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restore quadriceps wasting persistent 
after anterior cruciate ligament 
reconstruction
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Abstract

INTRODUCTION: Anterior cruciate ligament (ACL) is the most commonly injured ligament in the knee 
that requires surgical intervention. After ACL reconstruction, it has been reported that quadriceps 
wasting can persist for years even after complete rehabilitation and aggressive physiotherapy. Blood flow 
restriction (BFR) therapy is proposed to induce muscle growth and improve strength in chronic muscle 
atrophy. But the data on the efficacy of BFR therapy are controversial and lacking in the existing literature. 

AIMS/OBJECTIVES: In this study, we focus on identifying the patients having chronic quadriceps 
wasting after ACL reconstruction and intervene to restore the quadriceps wasting using BFR therapy. 

MATERIALS AND METHODS: All the participants had unilateral reconstruction of ACL tear >1 year 
back and completed the standard postoperative rehabilitation protocol but had >10% of difference 
in quadriceps thickness in the involved limb as compared to contra-lateral limb measured by 
ultrasonography. They were then proceeded further with BFR therapy and were re-examined after 6 
weeks of BFR therapy. 

RESULTS: It was observed that 64% of the participants had persistent quadriceps muscle atrophy 
even after 1 year of completing standard post-rehabilitation protocol after ACL reconstruction with 
more than 10% deficit. The quadriceps thickness observed after the BFR therapy increased by 
10 ± 7% at one-third of femur length from knee joint and 16.6 ± 4% at two-thirds of femur length in 
the involved extremity but did not show any change in uninvolved extremity. Post-training quadriceps 
femoris symmetry index also increased in the involved extremity compared to the baseline (87 ± 5% 
pre-procedure to 96 ± 4% post-procedure, P <0.01). 

CONCLUSION: This study concludes that BFR therapy after knee surgery may be a viable modality 
for the treatment of residual atrophy of quadriceps after years of ACLR. This can be used in patients 
who require extra assistance in resisting muscle atrophy or building muscle strength.
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Introduction

Anterior cruciate ligament (ACL) is the 
most commonly injured ligament in 

the knee that requires surgical intervention. 
After ACL reconstruction, it has been 
reported that quadriceps wasting can persist 
for years even after complete rehabilitation 

and aggressive physiotherapy. This can 
lead to altered gait mechanics and increase 
the chances of re-injury in the patients. 
Due to asymmetry in the quadriceps and 
disturbance in weight mechanics, it can 
also lead to the development of early 
osteoarthritis of the knee joint.

Blood flow restriction (BFR) therapy is 
proposed to induce muscle growth and 
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improve strength in population.[1-3] Here, we occlude the 
venous outflow to the extremity while restricting arterial 
inflow using a pneumatic tourniquet followed by low 
resistance exercises. The anaerobic conditions are induced 
and act as angio-genic stimulus via vascular endothelial 
growth factor (VEGF). There is also a proliferation of 
satellite cells[4,5] activation of type 2 muscle fibers[6-8] and 
recruitment of endothelial progenitor cells. Low-intensity 
training is an attractive method of recovery of quadriceps 
in postsurgical rehabilitation after ACLR.

BFR therapy is yet to be established as a conclusive 
method for rehabilitation as the data on the efficacy of 
BFR therapy is controversial and lacking in the existing 
literature. The purpose of this study was to evaluate 
the BFR therapy to increase quadriceps strength and 
symmetry 1 year after ACLR. We also report the safety 
considerations and indications for the same.

Objectives
In this study, we focus on identifying the patients having 
chronic quadriceps wasting after ACL reconstruction 
and completing the rehabilitation protocol. We will also 
intervene to restore the quadriceps girth using BFR therapy.

Materials and Methods

The study was conducted in the Department of 
Orthopedics of a tertiary level health care center, for a 
period of 12 months from March 1, 2019 to February 29, 
2020 after obtaining ethical clearance from Institutional 
Ethical Committee.

All the patients between the age of 18 and 45 years, with 
ACL complete tear operated arthroscopically, with semi-
tendinosus and gracilis graft used for reconstruction, 
and those giving consent to participate in the surgery 

were included. All the participants had unilateral 
reconstruction of ACL tear >1 year back and completed 
the standard postoperative rehabilitation protocol 
but had >10% of difference in quadriceps thickness in 
involved limb as compared to contralateral limb.

We excluded the patients who had any comorbidity that 
can affect the muscle rehabilitation and strength such as 
polio, paralysis, and any condition requiring prolonged 
immobilization. Patients with suspected/any old episode 
of DVT, those having any infections postoperatively, 
with multi-ligaments injuries, having any injury in 
contra lateral knee, refusing to participate in the study, 
or those who did not return for proper follow-ups were 
also excluded from the study.

After 12 months of the surgery, the patients were evaluated 
for quadriceps thickness. The femur length was taken 
from the medial joint line to greater trochanter (GT) and 
divided into three equal parts by 2 points, at one-third of 
femur length and two-third of femur length (from knee 
joint). Ultrasonography (USG) (7 MHz, Aloka portable 
USG machine) was then performed to measure quadriceps 
thickness for both the limbs, that is, the involved and the 
contralateral limb at these two fixed points (one-third and 
two-thirds of femur length from knee joint). Participants 
were positioned supine (10° knee angle), while images of 
the quadriceps were taken at one-third and two-thirds of 
the distance from knee joint line to the greater trochanter of 
femur. To maintain the uniformity, the evaluation was done 
by a single radiologist in the department of radio diagnosis 
for all the patients.

These participants were informed about the therapy, 
informed consent was taken and proceeded further with 
BFR therapy [Figure 1]. A pneumatic tourniquet cuff was 
applied to the thigh and set to a limb occlusion pressure 
of 70%–80% of arterial occlusive pressure (AOP). In this 

Figure 1: BFR tourniquet with exercises
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study, AOP was measured using Doppler ultrasound. 
All the patients were then allowed to follow standard 
rehabilitation at the same physical therapy clinic for 
40 min, three times a week. This included the following:

•	 Straight leg raise: 40 reps
•	 Quad sets: 40 reps
•	 Cycling: 10 min
•	 Step ups: 40 reps
•	 Balancing on affected limb: 5 min

Apart from the BFR therapy at clinic, the patients were 
allowed to continue the same without tourniquet at home 
for the other 4 days of the week.

Thickness of the quadriceps was re-evaluated after 6 
weeks of therapy in the involved and uninvolved limb 
using B-mode ultrasound. Symmetry index was used 
to compare wasting of involved and un-involved limb:

SI = [(Q. thickness of involved leg

Q. thickness of uninvolveed leg)] 100 [14].× 

Results

Demography: We evaluated 75 patients during the course of 
study for the thickness of quadriceps after 1 year of ACLR. 
Out of 75, we found wasting of quadriceps in operated 

limb of >10% in 48 candidates and were included for study. 
The demographic profile is listed in Table 1.

BFR exercise
Mean arterial occlusion pressure was observed to be 
188 ± 24 mm Hg and mean occlusion pressure was 
accordingly taken as 132 ± 17 mm Hg. All the participants 
were observed to complete all the sets of rehabilitation 
protocols. Muscle soreness was reported by 30% of 
the patients during the first few sets of therapy, but it 
gradually reduced with subsequent therapies. None of 
the patients reported DVT or any nerve injuries.

The quadriceps thickness observed after the BFR therapy 
increased by 10 ± 7% at 1/3 of femur length from knee 
joint and 16.6 ± 4% at two-thirds of femur length in the 
involved extremity but did not show any change in 
uninvolved extremity [Figure 2].

Post-training quadriceps femoris symmetry index 
[Figure 3] also increased in the involved extremity 
compared to the baseline (87 ± 5% pre-procedure to 
96 ± 4% post-procedure, P < 0.01).

Discussion

In this study, it was observed that 64% of the participants 
had persistent quadriceps muscle atrophy even after 1 year 
of completing standard post-rehabilitation protocol after 
ACL reconstruction. These patients had >10% difference in 
quadriceps thickness and asymmetry between the involved 
and uninvolved limb. This asymmetry long after ACLR 
has been previously reported by various authors in the 
past.[9-11] As quadriceps is responsible to maintain extensor 
mechanism of knee joint, its reduction leads to weak 
extensor strength. Also, the chances of re-injury increases 
due to altered gait imbalances and weight mechanics.[12-14]

Table 1: Demographic profile
Variable
Age (years) 28 ± 6
Weight (kg) 74 ± 9
Sex  
  Male 33
  Female 15
Time from ACLR (years) 1.5 ± 0.4

1.65
1.7

1.75
1.8
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1.9
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2
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INVOLVED
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Figure 2: Quadriceps thickness before and after BFR therapy
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In this study, we implemented a 6 week, observed BFR 
program in the physiotherapy clinic for 3 days a week, 
consisting of bodyweight and strengthening exercises 
to increase the bulk as well as strength of muscle. We 
found that BFR therapy lead to an increase of quadriceps 
thickness by 10 ± 7% at one-third of femur length 
from knee joint and 16.6 ± 4% at two-thirds of femur 
length in the involved extremity but did not show any 
change in uninvolved extremity. This also leads to an 
increase in post-training quadriceps femoris symmetry 
index. Hence, BFR therapy after ACLR can be used for 
resisting the effects of disuse atrophy as well as building 
the strength and bulk to regain the levels equal to 
un-involved extremity.

BFR therapy is hypothesized to promote muscle bulk 
as it induces local hypoxia. The type 1 muscle fibers 
cannot function in the hypoxic environment and 
this leads to activation of type 2 muscle fibers, thus 
promoting the hypertrophy of muscle.[15] It leads to 
the accumulation of metabolic bi-products that result 
in various hormonal and metabolic responses.[16] 
Increase in blood pooling and concentration of 
adrenaline and Growth hormone also leads to muscle 
growth.[17]

Here we observed the quadriceps thickness at two levels, 
one at one-third of the femur length from knee joint line 
and the other at two-third from the knee joint line to rule 
out bias at a single level. Various other authors have 
used other methods for the same. Iversen et al.[18] used 
landmarks at 40% and 50% of femur length to record 
quadriceps CSA, whereas Takarada et  al.[19] measured 
the CSA at mid-portion of femur and at the point just 
distal to BFR tourniquet.

Various authors have previously reported the results of 
BFR therapy after knee surgery but the results are still 
controversial. Ohta et al.[20] in a randomized controlled 
trial over 16 weeks of BFR therapy and observed 
significant improvements in CSA of the quadriceps 
and extensor strength of knee. Kilgas et  al.[21] in their 
study in 2019 implemented home-based BFR therapy 
several years after ACLR and reported an increase in 
quadriceps muscle thickness and reduced asymmetry. 
In a 13-day low resistance training using BFR therapy 
by Iverson[18] there was no difference observed in CSA of 
quadriceps when compared to low-resistance muscular 
training alone.

Thus, BFR therapy after knee surgery may be a viable 
modality for the treatment of residual atrophy of 
quadriceps after years of ACLR. This can be used in 
patients who require extra assistance in resisting muscle 
atrophy or building muscle strength. However, due to 
various controversies, this is not a regular intervention 
in post-operative knee rehabilitation thus leading to 
chronic wasting of quadriceps.

We noticed no significant side effects apart from some 
transient dull pain observed in the affected limb during 
the initial three to four therapies that settled after 
rest following therapy, with only 3 patients requiring 
nonsteroidal anti-inflammatory drug for pain relief on 
the day of therapy. Ohta et al.[20] reported discomfort in 
the participants affected extremity roughly 12 min after 
BFR therapy, whereas Kilgas[21] and Iversan[18] reported 
no significant side effects. However, in a study by 
Yasuda et al.[22] there were episodes of rhabdomyolysis, 
pulmonary emboli as well as venous thrombosis reported 
after BFR therapy. We did not observe any such side 
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Figure 3: Quadriceps symmetry index before and after BFR therapy
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effects in any of the participants. Thus, Additional data 
are needed on the short- and long-term effects of BFR in 
patient populations.

Limitations
This study had a few limitations. In this study, we 
concluded short-term benefits on muscle hypertrophy 
after BFR therapy but did not follow up for long-term 
results. Also, we did not use MRI for evaluation of 
quadriceps thickness (standard technique for the same) 
as it is not affordable by the patients.
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