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POSSIBILITIES OF USING STEM CELLS FOR THE
TREATMENT OF OSTEOCHONDRITIS FRACTURES

Abstract. Transchondral fractures continue to be a challenging orthopedic
condition due to impaired blood supply to the subchondral area, leading to detachment
of the cartilage-bone fragment. This disease predominantly affects the knee and
supracalcaneal joints, has a long course and seriously affects the quality of life of
patients in many aspects, affects young, physically active people. The high rate of
relapses after conventional surgical treatment prompts the investigation of regenerative
treatments, among which cell therapy is a promising approach. The aim of the study is
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to review the data of studies in which stem cells are used to treat transchondral
fractures. Materials and methods. A search of scientific sources indexed in the
databases Scopus, PubMed and Google Scholar was conducted using the advanced
search tool using the terms “stem cells” AND “osteochondral lesion” OR
“osteochondritis dissecans” AND “cell therapy”. This study demonstrated that the use
of MSCs stimulates the activation of bone and cartilage tissue regeneration, as they
have the potential to differentiate into osteocytes and chondrocytes. MSC
transplantation has a positive effect on fracture healing even in the case of nonunion or
chronic inflammation, which allows avoiding invasive surgery in patients with
concomitant disease. MSCs have angiogenic, immunomodulatory and antifibrotic
effects, which can improve the quality of bone union. Systemic infusion of MSCs
enhances mineralization and reduces fibrosis at the fracture site. In osteochondritis
dissecans, successful repair of damaged articular surfaces has been described after
autologous transplantation of MSCs derived from adipose tissue. Improved limb
function (Lisholm score >20) has been found after cell therapy in young people. The
authors of works in this field emphasize the pathogenetic significance of MSCs in
specific injuries of the ankle joint, for which natural recovery is insufficient. The
successful treatment of osteochondral lesions of the talus with synovial MSCs with
functional recovery after 6 months has also been described. It has been recognized that
the location of the cells (bone marrow, adipose tissue or synovium from which they
were obtained) affects their osteogenic and chondrogenic potential, which should be
taken into account when choosing a graft. Conclusions. Stem cell therapy is a new and
well-known procedure for the treatment of transchondral fractures, which demonstrates
remodeling of cartilage and bone with minimal invasive destruction. Multicenter
studies are needed to standardize the approaches and ensure the availability of these
technologies in routine clinical practice.

Keywords: trauma, stem cells, transchondral fractures, cartilage regeneration,
cell therapy, tissue engineering, osteochondral defects, joint surface repair.

®dimenko Boxoaumup OnekcaHAPOBHY JOKTOP MEIMYHHUX HaAyK, Ipodecop,
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MOXJ/IMBOCTI 3ACTOCYBAHHS CTOBBYPOBUX KJIITUH JIA
JIKYBAHHA TPAHCXOHAPAJIBHUX ITEPEJIOMIB

AHoTtanisi. TpaHCXOHIpalbHI TMEPENIOMU NPOJOBXKYIOTh OYTH CKIAIHUM
OPTONEANYHUM CTAaHOM 4Yepe3 MOPYIICHHS KPOBOMOCTAYaHHS B CYOXOHIpaJIbHIM
TISHIN, [0 TPHW3BOJWTH JI0 BiAMIApyBaHHS XPSIIOBO-KICTKOBOro (parmenTa. lle
3aXBOPIOBAHHS MIEPEBAKHO BPaKa€ KOJIIHHUHN Ta HAJIT ATKOBUH CYTJI00, Ma€ TPUBAIHIA
nepeOir 1 cepio3HO BIUIMBAE HA AKICTh )KUTTSI MAIIEHTIB Yy 0aratboX acreKkTax, Bpaxae
MOJIOZb, (DI3UYHO aKTUBHUX JIIOJICH. Bucokuii piBeHb PEIUANBIB MICIS 3BUYANHOTO
XIpyprivyHOTO JIKYBaHHS CIIOHYKA€ J0 JOCIIIKEHHSI pEereHepaTUBHUX METO/IIB JIIKY-
BaHHs, Cepe]] SKUX MEepPCIEKTUBHUM I1JIX0/I0M € KIIITHHHA Teparis. MeTow aociia-
YKEHHSI € OTJISII JaHUX JOCHIKEHb, Y SKUX CTOBOYPOB1 KJIITUHU BUKOPUCTOBYIOTHCS
JUIsL JIIKYBaHHS TPAHCXOHJpaJbHUX THepenomiB. Marepianu Tta Meroau. [lomryk
HAyKOBUX JIKEpell, IHAeKCOBaHUX y 0a3zax gaHux Scopus, PubMed ta Google Scholar,
OyJ0 TPOBEACHO 32 JIONMIOMOTOI0 I1HCTPYMEHTY PpO3IIMPEHOr0 IMOIIYKY 3
BUKOPUCTAHHSM TEPMIHIB «CTOBOYPOBI KIITUHW» TA «OCTEOXOHAPAIBHE YPAKECHHS
ABO «po3cikatounii ocreoxoHapuT» TA «ximiTuHHaA Tepamis». JlaHe mociimkeHHs
poJeMOHCTpyBano, 1o BukopuctanHs MCK ctumynioe akTtuBaiito pereHepartii
KICTKOBOI Ta XPSAIIOBOi TKAHWH, OCKUIBKH BOHU MArOTh IMOTEHITIAN I audepeHItiamii
B OCTeoIUTH Ta XOHApouTH. TpancrutanTaiiss MCK mo3uTHBHO BIUIMBAE HA 3aTOE€HHS
NepesIoMiB HaBiTh y pa3l HE3POIIEHHS ab0 XPOHIYHOrO 3amalieHHs, IO JO03BOJISIE
YHUKHYTH IHBA3UBHO1 XIPYyPrii y Malli€HTIB 13 CynyTHIM 3axBoptoBaHHsAM. MCK maroTh
aHT10TEHHUH, IMYHOMOIYJTIOI0UHiA Ta aHTU()IOpOTHIHHH e(DEeKT, IO MOKE TTOKPAIIUTH
AKiCTh 3pomieHHs KicTok. Cucremna iHdy3is MCK mocwmoe MiHepamizamiro Ta
3MmeHIye (idpo3 y micui nepenomy. [lpu posmapoBaHOMY OCTEOXOHAPUTI OMUCAHO
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yCHiX BIJIHOBJIEHHS TOMIKO/KEHUX CYTJI000BUX TMOBEPXOHb IMICIs ayTOJIOTIYHOI
tpadcruiantanii MCK, oTpumMaHux 3 XKUPOBOi TKAaHWHH. BUSBICHO NOKpaICHHS
¢dynkii KiHmiBok (ominka Jlicromsma >20) micis KIITUHHOI Teparii y MOJIOIUX JIFOICH.
ABTOpH pOOIT y AaH1 raily3i HaroJoyTh Ha naToreHeTuuHoMmy 3HaueHHi MCK nipu
cnenu@iyHUX TpaBMaxX TOMUIKOBOCTOITHOTO Cyrjo0a, s SKUX TPUPOJIHE
BITHOBJICHHS € HEJ0CTaTHIM. Tako onrcaHe YCHIIIHE J1KyBaHHS OCTEOXOHIPATbHUX
ypakeHb TapaHHOI KICTKH 3a gormoMoror cuHoBianbHUX MCK 3 ¢yHKIIOHAIBHUM
BIJIHOBJICHHSIM uepe3 6 MicdiiB. byno BHU3HAHO, 10 MiICIEe pO3TalllyBaHHS KJITUH
(KICTKOBU MO30K, KUPOBa TKaHWHA a00 CHMHOBIaJibHA OOOJIOHKA, 3 SIKOI BOHU OyJIH
OTpHUMaH1) BIUIMBA€ Ha IXHI OCTEOTCHHUN Ta XOHIPOTCHHHM MOTEHIIIAJ, IO CIiA
BpaxoByBaTH IMpu BUOOpl TpaHciuiantara. BucHoBku. Tepamis cTroBOYypoBUMHU
KJIITHHAMU — 11€ HOBA Ta BiJIoMa MpOoIEeAypa JIKyBaHHs TPAHCXOHAPAIbHUX MIEPEIOMIB,
gKa JEMOHCTPYE PEMOJIETIOBaHHS Xpsllla Ta KICTKM 3 MIHIMQJIbHUM 1HBa3WBHHUM
pyiinyBaHHsaM. [[ns cranmapTm3anii miaxomiB Ta 3a0e3MeueHHs] JOCTYIMHOCTI IHX
TEXHOJIOT1H Y 3BUYAlHIN KITIHIYHIN MPaKTHIll HEOOX1HI 0araToleHTPOB1 TOCITIHKEHHS.

KurouoBi cioBa: tpaBma, cToBOYpOBi KIIITHHU, TPAHCXOHIPAIbHI TIEPEIIOMH,
pereHepanisi xpsmja, KJIITHHHA Tepamis, TKAaHMHHA 1HXEHEepIis, OCTECOXOHJIpaibHI
nedeKTH, BITHOBIICGHHS CYTJIO0OBUX MTOBEPXOHb.

Statement of the problem. Osteochondral lesion, osteochondritis dissecans or
transchondral fracture is a condition in which the subchondral zone nutrition is
disturbed and cartilage piece with its underlying bone are separated. The complication
occurs, primarily in the knee joint and less commonly in this ankle or elbow joints of
high loads and features of blood supply to epiphyses in the growth zone have [1].
Lesions can also be stable or unstable, the latter of which may involve the development
of a loose body within joints that adds to clinical complexity and defines the indications
for invasive intervention [2]. Ischemic processes in the subchondral region and
microtrauma are implicated in the pathogenesis of this pathology, indicating that
several factors contribute to the onset of disease [1].

Based on the findings of imaging techniques, transchondral fractures include
chondral, osteochondral, subchondral fractures and osteochdritis dissecans. They are
challenging to distinguish without MRI, thus underscoring the significance of an early
diagnosis [3]. Fractures of the talus are notoriously difficult to identify and usually
remain undiagnosed until chronic pain in the ankle, or limitation of movement is
manifested [4]. Medial talar dome fractures are one of the most common types of TDI,
necessitating personalized treatment [4].

The frequency of transchondral fractures, especially talar fractures, is highly
population-dependent. In an investigation of US military personnel, it was observed
with an incident rate of 27 per 100,000 person years; therefore it is clinically relevant
in high-intensity exercise environments [5]. Another study demonstrated that a history
of previously undiagnosed transchondral fractures was present in as many as 50% of
individuals with chronic ankle pain [6]. Among the changing risk factors, their
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prevalence increases significantly depending on age, location of lesion and the level of
physical activity, especially in youth and athletes [2].

The most common is the Berndt and Harty classification describing four stages
of transchondral talar fracture, progressing from cartilage compression to complete
dislocation of the fragment with a free body in the joint [7]. The implications of this
distinction are important for treatment selection, conservative observation,
microfracture, mosaic plastic repair, or stem cell ensilage. Most investigators
acknowledge the value of early imaging and risk stratification through MRI and CT
Images to avoid evolution of the disease.

Apart from the anatomical and functional results, transchondral lesions have
significant impact on the patients’ QoL. As revealed in the researches of D’ Ambrosi et
al., larger defects and lesions on medial talus were related to greater scores of pain and
lowered levels of physical activity on the SF-36 and AOFAS scales [8]. Mann and Nery
present comparable information, in which by passing small volume lesions physical
activity limitation can be observed even while playing sports and vigorous household
activities [9]. Transchondral fractures are therefore not just an orthopedic issue, but a
social one as well; modern reconstructive procedures to achieve optimal structural and
functional results in optimizing the quality of life can only be realized through
regenerative strategies.

The purpose of the article — to conduct a literature review on the topic of
treatment of osteochondritis fractures using stem cells.

Research objects and methods. To achieve the goal of the study, a review of
modern literature on the topic of stem cell use in the treatment of osteochondral defects
was conducted. For this purpose, a search was conducted for relevant publications
related to the topic of the article within the scientific databases Scopus, Google Scholar,
and PubMed.

Presentation of the main material.

Research results and their discussion. At present, the use of stem cells in
fractures healing process and especially fractyres with transchondral localization is one
of most promising regenerative medicine options. The efficacy of the approach is
dependent upon the potential of mesenchymal stem cells (MSCs) to differentiate into
different cell types like chondrocytes, osteocytes, and other cell types for bone and
cartilage tissue regeneration. As reported by Fayaz et al., MSC implantation may favor
recovery even in case of delayed consolidation or non-union of fractures, especially in
an unvascularized or chronically inflamed environment [10]. Tseng et al. also point out
that, in these cases, the application of stem cells avoids conventional invasive
procedures which is an advantage especially for patients with comorbidities [11].

According to Wang and coauthors in their reviewMSCs are the ones with the
greatest potential for repairing bone tissue because of their high proliferative capacity
and for releasing mediators that promote endogenous healing [12]. They exert some of
their actions through induction of angiogenesis, immune response modulation and
tissue regeneration. Granero-Molté et al. [13] provided evidence that systemic
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administration of MSCs improves the quality of fracture healing, reduces fibrosis and
increases bone mineralization.

Special mention should be given to stem cells in the therapy of osteochondritis
dissecans, which is actually a transchondral fracture. Freitag et al reported successful
knee joint healing of a large osteochondral defect following failed surgery, although in
this case autologous adipose MSCs were used [14]. The same result was reported by
Park and Oh, including a fully rehabilitated teenage athlete after MSC treatment on
recurrent osteochondritis [15]. Positive time-related dynamics was demonstrated
following local injection of autologous MSC in the defect area of the patellar jointin a
juvenile osteochondritis patient by Russo et al [16].

Clinical studies prove that, even in chronic joint damage stem cells can cause
functional status and pain reduction. In particular, Teo et al. showed that Lysholm score
increase >20 compared with the baseline among adolescent and young adults with
patellar osteochondritis treated with cell therapy [17]. Tribe et al. regarding the use of
MSCs as a pathogenetically justified strategy against ankle joint injuries such as
transchondral fractures, in view of its extremely low self-regenerative potential [18].

And we also need to think about the origin of cell source. Angthong and
Kunkanjanawan published a method for obtaining MSCs from the synovial membrane
of ankle joints, which led to restoration of cartilage defects in osteochondral lesions of
the talus - patients had lower pain level and improved functional status after 6 months
[19]. El-Jawnhari et al. has shown that osteogenic differentiation is less extensive in
monolayers of bone marrow, adipose tissue, and synovium multipotent mesenchymal
cells than chondrogenic differentiation, a factor to be considered when selecting a
source of transplant [20].

Therefore, promising and even clinically appealing application of stem cell
therapy for transchondral fractures, especially Osteochondritis dissecans. Regenerative
properties of MSC in combination with advanced surgical techniques open new
perspectives for management of complicated lesions on the articular surfaces. But
multicenter randomized studies are warranted to adopt such approaches in broader
clinical practice.

Conclusions. Currently, stem cell use in the management of fractures,
particularly transchondral is considered one of the most promising directions for
regenerative medicine. Mesenchymal stem cells (MSCs) have gained the greatest
interest, because of their potential to differentiate into chondrocytes and osteocytes, in
addition to promoting regeneration, angiogenesis and immune modulation. The
efficacy of MSC treatment in osteochondritis dissecans has also been confirmed in
single clinical cases and sets of studies conducted on young patients and athletes. The
selection of the source of cells, defect type and transplantation pattern still remain the
determining factors for success, although it is encouraging. Additional multicentered
studies are needed in order to standardize methods and apply them to more common
clinical practices.
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