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Abstract Blood flow restriction (BFR) therapy, in which arte-
rial blood flow into a subject’s limb is restricted by a pressur-
ized tourniquet cuff during prescribed therapy, has been shown 
to induce significant improvements in muscle strength, hyper-
trophy and endurance. However, differences in equipment and 
methodology have led to inconsistent restrictions of blood flow 
(‘inconsistent BFR pressure stimuli’).  This prevents meaning-
ful comparisons of results and identification of optimal therapy 
protocols and outcomes. We conducted a pilot study to evaluate 
the ability of five common BFR systems to accurately maintain 
and autoregulate the actual BFR cuff pressure near target BFR 
pressure throughout prescribed exercise periods. For effective-
ness and safety, accurate autoregulation for BFR was defined to 
be the same as for surgical tourniquet systems:  automatic and 
rapid self-regulation of cuff pressure to within ±15 mmHg of the 
target pressure, within one second in the presence of transient 
pressure changes associated with exercise. Fifteen subjects (8 
male; 7 female) completed a standard 30/15/15/15 BFR protocol 
at 2-second eccentric and 2-second concentric cadence on a hor-
izontal leg press for each BFR system. Target pressures fol-
lowed manufacturers’ recommendations and actual BFR cuff 
pressures were recorded at 100 samples per second for the du-
ration of BFR exercise periods.  The percentage of time BFR 
systems provided accurate surgical-grade autoregulation of 
BFR cuff pressure were: 36.6% ± 41.9% (B Strong), 100% ± 
0.0% (Delfi), 45.2% ± 33.6% (Saga), 35.3% ± 34.6% (Smart 
Tools), and 62.1% ± 26.7% (Suji). At the end of prescribed ex-
ercise periods, actual BFR cuff pressures in 3/5 systems differed 
from target pressures among subjects by more than 15 mmHg 
and 4/5 systems demonstrated standard deviations of more than 
15 mmHg.  In view of the pilot results, it is recommended that 
BFR systems having accurate surgical-grade autoregulation be 
used to achieve consistent, safe and effective BFR therapy. 
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I. INTRODUCTION  

Blood flow restriction (BFR) therapy, in which arterial 
blood flow into a subject’s limb is restricted to a target level 
by a pressurized tourniquet cuff during prescribed periods of 
limb exercise, has been shown to induce significant improve-
ments in muscle strength, hypertrophy and endurance [1, 2]. 

However, differences in equipment and methodology have 
led to inconsistent restrictions of blood flow (‘inconsistent 
BFR pressure stimuli’) [3, 4]. This prevents meaningful com-
parisons of results and identification of optimal therapy pro-
tocols and outcomes [3, 4]. 

We conducted a pilot study to evaluate the ability of five 
common BFR systems to accurately maintain and autoregu-
late the actual BFR pressure measured in the cuff near target 
BFR pressure stimulus levels throughout prescribed exercise 
periods. For effectiveness and safety, accurate autoregulation 
for BFR was defined to be the same as for surgical tourniquet 
systems:  automatic and rapid self-regulation of cuff pressure 
to within ±15 mmHg of the target pressure, within a one sec-
ond in the presence of transient pressure changes associated 
with exercise. For reference, the design, function, accuracy, 
safety and reliability of modern surgical tourniquet systems, 
including both tourniquet cuffs and instruments, are de-
scribed elsewhere [5-13]. Also, for reference, aspects of the 
effectiveness and safety of non-autoregulated and autoregu-
lated BFR systems are described elsewhere [14-18] 

II. METHOD 

A. Participants 

Fifteen subjects (8 male; 7 female) were recruited for the 
study which was conducted at the Medical Device Develop-
ment Centre (MDDC) in Vancouver, BC. Subjects were 
asked whether they meet any standard contraindications to 
tourniquet use and were excluded if they had answered yes 
to one or more of the contraindications. All procedures per-
formed in the study involving human participants were in ac-
cordance with the 1964 Helsinki Declaration and its later 
amendments or comparable ethical standards. 
 
B. BFR Systems 

Five common BFR systems were evaluated in the study: 
(1) B Strong Training System (B Strong, Utah, USA), (2) 
Delfi PTS for BFR (Delfi Medical Innovations, Vancouver, 
Canada), (3) The BFR Cuffs (Saga Fitness, Newstead, 
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Australia), (4) SmartCuffs (Smart Tools, Ohio, USA) and (5) 
Suji (Suji, Scotland, UK). The systems were modified to al-
low for an external pressure sensor to record actual pressures 
in the cuffs at 100 samples per second. 

Target pressure for each BFR system was determined fol-
lowing manufacturer’s instructions, see Table 1. If the BFR 
system had the capability to measure the subject’s limb oc-
clusion pressure (LOP), the target pressure was set to 80% of 
the LOP, which is commonly recommended for lower limb 
BFR exercises. LOP is the minimum pressure required, at a 
specific time in a specific tourniquet cuff applied to a specific 
patient’s limb at a specific location, to stop the flow of arte-
rial blood into the limb distal to the cuff. 

Table 1 Target Pressures 

BFR System Target Pressure 
B Strong Standard pressure based on cuff size used, per 

instructions for use 
Delfi 80% of  LOP as measured by the system 
Saga 80% of LOP as calibrated by the system  
Smart Tools 80% of LOP as calibrated by the system 
Suji 80% of LOP as calibrated by the system 

 
C. BFR Exercise 

A horizontal single-leg leg press exercise was chosen for 
the study as it is a common rehabilitation exercise for BFR 
therapy. Exercise was performed on a leg press machine set 
up with the platform parallel to the ground with three re-
sistance bands attached (Weider Ultimate Body Work Exer-
cise Machine WEBE15911). A standard 30/15/15/15 BFR 
exercise protocol was followed (75 repetitions over 4 sets, 
separated by 30-second rest periods). Subjects followed an 
audio cue to maintain a 2-second eccentric and 2-second con-
centric cadence for each repetition.  
 
D. Experimental Procedure 

Each subject was asked to lie on the horizontal leg press 
machine. Adjustments were made such that the subject’s 
lower leg was parallel to the ground and knee was bent at 90 
degrees during the starting position of the leg press exercise. 
For familiarization, each subject was instructed to perform a 
few repetitions following the audio cue to maintain a 2-sec-
ond eccentric and 2-second concentric cadence for each rep-
etition.  

After familiarization, the first BFR system was applied to 
the subject’s lower limb while in a supine position. Random-
ization of BFR system order and starting limb was completed 
using a computerized random number generator to create a 
numbered list of random allocation sequences. Participants 

were assigned in consecutive order to the randomized se-
quences on the list The target pressure was determined ac-
cording to manufacturer’s instructions and the cuff was in-
flated to the target pressure in the supine position. Each 
subject then entered the starting position of the leg press ex-
ercise. Cuff pressure recording was initiated until the subject 
completed the 30/15/15/15 BFR exercise time period. After 
the completion of the BFR exercise time period, the BFR sys-
tem was removed, and the procedures repeated for the re-
maining 4 BFR systems, alternating limbs.  

 
E. Data Analysis 

To determine the BFR system’s ability to deliver con-
sistent BFR pressure stimuli, two metrics were evaluated. 
  

1.) Percentage of total BFR time during which accurate 
surgical-grade autoregulation is provided. This is 
calculated by subtracting the number of cuff pres-
sure samples during which the measured cuff pres-
sure deviates by more than ± 15 mmHg from the tar-
get pressure for 1 or more seconds continuously 
from the total number of cuff pressure samples: 

 

% =  
Samplestotal − Samples outside 15 mmHg

Samplestotal
 (1) 

 
2.) Pressure change in the BFR cuff, by comparison of 

the target pressure to the measured pressure at the 
end of the BFR exercise period: 

 
Pchange = Pend −  Ptarget (2) 

III. RESULTS 

The mean percentage of the total BFR time period during 
which each BFR system provided accurate surgical-grade 
BFR pressure autoregulation is summarized in Fig. 1 and Ta-
ble 2.  The standard deviation for each system is also sum-
marized in Figure 1 and Table 2. 

Pressure change is defined as the measured cuff pressure 
at the end of the exercise minus the target pressure. As such, 
a negative difference indicates the cuff pressure dropped 
from the target pressure at the end of the BFR exercise. The 
mean pressure change, and the standard deviation (SD) for 
each BFR system is presented in Table 3.  
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Fig. 1 Percentage of total BFR time period during which each system 
provides accurate BFR cuff pressure autoregulation meeting surgical-

grade standard.  

Table 2 Mean percent of total BFR exercise time period during which 
each system provides accurate autoregulation of BFR cuff pressure, 
including standard deviation as a percent of total BFR time period. 

BFR System % Total BFR Time 
Standard Deviation 
(%) 

B Strong 36.6 41.9 
Delfi 100.0 0.0 
Saga 45.2 33.6 
Smart Tools 35.3 34.6 
Suji 62.1 26.7 

Table 3 Mean change in actual BFR cuff pressure from target pressure at 
the end of the BFR exercise period. 

BFR  
System 

Change from Target Standard Deviation 

mmHg % mmHg % 

B Strong -32 -11% 22 7% 

Delfi 2 2% 4 3% 

Saga -25 -13% 23 13% 

Smart Tools -19 -12% 18 12% 

Suji -7 -5% 21 15% 

IV. DISCUSSION 

Differences in BFR equipment and study methodology 
have led to inconsistent restrictions of blood flow [3, 4].  This 
prevents meaningful comparisons of results and identifica-
tion of optimal therapy protocols and outcomes [3, 4]. In this 
pilot study, for BFR therapy we have defined accurate surgi-
cal-grade tourniquet autoregulation to be equivalent to surgi-
cal tourniquet systems: automatic and rapid self-regulation of 
actual BFR cuff pressure to within ±15 mmHg of the target 
pressure during 1-second periods in the presence of transient 
pressure changes in BFR tourniquet cuffs. 

The results shown in Fig.1 and Table 2 show that 4/5 BFR 
systems evaluated do not provide accurate surgical-grade 
cuff pressure autoregulation necessary to achieve consistent, 
safe, and effective BFR therapy. Additionally, results for the 
same 4/5 systems demonstrate large standard deviations, in-
dicating wide fluctuations of actual BFR cuff pressures from 
target pressures during exercise periods. At the end of BFR 
exercise periods, actual BFR cuff pressures in 3/5 systems 
differed from target pressures by more than 15 mmHg. 

Standard deviation is a key metric when assessing the 
safety and efficacy of a BFR system as it indicates whether a 
consistent and reliable BFR pressure stimulus can be pro-
vided across a range of subjects and exercise sessions. 

It was noted during the pilot study that only 2/5 BFR sys-
tems displayed actual BFR cuff pressures. The ability of a 
BFR system to indicate to the user actual applied pressures, 
as opposed to only intended target pressures, may be critical 
in identifying when an incorrect or unsafe BFR pressure 
stimulus is applied. In addition, clinicians and therapists who 
are required to document treatments should be documenting 
accurate values of applied BFR pressure stimuli.  

This pilot study presents a repeatable method for evaluat-
ing BFR systems on their ability to deliver a consistent BFR 
pressure stimulus throughout the entire BFR exercise period. 
However, there are some limitations to this study. While the 
leg press exercise is one of the most commonly utilized exer-
cises for BFR rehabilitation, other exercises should also be 
evaluated, such as ones for rehabilitating upper limbs. We 
utilized 3 resistance bands for all subjects because of time 
constraints but it would be beneficial to repeat the study with 
each subject exercising at a load relative to their 1 repetition-
maximum. Finally, as with any study of this nature, the num-
ber of subjects should be increased to improve confidence in 
the results.  

V. CONCLUSIONS AND RECOMMENDATIIONS 

The results of this pilot study indicate that, without accu-
rate surgical grade autoregulation, target pressures did not 
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accurately indicate the BFR pressure stimuli delivered to sub-
jects during exercise periods. Additionally, standard devia-
tions showed wide variations in pressure during BFR time 
periods. 

At a minimum, it is recommended that the actual BFR 
pressure stimuli used for therapy and in future studies be ac-
curately measured and documented. 

It is further recommended that in future BFR systems hav-
ing accurate surgical-grade autoregulation be used to provide 
consistent, safe, and effective BFR therapy. This will allow 
meaningful comparisons of results, which will help to iden-
tify optimal therapy protocols and outcomes.    
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