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OB OIIPEJEJEHNN MEXAHUYECKINX CBONCTB I'VBYATOI KOCTU
HA OCHOBE S5KCIIEPUMEHTOB I10 OJHOOCHOMY CZKATUIO

CapaToBcKUil HAITMOHAJIBHBIN UCC/IEI0BATEIbCKIAN TOCYIAPCTBEHHBIN YHUBEPCUTET UMEHU
H. I'. Yepusimesckoro, Caparos, Poccust

Awnnoranus. Pabora MOCBSIIIEHA ONPEIETEHUI0 MEXAHUIECKUX CBONCTB rybYaToil KOCTH MO JIAH-
HBIM 9KCIIEPUMEHTOB Ha OJHOOCHOE CXKATHE U pa3zpaboOTKe MOJIX0/I0B, 00ECIeINBAIONIIX COTIOCTABU-
MOCTH U BOCITPOU3BOIMOCTD TIOJIYYAEMbIX XapaKTEePUCTUK. AKTYaTbHOCTh UCCJIEIOBAHIS CBSI3aHA
¢ HEOOXOJIMMOCTHIO KOPPEKTHON OmeHKU 3(hHEKTUBHOTO MOJIY/Is YIIPYTOCTH U JIPYTUX MeXaHHdIe-
CKUX TIapaMeTPOB rybuaToil KOCTH Jjis 3aja9 OMOMEXaHUKU, MATEMATHIECKOTO MOJIETMPOBAHUS 1
WHTEPIIPeTaIud JTaHHBIX JIyYeBOi IUarHOCTUKU. B JI0K/Ia/ie pacCMaTpUBAIOTCA CEPUN SKCIIEPUMEH-
TOB, BBITTOJTHEHHBIX HA 00pa3max rybdaToil KOCTH KPYITHOIO POTaTOr0 CKOTa M3 MTO3BOHKOB U 00OJa-
CTH KOJIEHHOT'O CyCTaBa, a TaKKe Ha 00paslax ryddaToil KOCTH JIETCKUX TTO3BOHKOB. VlcmbITanus
[TPOBOJIMJIACH B YCJIOBUSIX OJTHOOCHOTO CXKATHUSI C UCIOJIB30BAHIEM YHUBEPCATHHBIX UCIIBITATEHHBIX
MAIIUH; JIJIsT YaCTU CepUil JIOMOJIHUTEBHO OIEHUBAJIICH MUHEDPAJbHAS [LIOTHOCTb KOCTH, HOPH-
croctb u KO3 durnment Ilyaccona. OgHUM U3 IEHTPAJIBHBIX BOIPOCOB UCCJIEIOBAHUSI SIBJISIIACD
paspaboTka TpeboBaHUil K reoOMeTpur 0OPa3IoB [JIs UCIBITAHNN Ha cxKarue. [lokazaHo, 910 Besu-
qnHa 3(HHEKTUBHOTO MOJLYJIsT YIPYTOCTH CYIIECTBEHHO 3aBUCUT OT COOTHOIIEHUsI BBICOTHI U IOIE-
pPEeYHOro pazmepa 0b6pasiia, TOraa Kak P JOCTUKEHUH OIIPEIeIEHHOTO JIMAIIa30Ha OTHOCUTEIBHOM
BBICOTHI OTEHKA, MOJIYJIst crabumsupyercs. OTaesIbHO UCCIIeT0BAHO BIUSHAE CIIOCOOA HATDY KEHUSI,
BKJIFOYasl UCIIbITAHUS 0e3 3arjIyIlieK, a TaKyKe C IJIACTUKOBBIMU M AJJFOMUHUEBBIMU 3alJLyIIKAMHA.
YcraHOBJIEHO, 9TO TIPU COOJTIOJEHIN NeOMETPUYECKNX TPEeOOBAHMI pas/indns, 00yCIOBJIEHHbBIE CIIO-
cODOM epeIaun HATPY3KHU, HE SIBJISTIOTCS ONPEIeaonuMu. JIis pa3ndubix HapaBJIeHi BIpe3-
KU 0OpA3IOB MOJIyYeHbl 3HaYeHUsT 3(DDEKTUBHOTO MOJYJIsl YIPYTOCTH, MUHEPAJIHHON IIOTHOCTH W
ko3 purmenta Ilyaccora, ITO MO3BOIMIO ONEHUTH AHU3OTPOIIUIO MEXAHMIECKOTO OTKJINKA Ty0da-
Toit Koctu. [TocTpOEHBI 3aBUCHMOCTH MEXKJIy MOJLYJIEM YIPYTOCTA U MUHEPAJIBHON ILJIOTHOCTHIO, &
TaK»Ke MEeXK]Iy MOJyJIEM yIIPYTOCTU U IOPUCTOCTBHIO; MOKA3AHO, YTO 9TU 3aBUCUMOCTUA MOI'YT OBITH
WCITOJTb30BAHBI JIJIsi PACIETHON OIEHKN MEXaHWIEeCKUX XaPAKTEPUCTUK IO CTPYKTYPHBIM IIapaMeT-
pam. Takzke paccMOTpeH BOIIPOC MeXKJIAOOPATOPHON HAJEKHOCTH SKCIEPUMEHTOB TI0 OJHOOCHOMY
CXKATHUIO, W MTPOJIEMOHCTPUPOBAHA, COTJIACOBAHHOCTH PE3YJIBTATOB, IMOJIYyUYE€HHBIX B PA3HBIX Jabopa-
topusx. st ry69yaToit KOCTH JeTCKUX MO3BOHKOB IOJIYIEHbI 3aBUCHMOCTU MKy HOPMAaJIM30BaH-
HBIM 3(pHEKTUBHBIM MOJLYJIEM YIIPYTOCTH U PEHTI€HOBCKOI IJIOTHOCTBIO, IIPEJICTABJIAIONINE HHTEPEC
JIJTsl KJIIMHIYECKUX U PACYETHBIX puiioykeHuit. [loydennbie pe3yabTaTsbl MOTYT ObITH HUCIOIb30Ba-
HBI [IPH [TOCTPOEHUU OMOMEXaHUYECKUX MOJIEJIell KOCTHBIX CTPYKTYP U MU pa3pabOTKe METOIUK
OTIEHKHU CBOMCTB KOCTHOI TKAHU 110 JAHHBIM BU3yaJIM3allyu.

Korouesnie cioBa: rybuaTtass KOCTb, OJHOOCHOE CKATHeE, MOJMYJIb YIPYTOCTH, MUHEDPAJIbHAS IIJIOT-
HOCTh KOCTH, IIOPUCTOCTD, Koddduiment [Iyaccona, anusorporus, MO3BOHKN, OMOMEXaHUKA.
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Short Communication
D. V. Ivanov

ON DETERMINING THE MECHANICAL PROPERTIES OF TRABECULAR
BONE FROM UNIAXIAL COMPRESSION TESTS

Saratov State University, Saratov, Russia

Abstract. The influence of the relative height of the specimen on the effective elastic
modulus of bovine knee joint cancellous bone, calculated using rod theory, was
investigated. The modulus was evaluated under direct load application to the
specimen, as well as with plastic and aluminum end caps glued to its ends. Regression
relationships linking bone mineral density and its effective elastic modulus were
established. It was found that when the relative height of the specimen is at
least 5 units, it ceases to influence the elastic modulus. It was shown that under
uniaxial compression of long specimens, the loading method does not affect the
effective elastic modulus. It was obtained that the relationship between the effective
elastic modulus and mineral density is independent of the specimen loading method,
provided its relative height is at least 5 units. An analysis of the inter-laboratory
reliability of uniaxial compression experiments on cancellous bone was performed.
Experiments involving uniaxial compression of bovine vertebral cancellous bone
were conducted in two biomechanics laboratories, and relationships between the
elastic modulus and volumetric bone mineral density were established. The effective
elastic moduli and their dependence on volumetric mineral density, obtained from
the experiments in the different laboratories, were compared. The elastic moduli
of cancellous bone tissue obtained in the different laboratories were statistically
indistinguishable. The corresponding dependencies of the effective elastic modulus
on volumetric mineral density for the experiments conducted in the two laboratories
were also identical. The results of the study can be used in developing a standard for
uniaxial compression testing of cancellous bone. Further research in this direction
may focus on evaluating bone elastic moduli in cases of anisotropy, as well as on
determining the mechanical characteristics of bone for new (e.g., micropolar) models
of bone tissue.

Keywords: trabecular bone, uniaxial compression, elastic modulus, bone mineral

density, porosity, Poisson’s ratio, anisotropy, vertebrae, biomechanics.
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