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ABSTRACT

Background: Anterior cruciate ligament (ACL) tears are common injuries in the athletic population. Surgical
intervention is required for ACL tears as it restores the knee function and it prevents early osteoarthritis. In the recent
research there is increasing use of bone marrow aspirate concentrate in orthopaedics. Bone marrow aspirate concentrate
(BMAC) provides mesenchymal stem cells progenitor cells and growth factors which has potential benefits in hamstring
graft healing after ACL reconstruction.

Methods: This was a prospective randomized case control study carried out between May 2017 and June 2020. 30
patients between age group of 18 to 40 years with complete ACL tear were divided into two groups which consisted of
the control group in which only ACL reconstruction was done and second group in which ACL reconstruction was done
augmenting it with bone marrow aspirate concentrate. For the BMAC group, 3 ml of BMAC was obtained in the
operation theatre itself and was injected into femoral tunnel and the tibia tunnel just before portal suturing. MRI was
obtained post operatively at 6 months and at 1 year. Graft healing was seen as the time taken for the graft to reach
ligamentization phase when the graft became hyper intense or was visualized similar to PCL or the remnant which was
preserved during reconstruction in all cases.

Results: Most of the patients in which augmentation (86%) was done healed at 6 month as compared to those who were
not augmented (13%).

Conclusions: BMAC showed faster and better healing of the graft in ACL reconstruction.

Keywords: Anterior cruciate ligament reconstruction, Biological augmentation, Bone marrow aspirate concentrate,
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INTRODUCTION

Anterior cruciate ligament (ACL) tear is one of the most
common sports injuries usually occurring in sports like
football and basketball.>? Incidence rate of ACL tear is
general population is 60.9 per population.® Patients with
ACL tear if left untreated have increased rate of meniscal
injury and early onset of osteoarthritis.*® If graft failure
occurs after an ACL reconstruction (ACLR), revision
ACLR surgery has an inferior outcome.>"® Therefore

primary ACL reconstruction surgery is very important for
maintaining the knee functions.

Allografts have an inferior rate of biological integration
rate as compared to autografts.® Therefore, biological
augmentation plays an important role to improve ACL
reconstructions outcome. In the past few years, bone
marrow aspirate concentrate (BMAC), which is high in
mesenchymal stem cells (MSCs), progenitor cells and
growth factors is used in treatment of osteoarthritis and
chondral defects.!0-12
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The purpose of this study was to show the outcome of
using BMAC as augmentation in ACL reconstruction and
measure the time taken by the graft to heal radiologically.

METHODS
Place of study

This study was conducted at Dr. D. Y. Patil Medical
College, Hospital and Research Centre, Pimpri, Pune.

Type of study

It was a prospective randomized case control study.
Period of study

The study took place from May 2017 to June 2020.
Sample size

A total of 30 patients were involved in the study.
Inclusion criteria

Age group betweenl18 to 40 years. ACL injury with or
without meniscal tear. Duration of injury less than 6
months. Full range of movement before surgery.

Exclusion criteria

Previous knee surgery/injury. Joint Infection. Skin lesion
in and around knee joints like psoriasis, eczema etc.
Metabolic bone disease or on drugs affecting bone turn
over like eptoin etc. Patient not willing to sign consent
form for this study. Surgery within 3 weeks of injury.

30 patients with isolated ACL tear were selected of both
sex with age group between 18 to 40 years and were
randomly divided into two group, group A with only ACL
reconstruction being performed and group B with
augmentation of BMAC along with ACL reconstruction.

Procedure

In both the groups, the patients underwent standard ACL
reconstruction under spinal anaesthesia. A tourniquet was
applied to keep the arthroscopic view blood free and give
better visualization. However in group B 30 ml of bone
marrow was aspirated from the ipsilateral iliac crest
(Figure 1) after appropriate aseptic measures with the help
of an 11 Gauze x 10 cm bone marrow aspirate needle and
a 50 cc syringe pre filled with 5 ml of acid-citrate-dextrose,
this aspirate is then centrifuged at 3200 rpm for 15 minutes
in a special tube with separate compartments to separate
the concentrate (Figure 2). The operative leg was then
painted with standard antiseptic solution and then draped
from mid-thigh to foot. A standard anterolateral portal was
created using a number 11 blade just adjacent to the lateral

border of the patellar tendon at the level of the joint line.
The portal was then dilated with the help of a trocar and
sheath. The trocar was then removed, and a 30 degree 4.0-
mm arthroscope was inserted through the anterolateral
portal to perform an arthroscopy. An anteromedial portal
was then created just medial to the patellar tendon at the
joint line. Standard ACL reconstruction was done after
performing a proper diagnostic arthroscopy and
debridement of the fat and fibrous tissues. ACL
reconstruction was done using a standard quadrupled graft
of length 8 cm and width of 9 mm fixed with a femoral
suspension with a titanium button and a tibia bio-
absorbable screw. 3ml of BMAC was then injected into the
femoral tunnel with the help of an 18 G needle through the
anteromedial portal and also into the tibia tunnel (Figure
3). The incision was then irrigated and sutured back in the
standard fashion. No drain was used.

Figure 1: Aspiration of bone marrow from iliac crest.
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Figure 2: Preparation of bone marrow concentrate.
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Figure 3: Injection of BMAC into the tibia tunnel.
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The leg was kept in functional ROM brace locked in
extension for the first 24 hours. Later on the knee was kept
in extension only while sleeping and walking full weight
bearing with the support of a walker. The patients were
encouraged to achieve progressive range of movements up
to 90 degrees by 14" day post operatively when sutures
were removed. Patients were allowed to walk without
walker at 1 month but with a knee brace till 3 months and
jogging was started at 4 months postoperatively and sport-
specific drills were allowed at 6 months postoperatively. A
full return to sports was allowed at 9 months
postoperatively.

An MRI scan was done at 6 months and 9 months post
operatively for both the groups to see for ligamentization
of the graft, tunnel widening, and tunnel position and also
to see for any complication.

RESULTS
Both the groups did not differ significantly in terms of age,
sex, graft width, graft length, tunnel diameters, fixation

devices, and post-operative protocol (Table 1).

Table 1: Mean values of variables in study.

Variables Min. Max. Mean+SD
Age (years) 18 40 30.28+7.576
Time ofinjuryto 6  4.08+1394
surgery (months)

Graft length (mm) 115 140  125.95+9.149
Graft width (mm) 6 9 6.93+1.133

The mean age of our study population was 30.28+7.5
years. Mean time of injury to surgery was 4.08+1.3
months. Mean graft length was 125.949.1 mm. Mean graft
width was 6.9+1.1 mm.

Mean time for graft healing in control group was 8.6
months as compared to 5 months in BMAC augmented
groups. Most of the patients in the BMAC augmented
group attained ligamentization at 6 months MRI (86.66%)
as compared to the control group which was not
augmented (13.33%) (Table 2).

Table 2: Results of bone marrow aspirate concentrate.

BMAC
Groups Control audmentation
Number of patients 15 15
Mlnlmum_ time for 6months 4 months
graft healing
MaX|mum_ e 11 months 8 months
graft healing
Mean time for healing 8.66 5.06 months

months

Percentage of grafts
which healed by 6 13.33% 86.66%

months

DISCUSSION

ACL reconstruction is usually done in the younger
population with ACL tear using a autograft because it has
less re-tear rate as per the old-standard treatment for ACL
tears.2*® Proper Graft integration was important for good
outcome of the surgery and decreasing the revision
rates.>!* In older patient populations in whom the use of an
allograft may be preferred because of decreased donor-site
morbidity and also less difference in clinical outcome
between allografts and autografts in old age.®

Osti et al observed that allografts heal and incorporate
slowly as compared to autografts.®* BMAC can be used for
faster incorporation and healing of the graft. US Food and
Drug Administration have approved the use of BMAC for
stem cell delivery.!* Chahla et al showed positive
outcomes when BMAC was used in various places like
chondral lesions and early arthritis.:* BMAC provides with
MSCs, progenitor cells and various growth factors which
have their beneficial effect on tissue healing.'
Mesenchymal stem cells have been found to provide an
environment that fastens regeneration and stimulates
angiogenesis.'>% MSC’s have the ability to differentiate
into various cells like bone, cartilage, and ligament tissues
which fastens the healing process.®16:17

Significant improvement in function and pain was found
in patients of osteoarthritis after injecting BMAC was
observed by Kim et al.® Oladeji et al noted that use of
BMAC in articular cartilage damage show better graft
integration when treated with osteochondral allograft
along with BMAC.*® BMAC has shown to improve ACL
healing in rat model with partial tears was found by
Kenaya et al.*® Centeno et al also observed the same in a
clinical study with partial tears using BMAC improved the
function and decreased pain.?°

To diagnose the ACL injury and to evaluate reconstruction
MRI plays a very important role as it is an accurate and
non-invasive tool.?*?2 MRI can also be used to evaluate the
stage of graft healing been used to evaluate stages of ACL
graft healing.?®

Youn et al obtained bone marrow from intercondylar notch
but it had less mesenchymal cells as compared to bone
marrow obtained from iliac crest which was used by
Girolamo et al.**% Therefore we obtained bone marrow
from iliac crest. Thus we did a study to see the radiological
outcome of the ACL reconstruction with a hamstring graft
augmenting it with BMAC, and measuring the time taken
by graft to heal by demonstrating ligmanentization phase
on MRI.

CONCLUSION

Thus by assessing our results in both the groups in our
study population we could conclude that BMAC showed
faster and better healing of the graft in ACL
reconstruction.
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