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Abstract: We measured the arterial occlusion pressure (AOP) in the dominant (DOM) and non-
dominant (NDOM) legs of males (n = 20) and females (n = 20), 19–26 years of age, using a continuous
(CONT) and incremental (INCR) cuff inflation protocol. ANOVA revealed no significant differences
in AOP within (<1 mmHg; p > 0.493) or between (<6 mmHg; p > 0.418) the DOM and NDOM
legs in males or females with either CONT or INCR. There were no significant sex differences in
AOP in the DOM or NDOM legs when using CONT (<3 mmHg; p > 0.838) or INCR (<3 mmHg;
p > 0.856). Measures of AOP are highly reliable, as evidenced by correlation coefficients >0.96 and
small mean differences (<1.5 mmHg) between repeated measures. The choice of which cuff inflation
protocol to use is one of personal preference. The AOP is not always greater in the dominant or
larger leg. Although mean differences in AOP between the two legs was small, actual differences of
over 100 mmHg could lead to unsafe and ineffective cuff inflation pressures during BFR if AOP is
measured in only one leg. Further investigation of factors that explain difference in AOP between
legs and between males and females is warranted. To ensure safe and effective use of BFR during
exercise, AOP of both limbs should be measured regularly.

Keywords: blood flow restriction; blood flow restriction exercise; resistance training

1. Introduction

The use of blood flow restriction (BFR) of the limbs during low-load resistance train-
ing [1–5] is beneficial during musculoskeletal rehabilitation following an injury or surgery
when the use of the traditionally recommended higher training loads are not feasible [4,6–9].
The results of using BFR during resistance training has also increased its use among ath-
letes [10–12] and the fitness industry. The use of BFR during resistance training partially
restricts arterial blood flow into the muscle and occludes venous blood flow [13–16]. Al-
though the restriction of arterial blood flow can be accomplished with the use of elastic
wraps [17–19], the use of an inflatable cuff allows for better control of blood flow restriction.
The use of a given absolute cuff pressure (e.g., 200 mmHg) for the left and right limbs or
for different individuals can result in different levels of blood flow restriction between the
limbs or between individuals [14,15,20–24]. Thus, the current recommendations are to use
a percentage of the limb’s arterial occlusion pressure (AOP) to restrict blood flow during
exercise [5,25–27]. Blood flow restriction during low-load resistance training is effective
when the cuff is inflated to 40% to 80% of the limb’s AOP [5,25–27]. Thus, the accurate
measurement of the limbs AOP is essential to the safe and effective use of BFR during
resistance training.

Studies measuring AOP have used two different protocols to inflate the occlusion
cuff. One protocol increases the pressure of the occlusion cuff incrementally [28–31]. This
involves inflating the cuff to 50 mmHg for 30 s, then deflating the cuff for 10 s, then inflating
the cuff in increments of 30 mmHg for 30 s followed by deflating the cuff for 10 s until
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arterial blood flow is no longer detected. The cuff is then inflated for 30 s to a pressure that
is 10 mmHg less than the pressure at which arterial blood flow was no longer detected and
then deflated for 10 s. This is repeated by inflating the cuff for 30 s to a pressure that is
10 mmHg less than the previous pressure, then deflated for 10 s, until arterial flow is again
detected. The cuff is then slowly inflated to the point of arterial occlusion. The second
protocol increases the pressure of the occlusion cuff continuously [32–44]. This involves
inflating the cuff to 50 mmHg then gradually increasing the pressure of the cuff at a specific
rate (e.g., 10 mmHg every 10 s) until arterial blood flow is no longer detected. When
using either protocol, the cuff pressure at which arterial blood flow is no longer detected is
recorded as the AOP. Although previous studies have used either of the two cuff inflation
protocols, we are not aware of any study that has compared the AOP when using both cuff
inflation protocols.

Although previous studies have included male and female participants [28,30,31,33–35,
38,39,41,43–45], only a few studies report sex differences in AOP. Jessee et al. [36] reported
that the sex differences in AOP of the brachial artery of the right arm using three different
occlusion cuff sizes (widths) were small and of no practical significance. Mouser et al. [40]
also reported significant sex differences in AOP of 12 mmHg of the brachial artery of the
right arm. Tafuna’i et al. [32] recently reported large and significant sex differences in the
AOP of the superficial femoral artery in both the dominant and non-dominant legs.

Almost all studies have measured AOP in only one arm or one leg. Studies typi-
cally identify the limb of interest as the right or left limb and only a few studies iden-
tify the limb as the “dominant” arm [30] or leg [32,45]. In studies that have reported
measurements or interventions in both limbs, differences in AOP between limbs have
not been reported [6,28,46–50]. Two recent studies that have reported the AOP of both
limbs. Evins et al. [33] reported a non-significant mean difference of less than 1 mmHg
(95% CI = −9.8 to 8.5) in the limb occlusion pressure between the right and left legs. To the
contrary, Tafuna’i et al. [32] reported a large and significant difference in the AOP between
the dominant and non-dominant legs of males (21 ± 28 mmHg; p = 0.009) but not of females
(13 ± 27 mmHg; p = 0.053). Since differences in the AOP between individuals is attributed
primarily to differences in limb circumference [5,8,25,26,32,51], one might presume that
differences in AOP between the two limbs within individuals may also be due to differences
in limb circumference. Nevertheless, there were large differences in AOP between legs
reported by Tafuna’i et al. [32] despite an average differences in leg circumference of less
than 1 cm. In addition, AOP was greater in the smaller leg in 40% of the participants. Thus,
differences in AOP between limbs may be due to other factors, such as differences in the
cuff bladder position between the two limbs [52].

Few studies have reported the reliability of AOP measurements. A recent study re-
ported high interrater (ICC = 0.894 to 0.984) and test-retest reliabilities (ICC = 0.737 to 0.985)
of the brachial artery AOP [30]. Other studies have reported acceptable repeatability of
AOP measurements of the brachial artery [29] and the femoral artery [45]. Ingram et al. [35]
reported a time effect of measuring brachial artery AOP over four measurements over
two days but the mean difference between measurements was relatively small and probably
of little practical significance.

A recent review of the literature regarding BFR during exercise concluded a need
for increased clarity of methodology used during BFR during exercise [53]. The primary
purpose of this study was to compare the AOP of the superficial femoral artery (SFA) in
the dominant and non-dominant legs in young healthy men and women when using a
continuous and incremental cuff inflation protocol. The secondary purpose of this study
was to evaluate the reliability of AOP measurements using the continuous and incremental
cuff inflation protocols. We hypothesized no significant difference in AOP between the
sexes or between the dominant and non-dominant legs, no significant differences in the
AOP measured using continuous or incremental cuff inflation protocols, and reliable
measurements of AOP.
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2. Materials and Methods

This study compared the AOP of the SFA of the dominant and non-dominant legs as
measured using two different cuff inflation protocols in males and females. To determine the
variables that influence AOP, we also measured resting blood pressure, thigh circumference,
thigh skinfold thickness, and thigh volume. Multiple measurements of AOP using both
cuff inflation protocols permitted the evaluation of the reliability of AOP measurements.
This study was reviewed and approved by the Institutional Review Board prior to the
collection of any data.

2.1. Participants

A total of 40 (20 males, 20 females) physically active and apparently healthy adults,
19–26 years of age participated in this study. Interested participants with known risk
factors for cardiovascular disease, one or more risk factors for thromboembolism, having
been diagnosed or being treated for cardiovascular disease, renal disease, diabetes, or
hypertension, currently pregnant or less than 6 months postpartum were excluded from
participation in this study [36,38,41,48]. Participants were instructed to refrain from vigor-
ous physical activity during the 24 h prior to their participation, consuming caffeine during
the previous 8 h, and eating during the 2 h prior to their participation [38,41]. The methods,
expectations, risks, and benefits of the study were explained to each participant, after which
each participant voluntarily provided written informed consent. All measurements for
each participant were completed in a single visit to the lab.

2.2. Procedures

The height (cm) and body mass (kg) or each participant was measured using a cali-
brated wall-mounted stadiometer scale (SECA Model 264; SECA, Chino, CA, USA) and
a digital scale (Ohaus Model CD-33, Ohaus Corporation, Pine Brook, NJ, USA), respectively.
Measured height and body mass were used to calculate body mass index (BMI; kg/m2).

Participants self-reported leg dominance by responding to the question, “If you were
to kick a ball, which leg would you use to kick the ball? [54]. Upper leg (thigh) volume
(m3) was calculated using the formula describing the volume of a truncated cone [55–59].
This involved partitioning the thigh into two segments using circumference measurements
(cm) at three locations: the upper thigh (at the level of the gluteal fold), lower thigh (just
above the proximal border of the patella) and mid-thigh (one-third the distance between the
upper and lower circumference). The distances between the upper and mid circumferences
and between the mid and lower circumference were measured in order to compute thigh
volume. All circumferences were measured using a spring-loaded Gullick measuring
tape. The thickness of the thigh skinfold was measured at the anterior midline of the
thigh one-half the distance between the inguinal crease and the proximal border of the
patella [60] using a calibrated Lange caliper (Santa Cruz, CA). Circumference and skinfold
measurements were taken on the dominant and non-dominant legs in triplicate. If two of
the measurements were the same, that value was used, otherwise all three measurements
were averaged.

The participant then sat on a patient table in a semi-reclined position with the legs
extended and supported with approximately 0◦ knee extension. A finger continuous
noninvasive arterial pressure (CNAP) photoplethysmography unit (CNS Systems, Graz,
Austria) was placed on the index and middle finger of the left hand to measure blood
pressure and heart rate (HR) in real time. An inflatable calibration cuff was placed around
the upper arm of the opposite arm. The participant rested in this position for 5 min after
which the CNAP unit was turned on, allowed to calibrate, and resting HR, systolic (SBP),
diastolic (DBP), and mean arterial pressures (MAP) were recorded.

As described in greater detail below, a Doppler ultrasound probe was placed on the
randomly selected leg to determine the best position to record blood flow in the SFA. This
position was marked with a pen. The circumference of the thigh 5 cm above the mark was
measured as were the previous thigh circumferences. This circumference corresponded
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to the center of the occlusion cuff that was to be placed around the thigh during the AOP
measurements. This circumference was used in the analysis of data as a variable that could
potentially influence the AOP. An uninflated SC10 Hokanson cuff (10 cm wide; 85 cm long)
(Hokanson, Inc., Belleview, WA) was placed around the upper thigh and above the mark
identifying the location to place the ultrasound probe for measuring AOP. The occlusion
cuff was placed on the participant’s thigh so the center of the cuff bladder was over the
SFA [52].

2.3. Measurement of Arterial Occlusion Pressure

All measurements of AOP were performed using a Doppler probe (9 MHz; 55 mm)
and GE ultrasound machine (GE LOGIQ, GE Healthcare). Inflation of the occlusion cuff
was accomplished using a E-20 rapid cuff inflator (Hokanson, Bellevue, WA, USA) attached
to the occlusion cuff. Presence of blood flow in the SFA was determined using the color
flow and Doppler (pulse wave) modes. Angle of insonation of the ultrasound probe was
maintained at 60◦.

The AOP of the SFA was measured three times in each leg (6 times total) in a ran-
domized order. The six measurements included the measurement of the AOP using
a continuous cuff inflation protocol (CONT) in each leg, an incremental cuff inflation proto-
col (INCR) in each leg, and a third measurement of the AOP in each leg using either the
CONT or INCR cuff inflation protocol. This allowed for the comparison of the AOP as
measured using the CONT and INCR cuff inflation protocols in each leg, the comparison
of the AOP between the two legs using the CONT and INCR cuff inflation protocols, and
the reliability of AOP measurements using the CONT and INCR cuff inflation protocols.
During the CONT protocol, the cuff was initially inflated to 50 mmHg, then gradually
increased at a rate of 10 mmHg /10 s until arterial flow and pulse waves were no longer
detectable. During the INCR protocol, the occlusion cuff was initially inflated to 50 mmHg
for 30 s and then deflated for 10 s. The occlusion cuff was inflated incrementally with each
subsequent inflation increasing by 30 mmHg for 30 s followed by deflation for 10 s until
blood flow was occluded. Once blood flow was occluded, cuff pressure was decreased in
increments of 10 mmHg for 30 s followed by deflation for 10 s until there was evidence of
blood flow. Cuff pressure was then gradually increased at a rate of 10 mmHg/10 s until
blood flow was no longer detected. In both cuff inflation protocols, AOP was defined as the
lowest pressure at which arterial blood flow was occluded. After recording the AOP, the
occlusion cuff and the CNAP cuffs were deflated. The investigator using the ultrasound
Doppler probe to detect blood flow was blind to the pressure displayed on the cuff inflation
system and the AOP recorded. The participant rested for 5 min [36,41,47] and the process
was repeated in the next randomly selected leg and cuff inflation protocol. The CNAP was
calibrated prior to each of the remaining AOP measurements.

2.4. Data Analysis

Differences in age, height, body mass, BMI, and resting blood pressure (SBP, DBP,
MAP) and HR between males and females were determined using independent t-tests. Sex
differences in thigh circumference, skinfold thickness, and thigh volume in the DOM and
NDOM legs were also determined using independent t-tests. A familywise p-value of 0.05
was maintained using a pseudo Bonferroni adjustment to account for multiple comparisons.
Based on the number of tests that we conducted, with the adjustment, p-values less than
0.01 were considered statistically significant.

The primary variable of interest in this study was the AOP measured in both legs
using the CONT and INCR cuff inflation protocols. We compared sex differences in AOP
in both legs using the CONT and INCR cuff inflation protocols, the AOP in each leg
using the CONT and INCR cuff inflation protocols, the AOP between the two legs using
the CONT and INCR cuff inflation protocols, and the reliability of the CONT and INCR
cuff inflation protocols. Because there were multiple observations for each subject, we
fit a mixed model analysis of variance blocking on subject to account for within- and
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between-subject variability. To maintain a familywise p-value of 0.05, we used a pseudo
Bonferroni adjustment to account for the multiple analyses, thus p-values less than 0.01 were
considered statistically significant. To determine the variables that predict AOP, resting
blood pressure (SBP, DBP, MAP), and thigh skinfold thickness, volume and circumference
were included in a mixed model regression analysis. A sequential variable selection was
used to determine which variable(s) best predicted AOP. In this analysis, p-values less than
0.05 were considered statistically significant. All analyses were performed using Statistical
Analysis System version 9.4 (SAS Inc., Cary, NC, USA).

3. Results

On the average, males were taller, heavier, had a higher BMI and were slightly older
than the female participants (Table 1). There were no sex differences in resting SBP, DBP,
MAP and HR.

Table 1. Participant Characteristics.

Males (n = 20) Females (n = 20) Difference p-Value

Age (yrs) 23.0 ± 1.5 21.6 ± 1.4 1.4 ± 0.5 * 0.005
Height (cm) 179.3 ± 6.4 167.8 ± 7.5 11.5 ± 2.2 * 0.001
Body Mass (kg) 82.1 ± 11.7 61.6 ± 6.7 20.4 ± 3.0 * 0.001
BMI (kg/m2) 25.6 ± 4.1 21.8 ± 1.9 3.7 ± 1.0 * 0.001
SBP (mmHg) 116.3 ± 8.8 112.6 ± 7.8 3.6 ± 2.6 0.177
DBP (mmHg) 76.5 ± 6.8 75.2 ± 5.1 1.2 ± 1.9 0.514
MAP (mmHg) 90.1 ± 6.4 87.7 ± 5.2 2.4 ± 1.8 0.204
Heart Rate (bpm) 70.9 ± 8.5 73.1 ± 10.3 2.1 ± 2.9 0.477

Values are mean ± SD. BMI = body mass index, SBP = systolic blood pressure, DBP = diastolic blood pressure,
MAP = mean arterial pressure. * = significant difference between males and females (p-value < pseudo Bonferroni
adjusted family-wise p-value of 0.01).

Thigh volume and thigh skinfold thickness were not significantly different between
males and females in either the DOM or NDOM leg (Table 2). Sex differences in thigh
circumference approached significance in both the DOM and NDOM leg. There were no
significant differences in thigh circumference, thigh skinfold thickness, or thigh volume
between the DOM and NDOM legs in either males or females (p = 0.573–0.931).

Table 2. Leg Dimensions.

Males (n = 20) Females (n = 20) Difference p-Value

Thigh Skinfold (mm)
Dominant Leg 23.3 ± 11.3 26.0 ± 5.7 2.7 ± 2.8 0.337
Non-dominant Leg 23.6 ± 10.6 25.7 ± 5.6 2.1 ± 2.7 0.434
Difference −0.30 ± 3.4 0.25 ± 1.7 −0.4 ± 0.8 0.592

Thigh Circumference (cm)
Dominant Leg 59.6 ± 5.5 56.0 ± 2.9 −3.7 ± 1.4 0.012
Non-dominant Leg 59.2 ± 5.2 55.6 ± 3.2 −3.6 ± 1.4 0.012
Difference 0.43 ± 1.6 0.37 ± 0.9 −0.06 ± 0.4 0.893

Thigh Volume (m3)
Dominant Leg 0.236 ± 0.051 0.211 ± 0.034 −0.024 ± 0.014 0.079
Non-Dominant Leg 0.227 ± 0.047 0.205 ± 0.031 −0.022 ± 0.012 0.043
Difference 0.009 ± 0.022 0.006 ± 0.010 −0.003 ± 0.007 0.684

Values are mean ± SD. No significant differences between males and females in the dominant and non-dominant
legs in any of the three measures. No significant differences between the dominant and non-dominant legs in
either males or females in any of the three measures (p value > pseudo Bonferroni adjusted family-wise p value
of 0.01).

The analysis of variance revealed that there were no significant differences in the AOP
between the DOM and NDOM legs in males or females with the CONT (p = 0.738, 0.431)
or INCR (p = 0.654; 0.714) cuff inflation protocols, respectively (Table 3). Likewise, there
were no significant differences in the AOP when measured with the two cuff inflation
protocols in the DOM or NDOM legs in males or in females (Table 3). There were also
no significant sex differences in the AOP in either the DOM or NDOM leg when using
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the CONT (p > 0.838) or INCR (p > 0.856) cuff inflation protocol (Table 3). Because there
were no statistically significant differences in the AOP between the DOM and NDOM legs
or between males and females, we pooled data. There were no statistically significant
differences in the AOP when measured using either cuff inflation protocol in either the
DOM or NDOM legs or between the DOM and NDOM legs. Finally, after combining data
from both legs, there were no statistically significant differences (p = 0.990) in the AOP
when measured using the CONT and INCR cuff inflation protocols.

Table 3. Arterial Occlusion Pressure Using Two Cuff Inflation Protocols.

Continuous
Cuff Inflation

Incremental
Cuff Inflation Difference p-Value

MALES
Dominant Leg (n = 20) 209.4 ± 29.4 208.5 ± 27.1 0.9 ± 10.2 0.682
Non-dominant Leg (n = 20) 206.2 ± 31.5 204.6 ± 30.5 1.6 ± 8.2 0.394
Difference 3.2 ± 42.8 3.9 ± 38.2
Combined Legs (n = 40) 207.8 ± 30.1 206.5 ± 28.8 1.3 ± 9.1 0.383

FEMALES
Dominant Leg (n = 20) 211.3 ± 57.8 210.5 ± 53.8 0.8 ± 8.1 0.643
Non-dominant Leg (n = 20) 203.5 ± 48.3 207.0 ± 50.2 −3.4 ± 8.1 0.073
Difference 7.8 ± 43.4 3.5 ± 42.1
Combined Legs (n = 40) 207.4 ± 52.7 208.7 ± 51.4 −1.3 ± 8.3 0.327

SEX DIFFERENCES
Dominant Leg (n = 20) 1.9 ± 14.5 2.0 ± 13.5
Non-dominant Leg (n = 20) −2.6 ± 12.9 2.4 ± 13.1

COMBINED MALES/FEMALES
Dominant Leg (n = 40) 210.4 ± 45.2 209.5 ± 42.2 0.9 ± 9.1 0.534
Non-Dominant Leg (n = 40) 204.8 ± 40.3 205.8 ± 41.1 −0.9 ± 8.4 0.493
Difference 5.5 ± 42.6 3.7 ± 39.7
Combined Legs (n = 80) 207.6 ± 42.6 207.6 ± 41.4 −0.01 ± 8.7 0.990

Values are mean ± SD. No significant differences (adjusted p > 0.01) in all comparisons.

We considered multiple variables as predictors of AOP. The coefficients and signifi-
cance of the predictor variables were calculated from the ANOVA results. The data analysis
indicated that the coefficient for thigh circumference (2.43 ± 1.10) was the only factor that
significantly contributed (p = 0.0278) to AOP. Resting blood pressure (SBP, DBP, MAP),
thigh skinfold thickness or thigh volume did not significantly contribute to AOP. After
accounting for thigh circumference, no other factor contributed to AOP. There were no sig-
nificance differences between the first and second measures of AOP using either the CONT
or INCR cuff inflation protocols in either the DOM or NDOM legs in males or females
(Table 4). The Pearson Correlation Coefficients between the first and second measurements
of AOP using CONT or INCR cuff inflation protocol all exceeded 0.99.

Table 4. Repeated Measures of AOP Using Two Cuff Inflation Protocols.

Continuous
Cuff Inflation

Incremental
Cuff Inflation

MALES
First Measurement (n = 20) 215.5 ± 35.7 198.1 ± 22.2
Second Measurement (n = 20) 214.6 ± 33.6 196.7 ± 19.7
Difference 0.9 ± 5.4 1.3 ± 6.2

FEMALES
First Measurement (n = 20) 207.5 ± 51.4 209.8 ± 54.3
Second Measurement (n = 20) 207.4 ± 50.1 210.6 ± 58.2
Difference −0.4 ± 7.9 −0.8 ± 11.8

COMBINED MALES/FEMALES
First Measurement (n = 40) 211.3 ± 43.7 203.9 ± 41.4
Second Measurement (n = 40) 211.0 ± 42.3 203.6 ± 43.5
Difference 0.3 ± 6.7 0.3 ± 9.4

Values are mean ± SD. No significant differences (p > 0.05) between the first and second measures of AOP using
either of the cuff inflation protocols (continuous; incremental) in males or females or when pooling male and
female data.
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4. Discussion

This paper adds to the current body of knowledge about using BFR during exercise in
that we report, perhaps for the first time, agreement between two cuff inflation protocols
used to measure AOP and that both protocols are highly reliable. We also report similarities
in the AOP of the SFA between males and females and confirm results from previous
studies that limb circumference is the primary determinant of AOP.

4.1. Differences in AOP with Different Cuff Inflation Protocols

Even though previous studies have used either a CONT [32–44] or INCR [28–31]
cuff inflation protocol when measuring AOP, we are not aware of any studies that have
compared measures of AOP when using the two cuff inflation protocols. In this study, there
were no statistically significant differences in the AOP when measured using a CONT or
INCR cuff inflation protocol in males or females or in the DOM or NDOM legs (Table 3).
The AOP was higher in 40 (50%) of the 80 paired measurements when using the CONT
cuff inflation protocol and was higher in 40 (50%) of the paired measurements when using
the INCR cuff inflation protocol. When combining the data from males and females and
both legs, the mean difference between the AOP when measured using a CONT and INCR
cuff inflation protocol was nearly zero (Table 3). Of the 80 paired measurements of AOP
using the two cuff inflation protocols, only 15 had a difference greater than 10 mmHg and
the greatest difference in AOP when using the two cuff inflation protocols was 20 mmHg.
Considering that the recommended cuff pressure when using BFR during exercise is 40% to
80% of the AOP, a difference in AOP of 20 mmHg between the two cuff inflation protocols
would result in a difference of cuff pressure of up to 8 to 16 mmHg. If a cuff pressure near
the middle of the recommended range is used during BFR during exercise, differences
in the AOP when using the two cuff inflation protocols would not likely affect the safety
of BFR during exercise or its effectiveness. Those who use BFR during exercise could
therefore chose which cuff inflation protocol to use when measuring AOP. The CONT cuff
inflation protocol requires less time whereas the INCR cuff inflation protocol provides some
intermittent relief from the increasing pressure. For example, at the lowest and highest
AOPs measured in this study (150 mmHg; 400 mmHg), the CONT and INCR cuff inflation
protocols took approximately 2–6 min and 5–15 min, respectively. The time required to
determine the AOP may be of particular importance when measuring AOP in the legs
where arterial occlusion pressures can be quite high.

4.2. Limb Differences in Arterial Occlusion Pressure

In this study, there were no statistically significant differences in the AOP between
the DOM and NDOM legs using either the CONT or INCR cuff inflation protocol in
either males or females (Table 3). The non-significant differences in the AOP between
legs is in agreement with a recently reported [33] average difference of less than 1 mmHg
between legs. Our data and that of Evins et al. [33] is contrary to the results reported by
Tafuna’i et al. [32] who reported large significant differences in AOP between legs. Our
data indicating that AOP is closely related to size of the limb (i.e., circumference) rather
than thigh volume, thigh skinfold thickness, and blood pressure is in agreement with that
of Tafuna’i et al. [32]. Evin et al. [33] recently reported that 47% of the variance in limb
occlusion pressure was attributed to between participants and 6% of the variance was
attributed to between legs. Although limb circumference is a primary determinant of AOP,
other factors may also contribute to differences in AOP between individuals (e.g., training
and fitness status, limb composition, vascular health, blood pressure, time of day, age, and
measurement and random error) and between limbs (i.e., differences in the position of the
cuff bladder on the leg) [52].

Because there were no statistically significant differences in the AOP between the
DOM and NDOM legs in both males and females in this study and that of Evin et al. [33],
one might conclude that measuring the AOP in only one leg prior to the use of BFR
during exercise is necessary. This would be a misinterpretation of the data. Although the
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mean difference in the AOP between the DOM and NDOM legs was relatively small, the
actual differences ranged from −107 mmHg to 124 mmHg using the CONT cuff inflation
protocol and −107 mmHg to 110 mmHg using the INCR cuff inflation protocol. Using
a recommended cuff pressure during BFR during exercise of 40% to 80% of the AOP
measured in just one leg could result in an under- or over-inflation of the cuff of up to
88 mmHg when using the INCR cuff inflation protocol to measure AOP and 99 mmHg
when using the CONT cuff inflation protocol to measure AOP.

In this study of 40 participants, the DOM leg was larger in 24 (60%) of the participants,
the NDOM leg was larger in 13 (32.5%) of the participants, and the two legs were the
same size in 3 of the participants. The larger leg had a higher AOP in 19 (47.5%) of the
participants while the smaller leg had a higher AOP in 18 (45%) participants. The DOM leg
had a higher AOP in 26 (65%) of the participants and the NDOM leg had a higher AOP is
14 (35%) of the participants. Thus, the DOM leg is not always the larger leg and the larger
or DOM leg does not always have a higher AOP. This data is consistent with that recently
reported by Tafuna’i et al. [32].

Measuring AOP in only one leg could result in cuff inflation pressures when using
BFR during exercise that are unsafe or ineffective. Those who use BFR during exercise
should not be naive of the potential differences in AOP between limbs. Our data suggest
that AOP should be measured in each limb prior to the use of BFR during exercise.

4.3. Sex Differences in Arterial Occlusion Pressure

As the differences in AOP between individuals and between limbs can be attributed
primarily to differences in limb circumference [14,51,61], sex differences in AOP may
also be attributed, in part, to difference in limb circumference. In this study, although
sex differences in thigh circumference approached significance (Table 2), the average
differences in AOP between males and females in the DOM and NDOM legs using either
cuff inflation protocol were small and non-significant (Table 3). Our data is contrary
to the results of a recent study [32] that reported large significant differences in AOP
between legs and between males and females despite small and insignificant differences in
thigh circumferences. One possible explanation is that there is a wide variability in AOP
for a given thigh circumference (Figure 1 in reference [32] Figure 1). In this study, and
that of Tafuna’i et al. [32], after accounting for thigh circumference, other factors such as
thigh skinfold thickness, thigh volume, SBP, DBP, MAP, age and sex were not significant
independent predictors of AOP [32]. To the contrary, Jessee et al. [36] reported that after
accounting for arm circumference, sex remained a significant independent predictor of
AOP. One possible explanation for the differences in the results of this study and that of
Jessee et al. [36] is the difference in the size of the limbs studied (i.e., legs vs. arms) and the
magnitude of the AOP between the arms and legs.

4.4. Reliability of AOP Measurements

In this study, the average differences between the first and second measurement
of AOP was less than 1 mmHg and 1.3 mmHg when using the CONT and INCR cuff
inflation protocols, respectively (Table 4). The range of differences between the first and
second measurement of AOP was less than 12 mmHg when using the CONT cuff inflation
protocol and less than 22 mmHg when using the INCR cuff inflation protocol. This data,
combined with high correlations (>0.99) indicate that sequential measurements of AOP are
highly reliable.

In this study, we measured AOP in each leg using each cuff inflation protocol within
a single visit to the laboratory. Thus, we did not assess day-to-day or administrator
variability. The recent study by Evin et al. [33] reported that 47% of the variance in limb
occlusion pressure was between participants, 18% was within participants between days,
6% was within participants between legs, and 28% was associated with random error.
Due to a high relative error of 14.4 mmHg, Evin et al. [33] suggested that the limb occlusion
pressure should be measured regularly to ensure effectiveness of BFR during exercise. This
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concurs with the recommendation of another previous study that AOP should be measured
regularly during training (as opposed to a single time point) since AOP may vary within
and between days [8].

4.5. Study Limitations

This study is not without limitations. This study included untrained but physically ac-
tive young adult coeds without known risk factors for cardiometabolic diseases. Therefore,
the results of this study may not apply to all subgroups of the population. In this study, we
used a research- clinical-grade cuff inflation system (Hokanson, Bellevue, WA, USA) and
a 10 cm cuff for all measurements of AOP. Those who use BFR during exercise in a variety
of settings likely use other cuff inflation systems, cuff sizes, or other methods to occlude
blood flow.

4.6. Directions for Future Studies

Differences in measurements of AOP between limbs, between multiple measure-
ments, between individuals, or when using different cuff inflation protocols, may be
related to how the cuff is inflated. In this study, we used a clinical grade cuff inflation
system (Hokanson E-20 rapid cuff inflator; Hokanson, Bellevue, WA, USA) which allows
dependable and easily-controlled cuff inflations. Previous studies have also used this
system [28,31,32,47,49,52]. Use of other methods to inflate the cuff, such as manual cuff
inflation using a sphygmomanometer, may introduce error associated with the inflation of
the cuff or reading the pressure from a dial.

To continue to expand our understanding of differences in AOP between limbs and
individuals, future studies should include both male and female participants, report limb
dominance and sex differences in AOP, and continue to measure factors that could con-
tribute to differences in AOP, such as blood pressure, vessel diameter, limb circumference,
limb volume, limb length, and subcutaneous fat thickness. These measurements can be
taken each time AOP is measured over the course of repeated measurements on the same
day or different days.

5. Conclusions

Important findings of this study were the agreement between the continuous and
incremental cuff inflation protocols used to measure AOP in both legs and in males and
females. Both cuff inflation protocols are highly reliable within a single visit, and the
protocol of choice is a personal decision of the administrator or the participant. Even
though mean differences between the DOM and NDOM legs were small and not statistically
significant, actual differences of over 100 mmHg between the two legs could lead to the
use of cuff inflation pressures during BFR that are either unsafe or ineffective if AOP is
measured in only one leg. Our data affirms previous findings that AOP is not always
greater in the dominant leg or the larger leg. To ensure safe and effective use of BFR during
exercise, AOP of both limbs should be measured regularly. Our study confirms that leg
circumference is the single most influential factor that contributes to AOP. Nevertheless,
we found no significant sex differences in AOP in either the dominant or non-dominant leg
despite near significant differences in leg circumference, suggesting the need for further
investigation of factors that contribute to AOP.

Author Contributions: Conceptualization, P.R.V.; methodology, P.R.V., C.B., H.C.H., N.K., R.L., D.L.
and S.R.; formal analysis, D.L.E. and P.R.V.; investigation, P.R.V., C.B., H.C.H., N.K., R.L., D.L. and
S.R.; resources, P.R.V.; writing—original draft preparation, P.R.V.; writing—review and editing, D.L.E.,
C.B., H.C.H., N.K., R.L., D.L. and S.R.; project administration, P.R.V. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.



Appl. Sci. 2023, 13, 1438 10 of 12

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of Brigham Young University
(Protocol IRB2021-383; 3 January 2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author. The data are not publicly available.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Loenneke, J.P.; Wilson, J.M.; Marin, P.J.; Zourdos, M.C.; Bemben, M.G. Low intensity blood flow restriction training: A meta-

analysis. Eur. J. Appl. Physiol. 2012, 112, 1849–1859. [CrossRef] [PubMed]
2. Staunton, C.A.; May, A.K.; Brandner, C.R.; Warmington, S.A. Haemodynamics of aerobic and resistance blood flow restriction

exercise in young and older adults. Eur. J. Appl. Physiol. 2015, 115, 2293–2302. [CrossRef] [PubMed]
3. Loenneke, J.P.; Fahs, C.A.; Wilson, J.M.; Bemben, M.G. Blood flow restriction: The metabolite/volume threshold theory.

Med. Hypotheses 2011, 77, 748–752. [CrossRef] [PubMed]
4. Kim, D.; Loenneke, J.P.; Ye, X.; Bemben, D.A.; Beck, T.W.; Larson, R.D.; Bemben, M.G. Low-load resistance training with low

relative pressure produces muscular changes similar to high-load resistance training. Muscle Nerve 2017, 56, E126–E133. [CrossRef]
[PubMed]

5. Scott, B.R.; Loenneke, J.P.; Slattery, K.M.; Dascombe, B.J. Exercise with blood flow restriction: An updated evidence-based
approach for enhanced muscular development. Sports Med. 2015, 45, 313–325. [CrossRef]

6. Loenneke, J.P.; Allen, K.M.; Mouser, J.G.; Thiebaud, R.S.; Kim, D.; Abe, T.; Bemben, M.G. Blood flow restriction in the upper and
lower limbs is predicted by limb circumference and systolic blood pressure. Eur. J. Appl. Physiol. 2015, 115, 397–405. [CrossRef]

7. Day, D. Personalized blood flow restriction therapy: How, when and where can it accelerate rehabilitation after surgery?
Arthrosc. J. Arthrosc. Relat. Surg. 2018, 34, 2511–2513. [CrossRef]

8. Mattocks, K.T.; Jessee, M.B.; Mouser, J.G.; Dankel, S.J.; Buckner, S.L.; Bell, Z.W.; Owens, J.G.; Abe, T.; Loenneke, J.P. The application
of blood flow restiction: Lessons from the laboratory. Curr. Sports Med. Rep. 2018, 17, 129–134. [CrossRef]

9. Vopat, B.G.; Vopat, L.M.; Bechtold, M.M.; Hodge, K.A. Blood flow restriction therapy: Where we are and where we are going.
J. Am. Acad. Orthop. Surg. 2020, 28, e493–e500. [CrossRef]

10. Wortman, R.J.; Brown, S.M.; Savage-Elliott, I.; Finley, Z.J.; Mulcahey, M.K. Blood flow restriction training for athletes. Am. J.
Sport. Med. 2021, 49, 1938–1944. [CrossRef]

11. Kelly, M.; Cipriano, K.J.; Bane, E.M.; Murtaugh, B.T. Blood flow restriction training in athletes. Curr. Phys. Med. Rehabil. Rep. 2020,
8, 329–341. [CrossRef]

12. Pignanelli, C.; Christiansen, D.; Burr, J.F. Blood flow restriction training and the high-performance athlete: Science to application.
J. Appl. Physiol. 2021, 130, 1163–1170. [CrossRef] [PubMed]

13. Pope, Z.K.; Willardson, J.M.; Schoenfeld, B.J. Exercise and blood flow restriction. J. Strength Cond. Res. 2013, 27, 2914–2926.
[CrossRef] [PubMed]

14. Iida, H.; Takano, H.; Meguro, K.; Asada, K.; Oonuma, H.; Morita, T.; Kurano, M.; Sakagami, F.; Uno, K.; Hirose, K.; et al.
Hemodynamic and autonomic nervous responses to the restriction of femoral blood flow by KAATSU. Int. J. KAATSU Train. Res.
2005, 1, 57–64. [CrossRef]

15. Iida, H.; Kurano, M.; Takano, H.; Kubota, N.; Morita, T.; Meguro, K.; Sato, Y.; Abe, T.; Yamazaki, Y.; Uno, K.; et al. Hemodynamic
and neurohumoral responses to the restriction of femoral blood flow by KAATSU in healthy subjects. Eur. J. Appl. Physiol. 2007,
100, 275–285. [CrossRef]

16. Loenneke, J.P.; Pujol, T.J. The Use of Occlusion Training to Produce Muscle Hypertrophy. Strength Cond. J. 2009, 31, 77–84.
[CrossRef]

17. Lowery, R.P.; Joy, J.M.; Loenneke, J.P.; de Souza, E.; Machado, M.; Dudeck, J.E.; Wilson, J.M. Practical blood flow restriction
training increases muscle hypertrophy during a periodized resistance training programme. Clin. Physiol. Funct. Imaging 2014, 34,
317–321. [CrossRef]

18. Wilson, J.M.; Lowery, R.P.; Joy, J.M.; Loenneke, J.P.; Naimo, M.A. Practical blood flow restriction training increases acute
determinants on hypertrophy without increasing indices of muscle damage. J. Strength Cond. Res. 2013, 27, 3068–3075. [CrossRef]

19. Abe, T.; Mouser, J.G.; Dankel, S.J.; Bell, Z.W.; Buckner, S.L.; Mattocks, K.T.; Jessee, M.B.; Loenneke, J.P. A method to standarize the
blood flow restriction pressure by an elastic cuff. Scand. J. Med. Sci. Sports 2019, 29, 329–335.

20. Hunt, J.E.; Stodart, C.; Ferguson, R.A. The influence of participant characteristics on the relationship between cuff pressure and
level of blood flow restriction. Eur. J. Appl. Physiol. 2016, 116, 1421–1432. [CrossRef]

21. Meister, C.B.; Kutianski, F.A.T.; Carstens, L.C.; Andrade, S.L.F.; Rodacki, A.L.F.; Martins de Souza, R. Effects of two programs of
metabolic resistance training on strength and hypertrophy. Fisioterpia em Movimento 2016, 29, 147–155. [CrossRef]

22. Pope, Z.K.; Willardson, J.M.; Schoenfeld, B.J.; Emmett, J.; Owen, J.D. Hypertrophic and strength response to eccentric resistance
training with blood flow restriction. Int. J. Sport. Sci. 2015, 10, 919–931. [CrossRef]

http://doi.org/10.1007/s00421-011-2167-x
http://www.ncbi.nlm.nih.gov/pubmed/21922259
http://doi.org/10.1007/s00421-015-3213-x
http://www.ncbi.nlm.nih.gov/pubmed/26142277
http://doi.org/10.1016/j.mehy.2011.07.029
http://www.ncbi.nlm.nih.gov/pubmed/21840132
http://doi.org/10.1002/mus.25626
http://www.ncbi.nlm.nih.gov/pubmed/28224640
http://doi.org/10.1007/s40279-014-0288-1
http://doi.org/10.1007/s00421-014-3030-7
http://doi.org/10.1016/j.arthro.2018.06.022
http://doi.org/10.1249/JSR.0000000000000473
http://doi.org/10.5435/JAAOS-D-19-00347
http://doi.org/10.1177/0363546520964454
http://doi.org/10.1007/s40141-020-00291-3
http://doi.org/10.1152/japplphysiol.00982.2020
http://www.ncbi.nlm.nih.gov/pubmed/33600282
http://doi.org/10.1519/JSC.0b013e3182874721
http://www.ncbi.nlm.nih.gov/pubmed/23364292
http://doi.org/10.3806/ijktr.1.57
http://doi.org/10.1007/s00421-007-0430-y
http://doi.org/10.1519/SSC.0b013e3181a5a352
http://doi.org/10.1111/cpf.12099
http://doi.org/10.1519/JSC.0b013e31828a1ffa
http://doi.org/10.1007/s00421-016-3399-6
http://doi.org/10.1590/0103-5150.029.001.AO16
http://doi.org/10.1260/1747-9541.10.5.919


Appl. Sci. 2023, 13, 1438 11 of 12

23. Sumide, T.; Sakuraba, K.; Sawaki, K.; Ohmura, H.; Tamura, Y. Effect of resistance exercise training combined with relatively low
vascular occlusion. J. Sci. Med. Sport 2009, 12, 107–112. [CrossRef]

24. Wernbom, M.; Augustsson, J.; Thomee, R. Effects of vascular occlusion on muscular endurance in dynamic knee extension
exercise at different submaximal loads. J. Strength Cond. Res. 2006, 20, 372–377. [CrossRef] [PubMed]

25. McEwen, J.A.; Owens, J.G.; Jeyasurya, J. Why is it crucial to use personalized occlusion pressures in blood flow restriction (BFR)
rehabilitation? J. Med. Biol. Eng. 2019, 39, 173–177. [CrossRef]

26. Hughes, L.; Paton, B.; Rosenblatt, B.; Gissane, C.; Patterson, S.D. Blood flow restriction training in clinical musculoskeltal
rehabilitations: A systematic review and meta analysis. Br. J. Sports Med. 2017, 51, 1003–1011. [CrossRef]

27. Patterson, S.D.; Hughes, L.; Warmington, S.; Burr, J.; Scotts, B.R.; Owens, J.; Abe, T.; Nielsen, J.L.; Libardi, C.A.; Laurentino,
G.; et al. Blood flow restriction exercise: Considerations of methodology, application, and safety. Front. Physiol. 2019, 10, 533.
[CrossRef]

28. Crossley, K.W.; Porter, D.A.; Ellsworth, J.; Caldwell, T.; Feland, J.B.; Mitchell, U.H.; Johnson, A.W.; Egget, D.; Gifford, J.R. Effect of
cuff pressure on blood flow during blood flow-restricted rest and exercise. Med. Sci. Sports Exerc. 2019, 52, 746–753. [CrossRef]

29. Bezerra deMorais, A.T.; Cerqueira, M.S.; Sales, R.M.; Rocha, T.; Galvao de Moura Filho, A. Upper limbs total occlusion pressure
assessment: Doppler ultrasound reproducibility and determination of predictive variables. Clin. Physiol. Funct. Imaging 2017, 37,
437–441. [CrossRef]

30. Karanasios, S.; Koutri, C.; Moutzouri, M.; Xergia, S.A.; Sakellari, V.; Gioftsos, G. The effect of body position and the reliability of
upper limb arterial occlusion pressure using a handheld doppler ultrasound for blood flow restriction training. Sports Health
Multidiscip. Approach 2021, 14, 717–724. [CrossRef]

31. Mouser, J.G.; Ade, C.J.; Black, C.D.; Bemben, D.A.; Bemben, M.G. Brachial blood flow under relative levels of blood flow restriction
in decreased in a nonlinear fashion. Clin. Physiol. Funct. Imaging 2018, 38, 425–430. [CrossRef]

32. Tafuna’i, N.D.; Hunter, I.; Johnson, A.W.; Fellingham, G.W.; Vehrs, P.R. Differences in femoral artery occlusion pressure between
sexes and dominant and non-dominant legs. Medicina 2021, 57, 863. [CrossRef] [PubMed]

33. Evin, H.A.; Mahoney, S.J.; Wagner, M.; Bond, C.W.; MacFadden, L.N.; Noonan, B.C. Limb occlusion pressure for blood flow
restricted exercise: Variability and relations with participant characteristics. Phys. Ther. Sport 2021, 47, 78–84. [CrossRef] [PubMed]

34. Bell, Z.W.; Dankel, S.J.; Mattocks, K.T.; Buckner, S.L.; Jessee, M.B.; Mouser, J.G.; Abe, T.; Loenneke, J.P. An investigation into
setting the blood flow restriction pressure based on perception of tightness. Physiol. Meas. 2018, 39, 105006. [CrossRef] [PubMed]

35. Ingram, J.W.; Dankel, S.J.; Buckner, S.L.; Counts, B.R.; Mouser, J.G.; Abe, T.; Laurentino, G.C.; Loenneke, J.P. The influence of time
on determining blood flow restriction pressure. J. Sci. Med. Sport 2017, 20, 777–780. [CrossRef]

36. Jessee, M.B.; Buckner, S.L.; Dankel, S.J.; Counts, B.R.; Abe, T.; Loenneke, J.P. The Influence of Cuff Width, Sex, and Race on Arterial
Occlusion: Implications for Blood Flow Restriction Research. Sports Med. 2016, 46, 913–921. [CrossRef]

37. Laurentino, G.; Loenneke, J.P.; Mouser, J.G.; Buckner, S.L.; Counts, B.R.; Dankel, S.J.; Jessee, M.B.; Mattocks, K.T.; Iared, W.;
Tavares, L.D.; et al. Validity of the handheld doppler to determine lower-limb blood flow restriction pressure for exercise protocols.
J. Strength Cond. Res. 2018, 34, 2693–2696. [CrossRef] [PubMed]

38. Mattocks, K.T.; Jessee, M.B.; Counts, B.R.; Buckner, S.L.; Grant Mouser, J.; Dankel, S.J.; Laurentino, G.C.; Loenneke, J.P. The effects
of upper body exercise across different levels of blood flow restriction on arterial occlusion pressure and perceptual responses.
Physiol. Behav. 2017, 171, 181–186. [CrossRef] [PubMed]

39. Mouser, J.G.; Dankel, S.J.; Jessee, M.B.; Mattocks, K.T.; Buckner, S.L.; Counts, B.R.; Loenneke, J.P. A tale of three cuffs: The
hemodynamics of blood flow restriction. Eur. J. Appl. Physiol. 2017, 117, 1493–1499. [CrossRef]

40. Mouser, J.G.; Laurentino, G.C.; Dankel, S.J.; Buckner, S.L.; Jessee, M.B.; Counts, B.R.; Mattocks, K.T.; Loenneke, J.P. Blood flow in
humans following low-load exercise with and without blood flow restriction. Appl. Physiol. Nutr. Metab. 2017, 42, 1165–1171.
[CrossRef]

41. Sieljacks, P.; Knudsen, L.; Wernbom, M.; Vissing, K. Body position influences arterial occlusion pressure: Implications for the
standardization of pressure during blood flow restricted exercise. Eur. J. Appl. Physiol. 2018, 118, 303–312. [CrossRef] [PubMed]

42. Singer, T.J.; Stavres, J.; Elmer, S.J.; Kilgas, M.A.; Pollock, B.S.; Kearney, S.G.; McDaniel, J. Knee extension with blood flow
restriction: Impact of cuff pressure on hemodynamics. Eur. J. Appl. Physiol. 2020, 120, 79–90. [CrossRef] [PubMed]

43. Spitz, R.W.; Chatakondi, R.N.; Bell, Z.W.; Wong, V.; Dankel, S.J.; Abe, T.; Loenneke, J.P. The impact of cuff width and biological
sex on cuff prefference and the percieve discomfort to blood-flow-restricted exercise. Physiol. Meas. 2019, 40, 055001. [CrossRef]
[PubMed]

44. Wong, V.; Abe, T.; Chatakondi, R.N.; Bell, Z.W.; Spitz, R.W.; Dankel, S.J.; Loenneke, J.P. The influence of biological sex and
cuff width on muscle swelling, echo intensity, and the fatigue response to blood flow restricted exercise. J. Sports Sci. 2019, 37,
1865–1873. [CrossRef]

45. Hughes, L.; Jeffries, O.; Waldron, M.; Rosenblatt, B.; Gissane, C.; Paton, B.; Patterson, S.D. Influence and reliability of lower-limb
arterial occlusion pressure at different body positions. PeerJ 2018, 6, e4697. [CrossRef]

46. Loenneke, J.P.; Thiebaud, R.S.; Fahs, C.A.; Rossow, L.M.; Abe, T.; Bemben, M.G. Blood flow restriction does not result in prolonged
decrements in torque. Eur. J. Appl. Physiol. 2013, 113, 923–931. [CrossRef]

47. Loenneke, J.P.; Fahs, C.A.; Rossow, L.M.; Sherk, V.D.; Thiebaud, R.S.; Abe, T.; Bemben, D.A.; Bemben, M.G. Effects of cuff width
on arterial occlusion: Implications for blood flow restricted exercise. Eur. J. Appl. Physiol. 2012, 112, 2903–2912. [CrossRef]

http://doi.org/10.1016/j.jsams.2007.09.009
http://doi.org/10.1519/r-16884.1
http://www.ncbi.nlm.nih.gov/pubmed/16686566
http://doi.org/10.1007/s40846-018-0397-7
http://doi.org/10.1136/bjsports-2016-097071
http://doi.org/10.3389/fphys.2019.00533
http://doi.org/10.1249/MSS.0000000000002156
http://doi.org/10.1111/cpf.12330
http://doi.org/10.1177/19417381211043877
http://doi.org/10.1111/cpf.12432
http://doi.org/10.3390/medicina57090863
http://www.ncbi.nlm.nih.gov/pubmed/34577785
http://doi.org/10.1016/j.ptsp.2020.11.026
http://www.ncbi.nlm.nih.gov/pubmed/33197877
http://doi.org/10.1088/1361-6579/aae140
http://www.ncbi.nlm.nih.gov/pubmed/30211696
http://doi.org/10.1016/j.jsams.2016.11.013
http://doi.org/10.1007/s40279-016-0473-5
http://doi.org/10.1519/JSC.0000000000002665
http://www.ncbi.nlm.nih.gov/pubmed/29912080
http://doi.org/10.1016/j.physbeh.2017.01.015
http://www.ncbi.nlm.nih.gov/pubmed/28088558
http://doi.org/10.1007/s00421-017-3644-7
http://doi.org/10.1139/apnm-2017-0102
http://doi.org/10.1007/s00421-017-3770-2
http://www.ncbi.nlm.nih.gov/pubmed/29196847
http://doi.org/10.1007/s00421-019-04250-2
http://www.ncbi.nlm.nih.gov/pubmed/31705274
http://doi.org/10.1088/1361-6579/ab1787
http://www.ncbi.nlm.nih.gov/pubmed/30965312
http://doi.org/10.1080/02640414.2019.1599316
http://doi.org/10.7717/peerj.4697
http://doi.org/10.1007/s00421-012-2502-x
http://doi.org/10.1007/s00421-011-2266-8


Appl. Sci. 2023, 13, 1438 12 of 12

48. Barnett, B.E.; Dankel, S.J.; Counts, B.R.; Nooe, A.L.; Abe, T.; Loenneke, J.P. Blood flow occlusion pressure at rest and immediately
after a bout of low load exercise. Clin. Physiol. Funct. Imaging 2016, 36, 436–440. [CrossRef]

49. Counts, B.R.; Dankel, S.J.; Barnett, B.E.; Kim, D.; Mouser, J.G.; Allen, K.M.; Thiebaud, R.S.; Abe, T.; Bemben, M.G.; Loenneke, J.P.
Influence of relative blood flow restriction pressure on muscle activation and muscle adaptation. Muscle Nerve 2016, 53, 438–445.
[CrossRef]

50. Brandner, C.R.; Kidgell, D.J.; Warmington, S.A. Unilateral bicep curl hemodynamics: Low-pressure continuous vs. high-pressure
intermittent blood flow restriction. Scand. J. Med. Sci. Sports 2015, 25, 770–777. [CrossRef]

51. Jessee, M.B.; Buckner, S.L.; Mouser, J.G.; Mattocks, K.T.; Loenneke, J.P. Letter to the editor: Applying the blood flow restriction
pressure: The elephant in the room. Am. J. Physiol. Heart Circ. Physiol. 2016, 310, H132–H133. [CrossRef] [PubMed]

52. Spitz, R.W.; Bell, Z.W.; Wong, V.; Vianna, R.B.; Chatakondi, R.N.; Abe, T.; Loenneke, J.P. The position of the cuff bladder has a
large impact on the pressure needed for blood flow restriction. Physiol. Meas. 2020, 41, 01NT01. [CrossRef] [PubMed]

53. Clarkson, M.J.; May, A.K.; Warmington, S.A. Is there a rationale for the cuff pressures prescribed for blood flow restriction
exercise? A systematic review. Scand. J. Med. Sci. Sports 2020, 30, 1318–1336. [CrossRef]

54. van Melick, N.; Meddeler, B.M.; Hoogeboom, T.J.; Nijhuis-van der Sanden, M.W.G.; van Cingel, R.E.H. How to determine leg
dominance: The agreement between self-reported and observed performance in healthy adults. PLoS ONE 2017, 12, e0189876.
[CrossRef] [PubMed]

55. Jones, P.R.; Pearson, J. Anthropometric determination of leg fat and muscle plus bone volumes in young male and female adults.
J. Physiol. 1969, 204, 63–66.

56. Katch, V.L.; Katch, F.I. A simple anthropometric method for calculating segmental leg limb volume. Res. Q. 1974, 45, 211–214.
[CrossRef] [PubMed]

57. Perrin, M.; Guez, J.J. Edema and leg volume: Methods of assessment. Angiology 2000, 51, 9–12. [PubMed]
58. Stranden, E. A comparison between surface measurements and water displacement volumetry for the quantification of leg edema.

J. Oslo City Hosp. 1981, 31, 153–155.
59. Katch, V.L.; Michael, E.D.; Amuchie, F.A. The use of body weight and girth measurements in predicting segmental leg volumne

of females. Hum. Biol. 1973, 45, 293–303.
60. American College of Sports Medicine. ACSM’s Guidelines for Exercise Testing and Prescription, 10th ed.; Wolters Kluwer: Philadephia,

PA, USA, 2018.
61. Scott, B.R.; Loenneke, J.P.; Slattery, K.M.; Dascombe, B.J. Blood flow restricted exercise for athletes: A review of available evidence.

J. Sci. Med. Sport 2016, 19, 360–367. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1111/cpf.12246
http://doi.org/10.1002/mus.24756
http://doi.org/10.1111/sms.12297
http://doi.org/10.1152/ajpheart.00820.2015
http://www.ncbi.nlm.nih.gov/pubmed/26724281
http://doi.org/10.1088/1361-6579/ab64b8
http://www.ncbi.nlm.nih.gov/pubmed/31860905
http://doi.org/10.1111/sms.13676
http://doi.org/10.1371/journal.pone.0189876
http://www.ncbi.nlm.nih.gov/pubmed/29287067
http://doi.org/10.1080/10671188.1974.10615262
http://www.ncbi.nlm.nih.gov/pubmed/4523841
http://www.ncbi.nlm.nih.gov/pubmed/10667637
http://doi.org/10.1016/j.jsams.2015.04.014

	Introduction 
	Materials and Methods 
	Participants 
	Procedures 
	Measurement of Arterial Occlusion Pressure 
	Data Analysis 

	Results 
	Discussion 
	Differences in AOP with Different Cuff Inflation Protocols 
	Limb Differences in Arterial Occlusion Pressure 
	Sex Differences in Arterial Occlusion Pressure 
	Reliability of AOP Measurements 
	Study Limitations 
	Directions for Future Studies 

	Conclusions 
	References

