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The System of Intraosseous Spaces
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Global Sterilization Market
Ethylene oxide;

e Gamma radiation from
radioactive sources:

o Co®Y:

o Cst37:

Fast electron beams;

Other types of sterilization
(X-ray, ozone)
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Gamma Radiation

Requires little electricity Radioactive source

Simple control scheme Long exposure time

Large penetration depth (up to 50 cm in polymers) Difficulties of dose control

Low cost Requires replacement of the source

Fast Electron Beams

Advantages Disadvantages

Short exposure time (5-30 sec) Requires much electricity
More accurate dose control High cost
Control of the penetration depth (up to 8 cmin Low penetrating power

polymers)
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Radiation Exposure in vitro

e At low dose values no significant structural and functional
changes were observed:
e Starting from , there are changes in the structure of collagen fibers,

including their swelling and loosening, which inevitably leads to a decrease
in the mechanical strength of tissues;

* In the range up to a significant decrease in the tensile strength and
relative deformation (up to 25 %) was shown near the boundaries of the
elastic deformation zone, the yield zone and the fracture zone;

At a dose value in the range of the strength during the
bending test can decrease by almost a third, the change in stiffness,
elongation of the samples is expressed to a lesser extent;:

* At high doses of ionizing radiation significant physical and
chemical changes can occur that significantly affect the biological
properties of tissue allografts.
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Radiation Sterilization

Significant penetrating power

No significant heating of the samples

The possibility of processing bone
fragments in a sealed package

High sterilization efficiency

Reduction of the osteoinductive properties
of the implant

Destruction of morphogenetic proteins

Change in the rate of graft resorption in
Vivo

Change in structure (starting from a dose
of 15 kGr)

Disorders of the structure of collagen
fibers (swelling, delamination)



Visualization of the simulated installation:
\ P \ v in the center there is a cortical bone of the shape of a parallelepiped

with the face lengths of 18 mm on the OX axis of green color and 8 mm
on the QY axis of red color; the thickness varies; the red lines show the
trajectories of electrons, green-gamma quanta.

The scheme of the simulated installation:
P - sources, A - the irradiated bone tissue sample.
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e Assessment of the uniformity of irradiation of bone implants;

The purpose of this work:

 Determination of radiation treatment conditions under which the dose
distribution in the sample is more uniform.

To achieve this goal, it is necessary to solve the following tasks:

* Software implementation of simulation of an experiment on the passage
of ionizing radiation;

* Investigation of the dependence of the type of absorbed dose distributions

on the geometric parameters of the bone sample and the characteristics
of the source;

* Development of practical recommendations for optimizing the parameters
of radiation exposure based on the obtained dependencies.



As a quantitative assessment of the

uniformity of the dose distribution in the bone

sample, the value of the coefficient of non-
uniformity K is used in the calculations:
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Fig. 1. Graphs of the dependence of the coefficient of
unevenness on the thickness of the sample when it is
irradiated on one side (©);
on sides (¢») at an initial energy of 1 MeV at a
distance between the sources and the sample of 15 cm.

10



o

Coefficient of

Dependence of the Coefficient of Non-uniformity on
the Distance between the Sources and the Sample
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Fig. 2 (a-d). Graphs of the dependence of the coefficient of unevenness on the distance

between the sources and the sample at its thickness: a) 4 mm; b) 6 mm; c) 8 mm; d) 10 mm at a
radiation energy of 1 MeV .
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Fig. 3(a-e). The depth distribution of the absorbed dose in a 6 mm thick bone at an energy of: a) 0.5 MeV (K=427.55);
b) 1 MeV (K=51.38); c) 1.5 MeV (K=1.85); d) 2 MeV (2.33); e) 2.5 MeV (K=2.32); f) 3 MeV (K=1.82).
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Dependence of the Coefficient of Non-uniformity on
the Particle Energy Value
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Distribution of the relative absorbed dose when
using gamma radiation
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Fig. 5 (a, b). The depth distribution of the absorbed dose in the bone when irradiated with
gamma rays at a distance of 15 cm between a sample with a thickness of 6 mm and sources with
energy: a) 0.5 MeV (K=2.23); b) 1 MeV (K=2.58).
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The work simulates the passage of fast electron beams through a

fragment of bone tissue during radiation sterilization using the GEANT4
software package.

1. When the sample thickness varies, the greatest uniformity of the dose
distribution occurs at the lowest values of the fragment thickness. At the
same time, when a bone sample is irradiated with an electron beam with an

energy of 1 MeV at a distance of 15 cm up to 80% of the absorbed dose falls
on a near-surface layer with a thickness of 1,5-2 mm.

2. To achieve the necessary uniformity, additional measures should be taken:
the test sample should be rotated or turned over or irradiated from two

sides, since otherwise only one side of the object will be completely
processed.
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. . .. . L, E,
3. The dependences of the nonuniformity coefficient on the distance En
between the source and the sample D and on the energy of the fast
4 9 1 3

electron beam E for different values of the sample thickness L are

investigated. The obtained results allowed us to identify the optimal 6 7 1,5 1,8
values of these parameters, at which it is possible to obtain a uniform g 9 2 1,6
distribution of the absorbed dose.

10 10 2,5 1,5

4. Control model calculations of the spatial distribution of the absorbed dose in a bone sample
when it is irradiated with a stream of gamma quanta with characteristics corresponding to the
parameters of the problem are carried out. As a result, 6b110 nonydyeHo a uniform dose
distribution was obtained over the entire thickness of the sample, which is in good agreement
with the known experimental data and confirms the adequacy of the model approach adopted in
the work.

Thus, for each value of the thickness of the bone fragment, it is possible to select the energy of
the particles and the distance between their source and the sample so that the greatest
uniformity of the absorbed dose distribution is achieved. Y
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Thank you for your attention!

& &
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The Epidemic of Osteoporosis

+8 9 2T

there are 7 MUNJTNOHOB there is a fracture
vertebral MEPEJIOMOB B roA of the femoral

fractures \ neck

Every minute
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B paborte npoBegeHO mogenMpoBaHUe NMOCPeAcCTBOM UCMOb30BaHMA NporpammHoro nakera GEANT4 npoxoxaeHuA
NY4YKOB 6bICTPbIX 3/IEKTPOHOB Yepe3 PparmMmeHT KOCTHOM TKaHU B Npouecce paguauMoHHOK CTepuansayun.

1. an BApPbPOBAHNU TOJILLWNHDbI o6pa3u,a Hambonblaa PAaBHOMEPHOCTb pacnpeaeneHnAa Ao3bl MMeeT MeCTO MNMpPUn HaMMeHbLLMX

BE/IMYMHAX TONLLMHbBI pparMeHTa n ABYCTOPOHHEM 0b1yYeHUMN.

2. [Ana gpoctmkeHns HeobxoaMMoWn PaBHOMEPHOCTU cneayeT NPUHUMaTbL AO0MNOJIHUTE/IbHBIE MEepbl: Uccneayemblii obpasel, cneayet
BpallaTh UAM NepeBopaymBath IM60 06/1yyath C ABYX CTOPOH, TaK Kak MHaye byaeT nonHoCcTbio 0bpaboTaHa AMWb OfHa CTOPOHA
o6bekKTa. TakkKe 6bIN0 BbIACHEHO, YTO NPU OAHOCTOPOHHEM 06/ly4EHUN KOCTHOrO 0bpasua NyYKOM 3/1eKTPOHOB € aHepruen 1 MaB

Ha pacctosaHum 15 cm o 80% nornoweHHON A03bl MPUXOAUTCA Ha MPUMNOBEPXHOCTHYIO 30HY TOALWMHOM 1,5-2 mm.

3. WccnepoBaHbl 33aBUCMMOCTU  KO3POUUMEHTA HEPAaBHOMEPHOCTM OT PACCTOAHMA  Mexay
MCTOYHUKOM U o06pasuom D M OT BeAMYMHbLI SHEPTUM MNYYKa ObICTPbIX 3NEKTPOHOB E AnA pasHbIx
BE/IMYMH TONLMHBLI 06pa3ua L. MMonyyeHHble pesynbTaTbl MO3BOAWAM BbIAEAUTb ONTUMAJIbHbIE
3HaYEHMA  [aHHbIX  MapameTpoB, MPU  KOTOPbIX BO3MOXKHO MNOJIYYEHWE PABHOMEPHOIO
pacnpeaeneHus NorMoWeHHON A03bl.
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4. MNpoBeaeHbl KOHTPO/IbHblE MOAE/IbHbIE PacYeTbl MPOCTPAHCTBEHHOIO pacnpeaeieHns NoroLWEeHHON A03bl B KOCTHOM 06pasue npu
ero ob1y4yeHUM MOTOKOM TaMMa-U3TYYEHUSA C XapPaKTepUCTUKaMK, COOTBETCTBYIOLWMMM MapameTpam 3afaun. B pesynbtate 6bi10
NoAy4YeHO paBHOMEPHOE pacnpefeneHne  Ao03bl MO BCen  ToawmHe obpasla, 4UYTO XOpOoWOo COornacyetcd C M3BECTHbIMU

IKCMNEPUMEHTA/IbHBIMU AdHHbIMU U NOATBEPHKAJET dAEKBATHOCTb MPUHATOIO B pa60Te Mode/ibHOro noaxozaa.

Takum 06pa30M, AnA Ka)KAOﬁ BE€J/INMUHDI TOJILLIUHDbI KOCTHOrO d)parmeHTa MOXHO l'IO,Cl,OGpaTb HA44d/IbHYIO 3HEepruto
4actuy U pacCctoaHne mexkxay mx MCTOHHUKOM U 06pa3u,0M Tak, YyTO6DI AoCTUranacb Hanbonbwasn PaBHOMEPHOCTb pacnpeaesicHuA

I'IOI'I'IOLI.I,EHHOVI AO03bl.
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JleTaNbHOCTbL NPU NoBpeEXKAeHUN
KOCTHO-CYCTaBHOIO alfnapata U Npm UHCybTeE

CmepTHOCTDb
Nepenom
Ha 100,000 UHCcynbT
beppa
EeHLUH
LLiseuusn 177 154
AaHunAa 154 180

fepmaHun 131 190
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PaanaumoHHoe Bo3aencTsme in vivo

* [lepBOHa4YanbHble USMEHEHUA HAYMHAIOTCA C BE/IMYMHDLI A03bl,
PaBHOU :

e [103bl, npeBbillaOLWNE , BbI3bIBAIOT U3MEHEeHUs B
ocTeobnactax, octeoumnTax, XOHAPOUUTAX, @ TaKKe B KJEeTKax
KOCTHOIO MO3ra, Cocydax U CTPOME TKaHew;

*[lpn po3e Ao HACTynatT CU/IbHble WM3MEHEHUA B
CTPYKTYpPE KOCTHOMU U XPALWEBOW TKAaHW, 3HAYUTE/IbHbIK POCT
MWUKPO- M MAKPOMepesiomoB, pa3BUTUE  CKO/IMO30B,
OCTEOXOHAPO0308B, AePOPMMNPYIOLLUX AaPTPO30B.
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PeHTreHOBCKaA cTepuamsauma

* CpaBHUTENbHO HeagaBHee HanpaBaeHUe pa3BUTUSA;

* B KayecTBe WCTOYHMKA MOTYT ObiTb MCMONAb30BaHbl MPOMbILLJIEHHbIE
c paboymm HanparkeHnem ;

no3sonAlT o0bpabaTbiBaTh
NPOAYKTbl HENoCcpeACTBEHHO Ha MNOAAO0Hax C BbICOKOM OAHOPOAHOCTbIO
N03bl;

e TexHO/IOTNA XapaKTepusyeTca 3KCNyaTaLMOHHbIX
3aTpaT;

 ObbeanHsaeTr B cebe B onpeaeneHHOW CTENEHU XaPAKTEPUCTUKM 0bBomX
npeaLecTBEHHUKOB:

* BbICOKaA NMNPOHMKAKOLLAA CI'IOCO6HOCTb HU3KAaA MOIJ.I,HOCTb A03bl U
npoaonAKNTe/IbHaAA SKCNO3NLUNA, KAK Y ,

* BOSMOXKHOCTb OTK/AKOYEHNA WU OTCyTCTBUE U3JTYyH4EHUA TNO
3dBepweHnn npomssoacrsBeHHOro rnpouecca, Kaky



PacnpepeneHune NornoweHHOM A03bl NPU Pa3HbIX
Be/IMYMHAX HAaYa/IbHOM 3HEPrumn YacTmu
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Puc. 3(a-e). nybuHHoe pacripedeneHue omHocumesbHoUl nozaouweHHol 0036l 8 KOCMU MOAWUHOU 4 MM rpu 3Hepa2uu:
a) 0,5 MaB (K=42,55); 6) 1 MsB (K=3,02) ; 8) 1,5 M3B (K=2,57); 2) 2 M3B (2,04); 0) 2,5 M3B (K=1,55),; e) 3 M3B (K=1,32).
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OnpegenaoWwmMm NapameTpom npu npouecce ctepmnaindaumnmn ABIAETCA BEJINYHNHA NOrNOLLEHHOWN A03bl.

[lo3a, yctaHoBneHHaa MAIATD ona crtepunavsaunm KOCTHbIX MMMNAQHTATOB — . OaHON M3

[NaBHbIX Npobsiem ABNAETCA MAaKCMMaZIbHO BO3MOXKHOE YMEHbLLIEHUE [103bl C CO6I'II-O£I,€HVI€M YCNoBUA

BbICOKOM CTEPUTIBHOCTN UMMNNAHTATOB. OAgHaKo, TakaAa 403a MOXeT CTaTb KPUTUYECKOMN C TOYKHU 3PeHNA

COXpaHEHUNA aKTNUBHOCTU MOpd)OFeHeTVI‘-leCKVIX 6enKkos.

BesnnynHa Ao3bl B npouecce pa,CI,MaLI,VIOHHOﬁ crepnnmdaumm KOCTHbIX MMMNAHTATOB 3aBUCUT OT MHOTUX

napameTpoB npouecca paamalnoHHbIM 0bpaboTku. B cBA3M € 3aTMm npu Bbibope M peanmsaumu

paanauMoOHHOIo crnocoba crepunndaumm ov4eHb BaXKHO MPaBUJIbHO METPOJIOTNYECKN obecneyunTb

nosyyeHne obnydaembimm obpasuamm HeobxoaAMMOM [A03bl MPU NPOBEAEHUM IKCMNEPUMEHTAIbHbIX
pabor.
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[nybuHHOe pacrnipedesneHue omHocuUmesnbHoU no2a0ueHHoU 0036l 8 KOCMU MOAWUHOU 6 MM

npu s3Hepeuu 1 M3B Ha paccmosaHuu mexoy obpa3yom u ucmoyHukom 15 cm (K= 465).
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