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sports that require running and jumping. A comprehensive training program can help athletes
to prevent this injury. Among suggested exercises, the Nordic eccentric training can reduce the
injury rate by up to 50%; however, it is a high-load exercise that cannot be prescribed in the
first stages of rehabilitation. Here, we describe a football player who used low-load resistance
exercise with blood flow restriction as an alternative method to strengthen their hamstring after
nine months of anterior cruciate ligament reconstruction surgery.

Case Description: A 19-year-old non-professional footballer with a body mass index of 22.18
kg/cm? was invited to participate in this study. The variables examined included strength and
cross-sectional area of the hamstring muscles (mean and maximum strength) and the cross-
sectional area of the hamstring tendons at their origin. The treatment program included a seated
hamstring curl with a load of 30% 1 RM with blood flow restriction for four weeks (thrice a
week).

Results: The hamstring muscle strength improved by 6.54%, and the cross-sectional
area of the muscles and tendons changed as follows: Semimembranosus (tendon=0.07%,
muscle=2.57%), semitendinosus (tendon=0.00%, muscle=-4.04%), and biceps-femoris
(tendon=5.5%, muscle=4.34%)).

Conclusion: Low load resistance training with blood flow restriction in this athlete improved
the strength and cross-sectional area of the hamstring muscles as well as the cross-sectional
area of the tendons. The changes observed in tendon, and muscle cross-sectional areas were
more prominent for biceps-femoris. This case showed that a training program with blood flow
restriction may be a good alternative for people who cannot tolerate high-load exercises in

Keywords:

o :  the early stages of their rehabilitation. Doing more extensive studies with more cases and a
Blood flow restriction; © control group in the future can help our knowledge in giving the best exercise prescription to
Hamstring muscles; Hamstring  :  our patients.
11 a0 1o e S PP PPRPPPRY

* Corresponding Author:
Zahra Poursaleh Begi
Address: Department of Physical Therapy, School of Rehabilitation, Tehran University of Medical Science, Tehran, Iran.
Tel: +98 (919) 3267193
E-mail: Drzpspt@gmail.com
Copyright © 2024 Tehran University of Medical Sciences. Published by Tehran University of Medical Sciences

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license(https://creativecommons.org/licenses/by-nc/4.0/).
Noncommercial uses of the work are permitted, provided the original work is properly cited.

127



https://jmr.tums.ac.ir/index.php/jmr
https://orcid.org/0000-0001-9604-8137
https://orcid.org/0000-0001-8558-3935
https://orcid.org/0000-0001-7123-8882
https://orcid.org/0000-0003-0471-7028
https://orcid.org/0000-0002-0335-4790
https://jmr.tums.ac.ir/index.php/jmr/about

January 2024, Volume 18, Number 1

Introduction

amstring muscle injuries are one of the

most common non-contact injuries. The

prevalence of this injury has increased in

the last decade, accounting for 12% to

17% of all sports injuries. Meanwhile,

it is more common in sports that require
fast running, ball shooting, and jumping. This injury
alone accounts for 15% to 50% of all muscle injuries in
soccer. The rehabilitation of this injury requires a long
time, usually more than a month [1]; therefore, preven-
tive methods are valuable. The results of Van Dyk’s
systematic study in 2019 showed that Nordic eccentric
training as a high-load exercise could reduce the likeli-
hood of developing hamstring strain in a wide range of
athletes by up to 50% [2]. Since it is a high-load exercise,
it may not be the first to be prescribed for preventing
exercise-induced injuries. Hence, choosing an appropri-
ate alternative exercise is needed.

Low-load exercises with 20% to 30% 1RM with blood
flow restriction (BFR) have been introduced to increase
muscle strength and cause hypertrophy. BFR consists
of a cuff on the proximal region of the upper or lower
limbs. The cuff is filled with air, reducing arterial blood
flow and possibly stopping the return of venous blood
[3-5].

In two different studies, Hughes and Manoel E Lixan-
drao in 2017 showed that low-load training with BFR
can increase muscle hypertrophy as much as high-load
training with no BFR, even though its effect on strength
is lower [6, 7]. A systematic study by Grenfeldt in 2020
also showed that low-load training with BFR could in-
crease strength and hypertrophy as much as high-load
training with less tissue stress [8]. Another study also
proved that muscle hypertrophy and increase in strength
can occur in a shorter period using low-load training with
BFR than high-load training [9]. In addition, the results
of a study by Centner et al. in 2019 showed that long-
term (14 weeks) of low-load training with BFR could
increase the cross-sectional area of the Achilles tendon
and gastrocnemius muscle as much as high-load train-
ing [10]. Hence, low-load training with BFR in the early
stages can be a good alternative to high-load training. In
this study, we describe a football player who attended a
BFR training study and missed exclusion because of his
anterior cruciate ligament reconstruction surgery nine
months before the beginning of the study. However, his
results showed the effectiveness of this method for this
patient regarding muscle strength, cross-sectional area,
and tendon cross-section.
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Case Description

The participant was a 19-year-old male (height=179
cm, weight=79 kg, and body mass index=22.18 kg/cm?)
non-professional football player who practiced regularly
three days a week and attended a 12-session hamstring
training study with BFR. The participant was informed
about the benefits and risks of the study before the begin-
ning of the research and provided the informed consent
form. The patient could leave the treatment and study at
any time he wanted.

As mentioned earlier, the subject had a history of an-
terior cruciate ligament reconstruction nine months be-
fore the study. The training program was as follows: The
chosen exercise was hamstring curl since an electromy-
ography study showed the maximum hamstring activ-
ity while doing curls compared to other exercises in the
study [11]. The patient was first asked to sit on the bed to
measure the strength of the hamstring muscles and find
a basis for exercise load. The knee was fixed into 90-de-
gree flexion, and the participant was asked to place his
arms crosswise on his shoulders to prevent compensa-
tory movements. In addition, two straps were fastened
on the thighs to reduce compensatory movements in the
lower limb. The strap connected to the dynamometer
was located behind the calcaneus, preventing the ankle
from moving backward and the knee from flexing. The
person was then asked to try to flex the knee with maxi-
mum pressure for 5 s. Afterward, the participant rested
for 10 to 30 s and then performed the other two trials. Of
the three trials performed, the trial that recorded the most
torque was considered the maximum force [12].

A 1 RM test was performed on the dominant leg (the
leg used to shoot the ball) [13]. To determine the weight,
a 1 RM test was performed, in which the person per-
formed 1 to 3 hamstring curls with 40% to 80% 1 RM
estimated by the therapist as a warm-up, then continuing
in 5 trials with a maximum resting interval of 1 min. We
determined the weight the person could tolerate during
this movement [14].

After determining the weight, we used a weight of
15%-20% 1 RM, and in the next two weeks, a weight
of 20%-30% 1 RM was used to prevent delayed-onset
muscle soreness.

To use BFR, the person was first completely relaxed on
a chair for 15 min. We calculated the minimum pressure
that completely cut off the tibial pulse using a sphygmo-
manometer. The cuff was placed on the most proximal
part of the lower limb to reduce the risk of superficial
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Figure 1. Cross section area of hamstring tendon (insertion to ischial tuberosity)

nerve damage. Doppler ultrasound was also used to
increase the accuracy in determining the pressure that
interrupted the pulse and blood flow. So, the manual
Doppler was held at an angle of 45 degrees (to prevent
pressure and cut off the blood flow) in the direction of
the flow on the posterior tibial artery in the lower limb.
The minimum pressure that causes the Doppler device
to stop and cut off the sound (acoustic noise) is called
limb occlusion pressure, and 80% of it is used in the
lower limb as the required pressure during exercise [13].
According to the protocol mentioned in previous articles
(for strength training using BFR, the protocol of 30 rep-
etitions in the first set and 15 repetitions in the following
three sets was used (the rest interval between the sets
is 30 s). Cuff pressure was not emptied between exer-
cise sets, and the continuous technique was used [10].
During the training, the athlete was asked to determine
the difficulty of the exercise based on the perceived ex-
ercise scale to determine the difficulty of the exercise.
This number should be 6-8 (moderate to hard) [10] for
athletes.

There was no complaint on the loading and tolerabil-
ity of the intervention. Nevertheless, in the eighth ses-
sion, the participant complained of pain at the origin
of the hamstring tendon. Isometric muscle contraction
and muscle tension tests were performed and positive to
check for hamstring tendinopathy [15].
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No intervention was taken to treat the suspicious ten-
dinopathy, and there was no change in the training pro-
gram, but the pain faded away after three sessions.

The variables evaluated in this study include the
strength of the hamstring muscles, their cross-sectional
area, the cross-sectional area of the tendons at their ori-
gin and insertion, and pain, which were evaluated before
and after the intervention.

The method for measuring the strength has been de-
scribed earlier, but to determine the thickness and cross-
sectional area of the hamstring muscles and tendons,
magnetic resonance imaging (axial T2 weighted, 1.5
Tesla, Philips sequence) was taken under the supervi-
sion of a resident radiologist.

The measurement site of the muscles was mid-thigh
and the measurement site of the tendons was distal to
the femur distal muscles. Meanwhile, the measurement
site of the common tendons was inserted into the ischial
tuberosity (Figure 1). To extract data from magnetic
resonance imaging pictures, the ImageJ software (Na-
tional Institutes of Health, Bethesda, Maryland, USA)
was used to measure the cross-sectional area of each
muscle [16].

Results

This study showed that after four weeks (12 sessions)
of training with BFR, the maximum voluntary contrac-
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Table 1. The outcomes before and after the intervention
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Outcomes Before After %A
Hamstring-muscle strength (mean) 275 293 6.54
(ke)
Hamstring-muscle-MVC (kg) 17.7 18.9 6.77
Hamstring-tendon-origin-CSA (cm?) 2.4 2.7 12.5
Semlmembranos;ls—tendon—CSA 14 15 0.07
(cm?)
Semitendinosus-tendon-CSA (cm?) 1.1 1.1 0.00
Biceps-femoris-tendon-CSA (cm?) 1.8 19 5.5
Sem|membranos;,|s-muscle-CSA 19.4 19.9 257
(em?)
Semitendinosus muscle -CSA (cm?) 9.9 9.5 -4.04
Biceps-femoris- muscle -CSA (cm?) 13.8 14.4 4.34

CSA: Cross-sectional area; MVC: Maximal voluntary contraction.

tion and the average strength of the hamstring muscles
were increased. The proximal hamstring tendons’ cross-
sectional area (CSA) rose more than other variables. The
CSA of the semimembranosus and biceps femoris ten-
dons also increased after the intervention, with a more
significant increase in the biceps femoris muscle ten-
don. The CSA of the hamstring muscles rose only in the
semimembranosus and biceps femoris, which was more
significant in the biceps femoris. For the semitendinosus
muscle, its CSA was reduced, and the CSA of its tendon
remained unchanged. Regarding the participant’s pain, it
was reduced from 5 to 0 based on the pain numeric scale.
More detail is provided in Table 1.

Discussion

This study described the effects of low-load training
with BFR on the hamstring muscles and tendons’ CSA
and the strength of these muscles in an athlete. Ham-
string muscles’ strength and CSA, and the CSA of the
semimembranosus and biceps femoris tendons at their
origin, increased following the intervention. The results
of this study are similar to the results of two studies con-
ducted by Centner in 2019 and 2021 [10, 17], which
compared the effects of low-load training using BFR
with high-load training in Achilles and patellar tendons,
respectively. The results of these two studies show that
this method can increase the CSA of the tendons as well
as the muscles’ strength and cross-sectional area as much
as high-load training. Therefore, this method can be a
good alternative when it is not possible to use high-load
exercises, such as when there is tissue damage. The re-
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sults of a case study by Cuddeford and Skovlund in 2020
show that this method can be useful in patients with ten-
dinopathy [18, 19]. Therefore, to compare the effects of
this method with high-load exercises on the CSA of the
hamstring tendons, it is better to do so with more cases
and in the form of a clinical trial study.

Considering that this case was suspected of having
hamstring tendinopathy in the eighth session, no change
in treatment could reduce the patient’s pain during the
three sessions. Numerous studies have examined the ef-
fects of reducing pain using exercise therapy with BFR,
such as the study by Skovlund in 2020, which showed
that this method could reduce pain in single-leg squats in
people with chronic patellar tendinopathyn [19]. How-
ever, the cause of the pain reduction in this method is
still not completely clear, but the results of a study by
Hughes in 2020 show that the levels of beta-endorphin
and endocannabinoid following a minute of BFR train-
ing are higher than in high-load and low-load exercises.
In addition, this study showed that a higher BFR pres-
sure may reduce pain due to more significant discomfort
and possibly activating the pain gate control pathway
and greater secretion of analgesics [20]. Since, in our
study, the hamstring tendons are located proximal to the
cuff, we know that this method can also reduce pain in
the proximal muscles of the cuff. The exact mechanism
of these pain-reducing effects and biomechanical and
morphological changes of the tendons, as well as the in-
crease in strength and CSA of the muscles, are unclear;
further research is required in this regard. Although there
is little evidence in this regard, the physiological hypoth-
esis for tendon thickening is that hypoxia, compared to
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normoxia, can improve the production of stem cells in
tendon tissue. It has also been observed that hypoxia is a
necessary condition for repairing the bone tendon junc-
tion, mainly due to hypoxia-inducible factors [21].

The reason behind small to no changes in the cross-
sectional area of the semimembranosus muscle and ten-
don is also unclear yet; however, it can result from using
hamstring curls, which will influence the biceps femoris
the most [11].

Conclusion

This study was the first to show the effects of low-load
resistance training with BFR on the hamstring tendon. In
this case, low-load resistance training with BFR could
increase the strength and CSA of the hamstring tendons
and muscles. Therefore, it could be a good alternative for
people who cannot tolerate high-load resistance training.
Although this study demonstrates the benefits of this
technique in increasing CSA of the hamstring tendons
and muscles, more research should be conducted on pa-
tients with musculoskeletal injuries like hamstring tendi-
nopathy to evaluate the effects of this technique.

Ethical Considerations
Compliance with ethical guidelines

This article was approved by the Institution’s Ethics
Committee of Iran University of Medical Science (Code:
IR.IUMS.REC.1400.675). The participant was informed
of all the benefits and risks of the study before the be-
ginning of the study and approved an informed consent
form. The patient could leave the treatment and study
any time he wanted.

Funding

This research did not receive any grant from funding
agencies in the public. Commercial, or non-profit sector.

Authors' contributions

All authors contributed equally to preparing this article.
Conflict of interest

The authors declared no conflict of interest.
Acknowledgments

Thanks to Nicholas Rolnick, and his BFR PROS team.

January 2024, Volume 18, Number 1

References

[1] Al Attar WSA, Soomro N, Sinclair PJ, Pappas E, Sanders RH.
Effect of injury prevention programs that include the nordic
hamstring exercise on hamstring injury rates in soccer play-
ers: A systematic review and meta-analysis. Sports Medicine.
2017; 47(5):907-16. [DOI:10.1007 / s40279-016-0638-2] [PMID]

[2] van Dyk N, Behan FP, Whiteley R. Including the Nordic
hamstring exercise in injury prevention programmes halves
the rate of hamstring injuries: A systematic review and meta-
analysis of 8459 athletes. British Journal of Sports Medicine.
2019; 53(21):1362-70.  [DOI:10.1136/ bjsports-2018-100045]
[PMID]

[3] Sato Y. The history and future of KAATSU training. Interna-
tional Journal of KAATSU Training Research. 2005; 1(1):1-5.
[DOI:10.3806/ ijktr.1.1]

[4] Patterson SD, Hughes L, Head P, Warmington S, Brand-
ner C. Blood flow restriction training: A novel approach to
augment clinical rehabilitation: How to do it. British Journal
of Sports Medicine. 2017; 51(23):1648-9. [DOI:10.1136/bjs-
ports-2017-097738] [PMID]

[5] Garber CE, Blissmer B, Deschenes MR, Franklin BA, La-
monte M]J, Lee IM, et al. American College of Sports Medi-
cine position stand. Quantity and quality of exercise for
developing and maintaining cardiorespiratory, musculoskel-
etal, and neuromotor fitness in apparently healthy adults:
Guidance for prescribing exercise. Medicine and Science
in Sports and Exercise. 2011; 43(7):1334-59. [DOI:10.1249/
MSS.0b013e318213fefb] [PMID]

[6] Lixandrao ME, Ugrinowitsch C, Berton R, Vechin FC, Con-
ceicdo MS, Damas F, et al. Magnitude of muscle strength and
mass adaptations between high-load resistance training ver-
sus low-load resistance training associated with blood-flow
restriction: A systematic review and meta-analysis. Sports
Medicine. 2018; 48(2):361-78. [DOI:10.1007/540279-017-
0795-y] [PMID]

[7] Hughes L, Paton B, Rosenblatt B, Gissane C, Patterson
SD. Blood flow restriction training in clinical musculoskel-
etal rehabilitation: A systematic review and meta-analysis.
British Journal of Sports Medicine. 2017; 51(13):1003-11.
[DOI:10.1136/ bjsports-2016-097071] [PMID]

[8] Grenfeldt BM, Lindberg Nielsen J, Mieritz RM, Lund H,
Aagaard P. Effect of blood-flow restricted vs. heavy-load
strength training on muscle strength: Systematic review and
meta-analysis. Scandinavian Journal of Medicine & Science in
Sports. 2020; 30(5):837-48. [DOI:10.1111/sms.13632] [PMID]

[9] Patterson SD, Hughes L, Warmington S, Burr J, Scott BR,
Owens J, et al. Blood flow restriction exercise position stand:
Considerations of methodology, application and safety. Fron-
tiers in Physiology. 2019; 10:533. [PMID]

[10] Centner C, Lauber B, Seynnes OR, Jerger S, Sohnius T,
Gollhofer A, et al. Low-load blood flow restriction train-
ing induces similar morphological and mechanical Achil-
les tendon adaptations compared with high-load resistance
training. Journal of Applied Physiology. 2019; 127(6):1660-7.
[DOI:10.1152/japplphysiol.00602.2019] [PMID]

[11] Zebis MK, Skotte ], Andersen CH, Mortensen P, Petersen
HH, Viskeer TC, et al. Kettlebell swing targets semitendi-
nosus and supine leg curl targets biceps femoris: An EMG
study with rehabilitation implications. British Journal of
Sports Medicine. 2013; 47(18):1192-8. [DOI:10.1136/bjs-
ports-2011-090281] [PMID]

Ramezani Parsa A, et al. BFR for Hamstring Muscles and Tendons. IMR. 2024; 18(1):127-132.



https://jmr.tums.ac.ir/index.php/jmr
https://en.iums.ac.ir/
https://doi.org/10.1007/s40279-016-0638-2
https://www.ncbi.nlm.nih.gov/pubmed/27752982
https://doi.org/10.1136/bjsports-2018-100045
https://www.ncbi.nlm.nih.gov/pubmed/30808663
https://doi.org/10.3806/ijktr.1.1
https://doi.org/10.1136/bjsports-2017-097738
https://doi.org/10.1136/bjsports-2017-097738
https://www.ncbi.nlm.nih.gov/pubmed/28642225
https://doi.org/10.1249/MSS.0b013e318213fefb
https://doi.org/10.1249/MSS.0b013e318213fefb
https://www.ncbi.nlm.nih.gov/pubmed/21694556
https://doi.org/10.1007/s40279-017-0795-y
https://doi.org/10.1007/s40279-017-0795-y
https://www.ncbi.nlm.nih.gov/pubmed/29043659
https://doi.org/10.1136/bjsports-2016-097071
https://www.ncbi.nlm.nih.gov/pubmed/28259850
https://doi.org/10.1111/sms.13632
https://www.ncbi.nlm.nih.gov/pubmed/32031709
https://www.ncbi.nlm.nih.gov/pubmed/31156448
https://doi.org/10.1152/japplphysiol.00602.2019
https://www.ncbi.nlm.nih.gov/pubmed/31725362
https://doi.org/10.1136/bjsports-2011-090281
https://doi.org/10.1136/bjsports-2011-090281
https://www.ncbi.nlm.nih.gov/pubmed/22736206

Journal of

Modern Rehabilitation

[12] ToonstraJ, Mattacola CG. Test-retest reliability and validity
of isometric knee-flexion and-extension measurement using 3
methods of assessing muscle strength. Journal of Sport Re-
habilitation. 2013; 22(1):10.1123/jsr.2013.TR7. [DOI:10.1123/
jsr.2013.TR7] [PMID]

[13] van Melick N, Meddeler BM, Hoogeboom TJ, Nijhuis-
van der Sanden MWG, van Cingel REH. How to determine
leg dominance: The agreement between self-reported and
observed performance in healthy adults. PloS One. 2017;
12(12):e0189876. [DOI:10.1371 /journal.pone.0189876] [PMID]

[14] Grgic ], Lazinica B, Schoenfeld BJ, Pedisic Z. Test-retest
reliability of the one-repetition maximum (1RM) strength as-
sessment: A systematic review. Sports Medicine-Open. 2020;
;6(1):31. [DOI:10.1186/ 540798-020-00260-z] [PMID]

[15] Martin RL, Cibulka MT, Bolgla LA, Koc TA Jr, Loudon JK,
Manske RC, et al. Hamstring Strain Injury in Athletes. Journal
of Orthopaedic & Sports Physical Therapy. 2022; 52(3):CPG1-
44. [DOI:10.2519/jospt.2022.0301] [PMID]

[16] Nakaizumi D, Asai H, Inaoka PT, Ohno N, Miyati T. Meas-
urement of the cross-sectional area of the hamstring muscles
during initial and stretch positions with gravity magnetic res-
onance imaging. Journal of Physical Therapy Science. 2019;
31(3):267-72. [DOI:10.1589/jpts.31.267] [PMID]

[17] Centner C, Jerger S, Lauber B, Seynnes O, Friedrich T, Lolli
D, et al. Low-load blood flow restriction and high-load resist-
ance training induce comparable changes in patellar tendon
properties. Medicine and Science in Sports and Exercise. 2022;
54(4):582-9. [DOI:10.1249/MSS.0000000000002824] [PMID]

[18] Cuddeford T, Brumitt J. In-Season rehabilitation program
using blood flow restriction therapy for two decathletes with
patellar tendinopathy: A case report. International Journal of
Sports Physical Therapy. 2020; 15(6):1184-95. [DOI:10.26603/
ijspt20201184] [PMID]

[19] Skovlund SV, Aagaard P, Larsen P, Svensson RB, Kjaer M,
Magnusson SP, et al. The effect of low-load resistance training
with blood flow restriction on chronic patellar tendinopathy-
A case series. Translational Sports Medicine. 2020; 3(4):342-52.
[DOI:10.1002/ tsm2.151]

[20] Hughes L, Patterson SD. Low intensity blood flow restric-
tion exercise: Rationale for a hypoalgesia effect. Medical Hy-
potheses. 2019;132:109370. [DOI:10.1016/j.mehy.2019.109370]
[PMID]

[21] Behringer M, Willberg C. Application of blood flow restric-
tion to optimize exercise countermeasures for human space
flight. Frontiers in Physiology. 2019; 10:33. [DOI:10.3389/
fphys.2019.00033] [PMID]

Ramezani Parsa A, et al. BFR for Hamstring Muscles and Tendons. JMR. 2024; 18(1):127-132.



https://jmr.tums.ac.ir/index.php/jmr
https://doi.org/10.1123/jsr.2013.TR7
https://doi.org/10.1123/jsr.2013.TR7
https://www.ncbi.nlm.nih.gov/pubmed/22951307
https://doi.org/10.1371/journal.pone.0189876
https://www.ncbi.nlm.nih.gov/pubmed/29287067
https://doi.org/10.1186/s40798-020-00260-z
https://www.ncbi.nlm.nih.gov/pubmed/32681399
https://doi.org/10.2519/jospt.2022.0301
https://www.ncbi.nlm.nih.gov/pubmed/35164536
https://doi.org/10.1589/jpts.31.267
https://www.ncbi.nlm.nih.gov/pubmed/30936643
https://doi.org/10.1249/MSS.0000000000002824
https://www.ncbi.nlm.nih.gov/pubmed/34772900
https://doi.org/10.26603/ijspt20201184
https://doi.org/10.26603/ijspt20201184
https://www.ncbi.nlm.nih.gov/pubmed/33344034
https://doi.org/10.1002/tsm2.151
https://doi.org/10.1016/j.mehy.2019.109370
https://www.ncbi.nlm.nih.gov/pubmed/31442920
https://doi.org/10.3389/fphys.2019.00033
https://doi.org/10.3389/fphys.2019.00033
https://www.ncbi.nlm.nih.gov/pubmed/30740059

