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Abstract

BACKGROUND
The anterior cruciate ligament (ACL) reconstruction surgery takes the patient through a period where muscle mass loss occurs. The blood �ow restriction
combined with strengthening exercises can be an alternative to improve the muscle strength of the quadriceps and hamstrings in the postoperative period of
ACL reconstruction.

Objective
Compare the gain in muscle strength between exercises with and without occlusion in the quadriceps and hamstring muscles in the postoperative period of
reconstruction of the anterior cruciate ligament.

Methods
This is a randomized, prospective, longitudinal clinical trial, parallel, analytical, experimental type, with random allocation.The study included the participation
of postoperative patients, with reconstruction of the anterior cruciate ligament. The isometric muscle strength of knee extension and �exion was evaluated
using a digital hand dynamometer and the physical function of the knee, using the Lysholm, KOOS and IKDC questionnaires in the pre -operative and after 4, 8
and 12 weeks. All patients signed a written informed consent form prior to the start of the study

Results
After comparing the rehabilitation of the groups, a statistical difference was observed in quadriceps muscle strength (p <0.01) after 12 weeks and hamstrings
(p <0.01) after 8 and 12 weeks in the injured legs. In the analysis of the participants' physical function, there was a signi�cant difference in the Lysholm
questionnaire (p <0.01) after 8 and 12 weeks, in the KOOS pain questionnaire (p <0.01) after 4 weeks, 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.

Conclusion
The blood �ow restriction has proved to be e�cient for improving muscle strength of the quadriceps, hamstrings and physical function of the knee after
reconstruction of the anterior cruciate ligament in early rehabilitation.

Highlights
Blood �ow restriction reduces pain early compared to training without occlusion.

Subsequent improvement in patients' physical function are observed.

Bene�ts are achieved without any detrimental effect on strength.

Greater strength gains when compared to conventional rehabilitation. 

Blood �ow restriction in the early postoperative has been shown to be bene�cial.

Background
Delayed rehabilitation after leg trauma and surgeries, such as ACL reconstruction, leads to de�cits in muscle strength and endurance, due to muscle atrophy
and arthrogenic inhibition, contributing to altering the movement patterns of the involved limb and therefore increasing the risk of early onset of knee
osteoarthritis. 1,2

Atrophy due to disuse of the thigh muscles has been considered important since rehabilitation usually takes a prolonged period of time to reach the original
muscle strength, compromising the function of the lower limbs and the patient's quality of life. 3

There are few studies and protocols whose objective is based on the adequacy of quadriceps and hamstring muscle strength after anterior cruciate ligament
reconstruction, which introduce exercises with blood �ow restriction (BFR) with 30% of maximum strength.3,4 It is already known, however, that this occlusion
can minimize the risk of injury and contribute to postoperative strengthening. Then, this treatment option requires further investigation in order to re�ne the
protocols related to cuff pressure, exercise dosage and duration, and consequently, enable a better execution of the technique. 5,6,7,8,9 

Therefore, the aim of the present study is to evaluate the intensity of muscle strength gain between exercises with and without occlusion in the quadriceps and
hamstring muscles in the postoperative period of the anterior cruciate ligament. 

Methods
Study Type
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The CONSORT (Consolidated Standards of Reporting Trials) guideline and �owchart for randomized clinical trials was followed in conducting this study.10

This is a clinical trial, randomized, prospective longitudinal, parallel, analytical, experimental, with random allocation, in which 50% of the participants were in
the intervention group and the remaining 50% in the control group. The study included the participation of post-operated patients, with reconstruction of the
anterior cruciate ligament. The study was submitted for evaluation by the Ethics Committee of the Federal University of São Paulo and started after approval
(Project CEP/UNIFESP n: 0507/2019; CAAE: 12902219.4.0000.5505). Designed by the World Health Organization, its Universal Evaluation Number (UTN):
U1111-1242-8567 in 31/10/2019 and also submitted to the Brazilian Registry of Clinical Trials with approval opinion: RBR-9bdgxh in 28/01/2020. All patients
signed a written informed consent form prior to the start of the study. The recruitment of participants was conducted after approval by the ethics committee in
January 2020 until May 2020.

Participants

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 were needed, 12 per group. Therefore, to represent a dropout rate of up to 10%, a total of 28 patients were recruited, 14 in each group.

Men and women with anterior cruciate ligament rupture con�rmed 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 anterior cruciate ligament due to laxity in the
involved limb, patients who needed additional surgical procedures after reconstruction of the anterior cruciate ligament, or infections in the operated region.
Previous surgeries on the affected knee, 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 training at the same location.

Randomization and Allocation

For allocation into groups, randomization was performed in blocks. Each participant had a number that was generated 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 two columns: the �rst, control group and the second, intervention.

Interventions

The experimental protocol is represented in the �gure below, followed by the description of each step of the experiment.

The intervention group used pressure gauges measuring 10 cm x 80 cm in width and a 7 cm x 52 cm pneumatic bag (Cuff Scienti�c 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 (DV-610B®; MEDMEGA, Franca, São Paulo, Brazil) was used. The patient
rested for 15 minutes in neutral supine position before the procedure. After resting, with a portable vascular Doppler pen that has an infrared signal transducer,
the blood �ow over the posterior tibial artery was captured with the aid of a gel. Then the cuff was in�ated at the lowest pressure until the arterial pulse was no
longer detected, at this time, the pressure value marked on the manometer represented the total occlusion pressure, after this the cuff was de�ated.11,12 During
training, 80% of the total occlusion pressure was used. The maximum load tests (1RM) were performed through maximum repetitions in the leg press and
�exor chair exercises for training with BFR. 30% of a repetition maximum (RM) was used in each selected exercise in the intervention group and 70% of 1RM in
the control group.

In exercises with BFR, four sets were performed, the �rst always of 30 repetitions, followed by three more sets of 15 repetitions each. With two seconds for
concentric contraction and two seconds for eccentric contraction. The rest time in each series was 30 seconds, marked by a digital clock. The pressure must
be maintained during the performance of all sets of exercise, if necessary, the pressure can be adjusted at intervals of sets, after the end of the exercise.
Between each exercise block, the BFR is released for �ve minutes, to normalize the blood �ow 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 one repetition due to fatigue, the exercise was stopped.
The control group performed the same exercises, with 70% of 1RM, with three sets of 10 repetitions, with all other parameters, but without BFR. The adherence
of the research subjects was registered by an attendance list in each session.

Outcomes

            The primary outcome of this study was the assessment of muscle strength using an isometric dynamometer on the �rst day of assessment and
repeated on the last training day of the 4th, 8th and 12th week. The maximum isometric strength of the knee extensors and �exors in both legs was measured
using the MICROFET2® digital handheld dynamometer (Hoggan Health Industries, West Jordan, UTAH, USA). The maximum force was recorded in Newtons
(N) and collected three times in each leg. Between each contraction there were 60-second intervals. Participants were instructed to remain seated very erect on
a chair with their arms crossed in front of their chests and their legs hanging over the edge, knee and hip �exed at 90 degrees. 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 (�ve cm proximal to the lateral malleolus), generating stabilization and resistance against movement during
the test. To assess the strength of the hamstrings for isometric knee �exion, the dynamometer was attached to the sural triceps region (�ve 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 isometric knee extension and �exion strength began to be collected. Each participant was instructed to perform maximal
isometric contractions for �ve seconds and the maximal strength was recorded.
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            The secondary outcomes were to analyze physical function of the knee using the Lysholm, IKDC (International Knee Documentation Committee) and
KOOS (Knee injury and Osteoarthritis Outcome Score) questionnaires. All questionnaires were completed by the patient in order to reduce application bias on
the �rst day of assessment and repeated on the last training day of the 4th, 8th and 12th week.

Sample Size

            Sample size calculation was performed using the G*power® 3.1.9.2 Software (Heinrich-Heine-Universität, Düsseldorf, Germany), considering a
statistical power of 95% and α=0.05, based on the pilot study and previous studies with distinct populations7, 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

            Data normality and homogeneity were tested using the Shapiro-Wilk and Levene tests, respectively, verifying that the sample did not follow a Gaussian
distribution. Descriptive data analysis was performed and expressed as mean and standard deviation. To verify possible differences in the sampling
characteristics between the two groups, ANOVA with Greenhouse-Geisser adjustment was used. To analyze 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
intervention) and time (week 0, week 4, week 8 and week 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 0.80.

Results
The �ow of participants is represented in the diagram below, followed by the description of each step of the experiment.

Data regarding the sample characterization of both groups can be seen in table 1. There was no signi�cant difference (p > 0.05) between the groups regarding
age, weight, height and body mass index.

            In the injured limb, there was a statistically signi�cant effect of time and group X time interaction (p<0.01 and p<0.01 and d>1.0, respectively), with
difference between groups (p=0.01) in the extension movement (�gure 4). In the �exion movement of the injured limb, there was a statistically signi�cant
effect of time and group X time interaction (p<0.01 and p<0.01 and d>1.0, respectively), with difference between groups (p<0.01) (Table 2).

Table 2. Comparison of muscle strength between groups

Exercises Leg Group control 

(N)

Intervention Group 

(N)

ES P-value

Knee extension

Pre-surgical

Injured 17,75±0,90 17,50±0,77 0,08 1,00

  Uninjured 21,92±0,66 22,25±0,52 0,15 1,00

Knee Extension 1st Post-surgical Injured 12,25±1,01 15,50±0,97 0,89 0,43

  Uninjured 19,50±0,95 20,92±0,48 0,51 0,99

Knee Extension 2nd Post-surgical Injured 13,00±1,04 16,92±0,86 1,11 0,10

  Uninjured 20,42±0,66 22,17±0,45 0,84 0,56

Knee Extension 3rd Post-surgical Injured 13,83±0,98 19,42±0,55 1,91 <0,01*

  Uninjured 21,58±0,63 23,50±0,52 0,90 0,41

Pre-surgical knee �exion Injured 10,50±0,46 9,83±0,29 0,47 0,99

  Uninjured 15,42±0,74 14,50±0,73 0,34 1,00

Knee �exion 1st Post-surgical Injured 7,42±0,45 9,00±0,46 0,95 0,31

  Uninjured 14,25±0,75 14,08±0,79 0,05 1,00

2nd Post-surgical knee �exion Injured 7,92±0,38 10,33±0,40 1,68 <0,01*

  Uninjured 15,00±0,71 15,08±0,71 0,32 1,00

3rd Post-surgical knee �exion Injured 8,83±0,35 12,50±0,22 3,39 <0,01*

  Uninjured 15,83±0,67 15,92±0,69 0,33 1,00

           

N=Newton; ES= Cohen effect size d; *The mean difference is signi�cant at the 0.01 level.
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In all groups, an increase in self-reported scores was observed throughout the rehabilitation period, with a statistical difference between the groups, except for
the “quality of life” subscale of the KOOS questionnaire (p<0.01 and p=0.06, respectively). Regarding the Lysholm, IKDC questionnaires and all the KOOS
subscales (symptoms, pain, daily activity and quality of life), there was a statistically signi�cant group X time interaction (all p<0.01 and d>1.0), time effect
(all p <0.01) (Table 3).

  Table 3. Comparison of questionnaires between groups

Questionnaires Groups Preoperative
week mean
difference (95%
CI)

ES Mean difference
week 1st Post-
surgery (95% CI)

ES Mean difference
2nd week after
surgery (95% CI)

ES Mean difference
week 3rd Post-
surgery (95% CI)

ES P-
valor

Lysholm Control 81,17±6,23(69,84-
94,84)

0,21 81,75±3,80(74,64-
89,54)

0,87 86,17±1,95(82,43-
90,07) *

2,72 90,58±0,84(88,96-
92,24)

4,31 <0,01

  Intervention 85,17±3,97(77,74-
93,31)

  92,00±2,39(87,43-
96,80)

  100,00±0(100,00-
100,00) #

  100,00±0(100,00-
100,00) #

   

KOOS                    

Symptoms Control 81,67±6,26(70,27-
94,91)

0,39 80,42±4,53(72,01-
89,80)

0,97 85,25±2,28(80,89-
89,85)

2,07 91,92±0,88(90,21-
93,65)

3,53 <0,01

  Intervention 88,42±1,64(85,25-
91,70)

  92,42±1,29(89,92-
94,99)*

  98,58±0,93(96,77-
100,43) #

  100,00±0(100,00-
100,00) #

   

Pain Control 84,75±4,67(76,07-
94,42)*

0,01 70,67±3,30(64,49-
77,43)*

1,66 76,92±3,94(67,57-
85,05)*

2,18 88,00±2,35(83,52-
92,72)

1,96 <0,01

  Intervention 84,50±3,33(78,22-
91,29)*

  90,58±3,20(84,52-
97,09)*

  99,50±0,48(98,57-
100,44)* #

  100,00±0(100,00-
100,00) *#

   

Daily activity Control 86,92±4,44(75,64-
93,10)*

0,03 78,83±3,72(71,37-
85,97)

0,76 80,58±3,99(73,12-
88,81)

1,53 87,50±2,00(83,67-
91,51)

2,38 <0,01

  Intervention 83,42±3,37(77,07-
90,29)

  86,67±1,93(82,97-
90,53)*

  97,00±0,98(95,10-
98,94) *#

  99,92±0,08(99,76-
100,07*#

   

Quality of life Control 66,42±4,99(57,32-
76,96)*

0,12 62,25±4,54(53,96-
71,82)

0,81 65,17±4,08(57,63-
73,68)

1,29 69,92±3,04(64,20-
76,15)

1,72 <0,01

  Intervention 64,33±4,03(56,89-
72,75)*

  72,58±1,82(69,10-
76,25)*

  79,75±1,43(77,00-
82,60)*

  83,92±0,69(82,57-
85,28) *

   

IKDC Control 57,67±3,06(51,97-
63,99)*

0,22 51,58±2,02(47,77-
55,70)*

1,014 55,00±1,60(51,95-
58,23)

2,34 60,92±1,59(57,88-
64,12)

3,23 <0,01

  Intervention 59,67±1,65(56,52-
62,98)

  58,25±1,50(55,38-
61,27)

  65,08±0,38(64,34-
65,83) *#

  74,83±0,44(73,98-
75,70) *#

   

KOOS=Knee Injury and Osteoarthritis Outcome Score; IKDC= International Knee Documentation Committee; ES=Cohen's d effect size; *Signi�cant difference
p<0.05; #Signi�cant difference in relation to control.

Discussion
In the postoperative phase of training, there is a progressive load on the operated limb. In this manner, the advantages of BFR over resistance training without
occlusion reside in the fact that it can initially allow for greater pain reduction, with subsequent improvement in patients' physical function and quality of life -
in a higher degree when compared to resistance training without occlusion. These bene�ts are achieved without any detrimental effect on strength, including
greater strength gains when compared to groups that perform conventional physical therapy rehabilitation, as observed in the present study.

     This study was the �rst to use a portable isometric dynamometer to measure the muscle strength of knee extensors and �exors during the �rst months of
rehabilitation after anterior cruciate ligament reconstruction. We also use, in order to promote the well-being of patients, validated functionality questionnaires
previously used in other works on the same topic. The use of the isometric dynamometer ensured in a validated way, observed in previous studies14,15,16,17, the
assessment of muscle strength for knee extension and �exion in early rehabilitation with practical execution and data analysis. In this way, any major strains
on the knee that could be caused by an isokinetic dynamometer were avoided, in addition to the low cost and ease of transport when comparing the two
devices.

As other authors18,3,19, this study applied the technique of BFR individually, ensuring safety for all patients and respecting their individualities. Safety in our
study was obtained through the use of portable Doppler ultrasound in all patients, offering 80% occlusion during training individually.11,12

Our research used a consistent protocol, with low loads, large training volume and 80% precise occlusion pressure in the intervention group during all
sessions. In exercises with BFR, four sets were performed, the �rst always of 30 repetitions, followed by three more sets of 15 repetitions each. Similar
applicability used in other studies.18,3 The protocols used in this study re�ect current guidelines for training with BFR18,3,5,21,1, in addition to proposed
objectives for the best possible rehabilitation after ACL reconstruction.
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In addition to evaluating the isometric muscle strength of the quadriceps, our work was also the �rst to test the isometric muscle strength of the hamstrings
with a portable dynamometer preoperatively and right after ACL surgical reconstruction: at 4, 8 and 12 weeks. Important clinical improvements were observed
both in the intervention group and in the control group, but the group that used BFR and lower training load showed a signi�cant improvement in muscle
strength in a shorter rehabilitation period than in the group in which the rehabilitation was performed with a higher charge.

The hamstrings were possibly stronger previously than the quadriceps muscle due to the greater arthrogenic muscle inhibition of the quadriceps, decreasing
sensory reception and information sent to the frontal cortex. This manifestation is commonly observed in the �rst 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 train later on the �exor chair making a muscle isolation contraction, which further
increases the strength of this musculature. Future studies could analyze this aspect with electromyography in this initial phase of post-surgical training. There
were no signi�cant differences in strength in the uninjured legs.

Regarding knee extension, in our study, we observed that before surgery, patients did not have differences. After comparing the rehabilitation groups, a
statistical difference was observed in quadriceps muscle strength (p<0.01) after 12 weeks of training in the group with vascular occlusion, �ndings similar to
those found in the study by HUGHES et al.3, but he achieved a signi�cant difference in quadriceps muscle strength in a leg press unilaterally (p<0.01) after 8
weeks. In the fourth and eighth weeks there were progressive improvements, but without signi�cance in our study. Regarding the uninjured leg, there were no
differences in any period.

When analyzing the questionnaires22,23,24 in the pre-surgical period, the patients did not have differences in any group. In the �rst 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 consequently 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 presented (p<0.01) after 8 and 12 weeks and quality of life (p<0.01) after 12 weeks, where
the answers involved many behavioral psychological questions and not just motor ones. The IKDC questionnaire showed statistical difference (p<0.01) after 8
and 12 weeks. A similar fact occurred with the Lysholm questionnaire, which obtained a signi�cant difference (p<0.01) after 8 and 12 weeks, demonstrating
the importance of pain improvement for early gain in strength and physical function.

The present study observed that the application of BFR in the early postoperative phase has been shown to be bene�cial in terms of muscle strength and
physical function of patients. During this period, high-intensity exercise is not possible and the bene�ts of metabolic stress on protein synthesis can be
activated. Thus, training with BFR can be a preparatory approach and prior to high-intensity resistance exercises, especially in the presence of pain or when
high loads are not tolerated/allowed.18,3,25

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
rehabilitation in an intercalated way, as this may stimulate other important musculoskeletal adaptations during treatment after ACL reconstruction.

There were no adverse effects such as deep vein thrombosis, skin lesions, hematomas or any damage during the research in any patient. However, in the �rst
trainings, it was possible to observe that the individuals presented discomfort with the technique due to compression in the inguinal region, fatigue during
exercises and hyperemia in the thigh due to the increased blood supply to the region, �ndings that improved with the removal of the occlusion in a few
seconds. This was due to the novelty of training with BFR associated with edema in the knee region, which is considered normal after the recent surgical
procedure, promoting such sensations. Similar �ndings were also described before24,18,3, suggesting that the light load associated with BFR in the early post-
surgical phases may not exacerbate pain or in�ammation in the knee joint in the days following training, which may positively in�uence the volume of
exercise during sessions and patient adherence to a rehabilitation program. Thus, it was observed in our sample that early reduced pain plays a fundamental
role in the patient's functionality and quality of life.

Therefore, future researches with larger sample sizes, speci�c groups of grafts, ages and in a multicentric design are suggestions that aim to further increase
the reach of the generalization of the approached theme.

Limitations
The current study has some limitations that should be considered, participants could not be blinded due to the intervention model using the cuffs. The study
also has a relatively short follow-up time, but performed during the period in which patients could have the best bene�ts from the application of the technique,
which is in this initial post-surgical phase. The sample was relatively small, but su�cient according to the sample size calculation and randomization ensured
sample homogeneity.

Conclusion
The �ndings of the present study show that after comparing training with 30% of one repetition maximum using BFR and with 70% of maximum repetition
without occlusion, the group that used BFR was statistically shown to have a faster gain in improvement of quadriceps muscle strength, hamstrings, and
physical function of the knee after anterior cruciate ligament reconstruction in an early rehabilitation program.
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Figure 1

Overview of the experimental study protocol
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Figure 2

Study �owchart overview
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