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K CBEAEHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITHIO HEOOXOMNMO COOTIONATh CISAYIONINE TIPaBHIIA;

1. CraTps 1oyKHA OBITH MPEJCTABICHA B IBYX DK3EMIUISIPAX, HA PYCCKOM MM aHTIIUHACKOM SI3bI-
Kax, Hare4yaTaHHas Yepe3 MoJTOPa HHTEPBAJa HA OHOIl CTOPOHE CTAHAAPTHOTO JINCTA ¢ IIMPUHOMH
JIEBOTO TOJIA B TPU caHTHMeTpa. Vcroiap3yeMblil KOMITBIOTEPHBIN MIpU(T U TEKCTa Ha PYCCKOM U
anmniickoM s3pikax - Times New Roman (Kupuuinna), 111 TeKCTa Ha TPYy3UHCKOM SI3BIKE CIEIYeT
ucnons3oBath AcadNusx. Pasmep mpudra - 12. K pykonucu, HareyaraHHON Ha KOMIIBIOTEPE, 1OJDKEH
OBITH TIpHTOkeH CD co cTaTheit.

2. Pa3mep craTbu 10JKEH OBITH HE MEHEe IECSTH U He OoJiee 1BaAaTH CTPAHUI] MAITMHOIIHCH,
BKITIOYAs yKa3aTelb JINTEPaTyphl U Pe3toMe Ha aHTJIIMICKOM, PYCCKOM U TPY3MHCKOM SI3BIKaX.

3. B crarbe 10mKHBI OBITH OCBEIIEHBI AKTYaTbHOCTh JAHHOTO MaTepHalia, MEeTOJIBI X PE3YIIbTaThI
WCCIIeIOBaHUSI U MX 00CYKICHHE.

[Ipu npencTaBneHny B reUaTh HAyYHBIX IKCIIEPUMEHTAITLHBIX paO0T aBTOPHI JIOJIKHBI YKa3bIBaTh
BH]l ¥ KOJMYECTBO JKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS H
YCBITUIEHHUS (B XO/1€ OCTPBIX OIBITOB).

4. K crarbe IOMHKHBI OBITH MPUIOKEHBI KPAaTKOE (HA MOJICTPAHUIIBI) PE3FOME Ha aHTIIUHCKOM,
PYCCKOM H TPY3MHCKOM $I3bIKaX (BKJIFOUYAIOIIEE CIICAYIOIIHE Pa3/Ieibl: IeJb UCCIIeJOBaHuUs, MaTepral U
METOJTBI, PE3YIBTATHI M 3aKTFOUCHHE) U CIIHCOK KITF0UeBEIX ciioB (key words).

5. Tabmuiibl HEOOXOUMO MPEACTABIISITE B ITe4aTHO# popme. DoTokonuu He puHUMaroTcs. Bee
nu(ppoBbIe, HTOTOBbIE U MPOIEHTHHIE JAHHBIE B TA0JHIAX JOJKHBI COOTBETCTBOBATh TAKOBBIM B
TeKcTe cTaTbu. Ta0nuIbe! 1 rpaduKH TOJKHBI OBITH 03aITIaBICHBI.

6. dororpadun AOIKHBI OBITh KOHTPACTHBIMHU, (DOTOKOIHHU C PEHTTEHOTPAMM - B IO3UTHBHOM
n300pakeHUH. PUCYHKH, YepTeXHU U JUArpaMMBbI CIICAYyeT 03aIIaBUTh, IPOHYMEPOBATh M BCTABUTH B
COOTBETCTBYIOITEe MecTo TekcTa B tiff popmare.

B moanucsx k MukpogoTorpadusiM ciieyeT yKa3blBaTh CTEIICHb YBEJIMUYCHUS Yepe3 OKYIISP HITH
00BEKTHB U METOJI OKPACKH WIJIM UMITPETHAIINN CPE30B.

7. ®aMHUINH OT€YECTBEHHBIX aBTOPOB MPUBOATCS B OPUTHHAIBHOW TPAHCKPHUTIITHH.

8. I1pu opopmiienun u HanpaBieHun crateid B >kypHan MHI mpocum aBTOpoB coOmonarh
NpaBuIIa, U3JIOKEHHBIC B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPECTABISIEMbIM B OMOMETUIIMHCKUE
JKYpHAJIBD», MPUHATHIX MeXKTyHapOIHBIM KOMUTETOM PEIAKTOPOB MEAMIIMHCKUX KYPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B xoHIIe Ka)X0i OPUTHHAIBHON CTaThH MPUBOAMUTCS Onbinorpaduuecknii cnucok. B cnmcok nutepa-
TYpBI BKJIIOYAIOTCS] BCE MaTepHalibl, Ha KOTOpble UMEIOTCS CCBIIKM B TekcTe. CIHCOK COCTaBiseTcs B
andaBUTHOM MOpsIKE U HyMepyeTcs. JIuTteparypHblii HCTOYHUK TPUBOAUTCS Ha sI3bIKE OpUTrHMHana. B
CIIHMCKE JIUTEePaTyphl CHavYasa MPUBOJSITCS PaOOTHI, HAIMCAHHBIC 3HAKAMU TPY3WHCKOTO an(aBuTa, 3aTeM
Kupuuied u naruauned. CChUIKM Ha IIUTHPYEMble pabOThl B TEKCTE CTAaThbH JAIOTCS B KBaJpPaTHBIX
CKOOKax B BUJIC HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOW padOoTHI B CITUCKE TUTEpaTypbl. BonbmmH-
CTBO IUTUPOBAHHBIX UCTOYHUKOB JIOJDKHBI OBITh 32 TIOCTEIHUE 5-7 JIeT.

9. Jlns momydenus mpaBa Ha MyONHWKANWIO CTaThs JOJDKHA MMETh OT PyKOBOIHUTENS PAaOOTHI
WIN YUPEXKJCHUSI BU3Y U CONPOBOIUTEIHHOE OTHOILICHHUE, HAITMCAHHBIC MITM HalleYaTaHHbIe Ha OJaHKe
Y 3aBEPEHHBIC MOJIIICHIO U TICUAThIO.

10. B xoHIe cTaThu MOKHBI OBITH MOMAIMKCH BCEX aBTOPOB, IMOJHOCTHIO NMPUBEIACHBI UX
(hamuTiM, IMEHa M OTYECTBA, YKa3aHbl CIIy)KCOHBIH M JOMAalIHUH HOMEpa TeIe(OHOB U aapeca il
MHBIE KOOpAUHATHL. KomnuecTBo aBTOPOB (COaBTOPOB) HE JOJIKHO MPEBHIIIATH MATH YEJIOBEK.

11. Penakuus octapisiet 3a coOO0# MpaBo COKpaIaTh U UCIPABIIAThL CTaThi. KoppekTypa aBropam
HE BBICBIJIAeTCSI, BCs paboTa M cBepKa MPOBOAUTCS IO aBTOPCKOMY OpPUTHHAITY.

12. HepomycTuMO HampaBlieHHE B PEJAKIUI0 padoT, MPEACTABICHHBIX K TI€YaTH B WHBIX
M3/IaTeThCTBAX WITM OMYOJUKOBAHHBIX B IPYTHUX M3IAHUSIX.

IIpu HapymieHnH yKa3aHHBIX NPABHJ CTATHH He PACCMATPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or compu-
ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width, and 1.5 spacing
between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to Georgian and Russian
materials). With computer-printed texts please enclose a CD carrying the same file titled with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink (or
black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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REACTIVE-ADJUSTABLE RESTRUCTURING OF STERNUM IN RATS AFTER MODELING
OF MECHANICAL LOADING IN THE BIOMECHANICAL SYSTEM “STERNUM-RIBS-SPINE”

'Kaminska M., 'Dihtiar V., 2Dedukh N.,*Nikolchenko O.

IState Institution « Dnipropetrovsk Medical Academy of the Ministry of Health of Ukraine»;
State Institution «D.F. Chebotarev Institute of Gerontology of the National Academy of Medical Sciences of Ukraine» Kyiv,
3State Institution «Sytenko Institute of Spine and Joint Pathology of the National Academy
of Medical Sciences of Ukraine», Kharkiv, Ukraine

In the recent years, violations of the structural organization a
chest resulting from pectus excavatum (PE), scoliotic deformity
of the spine, traumatic injury, infection and tumors are studied
not only as a purely orthopedic and surgical problem, but also
as a component of pathological changes in the complex system
“sternum - ribs - spine”[1,12,22].

Considering the relationship of PE with chest scoliosis, it was
found that about 23-26% of patients have a combined pathology,
and 90% have posture disorders [14,16]. However, today there
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are only a few studies focused on the cross-interaction of scolio-
sis and chest deformity [22].

Generally accepted surgical intervention in a case of PE is
the minimally invasive technique by D. Nuss [5,18,21,23].
However, besides the positive simultaneous effect of PE cor-
rection, there is a prolonged state of mechanical loading,
which is not physiological for the body, and itself can lead to
the pathological changes in the ribs, sternum, spine and their
joints, and also affect on a scoliotic deformity, if it was pres-
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ent before surgical treatment [10,20]. The question of mutual
influence of the loading on the constituent structures in the
biomechanical system “sternum - ribs - spine” in a growing
organism remains unclear. Taking unresolved issues as a ba-
sis, we considered to create a deformation in the thoracolum-
bar part of spine, extending to other components of the chest,
to study the features of sternum reconstruction. Rats were
taken as a model object. Despite the fact that rats are most
often used in various experimental conditions, however, in
the literature we did not find data focused on the study struc-
tural features of the sternum under influence of prolonged
mechanical loading in the biomechanical system “sternum -
ribs - spine”.

Aim of the research - to conduct histological analysis of the
sternum immature rats after modeling mechanical loading in the
biomechanical system “sternum - ribs - spine”.

Material and methods. The experiments were carried out on
the basis of experimental biological clinic in the State Institution
«Sytenko Institute of Spine and Joint Pathology of the National
Academy of Medical Sciences of Ukraine», according to agree-
ment of a scientific and practical cooperation with State Institu-
tion” Dnipropetrovsk Medical Academy Ministry of Health of
Ukraine “from 12.05.2016.

Simulation of spinal deformity was performed on 8 male rats
in the population of experimental biological clinic State Insti-
tution «Sytenko Institute of Spine and Joint Pathology of the
National Academy of Medical Sciences of Ukraine». There were
taken 6 rats for control. In the beginning of experiment, animals
have 3 months. Their live weight was 190-240 g. (207.3 = 4.7
g.). At working with experimental animals, we were guided by
the “European Convention for the Protection of Vertebrate Ani-
mals, which are used for experiments and other scientific pur-
poses” [4,11,15].

The experimental research was approved by local bioethics
committee at the State Institution «Sytenko Institute of Spine
and Joint Pathology of the National Academy of Medical Sci-
ences of Ukraine» (protocol Ne 163 from 20.03.2017).

Modeling of scoliotic deformity in the biomechanical system
“sternum - ribs - spine” was performed surgically in the rats,
based on a well-known model of experimental scoliosis [19].
Eight animals under aseptic conditions underwent skin incisions
on the right side up to 0.5 cm in the region of a scapula and on
the left from the ileum wing. After this, tunnel was formed under
the skin in a blunt way. The scapula was stitched with the help
of lavsan thread Ne 9. The thread was made in a formed tunnel
to the ileum wing. The thread was shortened so that the scapula
and pelvis were brought together as much as possible. The il-
eum wing was stitched. The thread was easily palpated under the
skin, which made it possible to control degree of tension. Clini-
cally, a spinal deformity was shown immediately. It was formed
up to an angle of 90-85°.

Animals were operated under general thiopental anesthesia
(intramuscularly 50 mg/kg of a body weight). Wounds were
washed with bicillin-3. The skin was sutured with mephil by
the single interrupted sutures and treated with 10% of povidone-
iodine solution.

X-ray studies of rats were carried out after 1, 2 and 3 months
on the radiological apparatus RUM-4M. The angle of a spine
deformation in rats was determined according to the Ferguson
method.

For histological examination after removing control and
experimental rats from the experiment (after 1 and 3 months,
by 4 animals for each term), sternum with sections of the ribs

© GMN

connection was taken for analysis. The material was fixed in
10% of neutral formalin, passed through alcohols (from 50 to
96 °), through Nikiforov mixture (1:1) and put into celloidin
[6]. Slices obtained on Reichert microtome were stained with
hematoxylin - eosin, and also picrofuxin by van Gieson. Sec-
tions were analyzed under microscope «Micros» (Austria)
with image output to a computer monitor using DSM-800
camera.

The objects of histological examination were body, costo-
sternal joints and cartilage joints between parts of a sternum
- synchondrosis (synchondroses sternales): a xiphoid process
(synchondrosis xiphosternalis), handle of a sternum (synchon-
drosis manubriosternalis) and inter-segmented synchondroses
(synchondroses intersternebrales), adjacent to it zones of growth
and intercostal muscles.

Changes in the structures of intersegmental synchondrosis
and sternal growth zones were scored with using the following
gradations (Table 1).

Generally, we assessed status of intersegmental synchondro-
sis (16 objects) and growth zones (28 objects) for each period
of study in points. For comparative analysis between severities
of the changes was used a non-parametric criterion of Mann-
Whitney.

Results and discussion. X-ray studies. After modeling of
mechanical loading in the “sternum - ribs - spine” system
was obtained “S-shaped” deformation in the thoracic-lumbar
department of spine. After surgery and in 1 month on the
roentgenogram (Fig.1A), angle of deformation on the apex
of Th13-L1 was ranged from 75° to 85°. The asymmetry of
pelvic bones was observed, which indicates about the preser-
vation of mechanical loading in the system “sternum — ribs —
spine”. fter lavsan filament extraction in 2 months was noted
decreased angle of deformation to 55° - 45 ° (Fig.1B) and in
the final term (after 3 months) — from 35 to 45° (Fig.1C).

Histological research in 1 month after modeling. According
to the histological preparation, adaptive-compensatory chang-
es were found in all components of the rats’ sternum, but their
severity was not the same. There were not observed any pro-
nounced violations in the handle of a sternum on the area of its
connection with clavicles and cartilage the first pair of ribs.

However, areas of destructive changes in the intersegmen-
tal synchondrosis were found in the site of synchondrosis that
connects handle with a sternum body: heterogeneous eosin-
ophilia, formation of cracks and crevices, uneven localiza-
tion in the matrix of chondrocytes, appearance of cells with
pycnosis or lysis of the nuclei and areas without cells (Fig.
2A). Disorders with various manifestations are recorded in
all synchondrosis, the most pronounced of them were locat-
ed between 2, 3 and 4 segments of the sternum. Destructive
changes were detected in the areas of connection ribs with
synchondrosis of the sternum. The ribs in the contact area do
not have a head and neck. They are represented by ossified
cartilage, and under normal conditions they are tightly fuse
with the sternum synchondrosis [2].

In the experimental animals region of a sterno-costal con-
junction was disturbed due to the formation of large gaps and
destructive cavities, foci of lysis on the border between rib and
marginal synchondrosis, displacement of the ribs. In such areas
were located destructively modified chondrocytes with pyknotic
nuclei (Fig. A,B).

Growth zones adjacent to intersegmental synchondrosis were
with severe violations in the zoning of the epiphyseal cartilage.
In a resting zone the single chondrocytes were present. There
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Table 1. Gradation of morphological disorders (in points) in the area of synchondrosis and sternum growth zones

Graduation

Hyaline cartilage
of intersegmental synchondrosis (1 - 4)

Growth zones (cranial and caudal adjacent
to synchondrosis)

1 point, normal

Single chondrocytes with signs of destruction
may be present.

Zones have a characteristic structure of chondrocytes.
Single chondrocytes with signs of destruction in the pro-
liferation zone may be present.

2 points, mild
violations

Unequal arrangement of chondrocytes, small
areas without cells.

Uneven gaps between chondrocyte columns in the prolif-
eration zone. Single columns are reduced in height.

3 points,
moderate
violations

Local areas of the matrix without cells with
eosinophilic heterogeneity, cracks, crevices.
Chondrocytes with signs of degeneration in the
areas of the matrix.

Formation foci of destruction in the matrix between col-
umns of chondrocytes, reducing a height of the columns.
Dissociation of chondrocytes. Narrowing area of hyper-

trophied cartilage. Cracks.

4 points,
expressed
violations

Cystic cavities, foci of detritus. Germination of
blood vessels. Change of shape. Reduction of
chondrocyte density, death of chondrocyte in
some areas.

Narrowing and lack of growth zones in some areas. Loss
of characteristic zoning. Pycnosis and lysis of chondro-
cytes.
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Fig. 2 Sternum-rib joints. Fragment of ossified ribs and synchondrosis. Violations in the growth zones.

A. Central part of synchondrosis between second and third segments of the sternum. Cell-free areas.
Violation in the organization of chondrocytes. B. Synchondrosis and displaced fragment of the rib between third
and fourth segments of sternum in 1 month after modeling of scoliotic deformity. Coloring with hematoxylin and eosin.

Increase under a microscope *10
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were not detected signs of their proliferation, although some au-
thors consider this zone as cambial based on the experimental
studies with damage of proliferating and hypertrophic cartilage
zones [8]. There were detected some changes in the prolifera-
tion zone (Fig. 3). If in the control series of animals chondrocyte
columns were located relatively evenly, in its longitudinal axis
were included from 8 to 12 cells. Majority of the cells in this
zone had a flattened or wedge-shaped form, then in the animals
from experimental group, in which they have unclear location and
width. It were found shortened columns with two chondrocytes, the
formation of nodular-like proliferates of chondrocytes, the appear-
ance of round chondrocytes and the presence of extensive cell-free
areas with heterogeneous eosinophilia of matrix, which indicates a
violation of its macromolecular composition. A growth of epiphy-
seal cartilage is carried out by increasing of cells in the proliferation
zone and volume of matrix, synthesized by chondrocytes. The vio-
lation of its structure and function plays a crucial role in the forma-
tion deformations in children [3].

The zone of hypertrophy (its components: maturation, degen-
eration, and calcification) is narrow in both control and experi-
mental samples, but in the experimental group the density of
chondrocytes is low. Most of the expanded capsules were empty
or filled with detritus (Fig. 3). The calcification zone is narrow.
The few shortened trabeculae were revealed in the area of pri-
mary osteogenesis.

Fig. 3. Growth zone. Violation of organization the chondro-
cyte columns in the proliferation zone. Cell-free areas. Hyper-
trophy zone with destruction of chondrocytes and detritus in
capsules. Coloring with hematoxylin and eosin. Increase under
a microscope x40

The pronounced structural disturbances, in comparison with
other synchondrosis, were not recorded in the handle and xi-
phoid process of a sternum in the area of intersegmental syn-
chondrosis. The literature contains data obtained by a computed
tomography that in patients with scoliosis there were not found
changes in the organization of a sternum handle [13], which in-
dicates its tolerance to altered biomechanics.

The sternum in rats of this age is covered with a thin layer of
compact bone. There is a spongy bone inside with single narrow
bones trabeculae, disordered among a red bone marrow. Under
the conditions of a simulated mechanical loading, thickened
bone trabeculae are present in parts of the sternum body with
increased biomechanical loading.

The significant changes were found in the intercostal spaces
(Fig. 4). In the muscles that connected ossified ribs to each other
in some areas were observed a thinning, tears and discoloration
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of muscle fibers and also gaps in the area of their attachment to
the ribs. In the adjacent loose connective tissue was increased
adipocyte density. The number of fibroblasts was reduced.

Fig. 4. Part of the rib with ossified chondrocytes. There is
area of connection with synchondrosis. Fiber separation in the
perichondrium. The intercostal muscles are thinned, unevenly
colored. In the adjacent loose connective tissue is increased adi-
pocyte density, number of fibroblasts is reduced. Coloring with
hematoxylin and eosin. Increase under a microscope x4

3 months after modeling. As in the period of previous study,
its structural and functional elements were preserved in the
sternum of rats. The destructive and reparative manifestations
were recorded in it. There was shown violation an integrity of
epiphyseal cartilage with a breakthrough of cartilage tissue into
the body of caudally located segment (Fig. 5), foci of destruction
and edema in the areas of synchondrosis that connects handle
with a sternum body.

= aRe ¥, u

Fig. 5. Synchondrosis in a place of conjunction handle with
the body of a sternum. A. Growth of cartilaginous tissue of syn-
chondrosis in the body of a sternum in the form of ribbon-like
proliferates. There are areas of a growth zone with violations
(arrows). Destructive cavity (*). The newly formed bone tra-
beculae. Coloring with hematoxylin and eosin. Increase under
a microscope *20

In the synchondrosis density of chondrocytes was in-
creased, which indicates about repair of damaged areas. In
the areas of synchondrosis between 3 and 4 segments of a
sternum, destructive and adaptive-compensatory changes
were also noted. In two cases was found growth of a vascular-
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rich connective tissue into synchondrosis (Fig. 6), vascular
stasis, which leads to the changes properties of this structure.
However, such findings can also be considered as reparative
in a form of dysregeneration.

Fig. 6. Focal growth of connective tissue in the central part
of intersegmental (between 3 and 4 segments) sternal synchon-
drosis. Vessels. Stasis. Coloring with hematoxylin and eosin. In-
crease under a microscope %10

In the growth zones destructive cavities with detritus were
present. The columnar organization of chondrocytes was im-
paired in the proliferation zone. The foci of mineralization and
bone formation were identified in the matrix on the place of
dead chondrocytes (Fig. 5). Chondrocytes were rarely formed
columns. They were located in expanded capsules, had a small
weakly expressed basophilic colored nuclei. Some of them have
signs of lysis, which testified about their death.

Destruction or violation structural organization of the growth
zones in areas under conditions of impaired biomechanics led
to the following changes: the segments of a sternum in animals
were reduced in size.

In the work [13] was shown that state of the sternum was stud-
ied by computed tomography in patients with scoliotic disease.
The asymmetric changes were detected in the number, place
and time of a sternum ossification. In our study were founded
a single thickened bone trabeculae with signs of the reparative-
adaptive reaction, with different density of osteocytes, focused
on a sternum body near growth zone in the area of primary os-
teogenesis. A red bone marrow with an increased adipocyte den-
sity was located in the intertrabular spaces. In another study pre-
sented in the literature, authors surgically destroyed the growth
zone of a sternum in tetrapods or bipedal mice (with amputated
forelimbs and tail). The given study shown a decrease size of
the sternum, which they associate with progression of scoliotic
deformity in these animals [9]. The two subsystems: the sternum
and a spine are closely interconnected under conditions of in-
creased mechanical loading carried out in the experimental con-
ditions. In our data of research was evidenced some changes in
the sternum components under inadequate mechanical loading
due to the spinal deformation.

Significant changes were recorded in the areas of sterno-costal
joints. At the place of junction the formation various sizes of de-
structive cavities filled with detritus were determined (Fig. 7).
There were shown destructive cracks and crevices in the ossified
costal cartilage. Around it a matrix organization was impaired, and
chondrocytes were observed with signs of destruction. In addition,
there was found a violation in the place of connection ribs with syn-
chondrosis, which were often acquired an angular deviation.
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A study of the muscles in the intercostal spaces showed that
in the areas of their attachment to the perichondrium, especially
in the region of fourth pair of ribs, destructive changes were as-
sociated with stratification and thinning of muscle fibers. Some
of them were found with tears. Violations in the location of
myocytes were revealed, the low density of which was shown
in the marginal sections of muscle fibers. Some of the myocytes
were arranged in chains in central sections of the fibers. De-
structive cavities were revealed between bundles of muscle fi-
bers (Fig. 8). In the loose connective tissue focused in the areas
between the ribs and muscles, the changes were similar to those
described above.

Fig. 7. Rib cartilage in the area of connection with synchon-
drosis. Destructive cavity with detritus. Pycnosis of chondro-
cytes. Coloring with hematoxylin and eosin. Increase under a
microscope x10

Gaps in the muscle fibers were also found in the areas of mus-
cle attachment to V pair of ribs. In the muscles was impaired
lateral striation. Some fibers were thin with breaks and foci of
lysis (Fig. 8). Myocyte density is low. In some areas between
muscle fibers was increased density of fibroblasts, which were
located among thick bundles of collagen fibers.

Fig. 8. Fragment of a rib. Muscles of the intercostal space.
Organization of muscle fibers and their attachment to perichon-
drium of the rib is disrupted. Edematous cavities between the
muscles and perichondrium. Coloring with hematoxylin and eo-
sin. Increase under a microscope x10

Data of qualitative morphological studies was based on the
indicators reflecting changes in the structure of synchondrosis
(Table 1) and growth zone are presented in (Table 2).
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The study, based on a score (in points) of indicators reflecting
state of a structural organization sternum components, showed
that restoration processes in synchondrosis and growth zones
take place, but destructive changes are persist.

In the studies biomechanical methods were used. It was
proved that moving components of the chest are closely inter-
connected by multidirectional biomechanical forces, while cre-
ation of biomechanical loading in one components of the system
extends to its other parts [17]. That is, the reproduced mechani-
cal loading in the area of “sternum- ribs” connection is extends
to the “ribs-spine” area and in the opposite direction. These dis-
orders cover a wide range of clinical, functional, cosmetic and
social problems [7] and in the most cases require surgical treat-
ment with simultaneous corrections of PE and scoliotic spinal
deformity [12].

Based on the data of surgical treatment of 779 patients with
PE (operated from 2007 to 2011) by D. Nuss method, the au-
thors concluded that if patients with PE and scoliosis have a pre-
operative angle (by Cobb’s method) is more than 15 °, deforma-
tion can get worse [10]. The authors believe that further studies
should be focused on the effect of changes in a chest on the dy-
namics of recovery a spine after disturbed biomechanical load-
ing. Finally, the question of relationship for these structural units
should be taken into account both by clinicians and researchers.

Conclusion. 1.The destructive disorders with pronounced
manifestations in its elements were revealed on the model of spi-
nal deformity in rats during study structural organization of the
sternum. The structural abnormalities mainly have been shown
after 1 month in the intersegmental synchondrosis, in the areas
of ossified cartilage with synchondrosis, in the growth zones of
the sternum segments. The given disorders reflect the biome-
chanical loading that is transmitted to the front part of a chest
under conditions of a spinal deformity. 2. Long-term mechanical
loading in the biomechanical system «sternum - ribs - spine»
leads to the degenerative changes. After 1 month gradation of
morphological abnormalities in the area of hyaline cartilage
an intersegmental synchondrosis is 3.063+0.17 points, in the
growth zone of a sternum is 3.071+0.15 points. In the 3 months
after modeling it is decreases to 2.4+0.16 points and 2.464 +
0.14 points, respectively. 3.The creation state of a prolonged me-
chanical loading in the “sternum — ribs — spine” system is nega-
tively affects on the trophism and leads to degenerative changes
in the bone-cartilaginous structures. Over time a tendency to de-
crease and develop recovery processes is observed in a case of
decreasing degree of tension.
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SUMMARY

REACTIVE-ADJUSTABLE RESTRUCTURING OF STERNUM IN RATS AFTER MODELING
OF MECHANICAL LOADING IN THE BIOMECHANICAL SYSTEM “STERNUM-RIBS-SPINE”

"Kaminska M., 'Dihtiar V., 2Dedukh N.,*Nikolchenko O.

IState Institution «Dnipropetrovsk Medical Academy of the Ministry of Health of Ukrainey;
2State Institution «D.F. Chebotarev Institute of Gerontology of the National Academy of Medical Sciences of Ukraine» Kyiv,
State Institution «Sytenko Institute of Spine and Joint Pathology
of the National Academy of Medical Sciences of Ukraine», Kharkiv, Ukraine

Aim of the research - to conduct histological analysis of the
sternum immature rats after modeling mechanical loading in the
biomechanical system “sternum - ribs - spine”.

The studies were conducted on 14 rats. In 8 rats a spinal de-
formity was simulated according to the method of Sarwark JF
et al. in our modification. In control 6 animals were used. X-ray
studies were performed in the 1, 2 and 3 months after modeling,
histological research was carried out in the 1 and 3 months with
definition a gradation (in points) of changes in the structural ele-
ments of a sternum.

Significant abnormalities were observed mainly in the inter-
segmental synchondrosis, areas of attachment of ribs and growth
zones of the sternum segments. The cracks and crevices with
adjacent degeneratively altered chondrocytes — with pycnosis
or nuclear lysis form in the area of synchondrosis and places of
its fusion with ossified costal cartilage. Severe disorders are ob-

served in the growth zones of sternum body segments. The nar-
rowing of a growth plate due to its destruction in some areas was
revealed. Violations in the organization a zone of proliferation
of chondrocytes, narrowing a zone of hypertrophy lead to the
violation a growth process in the sternum. Reparative manifesta-
tions are present in these structures after removal of a mechani-
cal loading, but with the partially preserved deformations of a
spine, however, destructive disorders are persisting.

Creation state of a prolonged mechanical loading in the “ster-
num — ribs — spine” system is negatively affects on the trophism
and leads to degenerative changes in the bone-cartilaginous
structures. Over time a tendency to decrease and develop re-
covery processes is observed in a case of decreasing degree of
tension.

Keywords: rats, sternum, ribs, experiment, violation of bio-
mechanics, histological studies.

PE3IOME

PEAKTUBHO-IPUCITOCOBUTEJIBHAS TEPECTPOMKA T'PYIUHBI KPBIC
MNOCJIE MOAEJIHUPOBAHUS MEXAHUYECKOI'O HAIIPSI>DKEHU S
B BUOMEXAHUYECKOM CUCTEME «I'PYIMHA-PEBPA-IIO3BOHOYHUK»

"Kamunckast M.O., Tertsaps B.A., *Jlexyx H.B., *Hukonnuenko O.A.

Tocyoapcmeentoe yupesicoenue «/Inenponemposckas Meouyurckas akademus Munucmepcemea 30pagooXpanenust YKpaunoLy,
’Tocyoapemesennoe yupescoenue « Anemumym ceponmonocuu um. [.@.Yebomapesa
Hayuonanvrhoii akademuu meouyunckux Hayk Yrpaurnoly, Kueg;
STocydapemeennoe yupesicoenue « Mnemumym namono2ui NO360HOUHUKA U CYCMABO8
um. npop. M.U. Cumenro Hayuonanvroii akademuu MeOUYyuHCKUX Hayk Ykpaunvly, Xapokos, Ykpauna

Ilens mccnenoBaHus - THCTOJOTHYECKUN aHAIU3 TPYJHHEI
HETIOJIOBO3PEIIBIX KPBIC ITOCIIEe MOJICIHPOBAHUS MeXaHHYe-
CKOTO HAmNpsDKEHUS B OMOMEXaHHUSCKON CHUCTEME «TpyIuHa
— pebpa — MO3BOHOYHHKY.

Hccenenosanus nposeeHsl Ha 14 Kpbicax, U3 HUX y 8 MOJEIH-
poBaH redpopMarnuio No3BoHoIHHKa 1o Metoxy Sarwark JF et al.
B MOAM(HUKAINY aBTOPOB, 6 >KMBOTHEIX MCIOIB30BAIIN B Ka4EeCTBE
KOHTPOJIS. PeHTreHomornyeckne MccienoBaHus TPOBOMIIIN CITy-
crs 1, 2 u 3 Mec. Toclie MOASIMPOBAHMSI, THCTOJIOTMIECKHE — CITy-
crst 1 m 3 Mec. ¢ ompeneneHueM rpajfaiyy (0auibl) H3MEHeHUs
CTPYKTYPHBIX 3JIEMEHTOB TPYNHBL

BripaxkeHHBIE HapymIeHUs] HAOMIOJATH B OCHOBHOM B MEXK-
CerMEHTapHBIX CHHXOH/IPO3aX, y9acTKax MPHKpeIuIeHns pedep
1 30HaX POCTa CETMEHTOB I'PYIUHEL B o0macTi cHHXOHAPO30B
1 Ha y9acTKaX e€ro CpamieHus ¢ 0CCH(OUINPOBAHHBIM PEOSPHBIM
XpsoM (GopMHUPYIOTCSl OOIMIMPHBIE TPEIIWHBI U IIEIH C MpPH-
JIeKAMMMH JIeTeHePaTUBHO N3MEHEHHBIMU XOHJPOIUTAMU — C
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MUKHO30M HWJIU JU3UCOM sJep. BelpaskeHHbIe HapylIeHUs IPO-
CJICKUBAIOTCA B 30HaX POCTa CErMEHTOB Tela IPyAUHBL. Bbl-
SBJICHO CY>KEHHE ILIACTUHKH POCTa 3a CUET pa3pylICHUs e Ha
yuacTkax. Hapymenne opranu3anuy 30HbI TposHQepauu XoH-
JIPOINTOB, CyXKEHHE 30HBI THIIEPTPOGHN IPHBOIUT K 3aJEPIKKe
POCTOBOTO MPOIIECCA TPYANHEL.

PenapaTuBHEIE NMPOSIBIECHUS B OTHX CTPYKTypax IPHUCYT-
CTBYIOT U IIOCJIE CHSATUS MEXaHHYECKOW Harpys3Kku, HO C 4a-
CTHYHO COXPAaHEHHBIMH Je(OpMaIUsIMH IT03BOHOYHUKA, O-
HAaKo, IeCTPYKTUBHBIC HAPYIICHUS COXPAHIIOTC.

Co3znaHue COCTOSHMS [UINTEIBHOTO MEXaHUYECKOrO Hampsi-
JKEHHS B CUCTEME «TpyJIHHA — pedpa — MO3BOHOYHHKY» OTpPHIIA-
TEIBHO BIUSIET Ha TPO(MUKY U IIPUBOJUT K JIETCHEPATHBHBIM U3-
MEHEHUSAM KOCTHO-XPSILIEBBIX CTPYKTYP, a C TCUEHHEM BPEMEHHU
IIPU YMEHBILICHUU CTECIICHU HANPSLKCHUS IPOCICKUBACTCS TCH-
JCHLUS K UX YMEHBUICHUIO U PAa3BUTUI0 BOCCTAHOBUTEIBHBIX
TIPOLIECCOB.
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COMPARATIVE ANALYSIS OF MORBIDITY INDICATORS AMONG THE POPULATION
OF THE EU AND UKRAINE UNDER CONDITIONS OF STRESSED LOAD OF THE
ANTI-TERRORIST OPERATIONS AND PSYCHOPROPHYLAXIC MEASURES

!Chorna V., 2Makhniuk V., 'Gumeniuk N., 'Khliestova S., 'Tomashevskyi A.

!National Pirogov Memorial Medical University, Vinnytsya,’State Institution «A.N. Marzieiev Institute
for Public Health, National Academy of Medical Sciences of Ukraine» Kyiv, Ukraine

During the years of independence, the value of the Human
Development Index (HDI) in Ukraine increased by 6.3% (from
0.705 to 0.750). However, the growth rate of Consolidated
Health Budget expenditures for WFP total expenditure de-
creased by 25.0% (1995/H015), and in the European region,
health care expenditures are steadily rising to 10.04% (2014)
[37,41]. The morbidity and prevalence rates increased with a
catastrophic decrease in the number of doctors in all special-
ties by 19.1% and nurses by 25.1%; the number of health care
institutions decreased by 53.8% and the number of hospital
beds by 37.6% (2015 per 10 thousand population). Instead, the
number of outpatient medical establishments per 10,000 people
increased by 38.9% (compared to 1995), but the facilities are
outdated. They need renovation of the building of the existing
healthcare facilities of Ukraine (since the leading fund of hos-
pitals built in the 60s of the last century), improvement of their
material and technical base, modernization, and complete equip-
ment of modern equipment [2,5,8,10,11,15, 21].

The current state of medical information exchange in health
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care facilities, which is at the level of Soviet hospitals, requires
decisive changes [6]. Whereas, when referring patients to dif-
ferent levels of health care institutions, data on their health sta-
tus are not accumulated and systematized for further analysis
and study, which affects the quality of care, and complicates the
process of quality control of medical care, remedial and preven-
tive measures, prediction of severity of disease and others [3,4].
Therefore, the creation of a single electronic system for the ex-
change of medical information about each patient to improve
the performance of healthcare facilities at all levels will meet
the requirements of reforming the patient-centered health care
system and contribute to the implementation of the program-
matic framework of the National Health 2020 Program Con-
cept: Ukrainian Dimension And the Sustainable Development
Strategy «Ukraine 2020» [1,16,17,20]. Application of the lat-
est information technologies in the health care system for all
Ukrainian citizens at the level of developed European countries,
including the use of the DALY (disability-adjusted life years)
indicator and a modern system of monitoring of public health in-
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