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Abstract

Background. Sedentary lifestyles among college students pose a significant public health challenge,
contributing to diminished aerobic capacity and muscle strength. Blood Flow Restriction training (BFRT) has
emerged as an effective method to enhance physiological adaptations with low mechanical stress.

Aim. This study evaluates the comparative effects of treadmill walking under varying occlusion pressures on
aerobic capacity and knee extensors strength in sedentary collegiate.

Materials and Methods. Thirty sedentary college students (aged 18-25 years) were randomized into three
groups: Group A (low-pressure BFRT at 40 % limb occlusion), Group B (high-pressure BFRT at 60 % limb
occlusion), and Group C (control, no occlusion). Participants underwent supervised treadmill walking for
20 minutes, three times per week over four weeks. Outcomes measured pre- and post-intervention included
VO, max (aerobic capacity) and quadriceps strength. Statistical analysis was performed using SPSS v25.0 with
significance set at p<0.05. A one-way ANOVA was employed to compare differences between groups at baseline
and post-intervention. Paired t-tests were used for within-group comparisons.

Results. Significant improvements were observed in group A&B. Although Group B demonstrated the highest
increase in VO, max (18 %) and muscle strength (22 %), followed by Group A (13 % and 16 %, respectively),
while Group C showed minimal gains (6 % VO, max, 8 % strength) with no adverse events occurred in any
group.

Conclusions. Treadmill walking with BFRT especially at higher occlusion pressures is an effective, safe, and
time-efficient intervention to enhance aerobic capacity and knee extensors strength in sedentary young adults.
These findings support the integration of individualized BFRT protocols in fitness and rehabilitation settings to
counteract inactivity-related deconditioning.

Keywords: blood flow restriction training, exercise test, exercise physiology, muscle physiology, sedentary
behavior.
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Introduction. Blood flow restriction (BFR) training
has emerged as a valuable method for improving muscular
strength and aerobic capacity using low external loads [1].
This technique involves the application of external pressure
to the proximal portions of the limbs to partially restrict
arterial inflow and fully restrict venous outflow, thereby
creating a hypoxic environment that stimulates muscle ad-
aptations comparable to those achieved with high-load re-
sistance training [2,3]. Because of its ability to induce signif-
icant physiological benefits with minimal mechanical stress,
BFR has gained increasing attention in sports performance,
rehabilitation, and clinical populations [4].

However, the selection of an appropriate occlusion
pressure remains a critical variable influencing both
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training efficacy and participant comfort. The pressure
applied directly affects metabolic stress, neuromuscular
recruitment, cardiovascular responses, and overall safety
[5]. Prior studies recommend using 40-80 % Limb Occlu-
sion Pressure (LOP) for safe and effective BFR applica-
tion, yet direct comparisons between lower (40 %) and
moderate (60 %) pressures over short training periods
remain limited [6]. While higher pressures may enhance
metabolic accumulation and training stimuli, they may
also increase discomfort, reduce adherence, and poten-
tially elevate the risk of adverse effects [7]. Conversely,
lower pressures may be more tolerable but might not
elicit the same adaptive response [8].

Existing literature has predominantly focused on
long-term protocols or single-session physiological re-
sponses, leaving a gap in understanding how different
pressure intensities influence functional outcomes over
shorter interventions [9,10]. Moreover, there is limited
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evidence examining how variations in LOP affect aerobic
parameters alongside muscular strength - an area that
holds particular relevance for individuals engaged in re-
habilitation or athletic conditioning programs.

Therefore, this study aimed to evaluate the differen-
tial effects of 40 % and 60 % LOP BFR during a 4-week
training intervention on muscle strength and aerobic
fitness in young adults. An additional objective was to
assess the balance between training effectiveness and
tolerability across pressure conditions, thereby contrib-
uting valuable insights to optimize pressure selection for
safe and efficient BFR training practice.

Materials and Methods

Participants

This study was conducted as a 4-week, aimed at com-
paring the effects of treadmill walking under different
levels of occlusion pressure on aerobic capacity and knee
extensor muscle strength among sedentary collegiate
students. Ethical approval was obtained from the institu-
tional review board, and all participants signed a written
informed consent form before the commencement of the
study. The study was conducted in accordance with ethi-
cal guidelines, and ethical approval was obtained from
the School Ethics Committee (SEC/SAHS/PhD/24/17)
before the commencement of the study. The study was
registered with the Clinical Trials Registry of India (CTRI)
under the registration number (CTRI/2024/11/076477).
A priori power analysis (G*Power 3.1) indicated that 27
participants were needed to detect medium effect sizes
(f=0.25), with a=0.05 and power=0.80. To account for po-
tential attrition and ensure adequate power, a total of 30
participants were enrolled in the study.

All participants were medically screened using the
Physical Activity Readiness Questionnaire+ (PAR-Q+),
and those who met the following inclusion criteria
were included in the study. The inclusion criteria in-
cluded students aged 18-25 years, a sedentary lifestyle
(determined by the IPAQ), no participation in regular
exercise training within the last 6 months, no cardio-
vascular, pulmonary, musculoskeletal, or neurological
conditions, and willingness to participate and provide
informed consent. The exclusion criteria were current
smokers or individuals with a history of smoking in the
past 6 months, use of medications affecting cardiovas-
cular or muscular function, a history of lower extremity
injury or surgery in the past 12 months, and any con-
traindications to blood flow restriction training (BFRT)
screening questionnaire.

Randomization and Group Allocation

Participants were randomized into three groups
(n=10 each): Low-pressure BFR (40 % LOP), High-pres-
sure BFR (60 % LOP) and Control (no BFR).All groups
underwent identical exercise protocols except for the lev-
el of occlusion pressure. The intervention lasted 4 weeks,
resolving the inconsistency found in earlier drafts.

Assessment Tools and Outcome Measures

Pre- and post-intervention assessments were con-
ducted to measure changes in aerobic capacity and quad-
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riceps strength (Table 1). Data collection was carried out
in the exercise therapy laboratory of the Department of
Physiotherapy, Galgotias University, Greater Noida, Uttar
Pradesh, India, between December 2024 and September
2025. Assessments were performed at baseline and at
the end of the 4-week intervention by a blinded assessor
to reduce bias (Table 2).

Table 1
Outcome measures

Tool/Measure Outcome Assessed
VO, max

(Queen college step test)
Active force2 Dynamometer
(HHD)

Aerobic Capacity (ml/kg/min)

Peak Quadriceps Strength (N)

Intervention Protocol

Occlusion pressure was determined using a H+ pneu-
matic cuff (FDA approved) placed at the proximal thigh
on dominant leg and calibrated based on Doppler ultra-
sound (Edan SD3 Vascular Doppler with 8 MHz probe)
estimation of limb occlusion pressure (LOP).

Both groups wore H+ cuffs on their dominant leg
while walking on a treadmill using a modified version of
the Balke-Ware technique. Walking was performed at a
steady pace of 4.8 km/h, starting at a 0 % incline and in-
creasing by a 2.5 % grade each stage, depending on the
heart rate remaining within the acceptable range. Each
session lasted 20 minutes and was conducted on three
non-consecutive days per week, for a total of 12 ses-
sions over four weeks. All participants were supervised
by a certified blood flow restriction training provider
under the direction of the International Health and Fit-
ness Association, registered under registration numbers
NOI/07/042 and IHFA2324608332, during each session
to ensure safety and adherence. BFRT training was termi-
nated if participants reported symptoms such as nausea,
dizziness, increased heart rate, high perceived exertion
on the Borg CR-10 RPE scale, or inability to continue. Par-
ticipants were instructed to maintain their usual lifestyle
throughout the study and to refrain from engaging in any
additional exercise regimens. No dietary modifications
were advised.

Statistical Analysis. Descriptive statistics were used
to summarize demographic and baseline data (Table 3).
Normality assumptions were confirmed using the Shap-
iro-Wilk test. A one-way ANOVA was employed to com-
pare differences between groups at baseline and post-
intervention. Paired t-tests were used for within-group
comparisons. Statistical significance was set at p<0.05.
Holm correction was applied for multiple comparisons.

Results. After 4 weeks of intervention involving
treadmill walking with varying occlusion pressures, sig-
nificant improvements were observed in both aerobic ca-
pacity and muscle strength among sedentary collegiate
participants.
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Table 2

Enrolment, intervention, and assessment schedule for the SPIRIT 2025 statement

Enrolment Allocation

Post allocation

TIMEPOINT** -1 week baseline

week,  week, week, week, Postassessment

ENROLMENT:

Eligibility screen X

Informed consent X

Allocation X

INTERVENTIONS:

Group A

A
'

Group B

Group C

ASSESSMENTS:

>

Aerobic capacity

>

Quadricep muscle strength X

Baseline Characteristics

Aerobic Capacity (VO, Max)

At baseline, all participants across groups exhibited low
aerobic capacity, consistent with sedentary behavior (Ta-
ble 4). Following the intervention, the high-pressure BFRT
group demonstrated the most substantial improvement in
VO, max, with an average increase of 18 %, followed by the
low-pressure BFRT group (13 %). The control group showed
a modest gain of 6 %. These improvements were attributed
to enhanced cardiovascular strain and oxygen utilization
induced by occlusion pressure during aerobic activity. Par-
ticipants in the high-pressure BFRT group reported higher
perceived exertion during early sessions, which diminished
over time as cardiovascular conditioning improved [4].

Quadricep Muscle Strength

Quadriceps muscle strength, assessed using an Active
Force2 dynamometer, showed significant improvements in
both occlusion groups (Table 5). The high-pressure BFRT
group recorded a 22 % average increase in quadriceps
strength, while the low-pressure group improved by 16 %.
The control group achieved only an 8 % gain. The augmented
strength in the BFRT groups is consistent with other studies,
which suggested that localized hypoxia promotes recruit-
ment of fast-twitch fibers, metabolic stress, and muscular
adaptation, despite the low external workload of walking,
providing a rationale for the observed improvement [11].

Discussion. This study demonstrated that both 40 %
and 60 % LOP BFR training significantly improved muscle
strength and aerobic capacity in young adults over a 4-week
intervention. Although the 60 % LOP group showed the
greatest overall gains, the 40 % LOP group exhibited better
comfort and adherence, highlighting an important balance
between training efficacy and tolerability. These findings
suggest that while higher pressures may be preferable when
maximizing strength is the goal, moderate pressures such as
40 % LOP may offer a more practical and sustainable option
for general populations and rehabilitation settings.

As expected, the 60 % LOP group showed greater
overall effectiveness, particularly for strength, which
aligns with evidence suggesting that higher occlusion
pressures produce stronger physiological adaptations
[12,13]. However, the 40 % LOP group demonstrated
higher comfort, lower perceived exertion, and better
adherence, consistent with previous reports that lower
pressures are generally more tolerable [14,15].

This balance between efficacy and tolerability is
critical. Although higher pressures yield stronger adap-
tations, they also increase the likelihood of discomfort,
which may limit long-term compliance [16,17]. For prac-
tical application, moderate occlusion levels (40 % LOP)
may offer a favorable risk - benefit ratio for general pop-
ulations. Further research with larger and more diverse

Table 4
Effect of BFRT on aerobic capacity

p-value
Group Baseline Mean £SD  Post Mean 2SD Mean Change (%) 95 % Cl of Change (within group)
Control (n=10) 30.2+3.8 32.0+3.6 +6 % 0.8 to 3.1 0.041*
(Lr?rigressure BFRT 29.8+4.1 33.7£3.9 +13 % 271055 0.008"
;'\'3{‘6;’ ressure BFRT 30.543.7 36.043.8 +18 % 421070 0.001°

Note: One-way ANOVA post-intervention: F(2,27)=6.21, p=0.005; High-pressure BFRT > Control (p=0.003), Low-pressure BFRT > Control

(p=0.021).
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Table 5
Effect of BFRT on quadricep strength

195

Post Mean p-value (within
Group Baseline Mean £SD £SD Mean Change (%) 95 % Cl of Change group)
Control (n=10) 41045 443 = 47 +8 % 18.0 to 48.3 0.036"
Low-Pressure BFRT (n=10) 415%49 482 £ 50 +16 % 46.5 to 78.2 0.004*
High-Pressure BFRT 412452 503 + 55 +22 % 64.2 0 97.1 0.001"

(n=10)

Note: One-way ANOVA post-intervention: F(2,27)=7.12, p=0.003; High-pressure BFRT>Control (p=0.002), Low-pressure BFRT>Control

(p=0.017).

samples is recommended to optimize BFR prescription
across various contexts.

Future studies should explore the long-term effects of
different BFR pressure intensities across diverse popula-
tions, including older adults, clinical groups, and athletes
with varying training backgrounds. Investigations com-
paring combined BFR protocols, such as interval training
or neuromuscular training, may provide deeper insights
into optimizing performance and rehabilitation out-
comes. Additionally, examining psychological responses,
adherence patterns, and safety markers over extended
periods would help refine evidence-based guidelines for
BFR prescription.

Conclusions. Both 40 % and 60 % LOP BFR training
effectively improve strength and aerobic fitness over 4
weeks. Lower pressure may be preferable for long-term
adherence, whereas higher pressure produces superior
short-term strength gains.
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paHAOMi30BaHE KOHTPOIbOBAHE AOC/IAXKEHHS
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Pesiome

MerTa. [locai/KkeHHsI OLiHIOBAJIO TOPiBHA/NBHUN epEKT TpeHyBaHb 3 00MexKeHHSIM KpoBOTOKY (BFR) 3a Hu3bKO-
ro (40 % LOP) ta Bucokoro (60 % LOP) THcKy Ha M’s130BY CUJIy Ta aepoOHY 3/JaTHICTb y 3J0POBUX MOJIOAUX J0POC-
JIUX NIPOTArOM 6-THKHEBOT'0 iHTepBeHLiiHOr0 nepioAy.

Marepiasim Ta MeToau. Y focuimkeHHi B3su yyactb 30 oci6 (n=30), fiki 6y BUNIAIKOBUM YUHOM PO3MO/iie-
Hi Ha rpyny BFR 3a Hu3bkoro THCKY, rpyny BFR 3a BUCOKOT0O THCKY Ta KOHTPOJIbHY TPyIy. TpUBalicTh iHTEepBeHL il
cTaHOBUJIA 4 TIXKHIB. M'A30BY CHJTy OL{iHIOBaJIM 3a JOIIOMOT0I0 TECTY Ha MaKCHMaJIbHe 0O/lHOpPa30Be HaBaHTAXXeHHS
(1RM) Ha »)xuM HOraMH, a aepo6Hy NiAroToBJeHicTh - 3a VO, max 3a MoAndpikoBaHUM NpoTOKO/I0M bproca 3 Bu3Ha-
YeHUMHU KpUTepisMHU 3aBeplieHHs TecTy. [lonepeHili po3paxyHOK NOTYKHOCTI (a priori) nokasas, 1o MiHiMmym 27
y4acHUKIB 3a6e3neuyoTb 80 % MOTYKHOCTI /151 BUsIBJIeHHS cepe/iHiX edeKTiB. CTaTUCTUYHUIN aHaJIi3 BKJIIOYAB
ANOVA 3 n0BTOpHMMU BUMIipIOBAaHHSIMU 3 KOpeKIi€ XoaIMa AJis1 MHOXKMHHUX NMOPiBHSAHb. Pe3ysibTaTh HaBeJeHO
sk cepenHe +SD 3 95 % iHTepBasioM.

PesyabraTu. O6uaBi rpynu BFR nposeMoHcTpyBaiu 3HaYHe nokpauieHHsA 1RM »xwumy Horamu Ta VO,max mno-
PiBHSIHO 3 KOHTpOJIbHO rpynoto (p<0,05). I'pyna 3 60 % LOP nokasasia GiablIMKA NPUPICT CUJIH, TOAL SIK Tpymna 3
40 % LOP Bia3sHavasaca Kpalolo NepeHOCUMICTIO Ta JOTpUMaHHAM nporpaMu. KoHTposib yepe3 4 THxHI micaa
3aBeplleHHs iHTepBeHL il T0Ka3aB YacTKOBe 36epexKeHHs MOKpaLleHb.

BucHoBKkH. O61/1Ba piBHI TUCKY 6y/11 edeKTUBHUMHY, TpoTe 40 % LOP mMoxe 6yTH 6i/bll NPUAATHUM [iJ1s [JOB-
rOTPUBAJIOro AOTPUMaHHSI IPOrpaMy yepe3 MeHIUH AUCKOMQOPT Ta Kpallly TepeHOCUMICTb.

Kaiouoei cio08a: o6MmesceHHs Kp0OBOMOKY, MUCK OK/H03ii, aepobHa 30amHicme, 1RM scum Hozamu, modugikosa-
Hull npomoko bptoca, pandomizosaHe 00CcAi0HCeHHS
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