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Development of Blood-Mimicking Fluid for Pargclle Image Velocimetry of Flow in Vascular’
Biomode

O ERF 1, FIRETS, (IETHHFEXF I 2—1—1, shida@biofluid.ifs.tohoku.ac.jp:
ABYINEZ 2, WAEK T2, fifa i 3K A ¥ 2—1—1, hiro-kosuke@biofluid.ifs.tohoku.ac.jp:
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Shuya Shidal, Tohoku University, 2-1-1 Katahira Aoba-ku Sendai, 980-8577, Japan
Hiroyuki Kosukegawa, Tohoku University, 2-1-1 Katahira Aoba-ku Sendai, 980-8577, Japan
Yoko Hashida, Tohoku University, 2-1-1 Katahira Aoba-ku Sendai, 980-8577, Japan
Makoto Ohta, Tohoku University, 2-1-1 Katahira Aoba-ku Sendai, 980-8577, Japan

An in-vitro work fluid to apply to Poly (vinyl alcohol) hydrogel (PVA) model integrated in a circulation system are
developed using glycerol. The index of refraction of the fluid is matched to that of PVA model and the model is
connected to the circulation system with a pulsatile pump. The viscosity can also be changeable for matching the blood.
Since the compliance of PVA model is similar to the arterial wall, the circulation system with PVA model will be
helpful for comparison of flow dynamics in rigid wall or for evaluation of medical devices such as stent or coil
touching on the artery. These topics are also strong relationship with the rupture of cerebral aneurysm that usually

causes subarachnoidal hemorrhage (SAH) and sever morbidity.
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MTRIE L BHABRN DB & ShTV B, EROHIKIC
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 FE & OHEERIL, £< OBAIZEVTERBSNTI 207

ITHE, ) K 5 MO E OFH A R LR 32 L
=3 VAT ORI, ERT /A ANSMAEEE -5 2 5 KBTI
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7 FEFNTOPV HUBLELEL HATVS.

Poly (vinyl alcohol) (PVA) gel % fil\ e/ A AEF/UTRIH 512
Lo THREND, BDaL T 54 T 2 AR EROIWEDTIRE
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O L FER2Z LR, BN THHROERT M ARFRBLT
A5 2 LAEIRER Z L LR EZ SR TVA, £ T, PVA
CET AT PIV ASFEIREIC e, BT/ S ADEB A AN TE
D EECHRTE, BT LN TESLEILNS.

F ZTARRETIE, (EERCAO TR & DR & R g
B LREARA DT, W5,

2. ®BAE
2.1 PVA BHRR <A AETF DM
FEERK & Dimethyl sulfoxide DIRATAIFIC PVA 2027, Hitke
L727%% 100°CT 2 BEEINEAL, PVA 73S H7= PVA MEil%
Wbk, ERIREETTAEREBLET 2 U MVEITH LAR,
| -30°C T 24 B S T,

l22 myismemmREC XS ABREORE
| Gly AWl KOS Nal KIERORSARYECIE, FHBHHE
VRV X7, KERL IRECREE 2 AV TR L 7.
I ITEEER T, BICENE LB R AV TRIE L. £5iT,
Gly & Nal 55 wt %7Kiifi A TER(Gly-Nal)l 22U T S FERICE

< LI FHMBEOBARRER %S| & 2 s IRE OB,

R, WEOREZIT-T.
24 PIVEHBIAT A

Gly-Nal Z{EBjfitk L, bL—9EF20ne, WrERs
HRL, PIVARFZ1To7. JERICIZEER 532 [bm]® I[mm]E &
U—Fo— bRV, KFEREEEED A 7 TR L.

3. BRBLUBR
31 {FEOTARORTER R OB

EFFRRIEDORR, PVAgel DRYTHREEMHIL, 2°CT 1464 205
1470 £ %07z —7%, Gly A&, Nal KSEOBETT#L, RE
BN L TR ER L, PVA gel ORYTEETHE STofEic
RETRETHD T LA o7, £, Gly-Nal I2oW T
LERRSERBE LAAER, PVA ICEERESTEE RS0, (HE)
VEAOBEE AR MEORHE TRIETE 5 T LA o7
32 RIFERROPIV ARTOMER

Gly-Nal (65 : 35, vol. %) Z{FBifciE L L7=Wn, WFERE+D
PIV HEEARERELD L, F—YRFORERDELD,
TV L FROREDME HE BT LA LRONT, BEETHFED
HEEAY MVBBGAIRETHD Z L iibhot.
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Neurodegenerative disease occurs due to deterioration of cells specially the
myelin sheath of the neurons; of brain, spinal cord, and peri nerves.

6" World Congress of Biomechanics 2010, Singapore
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Researches on Spatio-temporal of
Activity Acquired by the Capsule Robot
'; Xudong GUO'; Guozheng YAN?
1. School of Medical Instrument and Food Engineering, University of
Shanghai for Sclence and Technology, Shanghai, China
2. D of Information M t gy and ,

The economic and social burden of neurodegenerative diseases is massive
and rising too rapidly. Among several of different neurodegenerative
disorders present work is focused on three most common; Alzheimer's
disease, Parkinson's disease, and Huntington's disease. Although most
conscstem risk factor for developing a neurodegenerative dosorde(s is
inci g age, it has by ved that the sy f all th
overlap wuh each other, clinically and pathologically. Therefore, their
practical classification is quite challenging and thus need an automated
tool to classify them. In the present model, backpropagation artificial neural
network (ANN) has been to classify

ing to their The 27:70:3
been used to predict the clinical outcome from the complex

rerative

of ANN has

ighai Jiaotong University, Shanghai, China

AIM: To give
pressure activity.

on the spati poral ofthe

METHODS: The intestinal pressure activity was acquired by using a capsule
robot invented lor iunctlonal d!agnosls of human gastrointestinal diseases,

which coll as it prop: itself
within the gastrointestinal (ract
RESULTS: a series of different types were

analyzed to form the P s of
the mtsstmal pressure activity |r\<:ludmg (1) standing con(ramms. @)

symptoms that are routinely available to clinicians. The model has lo;;d to
be effective in differentiating the different types of focused diseases with an
overall performance of 96.42%.
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Estimation of Lower Limb Joint Angles During Walking Using
Extended Kalman Filtering
'; Sofia D'OREY?; Roedolph OPPERMAN?; Christopher

HAINLEY?; Dava NEWMAN?®
1. Biomechatronics Group, Media Laboratory, Massachusetts Institute of

Technology, Cambridge, MA, United States
2 Instituto Supeno Tecnico, Lrsbon Portugal

husetts Institute of Yy,

Cambndge. MA United States

In order to evaluate the performance of an extended Kalman filter (EKF) for
the estimation of lower limb joint angles generated during human walking,
a pilot study is using ial inertial units
(IMUs) to capture 3D acceleration and angular velocity data produced by
the leg during level ground, stair ascent, and stair descent walking. The
inertial data from three IMUs, one mounted on each lower limb segment,
are input to an EKF to estimate sagittal and coronal angles of the individual
limb segments and the corresponding knee and ankle joint angles. This
method is evaluated against the standard method performed using optical
motion capture and inverse kinematics software. Results from three
subjects are reviewed, and the promising potential of this technique for
realtime applications is discussed.

WCB-A00534-00773

segmental ions, and (3) pendular contractions.

CONCLUSIONS: Spatio-temporal expressions could provide a method for
visualizing a temporally evolving and spatially varying intestinal pressure
activity.
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D of Blood

Fluid with Adj

Index and Kinematic Viscosity for Applying to Particle Image

Velocimetry
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T School of Bit i gil
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2. Graduate School of Engineering, Tohoku University, Sendai, Japan

3. Institute of Fluid Science, Sendai, Japan

g, Tohoku University,

BACKGROUND AND PURPOSE: Blood vessel disease such as cerebral
aneurysm is life-threatening disease and as large cause of death as cancer
in many countries. In endovascular therapy of cerebral aneurysms using
medical devices such as coil or stent, hemodynamics in aneurysm is
related to thrombosis formation in aneurysm and the repairing. Then, it
may be important to make realistic blood flow pattern in in-vitro cerebral
aneurysms such as biomodel (in-vitro functional model of aneurismal blood
vessel) to treat aneurysm as well as check medical devices of the therapy.
The Particle Image Velocimetry (PIV) method is one of the strongest tools
for measurement of flow in biomodel and requires a match of the refractive
index between material of biomodel and working fluid in order to eliminate
optical problems such as image distortion. Moreover, in vascular research,
the working fiuid should be a mimic human blood with respect to kinematic
viscosity so as to obtain realistic biood fiow modeling measurements In
of

Image C lati Microrh “I Materi 'u this h, detailed of physical p
Ml;_o_ash ! AQUMKLL_‘MRNM A Chwee Teck LIM®; Raj RNAGOPALAN are performed to develop a method to adjust working fluid that has proper
1. NUS School for and Eng

National University of Singapore, Singapore

2. Department of Mechanical Engineering, National University of
Singapore, Singapore

3. Division of Bioengineering, National University of Singapore, Singapore

4. Department of Chemical and Biomolecular Engineering, National
University of Singapore, Smgapors

5. Chemical and F g Program, Singapore-MIT

refractive index and kinematic viscosity simultaneously.

MATERIALS AND METHODS: The adjustable range of refractive index and
kinematic viscosity of working fiuid were measured by under the mixing
aqueous solution of glycerol (glycerol aq.) and aqueous solution of Nal (Nal
aq.) with various weight proportion. All properties of the solutions were
measured on the day at room ire and ric pressure.

Alliance, National University of Smgapora Singapore

Image correlation spectroscopy (ICS) is a family of biop

The refractive index to light of a fluorescent and dynamic viscosity were
measured with a critical angle refractometer (R-5000, ATAGO CO., LTD.,
Japan) and a vibration-type viscometer (SV-10, A&D CO., LTD., Japan),

that has been used to perform oral its on bi

materials, especially cells. Some of the early uses of ICS include quantifying
spatial distribution, aggregation state, diffusion coefficient, as well as flow
and interaction of cellular protsin molecules. In the present work, we show,
in addmon to these original applications, how ICS can be used to perform

of complex, vi We test
the method, which we call ICS-pR, on Newtonian fluids as well as complex,
viscoelastic fluids with different viscosities and vi

Comparison of ICS-uR results with reported data from the literature as
well as resuits from al rheology yield exceilent
agreement. Furthermore, we develop a special technique for extracting
mean-squared displacements of tracer particles in the samples from
image ion data; the q previously
published experimental data on a wide range of soft ma‘levlals displaying a
broad scale of scaling behaviors. Thls technique can be applied to improve
the of other micror its and can pof y
oﬁernewms'ghtson p law behavi t ials Thepoeslbtmy to

And then, Ki tic viscosity is form dividing the
dynamic viscosity with its density.

RESULTS AND DISCUSSION: The refractive index (n) of gly. aq. and Nal
aq. increase ically from that of distil water values (n = 1.333)
to that of glycerol value (n = 1.472) and that of Nal aqg. 0.6 wt % value (n
=1.4813 = 0.0002), respectively. This result that index
of Nal aq. will vary in wide range compared with gly. aq. As for kinematic
viscosity (v}, gly. aq. increase very slightly especially at high proportion and
reach maximum value v = 855.6 mm2/s. Meanwhile, kinematic viscosity of
Nal aq. has a unique feature; the value increases to the maximal value at
around 0.3 weight proportion, and decreases to minimal value at around
0.35 weight proportion, then again increases rapidly. The refractive index of
the mixture, which kinematic viscosity is adjusted to blood value (3.8 mm2
/8),is in range from 1.390 to 1.472 at rcom temperature (21.5 + 0.5 degrees
celsius) by using the two aqueous solutions.

CONCLUSION: The mixtures have a wide range of kinematic viscosity at
fixed index with the method of mixing two aqueous solutions.

and time- and length dent
microrheological measurements from images of fluorescent molecules
makes ICS-uR a prospective tool in many biophysical applications.

This mixture way and the liquid could be applied as working fluid widely to
various biomodels such as PVA models or silicone models.
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