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. BBeaeHue n akTyanbHOCTb UccneaoBaHUA aTOMHO-
MOIEKYIAPHOU apXUTEKTYPbI KOCTHOW TKaHWU

MeOguUMHCKas Bu3yanusauusi Ha CyOKNEeTOMHOM YPOBHE; YyrpaBrieHMe BO3PaCTHbIMM
N3MEHEHNSIMU N pereHepaumns B KOCTHON TKaHU

TEXHOINOIMN KOHCTPYMPOBaHUS BMOCOBMECTUMbIX MaTepuarnoB; CO34aHNEe 3KONOrnMYecKu
YUCTbIX MaTepuanoB Ans akkyMynsauum n npeobpasoBaHns SrNEKTPUYECKON SHEPTUN U ...

. ObbeKTbl nccnenoBaHmA

AN BO3PacTHbIX U3MEHEHNIA
OA

. KombunHauma metonos nccneaoBaHus
. Pe3synbTtaThbl U BbIBOAbI:

BO3PaCTHblE N3MEHEHUS
OCTE0aPTPUTHbIE N3MEHEHUS

. [lepcneKkTuBbI
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3aKOHOMEPHOCTU
BO3PAaCTHbIX U NaTOreHHbIX U3MEHEHNM

HanpasBneHna nccnegoBaHmMn

» MeOULUMHCKON BU3yanusaumm Ha CybKneToYHOM YPOBHE,
yrnpasneHnsa BO3PacTHbIMU UBSMEHEHNSAMU U
pereHepaunsa B KOCTHOU TKaHU

» KOHCTPYMPOBAHWUM SKOMOrMYECKM YUCTbIX MarepuarnosB Ans
akKKyMynsaumm n npeobpasoBaHns 3NIEKTPUYECKON 3HEPTn
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3AKOHOMEPHOCTHU 3
BO3PACTHBIX U NMATOMEHHBIX USMEHEHUN

OcHOBHble 3KCnepnMeHTaIbHble MEeTOAbI:
" XRD

" XPS

" Raman
" NEXAFS

OCHOBHOW METOA TEOPETUYECKUX
nccnenoBaHUi
" 3DSL moaensb

[TpoCTpaHCTBEHHO-BPEMEHHbIE USMEHEHUA aTOMHO-MONEKYIAPHOW apXUTEKTYPbI:
" BO3pacCTHble NU3MEHEHUS

" OCTeoapTPUTHbIE UBMEHEHMUS



3AKOHOMEPHOCTH 3
BO3PACTHBIX N TTATOMEHHBIX U3MEHEHWU

O6pasup!

WHTAKTHAA

I'pynna (I): ciuisl MbIIIEIKOB OeIpeHHON U 0O0JIbIIIEOEPIIOBOM KOCTH MIPU

apTPOIJIACTUKE MOBPEKACHHOTO OA KOJIEHHOIO CyCTaBa YeIOBEKa.

IIpoGonoaroroBka OOpa3Isl OUHUIIATUCH OT XPAMICBON TKAHU C TIOMOIIIBIO MIAISIIEH MEXaHUIECKO 00paboTKH
CKaJbIeseM 0 CyOXOHIpanbHOM KOCTHOM miuacTHHKU. C 1eNbio 00€3:KUPUBAHUS U BBIMBIBAHUS MUEIIOUIHOTO
COZEP>KUMOTO U3 TPAOEKyI ry0uaToro ciosi, B TeueHne 4 cyTok o0pasiibl 3aMauynBaIiCh B BAHHOYKE C BOJHBIM
33% pactBopom nepokcuna Boxopozaa (H,0,), cmemantoro B nmpornopimu 1 k 1 ¢ ropsiueii Bogoii (60°C) u
nobasnenuem S5 mu 10% BonHoro pactsopa ruapokcuna ammonus (NH,OH). ExxeqneBHO mpoBoauiiack 3aMeHa
JTAHHOTO pacTBopa. Jlanee B TeUeHHe CyTOK KOCTHbIE 00pa3Ilbl 3aMauyrBaJIUCh B IUCTUIUTMPOBAHHON BOJIE, C
3aMEHOM JKUJIKOCTU B BAHHOUKE KaXKJIbIe 6-9 4acOB C LIEJbI0 3aBEPIICHUS IIPoliecca XUMHUYECKOW OUUCTKU
CIIUJIOB.

I'pynna (IT): kopTUKaJIBHBIN CIION cpeiHeN TpeTu OeIPEeHHBIX, 00IBIIEOSPIIOBBIX U
MJICYEBBIX KOCTEH 6 (JIJIs1 KaXKI0r0 BO3pacTa) OCNbIX 3J0POBBIX 0€CIIOPOIHBIX
HOBOPOXJIEHHBIX KpbIC BecoM 50 — 80 rpamm, B3pocibix (120 — 150 rpamm) 1 3penbix
Kkpbic (250 — 280 rpamMm).

HpOﬁOHOHFOTOBKa I[J'I?I IIPOBCACHUA I/ISMepeHI/Iﬁ KOpTHKaHLHBIﬁ CJIOH OBLI TIIATCJIbHO OYUIICH OT MATI'KUX

TKaHEH, IPOMBIT B (PH3HOIOIMYECKOM PaCTBOPE, BBICYIIICH (PHIILTPOBAILHONM OyMaro, mociie 4ero pacTepT B
dbapdopoBoii CTyMKe 10 YaCTHI] AUAMETPA ~ | MKM.
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3AKOHOMEPHOCTH _
BO3PACTHBbIX Y1 TATOIMEHHBIX USMEHEHUW

XRD: XPS:

NPOCTPaHCTBEHHO-BPEMEHHble U3MeHEeHUA NapamMeTpoB
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3AKOHOMEPHOCTU 5
BO3PACTHBIX U TNTATOIEHHbBIX USMEHEHWN

NEXAFS: X-ray absorption: Linear dichroism: cortical bone
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Apatite Adut L NMatue

Degree of crystallinity D, % 100

Lattice constant: a, nm 0.9418
Lattice constant: ¢, nm 0.6884
HAP-to-bone stress Delta a, nm -
HAP-to-bone stress Delta ¢, nm -
Ca2p,,BE, eV 347.2
FWHM, eV 1.6(1.51)
HAP-to-bone:

Energy shift Delta -
broadening D =
P2p,,BE, eV 133.1
FWHM, eV 1.6
HAP-to-bone

energy shift Delta -
broadening Delta -

O 1s cumulative BE , eV 531.05
FWHM, eV 2.1

HAP-to-bone --

energy shift D, eV

broadening D

1.38
0.29
0.9413
0.6849
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0.0035
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1.8

0.3
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2.45

0.01
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1.56
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0.003
0.0013

347.05
1.8
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0.2

132.9
1.65

0.2
0.05
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2.37

0.03
0.27

1.6
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0.9396
0.6875
0.0022
0.0009

347.1
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0.1
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132.9
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3AKOHOMEPHOCT
n

BO3PACTHbIX U

MATOMEHHbBIX
N3MEHEHUWN
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3AKOHOMEPHOCT
1

BO3PACTHbIX U
[NTATOIEHHBIX

N3MEHEHUWN

Young bone 0.7eV/100nm? >105(1x/m3)

Mature bone 0.1eV/170nm3 <10°(Ax/m3)
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3apAg, HaHO3/1IEMEHTOB B 3aBUCMMOCTU OT BO3pacTa B KOMJIaHAPHBbIX ;AKOHOMEP HOCT

BHYTPUPUOPUNAPHBIX KOHFNOMEpaTax HAaHOKPUCTANIUTOB BO3PACTHbIX U
a) [MATOIEHHBbIX
Negative 5
I N3MEHEHUU
charge

5.25 nm

Positive
charge

Xenia Brykalova, Nikolai Kornilov and Andrey
Pavlychev, J. Mater. Chem. A, 2022, 22686-22693
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3AKOHOMEPHOCTU
BO3PACTHBIX U TATOlMEHHBIX
N3MEHEHWU

X.0. Brykalova, N.N. Kornilov,
Y.A. Rykov, A.A. Cherny, A.A.
Pavlychey, J. Phys. Chem. Lett.
(2020) 11, 7839-7842

Relative Intensity (arb. units)

35 350 345 340 355 350 345 340
Binding Energy (eV) Binding Energy (eV)
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3AKOHOMEPHOCTHU
BO3PACTHBIX U TIATOIEHHBbIX
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M EPCITERKTWDB b

Pa3ssBuTtne KoHuenunm « AKTUBHOIoO AO/roneTua» U NoBbllLeHUE
KayecTBa XU3HMU.

Mpeononenune nocneacrsnm COVID-19.

HoBblie meToabl pereHepaumm KOCTHOU TKaHU U PYHKLMOHANU3AUNNU
ee mexaHMm4yeCcKnx CBOMCTB.

HoBble meToabl npnpoaonoaobHoro (octTeommmeTyecKkoro)
KOHCTPYUPOBAHUA SKONOTMYECKN YNCTbIX MaTEPUANOB



CoaBTOpbI AaHHOIO nccaeaoBaHUA

K. p.-M.H. K.O. bpbikasional,

acn. A.B. Kopneesn/',

npod. 1.M.H. H.H. Kopauios?,

K. M.-H. A.A. YepHbIit®

LCIIoTYY, Cankt-IlerepOypr, 199034, YauBepcuteTckas Hao., 7/9

> HUMLI] «TpaBmaronoruu u Oproneann», Cankr-IleTtepOypr,
195427, baiikoBa, 8

AAIIL KOb, AAY n ABH Omaromapsar 3a prHaHCOBYIO IOJICPKKY
Poccurickun Hayunbii ®oH,

rpanT PH® 23-29-00172.



Cnacmbo za BHUMaHue !
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3AKOHOMEPHOCTW npocrpaHcTeeHHo-BpeMeHHbIX M3MeHEHWs aTOMHO-
MmonekynapHou apxutektypol (AMA)  1PpU OA yC/10BUAX

» Haubonee cunbHble M3MeHeHUA AMA KOCTHOW TKaHW HabaaaTcs npu
B3aMMOAENCTBMM NOBPEXAEHHOU XPALLEBON TKAHN C MMHEPANM30BaHHOM ¢pa3on B
pe3ynbTaTe KaTa/IMTUYECKUX PeaKLUmMM Ha MeXX$a30BOM rPaHULLE «MOBPEXAEHHbIN XPALL

— MmuHepan» (30Ha 2) onpeaensaoT U3MeHeHNA MUHepaan3oBaHHOM dasbl;
” B 30He CKNepo3npoBaHma 3 naeT BOCCTaAHOBAEHME MUHEPANN30BaHHOM dasbl;

» B oTAnumm ot TpabekynapHoi 4, B cybXxoHApanbHOMN KOCTU HabaogaeTcs
aHMU30TpPONHOE 06 bEMHOE CKATUE KPUCTANIMYECKON SHENKN TMAPOKCMNANATUTA

KafibLMA, KOTOPOE MaKCMMa/bHO B 30He CK1epo3npoBaHmna 3;

> MNosBNeHMe KHeanaTUTHbIX» COCTOAHMIM KaTuoHa Ca2* - MapKep NaToreHHbIX HapyLLEeHW
MWHEPaNU30BaHHOIO MaTPUKCa;

» MaKcmanbHasa KoHLeHTpauusa aHmoHos CO,> 4OCTUraeTcs B 30He CKIepO3MPOBaHMA

3.



The 3D superlattice of “black boxes in muddy waters”

1
T(E;d, L)

b, — the basic translation vectors of superlattice

T—the amplitude of electron transmission through the supercell;
E = k¥’ — electron energy, a k—wave nummber in superlattice.

2ikb. ikb.
e"""-2Re e i+1=0

Predictions: minibands, red shifts 6, band narrowing,
size-dependent quantum states (SDQS)

E_band energy in HAP, d is the thickness of the nanolayer
L=NR — characteristic size of nanocrystallite,

®HX, CNB, 16 — 19 okT., 2023
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15.02. 1564 --- 8.01. 1642,

Duchy of Florence

Important for understanding
the theoretical foundations
of skeletal biomechanics are
the studies of Galileo Galilei.
He showed that a hollow
tube (diaphysis of a bone) is
much stronger than a full-
bodied cylinder of the same
length and mass.

[Galileo Galilei, Dialogues concerning
two new sciences [1638] Translated
from the Italian and Latin into English by
Henry Crew and Alfonso de Salvio. With
an Introduction by Antonio Favaro (New
York: Macmillan, 1914). The Macmillan

co. of Canada,Ltd.Toronto 2010, 232 s.1.
Julius Wolff (21.03.1836 - 18.02.1902, Berlin) proposed a
new paradigm, according to which the spatial organization of
bone structures corresponds to and is determined by
mechanical loads arising in the process of performing
locomotor functions against the forces of gravity

[Wolff J. Das Gesetz der Transformation der Knochen. A Hirschwald, Berlin,
1892. p. 162]

®H, CMB, 16 — 19 okT., 2023 24


https://ru.wikipedia.org/wiki/1564_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/1642_%D0%B3%D0%BE%D0%B4

APXUTEKTYPbl KOCTHOW TKAHM.....

NMPOCTPAHCTBEHHO-BPEMEHHDbIE
U3MEHEHWA AtomHo-MONEKYNAPHOM

In modern medicine, problems associated
with the skeletal pathology are of great
socio-economic importance associated, in
particular, with the costs aimed at
treatment, rehabilitation, care for patients
with osteoarthritis and the consequences of
osteoporosis. For instant, osteoarthritis is
the fourth most common cause of
hospitalization.

Intact area Sclerosed bone area >



Relative Intensity (arb. units)

354 352 350 348 346 344 342 340
Binding Energy (eV)

1-HAP
2 —young cortex
3 — mature cortex

4 — intact subchondral
5 — sclerotic -----------
6 — outside sclerotic
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Osteoarthritis (OA) induced changes in bone

X.0. Brykalova, N.N. Kornilov,
Y.A. Rykov, A.A. Cherny, A.A.
Pavlychev, J. Phys. Chem. Lett.
(2020) 11, 7839-7842
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Relative Intensity (arb. units)

/0 345
Binding Energy (eV)

355

350 345 340
Binding Energy (eV)
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Xenia Brykalova, Nikolai Kornilov and Andrey

AE EV Pavlychev, J. Mater. Chem. A, 2022, 22686-22693 AC A
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HAP-to- bone Changes: Ca2p,P2p,0/F1s Binding Energies in apatite
crystallites (black), Ca-to-P ratio (green), c-constant stress (dots).

The values of core-electron BEs, lattice constant c,
crystallinity, crystallite sizes demonstrate the
systematic transformation with age. Their analysis
has revealed an important role of internal
electrostatic fields in mineral matrix, generated by
the nanoscale heterogeneity of charge distribution.
The charges are found to be maximum in young
bone and decrease with age. This observation gives
us reasons to view native bone as an energy
storage material, the counter Ca?* and OH- flows in
which cause the dissipation of electrostatic energy
and lead to an equilibrium charge distribution in it.
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Site—dependent changes of structural and spectroscopic characteristics in the specimens. Colored rectangles correspond
respectively to areas 1, 2, 3, and 4. (a) Degrees of crystallinity. D values corresponding to different specimens are shown with
dots; crosses mark the average degree for each area; and dotted line demonstrates the site-dependent variations of average
crystallinity. (b) HAP-to-bone changes in the lattice constants (left scale): black dotted line (Ac), grey dotted line (Aa); and white
and black vertical bars indicate the standard deviations for a and c, respectively. Dash line presents the site-dependence of the
carbonate ions concentration w (right scale); (c) mean population of various chemical states of Ca?*: Ca?*(A) red; Ca?*(X) blue; and
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MpocTpaHCTBEHHO-BPEMEHH

NU3IMEHEHMUA atomHo-MoneKkynapHoi
apPXUTEKTYpPbl KOCTHOM TKaHM.....

MuHepanusoBaHHas KOCTb:

OcHOBa: KpUCTaNMIMYecKan fsuYemnKa

ruapokcunanarura kaoouua (HAP):
Ca,,(PO,);(OH),

Coplanar assembly of nanocrystals (3) divided
by the hydrated nanolayers (4).

Mean crystallite = 20-7,5 -3,5 nm?3,

mean thickness of the layer = 2 nm

Mineralized platelets (2) distributed among the
collagen molecule (1) and swirling around a fibril

Inter (9)- and intra (10)-fibrillar distributions of
the platelets

IV
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