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Abstract Living bone tissue has an ability to adapt its internal structure and outer shape to the
mechanical environment through the processes of remodeling as well as regeneration; those are defined
as the coupled formation and resorption by cellular activities. One of the important questions is how
mechanical stimulus at the cellular level is integrated into the tissue level remodeling/regeneration
through the complex hierarchical systems to construct trabecular/cancellous bones with a mechanical
integrity to match with their functional demands. This study focused on the osteocyte network systems
embedded in bone matrix; known as a candidate system of the mechanosensory mechanism. From the
multi-scale biomechanics viewpoint, we proposed a mathematical model of adaptive bone remodeling
considering this complex sensory network systems, and conducted computational simulation using a
voxel finite element method. Through a case study of remodeling for a simple bone unit under
compressive loading, basic features of the proposed model to express the trabecular surface-remodeling
phenomenon were demonstrated.

1. 1IIC®IT

BIE, NFPREOZICKT 2 EEHSETHDHIVET YV TI2LY, #2THD
DOREEZREIC B S TWAL]. 0B VET U U270, BHRICAET 24
A L~V T C 2B BRI SIBRREDORER Th 513, Fkx BfRIzEB VT,
TR F OGN L 72 5 TWA. 2D X 95 A MY 70 4 Ha vE B <0 BAR IS 70 ik
REYEDEAL & R T L # AT AV AT AD—>2 L LT, BEEONE I L OFE
A AFAET DA ARSI DHIfEk R v b T — 27 B8 65 [2]. B EENE T
%, RIS A v — & LTl K ERBAEED, Frv vy TREAICEID Ry B
J— 7 &L TWAZ]. D%y hU—27I2X 0, B &7 R0 RI S S Hl
fafl CIEES N, 2SS U T, BREIAAET 55 FMia i L OB O HTE
BN EL G 2, BRELT, BOBISHREEERIN LTINS, AIFETIE,
DRI AT BB 7 HRSEEREICBIR 2 R T b L, B eEEE L &
AR 2l TE B & o S ErpEfE i &2 B < Fii- R Eim s A OS2 B L Tu
L. £, HREALF A D= ATIEERCT, MRy hU—27 OIFE & E Y
TV TBG L ONFENBEEEOMRHZ BIE L T\ D. AT, 9, B
X B DRI O, TERAE, BLOVEFMIE - BB X 2 8- - BRI
ZHERET VAL T D[4, 5]. WIT, WE OMUEE ChH L FRE RS E LT, Voxel
HIBREZMITIC LB IVET I 7Y 2 b—3 a3 VRIE6-10] 217\ C, BRI
Bz OV THRET 5.



2. BRVEFT) VIS OBHEETIL

BUET VT ORENIRAT = AL, BRI CAFE T 28R~V CAULE M
72 AL F R SOSIEAR THAH[11]. D XD 22 PR 722 il B B & B AR 2 Ao i D 22 k&
ZBINEAT DY AT A, B HEEOWNEREBS L OFE R IFEE T 25 T2 59D A
Fy NI =T ThH[2]. BIRENE TIL, NFEaiiiicst3 o0 —& U Tlli< &/l R it
D, o THEEICED, Figl ISR TIREMER Ry N — 7 ZTE L T[], 2Ry b
T—2\ZXY, JIFRIRROE # R M TS, ZAUDGU T, BREICAET HE
Bl IR SARON T G=g ) OV =g BEAY N | i Sy el B

HIEPIZBWT, BMIIEEIME &N D ZEEINICIFE L, % < OME W
JRZSE 2 B i LTV d. £, BMiaOME S g/ EE O/, BLO
FIRZER & BE & OMBRIL, MERICEVEZENTWD. 20X 5 BN
RGO BGMEICERKR LT, BRONFREE, BERMICIE, BREEETSH. —
5, BREEOERIT LS FEROWHIZEBR T 5 &, IhOFRESLCKE ZIL, B
BEORBMESCHIRICRIRIFET D2 B2 OND. LN T, BRIIHT 2 IFH0A
PRV EIRICIE AR A T, BHEN CRIEROMBNDFET 5 —HD A =
7 A[12-14)ixt LT, BRE N OBHE MG S KT T RHEIIREL, ThEeH
B L7-EBRE OGRS AEE LD EVR D, 22T, £, BMlEic X
HAR )BT EBERELIZBRIVET VI ab—va BT, KEMW
A=A LT 2720, WS ONDIREEB XN G, Bk I8t s
IVEREET D,

Osteoclast

Osteoblast

Lining Cell

éé o _ Cell Process
(o]

- Gap Junction
AN\
/. 9)

Fig. 1: Schematic drawing of bone intercellular network.
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Fig. 2: Modeling of mechanosensing by osteocytes in trabeculae.
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Fig. 3: Modeling of intercellular communication
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Fig. 4: Rate equation for trabecular surface remodeling
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Fig. 5: Single trabecular models under compressive loading by voxel finite elements.
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Fig. 6: Change in trabecular shape by surface remodeling under compressive loading.
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Fig. 7: Quantitative evaluation of single trabecular remodeling under compressive loading.
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