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Blood flow restriction (BFR) training is increasingly applied in rehabilitation and performance settings as a low-load
alternative to traditional resistance exercise. BFR neuromuscular activation during dynamic, functional activities is less
understood, particularly in an acute scenario. Purpose: To investigate how inter-peak muscle activation time (IPMAT) of
lower limb muscles (proximal and distal to the cuff) adapted to blood flow restriction while pushing a sled (constant
resistance acquired with continuous speed) at two consistent walking speeds. Methods: Sixty-two healthy adults (8 men,
54 women; mean age = 23.0 + 3.0 years) participated. Anthropometrics, vital signs, and limb dominance were documented.
Surface electromyography (EMG; Delsys Trigno system) recorded activity of the gluteus maximus, medial gastrocnemius,
and tibialis anterior of the dominant leg. Participants pushed an XPO Trainer sled (85 Ib total load) over 40 ft at a slow
walk (80 bpm) and a fast walk (140 bpm). Three randomized trials were performed under unrestricted and BFR conditions.
BFR was applied with Delfi’s Personalized Tourniquet System at 80% limb occlusion pressure. The primary outcome was
BFR versus non-BFR IPMAT for all muscles, analyzed using multivariate analysis of variance (MANOVA). Results: BFR
significantly increased IPMAT in the gluteus maximus (slow walk: 1.0672 + 0.1086 s vs. non-BFR 0.9524 + 0.1228 s, p <
.001; fast walk: 1.1061 + 0.0955 s vs. hon-BFR 0.9428 + 0.1150 s, p < .001) and medial gastrocnemius (slow walk: 1.1076
+ 0.0798 s vs. 0.8040 £ 0.0969 s, p < .001; fast walk: 1.1435 + 0.1064 s vs. 1.0719 + 0.1292 s, p = .008). No significant
differences were observed in the tibialis anterior (p > .05). Conclusions: During the blood-constriction settings, IPMAT
adapts the primary pushing muscles (gastrocnemius and gluteus muscles), regardless of occlusion cuff location (proximal
versus distal), suggesting delayed recovery between activation bursts due to increased neuromuscular demand under
restricted blood flow. This adaptation may represent compensatory strategies to sustain task performance under fatigue or
metabolic stress. Clinical Relevance: BFR sled pushing provides a low-load alternative that increases neuromuscular
variation, increases fatigue and compensatory demands, and supports endurance. Clinicians should consider these timing
adaptations when prescribing BFR to individuals with lower extremity weakness, balance deficits, or gait impairments.
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INTRODUCTION thereby inducing muscular adaptations comparable to
Phvsical activi q . ial f those achieved through high-load training with lower
ysical activity and exercise are essential for loads (Karabulut & Perez, 2013; May et al., 2022).

maintaining healthy cardiovascular and musculoskeletal
systems (Palazzuoli et al., 2023). However, certain

. . . L Researchn  on BFR has demonstrated
conditions make it challenging for some individuals to

improvements in muscle strength and hypertrophy

engage in high-load exercise, underscoring the need for (Fatela et al., 2019; May et al., 2022), as well as
lower-load ~training alternatives. One promising adaptations in neuromuscular recruitment patterns
approach to addressing this problem is blood flow (Rosario et al., 2024; Garcia et al., 2024, 2025). To the

restriction (BFR) training (Karabulut & Perez, 2013;
May et al., 2022). BFR mechanism involves applying
external pressure to partially occlude arterial blood flow,

best of our knowledge limited evidence exists regarding
the influence of BFR on the temporal components of
neuromuscular activation during acute functional
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dynamic tasks, such as normal or resisted walking. An
important component of muscle activity and
neuromuscular timing is the distance between
consecutive peaks of activation, inter-peak muscle
activation time (IPMAT). Amplitude data shows the
magnitude of muscle contraction (Rosario et al., 2022),
while the IPMAT is a metric that quantifies the interval
between successive muscle peak activations during gait
or other dynamic motor tasks. IPMAT could provide
insight into the underlying neuromuscular efficiency and
the motor system's capacity to adapt to variable
environments, such as ramps, stairs, or uneven
walkways. Furthermore, IPMAT has shown promise as a
sensitive measure of neuroplasticity, motor learning, and
fatigue-related modulation in both healthy and clinical
populations. As such, IPMAT not only enhances the
quality of gait analysis but also supports early detection
of motor control adaptations and deficits, and guides
targeted therapeutic interventions (Rinaldi, 2020; Huber
et al., 2011; Srivastava, Patten, & Kautz, 2019).

In the current study, the assumption is that
prolonged inter-peak intervals indicate more efficient
contraction and slower fatigue. This neuromuscular
adaptation could be related with fatigue-resistant type |
fibers, which is linked to improved endurance and
sustained low-threshold motor unit recruitment. On the
other hand, shorter inter-peak intervals suggest
recruitment of type Il fibers, which are commonly
associated with faster fatigue (Machado, Alves, &
Hendler, 2017). Accordingly, examining IPMAT under
blood occlusion conditions may reveal neuromuscular
patterns that could be translated into potential benefits
during BFR intervention (Pearson & Hussain, 2015;
Scott et al., 2015; Yasuda et al., 2010) regardless of cuff
location.

In this study, as in the protocols of Rosario et
al., (2024) and Garcia et al., (2024), researchers utilized
a sled that provides constant resistance at a constant
speed, combined with BFR. Muscle activity during
resisted gait tasks, such as sled pushing, echoes the
required force for lower-extremity muscle activation,
thus at lower speeds increases proximal muscle
engagement and shifting toward more distal recruitment
at higher speeds (Garcia et al., 2024; Mathis et al., 2020;
Rosario et al., 2020, 2022). Furthermore, Rosario et al.,
(2020, 2022) emphasized that load and speed
modifications substantially influence muscle activation
patterns while pushing a resistance sled. The force—
length and force—velocity relationships of muscles such
as the gastrocnemius may also affect activation timing as
speed increases, potentially necessitating the recruitment
of additional muscle groups (Monte et al., 2022). On a
related study, Alcaraz et al., (2018) highlighted the role
that speed plays in enhancing sprint performance, noting
that sled-pushing dynamics, specifically the force
exerted and movement speed, are critical for improving
athletic speed and explosive power.

Based on the above, the present study examined
how BFR affects the timing of lower-limb muscle
activity during a -pushing task performed at two different
walking speeds. Delineating on earlier work by Rosario
et al.,, (2024) and Garcia et al., (2024; 2025), we
hypothesized that regardless of the cuff location (gluteal
muscles are proximal to the cuff, whereas gastrocnemius
is distal) BFR would modify muscle recruitment by
reducing muscle activity in the primary pushing muscles
compared with non-BFR tasks.

METHODS
Study Design and Participants

A cross-sectional experimental study was
conducted, and 62 healthy adults (8 men, 54 women;
mean age = 23.0 £ 3.0 years) were included through
convenience sampling from a university setting. Eligible
participants were between 18 and 35 years of age and
able to perform moderate physical activity without
limitations. Individuals were excluded if they had
reported a lower extremity injury within the previous six
months, had cardiovascular or neurological conditions,
or presented contraindications to blood flow restriction
(BFR) use. All participants provided written informed
consent before enrollment. After signing the informed
consent, anthropometric measurements, vital signs, and
leg dominance were recorded for each subject.

Instrumentation and Muscle Selection

Muscle activity was measured using surface
electromyography (EMG) with a Delsys Trigno wireless
system (Delsys Inc., Natick, MA). Similar to the studies
of Rosario et al., (2024) and Garcia et al., (2024;2025),
proximal to occlusion, electrodes were placed on the
gluteus maximus and distal to the occlusion site on
medial gastrocnemius and tibialis anterior of the
dominant lower extremity. Skin preparation was
performed according to previously published guidelines
by Rosario et al., (2020).

Experimental Protocol

Sled-pushing trials were completed using an
XPO Trainer sled (Armored Fitness Equipment, LLC,
Plano, TX) with a base weight of 60 Ib plus an additional
25-1b plate (total resistance = 85 Ib), following the
protocol described by Rosario et al., (2023, 2024). The
sled was pushed over a 40-ft distance at two
predetermined walking speeds: a slow walk (80 beats per
minute) and a fast walk (140 beats per minute). Three
trials were performed at each speed under unrestricted
(non-BFR) and BFR sled pushing. The order of
conditions was randomized to minimize order effects.
BFR was applied using Delfi’s Personalized Tourniquet
System (Delfi Medical Innovations Inc., Vancouver, BC,
Canada) at 80% limb occlusion pressure. A 3-minute
seated rest period was provided between conditions.

Data Collection and Analysis
EMG signals were sampled and processed to
calculate inter-peak muscle activation time (IPMAT),
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which was defined as the interval, in seconds, between
consecutive peaks of muscle activation during the sled-
pushing task. A multivariate analysis of variance
(MANOVA) was conducted to examine the effects of
BFR and walking speed with no BFR on IPMAT across
the three muscles. Statistical significance was set at p <
.05.

RESULTS
Participant Characteristics
As shown in Table 1, 62 participants (8 males

current study recruited young healthy adults (mean age
of 23.0 * 3.0 years, height of 64.7 £+ 3.0 inches, weight
of 152.0 £ 33.0 Ib, and BMI of 22.0 + 3.2 kg/m?). After
signing informed consent and data collection, vitals were
gathered from all participants (heart rate 81.1 + 16.0
bpm, systolic blood pressure 117.4 + 11.10 mmHg,
diastolic pressure 79.6 + 10.01 mmHg, and oxygen
saturation 98.37 = 0.89%) to ensure cardiovascular
stability. Interestingly, leg dominance was assessed
using EMG electrodes and BFR placement, and, for this
study, it was evenly distributed (31 right- and 31 left-

and 54 females) were included in the analysis. The dominant participants).

Table 1: Demographic Data of All Participants
Characteristic Participant Data

Age (years) 23.0+3.0

Gender Male = 8, Female = 54
Height (in) 64.7 £ 3.0

Weight (Ib) 152.0 £ 33.0

BMI (kg/m?) 220+3.2

Heart Rate (bpm) 81.1+16.0

Systolic BP (mmHg) | 117.4+11.10

Diastolic BP (mmHg) | 79.5+10.01
SpO, (%) 98.37 £ 0.89
Leg Dominance Right =31, Left =31

Inter-Peak Muscle Activation Time (IPMAT)

A multivariate  analysis of  variance
(MANOVA) revealed significant differences in IPMAT
between BFR and Non-BFR conditions for the gluteus
maximus and medial gastrocnemius muscles (p < .001).
Table 2 shows that the gluteus maximus, IPMAT was
significantly greater under BFR (1.0672 + 0.1086 sec)
compared to non-BFR (0.9524 + 0.1228 sec) at 80 bpm,
and similarly at 140 bpm (BFR = 1.1061 + 0.0955 sec;

non-BFR = 0.9428 + 0.1150 sec, p < .001). Medial
gastrocnemius results showed a similar pattern to gluteus
maximus, with increased IPMAT under BFR at both 80
bpm (1.1076 + 0.0798 sec vs. 0.8040 + 0.0969 sec, p <
.001) and 140 bpm (1.1435 * 0.1064 sec vs. 1.0719 +
0.1292 sec, p = .008). As depicted in Table 3, no
significant differences were detected for the tibialis
anterior across BFR and non-BFR conditions (p > .05).

Table 2: Inter-Peak Muscle Activation Time (IPMAT) for Gluteus Maximus and Medial Gastrocnemius Under
BFR and Non-BFR Conditions

Muscle Speed (bpm) | Non-BFR Mean + SD (sec) | BFR Mean + SD (sec) | p-value

Gluteus Maximus 80 0.9524 +0.1228 1.0672 + 0.1086 <.001
140 0.9428 +0.1150 1.1061 + 0.0955 <.001

Medial Gastrocnemius 80 0.8040 + 0.0969 1.1076 + 0.0798 <.001
140 1.0719 £ 0.1292 1.1435 + 0.1064 .008

Table 3: Inter-Peak Muscle Activation Time (IPMAT) for Tibialis Anterior Under BFR and Non-BFR Conditions

Speed (bpm) | Non-BFR Mean + SD (sec)

BFR Mean + SD (sec) | p-value

80 1.7 £ 0676

1.8 +0.753 0.22

140 0.6+0.34

0.6+0.29 0.44

DISCUSSION

The present study investigated the effects of
BFR on inter-peak muscle activation time (IPMAT)
during sled pushing at two walking speeds. BFR
significantly increased IPMAT in the gluteus maximus
proximal to the occlusion site and distal to the tourniquet,
medial gastrocnemius. In the pushing flexor
musculature, tibialis anterior showed no significant

effect. These findings indicate that BFR prolongs
activation intervals in muscles directly involved in
propulsion, consistent with heightened neuromuscular
demand during resisted locomotion. Based on the above,
we accept our hypothesis.

The prolongation of IPMAT under occlusion is
in agreement with prior reports of accelerated
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neuromuscular fatigue with restricted blood flow, even
under low external loads (Scott et al., 2014; May et al.,
2022). The heightened adaptation of the gluteus
maximus aligns with earlier evidence demonstrating
increased gluteal activation during incline and load-
bearing gait tasks (Sturdy et al., 2024; Hora et al., 2024).
Similarly, the gastrocnemius response supports findings
that distal muscles exhibit timing adaptations to task
demands and speed (Monte et al., 2022; Valencia et al.,
2023). By contrast, the tibialis anterior remained largely
unaltered, at the set speed, consistent with previous
attempts to selectively enhance its activation through
functional tasks, which have shown limited efficacy
(Rosario et al., 2020; Rosario et al., 2021; Rosario &
Jose, 2021; Orozco et al., 2022).

The slowing of neuromuscular rhythm could
represent a compensatory adjustment in recruitment
strategies to preserve task performance in hypoxic
conditions. Of the two muscles distal to the occlusion
site, tibialis anterior show constant muscle activation
during both conditions, which could be explained in the
musculature recruited in sled propulsion, as presented by
Rosario et al., (2020 & 2022). Notably, the gluteus
maximus located proximal to the cuff site also exhibited
significant changes, indicating that BFR can influence
muscles beyond the occluded region. The upstream
adaptation is important to highlight and further study,
especially in populations with hip and pelvic injury.
Based on the above, the assumption is that the upstream
effect is caused by reduced hemodynamics on the
common iliac artery before its division to the external
(femoral artery towards the leg) and internal iliac artery
(superior gluteal vessels towards the gluteal muscles).
The upstream effect seen in this work is consistent with
evidence from upper-limb studies showing proximal
adaptations despite distal cuff application (Lambert et
al., 2021).

Finally, this study suggests that BFR, when
combined with sled pushing —a low-load training
modality —imposes substantial neuromuscular demands
and may accelerate fatigue during functional activities.
The characteristics of rehabilitation settings — where a
reduction in mechanical loading is required or
recommended, yet muscle engagement is preferred —
make this modality ideal for some populations. However,
clinicians should exercise caution when prescribing BFR
for individuals with limited endurance or impaired motor
control, as prolonged activation intervals may
compromise task efficiency or stability.

The current study focuses on shorter walkways
(40 feet), a young, healthy adult population, and acute
adaptation (rather than long-term compound effects) to
highlight a few restrictions. Related to the walkway, a
40-foot sled-pushing distance perhaps was insufficient to
elicit maximal fatigue, particularly in the tibialis anterior.
The acute focus in the current research makes it
challenging to draw parallels with previous, longer-term

occlusion studies. Finally, the sample consisted
exclusively of young healthy adults, which could limit
generalizability to older or clinical populations.
Although the above are potential constraints, the authors
believe that, to understand the baseline mechanics of
occlusion's impact on the lower limbs combined with a
low-load resistance device, the aforesaid starting points
were necessary.

CONCLUSION

The novelty of this work highlights the notion
that acute BFR increases the inter-peak activation
duration of the primary posterior chain muscles (gluteus
maximus and gastrocnemius) during slow walking (80
bpm) and faster walking (140 bpm). The present study
advances understanding of neuromuscular adaptations to
BFR, specifically IPMAT, during sled pushing at
different walking speeds. BFR selectively alters
activation timing in muscles used for propulsion, both
proximal and distal to the occlusion site. Increased
IPMAT likely reflects neuromuscular fatigue or
compensatory strategies, and this adaptation should be
considered in individuals with lower extremity injuries,
balance impairments, or conditions requiring low-load
exercise  interventions.  Sled-pushing  protocols
incorporating BFR may be particularly ideal for targeting
key pushing proximal muscles, such as the gluteus
maximus, which is critical for conditions like
patellofemoral pain and lower back dysfunction.

Future research should evaluate IPMAT as a
functional marker of neuromuscular adaptation across
different dynamic tasks and loading conditions. Studies
incorporating non-dominant extremity (lower limb
variability), diverse sled-pushing modalities (e.g., incline
surfaces, longer walkways, faster speeds, or backward
tasks), and clinical populations (People living with HIV,
Autonomic Dysfunction, or peripheral neuropathy) are
needed to determine the broader applicability of BFR for
enhancing neuromuscular control in both performance
and rehabilitation contexts.

REFERENCES

e Abbas M, Dancy ME, Marigi EM, Khalil LS, Jildeh
TR, Buckley PJ, Gillett J, Burgos W, Okoroha KR.
An Automated Technique for Measuring Limb
Occlusion Pressure During Blood Flow Restriction
Therapy Is Equivalent to the Previous Gold
Standard. Arthrosc Sports Med Rehabil. 2022
Jun;4(3):1127-1132.

e Bolgla LA, Malone TR, Umberger BR, Uhl TL.
Comparison of hip and knee strength and
neuromuscular activity in subjects with and without
patellofemoral pain syndrome. Int J Sports Phys
Ther. 2011 Dec;6(4):285-96. PMID: 22163090;
PMCID: PMC3230156.

e Bordessa JM, Hearn MC, Reinfeldt AE, Smith TA,
Baweja HS, Levy SS, Rosenthal MD. Comparison
of blood flow restriction devices and their effect on

© 2025 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates 416



Martin G. Rosario, Saudi J Biomed Res, Nov, 2025; 10(11): 413-418

quadriceps muscle activation. Phys Ther Sport. 2021
May;49:90-97. Doi: 10.1016/j.ptsp.2021.02.005.
Chen SW, Liaw JW, Chan HL, Chang YJ, Ku CH.
A Real-Time Fatigue Monitoring and Analysis
System for Lower Extremity Muscles with Cycling
Movement. Sensors (Basel). 2014;14(7):12410—
12424, doi: 10.3390/s140712410.

Garcia L, Brewer W, Skevington M, Smith L,
Waters H, Rosario M. The Effects of Blood Flow
Restriction on Lower Extremity EMG Amplitude
While Performing a Resisted Sled Push in Healthy
Subjects. J Adv Sport Phys Edu. 2024;7(3):35-46.
Hart HF, Holt M, Semciw Al, Collins NJ, Crossley
KM. Influence of an unloader brace on lower limb
electromyographic activity in individuals with
predominant lateral osteoarthritis after anterior
cruciate ligament reconstruction. Braz J Phys Ther.
2020 Jul-Aug;24(4):342-348. doi:
10.1016/j.bjpt.2019.05.004. PMID: 31175006;
PMCID: PMC7352036.

Hora M, Struska M, Matgjovska Z, Kubovy P,
Sladek V. Muscle activity during crouched walking.
Am J Biol Anthropol. 2024 Jan;183(1):79-91. doi:
10.1002/ajpa. 24834. PMID: 37606347.

Karabulut M, Perez G. Neuromuscular response to
varying pressures created by the tightness of the
restriction cuff. J Electromyogr Kinesiol. 2013
Dec;23(6):1494-1498.

Labanca L, Mosca M, Ghislieri M, Agostini V,
Knaflitz M, Benedetti MG. Muscle activations
during functional tasks in individuals with chronic
ankle instability: a systematic review of
electromyographic studies. Gait Posture. 2021 Oct;
90:340-373. Doi: 10.1016/j.gaitpost.2021.09.182.
Lambert B, Hedt C, Daum J, Taft C, Chaliki K,
Epner E, McCulloch P. Blood Flow Restriction
Training for the Shoulder: A Case for Proximal
Benefit. Am J Sports Med. 2021 Aug;49(10):2716—
2728. doi: 10.1177/03635465211017524. PMID:
34110960.

McCormick JB, Drusch AS, Lynch DJ, Seeber GH,
Wilford KF, Hooper TL, et al. The Effect of
Volitional Preemptive Abdominal Contraction on
Biomechanical Measures During A Front Versus
Back-Loaded Barbell Squat. Int J Sports Phys Ther.
2023 Aug;18(4):831-844. doi:
10.26603/001c.84306. PMID: 37547830; PMCID:
PMC10399089.

Monte A, Tecchio P, Nardello F, Bachero-Mena B,
Ardigd L, Zamparo P. The interplay between
gastrocnemius medialis force—length and force—
velocity potentials, cumulative EMG activity, and
energy cost at speeds above and below the walk-to-
run transition speed. Exp Physiol. 2022 Nov
17;107(11):90-102.

Palazzuoli A, lacoviello M. Diabetes leading to
heart failure and heart failure leading to diabetes:
epidemiological and clinical evidence. Heart Fail

Rev. 2023; 28:585-596. doi: 10.1007/s10741-022-
10238-6.

Rosario M, Mathis M. Lower limb muscle activation
and kinematics modifications of young, healthy
adults while pushing a variable resistance sled. J
Hum Sport Exerc. 2020;16(4):920-933.

Rosario M, et al., Neuromuscular timing
modification in responses to increased speed and
proportional resistance while pushing a sled in
young adults. Eur J Hum Mov. 2020; 44:1-12.
Rosario M, et al., Constant resistance during
proportional speed provoked higher lower limb
proximal ~muscular recruitment than distal
musculature in young healthy adults. Int J Phys Educ
Fit Sports. 2021;10(3):92-102.

Scott BR, Loenneke JP, Slattery KM, Dascombe BJ.
Exercise with blood flow restriction: an updated
evidence-based approach for enhanced muscular
development. Sports Med. 2014 Jul;44(7):1037—
1040.

Semciw A, Neate R, Pizzari T. Running-related
gluteus medius function in health and injury: A
systematic  review  with  meta-analysis. J
Electromyogr Kinesiol. 2016 Oct; 30:98-110. doi:
10.1016/j.jelekin.2016.06.005. PMID: 27367574.
Silfies S, Mehta R, Smith S, Karduna A. Differences
in feedforward trunk muscle activity in subgroups of
patients with mechanical low back pain. Arch Phys
Med Rehabil. 2009 Jul;90(7):1159-1169.

Sturdy JT, Rizeq HN, Silder A, Sessoms PH,
Silverman AK. Concentric and eccentric hip
musculotendon work depend on backpack loads and
walking slopes. J Biomech. 2024 Jan; 163:111942.
Doi:  10.1016/j.jbiomech.2024.111942.  PMID:
38219556.

Sun D, Yang T. Semi-Squat Exercises with Varying
Levels of Arterial Occlusion Pressure during Blood
Flow Restriction Training Induce a Post-Activation
Performance Enhancement and Improve Vertical
Height Jump in Female Football Players. J Sports
Sci Med. 2023 Jun;22(2):212-225. doi:
10.52082/jssm.  2023.212. PMID: 37293415;
PMCID: PMC10244989.

Valencia O, Weinstein A, Salas R, Guzmén-
Venegas R, Arvanitidis M, Martinez-Valdes E.
Temporal differences in the myoelectric activity of
lower limb muscles during rearfoot and forefoot
running: A statistical parametric mapping approach.
Eur J Sport Sci. 2023 Jun;23(6):983-991. doi:
10.1080/17461391.2022.2081094.

Yasuda T, Fukumura K, Fukuda T, Uchida Y, Sato
Y. Muscle activation during low-intensity muscle
contractions with restricted blood flow. J Sports Sci.
2010 Apr;28(5):463-471. doi:
10.1080/02640410903582768.

Huber, C., Niesch, C., Gopfert, B., & Cattin, P. C.
(2011). Muscular timing and inter-muscular
coordination in healthy females while walking.

© 2025 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates

417



Martin G. Rosario, Saudi J Biomed Res, Nov, 2025; 10(11): 413-418

Journal of Neuroscience Methods, 201(2), 321-328.
https://doi.org/10.1016/j.jneumeth.2011.08.022
Rinaldi, M. (2020). Study of motor coordination for
functional ~ assessment in  clinical  and
neurophysiological applications [Doctoral
dissertation, Universita Roma Tre].
https://arcadia.sha.uniroma3.it’handle/2307/40917
Srivastava, S., Patten, C., & Kautz, S. A. (2019).
Altered muscle activation patterns (AMAP): An
analytical tool to compare muscle activity patterns
of hemiparetic gait with a normative profile. Journal
of NeuroEngineering and Rehabilitation, 16(1), 1—
14. https://doi.org/10.1186/s12984-019-0487-y
Machado, P. M., Alves, M. C., & Hendler, K. G.
(2017). Effectiveness of the Pilates method for
individuals with nonspecific low back pain: Clinical

and electromyographic aspects. Motriz: Revista de
Educagdo Fisica, 23(3), e101707.
https://doi.org/10.1590/S1980-6574201700030013
Garcia, L., Bender, A., Dillon, A., Edwards, R.,
Ramirez, B., & Rosario, M., (2025). Blood Flow
Restriction on Lower Extremity Increased
Neuromuscular timing on Proximal Musculature
While Performing a Resisted Sled Push in Healthy
Subjects. J Rehab Pract Res, 6(1):154.
https://doi.org/10.33790/jrpr1100154

Martin G. Rosario, Jinkeun You, Meshach Roberts,
Cailey Padgett, Natalie Ravlin, Margaret Ramos
(2024). Does Blood Flow Restriction Cause
Neuromuscular Adaptability in Lower Limb
Musculature While Pushing Low-Load Resistance?.
J Adv Sport Phys Edu, 7(2): 23-31.

© 2025 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates

418


https://doi.org/10.1016/j.jneumeth.2011.08.022
https://arcadia.sba.uniroma3.it/handle/2307/40917
https://doi.org/10.1186/s12984-019-0487-y

