment in both groups.  

TUG  
test  

Pre test  
Mean±  SD  

Post test  
Mean±  SD  MD  % of  

change  
p- 

value  

Group I  

Group II  

MD  

p-value  

11.66± 1.51  

11.90± 1.48  

0.235  

0.311  

9.63± 1.36  

9.48± 1.21  

–0.149  

0.358  

–2.031  

–2.415  

–17.42  

–20.30  

0.001 *  

0.001 *  

*  : Significant level is set  
at alpha level <0.05.  

SD : Standard deviation.  

MD  
p-value  

: Mean difference.  
: Probability value.  

Pre test Post test  

Group A: Conventional group.  
Group B: BFR group.  
SD: Standard deviation.  

p : Probability.  
* : Significance.  
NS: Non-significant.  

Fig. (4): Mean values of TUG test pre and post treatment in  
both groups.  
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Discussion  

Knee OA is characterized by pain, articular  
cartilage deterioration, joint space narrowing, and  

reduced muscle strength [27] . Knee pain during  
movement caused by OA is a strong predictor of  
an increased need for functional assistance [28] .  
Loss of leg muscular strength is associated with  
increased pain and disability, as well as a more  
rapid progression of knee OA. Chronic kinematic  

alterations cause degenerative changes in the car-
tilage, particularly in older adults whose cartilage  

may no longer have the ability to adapt to load  
bearing. Pain, perceived instability, and functional  

limitations are common effects of this degenerative  

process [29] .  

Some authors had reported the clinical effec-
tiveness of muscle strengthening exercises in pa-
tients with knee OA and have suggested that the  

exercise should not include high joint load [30] . If  
the knee joint is overloaded, patients with knee  
OA may aggravate symptoms such as pain, swell-
ing, and inflammation [31] . However, other authors  
[32-34]  have declared that strength training of a  
vigorous intensity (50%-80% of 1 RM) does not  
appear to induce or exacerbate joint symptoms in  
older adults.  

Strength training, as recommended by the  

ACSM, must be performed at a minimum resistance  
training load of 60% to 70% 1-repetition maximum  

(1RM) for strength gain and 70% to 85% 1RM for  

muscle hypertrophy [10] .  

Augmented low-load resistance training with  

BFR is an alternative to traditional strength training  
that may be well tolerated by patients with knee  
OA [12] . Blood flow restriction is applied with the  

intent to promote blood pooling in the capillary  
beds of the limb musculature distal the tourniquet  

[13] . Loenneke et al.,  [35]  reported that when BFR  
is combined with LLR training, it has been shown  
to result in similar muscular adaptations as higher  
load exercise.  

Up to the authors' knowledge there was no  
previous study discussed the effect of LLR-BFR  

training on functional mobility in terms of TUG  
test with knee OA patients.  

The effect of conventional HLR training on  

functional mobility in patients with knee OA:  

The statistical analysis reported significant  

improvement of functional mobility when evaluated  
by TUG test after conventional HLR training.  

The results of this study came into agreement  
with an RCT conducted by Jan et al., [36] , they  
Investigated the clinical effects of high-and low-
resistance training programs on 102 patients with  
mild to moderate knee OA. They found that both  

high and low resistance strength training signifi-
cantly improved physical function. Although the  

effects of high-resistance strength training appear  

to be larger, the differences between both groups  

were not statistically significant.  

A systematic review reviewed 18 RCTs with  

2832 patients to assess the effectiveness of isolated  
resistance training on arthritis symptoms and phys-
ical performance in patients with knee OA. They  

concluded that resistance training improved phys-
ical function in patients with knee OA  [37] .  

King et al., [38]  conducted a clinical trial on 14  
patients to evaluate the effect of a 12-week high  

intensity resistance training program on strength,  

pain, and function in patients with knee OA. There  
was a significant increase in the function subscale  

of the Knee Injury and Osteoarthritis Outcome  

Score (KOOS), and the Arthritis Self-Efficacy  
Scale (ASES).  

On the contrary, a study done by Thorstensson  
et al.,  [39]  was quite opposite to previously pub-
lished studies on resistance exercise in knee OA.  

It aimed to test the effects of a short-term, high-
intensity exercise program on function and quality  

of life in sixty-one patients with knee OA with age  
range from 36-65. There was no improvement in  
pain or function, although some effects were seen  
on quality of life in the exercise group compared  
to the control group. Possible reasons for this  
difference may be due to patients with moderate  
to severe OA compared with mild to moderate in  

most previous studies, being younger than previ-
ously studied groups and the intervention being of  

comparably high intensity.  

The effect of LLR-BFR training on functional  

mobility in patients with knee OA:  

The statistical analysis reported significant  

improvement of functional mobility when evaluated  
by TUG test after LLR-BFR training.  

Yokokawa et al., [40]  conducted a study to  
compare the effect of LLR training with BFR  

versus dynamic balance exercise in elderly people  
at risk of knee OA. Fifty-one subjects aged 65 and  

older were randomly assigned to one of two groups.  
Performance was assessed in both groups before  

and after the 8-week programs. In addition, blood  
was sampled from LIO participants (n=11) and  
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analyzed for growth hormone and lactate. Overall  

improvements, but no group differences, were  

found in performance and balance after the pro-
grams. TUG test was used to evaluate functional  

mobility.  

Bryk et al., [23]  conducted a clinical trial to  
evaluate whether 34 patients with mean age 61  

years old with knee OA performing a rehabilitation  
program consisting of low-load exercises combined  
with partial vascular occlusion exhibited the same  

results in functional improvement when compared  

to women receiving a program consisting of high  
load exercises. After a program of 6 weeks func-
tional performance was tested using TUG. Results  

showed that a rehabilitation program that combined  
partial vascular occlusion to low-load exercise  

resulted in similar benefits in function to a program  

using high-load exercise in patients with knee OA.  

Conclusion:  
Based on the findings of the present study the  

following can be concluded:  
Adding BFR to LLR exercise resulted in similar  

benefits in functional mobility to that of high-load  
conventional exercise programs in women with  
knee OA this kind of exercise is beneficial to  

patients who had a perceived reduced tolerance of  

the high-load programs Thus, it may be a good  

exercise form for enhancing physical function and  

effectively strengthening the quadriceps muscles  

while limiting pain and adverse joint loading in  
people with knee OA.  

Recommendations:  
- Further studies are needed with other outcomes  

on the effect of LLR combined with BFR on  

patients with knee OA.  
- Further studies are needed to evaluate the effect  

of BFR when added to any other kind of thera-
peutic exercises.  

- Further studies are needed to evaluate the effect  

of BFR on other musculoskeletal disorders.  

- Further study should be performed with a larger  

sample size and long term follow-up.  

Limitation:  

Our study was limited to:  
-  Duration of follow-up.  
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Appendix I  

Exercises performed in the conventional group  

Fig. (1): Seated quadriceps knee extension with ankle weight.  

Sitting with knee at 90º flexion, the patient was  

asked to fully extend the knee. Resistance (60%  

1RM) was provided by ankle weights (3 sets of 10  
repetitions).  

3A- Lying sideways, the patient was asked to  
bend the hip and the knee of the upper leg and raise  

the lower leg, keeping it straight; extra resistance  
(60% 1 RM) was provided by ankle weights (3 sets  

of 10 repetitions).  

3B- Lying sideways, the patient was asked to  
bend the knee and hip of the lower leg and raise the  

upper leg, keeping it straight; extra resistance (60%  

1RM) was provided ankle weights (3 sets of 10  

repetitions).  

Fig. (4): Hamstring muscle stretching.  

Fig. (2): Straight leg raising with ankle weight  

In a supine position, the patient was asked to  
raise the exercise limb with the knee in full exten-
sion, and then lower the limb back to the initial  
position; resistance (60% 1RM) was provided by  

ankle weights (3 sets of 10 repetitions).  

In a supine position, the patient was asked to raise  
the exercise limb with the hip and knee in 90 °  flexion  
then the patient was asked to extend the knee fully  

while holding the thigh (3 repetitions for 30s).  

Fig. (5): Unilateral calf raise.  

Fig. (3): Hip abduction and adduction from side lying position  

using ankle weights.  

In a standing position, patient was asked to rise  

up on toes and return (3 sets of 10 repetitions).  
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Appendix II  

Exercises performed in the BFR group  

Fig. (6): Seated quadriceps knee extension using ankle weight  
with BFR.  

Patient was asked to sit with knee at 90º flexion.  
The BFR device was applied distal to the inguinal  

crease and the pressure cuff was inflated to 200  

mmHg the patient was asked to fully extend the knee.  
Resistance (30% 1RM) was provided by ankle weights  

(3 sets of 10 repetitions).  

8A- Lying sideways, The BFR device was ap-
plied distal to the inguinal crease and the pressure  

cuff was inflated to 200mmHg. The patient was  
asked to bend the hip and the knee of the upper  

leg and raise the lower leg, keeping it straight;  
resistance (30% 1RM) was provided by ankle  
weights (3 sets of 10 repetitions).  

8B- Lying sideways, The BFR device was ap-
plied distal to the inguinal crease and the pressure  

cuff was inflated to 200mmHg. The patient was  
asked to bend the knee and hip of the lower leg  

and raise the upper leg, keeping it straight; resis-
tance (30% 1RM) was provided by ankle weights  

(3 sets of 10 repetitions).  

Fig. (9): Hamstring muscle stretching.  

Fig. (7): Seated quadriceps knee extension using ankle weight  
with BFR.  

In a supine position, The BFR device was ap-
plied distal to the inguinal crease and the pressure  

cuff was inflated to 200mmHg. The patient was  
asked to raise the exercise limb with the knee in  

full extension, and then lower the limb back to the  
initial position; resistance (30% 1RM) was provided  

by ankle weights (3 sets of 10 repetitions).  

In a supine position, the patient was asked to raise  
the exercise limb with the hip and knee in 90º flexion  
then the patient was asked to extend the knee fully  

while holding the thigh (3 repetitions for 30s).  

Fig. (8): Hip abduction and adduction from side lying position  

using ankle weights with BFR.  

Fig. (10): Hip abduction and adduction from side lying position  

using ankle weights with BFR.  

In a standing position, patient was asked to rise  

up on toes and return (3 sets of 10 repetitions).  
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