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Abstract

The incidence of anterior cruciate ligament (ACL) injuries is on the rise due to increased physical and sports
activities. Thus, ACL reconstruction is a common surgical procedure to treat ACL ruptures, however, it has
a failure rate of 0.7-21% and only 63% of the patients are able to recover to their pre-injury sport level.
Orthobiologics, including platelet-rich plasma (PRP), growth factors, and stem cells, are being explored as
alternative treatment methods to maximize the results and reduce surgical morbidity and healing time. PRP
is derived from a blood sample with high platelet concentration and containing growth factors and interleu-
kins. Studies have shown that PRP can improve the maturation of ACL reconstruction but more research
is required to support its use in ACL surgery. On one hand, growth factors play a crucial role in ligament
healing and PRP, which contains high levels of growth factors, has been shown to stimulate angiogenesis
and encourage cell proliferation. On the other hand, stem cells have the ability to differentiate into other
cell types and limit the inflammatory microenvironment during acute ligament injury. Ligament-derived
stem cells show better potential for lineage-specific tendon/ligament differentiation when used with differ-
entiation inducers. The use of stem cells in ACL reconstruction is still in the early stages of investigation.
Therefore, cell therapy agents have shown promising results in preclinical models, but more research is
required to determine the most effective biological agents for treatment.
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INTRODUCTION epidemiological studies have revealed that about

There is a strong link between anterior cruci-
ate ligament (ACL) injuries and physical/sports
activities, and also a gradual increase in injuries in
the practical orthopedic routine due to the increase
in these activities.!? Treating these injuries can be
a challenging task, ranging in some cases from
conservative treatment to surgery, depending on
the patient's symptoms and demands.® Traditional

175,000 patients undergo ACL reconstruction in the
United States every year. These numbers are essen-
tial to understand the socio-economic impact of
these injuries and intensify the search for optimiz-
ing treatment strategies.*

When surgery is indicated, ACL reconstruction
has been routinely performed to treat patients with
ligament rupture. Although numerous studies have
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Biologic ACL repair: augmentation

reported that contemporary single-bundle ACL
reconstruction effectively restores knee stability,
many recent studies have reported radiographic
osteoarthritis (OA) that are prevalent 10 years after
ACL reconstruction.? Reports demonstrate that sur-
gery failure rates are around 0.7-21%, which stim-
ulates more scientific efforts to find solutions for
better graft maturation, aiming to decrease the risk
of failure and allow a faster recovery for patients.>
Regarding returning to sports activities, out of the
82% that were reported, only 63% recovered to
the pre-injury sport level. The rate is observed to be
lower in elite athletes with less than 50% returning
to sports at its highest level. In addition, postponing
the return to sports practice to prevent failure is also
common, although little has been done to reduce the
healing time of the anterior cruciate ligament graft.””’

Aiming to maximize the results of the treatment
of ACL injuries, alternative therapeutic procedures
are currently discussed parallel to surgery, espe-
cially in cases of partial ACL tears. Treating this
type of injury besides the habitual reconstruction is
still controversial but it may represent an attractive
prospect when considering surgical morbidity and
faster return to activities.'

Currently, there is a significant progress in the
field of regenerative medicine, considering cellu-
lar therapies and ortho-biological agents, including
platelet-rich plasma (PRP), growth factors, and stem
cells, acting to positively stimulate tissue healing.!!
The aim of this work is to discuss the use of ortho-
biologics agents in ACL reconstruction to outline
what is in the literature regarding these procedures,
their risks, and their benefits in a narrative review.

PRP for ACL Augmentation

PRP is commonly defined as a blood sample
with platelet concentrations above baseline values
derived from an autologous centrifugation process.!'?
This process, together with the centrifuge, contains
a platelet concentrate mixed with growth factors and
interleukins, and this composition might be respon-
sible for improving the recovery of injured tissue.'*!*

PRP for conservatively treated injuries is applied
after identifying the area of injury based on physi-
cal examination and sometimes with ultrasound.

During arthroscopic surgery, however, the site for
application of platelet-rich therapy can be visual-
ized more directly.!*!* When undergoing surgery for
ACL reconstruction with preservation of remnant
and injection of PRP, there is a technique called bio-
logical augmentation (Figure 1).

The use of PRP has begun to be linked to ortho-
pedic surgery, mainly in sports medicine. One of
its main applications is knee surgery in the case of
ligament injuries, especially ACL. There are current
demonstrations of increased ACL density and neo-
vascularization in in vitro animal studies, resulting
in better organization of collagen fibers generating
more excellent tissue resistance.'

In ACL reconstruction procedures, studies
reviewed experimental clinical evidence showing
that PRP injection increased the expression of pro-
collagen gene and collagen protein, also contribut-
ing to the reduction of apoptosis and stimulating
the metabolic activity of fibroblasts in the grafts.!
In animal experiments, Riediger et al. demonstrated
that PRP adoption increased in traction load and
linear stiffness of the grafts and clinical data suggest
favorable effects in its use. Biological evidence such
as osseointegration of the graft-tunnel interface and
intra-articular molecular bonding indicates benefi-
cial effects when considering graft maturation.!”

Ventura et al performed a systematic review
of the current literature on the use of PRP in ACL

Figure 1. Technique of biologic augmentation
injecting platelet-rich plasma at varying depths
along the graft and the diagram of the anterior cru-
ciate ligament reconstruction.
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reconstruction and found 11 articles initially dem-
onstrating an increase in intra-articular component
remodeling of the graft during the first 10 years
of follow-up."* Among these, one study showed
an improvement in the integration.!” However, the
global assessment is poor when it comes to vali-
dating the mentioned studies and practical scores
to measure the quality of the graft. This issue was
due to the technical difference, volume, amount,
and concentration of PRP used in each case and not
bringing accurate evaluations of the knee after the
reported study.

On the other hand, another recent review from
Van Dyck et al. with 34 studies, concluded that graft
maturity based on magnetic resonance imaging
(MRI) could not predict the actual clinical condi-
tions of patients, not being a reference for the evalu-
ation and long-term follow-up. % In addition, some
literature reviews support the idea that current levels
of evidence also do not support the use of PRP for
graft healing in humans.?!

When evaluating the use of PRP with injections
in the patellar and tibial bone joint spaces and also
directly for filling the patellar tendon, it was noted
that studies differ on postoperative pain improvement
after 2 months of surgery and maintenance of stages
in isokinetic and functional tests such as Lysholm,
IKDC, and Tegner after 6 months of surgery.?*
De Almeida et al. found a significant positive dif-
ference in the evolution of MRI after 6 months of
surgery, whereas another study by Walters showed
that when PRP was mixed with autologous cancel-
lous bone chips did not obtain the same result.?*

Although PRP in reconstruction of total ACL
tear is still controversial, there is some evidence
supporting the use of alternative treatments such as
ortho-biological injections in augmentation repairs
for partial ACL tears.?® This alternative may pre-
serve the native ligament insertion site, improv-
ing the result of proprioception and biomechanical
function of the knee in repair.® Experimental stud-
ies performed on other animals for single partial
ACL tears have not been concluded for restoring
native knee stability, yet few studies show prom-
ising results. However, the study by Seijas et al.,
reported a high return to sport in 19 professional

soccer players with partial ACL tears treated with
arthroscopic intraligamentary PRP injections. In
addition, radiological improvement was observed on
MRI, complete ligamentization at 1-year follow-up,
and no complications related to the procedure were
observed.”’” However, this study in question lacks
technical limitations, and there is no control group
and evaluation of functional parameters.

Koch and colleagues performed a study using a
technique called intraligament autologous plasma
application and healing response in partial ACL
ruptures that obtained a failure rate of 9.5%, show-
ing effective results in clinical tests, including stable
Lachman test, negative pivot, and a significant
reduction in anterior-posterior laxity when consid-
ering the preoperative period. Moreover, reports
show very similar functional tests compared with
the healthy side with a 71% success rate in the group
range of the patients returning to activities after an
average of 5.8 months.?®

A recent review by Kon et al. demonstrated
favorable results in the analysis of graft maturation
over time after ACL reconstruction using PRP* The
analysis in most studies was performed by imaging
exams, demonstrating a better and faster appearance
of the graft after the use of biologicals.?” Sanchez et al
performed a histological evaluation of the grafts
with biopsies during arthroscopy 15 months after
the primary reconstruction of the ACL.*° The group
using PRP showed significantly better involvement
by mature connective tissue with elements of better
graft maturation according to the temporal evolution
of the surgery.*

As per the most recent clinical trials, results are
still inadequate to recommend PRP in ACL recon-
struction and ACL augmentation to improve graft pro-
duction and operation results. In addition, although
there is encouraging, but still controversial, evidence
to support PRP in graft ligamentotaxis, there is no
recommendation for its use aiming at faster and safer
rehabilitations with lower failure rates.

Biological Augmentation with Growth Factors in
the Treatment of Partial ACL Tears

In particular, growth factors are signaling mole-
cules whose functionistoregulate cellularactivities.*!
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Several growth factors are directly involved in liga-
ment healing, as demonstrated in in vitro studies by
Deie et al. and Schmidt et al.*'* It is known that
growth factors such as fibroblast growth factor 2
(FGF-2), platelet derived growth factor (PDGF),
and epidermal growth factor (EGF) are present in
high concentrations in healing tendons of canines.**
A classic study by Murray et al. using human ante-
rior cruciate ligament cells found that the transform-
ing growth factor beta (TGF-beta), PDGF, and FGF
increases cellularity proliferation while TGF and
PDGF also enhance collagen synthesis.* In a study
by obayashi's et al. using animals in vivo, FGF has
been shown to improve healing and neovasculariza-
tion of a partially torn ACL.*° Thus, the addition of
these growth factors in the treatment of partial ACL
tears has been studied as a strategy to stimulate heal-
ing and ligament recovery.*’

Though the treatment options with growth factors
are numerous, it remains to be seen which of the factors
is functional in the attempt to treat ligament injuries.
Murray et al. used collagen-glycosaminoglycan in the
laboratory for cell migration but with slow results.*®
Kobayashi et al. used FGF-2 to treat central ligament
defect and reported better orientation and organiza-
tion as well as better blood supply to the lesion site.*
Thus, when examining the wound healing process, it
was concluded that it is a complex process initiated by
platelet activation and from this a mixture of platelets
and plasma proteins with a soluble collagen is used.’’
Murray's clinical trials proved that this mixture was
fibro-inducing for cells present in ACL with cell pro-
liferation and collagen production.®

More recent studies, such as the one by Uchida
et al., have shown stimulating activity of extrin-
sic angiogenesis and the encouragement of cell
proliferation by transforming growth factor beta-1
(TGF-B1), PDGEF, FGF-2, hepatocyte growth factor
(HGF) and vascular endothelium.** Platelet-rich
plasma are substances with a high content of growth
factors and thus have been a part of many current
studies on the attempt to regenerate ligament tissues.

Cellular Therapies for Ligament Injuries
Mesenchymal stem cells consist of culture-
expanded cells that exhibit plastic adherence and

possess specific cell surface markers. These cells
have the ability to differentiate into other cells such
as adipocytes, chondrocytes, and osteoblasts, origi-
nating from the bone marrow but also from other
types of tissue, including adipose, skin and synovial
fluid, and synovial membrane.*'~**

In orthopedics, the paracrine immunomodulatory
effect of stem cells is used to limit the inflammatory
microenvironment characteristic of acute ligament
injury and promote regeneration.* The collection
of this bone marrow is performed mainly in the
iliac crest, distal metaphysis of the femur, proximal
humerus, and tibia but it is very heterogeneous and
with a small part of real stem or progenitor cells.*
Therefore, it has been thought to expand studies to
the culture of laboratories in more purified strains
with a higher concentration of cells to promote a
higher degree of activity.*’

Cell therapy agents used in knee ligament inju-
ries have yielded promising results in preclinical
in vitro models, however, specific mechanisms of
action understanding, quantity, and reproducible
preparation of biological agents are currently lack-
ing in the clinical studies and orthopedic literature.
Studies by Mishra et al. provided evidence suggest-
ing a relationship between stem cells and PRP, in
which chondrogenic differentiation was potentiated
with the mutual use of these two agents.*® This also
shows a future perspective of treatment in ligament
injuries.

According to a recent review by Baird et al., four
studies were found on cell therapies and their relation-
ship with augmented ACL reconstruction, including
two randomized clinical trials, a cohort study, and
a case series.* > Among the cell therapies, concen-
trated bone marrow aspirate, collagenase/centrifuge
processed adipose, marrow stimulation combined
with PRP, and cells cultured from allograft bone
marrow aspirate were included.*>' Baird's study
did not support the use of bone marrow aspirate and
adipose tissue.” The marrow stimulation technique,
combined with repair, has reported promising clini-
cal results. On the other hand, the use of allograft-
cultured cells had positive results as reported by
the patient and also in the analysis of postoperative
radiographic findings.*’
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Table 1. The use of biologic augmentation therapy and their updated evidence.

Biological Characteristics Outcomes

Platelet Increases the expression of pro-collagen | Results are inadequate to recommend PRP in ACL
Rich gene and collagen protein. Reduces reconstruction and ACL augmentation. Although some
Plasma apoptosis and stimulates the metabolic promising studies have been performed and among the

activity of fibroblasts in the grafts. topics studied, it is the one with the best perspective.
Growth Signaling molecules whose function is In addition to PRP, growth factors have been a part of
Factors to regulate cellular activities, directly many current studies in an attempt to regenerate liga-

involved in ligament healing. ment tissues.
Cellular Better capacity to differentiate into Still do not present clinical results, further investigations
Therapies | ligament, fibrocartilage, and bone, are required in this area.

promoting graft regeneration.

Wang et al. concluded that many stem cell lines
had good capacity to promote tendon-bone regen-
eration in animal models.** When considering the
various types of stem cells, ligament-derived stem
cells (LDSC) showed better potential for lineage-
specific tendon/ligament differentiation.> Stem cells
have a better capacity to differentiate into ligament,
fibrocartilage, and bone, promoting graft regenera-
tion, especially when they are used with differentia-
tion inducers, such as growth factors, mechanical,
and biomaterial stimuli.’*>” Thus, even though cell
therapies still do not present clinically with proven
results, further investigations are needed in this area.
Table 1 summarizes the biological characteristics
and outcomes of each of the techniques described
in the work for the use of biologics, which allows a
more targeted view of individual factors.

CONCLUSION

There are few studies on the treatment of par-
tial ACL injuries with biological agents. Given the
current literature and publications on this issue, a
limited number of high-level evidence in the inves-
tigation, alongside significant variability between
authors and methods used, there is not a single con-
clusion on the topic.>¢
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