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Coxarthritis in patients with radiographic signs of epiphyseal dys-
plasia causes disturbances of social adaptation of this patients group
at a young age and ensure the relevance of studying the problem
of optimizing the orthopaedic treatment of this patients category.
Objective. To define the tactics of orthopaedic treatment in such pa-
tient category based on study of morphological features of articu-
lar cartilage and osteogenic activity of bone marrow stem stromal
cells. Materials and Methods. We have clinically examined 68 adult
patients having coxarthritis in the presence of radiological signs
of epiphyseal dysplasia. In 52 cases we performed total hip and knee
arthroplasty that allowed to obtain articular cartilage fragments for
histological study and epiphysis bone fragments for study of repara-
tive potential of the bone tissue. Results. In patients having coxarthri-
tis that evolves on the ground of epiphyseal dysplasia by histological
and cultural studies we have obtained the data as for deep micro-
structural disorders in joint cartilage matrix organization as a re-
sult of modification of collagen mesh in patients having epiphyseal
dysplasia. We have identified the fact of significantly increased bone
marrow stem cells proliferative potential at significantly decreased
quantity of colony forming fibroblast units in spongious volume unit
in epiphysis zone in this patients group which indicates a threat of de-
compensation of reparatory bone potential risk. Conclusions. Patho-
logical factors of increasingly progressing course of osteoarthrosis
in the presence of radiological signs of epiphyseal dysplasia are deep
microstructural disorders of joint cartilage matrix organization as
a result of modification of collagen mesh and consequent changes
of epiphysis of the lower limbs form. There is no possibility of preven-
tion and etiological therapy of coxarthritis evolving from epiphyseal
dysplasia, meanwhile there is a threat of decompensation of repara-
tory bone tissue potential in epiphysis zone in this patient catego-
ry. Therefore, in patients with coxarthritis and radiographic signs
of epiphyseal dysplasia, resistant to the course of conservative treat-
ment, it is advisable do not delay use the method of joint arthroplasty.

Ocmeoapmpo3s y pasi enigizapnoi oucnaasii (EJ]) nasimo y mo-
N000MY 6IYi CNPUYUHIOE NOPYUWEHHS COYIAIbHOI adanmayii
nayienmie, wo o00yMOGII0€ AKMYalbHICMb GUEUenHs npobie-
Mu onmumizayii ixuboeo opmoneduunozo nikysauua. Mema.
Busyumu zicmonoziuni ocodausocmi cy2n00606020 xpawa ma
penapamusHuil homeHyian Kicmkogo2o MO3KY, sIKi GU3HAYAIOMb
namozenes i NaUBAIOMb HA MAKMUKY NIKY8AHHA KOKCAPMPO-
3y y X60pux i3 penmeenonoiunumu osHakamu EJ. Memoou.
Obcmediceno 68 dopocaux X60pux Ha KOKCApmpo3 3a HAAGHOCMI
penmeenonociynux o3nax E/. Y 52 eunaokax euxonarno momans-
He eHOonpome3y8aHHs KyIbUlogUx cyenobie, ompumano gpae-
MeHmu ¢yenoh08020 XpAawa Oas 2iCmMon02IUHO20 OOCTIONCEHHS,
KICMKOBOI MKaHuHu enigizie — OJisl 6UGUEHHS PENnAPAMUBHO20
nomenyiany Kicmkoeoi mxanunu. Peszynomamu. Bcmanosneno,
Wo 3a yMO8 KOKCapmpo3y 6 Nayi€Hmie i3 peHmeenol02I4HUMU
osnakamu EJ] namonoziunuii npoyec pozeopmaemvcsi Ha Qomi
2AUOOKUX NOPYULeHb MIKDOCMPYKIMYPHOT opeaHizayii mampuxcy
€yen0008020 XpAawa 6HaciIiOOK 3MiH MUny opeauizayii xonaze-
HOB801 cimKu. Ykazawi 3minu 00yM0o811010Mb NPOSPAVIEHMHICD
nepebizy 3ax80pI0GaAHHs Ma 1020 Pe3UCmeHmHICmb 00 3a2dlb-
HOBU3HAHO2O KOHCEPBAMUBHO20 NiKyeanns. Busaeieno 3nauno
niosuweHull npoihepamueruti NOMeHyianl CmpoOMAalbHUX Kii-
MUH KiCMKO8020 MO3KY 34 CYMMEBO 3HUICEHY KINbKICMb KO-
JHIEYMBOPIOIOUUX 00UHUYL PIOpobracmie 6 00uHuyi 06’emy
Cnoneio30i mKkanuHu enipizis, wo ceiouums npo 3a2po3y oe-
KoMneHcayii penapamuerHux Modiciugocmett Kicmxu. Bucrnosxu.
Ilamozenemuynumy YUHHUKAMU OCMEOApmpo3y y X60pux i3
penmeenono2iunumu oznakamu EJ € nopywenns opeanizayii ko-
anazemny 8 Mampuxci cyeno608020 Xpawa ma cynymmi MakpocKo-
niyHi 3Minu popmu enigizie kKicmox HudCHix Kinyieok. Cb0200HI
He ICHYE MOHCIUBOCTEL NONEPeOHCEeHHS 1l eMi0N02IYHOI mepanii
ocmeoapmposy 8 makux nayicHmis, npu ybomy € 3az2po3a oe-
KoMneHcayii penapamuerux mModcaugocmeti 2youacmoi Kicmxu
eniizis. /loyinvhe 3acmocy8ants Mmemooy eHOOnpome3sy8aHHs
cyenobie. Knwouosi crosa. Kokcapmpos, cyenobosuii xpswy, pe-
napamuHull NOMeHYian KICmko6020 MO3KY.
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Introduction

One of the consequences of genetically deter-
mined anomalies of type II collagen synthesis, which
include numerous congenital anomalies of the deve-
lopment of epiphyses under the general term «epiphy-
seal dysplasias» (ED) [1-4], is the development
of early osteoarthritis, accompanied by a correspond-
ing decrease in the quality of life and an increase in
the need in medical and social assistance [2, 5-10].
According to published information [1, 3, 4, 10-12],
5-29 % of the population have phenotypic signs
of various types of collagenopathies with clinically
expressed lesions of the musculoskeletal system, and
osteoarthritis is steadily progressing on their basis.
There is currently no etiological therapy for this im-
pairment, which reduces the treatment of patients
to slowing down the progression of osteoarthritis
through symptomatic therapy with the timely applica-
tion of radical treatment methods in order to preserve
the social adaptation of patients [5, 6, 9, 10, 13—15].
But the presence of signs of epiphyseal dysplasia in
patients with osteoarthritis of the joints of the limbs
is quite often overlooked by practicing doctors, which
disorients the prospects for the use of conservative
treatment methods and leads to unjustified postpone-
ment of effective surgical intervention [12, 15-17,
18-20].

The purpose of the study: to assess histological
features of the articular cartilage and the reparative
potential of the bone marrow, which determine patho-
genesis and influence the tactics of treatment of cox-
arthrosis in patients with radiological signs of epiphy-
seal dysplasia.

Material and methods

In accordance with the decision of the bioethics com-
mission of the State Institution the Institute of Trau-
matology and Orthopedics of the National Academy
of Medical Sciences of Ukraine (Protocol No. 3
of 13.09.2022), the study was performed in com-
pliance with the norms of the Helsinki Convention
of the Council of Europe on Human Rights and Bio-
medicine and the Laws of Ukraine. All patients in-
cluded in the study signed an informed consent.

Characteristics of patients

The study involved 68 patients aged from 20 to
70 years (men — (36 £ 4), women — (37 £ 6)), who
were referred to the clinic due to stage [I-IV coxar-
throsis (according to the classification of J. N. Kell-
gren, J. S. Lawrence, 1957) and who were found to
have signs of epiphyseal dysplasia (REED) following
additional radiological examination. In 52 cases, total
endoprosthetic repair of hip and knee joints was per-

formed, which made it possible to obtain fragments
of articular cartilage for histological examination and
bone tissue of epiphyses to study the reparative po-
tential of bone marrow.

Methods of the study

Fragments of articular cartilage were selected
from the least loaded parts of the articular surfac-
es of the hip joint, namely from the peripheral part
of the lower segment of the femoral head. Morpho-
logical features were studied with the help of a light
microscope, and histochemical methods were used
to analyze the macromolecular state of the articular
cartilage matrix. For light microscopy, the material
was fixed in a 10 % formalin solution, decalcified in
a 5 % nitric acid solution, washed, held in alcohols
of increasing concentration, in Nikiforov's solution,
and embedded in celloidin. Sections with a thickness
of 57 um were stained with hematoxylin and eosin,
as well as Van Gieson's picrofuchsin and analyzed
under an AxiostarPlus light microscope. Photographs
were taken using a Canon digital camera.

Histochemical reactions to collagen and glycos-
aminoglycans (GAGs) were used to assess the mac-
romolecular state of the articular cartilage matrix. To
study collagen types in polarized light, the sections
were stripped of celloidin and stained with sirius red.
During this study, the mature forms of collagen type
I glow red in polarized light, collagen type II glows
yellow, and collagen I glows green. Weak or ab-
sent refraction of collagen fibers reflects disorganiza-
tion of molecules as a result of collagenolysis. For
the analysis of sulfited GAGs (chondroitin-4- and
chondroitin-6-sulfate), sections were treated with to-
luidine blue at pH 2.5, then studied under a Polmy-A
polarizing microscope and photographed with a Ca-
non digital camera.

The study of the osteogenic activity of bone mar-
row stem stromal cells (BMSSCs) was performed in
13 patients with coxarthrosis and epiphyseal dyspla-
sia. Cloning of BMSSCs was carried out according
to the method of O. Ya. Friedenstein (1973) modi-
fied by V. S. Astakhova (1982) [21]. The material for
the study was cancellous bone, which was obtained
from the head of the femur during endoprosthetic re-
pair. Cloning was carried out under standard condi-
tions for 14 days without changing the culture me-
dium in Petri dishes at 37 °C in a gas mixture with
5 % CO, content in atmospheric air using lethally ir-
radiated rabbit bone marrow cells as a feeder.

The osteogenic activity of bone marrow stem stro-
mal cells was assessed by the total number of nucle-
ated cells, that of stem stromal cells by the number
of colony-forming units of bone marrow fibroblasts
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Fig. 1. Cells with a narrow elongated cytoplasm, located with
the long axis perpendicular to the articular surface. Lacunae
without chondrocytes. Expressed basophilia of lacunae in
the deep zone of articular cartilage. H&E staining

Fig. 2. Articular cartilage of the femoral head of a patient
with REED in polarized light. Red color corresponds to type I
collagen, green to type III, yellow to type II. Sirius red staining.
x 650 magnification

(CFUf) in 1 cm?®. The cloning efficiency of CFUf was
determined by the formula:

K/N x 10, ()
where K is the number of colonies that grew in a Petri
dish; N is the number of cells planted in a Petri dish.
The amount of CFUf in 1 cm® was determined by
the formula:

(KxN)/ (N x V), )
where K is the number of colonies that grew in a Petri
dish; N is the number of cells washed from the cancel-
lous bone sample; N is the number of planted cells;
V is the volume of the cancellous bone sample.

Calculations were carried out in each experiment
and on average in the group. Statistical processing
of the obtained material was performed using the Sta-
tistica software package. The average values are given
as the mean value of the indicator and the standard
error of the mean is M = m. To analyze the indica-
tors of osteogenic activity of the stem stromal cells
of the bone marrow of the femoral head of patients
with REED, the results of our previous studies on the
evaluation of the regenerative potential of the cancel-
lous bone of the proximal epimetaphysis of the femur
in normal conditions (control group) and similar in-
dicators of patients with idiopathic coxarthrosis with
a slow course of the disease were used [22].

Results and their discussion

Determination of osteogenic activity of BMSSCs

In total, 16 cancellous bone samples were studied,
from which 20 cultures of bone marrow mesenchymal
stromal cells were obtained. Significant results were
obtained in 13 cases, and in the remaining cultures,
fungi of the genus Aspergillus fumigatus and Aspergil-
lusniger and other bacterial flora germinated.

Fig. 3. Articular cartilage of the femoral head in polarized light: a) disorder of the arcade type of type Il collagen organization in
a patient with coxarthrosis and REED; b) orientation orderliness of collagen fibers under conditions of idiopathic coxarthrosis. Sirius
red staining. x 650 magnification
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Table

Indicators of osteogenic activity of bone marrow
stem stromal cells obtained from femoral heads

Group of patients Total number of nucleated cells Number of CFUf Efficiency of CFUf cloning
in 1 cm? x 107 in 1 cm? of spongiosa x 10*
0.95+£0.38 0.16 = 0.11 32.50 £22.44
Study (REED) n=16 n=13 n=13
Comparison . 133 + 1.07 0.026 = 0.01 5.62 + 4.54
(idiopathic coxarthrosis _ _ _
. n=9 n=9 n=9
with a slow course)
Control 13.06 + 0.70 1.28 £0,.13 10.80 = 2.00
n=239 n=126 n=126

The assessment showed certain differences in
the indicators of osteogenic activity (cloning efficien-
cy) in the observation groups (see Table).

Under normal conditions, an  average
of (13.06 £ 0.7) x 10" nucleated cells per 1 cm? are
counted in the head of the femur of an adult, the con-
tent of CFUf of the bone marrow per volume unit is
(1.28 £ 0.13) x 10%, and the cloning efficiency among
105 nuclear cells is (10.8 £ 2.0). In patients with REED,
the number of nucleated cells in 1 cm3 was 1.4 and
13.75 times lower than the indicators of patients with
idiopathic coxarthrosis and control group, respective-
ly. Regarding the effectiveness of bone marrow CFUf
cloning, in the case of coxarthrosis in patients with
REED, it was 5.8 and 3 times higher than in the com-
parison and control groups, respectively.

Thus, the comparative analysis of osteogenic ac-
tivity indicators of BMSSCs of the femoral head
shows that in patients with coxarthrosis, in the pre-
sence of REED, secondary to a significantly reduced
number of CFUTf per volume unit of spongiosa, their
proliferative potential is significantly increased. How-
ever, clonogenic activity at such a high level cannot
be maintained indefinitely, the proliferative potential
and golden reserve of the BMSSCs are exhausted too
quickly, and a state of decompensation of the bone's
reparative capabilities occurs.

Histological studies

The study of histological sections of the articular
cartilage of patients with REED under a light micro-
scope showed the presence of both universal chang-
es for osteoarthritis and differences in the structural
organization of non-calcified cartilage. In particular,
directly in the zone of calcified cartilage, there were
elongated cells with elongated filamentous nuclei, lo-
cated with their long axis perpendicular to the articular
surface and similar in phenotype to fibroblastic diferon
(Fig. 1).

A polarized light study of fragments of articular
cartilage obtained during surgery in patients with
coxarthrosis and REED determined a low content

of type II collagen almost to its complete disappear-
ance and a predominance of collagen types I and IIL
A significant content of mature type I collagen was
found not only in the surface zone of articular carti-
lage, but also in its larger part. Bundles of collagen
fibers containing type I collagen were randomly ar-
ranged and had an oblique or vertical orientation to
the surface of the cartilage (Fig. 2).

In the areas containing type II collagen fibers, their
distribution in patients with REED did not correspond
to the classic arcade type of organization of the colla-
gen network in the articular cartilage matrix (Fig. 3, a).
The direction of bundles of collagen fibers was mark-
edly different from that in the articular cartilage of pa-
tients with the corresponding stage of idiopathic cox-
arthrosis (Fig. 3, b).

Conclusions

Patients with radiological signs of epiphyseal dys-
plasia are shown to have clinically significant signs
of coxarthrosis at a working age, which determines
the social importance of the timely application of treat-
ment methods that can be used to maximally restore
the functional capabilities of the joint.

The advanced course of coxarthrosis in the patients
of the study group is associated not only with changes
in the shape of the epiphyses of the bones of the lower
limbs, but also with deep microstructural disturbances
in the organization of the articular cartilage matrix,
namely, with changes in the type of organization
of the collagen network.

Under the conditions of coxarthrosis in patients
with radiological signs of epiphyseal dysplasia, when
choosing a management strategy, the significantly in-
creased proliferative potential of bone marrow stromal
cells should be taken into account secondary to a sig-
nificantly reduced number of CFUf per unit volume
of cancellous bone, which indicates a risk of decom-
pensation of its reparative capabilities and makes it ex-
pedient to timely apply the method of endoprosthetic
repair of the joint.



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2022. Ne 3—4

Conflict of interest. The authors declare no conflict of

interest.

References

1.

10.

12.

Handa A. Radiologic features of type Il and type XI col-
lagenopathies / A. Handa, G. Grigelioniene, G. Nishimura //
Radiographics. — 2021. — Vol. 41 (1). — P. 192-209. — DOLI:
10.1148/rg.2021200075.

Gregersen P. A. Type I collagen disorders overview / P. A. Gre-
gersen, R. Savarirayan / GeneReviews® [Internet]. / Eds.
M. P. Adam, H. H. Ardinger, R. A. Pagon [et al.]. — Univer-
sity of Washington, Seattle, 2019. — Available from: https://
pubmed.ncbi.nlm.nih.gov/31021589/.

Nosology and classification of genetic skeletal disorders : 2019
revision/ G. R. Mortier, D. H. Cohn, V. Cormier-Daire [et al.] /
American journal of medical genetics. Part A. — 2019. —
Vol. 179 (12). — P. 2393-2419. — DOI: 10.1002/ajmg.a.61366.
Changes in skeletal dysplasia nosology / M. C. Jurca, S. I. Jurca,
F. Mirodot [et al.] / Romanian journal of morphology and
embryology. — 2021. — Vol. 62 (3). — P. 689—696. — DOI:
10.47162/RIME.62.3.05.

Bone dysplasias: an atlas of genetic disorders of skeletal
development / J. W. Spranger, P. W. Brill, C. Hall [et al.]. —
4t ed. — Oxford University Press, 2018. — 928 p.

Towards an ICF-based self-report questionnaire for people
with skeletal dysplasia to study health, functioning, disability
and accessibility / H. Anttila, S. Tallqvist, M. Munoz [et al.] //
Orphanet Journal of Rare Diseases. — 2021.— Vol. 16 (1). —
Article ID: 236. — DOI: 10.1186/ s13023-021-01857-7.
Functioning and equality according to International Clas-
sification of Functioning, Disability and Health (ICF) in
people with skeletal dysplasia compared to matched control
subjects — a cross-sectional survey study / H. Hyvonen,
H. Anttila, S. Tallqvist, M. Munoz [et al.] / BMC Muscu-
loskeletal Disorders. — 2020. — Vol. 21 (1). — Article ID:
808. — DOI: 10.1186/512891-020-03835-9.PMID: 33276750.
Twenty years of lameness: a mystery / Z. Liu, B. Teng, J. Wu
[etal.] / Journal of Xiangya Medicine. —2020. — Vol. 5 (16). —
DOI: 10.21037/jxym.2020.03.01.

Patients with musculoskeletal dysplasia undergoing total joint
arthroplasty are at increased risk of surgical site Infection /
H. Patel, K. H. Cichos, A. S. Moon [et al.] / Orthopaedics &
Traumatology, Surgery & Research. —2019. — Vol. 105 (7). —
P .1297-1301. — DOI: 10.1016/j.0tsr.2019.06.013.

Skeletal deterioration in COL2A1-related spondyloepiphyseal
dysplasia occurs prior to osteoarthriti / T. Rolvien, T. A. Yorgan,
U. Kornak [et al.] / Osteoarthritis and Cartilage. — 2020. —
Vol. 28 (3). —P. 334-343. — DOI: 10.1016/j.joca.2019.12.011.
Best practice guidelines regarding diagnosis and manage-
ment of patients with type II collagen disorders / R. Sa-
varirayan, V. Bompadre, M. B. Bober [et al.] / Genetics in
Medicine. — 2019. — Vol. 21 (9). — P. 2070-2080. — DOI:
10.1038/541436-019-0446-9.

A study of the clinical and radiological features in a cohort

15.

16.

17.

18.

19.

20.

21.

22.

23.

of 93 patients with a COL2A1 mutation causing spondy-
loepiphyseal dysplasia congenita or a related phenotype /
P. A. Terhal, R. J. Nievelstein, E. J. Verver [et al.] / American
Journal of Medical genetics. Part A. —2015. — Vol. 67A (3). —
P. 461-75. — DOI: 10.1002/ajmg.a.36922.

. Best practices in peri-operative management of patients with

skeletal dysplasias / K. K. White, V. Bompadre, M. J. Goldberg
[et al.] / American Journal of Medical genetics. Part A. —
2017. — Vol. 173 (3). — P. 2584-2595. — DOI: 10.1002/
ajmg.a.38357.

Memminger M. K. Dysplasia spondyloepiphysaria and patella
dislocation: a case followed over 10 years / M. K. Memminger //
Acta Biomedica. — 2019. — Vol. 90 (3). — P. 326-330. —
DOI: 10.23750/abm.v90i3.7247.

One stage bilateral total hip arthroplasty in siblings with
Larsen syndrome / C. Merle, W. Waldstein, J. D. Lipman
[et al.] / The Open Orthopaedics Journal. — 2016. — Vol. 10. —
P. 569-576. — DOI: 10.2174/1874325001610010569.

Sponer P. Total knee arthroplasty in spondyloepiphyseal dys-
plasia with irreducible congenital dislocation of the patella: case
report and literature review / P. Sponer, M. Korbel, T. Kucera /
Therapeutics and Clinical Risk Management. 2021.— Vol. 17.—
P. 275-283. — DOI: 10.2147/TCRM.S294876.
Morphological signs of connective tissue dysplasia as pre-
dictors of frequent post-exercise musculoskeletal disorders /
V. N. Nikolenko, M. V. Oganesyan, A. D. Vovkogon [et al.] //
BMC Musculoskeletal Disorders. — 2020. — Vol. 21 (1). —
Article ID: 660. — DOI: 10.1186/s12891-020-03698-0.
Hybrid total hip arthroplasty for multiple epiphyseal dysplasia /
J. Vanlommel, L. Vanlommel, B. Molenaers, J. P. Simon //
Orthop Traumatol Surg Res. — 2017. — Vol. 104 (3). —
P. 301-305. — DOI: 10.1016/j.0tsr.2017.11.014.

Total hip arthroplasty reduces pain and improves function in
patients with spondyloepiphyseal dysplasia: a long-term outcome
study of 50 cases / C. C. Wyles, J. A. Panos, M. T. Houdek
[et al.] // Journal of Arthroplasty. — 2019. — Vol. 34. —
P. 517-521. — DOI: 10.1016/j.arth.2018.10.028.

Short-term outcomes of total hip arthroplasty in the treat-
ment of Tonnis grade 3 hip osteoarthritis in patients with
spondyloepiphyseal dysplasia / Y. Ke, Q. Zhang, Y. Q. Ma
[et al.] // Journal of Peking University (Health Sciences). —
2021.—Vol. 53 (1). — P. 175-182.— DOI: 10.19723/j.issn.1671-
167X.2021.01.026.

The open triradiate cartilage: how young is too young for total
hip arthroplasty? / W. Rainer, M. B. Shirley, R. T. Trousdale,
W. J. Shaughnessy // Journal of Pediatric Orthopedics. —
2021. — Vol. 41 (9). — P. €793—799. — DOI: 10.1097/
BP0O.0000000000001940.

Astakhova V. S. Human’s osteogenic bone marrow progenitor
cells / V. S. Astakhova. — Kyiv : Phoenix, 2000. — 176 p.
Gaiko GV, Panchenko LM, Kalashnikov OV. Relationship
of clonogenic activity of bone marrow stem stromal cells and
the course of idiopathic coxarthrosis. Herald of Orthopaedics,
Traumatology and Prosthetics. — 2012. — No. 2. — P. 30-33

The article has been sent to the editors 11.07.2022



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2022. Ne 3—4

HISTOLOGICAL FEATURES OF ARTICULAR CARTILAGE

AND BONE MARROW REPARATIVE POTENTIAL UNDER CONDITIONS
OF COXARTHRITIS IN PATIENTS WITH RADIOGRAPHIC SIGNS

OF EPIPHYSEAL DYSPLASIA

I. V. Huzhevskyi !, S. I. Herasymenko !, M. V. Poluliakh !, A. M. Babko !,
A. S. Herasymenko !, D. M. Poluliakh !, N. V. Diedukh 2, L. M. Panchenko !

!SI «Institute of Traumatology and Orthopedics of the NAMS of Ukraine», Kyiv
2 ST «Institute of Gerontology named after D.F. Chebotaryov NAMS of Ukraine», Kyiv

D4 Tgor Huzhevskyi, MD, PhD in Orthopaedics and Traumatology: guzhevsky.igor@gmail.com

> Sergey Herasymenko, MD, Doctor in Traumatology and Orthopaedics: kievorto3@gmail.com
0<1 Mikhail Poluliakh, MD, PhD: orthoin.ua@gmail.com

<] Andrey Babko, MD, PhD: orthokiev@i.ua

P4l Andrey Herasymenko, MD, PhD in Orthopaedics and Traumatology: corado734@ukr.net

<] Dmitry Poluliakh, MD, PhD in Orthopaedics and Traumatology: dmpoluliakh@gmail.com
0< Ninel Diedukh, Doctor in Biol. Sci: dedukh_ninel@ukr.net

D4 Lesya Panchenko, MD, PhD: panchenko Im@ukr.net



