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INTRODUCTION

Patients suffering from knee pain due to musculoskeletal disorders 
such as orthopedic surgery, overload- or disuse-related disorders are 
often prone to skeletal muscle atrophy and weakness [1]. This is 
often related to pain-related alteration in the habitual activity level 
and/or altered locomotion in addition to potential postsurgical de-
loading, ultimately rendering the patients' musculoskeletal system 
to gradually deteriorate. That is, a decline in activity induces a 
fast loss of skeletal muscle mass and function resulting from the 
unloading and lower neural activation of muscle [2].

Degenerative muscular adaptations due to immobilization from 
major surgery can affect the patient’s ability to recover to their 
pre-injury physical activity levels [3-5]. That is, elderly patients 
are in risk of never reaching preoperative functional performance 
after surgery [5]. Thus, interventions targeting skeletal muscle 
hypertrophy and strength are highly warranted for patients unable 
to maintain their normal activity level.

Heavy-load Resistance Strength Training (HRST) (training load 
≥ 70% of 1 Repetition Maximum: RM) is often considered the 
exercise method of choice to promote muscle hypertrophy and 

ABSTRACT
Introduction: Low-load exercise training with concurrent venous occlusion (Low-Load Blood-Flow-Restricted 
Exercise: LL-BFRE) has gained interest in clinical rehabilitation. Various orthopedic patients suffering from 
knee joint disorders would benefit from either i) maintaining or ii) increasing lower limb muscle strength and 
skeletal muscle mass. Due to the low load, and concurrent ability to increase muscle strength and promote muscle 
hypertrophy, LL-BFRE seems relevant to apply in clinical rehabilitation. The aim of the present study was to 
investigate the feasibility of LL-BFRE as a clinical rehabilitation method in patients suffering from various knee 
joint-related injuries. A secondary objective was to analyze change in functional performance, knee muscle strength 
and patient-reported outcomes.

Methods: Patients suffering from i) knee osteoarthritis (n=3), ii) persistent postoperative knee pain, or persistent 
functional performance deficits after surgery were included (n=9). LL-BRFE was performed twice weekly for 4-8 
weeks as unilateral leg press at 30% 1 Repetition Maximum (RM) with partial venous occlusion (40% complete limb 
occlusion pressure) around the proximal part of the thigh. Timed Up and Go, 30-second chair-stand-test, Thigh 
Circumference (TC), isometric knee extensor strength, and the Knee Osteoarthritis Outcome Score (KOOS) was 
performed at baseline and follow-up.

Results: Four patients dropped out due to i) pain aggravation, ii) ruptured Baker's cyste, iii) loss of motivation, iv) 
personal reasons. Adherence to training was 95.6%. Significant improvements were achieved in both Timed Up and 
Go and 30 seconds sit to stand (p ≤ 0.03). As did isometric knee extension strength on the affected limb (p=0.05), 
and 5 RM on the affected limb (p<0.01). Three out of five KOOS subscales improved more than 10 points, while no 
significant change was seen for thigh circumference (p=0.08).

Conclusion: The study indicates that LL-BFRE is feasible in patients suffering from various orthopedic knee joint 
disabilities and can be a part of a physical therapy rehabilitation program. Furthermore, the patients achieved both 
functional improvement, increased muscle strength, and demonstrated clinical meaningful improvements in their 
experience of knee pain, knee symptoms, and participation in sport and recreation activities.
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increase muscle strength [6,7]. The American College of Sports 
Medicine recommends loading intensities of 60% to 85% of 1 
Repetition Maximum (RM) to achieve skeletal muscle hypertrophy 
and strength gains [8]. However, HRST can be contraindicated 
or, at worst, deleterious in some patients due to postsurgical load 
restrictions and/or pain restrictions. Thus, to counteract disuse 
atrophy in these particular patients, alternative methods for 
promoting hypertrophy and increasing strength is required.

Resistance training with Low Loads(LL) (~30% of 1 RM) performed 
with concurrent partial Blood Flow Restriction (BFR) of the 
working limb (LL-BFRE) has consistently been demonstrated to 
promote muscle hypertrophy and increase strength in both healthy 
and patient populations comparable to HRST [9-11]. Several 
mechanisms have been suggested to be involved in the muscular 
adaptations seen with LL-BFRE [12]: The restrictive pressure 
applied to the limb during LL-BFRE creates a hypoxic environment 
distal to the cuff causing a metabolic stress in the working muscles. 
The hypoxic environment may lead to increased type II muscle 
fiber recruitment, increased inflammatory and endocrine response, 
cellular swelling, and elevated intramuscular inorganic phosphate, 
all of which have been demonstrated to mediate protein synthesis 
and satellite cell proliferation [10,12,13]. A recent systematic review 
found LL-BFRE to be safe and effective in improving quadriceps 
strength in patients suffering from orthopedic disorders such as 
patients undergoing Anterior Cruciate Ligament-Reconstruction 
(ACL-R), patients suffering from knee Osteoarthritis (OA), patients 
suffering from patellofemoral pain, and patients undergoing knee 
arthroscopy. In line with this, a recent randomized controlled trial, 
demonstrated that LL-BFRE and HRST were equally effective 
in improving knee extensor strength in patients recovering 
from ACL-R. However, the group performing LL-BFRE has 
greater improvements in patient reported outcomes and a knee 
joint effusion compared to the group performing HRST [14]. 
Furthermore, LL-BFRE exercise has been suggested to decrease 
sensitivity to pain (i.e. exercise-induced hypoalgesia) to similar levels 
as prolonged high intensity exercise [15]. Thus, the combination of 
exercising with low loads and concurrent BFR seems attractive to 
offer to patients with persistent symptoms and reduced functional 
performance despite several previous unsuccessful rehabilitation 
efforts.

As the patients included in the present pilot study, had failed several 
previous rehabilitation efforts prior to engaging in LL-BFRE, the 
main purpose of the project was to determine the feasibility of LL-
BFRE in patients suffering from knee pain due to orthopedic knee 
disorders in terms of adherence. Also, we wanted to determine 
to what extent objective functional performance measures and 
measures of mechanical muscle function was feasible to evaluate 
pre-to-post changes in these patients. Lastly, we investigated 
evaluated changes in functional performance, knee muscle strength 
and patient-reported outcomes based on the collected data. 

MATERIALS AND METHODS

Experimental design

This study was a pilot study with one group where all participants 
received LL-BFRE. Patients referred to the study was baseline 
tested, trained for 4-8 weeks twice a week and finally, follow-up 
tested. Patients performed the first LL-BFRE session on the same 
day as baseline testing. Follow-up assessments were conducted 3-7 
days after last exercise session as shown in Figure 1. 

Patients were included if they suffered from knee pain due to an 
orthopedic disorder, were ≥ 18 years of age, and was able to adhere 
to ≥ 4 weeks of twice-weekly LL-BFRE. Patients were excluded if 
they suffered from cardiovascular diseases, had a history of previous 
a stroke incident, diagnosed with unregulated hypertension 
(systolic >180 mmHg and/or diastolic >110 mmHg), displayed 
wound healing dysfunctions, had a history of previous thrombosis, 
suffered from a chronic traumatic nerve injury, suffered from renal 
insufficiency, were diagnosed with diabetes, were a smoker, suffered 
from a spinal cord injury or were pregnant. 

Eligible patients were referred to the study by orthopedic surgeons 
and collaborating physiotherapists at Horsens Regional Hospital. 
Also, patients diagnosed with knee Osteoarthritis (OA) not eligible 
for knee prosthesis were recruited at two OA seminars held at 
the hospital. Common to all was that all patients were diagnosed 
with a knee-related disorder or injury and had engaged in several 
(at least two) previous unsuccessful rehabilitation efforts (i.e. not 
reduced symptoms nor improved subjective experienced functional 
performance). The patients were diagnosed with knee OA, two 
patients were conservatively treated for Anterior Cruciate Ligament 
(ACL) rupture, two patients had undergone ACL-R, two patients 
suffered from patellar tendinopathy, one patient suffered from 
non-specific knee pain, one had received several unsuccessful knee 
surgeries due to meniscus resection, and one had received a total 
knee arthroplasty. Thus, several different diagnoses were allowed 
to participate in the project, hence reflecting the variety of patients 
visiting an inpatient hospital rehabilitation clinic.

Intervention

Supervised LL-BFRE was performed twice weekly, with a minimum 
of one day between each session. We offered the patients to define 
an appropriate exercise period ranging from 4 to 8 weeks. The 
reason to offer the patient to exercise for 4-8 weeks was twofold: i) 
to gain knowledge in the appropriate exercise period from a patient 
perspective, and ii) because the project was carried out during the 
spring where many people traditionally tends to spend two to three 
consecutive weeks of holiday. Thus, to include as many patients 
as possible, we decided to allow some differences in the exercise 
period. The reason for choosing a specific exercise period was not 
registered. 

The pressure required to fully restrict blood flow to the exercising 
limb (Limb Occlusion Pressure: LOP) was determined with a 
pneumatic, conically shaped, 12 cm wide, rigid cuff (Occlude Aps, 

Figure 1: Flow chart of the included patients and final number of 
subjects available for analysis
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Sets 4

Load intensity 30% 1RM

Repetitions 1st set 30

Repetitions 2nd set 15

Repetitions 3rd set 15

Repetitions 4th set To volitional failure

Contraction modes per repetition  

Concentric No restrictions

Isometric 0 seconds

Eccentric No restrictions

Rest between repetitions 0 seconds

Range of movement maximum

Rest between sets 30 seconds

Rest between sessions ≥ 36 hours

Table 1b: Overview of the protocols used in the present study. Gradually 
progressing the training volume per session. Every third session, the 
volume was increased until reaching session number 8. From session 8, the 
training volume was kept constant. LOP: Limb occlusion pressure; RM: 
Repetitions Maximum. The load was increased if the patients were able to 
perform more than 15 repetitions in the last set.

PROTOCOL 2 Session 1-3 Session 4-7 Session 8+

Level of LOP   40%

Sets   4

Load intensity 40% 40% 30% 1RM

Repetitions 1st 
set

20 20 30

Repetitions 2nd 
set

10 10 15

Repetitions 3rd 
set

To volitional 
failure

10 15

Repetitions 4th 

set
-

To volitional 
failure

To volitional 
failure

Contraction 
modes per 
repetition

   

Concentric No restrictions No restrictions No restrictions

Isometric 0 seconds 0 seconds 0 seconds

Eccentric No restrictions No restrictions No restrictions

Rest between 
repetitions

0 seconds 0 seconds 0 seconds

Range of 
movement

maximum maximum maximum

Rest between 
sets

30 seconds 30 seconds 30 seconds

Denmark) attached to the patient’s most proximal area of the thigh 
on the affected side. The patient sat on the examination table with 
the ankle and 1/3 of the lower limb off the table. Meanwhile a 
vascular Doppler probe (EDAN Instruments, inc., China) was 
placed on over the medial tibial artery to capture the auscultatory 
pulse. The cuff was gradually inflated in 20 mmHg steps until the 
auscultatory pulse was interrupted (LOP) [16-18]. 

Training protocol

After 5 minutes of warm up on a stationary bike, patients 
performed leg press with concurrent BFR of the exercising limb. 
To gain experience with how to apply BFR-exercise in orthopedic 
patients with several previous rehabilitation efforts, we decided 
to offer patients two different LL-BFRE protocol consisting of 
different initial exercise volumes: Protocol 1 consisted of 4 rounds 
with 30 repetitions (reps) in round one, 15 reps in round 2, 15 
reps in round 3 and to volitional failure in round 4. Protocol 2 
started with 3 rounds of 20 reps in round 1, 10 reps in round 2 and 
to volitional failure in round 3, and gradually increased the total 
training volume until 30-15-15-to volitional failure was reached as 
shown in Table 1. The between-round rest period was 30 seconds 
and both protocols utilized 40% LOP which was maintained 
during the entire exercise. Three patients performed protocol 2 
while the remaining performed protocol 1. Patients started each 
session on the affected limb. Immediately after last repetition, the 
cuff was deflated. Subsequently, the non-affected limb performed 
the same amount of work as the affected limb (i.e. same cuff 
pressure, load, and deflation after last rep). After the last rep on the 
contralateral limb, the patients were recommended to stay seated 
for 2-5 minutes before standing up. All sessions were supervised by 
a physiotherapist (SLJ) to ensure sufficient loading and progression 
as shown in Figure 2.

Table 1a: Overview of Protocol 1 used in the present study. No progression 
during the exercise period. LOP: Limb occlusion pressure; RM: Repetitions 
Maximum. The load was increased if the patients were able to perform 
more than 15 repetitions in the last set.

Exercise variable Description of the exercise variables

PROTOCOL 1 All sessions

Level of LOP 40%

Figure 2: To accommodate a cuff pressure of 40% of LOP, the cuff was 
inflated while subject sat in the leg press machine with the working 
limb on the plate. Between rounds, the working limb rested in this same
position. During exercise, the manometer was removed from the cuff. 
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Rest between 
sessions

≥ 36 hours ≥ 36 hours ≥ 36 hours

Progression

The minimal 
possible load (10 

kilo) is added 
when patients 
perform >15 

repetitions in 3rd 
set

 

The minimal 
possible load (10 

kilo) is added when 
patients perform 
>15 repetitions in 

4th set

Outcomes

Adherence: At the first visit, the patients estimated how many 
weeks they intended to participate which were used to calculate 
the adherence. Acceptable adherence to training was not defined a 
priory [19]. The adherence was calculated as

( )
( )

( ) ( )

    
   

*100  %
      

Total training sessions completed n
Total weeks completed n

Adherence
Weekly training sessions scheduled to perform n

=

Descriptive measurements: Bodyweight, age, gender, and referring 
diagnosis were registered.

Baseline and follow-up tests: Prior to the physical tests at baseline 
and follow-up, patients completed the Knee Osteoarthritis 
Outcome Score (KOOS). KOOS is a patient-administered knee 
specific questionnaire comprising five subscales: Pain; Symptoms; 
Activities of daily living; Sport and Recreation; and Knee-Related 
Quality of Life. Each item is scored from 0 to 4. The raw score for 
each of the five subscales is the total sum of the associated item 
scores. Scores can be transformed to a 0 to 100 scale. The scores of 
the five subscales can be expressed as a composite outcome profile, 
higher scores indicating fewer problems. KOOS is responsive to 
change following non-surgical and surgical treatments of the knee 
[20]. Normally, a 8-10 point change is defined as a clinically relevant 
change in score [21,22]. 

The physical tests were executed chronologically as listed below:

Thigh Circumference (TC): With the patient lying supine, thigh 
circumference was evaluated on both limbs by measurement of 
thigh circumference 10 cm abobe apex patella to the nearest 0.1 
cm [23].

30 Seconds Chair Stand Test (30 s CST): Sit to stand function 
was assessed using a 44 cm high chair (seat height). Before testing, 
the physiotherapist demonstrated the movement after which the 
participant performed two practice repetitions to demonstrate the 
understanding of the test. From sitting on the chair, the patient 
performed as many sit to stands with full hip- and knee extension 
as possible in 30 second with the arms crossed in front of the chest. 
The patient descended until the buttock made contact with the 
chair. The patient was allowed to reverse the downward-movement 
as soon as the participant felt the chair. Thus, participants did not 
have to bear weight through the buttock. Only repetitions correctly 
performed (i.e. as described above) were counted. 30 s CST is 
associated with lower limb strength and functional performance. 
The 30 s CST is considered a valid and sensitive measure of lower-
extremity sit-to-stand function with good to excellent intra- and 
inter-observer reliability [24].

Timed Up and Go (TUG): The TUG was used to determine 
functional mobility and assess the time required for patients to 
stand from a chair (seat height 44 cm), walk around a tape mark 
3 meters away, and sit onto the chair at return. The patient was 

instructed to walk as fast and safely as possible towards a tape mark 
(and touch the tape mark (with at least one foot), turn around and 
return to the chair and sit down. Use of armrests was allowed. After 
receiving verbal and visual instruction. The participant performed 
two trials of which the fastest trial was used for further analysis. Up 
to one minute of rest was allowed between trials. Good inter-rater 
reliability has been demonstrated with the TUG test [24].

Maximum isometric Contraction of the Knee Extensors (MVC 
KE strength): Unilateral MVC KE strength was measured on both 
limbs with a Hand-Held Dynamometer (HHD) (JTech Commander 
Power Track Muscle Dynamometer MMT, USA) as previously 
described in detail by Jorgensen et al. [17]. Measurements were 
performed with patients sat on an examination table with the calf 
hanging beside the examination table resulting in a 90° flexion of 
both the knee joint and the hip joint. The HDD was positioned 5 
cm above the medial malleolus and was fixed with adjustable straps 
to the examination table to allowing all MVCs to be performed 
at 90° knee flexion in all patients. The patient was instructed to 
sit with the hands crossed in front of their chest and to produce 
as much force as possible into the HHD. Patients received four 
trials on each leg with thirty second rest between each trial. For 
analysis, the mean maximal strength of the second, third and 
fourth trials was calculated and corrected for bodyweight (Nm/
body mass (kg)). Good-to-excellent inter and intra-rater reliability 
has been demonstrated on group-level in patients suffering from 
knee OA for maximum knee extensor muscle strength testing with 
HDD [25]. 

1 Repetition Maximum (1 RM) leg press strength: 1 RM leg 
press strength was estimated from a 5-8 RM leg press test (leg press 
machine: Technogym Element +). Patients performed three low-
load warm-up sets starting at 10 kg and gradually increasing the 
load with 10 kg in each set. The first and second warm-up sets 
consisted of 12 repetitions, and the third warm-up set consisted of 
eight repetitions. Between each set, the participant rested for 120 
seconds while sitting in the machine with the feet away from the 
platform. After the warm-up, the load was increased to determine 
the 5 RM. If the 5 RM could not be determined within three 
trials (i.e. fourth, fifth, or sixth set), a fourth all-out trial (as many 
repetitions as possible) was performed. The 1 RM was calculated as: 
1 RM leg press (kg) = (1,1307·[5 RM leg press (kg)])+0,66998) [26]. 
For all patient unable to perform a 5 RM leg press test, the initial 
exercise loads was set to 20 kg.

Statistical analysis

Descriptive statistics are presented as means (Standard Deviation: 
SD) or medians with range. Normality was evaluated by graphically 
plotting the data (i.e. histograms and Q-Q plots). Changes from pre 
to post-intervention were evaluated using paired t-tests provided 
the assumption of normally distributed data was fulfilled. The 
Wilcoxon signed-rank test was used in cases where data did not 
follow normal distribution. Also the absolute mean change as well 
percentage mean change is presented along with cohen's d effect size 
where 0.2=small effect size; 0.5=medium effect size; and 0.8=large 
effect size. If the result of parametric and non-parametric tests gave 
the same results, the result of parametric tests was presented. The 
level of significance was set at 5% (p ≤ 0.05). All statistics were 
performed in Stata (Stata/MP 16.1 for Windows). The purpose of 
the project was mainly to determine the feasibility of LL-BFRE in 
patients suffering from lower limb injuries. Therefore, no power 
calculations for treatment effects were performed.
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RESULTS

Eligible patients

Twelve patients (six women) with a median age 50.3 (range 25-81) 
and a mean body mass of 79 ± 15 kg were included in the study. 
Eight (five women) patients completed the intervention as shown 
in Figure 1. Five patients completed protocol 1 and three patients 
completed protocol 2. The average LOP was 192 ± 43 mmHg (range 
100-280 mmHg).

Adherence

Training adherence for the eight patients who completed their 
planned training period was 95.6% (8%). When related to a prior 
adherence, eight of the 12 patients participated in ≥ 90% of the 
planned exercise sessions. On average, each patient completed 11 
sessions (range: 8-16).

Four patients dropped out due to pain exacerbation after baseline 
testing (n=1), a ruptured Baker's cyst (n=1), loss of motivation due 
to long-distance commute (¨~50 km each way) (n=1), personal 
reasons unrelated to the trial (n=1) as shown in Figure 1.

Patient-reported outcomes

Only KOOS Sport and Recreation demonstrated a significant 

improvement with a concurrent large effect size as shown in Table 
2. Both Pain, Symptoms, Sport and Recreation demonstrated 
a clinically meaningful change and large effect sizes as shown in 
Table 2.

Thigh circumference, functional performance and muscle 
strength tests

No change was demonstrated for thigh circumference on the 
affected limb nor the non-affected limb with low-to-moderate 
effect size as shown in Table 2. The participants demonstrated a 
significant improvement in both TUG and 30 s CST from baseline 
to follow-up with moderate-to-large effect sizes as shown in Table 
2. Also, a significant improvement in knee MVC on the affected 
limb was found with a high effect size, while no change was found 
in knee MVC in the non-affected limb as shown in Table 2. Two 
participants performed both baseline and follow-up 5 RM testing 
on the affected limb and demonstrated a significant improvement 
from baseline to follow-up was with a small effect size as shown in 
Table 2.

Only five patients volunteered to perform pre and post-testing of the 
knee extensor muscle strength (MVC knee) and only two patients 
were able to perform both baseline and follow-up assessment of the 
5 RM leg press strength without stopping prematurely due to fear 
of pain exacerbation as show in Table 2.

Table 2: Baseline and follow-up outcomes are presented.

Outcome n Pre Post Mean Change  95% CI mean change P

Thigh circumference: Affected limb (cm) 6 45.3 ± 3.9 46.3 ± 5.0 1 [-0.2-2.2] 0.08

Non-affected limb (cm) 5 47.5 ± 4.6 47.5 ± 5.1 0 [-1.0-1.0] 1

Timed Up and Go (sec): 7 11.4 ± 16.4 9.4 ± 13.1 -2 [-5.0-1.0] 0.02

30 seconds sit-to-stand test (repetitions): 7 15 ± 4.0 17 ± 4.0 3 [0.5-5.0] 0.03

Knee extension MVC: Affected limb (N/kg) 5 2.4 ± 0.4 3.9 ± 1.2 1.5 [0.5-3.0] 0.05

Non-affected limb (Nm/kg) 5 3.8 ± 1.0 4.4 ± 0.6 0.6 [-0.4-1.7] 0.2

 5RM leg press:Affected limb (kg) 2 70.5 ± 6.4 88.5 ± 6.4 18 [18-18.0] <0.01

KOOS : Pain 6 66 ± 19 77 ± 20 11 [-1.5-23.9] 0.07

Symptoms 6 62 ± 15 71 ± 13 10 [-0.3-20.0] 0.06

Activities of Daily Living 6 68 ± 28 74 ± 23 6 [-3.7-16.4] 0.2

Sport and Recreation 6 23 ± 20 43 ± 26 19 [1.2-37.2] 0.04

Quality of Life 6 40 ± 13 47 ± 26 7 [-15.0-28.6] 0.1

Note: n/m: newton divided by body mass, strength is expressed as kilo
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DISCUSSION 

The main finding of this study was that LL-BFRE seemed viable in a 
clinical setting in patients suffering from persistent knee symptoms 
due to various orthopedic knee disorders despite engaging in 
several previous rehabilitation efforts. However, 4 of 12 patients 
dropped out, while several patients were unable to perform all 
follow-up assessment. Thus, choosing the appropriate testing 
methods, especially mechanical muscle strength evaluation, may 
require cautious consideration. Only one patient dropped out due 
to protocol-related issues (knee exacerbation after baseline testing), 
while none of the patients dropped out due to exacerbation of knee 
symptoms due to the exercise protocol. Furthermore, the mean 
adherence rate was on average 95.6% for the eight participants 
who completed their intended exercise period, resulting in similar 
adherence to training as previously reported by Ferraz et al. [27] 
and Segal et al. [28] in patients with knee OA engaging in LL-BFRE 
exercise protocols. 

Mechanical muscle function was evaluated as maximal isometric 
contraction strength and dynamic 5 RM leg press-strength. As 
only two subjects were able to perform the 5 RM leg press follow-
assessment, this test may seem contraindicated for patients 
suffering from persistent knee symptoms despite several previous 
rehabilitation efforts. Alternatively, decreasing the load to perform 
a 10 RM test might be more appropriate. That is, Hughes et al. 
[14] tested 10 RM leg press strength in patients who had received 
ACL-R with excellent adherence to both exercise as well as testing 
procedures. Thus, decreasing the load to perform more repetition to 
concentric contraction failure may be recommended to test dynamic 
leg press strength in these particular. Also, only 5 participants 
performed MVC KE at both baseline and follow-up testing, which 
may question if evaluation of isometric knee extension strength 
by hand held dynamometry was appropriate in these patients. 
However, compared to the evaluation of 5 RM leg press strength, 
our results suggested that MVC KE is more relevant to perform in 
these patients. The low adherence to both KVC KE and 5 RM leg 
press strength may reflect the severity of knee pain and symptoms 
in these patients who prior to participating in the present study 
had engaged in several unsuccessful rehabilitation efforts This 
may also be indicated in the KOOS pain and symptoms baseline 
scores which is far below reference values from a population-based 
Swedish cohort ranging from 18-84 years of age [21]. 

A change of +8 points was seen in three subscales (“pain”, 
“symptoms”, and “sport and recreation”), with all reporting a 
large effect size. In addition, the minimal important change is 
considered to be 8-10 points in each KOOS subscale [22], suggesting 
a meaningful change from baseline to follow-up. This is in line with 
Ferraz et al. [11] who demonstrated significant changes in patient-
reported outcomes (WOMAC pain, stiffness and Physical activity) 
after 12 weeks of LL-BFRE. Furthermore, MVC knee extensor 
strength increased for the affected lower-limb with a large effect 
size, while no significant change was seen for the non-affected limb. 
This might suggest that i) LL-BFRE protocol performed to volitional 
failure amplified the strength gains compared to the work-matched 
protocol performed on the non-affected limb or ii) that a work-
matched load between an affected (i.e. detrained) limb and a non-
affected (i.e. healthy) limb is insufficient to increase strength in the 
patients included in this particular cohort study. Also, functional 
performance assessed by 30-sec CST and TUG tests improved 
significantly, with moderate-to-large effect sizes. This is in line 

with both Ferraz et al [27] and Ozaki et al [29] who demonstrated 
improved 30-sec CST-performance in patients suffering from knee 
OA after 12 weeks of (36 sessions) LL-BFRE and a faster TUG 
performance in old adults after 10 weeks of BFR walk training (4/
weekly) [29]. Thus, our results, combined with findings from other 
studies utilizing BFR exercise methods, indicate that functional 
performance can be improved with a minimal mechanical stress on 
the musculoskeletal system. 

Strengths and limitations

This study contained several limitations that requires attention. 
First, the study was largely limited by the heterogeneous group of 
patients, limiting the generalizability of results from the present 
study. However, the purpose of this study was to gain experience 
and knowledge on how to apply LL-BFRE in a hospital setting in 
patients with persistent knee symptoms despite engaging in several 
previous rehabilitation efforts. Thus, the variability in patients 
was considered acceptable as long as patients fulfilled the in- and 
exclusion criteria. 

The lack of a control group as well as the small sample size is 
considerable limitations to the present study. The small sample 
size resulted in insufficient statistical power to detect changes 
while the lack of a control group disabled us to conclude if changes 
directly reflected the efficacy of LL-BFRE. Also, the low number of 
participants willing and/or able to perform all follow-up assessment 
is a major limitation to the present study. Therefore, based on the 
experiences and results of the present study future studies ought 
to be careful when evaluating, in particular, mechanical muscle 
function in similar patient populations. 

Despite being a pilot study, aiming at investigating the feasibility 
of LL-BFRE, we did not predetermine an acceptable adherence 
before starting the pilot project, hence, limiting our interpretation 
of the adherence. However, when comparing the adherence rate 
to other LL-BFRE studies [27,28], it seems that the patients who 
completed the exercise protocol exhibited a high adherence to LL-
BFRE. Furthermore, none of the participants dropped out due to 
exacerbation of symptoms or pain due to the exercise protocol.

Two different protocols were tested resulting in some variations 
in the total amount of work performed by the patients. This 
methodological limitation was applied to gain experience with 
whether patient required to slowly progress the work-load or were 
able to start the exercise period with a higher work-load. Apparently, 
no difference in adherence nor feedback from the patients favored 
protocol 1 from protocol 2. Also, all patients performed the 
exercise to failure, making the endpoint for each protocol identical 
(i.e. maximal motor unit recruitment and fatigue). 

A strength of the present study was that all patients trained with an 
individualized restrictive pressure, hence increasing the safety and 
unifying the exercise stimulus to all participants. 

Assessment of pain exacerbation during training was not included 
in this study. Thus, the amount of knee discomfort during training 
remains unknown. We did, however, not register any dropouts due 
to LL-BFRE-related pain aggravation which suggests that LL-BFRE 
was tolerable for patients involved in this project. At baseline, seven 
patients were able to perform the 5 RM test while only two patients 
performed the test at follow-up. This might reflect a fear of pain 
aggravation and suggest that the patients included in the present 
study may not have been able to perform HRST. 
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Clinical application

The present study demonstrated that a single supervised LL-
BFRE can be applied to patients suffering from persistent knee 
pain despite engaging in several previous rehabilitation efforts. 
Furthermore, the study suggested that researchers and clinicians 
must carefully consider the test methods used as these patients can 
experience difficulties with performing lower limb muscle strength 
testing.

CONCLUSION

This pilot study indicates that supervised LL-BRF is feasible in 
patients with persistent knee symptoms due to various orthopedic 
knee disorders despite engaging in several previous rehabilitation 
efforts. However, a relatively high number of patients did not 
perform all follow-up assessments, suggesting that the assessment 
methods was at least to some degree, inappropriate for this 
particular patient population. Improvements in KOOS subscales, 
muscle strength and functional performance was demonstrated 
with moderate-to-large effect sizes. Due to the low number of 
participants and study limitations the results of the present study 
require confirmation in a homogenous population in a well-
powered future randomized controlled trial.

ACKNOWLEDGMENTS 

The authors would like to acknowledge The Department of 
Occupational and Physical Therapy and Department of Orthopedic 
Surgery at Horsens Regional Hospital for their committed 
involvement in recruiting participants into the study. 

COMPETING INTERESTS

The authors reports no competing interests.

FUNDING

No funding received.

AUTHORS’ CONTRIBUTION

All authors contributes to the initial concept of the study, and SLJ 
recruited and enrolled patients and managed data collection. All 
authors performed the analysis and interpreted the findings. All 
authors contributed to the revision of the manuscript an approved 
the final version.

DECLARATIONS

Ethics approval and consent to participate

Ethical approval was obtained from the Central Denmark Region 
Committee on Biomedical Research Ethics (journal number 
1-10-72-166-18). A written informed consent was obtained before 
enrolment of participants, and the rights of participants were 
protected. 

Consent for publication

All authors consent to the publication of this study into BMC 
Rheumatology. 

Availability of data and materials

The datasets generated and/or analysed during the current study 

are available from the corresponding author on reasonable request.

Declaration of conflicting interests 

The Authors have no conflicts of interest.

Authors' contribution

Concept/idea/research design: all authors.

Trial registration

Danish Data Protection Agency (Journal No 1-16-02-90-18).

Participants

The study was conducted at the Department of Physical and 
Occupational Therapy, and the Department of Orthopedic 
Surgery, Horsens Regional Hospital (HRH), Denmark. 

The study was conducted in accordance with the Declaration of 
Helsinki, and ethical approval was obtained from the Central 
Denmark Region Committee on Biomedical Research Ethics 
(journal number 1-10-72-166-18). Approval from the Danish Data 
Protection Agency (Journal number 1-16-02-90-18) was obtained 
and all patients gave written informed consent prior to inclusion.

REFERENCES

1. Barber-Westin S, Noyes FR. Blood flow–restricted training for lower 
extremity muscle weakness due to knee pathology: a systematic review. 
Sports Health. 2019;11(1):69-83.    

2. Howard EE, Pasiakos SM, Fussell MA, Rodriguez NR. Skeletal muscle 
disuse atrophy and the rehabilitative role of protein in recovery from 
musculoskeletal injury. Adv Nutr. 2020;11(4):989-1001.   

3. Johnston PT, McClelland JA, Feller JA, Webster KE. Knee muscle 
strength after quadriceps tendon autograft anterior cruciate ligament 
reconstruction: systematic review and meta-analysis. Knee Surg Sports 
Traumatol Arthrosc. 2021;29:2918-2933.   

4. Xergia SA, McClelland JA, Kvist J, Vasiliadis HS, Georgoulis AD. The 
influence of graft choice on isokinetic muscle strength 4–24 months 
after anterior cruciate ligament reconstruction. Knee Surg Sports 
Traumatol Arthrosc. 2011;19:768-780.   

5. Suetta C. Plasticity and Function of Human Skeletal Muscle in Relation 
to Disuse and Rehabilitation-Influence of Ageing and Surgery. Dan 
Med J. 2017;64(8):B5377.  

6. Aagaard P, Andersen JL, Dyhre-Poulsen P, Leffers AM, Wagner A, 
Magnusson SP, et al. A mechanism for increased contractile strength 
of human pennate muscle in response to strength training: changes in 
muscle architecture.  J Physiol. 2001;534(2):613-623.   

7. Aagaard P, Simonsen EB, Andersen JL, Magnusson P, Dyhre-Poulsen P. 
Increased rate of force development and neural drive of human skeletal 
muscle following resistance training. J Appl Physiol. 2002;93(4):1318-1326.

8. Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, 
Lee IM, et al. Quantity and quality of exercise for developing and 
maintaining cardiorespiratory, musculoskeletal, and neuromotor 
fitness in apparently healthy adults: guidance for prescribing exercise. 
Med Sci Sports Exerc. 2011;43(7):1334-1359.   

9. Hughes L, Paton B, Rosenblatt B, Gissane C, Patterson SD. Blood 
flow restriction training in clinical musculoskeletal rehabilitation: a 
systematic review and meta-analysis. Br J Sports Med. 2017;51(13):1003-
1011.   

10. Wernbom M, Augustsson J, Raastad T. Ischemic strength training: 
a low-load alternative to heavy resistance exercise?. Scand J Med Sci 
Sports. 2008;18(4):401-416.   

https://journals.sagepub.com/doi/pdf/10.1177/1941738118811337
https://journals.sagepub.com/doi/pdf/10.1177/1941738118811337
https://academic.oup.com/advances/article/11/4/989/5804825
https://academic.oup.com/advances/article/11/4/989/5804825
https://academic.oup.com/advances/article/11/4/989/5804825
https://link.springer.com/article/10.1007/s00167-020-06311-y
https://link.springer.com/article/10.1007/s00167-020-06311-y
https://link.springer.com/article/10.1007/s00167-020-06311-y
https://link.springer.com/article/10.1007/s00167-010-1357-0
https://link.springer.com/article/10.1007/s00167-010-1357-0
https://link.springer.com/article/10.1007/s00167-010-1357-0
https://pubmed.ncbi.nlm.nih.gov/28869034/
https://pubmed.ncbi.nlm.nih.gov/28869034/
https://physoc.onlinelibrary.wiley.com/doi/full/10.1111/j.1469-7793.2001.t01-1-00613.x
https://physoc.onlinelibrary.wiley.com/doi/full/10.1111/j.1469-7793.2001.t01-1-00613.x
https://physoc.onlinelibrary.wiley.com/doi/full/10.1111/j.1469-7793.2001.t01-1-00613.x
https://journals.physiology.org/doi/full/10.1152/japplphysiol.00283.2002
https://journals.physiology.org/doi/full/10.1152/japplphysiol.00283.2002
https://journals.lww.com/acsm-msse/Fulltext/2011/07000/Quantity_and_Quality_of_Exercise_for_Developing.26.aspx
https://journals.lww.com/acsm-msse/Fulltext/2011/07000/Quantity_and_Quality_of_Exercise_for_Developing.26.aspx
https://journals.lww.com/acsm-msse/Fulltext/2011/07000/Quantity_and_Quality_of_Exercise_for_Developing.26.aspx
https://bjsm.bmj.com/content/51/13/1003
https://bjsm.bmj.com/content/51/13/1003
https://bjsm.bmj.com/content/51/13/1003
https://onlinelibrary.wiley.com/doi/10.1111/j.1600-0838.2008.00788.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1600-0838.2008.00788.x


8

Jorgensen SL, et al. OPEN ACCESS Freely available online

 Rheumatology (Sunnyvale), Vol. 13 Iss. 4 No: 1000352

11. Grønfeldt BM, Lindberg Nielsen J, Mieritz RM, Lund H, Aagaard P. 
Effect of blood-flow restricted vs heavy-load strength training on muscle 
strength: systematic review and meta-analysis. Scand J Med Sci Sports. 
2020;30(5):837-848.   

12. Rossi FE, De Freitas MC, Zanchi NE, Lira FS, Cholewa JM. The role 
of inflammation and immune cells in blood flow restriction training 
adaptation: a review. Front Physiol. 2018;9:1376.   

13. Jessee MB, Mattocks KT, Buckner SL, Dankel SJ, Mouser JG, Abe T, 
et al. Mechanisms of blood flow restriction: the new testament. Tech 
Orthop. 2018;33(2):72-79.   

14. Hughes L, Rosenblatt B, Haddad F, Gissane C, McCarthy D, Clarke 
T, et al. Comparing the effectiveness of blood flow restriction 
and traditional heavy load resistance training in the post-surgery 
rehabilitation of anterior cruciate ligament reconstruction patients: 
A UK national health service randomised controlled trial. Sports 
Medicine. 2019;49:1787-1805.   

15. Hughes L, Patterson SD. Low intensity blood flow restriction exercise: 
Rationale for a hypoalgesia effect. Med Hypotheses. 2019;132:109370.   

16. Høgsholt M, Jørgensen SL, Rolving N, Mechlenburg I, Reimer LC, 
Bohn MB. Exercise with low-loads and concurrent partial blood flow 
restriction combined with patient education in females suffering from 
gluteal tendinopathy: A feasibility study. Front Sports Act Living. 
2022;4:881054.   

17. Jørgensen SL, Bohn MB, Aagaard P, Mechlenburg I. Efficacy of 
low-load blood flow restricted resistance EXercise in patients with 
Knee osteoarthritis scheduled for total knee replacement (EXKnee): 
protocol for a multicentre randomised controlled trial. BMJ Open. 
2020;10(10):e034376.   

18. Mortensen L, Mechlenburg I, Jørgensen SL. Low-Load Blood-Flow-
Restricted Exercise to Prevent Muscle Atrophy and Decline in 
Functional Performance in a Patient Recovering From a Malleolus 
Fracture. A Case Report. Clin J Sport Med. 2023;33(1):97-100.   

19. Petersson N, Jørgensen SL, Kjeldsen T, Mechlenburg I, Aagaard P. 
Blood Flow Restricted Walking in Elderly Individuals with Knee 
Osteoarthritis: A Feasibility Study. J Rehabil Med. 2022;54.   

20. Lyman S, Lee YY, McLawhorn AS, Islam W, MacLean CH. What are 
the minimal and substantial improvements in the HOOS and KOOS 
and JR versions after total joint replacement?. Clin Orthop Relat Res. 
2018;476(12):2432-2441.   

21. Paradowski PT, Bergman S, Sundén-Lundius A, Lohmander LS, Roos 
EM. Knee complaints vary with age and gender in the adult population. 
Population-based reference data for the Knee injury and Osteoarthritis 
Outcome Score (KOOS). BMC Musculoskelet Disord. 2006;7:38.   

22. Roos EM, Lohmander LS. The Knee injury and Osteoarthritis 
Outcome Score (KOOS): from joint injury to osteoarthritis. Health 
Qual Life Outcomes. 2003;1:64.   

23. Jakobsen TL, Christensen M, Christensen SS, Olsen M, Bandholm 
T. Reliability of knee joint range of motion and circumference 
measurements after total knee arthroplasty: does tester experience 
matter?. Physiother Res Int. 2010;15(3):126-134.   

24. Wright AA, Cook CE, Baxter GD, Dockerty JD, Abbott JH. A 
comparison of 3 methodological approaches to defining major clinically 
important improvement of 4 performance measures in patients with 
hip osteoarthritis. J Orthop Sports Phys Ther. 2011;41(5):319-327.   

25. Koblbauer IF, Lambrecht Y, van Der Hulst ML, Neeter C, Engelbert 
RH, Poolman RW, et al. Reliability of maximal isometric knee strength 
testing with modified hand-held dynamometry in patients awaiting total 
knee arthroplasty: useful in research and individual patient settings? A 
reliability study. BMC Musculoskelet Disord. 2011;12:1-9.   

26. Kraemer WJ, Patton JF, Gordon SE, Harman EA, Deschenes MR, 
Reynolds KA, et al. Compatibility of high-intensity strength and 
endurance training on hormonal and skeletal muscle adaptations. J 
Appl Physiol. 1995;78(3):976-989.   

27. Ferraz RB, Gualano B, Rodrigues R, Kurimori CO, Fuller R, Lima FR, 
et al. Benefits of resistance training with blood flow restriction in knee 
osteoarthritis. Med Sci Sports Exerc. 2018;50(5):897-905.   

28. Segal NA, Williams GN, Davis MC, Wallace RB, Mikesky AE. Efficacy 
of blood flow–restricted, low-load resistance training in women with risk 
factors for symptomatic knee osteoarthritis. PM R. 2015;7(4):376-384.   

29. Ozaki H, Sakamaki M, Yasuda T, Fujita S, Ogasawara R, Sugaya M, et 
al. Increases in thigh muscle volume and strength by walk training with 
leg blood flow reduction in older participants. J Gerontol A Biol Sci 
Med Sci. 2011;66(3):257-263.

https://onlinelibrary.wiley.com/doi/10.1111/sms.13632
https://onlinelibrary.wiley.com/doi/10.1111/sms.13632
https://www.frontiersin.org/articles/10.3389/fphys.2018.01376/full
https://www.frontiersin.org/articles/10.3389/fphys.2018.01376/full
https://www.frontiersin.org/articles/10.3389/fphys.2018.01376/full
https://www.ingentaconnect.com/content/wk/bto/2018/00000033/00000002/art00003
https://link.springer.com/article/10.1007/s40279-019-01137-2
https://link.springer.com/article/10.1007/s40279-019-01137-2
https://link.springer.com/article/10.1007/s40279-019-01137-2
https://link.springer.com/article/10.1007/s40279-019-01137-2
https://www.sciencedirect.com/science/article/abs/pii/S0306987719307364?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0306987719307364?via%3Dihub
https://www.frontiersin.org/articles/10.3389/fspor.2022.881054/full
https://www.frontiersin.org/articles/10.3389/fspor.2022.881054/full
https://www.frontiersin.org/articles/10.3389/fspor.2022.881054/full
https://bmjopen.bmj.com/content/10/10/e034376
https://bmjopen.bmj.com/content/10/10/e034376
https://bmjopen.bmj.com/content/10/10/e034376
https://bmjopen.bmj.com/content/10/10/e034376
https://journals.lww.com/cjsportsmed/Abstract/2023/01000/Low_Load_Blood_Flow_Restricted_Exercise_to_Prevent.13.aspx
https://journals.lww.com/cjsportsmed/Abstract/2023/01000/Low_Load_Blood_Flow_Restricted_Exercise_to_Prevent.13.aspx
https://journals.lww.com/cjsportsmed/Abstract/2023/01000/Low_Load_Blood_Flow_Restricted_Exercise_to_Prevent.13.aspx
https://journals.lww.com/cjsportsmed/Abstract/2023/01000/Low_Load_Blood_Flow_Restricted_Exercise_to_Prevent.13.aspx
https://medicaljournalssweden.se/jrm/article/view/2163
https://medicaljournalssweden.se/jrm/article/view/2163
https://medicaljournalssweden.se/jrm/article/view/2163
https://journals.lww.com/clinorthop/Fulltext/2018/12000/What_Are_the_Minimal_and_Substantial_Improvements.24.aspx
https://journals.lww.com/clinorthop/Fulltext/2018/12000/What_Are_the_Minimal_and_Substantial_Improvements.24.aspx
https://journals.lww.com/clinorthop/Fulltext/2018/12000/What_Are_the_Minimal_and_Substantial_Improvements.24.aspx
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/1471-2474-7-38
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/1471-2474-7-38
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/1471-2474-7-38
https://hqlo.biomedcentral.com/articles/10.1186/1477-7525-1-64
https://hqlo.biomedcentral.com/articles/10.1186/1477-7525-1-64
https://onlinelibrary.wiley.com/doi/abs/10.1002/pri.450
https://onlinelibrary.wiley.com/doi/abs/10.1002/pri.450
https://onlinelibrary.wiley.com/doi/abs/10.1002/pri.450
https://www.jospt.org/doi/full/10.2519/jospt.2011.3515
https://www.jospt.org/doi/full/10.2519/jospt.2011.3515
https://www.jospt.org/doi/full/10.2519/jospt.2011.3515
https://www.jospt.org/doi/full/10.2519/jospt.2011.3515
https://link.springer.com/article/10.1186/1471-2474-12-249
https://link.springer.com/article/10.1186/1471-2474-12-249
https://link.springer.com/article/10.1186/1471-2474-12-249
https://link.springer.com/article/10.1186/1471-2474-12-249
https://journals.physiology.org/doi/abs/10.1152/jappl.1995.78.3.976
https://journals.physiology.org/doi/abs/10.1152/jappl.1995.78.3.976
https://journals.lww.com/acsm-msse/Fulltext/2018/05000/Benefits_of_Resistance_Training_with_Blood_Flow.3.aspx
https://journals.lww.com/acsm-msse/Fulltext/2018/05000/Benefits_of_Resistance_Training_with_Blood_Flow.3.aspx
https://onlinelibrary.wiley.com/doi/abs/10.1016/j.pmrj.2014.09.014
https://onlinelibrary.wiley.com/doi/abs/10.1016/j.pmrj.2014.09.014
https://onlinelibrary.wiley.com/doi/abs/10.1016/j.pmrj.2014.09.014
https://academic.oup.com/biomedgerontology/article/66A/3/257/599635?login=false
https://academic.oup.com/biomedgerontology/article/66A/3/257/599635?login=false

