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ABSTRACT. Background. In Ukraine, there has recently been an increase in the number of limb bone fractures among the
population, in particular, due to increase in the number of elderly people, which is associated with the development of age-
related osteoporosis and fragility of bones. Therefore, the use of artificial implants in traumatology is becoming increasingly
important. The search for new bioinert and biodegradable materials, that are capable of providing rapid fracture consolidation
and do not require repeated surgical intervention, continues. Objective. To elaborate a model for the research of using car-
bon-carbon composite nail for intramedullary osteosynthesis in laboratory rats with fractures of femur and tibia in norm and
with experimental osteoporosis. Methods. The work investigated the lower limbs of 6 groups of Wistar rats. The first part of
the study involved 4 groups of rats with modeled tibial fracture with subsequent osteosynthesis in norm and with experi-
mental osteoporosis. The second part of the research included two groups of laboratory rats with modeled femur fracture. In
both parts we used metal injection needle, as well as carbon-carbon composite nail for osteosynthesis. Results. All animals
underwent surgery well, stepped on the injured limb. X-ray examination after the osteosynthesis demonstrated satisfactory
reposition of the fragments. One month after modeled fracture in rats with experimental osteoporosis a violation of the nor-
mal consolidation of the fracture was observed, especially in the group where carbon-carbon composite nails were used for
osteosynthesis. Further, until the 180" day after the surgery there were no peculiarities, function of the limbs was restored,
mainly without expressed angular deformities. Conclusion. The above mentioned model was successfully elaborated for the
research of using carbon-carbon composite nail for intramedullary osteosynthesis in laboratory rats with fractures of femur
and tibia in norm and with experimental osteoporosis.
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Background

In Ukraine, there has recently been an increase
in the number of limb bone fractures among the
population, in particular, due to increase in the num-
ber of elderly people, which is associated with the
development of age-related osteoporosis and fragili-
ty of bones. Osteoporosis causes 0.3 million femoral
fractures per year in the United States and 1.7 mil-
lion femoral fractures in Europe. In Ukraine, osteo-
porosis affects more than 2.5 million women and
900 thousand men, with an annual increase in inci-

dence by 5% [1, 2].

Therefore, the use of artificial implants in
traumatology is becoming increasingly important.
The search for new bioinert and biodegradable mate-
rials, that are capable of providing rapid fracture
consolidation and do not require repeated surgical
intervention, continues. One of the directions of sci-
entific research in improving the results of osteosyn-
thesis may be the search for new materials that will
have more similar mechanical characteristics com-
pared to bone and can be used in osteosynthesis.
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For many years, stainless steel, cobalt-
chromium and titanium alloys have been the main
materials used to make various implants in trauma-
tology [3; 4].

It is known that standard surgical alloys, such
as stainless steel, cobalt and chromium alloys, are
susceptible to corrosion, the products of which cause
local inflammation [5; 6]. Issues of connective tissue
reactivity in this context remain insufficiently stud-
ied and require comprehensive study [7].

Recently, carbon composite porous materials
have been studied, in which due to the physicochem-
ical properties of the pores and irregularities of the
material are filled with bone tissue, providing im-
plants with biological fixation with the formation of
a strong bone-carbon block, which promotes rapid
and reliable consolidation. [8]

Carbon composite materials and carbon poly-
mers are new materials in medical practice. They are
successfully used in reconstructive surgery, dentis-
try, traumatology and orthopedics. The use of im-
plants made of carbon-carbon composite materials
(CCCM) can solve not only the problem of osteo-
synthesis of any location and length bone diaphysis,
but also provide a reliable long-term mechanical
connection of bone fragments of metaphyseal parts.

Purpose

To elaborate a model for the research of using
carbon-carbon composite nail for intramedullary
osteosynthesis in laboratory rats with fractures of
femur and tibia in norm and with experimental oste-
oporosis.

Materials and methods

The work investigated the lower limbs of 6
groups of Wistar rats, weighing 170-230 g (10-12
weeks at the beginning of the experiment), which
were pre-acclimatized for 14 days. The first part of
the study involved 4 groups of Wistar rats with
modeled tibial fracture with subsequent osteosynthe-
sis in norm and with experimental osteoporosis. The
second part of the research included two groups of
laboratory rats with modeled femur fracture. Based
on the literature data [9, 10], we have chosen the
optimal model.

The first experimental group consisted of 15
animals. In order to create the experimental osteopo-
rosis, animals of this group were injected intraperi-
toneally during 14 days with oil solution of retinol
acetate (34.4 mg / ml) at a dosage of 70 mg / Kkg.
Subsequently, the rats underwent modeling of a frac-
ture of the left tibia. For this, after anesthesia and
treatment of the operating field, approach was per-
formed along the anteromedial surface of the left
leg. Using Liston bone cutting forceps, a fracture of
the left tibia was performed at the level of the prox-
imal metaphysis, followed by intramedullary osteo-
synthesis using a metal injection needle (0.7 mm
thick). The wound was sutured in layers.

The second group consisted of 15 rats. Animals
of the control group underwent a similar operation -
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modeling a fracture of the left tibia with intramedul-
lary osteosynthesis using a metal injection needle
(0.7 mm thick), without preliminary osteoporosis
modeling.

The third experimental group consisted of 15
animals. In order to create the experimental osteopo-
rosis, animals of this group were injected intraperi-
toneally during 14 days with oil solution of retinol
acetate (34.4 mg / ml) at a dosage of 70 mg / kg.
Subsequently, the rats underwent modeling of a frac-
ture of the left tibia. For this, after anesthesia and
treatment of the operating field, approach was per-
formed along the anteromedial surface of the left
leg. Using Liston bone cutting forceps, a fracture of
the left tibia was performed at the level of the prox-
imal metaphysis, followed by intramedullary osteo-
synthesis using a carbon-carbon composite nail (1.0
mm thick). The wound was sutured in layers.

The fourth group consisted of 15 rats. Animals
of the control group underwent a similar operation -
modeling a fracture of the left tibia with intramedul-
lary osteosynthesis using a carbon-carbon composite
nail (1.0 mm thick), without preliminary osteoporo-
sis modeling.

The fifth group (18 rats) underwent modeling
of a fracture of the left femur. For this, after anesthe-
sia and treatment of the operating field, approach
was performed along the anteromedial surface of the
left thigh. Using Liston bone cutting forceps, a frac-
ture of the left tibia was performed at the level of the
diaphysis, followed by intramedullary osteosynthesis
using a carbon-carbon composite nail (1.2 mm
thick). The wound was sutured in layers.

The sixth group (18 rats) also underwent mod-
eling of a fracture of the left femur, followed by in-
tramedullary osteosynthesis using a metal injection
needle (0.7 mm thick).

Throughout the experiment, the animals were
under daily supervision; appetite, weight of animals,
condition of fur and mucous membranes, behavior
were noted. Every group was divided into three
equal parts (5-6 animals), then 30, 180 and 360 days
after the operation, laboratory animals were taken
out from the experiment for the further study of the
fracture site. X-ray examination was performed after
surgery and before withdrawal from the experiment

When working with animals we were guided by
«European Convention for the Protection of Verte-
brate Animals used for Experimental and Other Sci-
entific Purposes» (Strasbourg, 18.03.86) and Law of
Ukraine «On the protection of animals against cruel
treatment» (Ne 3447-1V).

Results and discussion

All animals underwent surgery well, stepped on
the injured limb. X-ray examination after the osteo-
synthesis demonstrated satisfactory reposition of the
fragments (Fig. 1, Fig.2).

One month after modeled fracture in rats with
experimental osteoporosis a violation of the normal
consolidation of the fracture was noted, especially in
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the group where carbon-carbon composite nails were
used for osteosynthesis (Fig. 3). We associate this
with intraoperative longitudinal bone split, which we
observed in some cases in rats with experimental
osteoporaosis.

norm and with experimental osteoporosis.

Prospects for further research

Next step of the research will include histologi-
cal, histochemical, immunohistochemical study of
the fracture site in all groups of laboratory animals.

Fig. 1. X-ray of the tibial fracture after osteosynthesis
using metal injection needle, the 1 day, group without os-
teoporosis.

Fig. 3. X-ray of the tibial fracture after osteosynthesis
using carbon-carbon composite nail, the 30" day, group
with osteoporosis.

Fig. 2. X-ray of the tibial fracture after osteosynthesis
using carbon-carbon composite nail, the 1* day, group with
osteoporosis.

Further, until the 180™ day after the surgery
there were no peculiarities, function of the limbs was
restored, mainly without expressed angular deformi-
ties (Fig. 4).

Conclusion

The above mentioned model was successfully
elaborated for the research of using carbon-carbon
composite nail for intramedullary osteosynthesis in
laboratory rats with fractures of femur and tibia in

Fig. 4. X-ray of the tibial fracture after osteosynthesis
using metal injection needle, the 180" day, group with oste-
oporosis.
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I'purop’eBa E.A., A6pocimo 10.10., Hopuuii B.B. Byrieub-pyrieneBuii KOMINO3MTHHI CTPUKEHb
AJIS iHTpaMeqyJISIPHOTO OCTEOCHHTe3Y Y IYPiB 3 eKCIepPUMEHTAJIbHIM 0CTe0N0opPo30M.

PE®EPAT. AkryansHicTb. B YkpaiHi IpoTAroM 0CTaHHBOTO Yacy CIIOCTEPITaeThCs 3pOCTaHHS KiIbKOCTI
MepesioMiB KICTOK KiHI[IBOK cepe]] HaceJIeHHs, 30KpeMa, yepe3 301IbIIeHHS YHCEeIbHOCTI 0Ci0 MOXMIIOro BiKY, IO
TIOB’SI3aHO 13 PO3BUTKOM BIKOBOTO OCTEONOPO3Y Ta JAMKOCTI KiCTOK. TOMy 3aCTOCYBaHHS IITYYHHUX IMIUIAHTATiB
B TpaBMaToJIorii HaOyBae Bce Oinbloi akTyanbHOCTI. [IpooBKy€eThCS MOLIYK HOBUX 0i0IHEpTHHX Ta Oiopo3Kia-
JAHUX MaTepiajiB, sKi 3AaTHI 3a0C3MEYUTH IIBUIKY KOHCOJIMAI0 MEPEIOMIB Ta HE MOTPEOYIOTh OBTOPHOIO
orepaTHBHOTO BTpy4aHHs. Mera. Po3poburtu Monens Juisi AOCIIKEHHS BUKOPUCTAHHS BYIJICIb-BYIJICLIEBOTO
KOMITO3UTHOTO CTPHXKHS JUIS IHTPAMEIyJIIPHOTO OCTEOCHHTE3y Yy Jab0paTOpPHUX LIYpiB 3 NMEpeIOMaMH CTeTHa i
TOMIJIKM B HOPMI 1 3 €KCIIEpPIMEHTAIBHIM OCTeoropo3oM. Meroaun. B po0oti mocmimkyBaay HIDKHI KiHIIBKH 6
rpym mrypiB niHii Bictap. V mepmriit wactuHi gocimkeHHsS Opaiy y9acTh 4 TPy MIypiB 3 MOACTHOBAHIM IIepe-
JIOMOM BEJIMKOTOMIJIKOBOT KICTKH 3 MOJaJbIINM OCTEOCHHTE30M B HOPMI Ta 3 €KCIEPUMEHTAIILHIM OCTEONOPO-
30M. Jlpyra yacTuHa HOCIIKEHHS BKIIIOYAIa /1Bl TPYITH 1aOOpaTOPHUX IHIypiB 3 MOAEIHOBAHUX IIEPETIOMOM CTe-
THOBOI KicTKH. B 000X 4acTHHAX BUKOPHCTOBYBAJIACs METAJIEBA 1H'€KIIHHA TOJIKA, & TAKOXK CTPHIKEHb 3 BYTJICIb-
BYIJICIIEBOTO KOMITO3UTY AJIsl ocTeocuHTe3y. PedynbraTu. Bei TBapuHM 100pe nepeHeciu onepariio, CTynaiu
Ha TPaBMOBaHY KiHIIBKY. PEHTI€HOJIOTIYHE JOCIIIKEHHS ITiCJIsi OCTEOCHHTE3Y M0Ka3aj0 33/I0BUIbHY PETO3HIIII0
ynamKkiB. Uepe3 MicsIlb MiC/IsE MOJICIIOBAHHS MEPEIOMY Y IIYPIB 3 €KCIICPUMEHTAIBHUM OCTEOIIOPO30M CIIOCTE-
pirajiocsi mopyIieHHss HOPMaJIbHOT KOHCOJIIAALIT repenoMy, 0COOJIMBO B TPYIIi, Jie Ul OCTEOCHHTE3y BUKOPHC-
TOBYBAJIMCSl CTPHIKHI 3 ByTJielb-ByriieneBoro komnoszuty. Hanaii go 180-ro mHs micist onepauii HiSKMX 0co0In-
BOCTEH He Big3Haydanocs, QYHKIS KiHIIBOK BiTHOBHJIACS, B OCHOBHOMY, 0€3 BUPa)XCHHUX KyTOBHUX Ie(OopMariil.
BucnHoBku. Bumesaznauena mozens Oyia ycIiHO po3poOieHa Juis JOCIHIIKEHHS BHUKOPHUCTAHHS BYTJICIb-
BYIJICIIEBOTO KOMIIO3UTHOTO CTPYOKHS JUISl IHTPAMEAYJIIPHOTO OCTEOCHHTE3Y Y J1a0OpaTOpHUX LIypiB 3 Mepelo-
MaMH CTETHOBOI 1 BEJIMKOTOMIJIKOBOI KICTKH B HOPMI Ta 3 €KCIIEPUMEHTAIILHIM OCTEOIOPO30M.

Karouosi caoBa: 11yp, BeTMKOrOMIJIKOBA KiCTKa, CTETHOBA KICTKa, IEPEJIOM, OCTEONOPO3, OCTEOCHHTES,
CTPIIKEHB 3 BYTJIELb-BYIJIELIEBOI0 KOMIIO3UTHOTO MaTepiainy (BBKM).

I'puropneBa E.A., AopocumoB 10.10., Uepnblii B.B. Yriepoa-yriiepoaubiii KOMIO3UTHBIN cTepkKeHb
A MHTPaMeAyJJISIPHOIO 0CTEOCHHTEe3a Y KPbIC ¢ IKCIEePHMEHTAJIBHBIM 0CTEOMOPO30M.

PE®EPAT. AktyajibHOCTb. B YKpanHe B mocneaHee BpeMs HaOII0IaeTCsl pOCT YUCIIa MEPEIOMOB KOCTEH
KOHEYHOCTEH Cpeay HacCeJIeHHs, B YACTHOCTH, M3-3a POCTa YHUCIA TOXKUIIBIX JIO/EH, YTO CBA3AaHO C Pa3BUTHEM
BO3PACTHOTO OCTEOIOopo3a U JOMKOCTH KocTeil. IloaToMy HCHoib30BaHME HCKYCCTBEHHBIX HMILIAHTATOB B
TPaBMAaTOJIOTHH CTAHOBUTCS BCe OOJiee aKTyalbHBIM. [Ipo0mKaOTCs MOMCKH HOBBIX OMOMHEPTHBIX U Onopasia-
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TaeMBIX MaTEPHAIIOB, CIIOCOOHBIX 00ECIIEYUTh OBICTPOE CpAIECHHE IEPEIIOMOB W HE TPEOYIONIMX MOBTOPHOTO
Xupypruaeckoro BMematenscTBa. Llesb. PazpaboraTte Momens g WcCiIeqOBaHUS HCIONB30BAaHUS YIIIEPOA-
YTIEPOJHOTO KOMIIO3UTHOTO CTEPXKHS Ui MHTPaAMEIyJUIIPHOTO OCTEOCHHTE3a Y JTaOOPaTOPHBIX KpBIC C Tiepe-
JoMamu Oezipa W TOJIGHH B HOPME U C SKCIIEPUMEHTAJIBHBIM ocTeonopo3oM. Meroabl. B pabore mccienoBaim
HIDKHHE KOHEYHOCTH 6 TPYII Kpbic JUHUH Buctap. B mepBoif wacTi mccienoBaHHS y4acTBOBAIU 4 TPYIIIIBI
KPBIC C MOJAETHPOBAHHBIM IIEPEIIOMOM OO0IBIIEOEPIIOBOM KOCTH € TOCIEAYIOMINM OCTEOCHHTE30M B HOPME U C
JKCIICPUMCHTAIBHBIM OCTEOIIOPO30M. BTOpast yacTh Mccie0BaHus BKIIIOYAA JBE TPYIIIBI Ja0OPATOPHBIX KPBIC
C MOJICIIMPOBAHHBIM MEPEIOMOM OEIPEHHOI KOCcTH. B 00enX 4acTaX HCIOJb30BaIaCh METATHUCCKAST HHBCKIIH-
OHHAs WIJa, a TAKXKE CTePKEHb U3 YIIIEPOJHO-YIJICPOIHOI0 KOMIIO3UTA JJIsl OcTeocuHTe3a. Pe3yabTaTsl. Bee
JKUBOTHBIC XOPOIIO MEPEHECITH OMEpaIfio, CTYNAId Ha TPABMHUPOBAHHYI) KOHEYHOCTh. PEHTTreHONIOrMmYecKoe
UCCIIeIOBaHKE TI0CTIe OCTEOCHHTE3a MOKA3aJI0 YIOBJIETBOPUTEIILHYIO PEIIO3UIIMIO OTIIOMKOB. Uepes mMecsI] mocie
MOJICIUPOBAHMS TIEPEIoMa Y KPBIC ¢ IKCIEPUMEHTAIFHBIM OCTEOMOPO30M HAOIIOIAIOCh HAPYIIICHUE HOPMaIb-
HOW KOHCOJUAAINH TIepesoMa, 0COOCHHO B TPYIIIE, TAe Ui OCTCOCHHTE3a MCIIONB30BANCH CTEPKHH U3 YTIIe-
pon-yriaepogHoro komro3uta. B nampaeiimem no 180-ro gHSA mocie omepanyuy HUKaKuX 0COOEHHOCTEH HE OTMe-
4anoch, QYHKINSA KOHEYHOCTEH BOCCTaHOBIIIACH, B OCHOBHOM, 0€3 BRIPAKCHHBIX YTIIOBHIX IedopManuii. BoiBo-
Abl. BrrmeymoMsHyTas Momens ObUIa yCIEIIHO pa3padoTaHa UIA WCCIEHOBAHUS HCIOJNB30BAHUS YIIIEPOA-
YTIEPOJHOTO KOMIIO3UTHOTO CTEPXKHS Ui WHTPaMEIyJUIIPHOTO OCTEOCHHTE3a Y JTaOOPaTOPHBIX KpBIC C Iepe-
JoMaM# OeIpeHHON 1 0OBIIeOePIIOBOM KOCTH B HOPME U C AKCIIEPIMEHTAIEHBIM OCTEOMOPO30M.

KaioueBble ciioBa: kpoica, OombliebepiioBas KOCTb, OeipeHHass KOCTh, NEPEIOM, OCTEONOPO3, OCTEOCHH-
Te3, CTEPIKEHb U3 YIIIEPOIHO-YTIIEPOJHOT0 KOMITO3uTHOTO Matepuana (Y YKM).
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