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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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локсана в дозе 170 мг/кг массы тела. Выделено 5 групп: 1) 
контрольная группа (n=8); 2) группа с DM (уровень BG≥8,0 
ммоль/л, n=8); 3) животные с явным диабетом, которым вво-
дили мелатонин (n=8); 4) крысы с аллоксановым диабетом 
с нарушенной толерантностью к глюкозе (IGT) (уровень 
BG≤6,9 ммоль/л, n=8); 5) животные с аллоксановым диа-
бетом с IGT, которым вводили мелатонин (n=8). Мелато-
нин («Sigma», США) вводили внутрибрюшинно в дозе 10 
мг/кг массы тела в 800 ежедневно в течение 7 дней, начи-
ная с 5-, 24-часового периода после инъекции аллоксана. 

Уровень TBCRC увеличивался на 70% в ткани сердца 
аллоксановых диабетических крыс с DM в сравнении 
с контрольным значением, тогда как уровни G-SH, ак-
тивность GPx, G-6-PhD и GR снижаются на 46%, 18%, 
39% и 21%, соответственно. Введение мелатонина 
крысам с аллоксановым диабетом способствует пони-
жению уровня BG, а также стабилизации показателей 
антиоксидантной защиты организма, таких как актив-
ность GR, GPx, G-6-PhD, количество TBCRC и G-SH в 
сердечной ткани крыс.

reziume

melatoninis inieqciis gavlena gulis qsovilSi glutationis sistemaze virTagvebSi 
eqsperimentuli diabetis pirobebSi

i.iaremi, o.kuSniri, iu.vepriuki, a.palamari, o.skrinCuki

ukrainis saxelmwifo saswavlo dawesebuleba 
“bukovinis saxelmwifo samedicino universiteti”, ukraina

kvlevis mizans warmoadgenda melatoninis gav-
lenis gansazRvra glukozis (BG) bazalur done-
ze, tiaberbituris mJavasTan reaqciaSi myof Sena-
erTebis doneze (TBCRC), aRdgenili glutationis 
doneze (GSH), glutationreduqtazis (GR), gluta-
tionperoqsidazis (GPx), glukozo-6-fosfatdegi-
drogenazis (G-6-PhD) aqtivobaze diabeturi vir-
Tagvebis gulis qsovilSi.
aloqsanuri Saqris diabetis (DM) modelireba 

xdeboda monohidrat aloqsanis 5%-iani xsnaris muc-
lis areSi SeyvaniT doziT 170 mg/kg. virTagvebi day-
ofili iyo 5 jgufad: I  - sakontrolo jgufi (n=8), 
II  jgufi - cxovelebi DM-iT (BG≥8,0 mmol/l, (n=8),  
III  jgufi – cxovelebi aloqsanuri diabetiT (n=8), 
romlebisTvisac SehyavdaT melatonini,  IV jgufi – 
cxovelebi aloqsanuri diabetiT glukozis mimarT 

darRveuli tolerantobiT (IGT, BG≤6,9 mmol/l, n=8), V 
jgufi – virTagvebi aloqsanuri diabetiT da IGT-iT 
(n=8), romlebisTvisac SehyavdaT melatonini («Sigma», 
aSS) muclis areSi, doziT 10 mg/kg yoveldRiurad 
dilis 8 sT 7  dRis ganmavlobaSi, aqolsanis Seyvani-
dan 5 da 24  saaTis Semdeg.
aloqsanuri diabetiT da DM virTagvebis gu-

lis qsovilSi TBCRC done gaizarda 70%-iT Se-
darebiT sakontrolo jgufTan, xolo G-SH, GPx, 
G-6-PhD da GR donis mniSvnrloba CamoqveiTda 
46%, 18%, 38% da 21%-iT, Sesabamisad. aloqsanuri 
diabetiT virTagvebisaTvis melatoninis Seyvana 
xels uwyobs BG-donis daqveiTebas, organizmis 
antioqsidanturi dacvis maCveneblebis - GR, GSH, 
GPx, G-6-PhD, TBCRC raodenoba da G-SH stabili-
zacias virTagvebis gulis qsovilSi.

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

1Kaminska M., 1Dihtiar V., 2Dedukh N., 3Nikolchenko O.

1State Institution «Dnipropetrovsk Medical Academy of the Ministry of Health of Ukraine»;
 2State 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 

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 № 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 № 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 90-85º.

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 

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 75º to 85º. 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 55º - 45 º (Fig.1B) and in 
the final term (after 3 months) – from 35 to 45º (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.

        A             B       C
Fig. 1. Imprints of X-ray studies of rats after modeling of spinal deformity

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 ×40

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 

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 ×4

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.

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. 

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 ×10

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 ×10

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).



 
GEORGIAN MEDICAL NEWS  
No 5 (302) 2020

© GMN 145 

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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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.

SUMMARY

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

1Kaminska M., 1Dihtiar V., 2Dedukh N., 3Nikolchenko O.

1State Institution «Dnipropetrovsk Medical Academy of the Ministry of Health of Ukraine»;
2State 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

РЕЗЮМЕ

РЕАКТИВНО-ПРИСПОСОБИТЕЛЬНАЯ ПЕРЕСТРОЙКА ГРУДИНЫ КРЫС 
ПОСЛЕ МОДЕЛИРОВАНИЯ МЕХАНИЧЕСКОГО НАПРЯЖЕНИЯ 

В БИОМЕХАНИЧЕСКОЙ СИСТЕМЕ «ГРУДИНА-РЕБРА-ПОЗВОНОЧНИК»

1Каминская М.О., 1Дегтярь В.А., 2Дедух Н.В.,, 
 3Никольченко О.А.

1Государственное учреждение «Днепропетровская медицинская академия Министерства здравоохранения Украины»; 
2Государственное учреждение «Институт геронтологии им. Д.Ф.Чеботарева 

Национальной академии медицинских наук Украины», Киев; 
3Государственное учреждение «Институт патологии позвоночника и суставов  

им. проф. М.И. Ситенко Национальной академии медицинских наук Украины», Харьков, Украина

Цель исследования - гистологический анализ грудины 
неполовозрелых крыс после моделирования механиче-
ского напряжения в биомеханической системе «грудина 
– ребра – позвоночник».

Исследования проведены на 14 крысах, из них у 8 модели-
ровали деформацию позвоночника по методу Sarwark JF et al. 
в модификации авторов, 6 животных использовали в качестве 
контроля. Рентгенологические исследования проводили спу-
стя 1, 2 и 3 мес. после моделирования, гистологические – спу-
стя 1 и 3 мес. с определением градации (баллы) изменения 
структурных элементов грудины. 

Выраженные нарушения наблюдали в основном в меж-
сегментарных синхондрозах, участках прикрепления ребер 
и зонах роста сегментов грудины. В области синхондрозов 
и на участках его сращения с оссифицированным реберным 
хрящом формируются обширные трещины и щели с при-
лежащими дегенеративно измененными хондроцитами – с 

пикнозом или лизисом ядер. Выраженные нарушения про-
слеживаются в зонах роста сегментов тела грудины. Вы-
явлено сужение пластинки роста за счет разрушения ее на 
участках. Нарушение организации зоны пролиферации хон-
дроцитов, сужение зоны гипертрофии приводит к задержке 
ростового процесса грудины.

Репаративные проявления в этих структурах присут-
ствуют и после снятия механической нагрузки, но с ча-
стично сохраненными деформациями позвоночника, од-
нако, деструктивные нарушения сохраняются.

Создание состояния длительного механического напря-
жения в системе «грудина – ребра – позвоночник» отрица-
тельно влияет на трофику и приводит к дегенеративным из-
менениям костно-хрящевых структур, а с течением времени 
при уменьшении степени напряжения прослеживается тен-
денция к их уменьшению и развитию восстановительных 
процессов. 
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reziume 

virTagvebis mkerdis Zvlis reaqtiul-Semgueb-
lobiTi gardaqmna meqanikuri Zabvis modelirebis 
Semdeg biomeqanikur sistemaSi “mkerdis Zvali-
neknebi-xerxemali”

1m.kaminskaia, 1v.degtiari, 2n.deduxi, 3o.nikolCenko

1dnepropetrovskis samedicino akademia; 
2d.Cebotariovis sax. gerontologiis instituti, 
kievi; 3prof. m.sitenkos sax. xerxemlisa da sax-
srebis paTologiis instituti, xarkovi, ukraina

kvlevis mizans warmoadgenda sqesobrivad moum-
wifebeli virTagvebis mkerdis Zvlis histolo-
giuiri analizi meqanikuri Zabvis modelirebis 
Semdeg biomeqanikur sistemaSi “mkerdis Zvali-
neknebi-xerxemali”.
kvleva Catarda 14  virTagvaze, romelTagan 

rvaSi modelirebuli iyo xerxemlis deformacia 
Sarwark JF da Tanaavt. meTodiT, statiis avtorebis 
modifikaciiT; 6 cxoveli gamoyenebuli iyo sa-
kontrolo jgufad. rentgenologiuri kvleva 
Catarda modelirebidan 1, 2, da 3 Tvis Semdeg, 
histologiuri ki – 1 da 3 Tvis Semdeg, mkerdis 
Zvlis struqturuli elementebi cvlilebebis 

gradaciis gansazRvriT (qulebSi). gamoxatuli 
cvlilebebi, ZiriTadad, aRiniSna segmentSoris 
sinqondrozebSi, neknebis mimagrebis ubnebsa da 
mkerdis Zvlis zrdis zonebSi. sinqondrozebis 
ubansa da neknis osificirebul xrtilTan misi 
Sezrdis adgilebSi yalibdeba farTo bzarebi da 
napralebi axlomdebare, degeneraciulad Secv-
lil qondrocitebTan – birTvebis piknoziT, an 
lizisiT. gamoxatuli cvlilebebi aRiniSneba 
mkerdis Zvlis segmentebis zrdis zonebSi. gamov-
lenilia zrdis firfitis daviwroeba ubnebze 
misi daSlis xarjze, qondrocitebis prolifera-
ciis zonis organizebis dazianeba, hipertrofiis 
zonis daviwroeba, rac iwvevs mkerdis Zvlis zr-
dis procesis darRvevas. 
meqanikuri daZabvis moxsnis Semdeg, magram xer-

xemlis nawilobriv SenaCunebuli deformaciis 
pirobebSi, am struqturebSi aRiniSneba repara-
ciuli gamovlinebani, Tumca, destruqciuli da-
zianebani SenarCunebulia.
xangrZlivi meqanikuri Zabvis mdgomareobis Se-

qmna sistemaSi “mkerdis Zvali-neknebi-xerxe-mali” 
uaryofiTad moqmedebs trofikaze da iwvevs Zval-
saxsrovani struqturebis degene-raciul cvli-
lebebs; droTa ganmavlobaSi ki, Zabvis Semcirebis 
pirobebSi, aRiniSneba am cvli-lebebis klebis ten-
dencia da aRdgeniTi procesebis ganviTareba.

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

1Chorna V., 2Makhniuk V., 1Gumeniuk N., 1Khliestova S., 1Тomashevskyi A.

1National Pirogov Memorial Medical University, Vinnytsya;2State 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). Нowever, 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 

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-


