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Abstract

Osteoarthritis is the second most common disorder after heart disease. This progressive degenerative disease affects the
knee joint more than any others. The exact etiology of knee osteoarthritis is not clear, however, there are many predisposing
factors such as obesity, age, gender, efc., that can increase the incidence and prevalence of this disease. Early diagnosis
in knee osteoarthritis is very important. Despite the variety of diagnostic methods, lack of a valid and reliable diagnostic
approach to detect the disorder in early stages has always been a challenge for researchers. Establishing an efficient
therapeutic protocol for these patients is another crucial challenge. Recently, in addition to conventional treatments, which
are surgical and non-surgical, tissue engineering and regenerative medicine as novel therapeutic modalities have received
remarkable attention. In this paper, current diagnostic and therapeutic methods for knee osteoarthritis are discussed and
potential biomarkers for early diagnosis and monitoring the clinical condition are discussed.
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TpagUuUMOHHbIE U HOBbIie MEeTOoAbl NIeYeHUs ocTeoapTpUuTa
KONIEHHOro CycraBa C MCNnoJfib30BaHUEeM TepaHOCTU4YEeCKOoro
nogxopa
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AHHOTauus

OcTeoapTpuT — BTOPOE MO pacnpocTpaHeHHOCTU 3aboneBaHne nocne GonesHel cepaeyHO-CoCYanCTON CUCTEMbI. JTO
nporpeccupytoLlee aereHepatBHoe 3abonesaHne nopaxaeT B 60MbLUEN CTENeHN KONEHHbIN CycTaB. ToYHas aTuonorus
0CTE0apTpUTa KOMEHHOTO CycTaBa He SICHa, OOHAKO CyLLECTBYET MHOXECTBO npeapacnonaralwmx aktopos, Takux kak
OXWpEeHWe, BO3pacT, NON W Apyrve, KOTOPbIE MOTYT yBENNYUTL 3a00NeBaeMoCTb U pacnpoCTPaHEHHOCTb 3Toro 3abonesa-
Hus. O4eHb BaxHa paHHSsA AMarHoCTKa 0CTeoapTpuUTa KONEHHOro cycTaBa. HecmMoTps Ha pa3Hoobpasne AnarHoCTUYECKMX
MeTOA0B, OTCYTCTBME HAZLEXHOr0 AMArHOCTUYECKOTO NOAX0Aa AN BbISBIEHNS pacCTPONCTBA HA paHHUX CTaaumsx BCeraa
ObIno npobnemoint ans uccneposatenei. ELle ofHO BaXHON 3agaven SBnseTcs cosgaHne apdekTUBHOTO TepaneBTuye-
CKOrO NPOTOKOMNa ANs 3TUX NauMeHToB. B nocnegHee Bpemsi, B AONOMHEHWE K TPAAULMOHHBIM XMPYPIUYECKAM U HEXUPYP-
MMYECKUM METOAaM NeYeHus, MPUMEHSIOTCS METOAMKA TKAaHEBOW MHXEHEPUM M pereHepaTUBHON MeaMLMHBI B KayecTse
HOBbIX TEPaNEeBTUYECKNX METOAO0B, MPEACTABNAOLLMX 3HAUUTENBHBIN MHTEpEC. B aToi cTaThe 06CyXaatoTcs COBPEMEHHbIE
MeTOAbl AMarHOCTUKW U NTeYEHNs OCTeOapTPUTa KONTEHHOTO CyCTaBa, a Takke 06Cy)xaaloTCs NoTeHUmManbHble GroMapkepb!
ANs paHHen 4UarHOCTUKA M MOHUTOPWHIA KNMHUYECKOTO COCTOSIHMS.

KnioyeBble cnoBa: 0CTE0ApPTPUT KONEHHOTO CyCTaBa; pereHepaLus CyCTaBHOTO XpsLla; TKaHeBas MHXEHepUs:; Tepanus
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Py6puku MeSH:

OCTEOAPTPWUT KONEHHOIO CYCTABA — AIVATHOCTUKA

OCTEOAPTPWUT KONMEHHOIO CYCTABA - TEPAMNKA

TEPAHOCTWUYECKAA HAHOMELMUWHA - METO[bI

Onsa uutupoBanua: Cagpu b., Hypan LU., XyccenH-XaHHa3sep H., Moxammagw [., Boco M. TpagnumoHHble 1 HOBble Me-
TOAb! NIEYEHNSt OCTE0APTPUTA KOMEHHOMO CycTaBa C UCMONb30BaHMEM TEPAHOCTNYECKOrO Noaxoaa. Ce4eHOBCKUA BECTHHK.
2021; 12(3): 17-30. https://doi.org/10.47093/2218-7332.2021.293.03

KOHTAKTHA I THOOPMAIIMA:

Boco Maccyn, MD, PhD, otnenenue pereHepaTiBHON MeTUIIMHBI, HaydHO-HCCIIeI0BATENECKHIIA IEHTP UTOJIOTHH, POSHCKHI HHCTHTYT
OMOJIOTHH M TEXHOJIOTHH CTBOJIOBBIX KIIETOK

Anpec: 2-ii nepeynok Xades, banu-Xamewm, 1. Terepan, 16635-148, Upan

Teu.: +98-912-119-6454

E-mail: araujojred@terra.com.br

KoHuKkT HHTepecoB. ABTOPHI 3asBISIOT 00 OTCYTCTBHU KOH(IMKTA HHTEPECOB.
®unaHcupoBanue. VccienoBaHue He UMeJI0 CIIOHCOPCKOH MOAIEPKKHU (COOCTBEHHBIE PECYPCHI).

Mocrynmuira: 23.04.2021

Mpunsra: 30.05.2021

Jara mydaukanun onjaiin: 23.09.2021
Jara neuaru: 28.10.2021

18 CEYEHOBCKMI BECTHHUK T. 12, Ne 3, 2021 / SECHENOV MEDICAL JOURNAL VOL. 12, No. 3, 2021



List of abbreviation

OA - osteoarthritis

KOA - knee osteoarthritis

MRI — magnetic resonance imaging

WOMAC - Western Ontario and McMaster Universities
Osteoarthritis Index

KOOS - knee injury and osteoarthritis outcome score
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HA - hyaluronic acid

NSAIDs - non-steroidal anti-inflammatory drugs
UKA - Uni-compartmental knee arthroplasty
TKA - total knee arthroplasty

MSCs — mesenchymal stromal cells

PRP - platelet-rich plasma

HIGHLIGHTS KNIOYEBbIE MOJIOXEHUA

Osteoarthritis is the most common joint disease.
Lack of blood supply, limited nutrition, and constant mechanical pres-

sure applied to the joints lead osteoarthritis to be a progressive disease.

Epidemiological studies show that knee joint is exposed to the risk of
osteoarthritis more than the other joints.

Disruption of the physiological balance between anabolic and catabolic
activity of the chondrocytes can be identified as the etiology of knee
osteoarthritis.

The entire joint structure such as subchondral bones, meniscus, liga-
ments and etc. could be affected by knee osteoarthritis.

Local and systemic evaluation of the biomarkers can be useful in the
early diagnosis of the knee osteoarthritis.

Regenerative and immunomodulatory characteristics of mesenchymal
stromal cells have made them a preferred cell source in cartilage tissue
engineering.

Cell-based scaffold-free therapies not only accelerates the cartilage
repairs but also reduces the need for surgery and the complications of
scaffold implantation.

Osteoarthritis (OA) is the most common joint disease
that can lead to disability and pain in patients and affect
their quality of life [1]. The most important feature of
OA is the articular cartilage degeneration [2].

Due to the lack of blood supply, limited nutrition,
and constant mechanical pressure applied to the tissue
which disrupts the balance between the anabolic and
catabolic pathways, the ability of spontaneous carti-
lage repair is reduced [3]. This disorder is reported in
different joints such as knee, hip, spine, etc. which bear
weight. According to epidemiological studies, knee os-
teoarthritis (KOA) is the most common type of OA [4,
5]. Primary, with the emergence of KOA, femoral and
tibial cartilage gradually degrade and subsequently lead
to patellar cartilage involvement and injury [6]. The inci-
dence and prevalence of this disease cannot be attributed
to a specific etiology or mechanism. Therefore, compli-
cated interactions between metabolic, genetic, mechani-
cal and biochemical factors have always been suggested
as a leading factor in the initiation and progression of this
disease [7, 8]. In addition, local factors such as trauma,
obesity, and hypermobility of the joint can contribute to
the progression of KOA [9]. Although the etiology of the
disease has not been clearly established, clinical studies

OCTeoaprVIT — Hanbonee YacToe 3abonesaHne CyCTaBOB.

K nporpeccupoBaHmio 0cTeoapTpuTa MpUBOAAT TPOGMYECKIE HApYLLIE-
HIUi M MEXaHWNYECKOE BO3[IENCTBYE Ha CyCTaB.

[o AaHHLIM 3NMAEMUONOrNYECKUX UCCTIeA0BaHNI, Hanbonee YacTo
pUCKY Pa3BUTUsI OCTEOAPTPUTA MOLBEPKEH KONEHHBIN CYCTaB.

B kauecTBe Npu4nHbI OCTE0APTPUTA KOMEHHOTO CyCTaBa paccMaTpuBa-
€Tcs HapyLUeHue uauonordeckoro GanaHca Mexay aHabonuyeckon
1 KaTaBoNMYECKO aKTUBHOCTBIO XOHAPOLMTOB.

Mpu 0CTE0APTPUTE KONEHHOTO CyCTaBa MOPaXaTCs BCE CTPYKTYPbI
CyCTaBa, TaKie Kak CyOXoHApanbHas KOCTb, MEHIUCK, CBSA3KM U ApyTye.

[nsi paHHel AMarHoCTUKM 0CTE0APTPUTA KOSIEHHOTO CycTaBa MOXET
Mcronb30BaTbCs OnpegerneHne GoMapkepoB B KPOBM U CYHOBUAMBHOM
KMAKOCTM.

PeFeHepaTMBHbIe 1 “MMyHOMoAynupyLline 0COBEHHOCTU ME3EHXU-
ManbHbIX CTPOMasbHbIX KNETOK caenanu ux npeanovTnTenbHbIM UCTOY-
HWKOM KIETOK B TKAHEBOW VHXeHepun xpﬂmeaoﬂ TKaHW.

KneTouHas Tepanus 6e3 1cnonb3oBaHus KapKaCOB He TONbKO yCKkopaeT
BOCCTaHOBIIEHNE XpALLa, HO TaKKe CHXaeT I'IOTpe6HOCTb B Xupyp-
TM4ECKOM BMELLATENbCTBE W CHKAET KOSMYECTBO OCIIOKHEHWN NpK
MMNNaHTaunn Kapkaca.

have shown that obese and elderly people and women
are more exposed to KOA[10, 11].

Pain, stiffness, swelling, effusion, crepitus, joint
weakness, limitation in movement, sensitivity to cold,
and decreased function have known as clinical symptoms
of KOA that all or some of them are reported by patients.
Pain as one of the main symptoms of KOA has been seen
in most patients and due to the reciprocity of changes in
cartilage, bones remodeling, osteophytes formation, and
inflammation caused by cartilage destruction [12]. To as-
sess clinical symptoms, the use of diagnostic equipment
for diagnosis and monitoring the progression of KOA is
common. One of the main diagnostic methods is radiog-
raphy. In addition to radiography, other imaging-based
systems such as magnetic resonance imaging (MRI),
computed tomography scan, arthroscopy and nuclear
medicine-based techniques have been used to detect
KOA related changes [13]. Despite different diagnostic
methods, it is difficult to diagnose OA in the early stages.
In this regard, the evaluation of specific biomarkers in
physiological fluids has been proposed as a diagnostic
method for early diagnosis.

Despite of the various therapeutic approaches,
finding a definitive cure for KOA remains a concern
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for researchers and physicians. Most of the current
therapeutic methods that have been used to prevent
further damage, can only reduce the pain. In gene-
ral, conventional treatments for KOA are classified
into two major categories: surgical and non-surgical
therapies [14]. Non-surgical treatments — including
pharmacological and non-pharmacological approach-
es, have been recommended by American College
of Rheumatology (ACR) as the first line treatments
for KOA [15]. If the first line treatments were not ef-
fective, particularly in patients with higher grade of
KOA, surgical treatments will be recommended for
the patients [16]. Although these therapies are still
widely used for the treatment of KOA, in recent years
biological treatments such as cell therapy and tissue
engineering have received great attention [17, 18].
The purpose of this review article is to evaluate the
epidemiology and etiology of KOA and to explain cur-
rent therapeutic and diagnostic methods.

EPIDEMIOLOGY

KOA is one of the prevalent types of OA worldwide,
especially in developed countries. According to an epi-
demiological study in Norway, KOA with 7.1% preva-
lence was the most common type of arthritis compared to
hip and hand arthritis with 5.5% and 4.3%, respectively
[19]. Furthermore, in a systemic analysis that evaluated
evaluated global burden of 289 diseases between 1990 to
2010, KOA was considered for 83% of OA burden [20].
In addition, the evaluation of patients with KOA in terms
of age, gender and place of residence, provides meaning-
ful information on the choice of appropriate treatment
methods and also prevention of disease.

The results of these studies have shown that among
the young, the rate of KOA is significantly low and main-
ly caused by trauma. While, among 50-year-old people
or elder, KOA has been known as the main cause of
knee pain [21, 22]. KOA among individuals elder than
50 years old has doubled since the mid-20" century [23].
Moreover, females are exposed more than males, gen-
erally. According to a study in US, 6.1 million people
suffered from KOA who were 45 to 64 years old. The
total number of 3.6 million women and 2.5 million men
were registered in this study. Also, in the evaluation of
people older than 65 years, the number of patients with
KOA was 6 million, in which 3.8 million were women
and 2.2 million were men, respectively [24].

ETIOLOGY

KOA is known as the series of progressive articular
disorders that the exact cause of its occurrence is un-
known. However, any factor which can disrupt the phys-
iological balance between anabolic and catabolic activity
of the chondrocytes can be identified as the etiology of
KOA. KOA has been attributed to the involvement of
several etiological factors, these factors are mainly clas-
sified into systemic and local factors [8, 25].

Metabolic or endocrine diseases can also increase the
risk of KOA. Some of these diseases which can promote
KOA are as follows: rickets, acromegaly, hyperparathy-
roidism, diabetes and gout. Moreover, any other disease
that leads to bone marrow edema, inflammation of syno-
vial tissue and disorders such as chondrocalcinosis can
increase the risk of KOA, dramatically [26, 27].

Furthermore, some exogenous risk factors such as
obesity, trauma and sedentary lifestyle can activate dif-
ferent pathological pathways in KOA. For instance, in
traumatic patients, increasing serum level of cytokines
and chemokines as well as activation of the NF-kB path-
way have been observed [28, 29].

PATHOPHYSIOLOGY

The emergence of KOA is the result of an imbal-
ance in anabolic and catabolic pathways in chondrocytes
[30]. Disruption of this balance causes some irreversible
changes in the knee joint. The first events which happen
in KOA are the dysfunction of the chondrocytes and ma-
trix degradation [31]. However, this is not the only patho-
logical change caused by KOA. The entire joint structure
such as subchondral bones, meniscus, ligaments, synovi-
al membrane, joint capsule and periarticular muscles can
be affected as well [32]. Significant structural changes in
KOA have been illustrated schematically in Figure.

One of the most important symptoms of KOA is the
presence of osteophytes. After the degradation of articu-
lar cartilage as an initial sign of KOA, bone remodeling
occurs in response to this destruction. Therefore, abnor-
mal bone remodeling process in the subchondral bones
leads to osteophytes formation [33]. Subchondral bone
sclerosis and subchondral bone cysts are other symp-
toms of KOA which can be seen in the latest stages of
the disease. By the progression of the disease, some an-
giogenic factors are generated because of progression
in the bone remodeling process. Increased blood flow
to the subchondral bones can lead to bone sclerosis and
cyst formation in these areas [34]. Furthermore, inflam-
mation of the synovial membrane, synovitis, is another
pathological symptom of KOA. Synovitis can lead to se-
vere knee swelling which is accompanied by pain [35].

DIAGNOSIS

The diagnosis is mainly made by physical examina-
tion, imaging and laboratory tests. While, under certain
circumstances, nuclear medicine-based techniques such
as scintigraphy may also be recommended for better di-
agnosis.

Physical examination

In the first stage, it is important to obtain a history of
the disease and its related events, as well as to ask about
the history of other diseases in the patients. Then, evalu-
ation of the symptoms which mentioned above by physi-
cians and sometimes by the use of some questionnaires
such as Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC), Visual Analogue Scale
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A Healthy knee joint

Bone >

Synovial membrane

Articular cartilage

Meniscus

Synovial fluid
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B. Osteoarthritic knee joint

Inflammation of the synovial
membrane

Subchondral bone sclerosis
Fibrillated cartilage
Meniscal tear

1 Osteophyte
Subchondral bone cyst

FIG. Structural comparison of osteoarthritic knee with healthy knee. A: healthy knee joint with soft bone surface, normal meniscus
and articular cartilage. B: in osteoarthritic knee, osteophytes, bone cysts and sclerosis occurred in subchondral bones. Fibrillated
cartilage, meniscal tear, and inflammation of synovial membrane are other abnormalities could be seen in osteoarthritic knee joint.
PUC. Cpasuenne cTpyKTypbl 310pOBOT0 KOJIEHHOIO CyCTaBa i PH OCTE0apTPHTE. A: 310POBBIil KOJICHHBIH CYCTaB C MSITKOM KOCT-
HOU IIOBEPXHOCTHIO, HOPMaJIbHBIM MEHHCKOM U CYCTaBHBIM XPAILOM. B: Ipu ocTeoapTpute KOJIEHHOIO CYCTaBa B CyOXOHIPAIbHOM
KOCTH (hopMUpPYIOTCS OCTEO(UTHI, KOCTHBIE KUCTBL U CKIIEPO3. J[pyrie U3MeHEHUsl, KOTOPble MOXKHO YBUJIETh IIPU OCTE0APTPUTE
KOJIEHHOTO cycTaBa: (pUOPHIUINPOBAHHBIN XPAIIL, pa3pblB MEHUCKA U BOCIIAJICHUE CUHOBHAIBHON 000I0UKH.

(VAS) and Knee Injury and Osteoarthritis Outcome
Score (KOOS) leads to diagnosis of KOA [36-38]. In
addition to examining these symptoms, a full physical
examination should be performed by the orthopedic phy-
sician.

Although physical examination is necessary for the
diagnosis of KOA, it is not sufficient to evaluate and de-
termine the progression of the disease. Other diagnosis
methods are usually used in cooperation with physical
examination to more accurately diagnose and determine
the grade of disease that is required to choose an effec-
tive treatment.

Imaging-based diagnosis

Imaging-based methods have been known as one of
the common methods which are used to accurately diag-
nose KOA by evaluating the morphological changes that
have occurred. Depending on the patient’s condition, one
or more of these methods are required by the orthopedic
physician.

Radiography is the most appropriate diagnostic
method among various imaging techniques. KOA is
diagnosed with morphological changes such as osteo-
phytosis, appearance of cysts, joint space loss or nar-
rowing, subchondral sclerosis and abnormalities in the
bone such as rounded femoral condyle. Then, by ob-
serving one or more of these features in the radiography
analysis, the progression degree of KOA is diagnosed.

The Kellgren-Lawrence classification is the most im-
portant classification to determine the progression ex-
tent of KOA divided into five grades which have been
determined as follows: grade 0: absolute absence of ra-
diographic features; grade 1: beginning of osteophyte
formation and doubtful joint space narrowing; grade 2:
definite osteophytosis and possibility to observe joint
space narrowing; grade 3: multifarious osteophytes,
sclerosis, joint space narrowing and probability of bone
deformation; grade 4: giant osteophyte, intensive scle-
rosis and joint space narrowing, bone deformation, no-
tably in the head of femur [39]. Although radiography
provides an objective measurement of KOA, it does not
give a complete view of the soft tissue. For instance,
degenerative changes of ligaments, meniscus and carti-
lage, whose early diagnosis can lead to the prevention
of KOA, cannot be detected by radiography.

MRI has received much attention in the diagnosis of
KOA, especially early KOA, damage to soft tissue struc-
tures such as ligaments injuries, meniscuses rupture, sy-
novitis changes, bone marrow lesions and effusions can
be diagnosed by MRI. Furthermore, the importance of
MRI is in the ability to diagnose early KOA [13].

More imaging-based methods include computed to-
mography scan, sonography, arthroscopy and scintigra-
phy, which are less commonly used for the diagnosis of
KOA.
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Laboratory tests

Laboratory tests can be used as another method for
diagnosis of KOA. The use of this diagnostic method is
not as common as the methods which are suggested in
the previous sections, but it may be useful for a more
accurate diagnosis depending on the patient’s condition.
Laboratory tests on blood, urine and synovial fluid are
usually performed to assess the presence or absence of
inflammatory diseases that may lead to symptoms such
as the symptoms of KOA. In suspected cases of inflam-
matory diseases such as gout and rheumatoid arthritis,
the use of laboratory tests can help diagnose KOA and
exclude the inflammatory diseases or confirm the pres-
ence of them [40].

Measurement of biomarkers

One of the novel diagnostic methods for KOA as an
inflammatory disease, is the measurement of specific
biochemical markers in blood, plasma, urine, and sy-
novial fluid samples. Evaluation of these biomarkers
provides useful clinical information. In 2006, Bauer
and colleagues proposed the BIPED classification for
KOA biomarkers. This classification is based on the
effectiveness of biomarkers in the Burden of disease,
investigative, prognostic, Efficacy of intervention, and
Diagnostic [41]. Ten years later, Kraus et al. evaluated
18 biomarkers as predictors of KOA. They measured
these markers in 194 patients with KOA over 12 and 24
months. The results of this study showed the compat-
ibility of the level of these markers with radiographic
images of patients and the severity of the disease during
this period [42].

Assessment of KOA biomarkers in the blood were
considered more than synovial fluid and urine due to
availability. In this regard, cartilage oligomeric matrix
protein and hyaluronic acid (HA) in blood are among
biomarkers that are very common for diagnosing KOA.
Cartilage oligomeric matrix protein is a component of
cartilage tissue and synovial fluid. Since this protein is
present only in this organ, its measurement in the blood
can indicate the destruction or repair of the cartilage
tissue [43]. HA as another marker, is one of the heavy
molecules of glucosamine, which is a component of con-
nective tissue.

Studies have shown that the presence of HA in the
blood is associated with synovial fluid volume [44].
Furthermore, other biomarkers exist in this field and ex-
amining several biomarkers can lead to a more accurate
diagnosis of KOA. For instance, matrix metalloprotein-
ase (MMP)-1, MMP-3 and MMP-13 can be considered as
diagnostic markers that their levels in blood are directly
related to reduction of cartilage volume [45]. C-terminal
crosslinking telopeptide of type II (CTX-II) is another
momentous biomarker that it’s level in blood and urine
indicates the amount of destruction in the cartilage [46].
Moreover, examining the level of some cytokines such
as interleukin (IL)-1, IL-6, IL-10, IL-8, IL-11 and tumor
necrosis factor (TNF)-a can be useful in evaluation of the

progression of the disease or it’s improvement [47, 48].
Evaluation of these biomarkers is mainly done by the use
of Enzyme-Linked Immunosorbent Assay (ELISA) [49].

Local (in synovial fluid) and systemic (in blood) eval-
uation of the biomarkers which mentioned above, can be
useful in the early diagnosis of the disease. Evaluation of
these inflammatory markers besides the available disease
evidence such as joint space narrowing and the volume
of cartilage which are obtained by imaging-based meth-
ods, lead to early diagnosis of the KOA. Furthermore,
by the use of these data, the extent of progression or im-
provement of the disease under various treatments can
be achieved.

TREATMENT

Different techniques have been published for KOA
treatment that some of them are known as the standard
treatment, and others are still in the investigation [50].
Choosing treatment methods are depending on several
parameters, which are pain and knee function, KOA
stage, and patient-related factors such as age, level
of physical activity, and patient’s comorbidities [51].
Conventional treatments are divided into two main class-
es, surgical and non-surgical. While, in the last decade,
several innovative methods such as cell therapy related
to tissue engineering and regenerative medicine have
been considered.

Non-surgical treatments

Non-surgical treatments are the primary methods
used for the treatment of this degenerative disease [52].
Because of their ease, safety, and cost-effectiveness,
they are known as pain relief treatments. In this regard,
Osteoarthritis Research Society International (OARSI)
released an updated guideline in which they recommend-
ed arthritis education and exercise for patients with KOA
as a core treatment [53]. Moreover, ACR proposed non-
steroidal anti-inflammatory drugs (NSAID) and intra-ar-
ticular glucocorticoid injections as the first line treatment
for KOA in addition to recommendation for exercise and
weight loss [15]. Generally, non-surgical treatments are
divided into two groups, which are pharmacological and
non-pharmacological treatments.

Non-pharmacological treatments

Non-pharmacological treatments are the first line
therapeutic strategy for majority of the patients. As al-
ready mentioned, obesity is one of the main etiologies
for initiation and development of KOA; hence weight
management and proper physical exercise are known as
non-pharmacological approaches in OA [54]. Walking
canes and biomechanical interventions like braces are the
other primary non-pharmacological methods for KOA.
In this regard, studies showed that usage of knee braces
and foot orthoses could positively relieve pain and stiff-
ness of the knee [55]. Although walking canes are appro-
priate for KOA, they are not appropriate for multi-joint
OA because they may increase weight loading on other
affected joints [56].
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Pharmacological treatments

Pharmacological treatments are the second group
of non-surgical treatments. Different medicinal com-
ponents have been investigated to relieve the pain and
reduce the KOA complications. These drugs are mostly
used in the mild to moderate stages [57]. NSAIDs are
the common drugs which are used as first-line KOA
treatment. Studies showed that NSAIDs can control the
pain better and have lower risks, compare to other drugs.
However, it has led to the appearance of the cardiovascu-
lar disorders among patients who used selective NSAIDs.
Hypertension, congestive heart failure, and renal toxicity
are known side effects of NSAIDs. Intra-articular steroid
administration is the other pharmacological treatment for
KOA. In 1960, Wright et al. showed an effective pain
relief after steroid injection. However, there were some
reports of cartilage damage and infectious arthritis, that
causing limitation of this drug [58].

HA injection, is widely used as a pain relief therapy
to improve joint function [59]. HA as an important com-
ponent of articular cartilage has different functions in the
knee, which includes synovial joints lubrication, shock
absorption, and structure stabilization and also has di-
rect effects on the function of synovial cells. However,
some allergic side effects have been seen in HA injec-
tion related to the origin of this product (animal derived
glycosaminoglycan, such as cockscomb tissue). Pain and
swelling after injection could be related to the high mo-
lecular weight and different pharmaceutical formulations
of HA [60]. The other major challenge of treatment with
HA is the multiple injection requirement in order to get
to the desired efficiency. Multiple injections itself could
have more cost, pain, and possibility of infection [61].

Glucosamine is known as one of the popular phar-
macological treatments in KOA [62]. Remarkable pain
relief in the patients in mild to moderate stages with
lower side effects is the advantage of this therapy. It is
commonly used as an alternative treatment, especially
for mild to moderate KOA. However, it cannot be deter-
mined as a treatment since there was not any difference
between glucosamine and placebo in recent studies [63].

Surgical treatments

If non-surgical techniques fail to improve the condi-
tion, surgical techniques could be prescribed. Standard
surgical treatments for KOA include arthroscopy, oste-
otomy, knee arthroplasty [64]. Although mosaicplasty,
a technique for cartilage repair using osteochondral au-
tograft transplantation, is known as another surgical op-
tion [65]. The choice of appropriate procedure depends
on several factors, including the stage of KOA, age of
the patients and comorbidities.

Arthroscopy includes two separate techniques, la-
vage and debridement of the knee [66]. Evidence shows
that there is not any significant difference between these
two techniques and placebo surgery for patients with
KOA. Although arthroscopy as a minimally invasive and
low-cost surgery is preferable by patients, these patients
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could not benefit from arthroscopy due to its short-lived
effectiveness [5]. Although arthroscopic lavage and de-
bridement could be a useful treatment approach for the
patients with symptomatic meniscal damage with lock-
ing symptoms [67, 68].

In the advanced stage of KOA, Joint arthroplasty is
a well-accepted, safe and cost-effective method. This ap-
proach is mostly used for the patients who did not respond
to other treatments. Nevertheless, this technique is limited
in the durability of prosthetic components, which is about
15-20 years [69]. Uni-compartmental knee arthroplasty
(UKA) and total knee arthroplasty (TKA) are two differ-
ent types of arthroplasty. The grade of KOA and involved
compartment of the joints are two key factors to determine
suitable arthroplasty technique. UKA recommended more
than TKA because of shorter recovery period, better per-
formance, and better subjective feeling due to the natural
knee tissue which is used. However, UKA is usually pro-
posed only for the patients whose medial compartment is
involved with KOA, and TKA suggested for patients with
lateral compartmental KOA [70].

Osteotomy is another surgical technique mostly used
for the patients with uni-compartmental KOA in early
stages. In knee osteotomy, the tibia or femur is cut and
then reshaped to relieve the pressure on the damaged
knee joint. This technique was widely used for a long
time; however, due to its complications such as failure to
healing and stiffness of the knee after surgery, has been
replaced with arthroplasty [71]. Recent development of
new locking plates and the tendency to open-wedge os-
teotomy without bone graft led to a revival of osteotomy
for younger patients [72].

There are some techniques that can help cartilage
repair. One of these techniques is the autologous os-
teochondral transplantation (mosaicplasty). In this
technique, one or several cylindrical plugs which have
been taken from the peripheries of the femoral condyles
transfer to the defect sites. This procedure can be open
(for large defects) or arthroscopic (for small defects)
[65]. Minor integration, limited graft availability, and
technical difficulties are the disadvantages of this pro-
cedure [73].

Tissue engineering

Needs for a method to repair the cartilage with less
cost and high efficiency led to the entrance of tissue en-
gineering and regenerative medicine in KOA treatment.
The purpose of KOA treatment is to reduce or eliminate
pain, correct deformity, improve or restore joint func-
tion, and improve quality of life. Various regenerative
medicine approaches including mesenchymal stromal
cells (MSCs), platelet-rich plasma (PRP), and amniotic
fluid in combination with cartilage tissue engineering
methods could present novel techniques to repair the
Cartilage tissue [74].

Recently, cartilage tissue engineering developed
as a result of progress in biomaterial science. In tis-
sue engineering cells are seeded onto a scaffold which
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mimicking the extracellular matrix (ECM). Polymeric
scaffolds in different forms were the first group of scaf-
folds used for cell culture in tissue engineering [75].
Vacanti et al. in an animal study showed that synthetic
polymer of polyglycolic acid (PGA) could be a useful
scaffold in the cartilage tissue engineering [76]. In 2006
Wang et al. combined adult human chondrocytes (hCHs)
with aqueous-derived porous silk fibroin scaffolds for in-
vitro cartilage tissue engineering. They compared their
results with a previous study in which they used MSC.
Both studies showed that silk fibroin scaffold would be
a good choice in cartilage tissue engineering [77]. In
2017, they also proposed nanohydroxyapatite-chitosan-
gelatin micro-scaffolds (HaCGMs) as a new injectable
scaffold for cartilage repair in subchondral bone lesion
rabbit model. The results showed suitable swelling ra-
tios, bioactivity, porosity, stiffness and also showed high
cellular infiltration [78]. Choosing the appropriate cell
source is another important issue of tissue engineering
and regenerative medicine. The cell sources usually
used for cartilage tissue engineering are chondrocytes,
fibroblasts, and MSCs. Recently, MSCs absorb the re-
searcher’s attention in order to use them as a suitable cell
source in the cartilage tissue engineering [79].

Mesenchymal stromal cells

The use of chondrocytes in applications of cartilage
tissue engineering has some limitations, in donor-site
morbidity, cell de-differentiation, and the limited lifespan
[80]. It has been shown that MSCs do not produce these
concerns. Due to regenerative and immunomodulatory
characteristics of MSCs, they have become an alterna-
tive cell source in cartilage tissue engineering in the last
decade [81]. Friedenstein et al. and Chamberlain et al.
were the first researchers that used MSCs to treat OA [82,
83]. Pittenger et al. demonstrated that the MSCs could be
cultured and amplified without loss of multipotent differ-
entiation potential [84]. MSCs could be found in several
tissues such as bone marrow, periosteum, trabecular bone,
fat pad tissue, synovial membrane, skeletal muscle, and
deciduous teeth. Moreover, they could differentiate into
the variety of cell lineages such as osteoblasts, adipocytes,
chondrocytes, and myocytes [79].

Another requirement for cartilage regeneration in
order to achieving high therapeutic effect is implanta-
tion methods. In this way, tissue engineering helps to
develop scaffolds as a carrier and nutrient supply for the
stem cells in the microenvironment [85]. The common
biomaterials that have been used for MSCs implants are
Collagen, HA, electrospun fibers and recently novel tis-
sue engineering approaches such as Agili-C, Hyalograft
C, and Chondrotissue [86]. In the first line, safety and
efficacy of any procedure have been analyzed in vitro. In
this regard, the osteogenic differentiation of BM-MSCs
associated with an aragonite-based scaffold (Agili-C™,
CartiHeal Ltd.) was evaluated. The results of their study
showed that this method could be effective in regenera-
tion of osteochondral defects [87]. In the next step and

in an animal model investigation, Kayakabe et al. used
HA gel sponge as a carrier to transplant the autologous
bone marrow stem cells to the rabbit joint model. The
result demonstrated that it can effectively repair dam-
aged articular cartilage. After 12 weeks, cartilage repair
was observed, which means that the HA gel sponge can
positively affect cartilage regeneration [88]. Moreover,
the efficacy of AD-MSCs and carboxymethyl chitosan
on OA in rabbit model was investigated in 2020. Total
number of thirty New Zealand rabbits in five different
groups underwent intra-articular injection after making
defects in their joints. The results of this study demon-
strated that injection of AD-MSCs and carboxymethyl
chitosan leads to cartilage repair [89]. In the other pre-
clinical study, Guo et al. have utilized autologous MSCs
bio-ceramic B-triphosphate scaffold to treat OA in sheep
model [90]. The other animal study, which was done in
2017, introduced 3D-printed poly(e-caprolactone) scaf-
fold in combination with MSCs as a functional prod-
uct for articular cartilage regeneration in rabbit model
[91]. Investigation about cartilage tissue engineering and
MSC:s therapy has been continued with clinical trials. In
this regard, the efficacy of filtered bone marrow aspirate
containing MSCs in combination with biomimetic col-
lagen-hydroxyapatite scaffold in KOA was investigated
on 15 patients. This research showed significant im-
provement in the status of the patients [92]. PRP is one
of the cartilage growth factors which is rich in TGF-f,
Koh et al. reported that the injection of MSCs in combi-
nation with PRP into the joint cavity showed significant
improvement in the treatment of OA [93]. Besides the
usage of carriers, MSCs has been injected locally which
has many advantages not only enhance joint repair, but
also reduce OA-induced degeneration which is the sim-
plest method for treating OA [94].

Although scaffolds, especially biological ones, have
a good impact on cartilage repair, injection of cells with-
out scaffold is currently used in most clinical trials. This
technique not only accelerates the cartilage repairs but
also reduces the need for surgery and pain of scaffold
implantation [95]. Impressive in vitro and in vivo results
in cartilage repair using MSCs have led to the develop-
ment of various clinical trial studies using MSC for the
treatment of KOA. Akgun et al. were one of those who
conducted a single center, randomized, and controlled
trial. They demonstrated that MSCs can effectively ac-
celerate the repair of cartilage defects [96]. Numerous
clinical trials [97-105] have been performed in this field
that some of them mentioned in Table.

Clinical trials using MSCs injection for the treatment
of KOA have demonstrated this treatment as a succes-
sive approach. However, it has some issues that should
be considered. Autologous or allogeneic cell source is
still a challenge that several studies have been working
on. Besides the cell source, cell contamination is the
other criterion that should be paid attention to in each
study [106].
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Table. Clinical studies of knee osteoarthritis treatment with intra-articular injection of mesenchymal stem cells
Ta6nuua. KnuHunyeckue nccnegoBaHnUA NPpUMeHeHUA BHYTPUCYCTaBHbIX I/IH'beKLIMl7| Me3eHXMMalnbHbIX CTBOJIOBbIX KNETOK
B NeYEHNN OCTE0apTPUTa KOJIEHHOrO CyCcTaBa

Type of study / Methods / MMeasurement/ Result / Author [ref] /
Tun uccnegoBaHus JleyeHue ETOAL! OLIEHKN PesynbTar Aetop
adekTuBHOCTH [ueTounuk]
Non-blinded RCT/  Autologous BM-MSCs (1.46 + 0.29) x  IKDC, Lysholm Improvement for all scores. MR after 1y Wong K.L.
OrtkpeiToe PKU 107in conjunction with microfracture  and Tegner scores,  showed significantly better MOCART scores etal. [97]
and medial opening-wedge high tibial MRI / LLkans! IKDC, for the cell-recipient group /
osteotomy / Aytonornynbie MCK KM Jiucxonbma YnyyLleHve nokasaTeneii no BCeM Lukanam.
(1.46 £ 0.29) x 107 B coyeTaHUM u TerHepa, MPT B rpynne MCK KM nonyyeHb! 3Ha41mo nyy-
C BbICOKOM TMOMasbHON 0CTEOTOMMEN wwe pesynbtathl MPT Yepes rog no Lkane
MOCART
Triple-blind placebo- Autologous BM-MSCs 40x108 / WOMAC, VAS / The BM-MSCs treated group had significant ~ Emadedin M.
controlled RCT / AytonornyHsie MCK KM 40x108 WOMAC, BALL clinical improvement as compared to the pla- etal. [98]

TpoiHoe cnenoe
nnawe6o-koHTponu-
pyemoe PKA

Double-blind RCT/
[lBonHOe cnenoe
PKW/

Phase I/l study /
/ccnenosaHue
I/l hasbl

Double-blind place-
bo-controlled RCT,
phase Il study /
[lBoHOe cnienoe
nnave6o-KoHTpo-
nupyemoe PKW,
thazal ll

Phase I/l study /

WcenenosaHne
I/l hasbl

Phase I/ll study /
/ccnenosanue
I/l hasbl

Double-blind RCT,
phase I/l /
[lBoHoe crienoe
PKW, dhasa Il

Three groups: allogeneic MSCs
50x108 (group A) and 150x108 (group
B) and a sodium hyaluronate (con-
trol group) following partial medial
meniscectomy / AnnoreHHble MCK
50x108 (rpynna A) n 150%108 (rpynna
B) nocne YacTnyHo MeamansHom

MEHUCKIKTOMUU

Autologous MSCs
40.9 x 105+ 0.4x108/
AytonoruyHsie MCK

40,9108+ 0,4x108

Allogeneic MSCs in four different
doses: 25, 50, 75, and 150x10°/
AnnoreHHble MCK B yeTbipex
pasnnyHbIX gosax: 25%, 50x, 75x

1 150x10°

Autologous MSCs 30.5x108/
AytonornyHble MCK 30,5% 108

Stimulated autologous BM-MSCs /
CTMynupoBaHHbIe ayTonornyHbIe

MCK KM

Three groups: hyaluronic acid at
baseline and after 6 mo, single-dose
(20x109) at baseline, and repeated
UC-MSCs doses at baseline and 6 mo
(20%10%) / Tpm rpynnbl: rnanypoHoBast
KucnoTa uexogHo v vepes 6 mec. MCK
13 nynoBuHbI (20x108) ogHokpaTHO
1 ABYKPATHO: UCXOZHO M Yepes 6 Mec.

MRI, self-explan-
atory question-
naires / MPT,
OMPOCHMKN

Walking time, VAS
and MRI / Bpemsi
xoabobl, MPT,
BALL, peHTreH

VAS, ICOAP and
WOMAC / BALL,
ICOAP n WOMAC

MRI and KOOS /
MPT n KOOS

VAS, WOMAC /
BALL, WOMAC

WOMAC, MRI /
WOMAC, MPT

cebo group in all clinical endpoints /
Mo BCEM KIMHUYECKUM KOHEYHBIM TOYKaM
6onee 3HaunMbIn adhdekT B rpynne MCK KM
1o CpaBHEHMIO C rpynmnoit nnave6o

Increased meniscal volume determined by
quantitative MRI in 24% of patients in group A
and 6% in group one-year post meniscectomy.
Patients in groups A and B experienced a sig-
nificant reduction in pain compared to control
group / YBennyeHne obbema MeHucka CrycTs

rog no aaHHeiM MPT y 24% nauneHToB B
rpynne Auy 6% B rpynne B. B rpynnax Au B
OTMEYEHO 3HaYNUTENbHOE YMeHbLUeHVe Bonu

MO CPABHEHWIO C FPYNMOil KOHTPONS

Decrease in the intensity of pain since day 8
after the infusion, that was maintained after
12 mo. T2 mapping showed signs of cartilage
regeneration in all patients at 12 mo post-
treatment / CHixeHWe NHTEHCMBHOCTY Gomm
¢ 8 oHa, coxpaHeHue adhdekTa yepes 12 mec.
lMpn3Haky pereHepaumm xpsiLa y Bcex nauu-
€HTOB No T2-kapTMpOBaHWIO Yepe3 12 mec.
A 25x108 cell dose may be the most effec-
tive among the doses; WOMAC, ICOAP, and
VAS scores decreased by the time of the final
follow-up period / [lo3a 25%10° okasanack ca-
Mot adhdhekTUBHOM. [NokasaTenu no Lkanam
WOMAC, ICOAP un BALL cHuaunnch
K nepuoay 3aBepLueHus HabnogeHus

Significant improvement in the KOOS and
knee cartilage thickness / 3HaunTensHoe
ynyywwenne KOOS v ToNWpHbI CyCTaBHOMO
XpSLLA KOrEHHOTo cycTaBa

Significantly reductions in pain and increased
quality of life after 6 mo / 3HaunTensHoe
YMeHbLUeHre 6omnu 1 ynyyLleHne kayecTea
XU3HW Yepes 6 Mec.

UC-MSCs treatment is safe and superior to
active comparator at 1-year follow-up / Neve-
Hne MCK 13 nynoBuHbl 6e3onacHo v npesoc-

XOAWT Npenapat cpaBHEHWs Npu HabnogeHum
B TeyeHne 1 roga
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MpodomkeHue mabnuysbi 2
Type of study / Methods / Measurement / Result/ Author [ref] /
MeTtoabl oueHku AsTop
Tun uccnepoBaxms Neyenne PesynbTar
achpekTMBHOCTU [McTOYHMK]
Single-blind place- Three groups: AD-MSCs (10x108), WOMAC, MRI,  Combination of AD-MSCs and LIPUS could be Nasb M. et al.
bo-controlled RCT/  AD-MSCs (10x10¢) and LIPUS, nor- VAS / more effective in pain relief / CouetaHne MCK [105]
MpocToe cnenoe mal saline injection and LIPUS / Tpu ~ WOMAC, MPT, KT u LIPUS Gonee achchekTMBHO B yMeHbLLE-
nnauebo-koHTponu-  rpynnbl; MCK KT (10x109), MCK XXT BALL Hum 6onn
pyemoe PKA (10x108) n LIPUS, nHbekums nsoto-
HW4eckoro pacteopa v LIPUS
Non-blinded RCT/  Three groups: autologous AD-MSCs ~ KOOS, WOMAC,  AD-MSCs (single and double dose) therapy  Freitag J. et al.
OrtkpeiToe PKU (100x109) single and double dose (at MRI/KOOS, appears to be a safe and effective / Tepanus [18]
baseline and 6 mo), control group / WOMAC, MPT ~ MCK KT (ogHokpaTHOE 1 BYKpaTHOE BBEAE-

Tpu rpynnbi: MCK KT (100%109)
OLHOKPaTHO M ABYKPATHO (MICXOAHO M
yepe3 6 Mec.), KOHTpOMbHas rpynna

Hue) 6e3onacHa u achhekTnBHa

Note: AD-MSCs, BM-MSCs, UC-MSCs - adipose, bone marrow, umbilical cord derived mesenchymal stem cells; RCT — randomized controlled trial;
MRI — magnetic resonance imaging; ICOAP - intermittent and constant osteoarthritis pain; IKDC - International Knee Documentation Committee;
KOOS - knee injury and osteoarthritis outcome score; LIPUS — low-intensity pulsed ultrasound; MOCART — magnetic resonance observation of cartilage
repair tissue; VAS - visual analogue scale; WOMAC — Western Ontario and McMaster Universities Osteoarthritis Index

Mpumeyanmne: MCK KT, MCK KM — me3eHxumanbHble CTBOMOBbIE KIETKM KUPOBON TKaHW, KOCTHOMO Mo3ra; PKW — paHaomMuanpoBaHHOE KOHTpOnupye-
Moe uccnepoBaHue; MPT — marHUTHO-pe3oHaHcHas Tomorpadmst; BALL — Bu3yanbHo-aHanorosas wkana; ICOAP — nepemexarowascs 1 nocTosiHHas
Bonb npu octeoaptpute; IKDC — MexayHapoaHbIit KOMUTET MO [OKyMeHTaLum obcnefoBanmus koneHHoro cyctasa; KOOS - oueHka ncxoaa TpasMbl
1 0CTE0aPTpO3a KOJSIeHHOro cycTaea; LIPUS — uMnynbCHbIA ynbTpassyk HU3kon nHTeHcuBHOCTM; MOCART — MarHUTHO-pe30HaHCHast OLeHKa BOCCTa-
HoBneHus xpswiesoit Tkahu; WOMAC — nHaekc BbipaxeHHOCTW ocTeoapTpuTa YHueepcuteTo 3anagHoro OHtapuo u MakMacTepa.

CONCLUSION

KOA is counted as a second disease among individu-
als. Hence investigations to find appropriate methods
for diagnosis and treatment are always in the interest of
researchers. By the advance of biomaterial and tissue
engineering, a new sight has been opened in this area.
Biomarkers and MSCs are the most effective factors in
the development of new methods for KOA diagnosis and
treatment.

Diagnosis of KOA in the early stages can lead to
more effective and less costly treatment for the dis-
ease. Despite the existence of many common diag-
nostic methods, the diagnosis of KOA in the early
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