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Biologics in Primary Anterior Cruciate Ligament

Reconstruction

Vijay D Shetty', Karan Alva', Varun Gupta'

The success of anterior cruciate ligament reconstruction depends on the healing and integration of the graft in the bony tunnels. Recently
there has been lot of interest in biological augmentation techniques to improve the biological milieu in the knee joint so as to enhance this
healing process. These techniques include use of platelet rich plasma, periosteum and bone morphogenetic proteins (BMPs). The present
article is a review of current literature exploring the effectiveness of these techniques and the future scope

Keywords: anterior cruciate ligament reconstruction, platelet rich plasma, bone morphogenetic proteins

Introduction

The anterior cruciate ligament (ACL) is the
most commonly injured knee ligament,
frequently requiring surgery and extensive
rehabilitation(1). Primary repair of the ACL
has a high failure rate of 40% to 100%
mandating the need for ACL reconstruction
(ACLR)(2). However, success of ACLR
depends mainly on the healing and
integration of graft into the femoral and
tibial tunnels(3,4,5). Various factors such as
graft selection, graft incorporation and pre-
injury activity level influence the clinical
outcome of ACLR(6,7). Studies have
shown that younger the age of the patient
and, more athletic the demand, higher is the
expectation from the surgery(8,9).
Graft-bone healing has been always an issue
with ACLR. Recent years have seen a
number of publications indicating the use of
biological augmentation techniques to
enhance graft-bone healing(10,11). These
include the use of platelet rich plasma,
periosteum and bone morphogenetic
proteins (BMPs). This article attempts to
explore the current thinking in the use of

biologics in enhancing bone-graft healing in
ACLR.

Graft healing

Natural healing of torn ACL is one of the
challenging problems encountered by
surgeons. The hypo-vascular and hypo-
cellular nature of ACL retards its self
regeneration capacity and results in poor
healing. Further, following ACL injury, the
thin synovial sheath surrounding the ACL
gets disrupted resulting in mixing of blood
with the native synovial fluid. As a result,
haematoma formation is delayed and this
prevents the aggregation of factors
(cytokines, growth factors and reparative
cells) responsible for natural healing(12).
This forms the basis of non-healing of
injured ACL. Therefore, the best option to
address this issue would be a reconstruction
rather than repair.

Normally, ACL inserts directly into the
bone, thus forming a transition zone from
the tendon-to-bone consisting of the
tendon, non-mineralized fibrocartilage,
mineralized fibrocartilage and bone (Figure
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1). The fibrocartilage at the insertion site
contains cartilage-specific collagens, type II,
IX, X and XI, with the interface between
mineralized and demineralized bone
maintained by collagen X(13). Besides,
obliquely running Sharpey fibres are present
at insertion sites which anchors the ligament
to bone, providing the fundamental
mechanical strength. ACLR with tendon
grafts fails to reproduce the same
arrangement. It has been shown by various
studies that graft healing in ACLR occurs by
an interposed layer of fibro-vascular scar
tissue at the graft tunnel site(14). This
fibro-vascular scar tissue becomes
mineralized and incorporates the tendon
graft into the surrounding bone. The tendon
bone junction is restored by the re-growth
of collagen fibres between the tendon and
bone(15,16,17,18,19). The formation of
collagens and Sharpey fibres occurs after 6
weeks of surgery and bone tunnel healing of
graft is completed by 6-10 months after
surgery(20). However poor osteo-
integration of the graft in ACLR is common
and is associated with anterior —posterior
laxity postoperatively (21). Thus,
to achieve earlier return to
functional activities and better
clinical outcomes, acceleration of
healing between tendon graft and
bone is the most enduring
challenge. In order to improve
graft bone healing, various
biologically engineered strategies
are being studied. These
biological strategies aim to
enhance intra-articular and intra-osseous
healing.
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Figure 1: Organised transition from tendon (T) to demineralised
fibrocartilage (UFC) to mineralized fibrocartilage (MFC) and bone
(B). Courtesy: Muller et al, 2013.

Figure 2: The periosteum is wrapped with the cambium layer facing the tunnel wall
and then sutured on the tendon at both sides with a No. 3-0 Vicryl suture where the
tendon graft approached the tunnel opening. Courtesy: Chen at al, 2010.

Biological strategies to enhance tendon
graft healing in ACLR

Platelet-rich plasma

Platelet-rich plasma (PRP) is an autologous
concentration of platelets. The
concentration of these platelets, in a given
formulation, is much above the normal
physiological levels. Platelets are the
precursors of the megakaryocytes having an
irregular shape with non-nucleated
cytoplasmic bodies. The glycoprotein's
expressed on their cell membranes play an
important role in haemostasis and wound
healing by formatting fibrin clots(22).
Platelets are the source of various growth
factors including platelet-derived growth
factor (PDGF), epidermal growth factor
(EGF), transforming growth factor-beta 1
(TGF-p1), vascular endothelial growth
factor (VEGF), basic fibroblast growth
factor (FGF), hepatocyte growth factor
(HGF), and insulin-like growth factor (IGF-
I) which are involved in different stages of
cell proliferation(23,24,25).

Versatility of PRP lies in the fact that it can
be easily prepared and can be applied
directly in the operation theatre. Various
methods of its application are intra-
articular injection or in the form of a
membrane that can be applied directly to
target site. Several studies have shown that
the healing potential of PRP in articular
tissues, cartilage, ligaments, tendons and
synovium(26,27,28). Infiltration of PRP
causes increase in the extracellular matrix
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deposition, anabolic reaction towards cells,
reduction of pro apoptotic signals and also
has anti-inflammatory effect in the joint
environment(26). Studies have shown that
application of PRP in ACL reconstruction
procedure not only causes better and faster
ligamentization of the graft, but also
contributes to a better integration of the
graft within the bone tunnels. Enlargement
of bone tunnels can thus be prevented and
faster healing can be promoted.

Periosteum

Periosteum is a bilayered tissue between the
bone and soft tissue. It had an outer fibrous
layer which is rich in fibroblasts while the
inner cambium layer is rich in multipotent
mesodermal cells. It also consists of
chondro-progenitor and osteo-progenitor
cells, which can differentiate into both
cartilage and bone(29,30). It can be easily
harvested at the proximal tibia from a
routine incision for hamstring tendon
harvesting (Figure 2). The tendon
reconstruction is said to be successful if
there is bony in-growth into the tendon.8
The periosteum may be used to enhance the
healing between the bone and graft by
forming fibrocartilage and calcified
fibrocartilage(31,32). Besides, it can also
help to seal the intra-articular tunnel
opening in the early postoperative period,
thus avoiding synovial fluid reflux into the
tunnel(33,34). Studies have shown
favourable outcome with the use of

periosteum to enhance tendon-bone healing
post ACLR. In a study by Chen et al, (31)
knees were followed up for a mean of 4.6
years post ACLR which showed statistically
significant results with periosteum-
enveloping hamstring tendon single bundle
ACLR when compared to other studies with
comparable fixation(35).

Bone morphogenetic protein

Bone morphogenetic proteins (BMPs) are
signalling proteins which interact with tissue
structures in the body to enhance the
skeletal development. Animals studies have
shown that both BMP-2 and BMP-7 have
the ability to increase the graft fixation
strength in bone tunnels(36,37,38). A study
by Sunder S et al in bovine models showed
that demineralised bone matrix (DBM) is a
source of BMPs which enhances tendon-
bone healing and tendon-bone fixation
strength(39). Further, Chen CH et al
concluded that BMP-2 and periosteal
progenitor cells induce rapid tendon-bone
integration(Zl). However, there is much
debate about the use of BMPs in ACLR
surgeries in human being despite the
theoretical advantages(21).

Discussion

The main goal of ACLR is to make the
patient return to pre-injury level, and
therefore return to sports, as soon as
possible. In this direction, there have been a
number of technological advances, in recent
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years, with respect to ACLR. Last few years
have seen an increase in the number of
publications on best surgical techniques,
anatomical tunnel placements, use of
scaffolds and augmentation with various
biological products. Enhancing the tendon-
to-bone healing has been the centre of
research in ACLR(28,40,41).

It has been established that the tendon-bone
healing occurs by collagen fibre scarring
tissue which then reorganises to form a
dense matrix. This is then followed by the
appearance of Sharpey's fibres. This
collagen fiber continuity between the
tendon and bone establishes the tendo-
osseous junction and has been described as
the earliest sign of osteo-integration(42,43).
Periosteum is rich in multipotent
mesodermal cells and has osteogenic
capacity. It has the ability to promote
cartilage formation and also initiate
enchondral ossification by inducing
differentiation of mesenchymal cells into
chondroblasts and subsequently into
osteoblasts. It can also augment bone
ingrowth into collagenous tissue and help
induce ossification. When we incorporate
periosteum in our graft by suturing on the
surface of the tendon and then transplanting
into the bony tunnel, the cambium layer of
the periosteum serves as a fibrous layer
between the tendon and bone interface.
Studies have shown that by around 4 weeks,
there is inter-digitation between the
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