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Intermittent blood flow restriction does not reduce atrophy following
anterior cruciate ligament reconstruction
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Abstract

Background: A previous study has reported a 50% reduction in disuse atrophy of the quadriceps during the first 14 days after anterior cruciate
ligament (ACL) reconstruction. A follow-up trial is needed to confirm these promising results. The present study aims to investigate the effect of
an occlusion stimulus on quadriceps atrophy after ACL reconstruction.
Methods: A total of 24 subjects participated in the study. They were randomized into two groups. Starting the 2nd day after surgery, the occlusion
group received an occlusion stimulus for 5 min, followed by removal of the occlusive pressure for 3 min. This was repeated five times in one
training session, twice daily. During the period of occlusive stimulus, the subjects performed 20 low load exercises for the quadriceps. The control
group followed the same exercise protocol, but without the occlusion stimulus. Changes in quadriceps anatomical cross section area (ACSA) were
measured using axial magnetic resonance (MR) images at 40% and 50% of the length of the femur.
Results: Both groups had a significant reduction of quadriceps ACSA from 2 days before surgery to 16 days after surgery. During the
intervention period, the occlusion group lost 13.8% ± 1.1% (mean ± SEM) and the control group lost 13.1% ± 1.0% of their quadriceps
ACSA, respectively. There was no significant difference between the occlusion and control groups with regards to atrophy of the quadriceps
muscles.
Conclusion: In conflict with other studies using a similar protocol, application of blood flow restriction the first 14 days after ACL reconstruction
did not reduce quadriceps ACSA muscle atrophy measured by MR in a population of athletes.
© 2016 Production and hosting by Elsevier B.V. on behalf of Shanghai University of Sport.
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1. Introduction

Recovery from lower leg trauma or surgery often requires
a period of unloading, resulting in loss of muscle mass. In the
thigh, the quadriceps is most affected, while the muscle mass
of the hamstrings and adductors are mainly maintained.1 Even
short periods of disuse have been shown to cause substantial
loss of muscle mass in the anti-gravity muscles.2–5 For
example, in healthy subjects, a reduction in quadriceps muscle
volume of 8.4% after 14 days of lower limb unloading has

been reported.3 Rate of atrophy is higher after arthroscopic
knee surgery. Gerber et al.6 found a reduction in quadriceps
muscle volume of 20%–33% from time of injury to 3 weeks
after surgery. Muscle mass lost due to short term unloading
can be restored relatively quickly with active recovery. The
quadriceps muscle mass lost due to 3 weeks of unloading can
be restored in the same amount of time in uninjured subjects
using traditional resistance training.5 However, the quadriceps
atrophy after anterior cruciate ligament (ACL) reconstruction
is harder to regain. A difference of 8.6% in quadriceps
anatomical cross section area (ACSA) of the injured limb
compared to the un-injured limb 49 months after ACL recon-
struction has been reported.7

Despite conflicting evidence, a majority of studies suggest
that specific atrophy among the individual muscle bellies of the
quadriceps does not occur.1,5 However, disuse atrophy is not
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uniformly distributed along the length of the muscle. Loss of
muscle mass is greater around the region of the peak ACSA,
rather than towards the proximal and distal ends of the
muscle.8,9 Persistent atrophy of the quadriceps muscles follow-
ing ACL reconstruction can be a major challenge. Preventive
measures, such as neuromuscular electrical stimulation
(NMES), are often used in an attempt to reduce muscle atrophy
after ACL reconstruction. A recent study investigating the effect
of NMES on prevention of quadriceps atrophy after 5 days of
lower limb unloading, found no significant change in quadri-
ceps ACSA in the group using NMES for 40 min twice daily. In
the control group, ACSA of the quadriceps was reduced by
3.5% ± 0.5%.2 A number of studies reporting hypertrophic
changes in skeletal muscle after low load resistance training
with restricted blood flow have been published in the past
decade.10 Blood flow restriction has also been used to reduce
muscle atrophy and loss of muscle strength after lower limb
surgery and disuse. Studies have shown impressive results
using a protocol consisting of five repetitions of vascular occlu-
sion for 5 min, followed by release of occlusion for 3 min, twice
daily. They reported a reduction in quadriceps atrophy after
ACL surgery by 50%,11 and maintenance of thigh circumfer-
ence and strength after unloading.12

To our knowledge, the effect of this intervention has not
been evaluated on a population of athletes before. The aim of
this study was to repeat these promising results in a population
of athletes during the first 16 days after ACL reconstruction.
Our hypothesis was that the occlusion group would have less
relative reduction in quadriceps ACSA compared to the control
group.

2. Methods

2.1. Subjects

A total of 24 patients planned for ACL reconstruction
surgery were included in the study. All subjects were physi-
cally active, and had sustained their injury while participating
in sports. Subjects between 18 and 40 years of age, with no
prior knee injuries, ACL injury not more than 6 months before
surgery, and planned for reconstruction using hamstring
tendon graft were eligible to participate in the study. Prior to
inclusion, all participants were given information about the
purpose of the study, and gave their written informed consent.
The research project was conducted according to the Decla-
ration of Helsinki and was approved by the Norwegian Ethics
Committee.

2.2. Experimental procedure

A total of 24 patients participated in the study. Twelve
patients (7 men, 5 women) were randomized to intermittent
blood flow restriction and exercises (occlusion group), and 12
patients (7 men, 5 women) were randomized to exercises only
(control group). There was no statistical difference between
the groups at baseline (Table 1). During the pre-operation
visit, all subjects were instructed in how to perform the exer-
cise protocol. In addition, the occlusion group were trained in

operating the occlusion cuff. Magnetic resonance (MR)
imaging was performed on the injured leg 2 days before, and
16 days after surgery. The intervention started at Day 2 after
surgery. In the experimental group, a 14-cm wide contoured
pneumatic occlusion cuff (Delphi low pressure cuff 9-7450-
003) was applied to the most proximal part of the thigh. Infla-
tion of the cuff was administered with a portable blood
pressure hand pump (Trigger Aneroid DS66; Welch Allyn,
Skaneateles Falls, NY, USA) fitted to the cuff. The cuff was
inflated to give an occlusion stimulus for 5 min, followed by
removal of the occlusive pressure for 3 min. This was repeated
five times in one training session. Subjects were sitting with
their upper body inclined to about 45° during the session.
Starting pressure was set at 130 mmHg with an increase in
pressure of 10 mmHg every second day, up to a maximum
pressure of 180 mmHg. If the occlusive stimulus caused
unbearable pain, the subjects were instructed to use the
highest tolerable pressure. The experimental group performed
the occlusion protocol twice daily. During the occlusion inter-
vals the patients performed quadriceps exercises consisting of
isometric quadriceps contractions, progressing to leg exten-
sion over a knee-roll, and straight leg-raises. The patient per-
formed 20 repetitions during each 5-min occlusion period.
Adding up to 100 repetitions per training session, and 200
repetitions per day. The occlusion stimulus was terminated 14
days after surgery, to avoid muscle swelling to interfere with
the MR measurements. The control group followed the same
exercise regime, but without the occlusion stimulus. Patients
in the occlusion group received training in the use of the
occlusion cuff prior to surgery. After surgery they performed
the occlusion protocol as a home exercise. All patients had
two consultations during the experimental period, 5 and 10
days after surgery. During these consultations degree of swell-
ing and knee mobility was subjectively evaluated. In addition,
performance of the quadriceps exercises, and use of the occlu-
sion cuff was controlled. All participants recorded every train-
ing session, and the occlusion group also recorded cuff
pressure.

2.3. MR

To obtain anatomical cross sectional images, MR was per-
formed using a Toshiba Excelart Vantage Atlas (1.5 T, Toshiba
Medical Systems Corp., Tochigi, Japan). During the first MR,
a coronal-plane T1-weighted echo-sequence of the entire
femur was performed. When necessary, markers attached to

Table 1
Baseline characteristics of subjects (mean ± SD).

Characteristic Occlusion group Control group

Age (year) 24.9 ± 7.4 29.8 ± 9.3
Height (cm) 176.9 ± 7.9 178.9 ± 7.8
Weight (kg) 76.9 ± 12.1 77.6 ± 9.6
IKDC score 65.3 ± 14.1 67.4 ± 13.5
Time from injury to surgery (month) 2.5 ± 1.1 5.4 ± 3.8

Abbreviation: IKDC = International Knee Documentation Committee.
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