
TYPE Original Research
PUBLISHED 15 July 2025
DOI 10.3389/fphys.2025.1631562

OPEN ACCESS

EDITED BY

Tim Werner,
Salisbury University, United States

REVIEWED BY

Nicholas Rolnick,
The BFR PROS, United States
Joel Novak,
Quincy University, United States

*CORRESPONDENCE

Steven J. Elmer,
sjelmer671@stkate.edu

RECEIVED 19 May 2025
ACCEPTED 25 June 2025
PUBLISHED 15 July 2025

CITATION

Wedig IJ, Petushek EJ, Durocher JJ,
McDaniel J and Elmer SJ (2025) Development
and usability testing of a preliminary
web-based application for the clinical
implementation of blood flow restriction: a
mixed methods pilot study.
Front. Physiol. 16:1631562.
doi: 10.3389/fphys.2025.1631562

COPYRIGHT

© 2025 Wedig, Petushek, Durocher, McDaniel
and Elmer. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Development and usability
testing of a preliminary
web-based application for the
clinical implementation of blood
flow restriction: a mixed
methods pilot study

Isaac J. Wedig1,2,3, Erich J. Petushek3,4, John J. Durocher5,
John McDaniel6 and Steven J. Elmer7*
1School of Health and Human Performance, Northern Michigan University, Marquette, MI, United
States, 2Department of Kinesiology and Integrative Physiology, Michigan Technological University,
Houghton, MI, United States, 3Health Research Institute, Michigan Technological University,
Houghton, MI, United States, 4Department of Psychology and Human Factors, Michigan
Technological University, Houghton, MI, United States, 5Department of Biological Sciences and
Integrative Physiology and Health Sciences Center, Purdue University Northwest, Hammond, IN,
United States, 6Department of Exercise Physiology, Kent State University, Kent, OH, United States,
7Doctor of Physical Therapy Program, St. Catherine University, Saint Paul, MN, United States

Introduction: Exercise with blood flow restriction (BFR) has gained popularity
for use with a wide range of healthy and clinical populations. However, several
factors including medical screening, selection of equipment, and determination
of cuff pressure still pose barriers for implementation. Accordingly, this study
aimed to develop and test a web-based application to guide practitioners in
using BFR safely and effectively.

Methods: First, we developed an application to assist with medical screening,
selection of appropriate equipment, and determination of cuff pressures.
Subsequently, we conducted preliminary usability testing of the application
using a mixed methods approach. Licensed physical therapists (n = 5) with
no prior experience with BFR used the application to implement BFR exercise
in hypothetical patient scenarios. Afterward, perceived usability was assessed
using the System Usability Scale (SUS) and semi-structured interviews analyzed
through thematic analysis.

Results: All task scenarios were successfully completed in an average time of
2.3 ± 1.2 min. A total of 11 errors occurred, including minor navigation issues
(4), data input problems (2), and difficulty interpreting recommendations (5). The
composite SUS scorewas 94 ± 5, ranking highly compared to industry standards.
Interviews revealed that the application was efficient, boosted confidence in
using BFR, and increased the perceived likelihood of incorporating BFR into
clinical practice.

Discussion: These findings suggest that the web-based application has potential
to serve as a valuable tool for overcoming barriers to BFR use, enhancing
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accessibility, and improving the safety and effectiveness of BFR implementation
in clinical settings.

KEYWORDS

physical therapy, occlusion training, limb occlusion pressure, arterial occlusion
pressure, rehabilitation, decision support tool

Introduction

Exercise with blood flow restriction (BFR) offers a unique
approach for increasing muscle size and strength (Lixandrão et al.,
2018; Slysz et al., 2016; Loenneke et al., 2012b; Grønfeldt et al.,
2020), aerobic capacity (Formiga et al., 2020; Bennett and Slattery,
2019), and physical function (Clarkson et al., 2019) in healthy
adults. Emerging evidence indicates that this modality may
be an effective exercise option for a broad range of clinical
populations including those individuals living with hypertension
(Wong et al., 2018), cardiovascular disease (Kambič et al., 2019;
Ogawa et al., 2021; Madarame et al., 2013; Ishizaka et al.,
2019; Nakajima et al., 2010; Fukuda et al., 2013), diabetes
(Malekyian Fini et al., 2021; Fini et al., 2021), renal dysfunction
(Corrêa et al., 2021b; Corrêa et al., 2021a), and musculoskeletal
conditions (Hughes et al., 2017; Kong et al., 2022; Pitsillides et al.,
2021; Lu et al., 2020). Accordingly, exercise with BFR is now
endorsed by the American Physical Therapy Association (2018)
and used in rehabilitation (Patterson and Brandner, 2018;
Colapietro et al., 2022; Mills et al., 2021; Castle et al., 2023;
Scott et al., 2024; Cuffe et al., 2022).

Despite its growing use, implementation of exercise with
BFR presents challenges for some practitioners (LaPrade et al.,
2021). Most notably, methods used to implement exercise with
BFR vary considerably (Fahs et al., 2012; Rolnick et al., 2023;
Hughes et al., 2025; Freitas et al., 2021)with different equipment (i.e.,
pneumatic cuffs and/or elastic wraps of varying width, shape, and
material), procedures for determining cuff pressure [i.e., arbitrarily
selected or based on perceived tightness, systolic blood pressure,
limb circumference, or arterial occlusion pressure (AOP)], and
a wide range of applied cuff pressures (e.g., 100–240 mmHg or
40%–80% AOP). With this in mind, insufficient training and
education, lack of access to equipment, and safety concerns
often pose barriers to BFR implementation (Scott et al., 2024;
Mills et al., 2021; Cuffe et al., 2022; Rolnick et al., 2021).
Rolnick et al. (2021) highlighted three specific methodological
obstacles including the conducting of systematic medical screening
for safe BFR inclusion, selection of appropriate training equipment
for performingBFR, and determining cuff pressures to utilize during
exercise. Circumventing these barriers is critical to improving access
to BFR and helping to ensure that safe and effective practices are
utilized. Currently, general recommendations for performing BFR
are available (Patterson et al., 2019; Cognetti et al., 2022), however,
to the best of our knowledge there are no standardized methods
published and/or comprehensive guides available for practitioners to

Abbreviations: BFR, blood flow restriction; SUS, system usability scale; AOP,
arterial occlusion pressure.

follow. Specifically, an evidence-based tool that guides practitioners
through the process of medically screening candidates for BFR
inclusion, selecting appropriate training equipment, and setting
proper cuff pressures is needed to bridge the gap between research
and practice and enhance use of BFR in rehabilitation.

With the emerging use of smart devices such as mobile
phones, tablets, and laptop computers in healthcare, there has
been increased development and use of digital medical software
applications (Boulos et al., 2011; Franko and Tirrell, 2012).
Some evidence (Ventola, 2014) indicates that mobile and web-
based applications increase productivity, enhance access to
point-of-care tools, and improve clinical decision making and
patient outcomes. Numerous mobile and web-based applications
(Boland et al., 2016; Wellmon et al., 2016; Hansen et al., 2017;
Peart et al., 2019; Muntaner-Mas et al., 2019; Deutsch et al., 2015;
Srikesavan et al., 2017; Rhodes et al., 2019) have been developed to
assist physical therapists, in particular, in clinical decision making.
Furthermore, Alsobhi et al. (2022) reported that physical therapists’
attitudes regarding the use of applications in clinical practice were
positive, with the majority agreeing that they can be used as an
assistive technology, used to enhance education, and facilitate
patient care. Thus, a mobile and/or web-based application could
provide physical therapists with a decision support tool to aid in the
implementation of exercise with BFR.

An important factor to consider when developing digital
applications is usability. Specifically, usability refers to
the effectiveness, efficiency, and satisfaction with which a
system can be utilized to complete a task in an intended
group of users (Bevana et al., 1991). Evaluating usability
is a critical step in the user centered design process
of interactive technological systems (Organisation, 1999;
International Organization for Standardization, 2018) and helps
to identify design flaws and improve adoption and effectiveness of
the tool in an end user. To date, numerous applications developed
to assist physical therapists in education and clinical decision
making have been usability tested (Baschung Pfister et al., 2020;
Hartstein et al., 2022; Åström and Sahlin, 2022; Deutsch et al.,
2015; Srikesavan et al., 2017; Nast et al., 2024; Rhodes et al.,
2019). However, only a small number of health related
applications available for commercial use have published usability
evaluations (Maramba et al., 2019). For successful development
and clinical adoption of an application designed to aid in BFR
implementation, it is critical that usability testing be conducted in
the intended user and published to ensure that the application is
effective, efficient, and satisfactory for use by physical therapists.

The purpose of this pilot study was to 1) describe the
development of a preliminary web-based application to aid in
the implementation of exercise with BFR and 2) conduct initial
usability testing of the web-based application in a small sample of
physical therapists with no prior experience using exercisewith BFR.
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Importantly, an iterative process of usability testing performed early
and frequently can provide continuous feedback throughout the
design process (Genov, 2005). Therefore, developing a preliminary
application and performing early usability testing in the target
audience would help to identify potential issues in the initial design
and lay the groundwork for a future version that can be validated for
clinical use.

Methods

Study overview

A web-based application was developed to aid in evidence-
based implementation of exercise with BFR. We utilized a mixed
methods approach to evaluate the usability of the developed web-
based application with physical therapists. Participants attended
one virtual meeting held on the Zoom platform (Zoom Cloud
Meetings, version 5.12.9, San Jose, CA, United States). First, they
were introduced to the web-based application and given a brief
description of its purpose. Next, a user-based evaluation was
conducted in which participants were given several scenarios
and were asked to use the web-based application to complete a
series of tasks. Following the user-based evaluation, participants
ratings of perceived usability of the web-based application were
evaluated using the System Usability Scale (Brooke, 1996).
Lastly, semi-structured interviews were conducted consisting of
a series of open-ended questions to elicit additional feedback.
Interviews were qualitatively analyzed to identify themes across
participant responses to each question. An overview of the study is
displayed in Figure 1.

Application development

We created a web-based application using a commercially
available website builder (Squarespace, New York City, NY, United
States). Several interactive web applications were constructed using
Shiny (Shiny: https://www.shinyapps.io/). These applications were
published to the internet using shinyapps. io (Posit Software)
and were embedded into pages of the website. Collectively,
the web-based application was developed to guide physical
therapists through three primary steps of implementing exercise
with BFR that have been previously identified as barriers.
Specifically, steps included Step 1: Medical Screening, Step 2:
Selecting Equipment, and Step 3: Determining Cuff Pressure. An
overview of the purpose and evidence-based rationale used to
develop the functions and procedures included in each step is
described below.

Step 1: medical screening
The relative safety of performing exercise with BFR is an

important concern (Loenneke et al., 2011; Brandner et al.,
2018; Cristina-Oliveira et al., 2020; Kacin et al., 2015). Several
potential contraindications and risk factors have been identified
that may increase risk for adverse events. Accordingly, reviewing
an individual’s lifestyle and medical history is important in
stratifying risk and excluding those individuals from BFR

participation in which risk may be heightened. The purpose
of this step was to help physical therapists conduct medical
screening of potential candidates and stratify the risk of adverse
events. Several authors (Rolnick et al., 2021; Kacin et al., 2015;
Nakajima et al., 2011; Nascimento et al., 2022) have developed tools
to stratify risk and screen individuals for BFR inclusion. Existing
screening tools were collected and used to develop a preliminary
interactive medical screening application using Shiny.

Step 2: selecting equipment
Three main types of equipment have been used to implement

exercise with BFR.These include automated pneumatic cuff systems
(Jacobs et al., 2023; Hughes and McEwen, 2021), manual pneumatic
cuffs (Loenneke et al., 2012a), and elastic wraps (Loenneke and
Pujol, 2009). The type of equipment utilized can impact the
physiological and perceptual responses to exercise with BFR and
may play a role in modulating risk of adverse events. Specifically,
pneumatic cuff systems (i.e., automated andmanual) allow for more
precise and standardized selection of external pressure applied to
limbs compared to elastic wraps (Bell et al., 2020). Furthermore,
some automated pneumatic cuff systems supply constant applied
pressures (i.e., autoregulated) during exercise which attenuates
perceptual and hemodynamic responses (Hughes et al., 2018)
and reduces incidence of adverse events (Jacobs et al., 2023).
Accordingly, the purpose of this step was to recommend appropriate
equipment for implementing exercise with BFR based on results of
the medical screening conducted in Step 1. The user would then
be free to select from recommended equipment types based on
accessibility. Given that practitioners may not have knowledge of
different BFR equipment types, we aimed to provide resources that
would help to describe the equipment and direct practitioners to
commercially available products that to our knowledge have been
validated.

Step 3: determining cuff pressure
The amount of external pressure applied to the limb during

exercise with BFR is an important methodological consideration for
safety and effectiveness. When utilizing pneumatic cuff systems, it
is recommended (Patterson et al., 2019; McEwen et al., 2019) that
pressures during exercise with BFR be selected based on arterial
occlusion pressure (AOP)which is theminimumamount of pressure
required to occlude arterial blood flow to the limb. Thus, for use
of pneumatic cuff systems, the web-based application was designed
to 1) help users determine AOP, and 2) recommend exercising cuff
pressures based on that value.

Several methods for determining AOP are available. Automated
pneumatic cuff systems have built in sensors for determining
AOP (Hughes and McEwen, 2021), whereas manual pneumatic
cuffs require direct measurement of AOP using pulse oximetry
(Brekke et al., 2020; Lima-Soares et al., 2022), handheld, or
ultrasound Doppler (Loenneke et al., 2012a). For practitioners that
may not have access to this equipment, an alternative approach
is estimating AOP based on anthropometric, blood pressure, and
sociodemographic variables. Our laboratory and several authors
(Cirilo-Sousa et al., 2019; Loenneke et al., 2015; Loenneke et al.,
2012a; Sieljacks et al., 2018; Jessee et al., 2016; Wedig et al.,
2024) have developed prediction equations to estimate AOP for
a variety of manual pneumatic cuffs of different width. The
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FIGURE 1
Study overview including application development and usability testing.

web-based application was designed to guide users through each of
the different methods of determining and/or estimating AOP based
on equipment availability. To aid in AOP estimation, we developed
an interactive application using Shiny that integrates prediction
equations for 5, 11, 13, and 18 cm wide cuffs. Equations from

Loenneke et al. (2015) were used for estimating upper and lower-
bodyAOPwith a 5 cmwide cuff. Both published (Wedig et al., 2024)
and unpublished prediction equations developed by our laboratory
were used for estimating lower-body AOP for 18 cm wide and 11
and 13 cm wide cuffs, respectively.
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Evidence (Patterson et al., 2019) indicates that pressures between
40% and 80% of AOP are effective in promoting muscular
adaptations during exercise with BFR. However, lower pressures
within this range attenuate acute cardiovascular and perceptual
responses (Spitz et al., 2022; Jessee et al., 2017; Mattocks et al.,
2017) such as blood pressure, pain, and discomfort during exercise
with BFR and represent safer options for those with increased risk
of adverse events. Thus, the web-based application was designed
to provide specific pressure recommendations relative to AOP that
are based on the results of medical screening obtained in Step 1.
We developed an interactive application using Shiny that provides
exercising cuff pressure recommendations based on AOP values
input by the user.

Determining exercising pressure relative to AOP is not possible
when utilizing elastic wraps. Several approaches (Aniceto and
da Silva Leandro, 2022) have been suggested for applying an
appropriate amount of external pressure when utilizing this type of
equipment to implement exercise with BFR. Limb circumference
has been identified as the primary determinant of AOP when
utilizing pneumatic cuffs (Cirilo-Sousa et al., 2019; Loenneke et al.,
2015; Loenneke et al., 2012a). Therefore, authors (Aniceto and
da Silva Leandro, 2022) have suggested that when utilizing elastic
wraps for BFR, approaches to quantifying tightness of the wraps
that are based on the circumference of the limb offer the most
standardized method. Accordingly, the web-based application
aimed to provide instructions on how to utilize these approaches for
users choosing to implement exercise with BFR using elastic wraps.

Participants

Five licensed Physical Therapists (30 ± 4 years, male = 2,
female = 3) were recruited to participate in the study. A list of
known physical therapists was created and participants from this
list were recruited through email and/or phone calls. Participants
had 5 ± 5 years of experience working in outpatient rehabilitation
settings. Participants had heard of BFR previously, however, none
had any prior experience implementing exercise with BFR in
clinical practice. Usability trials (Nielsen and Landauer, 1993;
Virzi, 1992; Virzi, 1990) have demonstrated that a sample of five
participants can identify 80% of usability issues and that further
participants become less likely to identify new issues. Accordingly,
we utilized a convenience sample of five participants for our initial
round of usability testing. Participants were informed of the purpose
of the study and gave verbal consent.This study was approved by the
Institutional Review Board at Michigan Technological University.

Usability testing

User-based evaluation
Participants were given three scenarios, each consisting of a

hypothetical patient, a reason for physical therapy treatment, and a
specific goal for using BFR (Table 1). For each scenario participants
were asked to use the web-based application to complete three tasks;
1) determine whether it was safe for the patient to engage in exercise
with BFR, 2) select equipment for performing BFR based on what
they were most likely to have access to, and 3) determine how

much pressure to apply with the selected equipment during exercise.
Patient scenarios were given to participants in a randomized
order. Prior to beginning the task scenarios, participants were
asked to share their computer screen and display the application
webpage. While working through the assigned tasks, participants
were instructed to use the “think aloud” (Jaspers et al., 2004)method
by verbally walking through their thought process. The time taken
to complete all three tasks, the number of incidents encountered,
and type of incidents were recorded during each scenario. To
explore which types of equipment participants had access to for
implementing BFR, the type of equipment selected during task 2 and
themethod of determining cuff pressure during task 3were recorded
for each scenario. Each scenario was categorized as “Successful”
or “Unsuccessful” based on whether an appropriate pressure was
selected for the hypothetical patient in task 3.

System usability scale
Perceived usability of the application was evaluated using the

System Usability Scale (SUS) (Brooke, 1996). A SUS questionnaire
was administered to participants using Google Forms. The SUS is a
10-item scale that examines the perceived usability of a technological
tool. Responses are assessed on a Likert scale ranging from 1
(Strongly Disagree) to 5 (Strongly Agree). Responses on each
item can be evaluated individually to determine specific usability
issues and/or used to generate a composite SUS score between
0 and 100, with higher scores indicating higher perceptions of
usability (Lewis and Sauro, 2018). The SUS has been widely utilized
which allows for relative comparison of SUS scores based on
normative data. Importantly, the SUS is a valid (Bangor et al., 2008;
Peres et al., 2013; Lewis et al., 2015) tool when assessing the usability
of mobile applications and websites.

Semi-structured interviews
Participants were asked to respond to a set of 5 open-ended

questions (Table 2). Questions were designed to collect feedback
pertaining to the usability of the web-based application. Interviews
lasted between 10 and 30 min (17 ± 6 min). Audio recordings of
interviews were transcribed for analysis.

Data analysis

Descriptive statistics were used to analyze time to task
completion and the number of incidents while completing each task
scenario. The type of incidents was qualitatively analyzed across
all participants and placed into categories. For SUS responses,
composite scores between 0 and 100 were calculated according
to procedures described by Brooke (Brooke, 1996). Means and
standard deviations were calculated for composite scores and
for each individual response item. Composite SUS scores were
interpreted relative to industry percentiles using a curved graded
scale formulated by Lewis and Sauro (Lewis and Sauro, 2018).
Individual item responses were interpreted by comparison to item
benchmarks (Lewis and Sauro, 2018) established for SUS scores
of 68 and 80. These item benchmarks represent mean Likert scale
responses for each individual item that correspond to SUS composite
scores at the 50th (SUS score 68) and 90th (SUS score 80) percentile
of industry standards. Transcripts of semi-structured interviews
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TABLE 1 Scenarios given to each participant during user-based evaluation.

Information Scenario 1 Scenario 2 Scenario 3

Patient 62-year old
Female

30-year old
Male

50-year old
Male

Cause for treatment Osteoarthritis Patellofemoral pain Post ACL reconstruction

Goal of BFR Increase lower-body strength Maintain strength lower-body strength Regain lower-body strength

Characteristics BMI: 31
BP: 135/90 mmHg

BMI: 24
BP: 125/82 mmHg
TC: 60 cm

BMI: 20
BP: 118/78 mmHg
TC: 52 cm

Health history Diabetes
Varicose veins in legs

NA Surgery in last 4-weeks

TABLE 2 Semi-structured interview questions.

Questions

1. Is a there a specific reason why you have not utilized exercise with blood flow restriction in your clinical practice?

2. What are some perceived barriers to implementing exercise with blood flow restriction in your clinical practice?

3. What aspects of this web-based application did you find helpful in implementing exercise with blood flow restriction?

4. How could this web-based application be improved to help you implement BFR more confidently?

5. If this application was available, how do you think that it would change the use of blood flow restriction in clinical practice?

were qualitatively analyzed using inductive thematic analysis as
described by Braun and Clarke (Braun and Clarke, 2006). Six phases
of analysis were utilized including: 1) familiarization with the data,
2) generating initial codes, 3) searching for themes, 4) reviewing
themes, and 5) defining and naming themes, and 6) generating a
report. Initial familiarization with the data was performed by IJW
and consisted of re-reading interview transcripts while extracting
meaning and patterns. Initial codes were developed by IJW using an
inductive approach. Lastly, themes and subthemes were developed
by establishing possible relationships between codes. Saturation in
thematic analysis was reached within our sample and was defined
as the point when no new codes were identified in two consecutive
interviews. Importantly, it is not rare to achieve saturation with a
small sample size when samples are highly homogenous (Hennink
and Kaiser, 2022).

Results

Application development

A web-based application called “BFR Exercise Trainer”
was developed (https://tiger-bobcat-mjjk.squarespace.com/).
A detailed overview of the application workflow is
displayed in Figure 2. A description of features and evidence-based
recommendations provided within each step of the application are
described below.

Step 1: medical screening
We utilized screening tools previously suggested by Kacin et al.

(2015) and Nakajima et al. (2011) to develop a modified risk
stratification tool. These screening tools were selected because, to
the best of our knowledge at the time of application development,
they represented themost comprehensive yet practical options being
both simple and easy to complete. Kacin et al. (2015) separated
risk factors into “absolute” and “relative,” in which those with
absolute risk factors are automatically excluded from exercise with
BFR and those with relative risk factors are prompted to seek
medical advice. Nakajima et al. (2011) proposed a point-based risk
scoring system previously utilized by surgeons to assess risk of
pulmonary embolism and deep-vein thrombosis. Risk factors are
assigned a point value (1–5) based on the level of relative risk
that they incur, and points associated with each risk factor are
additive. Those individuals accumulating 5 or more risk points are
excluded from performing exercise with BFR.We integrated the two
screening tools together by using the risk point system described
by Nakajima et al. (2011) and included any additional absolute and
relative risks further described by Kacin et al. (2015). All absolute
risks from Kacin et al. (2015) were each assigned a point value
of 5 whereas the relative risks were assigned a point value of 1 to
4. All risk factors included in our hybrid screening tool and their
associated point values are listed in Table 3. The hybrid medical
screening tool was integrated into an interactive Shiny application
and embedded on a medical screening page within the web-based
application (Figure 3). The user enters a patient’s medical history
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TABLE 3 Medical screening and risk stratification Point system.

Absolute risks

Points Risk factor

5 Family history of clotting disorders

5 History of deep vein thrombosis or pulmonary emboli

5 History of hemorrhagic shock

5 Systolic blood pressure ≥ 140 mmHg

Relative risks

Points Risk factor

4 Pregnant

4 Diabetes

4 Systolic blood pressure 120–140 mmHg

4 History of injury to arteries or veins

4 History of surgery in past 4 weeks

4 Journey lasting more than 4 h or a flight in last 7 days

3 Atrial fibrillation, heart failure, or other cardiovascular disease

3 Varicose veins in the legs

3 Bruise easily

3 Prolonged immobility (lasting > 8 h) in last 7 days

2 Using oral contraceptives or hormone replacement

2 Hyperlipidemia

2 Malignant Cancer

2 People over the age of 60 years old

2 BMI > 30

1 Smoke or use nicotine products

1 People aged 40–58 years old

1 Women

1 25 < BMI < 30

Points were additive across all identified risk factors. Individuals accumulating ≥ 5 points
were categorized as “High Risk,” 4 points as “Moderate Risk,” 3 points as “Low Risk,” and ≤ 2
points as “Very Low Risk.”

and lifestyle information into the input field of the application
and is provided with a risk classification based on the number of
points accumulated from all identified factors. The accumulation of
≥ 5 points classify individuals as “High Risk” and the application
suggests that individuals be excluded fromBFR. An accumulation of
4 risk points is classified as “Moderate Risk” and users are prompted

to seek medical clearance from a primary care provider before
engaging in exercise with BFR. An accumulation of ≤ 3 risk points
(3 = “Low”, ≤ 2 = “Very Low”) suggests that exercise with BFR
is not an absolute contraindication and that it can be performed.
Therefore, users selecting a risk classification of “Low” or “Very Low”
are prompted to move on to Step 2.

Step 2: selecting technologies
Recommended equipment for performing exercise with BFR

was provided to users based on the risk stratification resulting in Step
1. For patients with a “Moderate Risk”, the application provides users
with the option to utilize automated cuff systems only. For patients
with “Low Risk” the option of choosing either an automated cuff
system or amanual pneumatic cuff was provided. Lastly, for patients
with a “Very Low Risk”, users were given the option to choose from
an automated cuff system, a manual cuff system, or elastic wraps.
Selection of an automated cuff system or elastic wraps brought the
user to the next step (Step 3). Selection of manual pneumatic cuffs
prompted the user to select whether BFR will be performed in the
lower- or upper-body. The user is then given the option to select
from manual cuff widths commonly used for performing exercise
with BFR in the selected limb (Upper-body: 5 cm wide, Lower-
body: 5 cm, 11 cm, 13 cm, or 18 cm). After selecting a specific cuff
width, the user is brought to Step 3. An illustration of Step 2 is
provided in Figure 4. For each type of equipment recommended
to users, a description of the equipment and links to commercially
available products were provided.

Step 3: selecting restriction pressure
Users that selected to utilize pneumatic cuff systems (i.e.,

automated and manual) were prompted to determine AOP. When
manual cuff systems are selected, the user is asked if they have
access to equipment for assessing AOP directly (i.e., handheld or
ultrasound Doppler). If they select “Yes,”, they are brought to a
page with instructions on how to measure AOP and provided
links to video demonstrations for measuring AOP in both the
upper- and lower-body. If they select “No,” they are brought to
a webpage that helps them to estimate AOP using the Shiny
application with integrated prediction equations (Wedig et al., 2024;
Loenneke et al., 2015) (Figure 5). Within the application, the user
selects the width of the manual cuff to be utilized and is provided
with fields to input relevant predictor variables required (i.e., age,
sex, limb circumference, systolic and diastolic blood pressure) for
each respective prediction equation. Output from the application
includes an estimated AOP for the selected cuff width.

After AOP is either measured directly or estimated, pressures
to utilize during exercise are provided relative to that value.
Specific exercising pressure recommendations were given based on
a patient’s risk stratification obtained in Step 1. Pressures equivalent
to 40% AOP are recommended for those with “Moderate Risk,”
40%–60% AOP for those with “Low Risk”, and 40%–80% AOP
for those with “Very Low Risk.” For those using automated cuffs
or measuring AOP directly, users are prompted to use a Shiny
application to enter the AOP value. The application then provides
output of specific pressure recommendations based on the risk
stratification levels stated above (Figure 6). For those choosing to
estimate AOP, pressure recommendations are provided within the
Shiny application based on the estimated AOP value.
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FIGURE 2
Workflow of the web-based application.

The option to utilize elastic wraps for performing exercise with
BFR is only provided to those individuals with a “Very Low” risk
classification obtained during medical screening. As the amount
of pressure (i.e., mmHg) cannot be quantified for this type of
equipment, the selection of elastic wraps provides the user with
instructions on how tightly to apply the wraps during exercise.
Specifically, users are provided with step-by-step directions for
applying wraps based on the amount of overlap in the wrap relative
to limb circumference as described by Aniceto and da Silva Leandro
(2022) and Abe et al. (2019). Instructions are provided for applying

the specific type of elastic wrap utilized by these authors (Harbinger
Red-Line, Fairfield, CA, United States ; 7.6 cm width). For the upper
limbs, users are instructed to measure the circumference of the
upper arm and to apply the wrap so that it is stretched to a length
corresponding to 25% of the resting arm circumference during
each revolution around the limb. For the lower limbs, users are
instructed to measure the circumference of the thigh and apply
the wrap so that is it is stretched to a length corresponding to
30% of the resting thigh circumference during each revolution
around the limb.
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FIGURE 3
An image of medical screening within the web-based application.
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FIGURE 4
An image of Step 2: Selecting Equipment for performing exercise with BFR with the web-based application. Example shows the selection of a manual
pneumatic cuff. (A) User selects from recommended equipment types, (B) User selects the limbs where BFR exercise will be performed, (C) User selects
the cuff width that will be used.
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FIGURE 5
An image of estimating AOP within the web-based application. User selects the width of cuff (top), enters relevant predictor variables (left), and is
provided with cuff pressure recommendations based on the estimated AOP (right).

FIGURE 6
An image of the BFR cuff pressure calculator that provides recommended exercising cuff pressures during BFR based on AOP. The user provides an
AOP value (left) and is provided with recommended pressures to utilize based on the risk stratification level obtained during medical screening (right).

Usability testing

User-based evaluation
The time to completion for task scenarios was 2.3 ± 1.2 min and

the number of errors was 1 ± 1. In the order that scenarios were given
to participants, time to task completionwas 3.3 ± 1.4 min for the first
scenario, 1.8 ± 1.2 min for the second scenario, and 1.8 ± 0.6 min for

the third scenario. There was a total of 11 incidents among all
participants during the completion of task scenarios. Incidents were
categorized as navigation problems (4), data input problems (2), and
difficulty interpreting recommendations (5). A summary of the type
of incidents occurring during each task are presented in Table 4.
When prompted to select equipment for implementing BFR,
participants selected a manual thigh blood pressure cuff 80% of
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TABLE 4 Type and frequency of incidents occurring during user-based evaluations.

Step Navigation Data input Interpreting
recommendation

Step 1: Medical Screening • Difficulty locating output from
medical screening (2)

• Unsure how to proceed to
next step (2)

• Forgot to hit “Submit” button NA

Step 2: Selecting Equipment NA NA • Thought that width of cuff referred to
limb circumference

Step 3: Determining Cuff Pressure NA • Entered units within input field and
was given “error”

• Confusion about AOP value
in output (2)

• Difficulty remembering stratification
level from medical screening

• Problems interpreting elastic wrap
directions

TABLE 5 System Usability Scale (SUS) responses and normative data.

Participant Item number Composite

1 2 3 4 5 6 7 8 9 10

1 5 1 5 1 5 1 5 1 5 1 100

2 4 1 5 1 5 2 5 1 4 1 92.5

3 5 1 4 1 4 1 5 2 5 1 92.5

4 5 1 5 1 4 1 5 1 5 1 97.5

5 4 1 4 1 4 1 5 2 4 1 87.5

Mean ± SD 4.6 ± 0.6 1 ± 0 4.6 ± 0.6 1 ± 0 4.4 ± 0.6 1.2 ± 0.5 5 ± 0 1.4 ± 0.6 4.6 ± 0.6 1 ± 0 94 ± 5 (A+)

Benchmark ≥3.4 ≤2.4 ≥3.7 ≤1.9 ≥3.6 ≤2.2 ≥3.7 ≤2.3 ≥3.7 ≤2.1 68 (C)

Benchmark ≥3.8 ≤1.9 ≥4.2 ≤1.5 ≥4.0 ≤1.8 ≥4.2 ≤1.7 ≥4.3 ≤1.6 80 (A-)

the time, knee wraps/elastic bands 10% of the time, and automated
cuff systems 10% of the time. All participants selecting to use a
manual thigh blood pressure cuff indicated that they did not have
access to equipment for measuring AOP and utilized the application
to estimate AOP. All task scenarios were completed “Successfully”
and resulted in participants properly screening and determining an
appropriate cuff pressure to utilize during exercise with BFR with all
patient scenarios.

Perceived usability
Composite SUS scores were 94 ± 5, which corresponded

to an “A+” on the curved graded scale and ranked within the
96–100th percentile range of industry SUS standards. Composite
and individual item SUS responses are presented in Table 5. All
individual item responses were above benchmarks for an SUS
composite score of 80.

Semi-structured interviews
Several themes and subthemes emerged from qualitative

analysis of participants semi-structured interview responses.
Themes and subthemes fromparticipants responses to each question
are described here and in Figures 7–10.

Question 1: Is there a specific reason why you have not utilized
blood flow restriction in your clinical practice?

Two themes emerged as to why participants had not utilized
exercise with BFR in their clinical practice including 1) lack
of consideration, and 2) limited knowledge (Figure 7). Three
out of five participants indicated that exercise with BFR was
simply not a method that they often considered when treating
patients. Furthermore, whether they had considered BFR or not,
all participants reported that a lack of knowledge about BFR was a
reason why they had not utilized it. Additionally, four participants
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FIGURE 7
Participant responses to semi-structured interview question 1.

commented that their lack of consideration and/or knowledge was
due to limited exposure to exercise with BFR. Two participants
stated that they hadnot seenBFRused in the clinic by colleagues, one
participant commented on limited exposure during their schooling,
and another commented on limited exposure in the media.

Question 2: What are some perceived barriers to implementing
exercise with blood flow restriction in your clinical practice?

Three themes emerged as barriers to using exercise with
BFR and included 1) limited knowledge, 2) limited access to
resources, and 3) patient and professional concerns (Figure 8).
All participants reported that a lack of knowledge pertaining
to the implementation of BFR presented a barrier to using
it. Furthermore, several subthemes were identified related to
specific areas of limited knowledge. These included uncertainty
surrounding contraindications and safety of performing BFR (5/5

participants), what equipment to utilize for performing BFR (4/5
participants), and determining pressures to apply during exercise
(5/5 participants). All participants also reported that limited access
to resources posed a barrier. Four out of five participants mentioned
having limited access to equipment for performing BFR and two out
five commented on having limited time to implement BFR. Lastly,
four out of five participants mentioned that the risk of BFR causing
adverse events in patients and/or threatening their professional
status were barriers to its use.

Question 3: What aspects of this application did you find helpful in
implementing exercise with blood flow restriction?

Two themes were identified pertaining aspects of the application
that participants found helpful including 1) ease of use/efficiency
and 2) useful content and features (Figure 9). All participants
agreed that the web-based application was easy to use and time
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FIGURE 8
Participant responses to semi-structured interview question 2.
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FIGURE 9
Participant responses to semi-structured interview question 3.

efficient. Participants also agreed that the content and features
included within each step of the application addressed gaps
in knowledge and were useful for implementing exercise with
BFR. All participants specifically mentioned Step 1: Medical
screening and Step 2: Determining Restriction Pressure being
particularly helpful.

Question 4: How could this application be improved to help you
implement blood flow restriction more confidently?

Three participants provided feedback on how the application
could be improved. Two participants did not give any suggestions.
Suggestions included 1) better integrating the results of the
medical screening into the selection of pressures to use during
exercise with BFR and 2) including more information about the

benefits and drawbacks of selecting certain types of equipment for
implementing BFR (Figure 10).

Question 5: If this application was available, how do you think it
would change the use of blood flow restriction in clinical practice?

Two themes emerged related to how the web-based application
would change the use of exercise with BFR in clinical settings
and included 1) improved confidence with using BFR and 2)
increased accessibility of BFR (Figure 10). Three out of five
participants reported that having the application would increase
practitioners’ confidence of using exercise with BFR. All participants
stated that the web-based application would make exercise with
BFR more accessible to practitioners. Specifically, they reported
that the web-based application lowered the requisite knowledge
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FIGURE 10
Participant responses to semi-structured interview question 4.

needed to implement exercise with BFR (3/5 participants), lowered
costs associated with BFR use (1/5 participants), and would
make implementing BFR more time efficient (1/5 participants).

Furthermore, two participants commented that the web-based
application would make practitioners more likely to utilize
exercise with BFR.
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Discussion

Main findings

The purpose of this study was to describe the development of
a preliminary web-based application to aid in the implementation
of exercise with BFR and to conduct preliminary usability testing
in physical therapists to identify issues and provide feedback
for further development. Our main findings were that 1) the
web-based application can serve as an evidence-based decision
support tool for implementation of exercise with BFR, 2) physical
therapists found the functionality and content of the web-based
application helpful for implementing exercise with BFR, and
3) usability of the web-based application was high in physical
therapists possessing no previous experience using exercise with
BFR. Lastly, several areas for improvement were identified including
the addition of more informational content about BFR equipment,
enhancing integration of steps and functions, and making user
recommendations easier to interpret.

Application development

To the best of our knowledge, we are the first group to report
the development of a decision support tool for evidence-based
implementation of exercise with BFR. We utilized a commercially
available website builder and interactive Shiny applications to
construct a preliminary web-based application. Functional steps
included in the preliminary design were aimed at addressing
methodological barriers to the implementation of BFR that have
been previously identified (Rolnick et al., 2021) in practitioners.
Specifically,wedevelopedamedicalscreeningtoolaswellasadecision-
making pathway for equipment selection and pressure determination
that were based on an aggregated synthesis of existing literature. In
agreement with the findings of Scott et al. (2024), participants in
this study identified several barriers to utilizing BFR. These barriers
included limited knowledge and education, insufficient access to
resourcessuchasequipmentandtime,andsafetyconcerns.Specifically,
participants highlighted key knowledge gaps that hindered their
use of BFR, including a lack of understanding of contraindications
and safety precautions, uncertainty about how to select appropriate
equipment for BFR, and confusion regarding how to determine
appropriate pressure settings for restrictive devices. Our results
suggest that the content and functions included within our web-
based application were helpful in addressing each of these perceived
barriers. Participants stated that having the web-based application
would increase their confidence implementing exercise with BFR,
lower the requisite knowledge required to use BFR, and would make
practitioners more likely to utilize the modality in clinical practice.
While our medical screening tool, decision-making process, and
equipment recommendations are not validated and do not reflect
expert consensus, our results provide proof of concept. Notably,
these results suggest that an application incorporating a similarly
designed screening process and decision-making pathway is usable
by physical therapists and may help address key barriers to BFR
implementation in clinical settings. These results also highlight the
need for the development of a consensus-based medical screening
tool, like that developed by the Austrian Institute of Sport (2021), and

aclear,practical setof step-by-stepguidelines forBFRimplementation.
Future research should aim to better define relevant risk factors to
enable effective screening without being overly exclusionary, and to
clarify the safety profiles of different BFR devices and how device
selection should align with individual risk factors.

An interesting finding was that participants selected to utilize a
thigh blood pressure cuff to implement exercise with BFR during
most (80%) of the hypothetical task scenarios using the web-based
application. Furthermore, all participants choosing to utilize this
equipment indicated that they did not have access to handheld or
ultrasoundDoppler for directlymeasuringAOP.Thus, all participants
determined exercising cuff pressures for this device by estimating
AOP using our prediction equation (Wedig et al., 2024). Accordingly,
the strategies selected for implementing BFR were limited and
not representative of the most common methodologies currently
used in clinical settings (Scott et al., 2024). These results may
have been due to our study design and the participants’ prior
knowledge.Thehypotheticalpatientscenariosprovidedtoparticipants
focused specifically on implementing BFR for the lower-body with
the goal of improving lower-body strength. This naturally directed
participants toward lower-body cuff options, limiting exploration of
other implementation pathways within the application. Additionally,
all participants had no prior experiencewith BFR exercise and limited
knowledge of how to implement it or what types of equipment were
available. When asked to select from the recommended equipment,
they were instructed to choose the option they were most likely
to have access to and use in their clinical setting. As a result,
many selected more familiar and readily available equipment such
as manual blood pressure cuffs. These data do however indicate
that a major strength of our web-based application was providing
more accessible options for implementing BFR that did not require
specialized equipment. Accordingly, the application may help to
enhance equipment accessibility by introducing practitioners tomore
practicalmeansof implementingBFR.Feedbackabouthowto improve
the content of the applicationwasminimal. One participant suggested
including more information about the various BFR equipment types
would be helpful in making a more informed clinical decision when
choosing which equipment to utilize with patients.

Usability testing

Results indicated that our web-based application had a high
degree of usability within our sample of physical therapists.
Composite SUS scores ranked highly among industry standards,
well above values suggested to represent “Excellent” usability
(Bangor et al., 2009), and higher than scores previously
reported for other applications being used by physical therapists
(Baschung Pfister et al., 2020). Furthermore, all individual item
responses were well above benchmarks for an acceptable SUS score.
Importantly, these data indicated that the web-based applicationwas
effective, efficient, and satisfactory to use. Effectiveness of a system
referrers to how well a systems performance meets the task that it
was designed for. Compared to other technological systems utilized
by physical therapists (Baschung Pfister et al., 2020; Rhodes et al.,
2019), our application demonstrated a relatively high task
completion rate. During user-based evaluation there was a 100%
success rate in which all participants successfully implemented
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exercise with BFR in each of the hypothetical scenarios that they
were presented with. This included successful medical screening
of patients for BFR inclusion, selecting appropriate equipment for
performing BFR, and selecting an appropriate cuff pressure to utilize
based on risk stratification. Efficiency refers to how much time and
effort are required to use a system to achieve a desired task. Using the
web-based application, participants were able to complete all steps
of implementing exercise with BFR in under 3 min. After becoming
familiarized to the web-based application, time to completion
decreased by almost half, suggesting that participants were able
to quickly learn the system interface. Additionally, participants
described the web-based application as being “easy to utilize,”
“user friendly,” “intuitive,” and/or “time efficient” in their interview
responses. Finally, satisfaction refers to how pleasant a system is to
utilize and its ability to favor positive attitudes from a user. Interview
responses largely suggested that participants experience using the
web-based application was positive. Several participants stated that
they would use this application if it was available.

No critical design problems in the web-based application
were identified. Incidents occurring during user-based evaluations
helped to identify minor issues related to navigation, data input,
and interpreting recommendations provided by the application.
Navigation problems largely occurred during themedical screening.
Specifically, the layout of the medical screening Shiny application
made it difficult for users to locate the risk stratification output.
Additionally, after identifying the risk stratification level in the
Shiny application, participants had difficulty navigating back to
the top of the webpage to select the resulting risk level and
move onto the next step. Collectively, feedback suggested that
the results from medical screening were not well integrated
into the other functions of the application. For example, when
determining exercising cuff pressures, participants were given
pressure recommendations for all risk stratification levels and some
participants had difficulty remembering the assigned risk level
provided during medical screening. One participant suggested that
cuff pressure recommendations in Step 3 be provided only for
the patient previously screened. This reflects a limitation of our
overall application development (i.e., using awebsitewith embedded
Shiny applications). Shiny applications do not directly interface with
the website, making it challenging to integrate results into future
steps. Notably, several participants had difficulty interpreting the
pressure to utilize based on the output from the AOP estimation
Shiny application. Specifically, a patient’s AOP was listed in the
output along with recommended exercising pressures and several
participants were confused about what the AOP value represented.
Lastly, one participant selecting to utilize elastic bands had difficulty
interpreting how to apply the wraps based on the patient’s limb
circumference. Accordingly, several recommendations to enhance
usability of the web-based application include 1) re-designing the
layout of the medical screening Shiny application so that the risk
stratification output is easier to locate, 2) better integrating the
results of medical screening into the determination of cuff pressure,
3) defining AOP and indicating more clearly the recommended
pressures to use during exercise, and 4) improving instructions for
setting tightness with elastic wraps. Collectively, development of a
more integrated applicationmayhelp to overcomemanyof the issues
identified by users.

Limitations

There are several noteworthy limitations to this study. First,
participants were given a limited number of similar hypothetical
task scenarios during user-based evaluation and thus did not
experience all possible scenarios for implementing exercise with
BFR within the web-based application. For example, all task
scenarios focused on implementation of exercise with BFR in the
lower body. Additionally, almost all participants chose to utilize
the same equipment and methods for determining cuff pressure.
Therefore, feedback related to alternative content and functions
within the application was limited. These limitations were partly
due to our use of a small number of participants with no prior
experience implementing BFR, whose selection of methodologies
and equipment was likely influenced by their limited knowledge
of BFR practices. Second, use of the web-based application by
practitioners was carried out virtually and with hypothetical
scenarios where all patient information was easily provided. Thus,
the generalizability of these results to use of the application in real
world clinical practice is limited (Kjeldskov and Skov, 2007). Third,
given the exploratory nature of this pilot study a single coder was
used for thematic analysis which introduces a potential source of
bias. Finally, our preliminary medical screening process and overall
algorithm for BFR decision making require validation before they
can be confidently recommended for real-world use. Collectivity, the
results from this pilot study should be interpreted cautiously.

Future directions

Future efforts will focus on three key areas of improvement
for the application. First, we will enhance the user interface to
improve overall usability. This includes transitioning from the
current web-based prototype to a fully integrated standalone
application, allowing for more seamless interaction between
core features (e.g., medical screening, equipment selection, and
pressure recommendations) which are currently constrained by
the limitations of embedding Shiny applications within a website.
Future iterations will also integrate user feedback, including
redesigning the medical screening interface, clarifying AOP outputs
and pressure recommendations, and refining guidance for elastic
wrap application. Second, we aim to contribute to the development
and validation of a consensus-based BFR screening tool and a
set of implementation recommendations, similar to our proposed
recommendations focused on equipment selection and cuff pressure
determination. Our findings suggest that such resources could help
address key barriers to BFR adoption among practitioners. Lastly,
we will continue conducting usability testing as the application
evolves. To enhance ecological validity and ensure a comprehensive
evaluation across diverse use cases, future testing will include a
broader range of hypothetical and real-world clinical scenarios. A
larger, more diverse sample of practitioners with varying levels of
BFR experience will be involved to reduce bias in implementation
strategies and better reflect common clinical practices. It will
also be important to evaluate whether the application’s algorithm
unintentionally biases users toward certain strategies. In-person
testing with practicing clinicians in real-world settings will be
prioritized to assess practical usability. Additionally, concerns
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related to patient data confidentiality and the assumption of risk
associated with BFR exercise will need to be thoroughly addressed
before the application is ready for clinical use. These efforts aim
to address current limitations of our preliminary application and
support the development of a more robust, user-friendly, and
clinically effective tool for implementing BFR exercise.

Conclusion

Our preliminary web-based application presents a promising
tool to help physical therapists implement safe and effective exercise
with BFR.Through the applicationwewere able to provide evidence-
based guidance for medically screening potential BFR candidates,
selecting appropriate equipment to utilize for performing BFR,
and determining appropriate cuff pressures. The application’s core
content and features appear to address many of the major barriers
that physical therapists with limited experience in BFR face when
attempting to incorporate it into clinical practice. Additionally, the
application was effective and efficient in helping physical therapists
to make appropriate decisions related to the implementation of
exercise with BFR. Several areas for improvement were identified
which will help to enhance the usability of this application. This
work serves as an initial step in a broader research agenda
aimed at constructing and validating a consensus-based screening
tool, refining BFR implementation recommendations, and further
developing a validated application for clinical use.
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