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The influence from load strength on solute transport rate of
lacunar-canalicular system in loaded tibia

WANG Yu-kun, FAN Li-xia ( School of Mechanical Engineering, Nanjing University of Science and
Technology, Nanjing 210094, China)

Abstract: Objective To study the influence from load strength on solute transport rate in lacunar-canalicular sys-
tem (LCS) of loaded tibia using finite element method. Methods Based on micro-CT scan images of adult mice
tibia, the finite element model of the tibia, which was regarded as being homogeneous biphasic-solute, was es-
tablished by software of Mimics, Hypermesh and FEBio. The relationship between transport rate and solute diffu-
sivity/load strength was obtained by setting 3 groups of different solute diffusivity (3, 15, 30 ym’/s) and load
strength (0.2, 2.0, 5.0 N), respectively. By comparing the results from both fluorescence recovery after pho-
tobleaching ( FRAP) experiment and finite element method, the effect of load stimulation on transport enhance-
ment was analyzed. Results The transport rate increased with the increase of diffusion rate and load strength.
The results from finite element method were basically consistent with the solute transport rules by comparing data
from FRAP experiment. Conclusions The research findings can provide some basis for load response and liquidi-
ty in deep area of cortical bone, and for further revealing the mechanism of bone regeneration.
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Fig.1 The lacunar-canalicular system ( LCS) and its mathematical

model (a) The microscopic feature of LCS, (b) A two-

compartment LCS transport model

1 ZBIBMRTEE

1.1 BREN=4HZEMERTITGE

A C5TBL/6J (BO) HEPE /N R, BB 20 ~ 22
il BUG B 29 20 mm i85 B, SeA T HERR B 47 IR A2
SHARE . RBRE R RA LG, 0 R B2 i
B ERE (70% ~80% ) k47403 . 3% A Brilliance
64 HFIRJE CT HL( Philips 24 7], i 22) Hr I8 B K7
AT CT 34, FHE 2 MR 20 pum , M3 224815
998 7K (512 x512) {4 Z Ry CT B H (0 ~20 mm) , H
HAR AL s 140 KV B 120 mA - s, K159
CT DL 1% DICOM 3. 0 #riidg X AE6f, I 5 A
Mimics 10. 1 H 38104 B (R DX (R DUOKS i $2. 1
B WK 2(a) ], @ WES 3 A4S I 0 A1 1K -
T B PR AR B, R ORI i S R MG
TR B X R By 2 042 ~3 071, FiZJ2 XTI
G5 BRI S5 A M A T G, S AR 2R B



EER,% HOTEENZREEPERE-BNERENBERBIZEZRZM
WANG Yu-kun, et al. The influence from load strength on solute transport rate of

lacunar-canalicular system in loaded tibia 517

(a) micro-CT 3 &l
B2 MERBEEERHET

(b) =4ifin

() PG

Fig.2 Establishing the tibia model from adult mice (a) Micro-CT scan images, (b) 3D model, (c) Grid model
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