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Abstract
Background 
and Study Aim

The low-intensity resistance training with blood flow restriction became a popular area of research 
due to its ability to promote key physiological adaptations. Nevertheless, the standard pneumatic 
blood flow restriction equipment was expensive and limiting its accessibility. The elastic wrap 
was proposed to be the effective alternative to standard pneumatic cuffs. However, the estimate 
occlusion pressure accuracy was questionable. Therefore, this study aimed to investigate the 
retention of arterial occlusion pressure perception used for practical blood flow restriction training 
in untrained individuals after 6 weeks following acclimation.

Material and 
Methods

Eighteen untrained participants (mean age: 21.1 years; height: 174.1 cm; body mass: 68.8 kg) 
were recruited. Each participant underwent assessment to determine their individual 100% 
arterial occlusion pressure (100%AOP) for the right leg and arm. Following this familiarization, 
they acclimated to a 40%AOP. After six weeks, participants returned for a reassessment of their 
perception of 40%AOP. Paired-samples t-tests were employed to analyze the differences between 
perceived and actual 40%AOP.

Results Statistically significant differences were observed between perceived and actual 40%AOP for both 
the right leg (p = 0.000) and the right arm (p = 0.01). The 95% confidence intervals for estimated 
pressure error were 11.6 – 26.5 mm Hg for the right leg and 2.5 – 16.4 mm Hg for the right arm.

Conclusions This study revealed significant differences between perceived and actual 40%AOP in both the 
right leg and arm after six weeks following acclimation. However, the perceived 40%AOP remained 
within the effective range for promoting muscle hypertrophy. 
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Introduction
Recently, low-intensity resistance training has 

become a popular area of research due to its ability 
to promote key physiological adaptations, such as 
increases in muscle size and strength [1]. To further 
enhance the benefits of low-intensity resistance 
training, the blood flow restriction (BFR) technique 
has been introduced as a supplementary method 
[2]. This technique involves the use of adjustable 
pneumatic cuffs applied to the proximal region 
of the upper or lower limbs, restricting blood flow 
during exercise [3]. The literature demonstrates 
that when combined with low-intensity resistance 
training, BFR can amplify hypertrophic adaptations 
to a greater extent [4].

Mechanistically, BFR operates by partially 
limiting venous return while reducing arterial inflow, 
thereby inducing a hypoxic environment within 
the muscle [5]. This localized hypoxia increases 
metabolic stress, which triggers several physiological 
adaptations, including heightened recruitment of 
fast-twitch muscle fibers [6], enhanced production 
of growth factors such as insulin-like growth 
factor-1 [7], and increased muscle protein synthesis   1
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[8]. Moreover, the accumulation of metabolites, 
such as lactate, may further activate anabolic 
signaling pathways [9]. Consequently, BFR allows 
for significant muscle adaptations even when low 
external loads are used, as opposed to traditional 
high-load resistance training.

In most cases, Pneumatic cuff systems are 
commonly used to apply pressure for restricting 
blood flow to muscles [10]. To individualize this 
pressure, arterial occlusion pressure (AOP) is 
typically measured using devices such as handheld 
Dopplers [11] or pulse oximeters [12]. Once an 
individual’s AOP is determined, a specific percentage 
- such as 40% - is applied for training. Studies have 
explored various percentages of AOP, such as 40%, 
50%, or 80% [11, 13, 14]. However, the primary 
limitation of this method is the high cost and 
limited accessibility of standard pneumatic blood 
flow restriction equipment, making its application 
in real-world training settings more challenging.

To make BFR training more accessible and 
reduce the costs associated with equipment, non-
pneumatic option such as elastic wrap [11] was used 
and developed as practical blood flow restriction 
(pBFR) methods [15]. Research has shown that 
pBFR is effective in enhancing muscle growth and 
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strength in both general populations and athletes. 
For example, a previous study found notable 
improvements in sprint performance and muscle 
thickness in active individuals after six weeks of 
sprinting training with pBFR [16] while the other 
study reported increased strength and muscle size 
in football players following a four-week low-load 
resistance training program using pBFR [17].

A significant challenge with pBFR is the 
standardization of its protocols. The use of elastic 
wrap makes it difficult to accurately measure the 
applied pressure, which is a major limitation of this 
method. Previous studies have sought to address 
this issue. For instance, Wilson and team introduced 
the perceived pain pressure method, where 
individuals wrap the elastic wrap until they reach 
a pain level of 7 out of 10 [15]. More recently, Bell 
and colleague proposed a method for standardizing 
pBFR by training individuals to sense the degree 
of occlusion [18]. This technique involves applying 
certain pressure such as 40% AOP and releasing 
pressure in a controlled manner for many intervals 
of 12 seconds on and 22 seconds off. Results showed 
that participants could effectively recall the sense of 
occlusion with an accuracy of less than 5 mmHg 24 
hours later [18]. However, the retention of this sense 
over longer periods, such as weeks, has not yet been 
studied. Therefore, this study aims to investigate the 
retention of arterial occlusion pressure perception 
in untrained individuals after 6 weeks following 
acclimation.

Materials and Methods
Participants 
This study represents the first phase of an 

investigation into the effects of resistance training 
on muscle hypertrophy. Sample size was justified by 
using G*Power version 3.1.9.7 software, based on 
input parameters from a previous study [19]. The 
parameters included an effect size of 0.75, α = 0.05, 
and power = 0.80. The total number of participants 
in the study was 20. All participants met the 
following inclusion criteria: age under 22 years, no 
prior resistance training experience, no functional 
limitations affecting training, and no history of 
using pharmacological substances, ergogenic aids, 
performance-enhancing supplements, or anabolic 
steroids that could influence blood pressure.

Research Design
This study used a within-subject repeated-

measures design to evaluate differences between the 
actual 40% arterial occlusion pressure (AOP) and the 
retention of perceived 40%AOP in the right leg and 
right arm at two time points: week 1 and after week 
6. At baseline in week 1, participants were measured 
for both 100%AOP and 40%AOP in the right leg 
and right arm to allow them to acclimate to the 
40%AOP. A re-test of their retention of perception 

of 40%AOP was conducted after 6 weeks. The study 
was conducted in accordance with the Declaration 
of Helsinki, with written informed consent obtained 
from all participants. The Institutional Review 
Board of the Burapha University Ethics Committee 
approved the study (Code: G-HS046/2566(C1)).

Arterial occlusion pressure measurement
To measure arterial occlusion pressure (AOP) 

for each participant, we used a pneumatic cuff 
(H+CUFF, USA) applied to the upper right leg or 
right arm in a random order. The cuff pressure was 
gradually increased by approximately 10 mmHg 
increments until blood flow could no longer be 
detected using a vascular Doppler (EDAN SD3, 
USA), indicating complete occlusion (100%AOP) 
(Figure 1) [1]. Once 100%AOP was established, 
we followed a previous protocol by reducing the 
pressure to 40%AOP without informing participants 
of the exact value. Participants then underwent 
an acclimation process, with alternating pressure 
cycles: 12 seconds with pressure on and 22 seconds 
with pressure off, all at their individual 40%AOP 
[18]. This cycle was repeated 15-20 times until 
participants became accustomed to the 40%AOP. Six 
weeks after, participants returned to the laboratory 
for follow-up measurements. The pneumatic cuff 
was re-applied to the same areas (upper right leg or 
right arm, in random order). This time, the pressure 
was increased by about 10 mmHg every 2 seconds, 
and participants were instructed to inform the 
researcher when they perceived the tightness to 
match their previous 40%AOP.

Statistical Analysis
For the statistical analysis, descriptive statistics 

were used to calculate the mean, standard deviation 
(SD), minimum and maximum for participants’ 
baseline characteristics, and 100%AOP of right 
leg and right arm. Paired-samples t-tests were 
conducted to compare participants’ perceived 
40%AOP with their actual 40%AOP for both the right 
leg and right arm. All analyses were performed using 
IBM SPSS Statistics software version 20. Statistical 
significance was set at p < 0.05.

Results
Out of a total of 20 participants, 2 participants 

withdrew. The final analysis included 18 participants 
(Table 1).

The average 100%AOP for the right leg was 254 
± 32.7 mm Hg, while for the right arm it was 143.8 ± 
17.9 mm Hg. From 100%AOP, the average 40%AOP 
for the right leg was 101.5 ± 13.1 mm Hg, and for the 
right arm, it was 57.5 ± 7.2 mm Hg. 

After 6 weeks following acclimation, participants 
reported a perception of 40%AOP at 120.6 ± 14.3 
mm Hg for the right leg, significantly different from 
actual 40%AOP (CI95% = 11.6–26.5 mm Hg, p = 
0.000). Similarly, participants reported a perception 
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of 40%AOP at 66.9 ± 12 mm Hg for the right arm, 
significantly different from actual 40%AOP (CI95% 
= 2.5–16.4 mm Hg, p = 0.01) (Figure 2).

Discussion
To the best of our knowledge, this was the first 

study to investigate the perception of arterial 
occlusion pressure after a 6-week period. Our 
findings indicated that, following an extended 
time after the familiarization session, participants’ 
perception of arterial occlusion pressure changed 
significantly. Our finding did not support the use 
of practical blood flow restriction with elastic 
wraps that standardizing protocol by familiarizing 
practitioners to percentage of arterial occlusion 
pressure only in the first session [18].

A previous study reported that following a brief 
familiarization period of 5 minutes, the error in 
estimating AOP was just minimal, with participants 
achieving a target pressure close to the desired value 
(57 vs. 53 mm Hg). Even after 24 hours, the error 
remained small (57 vs. 54 mm Hg) [18]. Similarly, a 
recent study by Song and team demonstrated that 
individuals could learn to sense target pressures, 
although this ability diminishes over time [20]. 
Their study explored participants’ perception of 
40% AOP and found that after familiarization, the 
participants reported pressure estimations which 
were just slightly higher than target pressure, 
with deviations of 7.9 mm Hg at 5 minutes and 2.9 
mm Hg at 30 minutes [20]. Our current findings 
extended the current literature by showing the 

Figure 1. A pneumatic cuff (Left) and a vascular Doppler (Right)

Table 1. Baseline characteristics of participants

Measurement Mean (n =18) SD Minimum Maximum

Age (years) 21.1 0.5 20 22

Height (cm) 174.1 5.3 165 180

Body mass (kg) 68.8 11.3 56 94

100%AOP leg (mm Hg) 254 32.7 180 300

100%AOP arm (mm Hg) 143.8 17.9 120 180
Note: SD - Standard deviation; AOP -Arterial occlusion pressure.

Figure 2. The average AOP for the right leg (Left) and the right arm (Right) at 100%AOP, actual 40%AOP, 
and perceived 40%AOP, with individual analyses: AOP - Arterial occlusion pressure; * indicates significant 
different from Actual 40%AOP.
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ability to accurately perceive AOP diminished more 
substantially over longer periods, such as after 
6 weeks, which contrasted with previous studies 
indicating minimal error following short-term 
familiarization.

From a practical standpoint, the utilization of 
BFR to enhance low-intensity resistance training for 
inducing muscle hypertrophy had been suggested 
to be effective within an AOP range of 40-80% [2]. 
Although our study showed that participants were 
unable to accurately recall the exact perception of 
40%AOP after 6 weeks, their perceived occlusion 
pressures were still approximately 48% for the right 
leg and 47% for the right arm. These values remained 
within the effective range for BFR, making it a viable 
approach for promoting hypertrophy. Furthermore, 
we proposed that regularly training the perception 
of occlusion pressure, such as by using an elastic 
wrap each week, might enhance the retention of the 
feeling of AOP after learning the actual 40%AOP 
from a pneumatic cuff [11].

Moreover, comparing to other practical 
applications of blood flow restriction, such as the 
widely-used method of perceived tightness of 7 out 
of 10 [15], the familiarization approach offered some 
greater precision and consistency. The subjective 
nature of the 7/10 method introduced variability, as 
individuals’ perceptions of tightness could fluctuate 
based on factors like discomfort tolerance and prior 
experience. In contrast, this method, which was 
based on familiarization with a specific percentage of 

pressure, provides a more objective and measurable 
way to ensure that the occlusion pressure remained 
within the effective range for training. This reduced 
the risk of under- or overestimating the pressure, 
which can impact training efficacy and safety.

This study was not without limitations. The main 
limitation was the relatively short investigation 
period and the small number of participants, 
which could have been considered insufficient 
for standardizing the protocol. Therefore, we 
encouraged future studies to investigate the 
retention of perception over longer periods, such as 
8–12 weeks, with a larger sample size.

Conclusions
In conclusion, this study was the first to 

investigate the retention of perception of arterial 
occlusion pressure over a 6-week period, revealing 
significant difference between perceived and 
actual 40%AOP for both the right leg and arm. 
Despite these differences, the perceived pressures 
remained within the effective range for inducing 
muscle hypertrophy. For practical application, we 
recommend tightening the elastic wrap slightly 
beyond perceived 40%AOP to maintain effective 
training pressures for hypertrophy.
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