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Abstract—The incidence of musculoskeletal injuries are the
most common injuries that occur in exercise practice. These
injuries can involve many different tissues such as muscles,
tendons, ligaments, meniscus, bone or cartilage. Anterior
cruciate ligament (ACL) tears are the most common athletic
injury that occurs in the world, occupies up to 50% of the
incidence of knee injury. Optimal healing process has become a
consideration in choosing the most suitable management
especially for professional athletes as well as their teams. Many
recent studies in the management of musculoskeletal injuries is
currently been developed from basic molecular level,
experimental studies until clinical application in patients. The
application of stem cells therapy becomes a great interest in
ACL injury. The ability of stem cells to undergo multilineage
differentiation into a variety of cell types is expected to have
great potential in the process of repair and regeneration of
musculoskeletal injury. The purpose of this review is to
summarize the latest developments in the application of stem
cell therapy and its safety and effectiveness in ACL injury.
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. INTRODUCTION

The knee joint is the second location in the body that is
most often injured after the ankle. The cruciate ligaments are
probably the most famous and one of the most common
ligaments that can be damaged. Anterior cranial ligament
injury, or ACL injury, is the most common athletic injury
that occurs in the world. This ligament is the knee ligaments
that break most often in athletes, occupies up to 50% of the
incidence of knee injury [1,2]. The results of a systematic
study found that the incidence of ACL in amateur sports
groups is generally higher than the incidence of the entire
population, but the incidence is lower than that of
professional athletes [3].

Ligaments are elastic collagen tissues which generally
stabilize and control joint movements. During sports
activities, ligaments are the part that gets higher load along
with the use of joints and excessive movement [4]. ACL
injury can be caused by contact injury, but is more common
due to non-contact injury. This condition usually occurs
when an athlete in the position of knee hyperextention or
suddenly changes his directional line. The circular
movements on the knee when the foot rests on the ground or
when landing or pushing directly towards the outside of the
knee, can cause the rupture of ACL [1,4].
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ACL injury may become the end of an athlete’s career
and may affect his physical activity permanently [2]. This
ligament damage can impair the physiological loads and joint
movements [4]. Anterior cruciate ligament injury often
require surgical repair followed by long-term rehabilitation
[2]. Data in the USA estimates that a half of ACL cases
require surgical reconstruction [1].

Il. LIGAMENT HEALING PROCESS

Ligament healing is a complicated process which includes
the degradation of an old extracellular matrix (ECM)
collagen and the formation of a new ECM collagen and its
new deposition process. Several studies showed that the
ability of intraarticular soft tissue healing is generally lower
than in other normal tissue injury. Unlike the medial cruciate
ligament (MCL) which has the capacity in healing process
and restoring the joint function when a rupture occurs in a
short period of time, even in many cases it does not require
surgery, injury in the ACL is unable to achieve a satisfactory
improvement even with surgery. ACL injuriy often leads to
instability of the knee, pain and even develop to other
degeneration of joint tissues [5].

The failure of ligament healing process can be affected by
a lack of ability in structural protein synthesis which leads to
some scar formation or massive degradation of ligamentous
when injury occurs. Xie et al showed that in ACL injury, the
expression of IL-1f proinflammatory cytokines was higher,
leading to higher expression of MMPs and lower LOXs
expression than MCL injury. The MMPs enzyme plays a role
in ECM ligament degradation, whereas LOXs plays a role in
the formation of ECM and its repair process [5].

I1l. MANAGEMENT IN ACL INJURY

Conservative management of ACL injury is performed
with rehabilitation which aims to restore knee joint
movements and muscle strength. When joint movements and
muscle strength have been restored, the activity can be
carried out gradually to assess the functional level that has
been achieved without causing joint instability. However, in
general, conservative rehabilitation alone, provides poor
results for patients who want to return to competition. The
results of several studies showed that the incidence of
instability occured as much as 56-89% includes pain,
swelling and disability. This instability places the meniscus
and knee joint cartilage at another risk of injury and only
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about less than 20% of athletes can return to the competition
with this conservative management [6].

At present, the selection of effective therapeutic
treatments is very important to achieve a successful cure rate
for ACL injuries. Reconstructive surgery in ACL injury is
determined individually based on various considerations
such as the patient's desire to return to competition at the
same level, the age of the patient, the presence of
accompanying degenerative changes such as knee
osteoarthritis, and the presence of knee joint instability from
the examination [6].

In case of ACL injury with a very severe rupture or
complete rupture, the choice of surgery is a viable option. At
the beginning of the development of surgical techniques, the
method of primary reconstruction of ligaments did not
provide good clinical results. At present, various
reconstruction techniques have been developed to obtain the
most effective method of reconstruction used in the
treatment of ACL injuries. ACL reconstruction uses
athroscopically aided technique by making small cuts, have
become a great choice [6,7].

The goal of ACL reconstruction is to replace damaged
ACL ligaments using graft materials that can restore the
function of normal ligaments. Various studies on ligament
reconstruction methods using various grafted material
starting from synthetic materials, as well as derived from
autograft tissue and even allografts have been carried out [7].
Arthroscopic reconstruction using an autograft or allograft
tendon is currently become a gold standard treatment in
ACL tears. The use of bone-patellar tendon-bone (BPTB),
semitendinosis/gracilis hamstring autograft materials and
allograft BPTB in reconstruction have become the main
choices for ACL injury patients.

IV. THERAPEUTIC PROBLEMS IN ACL MANAGEMENT

The development of arthroscopic techniques using both
autograft and allograft still showed unsatisfactory results
such as a ligament weakness, morbidity in the donor area
and a long recovery period. The successful use of the graft is
largely determined by the precise level of tension and
fixation of the graft. ACL grafts that are too weak will not be
able to restore knee stability. While ACL grafts that are too
tight can cause failure of the transplant and limit the range of
motion of the knee [6,8]. The condition of arthrofibrosis or
soft tissue laxity is greatly influenced by the intrinsic
condition of soft tissues. Patients with soft tissus that is too
stiff may arise an extensive scar tissue accompanied with
adhesions after the reconstruction. And conversely, patients
with soft tissue that tend to loose have the potential to cause
post-reconstruction weakness because scar tissue is formed
slightly [7].

The incidence of osteoarthritis after ACL injury is also
one of the other problems. The frequency of the early knee
osteoarthritis and chronic pain after ACL injury are known
to reach up to 20-50% of patients within 10-20 years after
injury [2,7]. Studies showed that this incident occurred in
many young athletes who undergo reconstruction surgery.

The reconstruction did not prevent the development of
osteoarthritis in the future [7].

The other thing that became a problem in ACL injury
management is when the patient has a partial injury, where
the reconstruction is not a treatment option. Wether
intervention actions can be taken to optimize the healing
process or the right choice is only the conservative
management. Several studies have been developed to
understand the biomolecular process and the development of
various interventions, therapeutic modalities including the
use of stem cells with various other biological materials that
are known to have the ability to regenerate.

V. TYPES OF STEM CELLS AND ITS APPLICATIONS

Stem cells are undifferentiated types of cells that have the
ability to differentiate into different cell types. These stem
cells can be found int all stages of the development of
organism. There are 2 types of stem cells, namely embryonic
(pluripotent) and non-embryonic or adult (multipotent) stem
cells. Embrionic stem cells (ESCs) is the stem cells that only
found in the early stage of the organism development. This
type is the only stem cell that has pluripotent properties,
which has the ability to self-renew indefinitely. These stem
cells can differentiate into cells of all germinal layers. ESC
has shown promising potential in promoting regeneration in
preclinical studies but their use in the clinic cannot be done
because of the potential to become neoplasms and ethical
problems while using ESCs. The concept of stem cell therapy
currently focuses on the application of adult stem cells [9].

In process of therapy, adult stem cells has been widely
used due to its ease of obtaining. Mesenchymal stem cells
(MSC) is a non-hematopoietic adult stem cells that found in
most connective tissues. Although included in adult stem
cells, MSC has limited cellular differentiation capabilities.
MSC has capabilities which can differentiate into various
mesenchymal tissues such as tenocytes, osteoblasts,
chondocytes and fat cells. Some of the advantages of MSC is
easy to isolate. MSC can be isolated from various sources
such as fat tissue (adipocyte MSC), synovial tissue or
isolated from bone marrow (BM-MSC). Pre-clinical evidence
shows that MSC has a beneficial effect through
immunomodulatory and paracrine mechanisms. MSC triggers
an inflammatory response and secretes bioactive molecules
that helps in the healing process. MSC also has low
immunogenicity, expresses very low MHC classes | and 1,
and does not activate allogenic lymphocytes. MSC
applications are also simple, which can be given via injection
of cell suspensions, or used in conjunction with other
biomaterials. This makes the MSC as a preferred cell-based
therapies [9-12]

V1. EFFECTIVENESS OF MESENCHYMAL STEM CELLS THERAPY
IN ACL INJURY

Evidence has shown that the use of MSC in ACL therapy
in animals showed a significant tissue improvement. The
presence of this reparative effect was demonstrated in a study
by Kanaya who conducted direct BM-MSC intraarticular
injection (exogenous administration) in mouse models with
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partial ACL rupture. This study has shown that BM-MSC
could grow in intra-articular environments and improved the
healing of partial ACL both bimechanically and
histologically compared to groups without MSC. The ACL
area in the BM-MSC group shows a better degree of
histological feature and no retraction [13]. In line with
Kanaya, the use of MSC culture and uncultured MSC in
partial ACL therapy on Fischer 344 / Nslc mice also showed
good effectiveness. MSC are able to differentiate into
fibroblasts in the wound site area because the nature of
tropism which mediated by high secretion of transforming
growth factor-B1 (TGF-B1) [14].

Although MSC have been known to play an important
role in ligamentous regeneration due to their multipotential
and trophic properties, because ligament healing is a
complex physiological process repair of injured ACL with
MSC therapy alone give less than optimal results. Damage to
the ligament tissue after ACL rupture due to high strain
results in reducing the scaffold required. the absence of this
scaffold is an important cause of inhibition of tissue
regeneration in joints, such as ACL or meniscus. Scaffold
can provide homing signals to MSC and help the attachment,
proliferation process and cell differentiation. This reduced
scaffold is associated with decreased levels of inflammatory
cytokines needed for healing responses such as fibrinogen,
PDGF, TGF-B and FGF [4,8,15].

Studied using MSC and silk scaffold to assess ACL
regeneration were carried out in 2008 by creating the
scaffold resemble the ECM ligamentous structure. In vitro
results showed that MSC with scaffold was able to
proliferate rapidly and produced a lot of collagen. Then
MSCl/scaffold is implemented in vivo. After 24 weeks, MSC
was distributed in the area of the regenerated ligament and
differentiated into fibroblast morphology. ECM components
that are widely produced were collagen type I, Il and
tenascin-C. Bone ligament insertion which underwent
reconstruction resembling the original structure of the ACL-
bone insertion. Tensile strength were also significantly
higher than controls [16].

Another study compared the regeneration process in
complete rupture of ACL between MCS with type | collagen
scaffold group, type | collagen scaffold alone without MSC
and suture procedure group. The result showed that MCS
with type | collagen scaffold group could regenerate into
normal ACL tissues in 33% of cases as indicated by
histological features of organized collagen tissue with
peripheral blood vessel growth. However, this was not found
in the group that only received therapy with sutures alone, or
with type | collagen scaffold alone without MSC [17].

The addition of various growth factors have also been
applied to increase the proliferation and the differentiation of
MSC and also extracellular matrix deposition on the
scaffold. One of the study of TGFB1/VEGF joint expression
in the remodeling process of ACL graft showed that the
expression of TGFB1, in TGFB1/VEGF-transfected BMSC,
could accelerate the remodelling of reconstructed ligaments.
Remodelling of the graft after ACL reconstruction requires a
long recovery period before being able to withstand

physiological loads. Graft revascularization is very important
in the remodeling process. TGFB1/VEGF-transfected BMSC
were significantly able to trigger the occurrence of
angiogenesis in reconstructed ligament at 3, 6, 12 weeks and
optimum mechanical ability was achieved at 24 weeks [18].

The application of PRP, which contains of various growth
factors, was also reported. In vitro studies of the application
of PRP in anterior cruciate ligament reconstruction in a rabbit
model revealed that collagen I, osteocalcin, and osteopontin
expression were found to be higher in the BMSC group
cultured with PRP than in the PRP group or control group
only. More mature and newly formed bone tendon formation
is obtained at the bone tunnel walls [19].

Several studies have also demonstrated that mechanical
stimulation of MSC cultured on special biomaterials could
induce their differentiation into ligamentous fibroblasts. One
study that assessed the continuous passive motion (CPM)
effect on co-culture of bone marrow mesenchymal stem cells
(BMSC) and tendon cells (TCs) therapy in animal models
with ACL showed that CPM significantly improved the
healing of proliferation of tendons, differentiation of more
fibrocartilage, and up-regulated gene expressions of Collagen
I, alkaline phosphatase, osteopontin, Tenascin C and
tenulinulin at the tendon-bone junction [20].

VII. SAFETY ISSUES IN MSC THERAPY

Problems related to immunogenicity of MSC are of
concern in the application of MSC as a therapeutic agent. A
study by Schu stated that MSC is not fully immunoprivileged
in allogenic immunocompetent hosts. Although the number
of CD4+ T cell activation and humoral immune response is
substantially reduced, a single injection of allo-MSC is
sufficient to induce the production of complement-fixing
alloantibodies and facilitate rapid rejection of subsequent
injections [10].

In contrast to Schu, non-autologous studies of human
mesenchymal cord stem cells (hUCB-MSC) in blood
transplants in ACL reconstruction in animal models have
proven that they could be applied without causing any initial
immune rejection. There was also an increase in tendon bone
healing through extensive fibrocartilage formation with a
higher histological score compared to the control group [21].
Systematic review study that assessed the side effects of
allogenic MSC therapy also showed that there were no acute
toxicity events other than transient fever. This supports the
idea that MSC is immunoprivileged, which can be explained
by the low expression of the MHC protein and the molecule
of T-cell modulators. These results provide that this
innovative therapy is safe [12].

Although MSC has been known to have potential
therapeutic value, the exact mechanism of MSC in improving
ligament healing remains unclear. Study of allogenic MSC in
ligament injuries indicated that dose could affect cellular
response and cytokine expression during healing. High doses
of MSC had the effect of early healing (day 5) both in cell
and cytokine changes, but cause poor results. Whereas low
doses of MSC showed slight changes during initial healing,
but gave an increase in mechanical function (day 14). This
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study showed that a large number of MSC are not always
better when using allogenic MSC and therefore the dosage
must be strictly checked for each application. These
possibilities can occur due to the influence of MSC sources
(including auto-versus allo-MSC), the number of MSC,
animal models and type of tissues. In short, dosage needs to
be considered in each injury model because MSC has the
ability to change processes and results both positively and
negatively during healing [11].

VII1.CONCLUSION

The anterior cruciate ligament has limited ability to
recover when an injury occurs. Current non-surgical
treatment procedures often provide unfavorable results when
applied in cases of ACL rupture. Therefore, surgical
reconstruction of ACL is the main choice therapy to obtain
knee stability. But in reality, ACL reconstruction often
provides unsatisfactory long-term results in addition to the
many complications that occur due to surgery. Efforts to
increase the degree of healing in ACL reconstruction are
very important to facilitate an early and aggressive
rehabilitation and regain capacity as before.

In the latest ACL reconstruction techniques, many
preclinical experimental evidence suggests that healing
results can be further enhanced by modulation of biological
agents to improve intraarticular and intraosseous healing.
Current evidence suggests that the addition of MSCs can be
an effective tool for achieving regenerative ligaments. This
is most likely because stem cells have regeneration potential.
But apparently the results can vary because ligament healing
is a complex physiological process involving four different
factors for optimal tissue restoration, namely the presence of
MSC, scaffold, growth factors and mechanical stimulus.

The approach of using growth factors, stem cells,
scaffold and mechanical stimulus effects has also been
widely investigated in healing ACL injuries and providing a
significance results in tissue repair and demonstrating safety
in their applications. But because most of this research is
still in preclinical animal testing, further research is needed
to see whether clinical trials are useful. Therefore,
translational research to bring preclinical findings into good
quality clinical trials in the future becomes very important.
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