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ABOUT 6'" WORLD CONGRESS OF BIOMECHANICS 

The 61h World Congress of Biomechanics is hosled by Biomedical Engineering Sociely of Singapore (BES)logelher wilh lhe 
Global Enlerprise for Mlcremechanics and Molecular Mediclne (GEM4) and lhe Nalional Unlversily of Singapore (NUS), in 
conjunclion wilhlhe 141h Inlemalional Conferenee on Biomeehanleal Engineering (ICBME) and lhe 51h Asian Pacine Conlerence 
on Biomeehanies (APBiomech). Wilh over 2,000 delegales Irom ali over lhe World, espeeially Irem lhe Asia Paeinc region, lo 
atlend lhis congress, this Biomechanics conference explores a wide fleld such as ergan mechanlcs, tissue mechanlcs, cel! 
mechanics to molecular mechanics. 

AI lhe 61h World Congress 01 Biomechanles, aulhors would be presenllng lhe la'!lesl experimental studies, teehnologies and 
equlpment. Speclal emphasls will be plaeed on slale-of-!he-art teehnology and medicai applleations, lor example in areas 01 
sports mediclne and crash injuries. 
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Diffuslon of Fluld Parti eles in High Hematoerit Blood Flow in a 
Capillary Tube 
Marvam SMOATMANOI;J; Takuji ISHIKAWN; Noriaki MATSUKP; 
Mohammad Jafar ASDEKHODAIEJ; Yohsuke IMAP; Hironori UEN04; 
Takami YAMAGUCHI' 
1. Department of Biomedical Engineering, Tohoku Universily. Sendai, 

Japan 
2. Department cf Bioengineering and Robcrics, Tohoku University, 

Sendai, Japan 
3. Department of Chemical Engineering, Sharif University of Techno/ogy, 

Tehran, Iran 
4. IAREO, Tohoku University, Sendai, Japan 

In mlcrocirculaUon, lhe random-like Iransverse motion and rotation 
of RSes in shear flow is believed to play an important role in transporl 
phenomena. Allhough many studies have been performed on the 
behavior of RSCs flowing through glass capinaries, the role of ASes in 
the mass transpOrl of platelets and large molecules is still not completely 
understood. Most of these studies were performed in dilute suspensions 
while the hematocrits ihai exit in microvessels are around 10-26%. 11 is 
believed thal the interaction of ASCs in lhe concenlraled regime generates 
microscale mixing in the blood flow, which has a significant eHect on lhe 
diffusion 01 platelels and proteins. However, a few sludies have been done 
in concentrated suspensions, because of difficulty in lhe experiments. In 
our former study, we experimentally invesligaled lhe self-diffusion of ASCs 
in high hemalocril blood flow in a capiJlary tube. 

To better understanding 01 mass transporl in blood flow in microcirculation 
and biomedical micro devices, in the present study, we examined lhe rol! 
01 ASes in the diHusion of Iluid particles. Therefore we measured lhe radial 
dispersion coefficienl (O,,) of Iracer parlicles using a confocal micro parlicle 
tracking veloclmetry (PTV) system. The experiments were performed in 
the 50 ~m glass caplllary ai Aeynolds number -0.004 for three kinds of 
working fluid: dexlran40, dextran40 wllh 10% human ASCs and dexlran40 
with 20% human RBCs. Each fluid was seeded wilh 0.1 %(by volume) 1 ~m 
diameter fluorescenl partieles. From recorded images aI lhe central plane of 
glass capillary, hundreds 01 fluorescent parlieles were tracked successfully 
wilh Image J software, using lhe manual Iracking MtrackJ plug-in lo find 
the radial dispersion coefficient. The results clearly demonstrate that the 
tracer partieles in blood floVl exhibited higher erralie radial dispJacement 
compared with those in dextran40 solution. II was lound that the averaged 
disperslon coefficient inereased from 0.4 X 10·a cm2/secal 10%Hcl. The 
dependency of O" on radial posillon in dextran40 was not high, because 
lhe fluid is homogeneous. However, in 10%Hcl blood, lhe O near lhe wall 
was the lowesl, mainly beeause 01 lhe tendency 01 RSCs lo ';"igrale to the 
tube axis and formation of plasma layer near the wall, lhe number of ASCs 
in this section is lo\\'. To investigate the effect of hematocrit, we increased 
the hematocrit of blood to 20%, the dispersion coefficient of tracer partieles 
were increased to 1.6 X 10.8 cm2/sec. 

In higher Hct, the smaller plasma layer and lhe increase in lhe local ASCs 
density surrounding the parlic!es may be the main causes of lhe enhanced 
radial dispersion coefficienl. These results indicale that effect of movemenl 
of ASes ai lhe microscopic leveI on lhe motions of platelets as well as 
chemical subslances in the plasma is considerable. These flndings are 
imporlant for betler understanding of mass transport phenomena in micro 
vascular blood flow. 
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A Numerical Study on the Behavior of Cells in Micro-seale Blood 
Flows 
Yoshihiro MATSUMOTO; YOhsuke IMAI; Takuji ISHIKAWA; Takami 
YAMAGUCHI 
Department of Bioengineering and Robotics, Tohoku University, Sendai, 
Japan 

Migralion lo vessel wall is an important process for a variety of cells f10wing 
in blood, such as platelets, white blood cells, and caneer cells. Plalelels 
adhere to damaged vessel wall and form a primary thrombus to reslore 
the vessel wall. In the case of white blood cells , they adhere to lhe vessel 
wall, and then invade local lissues to get lhe site of inflammation. Cancer 
cells also adhere lo the vessel wall and invade healthy tis5ues to grow and 
divide there. While red blood cells are well known that they show axial 
migration and generale cell free layer near the wal1, il is not clear why 
those cells migrale lo the vessel wall, even though Iheir physical property, 
such as size and deformability, is varled. In this study, we numerically 
invesligate the meehanism of lhe cel1 migration in micro-scale blood flows. 
In general, a cell is a capsule consisting of an internai medium enclosed 
by a thin membrane, The internaI medium contains cytoplasm, nucleus, 
cytoskeletons, and various subcellular organelles. Here, we simply model 
lhe cell as a spherical capsule Ihat consists 01 a Newtonian liquid and 
elastic membrane to simply compare lhe effeet of the deformability on the 
cel1 migration. Red blood cells are also modeled as simple capsules Ihose 
shapes are initiaJly biconcave disk. We must solve complex hydrodynamic 
interactions between red blood cells and olher suspended cells. In order lo 
simulale thls problem, a parlicle based method is employed. We discuss 
lhe effect of capsule size, membrane stiffness, and capsule shape on lhe 
behavior of lhe cel!. 
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Red Blood Cell dispersion in 100 1m glass capillaries: the temperature 
effeet 
Diana PINHal; Ana PEREIRAI;2; Aui L1MAI;J; Takuji ISHlKAWA4; 
Yohsuke IMAI4; Takami YAMAGUCHls 
1. ESTiG, Institute Po/ytechnic Braganca, Braganca, Portugal 
2. Algoritmi, University of Minho, Braga, Portugal 
3. CEFT, Porto University, Porto, Portugal 
4. Dept. Bioeng. & Robotics, Tohoku University, Sendai, Japan 
5. Dept. Biomedica/ Eng., Tohoku University, Sendal, Japan 

The rheological behaviour of lhe red blood cells (ABes) flowing in 
microvesseis and microchannels depend on severa! effects, such as 
hematocrit (Hct), geometry, and temperature. Previous in vitro sludles have 
measured lhe Hei effecl on lhe radial dispersion (Dyy) ai bolh diluled and 
concenlrated suspensions 01 ASCs. However, according to our knowledge 
lhe effect of lhe temperature on ASC Dyy was never studied. Hence, 
lhe main purpose of the present work Is to investigate the effeet of lhe 
temperature on the ABC Oyy. In vitro human blood was pumped Ihrough a 
100 Im glass capillary and by using a confocal micro-PTV system the RSC 
Oyy was ealculated at two different temperatures, Le., 25°C and 37°C. 
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Flow of physiological fluids In microchannels: the sedimentation 
effect 
Valdemar GAACIA'; Aicardo DIASI;J; Teresa CORREIN;'; Blli...bI.Mê';) 
1. ESTiG, Institute Po/ytechnic Braganca, Braganca, Portugal 
2. ESA, Institute Polytechnic Braganca, Braganca, Portugal 
3. CEFT, Porto University, Porto, Portugal 
4. CIMO, Institute Po/ytechnic Braganca, Braganca, Portugal 

Microfluidic devices are becoming one of the most promising new tools 
for diagnostic applieations and Ireatment of severa! chronic diseases. 
Hence, it Is increasingly imporlant to investigate the rheological behaviour 
of physiological fluids in microchannels. The main purpose of lhe present 
experimental work Is to investigate lhe flow of two differenl physiological 
Iluids frequenlly used in microfluidic devices. 

The working fluids were physiological saline (PS) and dextran 40 (Ox40) 
containing about 6% 01 sheep red blood cells(RSCs), respectively. lhe 
eapillaries were placed horizontally on a slide glass and the flow rate 01 
the working fluids was kept constant by using a syringe pump. Sy means 
of a camera the images were laken and transferred to lhe computer to be 
analysed. General1y, lhe results show that PS and Ox40 have different flow 
behaviour due lo the sedimentation of lhe ASCs. 
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