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Review Article

ABSTRACT

Osteoarthritis is estimated to be the most prevalent musculoskeletal disorder in the world.
Estimates show that the disease is prevalent in 18% and 10% in women and men that are aged
>60 years old. The quality of life of the affected patients can also be significantly impacted due to
the associated morbidities and functional loss. Many interventions have been proposed to preserve
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effectiveness and cost-efficacy of this approach.

the joint and enhance the functional outcomes in patients with osteoarthritis. In the present
literature review, we have discussed the different orthobiologic therapies for patients with
osteoarthritis for joint preservation and subsequent improvement in the functional and pain
outcomes. Variable modalities that have been proposed in the literature include Bone Marrow
Aspirate Concentrate (BMAC), gene therapy and platelet rich plasma (PRP). All of these modalities
were reported with favorable outcomes and minimal complications. PRP has been reported to have
a clinical efficacy that is boosed when co-administered with hyaluronic acid. However, it should be
noted that the clinical efficacy is limited in the long term, and administration is continuously
required. On the other hand, gene therapy is a promising technique that offers maintained favorable
outcomes with no adverse events. However, further studies are still needed to indicate the
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adipose-derived stromal cell therapy.
1. INTRODUCTION

Osteoarthritis is estimated to be the most
prevalent musculoskeletal disorder in the world.
Estimates show that the disease is prevalent in
18% and 10% in women and men that are aged
>60 years old [1]. It has been furtherly
demonstrated that the knee joint is the most
commonly affected, and most studies have been
recruiting patients with knee osteoarthritis. The
disease is characterized by a significant
progressive degeneration of the bone and
cartilaginous tissues leading to osteophyte and
subchondral cyst formation [2,3]. The quality of
life of the affected patients can also be
significantly impacted due to the associated
morbidities and functional loss [4].

Epidemiological studies indicate that the etiology
of the condition is multifactorial, and many risk
factors have been proposed [4,5]. For instance,
being female, previous knee injuries, and
obesity, and overweight are reported risk factors
for developing knee osteoarthritis. Many
interventions have been proposed to preserve
the joint and enhance the functional outcomes in
patients with osteoarthritis. In the present
literature review, we aim to discuss the different
orthobiologic  therapies for patients with
osteoarthritis for joint preservation.

2. ADIPOSE-DERIVED STROMAL CELL
THERAPY

Evidence from the current investigations within
the relevant literature indicates that these
modalities are a great source for adequately
obtaining adult stem cells that have been widely
observed to effectively differentiate into
tenocytes or chondrocytes [6]. It has been
furtherly demonstrated that these modalities also

have supportive characteristics that can
significantly aid in the repair and regeneration of
the affected tissues [7]. Many previous
investigations have reported the effectiveness of
using adipose-derived stromal cell therapy
(ATDs). A previous animal investigation by
Toghraei et al. [8] reported that among the
included 20 white New Zeeland rabbits, that were
indicated for osteoarthritis induction and after
administration of ATDs, the frequency of
subchondral sclerosis, joint space narrowing, and
osteophyte development was significantly
reduced among the included objects. Another
similar investigation by Mei et al. [9] reported that
after 8-12 weeks from the administration of ATD
therapeutic modality in a rat model with
osteoatrthritis, it has been noticed that the gross
and histological cartilage degeneration was
significantly reduced. Among the studies in the
literature, we have also noticed some articles
that included the human population. For
instance, a previous study by Spasovski et al.
[10] reported that pain relief and clinical
improvements were significantly noticed among
their included nine patients with osteoarthritis at
18 months of follow-up following the
administration of ATDs. Favorable events were
also documented in a previous investigation by
Koh et al. [11] that included 33 patients and were
administered bone marrow-derived
mesenchymal stem cells. Following the
administration of intraarticular ATDs, Jo et al.
[12] also indicated that the clinical outcomes in
their included 18 patients were significantly
improved. The authors also established an
association between the administered dose (low,
medium, or high) and the persistence of the
therapeutic effect. It has been demonstrated that
the favorable effects with the high doses were
significantly maintained at two years since the
initial administration, while the favorable effects
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with the low and medium doses significantly
deteriorated after one year. Swelling and pain
were the only reported adverse events among
these investigations and only lasted for 1-day
maximum. Accordingly, it can be concluded that
the current evidence strongly supports the
administration of ATDs for joint preservation in
patients with osteoarthritis as an efficacious and
safe modality.

3. BONE MARROW
CONCENTRATE

ASPIRATE

Investigations also studied the effects of the
bone marrow aspirate concentrate (BMAC) for
managing of the different musculoskeletal
disorders because the modality has been
previously approved by the US Food and Drug
Administration [13]. Mesenchymal Stem Cells
(MSCs), and Hematopoietic Stem Cells (HSCs)
are the main significant modalities that are
usually found in the BMAC in this concern [14].
Different clinical studies and in vitro
investigations have assessed the efficacy of the
administration of these modalities in patients with
osteoarthritis. It has been demonstrated that
injecting the modality in an affected tissue
induces the formation and release of several
cytokines, growth factors, and biomolecules
including bone Morphogenetic Protein 2 and 7,
Granulocyte-Macrophage Colony-Stimulating
Factor, and stromal cell-derived factor (SDF-1).
These factors were also reported to significantly
lead to cartilaginous regeneration and
preservation, which can remarkably lead to
clinical improvement [15]. In a previous clinical
trial, it has been demonstrated that improved
clinical outcomes and reduced pain scores were
significantly reduced after the intraarticular
administration of BMAC in patients suffering from
knee osteoarthritis [16]. Other investigations also
demonstrated that in patients with moderate and
severe joint osteoarthritis, the administration of
intraarticular BMAC with platelet-rich plasma
(PRP) resulted in a significant improvement in
the short-term outcomes of these patients, in
addition to patient satisfaction [17,18]. The same
findings were also indicated in a previous meta-
analysis that reported that after the injection of
BMAC, a significant improvement in the quality of
life and clinical outcomes were significantly
improved among patients that suffered from focal
chondral defects and/or joint osteoarthritis,
especially those with Kellgren-Lawrence grade 4
osteoarthritis [19]. Evidence in the literature
indicates that the favorable effects of
administering BMAC start after one week of

administration and can last for up to 6 months
among patients suffering from joint osteoarthritis
[18]. Favorable effects for observed chondral
lesions were also previously reported following
the administration of BMAC. In this context, a
previous investigation by Gobbi et al. [19]
reported that functional outcomes and pain
improvement were significantly reported among
their included 50 patients that suffered from
grade A% osteoarthritis following the
administration of Hyaluronic Acid BMAC, and
these effects were maintained for 2 years.
Another research also showed that near normal
and normal joint functions were reported by
patients after 5 years of follow-up [20]. Some
evidence furtherly indicates that the favorable
effects with BMAC are even superior to the
effects obtained by PRP. In a previous
investigation by Krych et al. [20], the authors
included 46 patients suffering from Il and IV
chondral lesions and divided them into three
groups including the BMAC, PRP, and control
group. The authors reported that after one year
of follow-up, a similar T2 value was reported for
the PRP and control groups, while the T2 values
for the BMAC group were similar to the value for
the superficial hyaline cartilage, in addition to
observing more cartilage refill among patients in
this group [21]. Although no significant adverse
events were reported among these studies
following the administration of BMAC, further
research is still required to verify the volume,
application, and timing of intraarticular BMAC
administration for joint preservation among
patients with osteoarthritis.

4. PLATELET RICH PLASMA

The main function of platelets is to achieve
hemostasis. = However, researchers have
evidenced further uses of these compounds [22].
Based on the evidenced functions that platelets
have in the immunological and inflammatory
responses, it has been demonstrated that they
might have potential functions in regenerative
medicine [23,24]. Many previous investigations
have evaluated the efficacy and safety of using
PRP in the management of osteoarthritis. In a
previous meta-analysis, the authors compared
the efficacy and safety of PRP administration
compared to that of saline and hyaluronic acid
administration for patients suffering from knee
osteoarthritis [25]. It has been concluded that the
efficacy of PRP in inducing pain relief and
improving joint functions for the included patients
was significantly higher than that of saline at six
months of follow-up. Furthermore, the authors
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elaborated that the efficacy was maintained for
additional six months at the 12" follow-up month.
On the other hand, no significance was
estimated for the administration of PRP over
hyaluronic acid. However, at 12 months of follow-
up, the authors reported that the PRP group
showed more significant improvements in joint
functions and pain relief as compared to the
hyaluronic acid group. In another context, a
combination of PRP and hyaluronic acid was
evaluated in a previous randomized controlled
trial by Lana et al. [26] that showed that the
combined use of both modalities significantly
reduced the functional limitations and pain after
treatment was inaugurated and was also
maintained until 12 months of follow-up.
Therefore, it has been concluded by further
investigations that the combined administration
of hyaluronic acid with PRP offers more notable
effects than the administration of either of the
therapeutic modalities alone [27-29]. Whether
leukocytes are present or absent in the
administered PRP for osteoarthritis has also
been a point of concentration among the different
investigations. This has been indicated in a
previous meta-analysis that investigated the
efficacies of leukocyte-poor PRP and leukocyte-
rich PRP and found that the reported functional
outcomes by the included investigations were
significantly impacted by the presence and
absence of leukocytes together with PRP [30]. It
has been concluded that the functional outcomes
were significantly ~ improved with the
administration of leukocyte-poor PRP. Moreover,
no adverse events were reported with the
administration of PRP as demonstrated by the
authors of this investigation. However, it should
be noted that the authors of this meta-analysis
reported that the obtained quality of evidence in
this investigation was of low quality. Another
investigation by Gormeli et al. [27] also reported
the ideal frequency and number of applications of
PRP. They demonstrated that the functional
outcomes and pain relief were significantly
enhanced in their included patients after the
administration of multiple PRP injections more
than a single injection. Another investigation also
indicated this finding. However, it has been
concluded that the reported favorable effects that
were observed with multiple injections are
attainable within the early stages of the disease
only while no significant differences were noticed
regarding the frequency of injection of PRP in
patients suffering from advanced osteoarthritis
[28]. Despite the proven favorable events
following the administration of PRP for patients
suffering from osteoarthritis, evidence still needs

further validation to quantify the management
protocols and reduce the heterogeneity among
the current investigations. Finally, evidence
supports the co-administration of hyaluronic acid
with PRP to improve the functional outcomes and
relief the associated pain in patients suffering
from osteoarthritis.

5. GENE THERAPY

As a result of the current challenges regarding
the frequent administration of the therapeutic
agents that have been proposed to manage
osteoarthritis and maintain functional outcomes,
recent studies have focused on developing more
advanced therapeutic modalities that can
enhance the treatment with less frequent dosing
systems. Gene therapy has been introduced as
an outstanding modality that can enhance the
long-term outcomes with no need for frequent
administration of the different management
modalities. In this context, various animal and
clinical studies were conducted to prove the
efficacy and safety of this approach in the
management of osteoarthritis and joint
preservation [31-35]. A previous randomized
controlled trial by Ha et al. [36] reported that they
induced transforming growth factor (TGF)-B1
overexpression among 12 patients suffering from
end-stage knee osteoarthritis. The authors of this
multicenter investigation reported that different
doses of this modality were associated with
enhanced functional outcomes and pain scores,
with no serious adverse events. The same
findings were also reported in other clinical trials
by Lee et al. [34], Cherian et al. [37], and Kim et
al. [38], which indicated that the included patients
in the intervention groups had more favorable
outcomes and less frequent administration of
analgesics as compared to the placebo group. In
2018, the first gene therapy for osteoarthritis was
announced in South Korea that was mainly
based on encoding TGF-B1 [39,40]. Favorable
cartilage thickness and improved clinical
outcomes following the administration of IL-1Ra
were also investigated in previous animal
investigations and are still under observation in
human studies [41]. Overall, gene therapy is a
promising approach that can change the
therapeutic concept of joint preservation in
osteoarthritis and should be investigated by
future investigations.

6. CONCLUSION

In the present literature review, we have
discussed the different orthobiologic therapies for

164



Hasan et al.; JPRI, 33(50B): 161-167, 2021; Article no.JPRI.77233

patients with osteoarthritis for joint preservation
and subsequent improvement in the functional
and pain outcomes. Variable modalities that have
been proposed in the literature include BMAC,
gene therapy, ATDs, and PRP. All of these
modalities were reported with favorable
outcomes and minimal complications. PRP has
been reported to have a clinical efficacy that is
boosed when co-administered with hyaluronic
acid. However, it should be noted that the clinical
efficacy is limited in the long term, and
administration is continuously required. On the
other hand, gene therapy is a promising
technique that offers maintained favorable
outcomes with no adverse events. However,
further studies are still needed to indicate the
effectiveness and cost-efficacy of this approach.

CONSENT

It is not applicable.
ETHICAL APPROVAL

It is not applicable.
COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Glyn-Jones S, et al. Osteoarthritis. Lancet.
2015;386(9991):376-87.

2. Sharma AR, et al. Interplay between

cartilage and subchondral bone
contributing to pathogenesis of
osteoarthritis. Int J Mol Sci.

2013;14(10):19805-30.

3. Amoako AO, Pujalte GG. Osteoarthritis in
young, active, and athletic individuals. Clin
Med Insights Arthritis  Musculoskelet
Disord. 2014;7:27-32.

4, Silverwood V, et al. Current evidence on
risk factors for knee osteoarthritis in older
adults: a systematic review and meta-

analysis. Osteoarthritis Cartilage.
2015;23(4): 507-15.
5. Salmon JH, et al. Economic impact of

lower-limb  osteoarthritis  worldwide: A
systematic review of cost-of-illness studies.
Osteoarthritis Cartilage. 2016;24(9):1500-
8.

6. Alderman DD, Alexander RW. Advances in
regenerative medicine: High-density
platelet-rich plasma and stem cell

10.

11.

12.

13.

14.

15.

16.

17.

18.

165

prolotherapy for musculoskeletal
Pract Pain Manag. 2011;11(8):49-63.
Oberbauer E, et al. Enzymatic and non-
enzymatic isolation systems for adipose
tissue-derived cells: current state of the art.
Cell Regeneration. 2015;4(1):1-14.
Toghraie F, et al. Treatment of
osteoarthritis with infrapatellar fat pad
derived mesenchymal stem cells in Rabbit.
The Knee. 2011;18(2):71-75.

Mei L, et al. Culture-expanded allogenic

pain.

adipose  tissue-derived  stem  cells
attenuate cartilage degeneration in an
experimental rat osteoarthritis model.

PLoS One. 2017;12(4):e0176107.
Spasovski D, et al. Intra-articular injection
of autologous adipose-derived
mesenchymal stem cells in the treatment
of knee osteoarthritis. J Gene Med.
2018;20(1).

Koh YG, et al. Second-look arthroscopic
evaluation of cartilage lesions after
mesenchymal stem cell implantation in
osteoarthritic knees. The American Journal
of Sports Medicine. 2014;42(7):1628-1637.
Jo CH, et al. Intra-articular injection of
mesenchymal stem cells for the treatment
of osteoarthritis of the knee: A 2-year
follow-up study. The American Journal of
Sports Medicine. 2017;45(12):2774-2783.
Hosseinkhani M, et al. Tissue engineered
scaffolds in regenerative medicine. World J
Plast Surg. 2014;3(1):3-7.

Hernigou P, et al. Benefits of small volume
and small syringe for bone marrow
aspirations of mesenchymal stem cells. Int
Orthop. 2013;37(11):2279-87.

Kim JD, et al. Clinical outcome of
autologous bone marrow aspirates
concentrate (BMAC) injection in

degenerative arthritis of the knee. Eur J
Orthop Surg Traumatol. 2014;24(8):1505-
11.

Sampson S, et al. Intra-articular bone
marrow concentrate injection protocol:
short-term efficacy in osteoarthritis. Regen
Med. 2016;11(6):511-20.

Chahla J, et al. Bone marrow aspirate
concentrate for the treatment of
osteochondral lesions of the talus: A
systematic review of outcomes. J Exp
Orthop. 2016;3(1):33.

Shapiro SA, et al., A Prospective, Single-
Blind, Placebo-Controlled Trial of Bone
Marrow Aspirate Concentrate for Knee
Osteoarthrits. Am J  Sports Med.
2017;45(1):82-90.



19.

20.

21.

22,

23.

24,

25,

26.

27.

28.

Hasan et al.; JPRI, 33(50B): 161-167, 2021; Article no.JPRI.77233

Gobbi A, Whyte GP. One-Stage cartilage
repair using a hyaluronic acid-based
scaffold with activated bone marrow-
derived mesenchymal stem cells
compared with microfracture: Five-Year
Follow-up. Am J Sports Med.
2016;44(11):2846-2854.

Krych AJ, et al. Bone Marrow Concentrate
improves early cartilage phase maturation
of a scaffold plug in the knee: A
Comparative Magnetic Resonance
Imaging Analysis to Platelet-Rich Plasma
and Control. Am J Sports Med.
2016;44(1):91-8.

Zuk PA, et al. Multilineage cells from
human adipose tissue: implications for cell-
based therapies. Tissue Eng.
2001;7(2):211-28.

Miao Y, et al. Promotional effect of platelet-
rich plasma on hair follicle reconstitution in
vivo. Dermatol Surg. 2013;39(12):1868-76.
Toézim TF, Demiralp B. Platelet-rich
plasma: A promising innovation in
dentistry. J Can Dent Assoc. 2003;69(10):
664.

Okuda K, et al. Platelet-rich plasma
contains high levels of platelet-derived
growth factor and transforming growth
factor-beta and modulates the proliferation
of periodontally related cells in vitro. J
Periodontol. 2003;74(6):849-57.
Raeissadat SA, et al. Efficacy of intra-
articular injection of a newly developed
Plasma Rich in Growth Factor (PRGF)
Versus Hyaluronic Acid on Pain and

Function of Patients  with Knee
Osteoatrthritis: A Single-Blinded
Randomized Clinical Trial. Clin Med

Insights  Arthritis Musculoskelet Disord.
2017;10:1179544117733452.

Lana J, et al. Randomized controlled trial
comparing hyaluronic acid, platelet-rich
plasma and the combination of both in the
treatment of mild and moderate
osteoarthritis of the knee. Journal of Stem
Cells & Regenerative Medicine.
2016;12:69-78.

Gormeli G, et al. Multiple PRP injections
are more effective than single injections
and hyaluronic acid in knees with early
osteoarthritis: A randomized, double-blind,
placebo-controlled trial. Knee Surg Sports
Traumatol Arthrosc. 2017;25(3):958-965.
Cole BJ, et al. Hyaluronic acid versus
platelet-rich  plasma: A  Prospective,
Double-Blind Randomized Controlled Trial
Comparing Clinical Outcomes and Effects

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

166

on Intra-articular Biology for the Treatment
of Knee Osteoarthritis. Am J Sports Med.
2017;45(2):339-346.

Riboh JC, et al. Effect of Leukocyte
concentration on the efficacy of platelet-
rich plasma in the treatment of knee
osteoarthrits. Am J Sports Med.
2016;44(3):792-800.

Chahla J, et al. Concentrated bone marrow
aspirate for the treatment of chondral
injuries and osteoarthritis of the knee: A
Systematic Review of Outcomes. Orthop J

Sports Med.
2016;4(1):2325967115625481.
Evans CH, Huard J. Gene therapy

approaches to regenerating the
musculoskeletal system. Nature Reviews
Rheumatology. 2015;11(4):234-242.
Rey-Rico A, Cucchiarini M. Smart and
controllable rAAV gene delivery carriers in
progenitor cells for human musculoskeletal
regenerative medicine with a focus on the
articular cartilage. Current Gene Therapy.
2017;17(2):127-138.

Ha CW, et al. A multicenter, single-blind,
phase lla clinical trial to evaluate the
efficacy and safety of a cell-mediated gene
therapy in degenerative knee arthritis
patients. Human Gene Therapy Clinical
Development. 2015;26(2):125-130.

Lee M, et al. A placebo-controlled
randomised trial to assess the effect of
TGF-R1-expressing chondrocytes in
patients with arthritis of the knee. The
Bone & Joint Journal. 2015;97(7):924-932.
Lee B, et al. Results of a phase Il study to
determine the efficacy and safety of
genetically engineered allogeneic human
chondrocytes expressing TGF-B1. The
Journal of Knee Surgery. 2020;33(02):167-
172.

Ha CW, et al. Initial phase | safety of

retrovirally transduced human
chondrocytes  expressing transforming
growth factor-beta-1 in degenerative
arthritis patients. Cytotherapy.

2012;14(2):247-256.

Cherian J, et al. Preliminary results of a
phase Il randomized study to determine
the efficacy and safety of genetically
engineered allogeneic human
chondrocytes expressing TGF-f1 in
patients with grade 3 chronic degenerative
joint disease of the knee. Osteoarthritis
and Cartilage. 2015;23(12):2109-2118.

Kim MK, et al. A multicenter, double-blind,
phase |IIl clinical trial to evaluate the



39.

Hasan et al.; JPRI, 33(50B): 161-167, 2021; Article no.JPRI.77233

efficacy and safety of a cell and gene
therapy in knee osteoarthritis patients.
Human Gene Therapy Clinical
Development. 2018129(1):48-59.

Evans CH, Ghivizzani SC, Robbins PD.
Arthritis gene therapy approved in Korea.
JAAOS-Journal of the American Academy
of Orthopaedic Surgeons. 2018;26(2):e36-
e38.

40.

41.

Ji-Young S. Korea oks first cell gene
therapy invossa. The Korea Herald;
2017.

Nixon AJ, et al. Disease-modifying
osteoarthritis treatment with interleukin-1
receptor antagonist gene therapy in small
and large animal models. Arthritis
Rheumatol. 2018;70(11):1757-1768.

© 2021 Hasan et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle4.com/review-history/77233

167


http://creativecommons.org/licenses/by/2.0

