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Background: Muscle mass loss occurs following an-
terior cruciate ligament reconstruction surgery.
Objective: To compare the gain in muscle strength 
in the quadriceps and hamstring muscles in patients 
following anterior cruciate ligament reconstruction 
surgery, using exercises with and without blood 
flow restriction.
Methods: This is a randomized controlled trial, in 
which 50% (n = 14) of the participants were alloca-
ted to the intervention group and the remaining 50% 
(n = 14) to the control group. The study included the 
participation of postoperative patients, with recon-
struction of the anterior cruciate ligament.
Results: After comparing the rehabilitation of the 
groups, a statistical difference was observed in 
the quadriceps with an increase in muscle strength 
(p < 0.01) after 12 weeks and an increase in muscle 
strength hamstrings (p < 0.01) after 8 and 12 weeks 
in the injured legs of the intervention group compa-
red to the control. In the analysis of the participants' 
physical function, there was an significant increase 
difference in the Lysholm questionnaire (p < 0.01) 
after 8 and 12 weeks, in the KOOS pain questionnai-
re (p < 0.01) after 4 weeks a decrease was observed, 
symptoms and daily activities (p < 0.01) after 8 and 
12 weeks, quality of life (p < 0.01) after 12 weeks, 
and in the IKDC questionnaire (p < 0.01) after 8 and 
12 weeks there was an significant increase differen-
ce of the intervention group compared to the control.
Conclusion: After anterior cruciate ligament sur-
gery, exercises with blood flow restriction proved 
more efficient for improving the muscle strength 
of the quadriceps and hamstrings, and the physical 
function of the knee than the same exercises wit-
hout blood flow restriction.
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054. São Paulo, Brazil. E-mail: melorfv@gmail.com

Delayed rehabilitation after leg trauma and surge-
ries, such as anterior cruciate ligament (ACL) 

reconstruction, leads to deficits in muscle strength 
and endurance, due to muscle atrophy and arthrogenic 
inhibition, contributing to alteration of the movement 
patterns of the involved limb and therefore increasing 
the risk of early onset of knee osteoarthritis (1, 2).

Decrease in strength due to disuse of the thigh muscles 
is considered important, since rehabilitation usually 
takes a prolonged period of time to regain the original 
muscle strength, compromising the function of the 
lower limbs and the patient’s quality of life. Weakness 
of the knee muscles is present during the first 12 weeks 
following surgery, impairing lower limb function and 
quality of life. This is also affected by contributing 
mechanisms, such as neural inhibition, which, in turn, 
is caused partly by pain and swelling. Thus, it induces 
chronic muscle weakness, which is linked to decreased 
function and injuries (3).

A few studies and protocols have addressed on the 
adequacy of rehabilitation of quadriceps and hamstring 
muscle strength after ACL reconstruction (ACLR) to 
preoperative strength levels, thus attenuating muscle 

LAY ABSTRACT
After anterior cruciate ligament reconstruction surgery 
patients need to undergo a gradual process of rehabilita-
tion. This prospective study compared muscle strength 
gain between exercises with and without blood flow res-
triction (BFR) in the quadriceps and hamstring muscles. 
Regarding knee extension, there was an improvement in 
muscle strength after 12 weeks in the injured legs. For 
knee flexion an improvement was observed at 8 weeks, in 
addition to improvement in functionality. The use of blood 
flow restriction in rehabilitation exercises after anterior 
cruciate ligament reconstruction was shown to be more 
efficient for muscle strength gain in the quadriceps and 
hamstrings and improvement in knee physical function.
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Exercises with blood flow restriction after ACL surgery p. 2 of 9

atrophy following ACLR, through the use of exerci-
ses with blood flow restriction (BFR) at 20–30% of 
maximum strength (3, 4). This occlusion is known 
to minimize the risk of injury because the exercises 
are performed with low load, ensuring joint and graft 
safety and contributing to postoperative strengthening 
(3, 4).

However, the effect of BFR on other important 
aspects in ACLR rehabilitation, such as physical 
function and pain, has not been studied. Also, the ef-
fectiveness of BFR for stimulating muscle strength 
and hypertrophy during rehabilitation after ACLR has 
not been directly compared with high-load exercises 
in the preoperative period with follow-up in the first 
3 months (5–9).

Therefore, the aim of the current study is to evaluate 
the intensity of muscle strength gain, comparing BFR 
with low-intensity exercise or high-intensity exercise 
without occlusion in the quadriceps and hamstring 
muscles in the ACLR postoperative period.

METHODS

Study type
The Consolidated Standards of Reporting Trials 
(CONSORT) guideline and flowchart for randomized 
clinical trials (RCTs) was followed in conducting 
this study (10). This is a randomized clinical trial, 
prospective, longitudinal, parallel, analytical, and 
experimental. Random allocation was performed to 
assign 50% of the participants to an intervention group 
and 50% to a control group. The study included the 

participation of post-operated patients, with ACLR 
using a hamstring autograft.

Participants
Men and women with ACL rupture confirmed by 
medical examination in the last 2 months and planned 
reconstructive surgery, aged between 18 and 59 years, 
were included in the study. Exclusion criteria were: 
new injury or reconstruction of the ACL due to laxity 
in the involved limb during rehabilitation, patients who 
needed additional surgical procedures after reconstruc-
tion of the ACL, or infections in the operated region. 
Patients with previous surgeries on the injured knee, or 
injury to another knee ligament or meniscus were not 
included. Participants were recruited from the Cohen 
Institute of Orthopedics, Rehabilitation and Sports 
Medicine and underwent rehabilitation training at the 
same location (São Paulo, Brazil).

Randomization and allocation
For allocation into groups, randomization was perfor-
med in blocks. For each participant a number was ge-
nerated by computer through the website https://www.
random.org/sequences/, where the smallest value was 
1 and the largest 28. The hidden allocation format was 
automatically generated through the website, divided 
into 2 columns: the first, control group and the second, 
intervention group.

Interventions
The experimental protocol is shown in Fig. 1, followed 
by the description of each step of the study.

Fig. 1. Overview of the experimental study protocol. KOOS: Knee Injury and Osteoarthritis Outcome Score; IKDC: International Knee Documentation 
Committee.

J Rehabil Med 54, 2022
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The intervention group used pressure gauges measur-
ing 10 × 80 cm in width and a 7 × 52 cm pneumatic bag 
(Cuff Scientific Leg® – WCS, Curitiba, Paraná, Brazil) 
in the region close to the inguinal ligament of the right 
and left leg. The control group performed the same 
proposed exercises without any occlusion material. 

To determine the vascular occlusion pressure a 
portable vascular Doppler device (ICC = 0.795) (DV-
610B®; MEDMEGA, Franca, São Paulo, Brazil) was 
used. The patient rested for 15 min in neutral supine 
position before the procedure. After resting, the blood 
flow over the posterior tibial artery was captured using 
a portable vascular Doppler pen with an infrared sig-
nal transducer, with the aid of a gel. The cuff with a 
pneumatic bag was then inflated at the lowest pressure 
until the arterial pulse was no longer detected, and the 
pulse was measured until total occlusion was reached 
(approximately 15 s). At this time, the pressure value 
marked on the manometer represented the total oc-
clusion pressure, after this the cuff was deflated. This 
measurement was repeated with all participants in 
order to customize the training according to the pres-
sure of each participant, thus ensuring patient safety 
(11, 12). During training, 80% of the total occlusion 
pressure was used following recommended guideline 
protocol and previous studies (12, 13). The maximum 
load tests (1RM) were performed through maximum 
repetitions in the leg press and flexor chair exerci-
ses for training with BFR. The repetitions and load 
(submaximal) performed in the exercise were applied 
using the formula: 1RM = submaximal load/100% – 
(2 × number of repetitions%). The injured limb was 
trained first, and then the uninjured limb matched the 
repetitions, each with a relative percentage of its 1RM, 
to equalize the volume and external load and thus 
control for any cross-transfer effects of training from 
the limbs. Blood flow restriction was applied to both 
limbs for this reason. The training load was increased 
by 10% if participants completed all repetitions in 2 
subsequent sessions or on the last training day of the 
4th, 8th, and 12th weeks. Exercise volume (kg) was 
calculated as: number of repetitions × load (kg). For 
each selected exercise, 30% of a repetition maximum 
(RM) was used in the intervention group and 70% of 
1RM in the control group.

Leg press. Seated patients performed hip and knee 
flexion-extension, the injured limb was trained first, 
then the control limb matched the repetitions, each with 
a relative percentage of its 1RM (intervention group 
with BFR: 1 × 30 repetitions and 3 × 15 repetitions and 
control group without occlusion: 3 × 10 repetitions).

Flexor chair. Seated patients performed knee flexion-
extension, the injured limb was trained first, then the 
control limb matched the repetitions, each with a 
relative percentage of its 1RM (intervention group 

with BFR: 1 × 30 repetitions and 3 × 15 repetitions and 
control group without occlusion: 3 × 10 repetitions).

In exercises with BFR, 4 sets were performed, the 
first always of 30 repetitions, followed by 3 further sets 
of 15 repetitions each, with 2 s for concentric contrac-
tion and 2 s for eccentric contraction. The rest time in 
each series was 30 s, measured on a digital clock. The 
pressure was maintained during the performance of 
all sets of exercise. If necessary, the pressure was ad-
justed at intervals of sets, after the end of the exercise. 
Sometimes there was a small leakage of air during the 
movement, hence inflating the cuff a little more to leave 
it at the pre-established pressure was necessary. In this 
way, a light touch just to maintain the air in the cuff is 
ideal so that there is no change in pressure. Between 
each exercise block, the BFR was released for 5 min, 
to normalize the blood flow in that region and therefore 
ensure reperfusion (13). The training frequency was 
twice a week for 12 weeks. When the patient could 
not perform the full movement of 1 repetition due to 
fatigue, the exercise was stopped. The control group 
performed the same exercises, with 70% of 1RM, with 
3 sets of 10 repetitions, with all other parameters, but 
without BFR. The adherence of the research subjects 
was registered on an attendance list.

Outcomes
The primary outcome was assessment of muscle 
strength using an isometric dynamometer on the first 
day of assessment and repeated on the last training day 
of the 4th, 8th and 12th weeks; these evaluations were 
always performed on a day separate from the physical 
training. The maximum isometric strength of the knee 
extensors and flexors in both legs was measured using 
the MICROFET2® digital handheld dynamometer 
(Hoggan Health Industries, West Jordan, UT, USA). 
The maximum force was recorded in Newtons (N) and 
collected 3 times in each leg. Between each contraction 
there were 60-s intervals. Participants were instructed 
to remain seated in a very erect position on a chair with 
their arms crossed in front of their chests and their legs 
hanging over the edge, with knees and hips flexed at 
90°. To measure the quadriceps through isometric 
knee extension, the dynamometer was positioned in 
the anterior region of the tibia and secured with an 
inelastic band, in a location identical to the location 
used in isokinetic dynamometers (5 cm proximal to the 
lateral malleolus), generating stabilization and resis-
tance against movement during the test. To assess the 
strength of the hamstrings for isometric knee flexion, 
the dynamometer was attached to the sural triceps re-
gion (5 cm proximal to the lateral malleolus), and to a 
table located in front of the participant by an inelastic 
strap. A demonstration was performed to familiarize 
the patient with the device before measurements for 

J Rehabil Med 54, 2022
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isometric knee extension and flexion strength began 
to be collected. Each participant was instructed to 
perform maximal isometric contractions for 5 s and 
the maximal strength was recorded.

The secondary outcomes were to analyse physical 
function of the knee using the Lysholm, International 
Knee Documentation Committee (IKDC) and Knee 
injury and Osteoarthritis Outcome Score (KOOS) 
questionnaires. All questionnaires were completed by 
the patient in order to reduce application bias on the 
first day of assessment and repeated on the last training 
day of the 4th, 8th and 12th week.

Sample size
A pilot study was conducted, on a small scale, with the 
same objectives, procedures, materials and methods 
proposed in the research. Thus, a total of 24 patients 
was needed, 12 per group. Therefore, to represent a 
dropout rate of up to 10%, a total of 28 patients was 
recruited, 14 in each group.

Sample size calculation was performed using 
the G*power® 3.1.9.2 Software (Heinrich-Heine-
Universität, Düsseldorf, Germany), based on the effect 
size for muscle strength with BFR and HL reported 
in a meta-analysis (7), to achieve a statistical power 
of 95% and α = 0.05. Therefore, stipulating a total of 
24 patients, 12 in each group. However, a total of 28 

patients were recruited, considering an abstinence rate 
of at least 10%.

Statistical analysis
Descriptive data analysis was performed and expressed 
as mean and standard deviation (SD). To verify pos-
sible differences in the sampling characteristics (age, 
weight, height, body mass index and sex) between 
the 2 groups, analysis of variance (ANOVA) with 
Greenhouse-Geisser adjustment was used.

Data normality and homogeneity were tested using 
the Shapiro–Wilk and Levene tests, respectively, ve-
rifying that the sample did not follow a Gaussian dist-
ribution, as well as the homogeneity was violeted. To 
analyse the effect of training with vascular occlusion, 
the generalized linear model of generalized estimating 
equations (GEE) statistical test was used, in which the 
independent factor was group allocation (control or in-
tervention) and time (weeks 0, 4, 8 and 12), dependent 
factor. Effect size was described using Cohen’s D as 
small if 0.20 – 0.30, medium if 0.40 – 0.70, and large 
if greater than or equal to 0.807 (7).

RESULTS

The flow of participants is shown in Fig. 2, followed 
by a description of each step of the study.

Inclusion

Analyse

Follow

Patients with unilateral
ACL rupture identified in

an orthopaedic 
consultation (n = 36)

Allocation to intervention group 50% (n =14)
♦ Received allocation for intervention (n = 14)
♦ Did not receive allocation for intervention (n = 0)

Allocation to control group 50% (n = 14)
♦ Received allocation for intervention (n = 14)
♦ Did not receive allocation  fointervention (n = 0)

Loss of follow-up (n = 2)
*Quarantine due to COVID-19 pandemic 

 Discontinued intervention (n = 0)

Loss of follow-up (n = 2)
*Quarantine due to COVID-19 pandemic

 Discontinued intervention (n = 0)

Not eligible in pre-recruitment (n = 6)
♦ Do not meet the inclusion criteria (n = 4)
*Injury to another ligament of the knee or
 meniscus (n = 2) 
*Reconstruction of the previous anterior cruciate
 ligament (n = 2)
♦ Desist participating (n = 0)
♦ Other reasons (n = 2) - Live in another country
   or state 

Analysed (n = 12)
♦ Excluded from the analysis (n = 0)

Analysed (n = 12)
♦ Excluded from the analysis (n = 0)

Allocation

Randomized (n = 28)

Fig. 2. Overview of study flowchart. ACL: anterior cruciate ligament.

J Rehabil Med 54, 2022
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Data regarding the sample characterization of both 
groups is shown in Table I. 

In the injured leg, both groups showed an increase 
in strength for the extension movement throughout the 
training cycle, but from the third post-surgical period, 
the intervention group had a greater gain in the flexion 
movement (Fig. 3). As for the flexion movement, both 
groups showed an increase in strength throughout the 
training cycle, but from the second post-surgical period 

onwards there was a greater gain in the intervention 
group (Fig. 3).

DISCUSSION

In the postoperative phase of training, there is a progres-
sive load on the operated limb. Thus, the advantages of 
BFR over resistance training without occlusion reside in 
the fact that it can initially allow for greater pain reduc-
tion, with subsequent improvement in patients’ physical 
function and quality of life, to a higher degree compared 
with resistance training without occlusion (3). These 
benefits are achieved without any detrimental effect 
on strength, including greater strength gains compared 
with groups that perform conventional physical therapy 
rehabilitation, as observed in the current study.

Thus, resistance exercises with occlusion lead to 
increased strength and muscle growth by reducing 
the supply of oxygen to the muscle, inducing muscle 

Table I. Characterization of the sample according to group

Control group (n = 12) Intervention group (n = 12)

Mean SD Mean SD

Age (years) 39.6 10.8 41.1 9.8
Weight (kg) 68.6 10.4 73.1 13.9
Height (cm) 170.2 6.2 173.1 7.6
BMI (kg/m(g²) 23.6 2.4 24.2 3.0
Female, n (%) 3 (25.0) 4 (33.3)
Male, n (%) 9 (75.0) 8 (66.6)

SD: standard deviation; BMI: body mass index.
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(a) Fig. 3. Representation of the 
comparison of muscle strength in 
knee extension (a) and flexion (b) 
between groups.

N = Newton; *p < 0.01.
In all groups, an increase in self-
reported scores was observed 
throughout the rehabilitation period, 
with the intervention group showing 
better scores from the 1st post-surgical 
period for Knee Injury and Osteoarthritis 
Outcome Score (KOOS) subscale (Pain) 
and, from the 2nd post-surgical period, 
for all other scales (Table II).

J Rehabil Med 54, 2022
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In order to promote the patients’ well-being we used 
validated functionality questionnaires used previously 
in other research on the same topic. The use of the 
isometric dynamometer ensured, in a validated way, as 
observed in previous studies (14–17), the assessment 
of muscle strength for knee extension and flexion in 
early rehabilitation with practical execution and data 
analysis. Thus, any major strains on the knee that could 
be caused by an isokinetic dynamometer were avoided, 
in addition to the lower cost and ease of transport when 
comparing the 2 devices.

As in other studies (3, 18, 19), the current study 
applied the technique of BFR individually, ensuring 
safety for all patients and respecting their individual 
differences. Safety in the current study was obtained 
through the use of portable Doppler ultrasound in all 
patients, offering 80% occlusion during individual 
training. Use of a handheld Doppler ensures that the 
pulse and/or blood flow is still present in each partici-
pant and provides an affordable and valid alternative 
to the “gold standard” (Doppler ultrasound) in determi-
ning arterial resting occlusion pressure level. It can be 
used in clinical settings to determine arterial occlusion 
pressure level in order to provide a safe and relative sti-
mulus during patient rehabilitation protocols (11, 12).

The current study used a consistent protocol, with 
low loads, consistent training and 80% precise oc-
clusion pressure in the intervention group during all 
sessions. In exercises with BFR, 4 sets were performed, 
the first always of 30 repetitions, followed by 3 more 
sets of 15 repetitions each. Similar applicability used 
in other studies (3, 18). The protocol used in this study 
reflect current guidelines for training with BFR (1, 3, 
5, 18, 21), in addition to proposed objectives for the 
best possible rehabilitation after ACLR.

Regarding the pre-surgical questionnaires (22, 23, 24), 
there were no differences between the patient groups. 
In the first evaluation, the only statistical difference 
was in the KOOS questionnaire in the pain subtopic 
(p < 0.01) after 4 weeks in the group that trained with 
BFR and with low load. This data revealed a key factor 
for the patients to be able to progress subsequently in 
all other items evaluated during the treatment, possibly 
due to the comfort and security they felt with the low 
load during the execution of the movements and the 
muscle strengthening of the region promoted by the 
occlusion. The KOOS questionnaire in the subtopics 
symptoms and daily activities showed significant 
 improvements (p < 0.01) after 8 and 12 weeks and qua-
lity of life (p < 0.01) after 12 weeks, where the answers 
involved many behavioural psychological questions 
and not just motor ones. The IKDC questionnaire 
showed statistical differences (p < 0.01) after 8 and 
12 weeks. Similar results were seen with the Lysholm 
questionnaire, which obtained a significant difference 

hypoxia, releasing some growth factors. Metabolic 
stress and the accumulation of substances in the 
environment seem to be responsible for the increase 
in the secretion of growth hormone (GH), which is 
a precursor of Insuline like growth factor (IGF-1), 
which is responsible for protein synthesis, increasing 
muscle trophism, cross-sectional area and force. 
As well as myostatin inhibition and increased heat 
shock proteins.

Regarding knee extension, this study observed that, 
before surgery, there were no differences between the 
groups of patients. After comparing the rehabilitation 
groups, a greater statistical difference was observed in 
quadriceps muscle strength (p < 0.01) after 12 weeks 
of training in the group with BFR; findings similar to 
those in the study by Hughes et al. (3), although he 
achieved a significant difference in quadriceps mus-
cle strength in a unilateral leg press (p < 0.01) after 8 
weeks. In the current study in the fourth and eighth 
weeks there were progressive improvements, but these 
were not significant. Regarding the uninjured leg, there 
were no differences in any period.

In addition to evaluating the isometric muscle 
strength of the quadriceps, this study was the first to test 
the isometric muscle strength of the hamstrings using a 
portable dynamometer preoperatively and immediately 
after ACLR: at 4, 8 and 12 weeks. It was possible to 
observe in the intervention group and in the control 
group, but the group that used BFR and lower training 
load showed a significantly greater improvement in 
muscle strength in a shorter rehabilitation period than 
the group in which the rehabilitation exercises were 
performed with a greater load.

The hamstrings may have been stronger than the 
quadriceps muscle after ACLR due to the greater arth-
rogenic muscle inhibition of the quadriceps, decreasing 
sensory reception and information sent to the frontal 
cortex. This is commonly observed in the first days 
of the post-surgery period, as the ligament makes this 
connection between the peripheral nervous system and 
the central nervous system.

Another associated issue that may have contributed 
to the early strengthening of the hamstrings is the 
fact that patients could have used the posterior leg 
muscles in the exercise leg press, using contractions 
together with the quadriceps, performing movement 
compensation during execution, even with all the 
execution guidelines and correct positioning on the 
device. In addition, we subsequently train later on 
the flexor chair, with a muscle isolation contraction, 
which further increases the strength of this muscula-
ture. Future studies are needed to analyse this aspect 
using electromyography in this initial phase of post-
surgical training. There were no significant differences 
in strength in the uninjured legs.

J Rehabil Med 54, 2022
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(p < 0.01) after 8 and 12 weeks, demonstrating the im-
portance of pain improvement for early gain in strength 
and physical function.

This study observed that the application of BFR in 
the early postoperative phase is beneficial in terms 
of muscle strength and physical function of patients. 
During this period, high-intensity exercise is not pos-
sible and the benefits of metabolic stress on protein 
synthesis can be activated. Thus, training with BFR 
can be a preparatory approach and used prior to 
high-intensity resistance exercises, especially in the 
presence of pain or when high loads are not tolerated/
allowed (3, 18, 25).

We suggest that, in clinical practice, the use of BFR 
with low loads should be integrated with exercises 
with higher loads in more advanced stages of rehabi-
litation in an intercalated way, as this may stimulate 
other important musculoskeletal adaptations during 
treatment after ACLR.

No adverse effects, such as deep vein thrombosis, 
skin lesions, haematomas or any damage, occurred 
in any patient during the study. However, during the 
initial training, subjects reported discomfort with the 
technique due to compression in the inguinal region, 
fatigue during exercises, and hyperaemia in the thigh 
due to the increased blood supply to the region; fin-
dings that improved a few seconds after removal of 
the occlusion. This was due to the novelty of training 
with BFR associated with oedema in the knee region, 
which is considered normal after the recent surgical 
procedure, promoting such sensations. Similar findings 
were also described previously (3, 18, 24), suggesting 
that the light load associated with BFR in the early 
post-surgical phase may not exacerbate pain or inflam-
mation in the knee joint in the days following training, 
which may positively influence the volume of exercise 
during sessions and patient adherence to a rehabilita-
tion programme. Thus, it was observed in the current 
sample that early reduced pain plays a fundamental 
role in the patient’s functionality and quality of life.

Further studies, with larger sample sizes, specific 
groups of grafts, ages and in a multicentric design, are 
needed to increase the scope of these findings.

Study limitations
The current study has some limitations. Participants 
could not be blinded due to the intervention model 
using the cuffs. The study also has a relatively short 
follow-up time, but was performed during the period 
in which patients could undergo the best benefits 
from the application of the technique, which is during 
this initial post-surgical phase. The sample was rela-
tively small, but sufficient according to the sample 
size calculation, and randomization ensured sample 
homogeneity.T
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CONCLUSION

Comparing training in an early rehabilitation program-
me after ACLR, using 30% of 1RM with BFR or 70% 
of maximum repetition without occlusion, the group 
that used BFR showed a statistically more rapid gain 
in improvement in quadriceps and hamstrings muscle 
strength, and physical function of the knee.
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