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Effects of Changes in Osteocytic Lacunar-Canalicular System
Architecture on Fluid Dynamic Microenvironment of Osteocytes

WANG Chenlu, WANG Huiru, YANG Haisheng
( Department of Biomedical Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract; Objective To explore the effects of disuse-induced architectural changes in the osteocytic lacunar-
canalicular system (LCS) on the fluid dynamic microenvironment of osteocytes under mechanical stimulus.
Methods First, taking the axially loaded mice tibia as the object, a multi-scale model of ¢ whole bone-single
osteocyte LCS’ was established. Subsequently, pressure gradients and other results obtained from the whole-
bone poroelastic finite element model were used as boundary conditions for the single-osteocyte LCS model to
calculate the flow velocity and shear stress around osteocytes. Finally, a design of experiment (DOE) method
was used to determine the individual and interactive effects of the LCS architectural parameters (lacunar volume,
lacunar shape, and canalicular diameter) on the osteocytic fluid dynamic microenvironment within the LCS.
Results When the lacunar volume, lacunar shape, and canalicular diameter changed from normal to disused,
the flow velocity increased by 5.3% , 39.3% , and 37. 0% , respectively. The DOE results showed that the lacunar
shape and canalicular diameter had a significant effect on fluid velocity and shear stress ( P<0.05), with a
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contribution ratio of 0. 38 : 0. 62, whereas the lacunar volume and interaction of architectural parameters had no

significant effects. Conclusions

Disuse-induced changes in canalicular diameter and lacunar shape were the

main factors affecting the osteocytic fluid dynamic environment within the LCS under mechanical stimulus.

Appropriate exercise methods are expected to prevent disuse-induced bone loss caused by space weightlessness

and other conditions.

Key words: bone remodeling; disuse; lacunar-canalicular system (LCS) ; fluid flow

HHE AR A R, 4
(8B T JCT 20 R - 200 i ) B OO Bk B 3 2
P, X SV E R BE RS AR IS A AL 2 PR B Y A8 Ak
MR [ B IR AR IR R, LGRS 1) 2 R
RN

B AN A TR T A Y 90% LA L
BN Sk 2 B A R B RN R G
(lacunar-canalicular system, LCS) FH & 20 9 il 1A By
TE B B 55 S L5 ik I 7 04 i /N8 SR TR i, 2 Ry
B AR BT 2E O R BT BESE R B
SR LCS A i MU 3 2 B g 23 P Y
BRI R MM 2 A TR R e
HEAN IR X S 2 26 1 R 4 R A 35 5 7= AR — 1 R
H125, NSRS AR o 40 B A LCS N T 22 R 1)
(] BT, DT 7 A A T 20 T %) 5 170 g 4 G,
TSR AN, S 5 1 LCS ARG
SIIAL T 8 25 M0 1 4 R At 85007 A48 (ol A
A B ) Z [R5 (40 Wnes AT NO) 915 5
JELO) | S B B R AR T 2 T 8 A A 1 e
PRI BFSE LCS N B LA 8 1) 22 R e TR T
il B ) 23 o T ) AR

KIARMA K2 06 55 I 1 2% AF 23 52 i B 1Y )
S I R (S X A ) g 2 ) K o iy
s AR R RSB ST R B, R Ak k2
s - NEST I A . Bl I EMNR 2
FECH AN LCS KA ERYIR AR, ARG R Bl
HEAA RS A Y s e AT LA AR R
B R b s AR RN R OB 1) BOF NS BLAR
WA S T A B 2 DD R AR (1 e T A5
P FH 45 1 %) 2y 52 56 F 5% & BT R (] Y B
G LCS G5 EUAS FTRE 23 il — 25 5 i g 2
TERIS LCS P95 4 i Vi 0 8l 1 2 g o, R
HOAWRIET T A LCS 25 S0 A %t LCS
P A T 2E AR B S S BRI I A

R LCS 45 H B3 dn 52 i g~ 33 E R LCS
B AR S ) “E TR R, D) R i S SR 2 ) S
AFESCEHAE N, HETHATEE,

ARSCETE M W R A5 A 5 | B B LCS S5 F ke
XF I35 R IR LCS PN B 40 I 3 A4 3 03 24 3 A
BRI . A T AR DX A ), B S R T 2Z i/
BRUIR B Sl ) PR A S 467 ) T < - R A
1 LCS” Z2 RUBRIRL, SRS, 1 5 B 2 FL i P AT FR
TURE R TSRS 2 A9 1 8 25 45 R AT D A A
Jl LCS BEAY ()3 T 254, LA 530 B 4t ] T ) et ok
S IR S, A E, R H S8 3 1t ((design of
experiment, DOE) /7L #fi € LCS 45t S50 (FA w1k
BB IR 5 /N AR ) 4 2 AR TR LGS
PN A AR Bl ) 2 TS B i N7 eSS EL SR

1 #R57EE

1.1 ESFRTENMBREH
ST ARBA 2 B R FE, R 16 JEIS /1N BUIR
BB CT HH R B = 4 BRock R
TR T T 1 SR A I AR R ) 43
LR Z AL A Xk, o, 2L X
BlOE DU K BE ) 50% Ab SR 3£ 4 53] 1) A A0 2 e
TRAGKERN 5% (22 mm) [ WE 1(a) ], X TZ£
FLaHME DIk, {38 AR FIVRORE T R 4, AR | A {4
TR 43 1 25 .2.3 GPa'™® | 5 HAB®F5T —3%,
BB 1) 0 90 4 5 k7K R AL, B BE A0 LG SR 4 1 ok
0.89 mPa-s F19. 8 kN -m 22 | 2, sl i [X a1
HARFLBUR NS B ARG LCS S5 S8 B4
SUH Al 285 40 K008 HEAT A, AL B BRI R
AR
k=né:2rn(q2 - 1>[q2 +1 -(qmql)} (1)
L L AR LCS BRI ; ¢ /N2
B, SEMBRMER r WHE(g=r/7,) ,n,(i=




IR, % BHRE-NEEHRENSHERENFEMAENZMm
WANG Chenlu, et al. Effects of Changes in Osteocytic Lacunar-Canalicular System Architecture on
Fluid Dynamic Microenvironment of Osteocytes 609

12,3 5P M0 BT WS BT AE R x 2 ) S 55 45
A A L0/ ML,

A L TE T 0 41509
'

4
Nw(r: =)L, + ?Tmbc

¢ = B (2)

KL A/ NER TR sa b e 7358 B G
R SCLURE S

Xt RS EA BROCAS LTt I 1 AH TR 1) 77 27 RS
B BT H WS TR & ~0.7) [ 1L
F1(b) ], IR ALBRE 1, Bk, TEA BRASTZH S
BRI R G e 5 7 A R A N 45 2R R AT X
Fe, Xt A /N BRI B A BROCHE B AT 1A 35 45 2R
N TEZ AL DA BRSO 2 T A5 3 14 1 A2
{EL-5 SR 14 I A (B 22 T A7 7E T B (A DG

. t/s
e A i ,l Force
T 7 g
EZiK

(a) BEHFRTHEE (b) AL

2 @ | @,

-l 0] ®
ML 4y \_C-" = .@ —®
) ies [
@
(¢) ZABEXR (@ BANFH (o) BRE-MNESEH
LCSHER]

E1 NEEES-B2)EHEELCS S REKE

Fig.1 A multiscale model of mouse tibia-single osteocyte LCS
(a) The whole-bone finite element model, (b) Loading
scheme, (c¢) The poroelastic region, (d) The single
osteocyte LCS model, (e) The osteocytic lacunar-canaliculi
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DOE method
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Fig.4 Changes in fluid velocity and wall shear stress in representative canaliculi and lacuna

when LCS architectural parameters were changed

(a) Changes from normal to disuse

condition, (b) Changes from disuse to normal condition
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Tab.3 P value corresponding to each LCS architectural parameter
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