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Table 1. Chemical composition and characteristics of the precipitates prepared in this study

Sample Phase Annealing Theoretical composition® Measured composition® Color of Lattice
temperature precipitate  parameter®
Ca/(P+Nb) Nb/(P+Nb) Ca/(P+Nb) Nb/(P+Nb) -_—
a-axis  c-axis
(nm)  (nm)
NbHAp-0 HAp 1.60 0.000 1.60 - White - -
NbHAp-I HAp 1.60 0.017 1.56 0.013 Pale yellow - -
NbHAp-II HAp 1.60 0.167 1.56 0.077 Buff yellow - -
NbTCPHAp-0 8-TCP+HAp 800°C 1.60 0.000 1.60 - White 0.939  0.687
NbTCP/HAp-1 B-TCP+HAp 800°C 1.60 0.017 1.56 0.013 White 0.942  0.689
NbTCP/HAp-II B-TCP+HAp 800°C 1.60 0.167 1.56 0.074 White 0.943  0.690

HAp, hydroxyapatite; NbHAp, hydroxyapatite containing Nb ions; TCP, tricalcium-phosphate

“Molar ratio
®Lattice parameter for HAp

Intensity/a.u.

20 30 40 50
2 0 /degree

Fig. 1. X-ray diffraction (XRD) patterns of the precipitates with a
Ca/(P + Nb) molar ratio of 1.50: a, Nb/(Nb + P) = 0; b, Nb/(Nb + P) =
0.0167; and ¢, Nb/(Nb + P) = 0.1667. Triangles represent XRD peaks
due to the crystal structure of hydroxyapatite (HAp)

their proliferation. All results were expressed as mean
values + SD and were analyzed statistically with Student’s
t test.

Resufts

XRD patterns of the precipitates prepared in this study are
shown in Fig. 1. The XRD indicated that precipitates with
Nb/(Nb + P) molar ratios from 0 to 0.167 had a monolithic
apatite structure, irrespective of the Nb/(Nb + P) molar ra-
tio of the starting solution, although the level of crystallite
decreased as the Nb content increased. XRD patterns of
the precipitates with various Nb/(Nb + P) molar ratios an-
nealed at 800°C are shown in Fig. 2. The level of crystallites
of the precipitates was high due to the annealing, and their
diffraction peaks were composed of those of both HAp and

Intensity/a.u.

2 0 /degree

Fig. 2. XRD patterns of the annealed precipitates with a Ca/(P + Nb)
molar ratio of 1.50: a, Nb/(Nb + P) = 0; b, Nb/(Nb + P) = 0.0167; and
¢, Nb/(Nb + P) = 0.1667. These precipitates were annealed at 800°C.
B-TCP, B-tricalcium phosphate

B-TCP. Interestingly, the crystallite level decreased when
the Nb level increased.

The chemical compositions and characteristics of the
precipitates prepared in this study are summarized in Table
1. Both the Ca/(Nb + P) and the Nb/(P + Nb) molar ratios
in precipitates measured by ICP approximately agreed with
their theoretical values, except for the Nb/(P + Nb) molar
ratio of NbTCP/HAp-II: the measured Nb/(P + Nb) molar
ratio of NbTCP/HAp-II was 0.074, which is lower than the
theoretical value of 0.167. The lattice parameter of the HAp
phase in NbTCPHAp increased with increasing Nb content.



Fig. 3. Scanning electron
microscopy-energy-dispersive
X-ray spectroscopy spectra of

(a)

NbTCP/HAp-II annealed at
800°C (a) and their mapping
images from P-Ka,, Ca-Ka, and
Nb-Ma lines (b) .
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Fig. 4. Proliferation and alkaline phosphatase (ALP) activity of nor-
mal human osteoblasts (NHOst) cultured on various kinds of NbTCP/
HAUp pellets. *P < 0.01 against NbTCP/HAp-0 (without Nb ions)

The lattice parameters of NbTCP/HAp-0 without Nb ions
were 0.939nm for the a-axis and 0.687nm for the c-axis,
while those of NbTCP/HAp-II were 0.943nm for the a-axis
and 0.690nm for the c-axis. In addition, the color of the
precipitates became dark yellow as the Nb/(P + Nb) molar
ratio increased, while the annealed precipitates of NbTCP/
HAp were white.

SEM observation of the precipitates before annealing
revealed that all precipitates were present as aggregates
composed of primary particles of less than 1 um in diameter,
irrespective of the Nb/(P + Nb) molar ratio. Figure 3a shows
SEM-EDX spectra of NbTCP/HAp-II. The EDX spectrum
.of Nb Mo was separated from the P K, line and could be
observed at 2.17KeV, although its intensity was weak. The
mapping images of the P-K,, Ca-K,, and Nb-M, lines are
shown in Fig. 3b. As shown in Fig. 3b, Nb ions were present
. at the same site as the Ca and P ions, suggesting that the
Nb ions were homogenously distributed in the aggregates.

The proliferation and ALP activity of NHOst cultured

on various kinds of NbTCP/HAp pellets is shown in Fig. 4.

The proliferation of NHOst cultured on NbTCP/HAp-II
pellets was approximately 60% higher than that on NbTCP/
HAp-0 without Nb jons (P <0.01). As shown in Fig. 5, many
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Fig. 5. Light microscopic images of NHOst cultured on various
NbTCP/HAp samples for 7 days: a, NbTCP/HAp-0; b, NbTCP/HAp-I;
and ¢, NbTCP/HAp-I1. NHOst were stained by Giemsa solution
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Fig. 6. Osteogenic properties (proliferation, ALP activity, and Ca
deposition) of NHOst cultured in extracts from various NboTCP/HAp
samples for 14 days. *P < 0.01 against NbTCP/HAp-0 (without Nb
ions)

NHOst adhered to and spread on NbTCP/HAp-I and -II,
while little spreading of NHOst was observed on HAp. In
addition, as shown in Fig. 4, NHOst cultured on the NbTCP/
HAp-II pellets expressed high ALP activity, compared with
those cultured on NbTCP/HAp-0. Figure 6 shows the pro-
liferation, ALP activity, and Ca deposition of NHOst cul-
tured in extracts from various NbTCP/HAp samples for 14
days. Like the NHOst cultured on pellets, NHOst cultured
in the extract from NbTCP/HAp-II expressed higher ALP
activity than those in the extract from NbTCP/HAp-O.
Furthermore, the amount of deposited calcium from
NHOst increased with increasing Nb ion concentration in
NbTCP/HAp, and the calcium deposition in the extract
from NbTCP/HAp-II was twice that in the extract from
NbTCP/HAp-0.

Figure 7 shows the concentration of Nb ions in extracts
from NbTCP/HAp samples. It was found that Nb ions were
released into the cell culture medium at concentrations of
the order of 1 x 10 °mol/l. To investigate the effect of Nb
ions on NHOst function, NHOst were cultured in a medium
containing Nb ions. The dependence of osteogenesis by
NHOst on Nb ion concentration is shown in Fig. 8. Nb ions
did not affect the proliferation of NHOst, but the ALP ac-
tivity and Ca deposition of NHOst proceeded proportion-
ally when the concentration of Nb ions was more than 1 x
10~ mol/L.

Discussion

Characterization of NbTCP/HAp biphasic calcium
phosphate ceramics

As summarized in Table 1, before annealing the precipi-
tates, the NbHAp samples were hydroxyapatite with low
levels of crystallite. The hydroxyapatite structure is known
to be very tolerant of ionic substitution.”? Ca* ions, PO*
ions, and OH™ ions can be replaced, partly or completely,
by various cationic or anionic ions. Notably, as shown in
" Table 1, the lattice parameter of HAp increased when the
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Fig. 7. Concentrations of Nb ions in extracts from various NbTCP/
HAp samples. The concentration of Nb ions in cell culture medium
was measured by inductively coupled plasma analysis
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Fig. 8. Relationship between concentration of Nb jons in culture
medium and osteogenic properties of NHOst. *P < 0.01 against cell
culture medium without Nb ions

Nb content in NbTCP/HAp was high. This fact suggests that
Nb ions are taken into the apatite lattice. If a substitution
of an Nb* ion for a Ca® ion in HAp occurred, the lattice
parameter should decrease, since the ionic radius of Ca*
and Nb* are 0.1nm and 0.064 nm, respectively. Therefore,
the possibility of substitution of Nb ions for Ca ions is low.
On the other hand, although the structure of Nb ions in
aqueous solution is not fully understood at present, it has
been reported that Nb ions in solution are not present as
Nb* but as niobiumate acid, H,NbsO,,¢™" ions (x = 0,1,2)
for basic conditions,'*!® and the niobiumate acid cluster
(H,Nb,O,,®™") was polymerized or dissociated depending
on the pH and ion concentration."” According to these re-
ports, H,NbOg anionic monomer can exist in basal and low
Nb concentrations (<0.08M). Since the Nb concentration
in this study was 0.01 M, Nb ions would exist as H,NbOg*™
anionic monomers. H.NbO,> may be substituted at the PO,
site since the PO, site in HAp can be replaced by anionic
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atomic groups. In addition, the ionic radius of the HNbO.>
monomer and PO, are approximately 0.30nm and 0.23 nm,
respectively, suggesting that an increase in lattice parameter
of NbTCP/HAp is ascribed to the substitution of PO, sites
by this monomer in HAp. Furthermore, the fact that both
the Ca/(Nb + P) and Nb/(P + Nb) molar ratios of the pre-
cipitates, as measured by ICP, approximately agreed with
their theoretical values may support this hypothesis. De-
spite the theoretical Nb/(Nb + P) ratio being 0.1667, the
Nb/(Nb + P) molar ratio in NbTCP/HAp-II was about 0.07,
which suggests that the maximum amount of substituted Nb
ions at the PO, site is around 0.07.

The Ca/(P + Nb) molar ratio in the NbHAp obtained in
this study was lower than that of the stoichiometric value
of 1.67 for HAp. Hydroxyapatite having a lower Ca/P molar
ratio is known as calcium-deficient hydroxyapatite [Ca-def
HAp, Ca g ,(HPO,)z(PO,)sz (OH), 2, Z = 0-1)- Therefore,
NbHAp can be regarded as a Ca-def HAp in which the PO,
sites are partly occupied by Nb ions.

Ca-def HAp decomposes to stoichiometric HAp and B-
TCP at temperatures above 600°C according to the follow-

ing reaction:"*"”

Ca,, ,(HPO,),(PO,)s (OH), .- nH,0 —
(1 - Z)Cay(PO,)s(OH), + 3Z-B-Ca,(PO,), + Z-nH,O

- The above thermal decomposition reaction occurred
during the annealing of NbHAp, resulting in a lower Ca/P
molar ratio than the stoichiometric value of HAp because
of partial B-TCP formation. In addition, the homogenously
distributed Nb ions in NbTCP/HAp may result from ther-
mal diffusion of Nb ions during the thermal decomposition
process.

Osteogenesis of NHOst cultured on NbTCP/HAp

In this study, NbTCP/HAp showed potential to promote
calcification of NHOst. This study indicated that osteogenic
behavior of NHOst cuitured on NbTCP/HAp pellets was
consistent with that of NHOst cultured in extracts from the
pellets, suggesting that dissolved ions from the NbTCP/
HAp pellets affect calcification of NHOst. As shown in Fig.
7, Nb ions were apparently released from NbTCP/HAps
and dissolved in the medium at concentrations of the order
of 1 x 10°mol/l. When 4 x 10~ mol/l of NbCl was added
to the culture medium, Ca deposition clearly increased
(Fig. 8). Therefore, the enhancement of Ca deposition is
considered to be due to the dissolved Nb ions. One possible
mechanism for enhancement of calcification is discussed
below.

ALP is known to play an important role in the calcifica-
tion of bone."** Generally, the calcification of bone mineral
occurs in the matrix vesicles budding from the surface of
osteoblasts.” The nucleation of biological apatite, which is
the initial stage of calcification, occurs due to the reaction
between inorganic PO ions produced by the ALP and
calcium ions in matrix vesicles.

NHOst cultured on the NbTCP/HAp pellets containing
Nb ions expressed high ALP activity compared with those
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cultured on HAp without Nb ion. Similarly, it was found
that NHOst cultured in an extract from NbTCP/HAp con-
taining Nb ions expressed higher ALP activity than those
in the extract from HAp without Nb ions. These results
suggest that Nb ions affect the enhancement of ALP activ-
ity. Based on the above calcification mechanism in matrix
vesicles, the enhancement of calcification might result from
the enhancement of ALP activity due to dissolved Nb ions
from NbTCP/HAp. The enhancement of ALP activity in-
creases the production of inorganic PO,* ions, and then the
inorganic PO, ions produced may be taken into the matrix
vesicles. The subsequent nucleation of biological hydroxy-
apatite occurs due to a reaction of Ca ions and inorganic
PO,> ions, followed by calcification. Although we cannot
deny that Nb ions directly promote calcification by NHOst
unrelated with ALP expression, the essence of the calcifica-
tion enhancement by NbTCP/HAp may be the enhance-
mentof ALP activity by Nbijonsdissolved from NbTCP/HAp.
The biological effect of Nb ions on NHOst is under inves-
tigation. Although further studies are necessary to clarify
the mechanism of enhanced calcification by Nb ions, this
study strongly suggests that NbTCP/HAp is a more promis-
ing material for use as a bone tissue engineering scaffold
than HAp.

Conclusion

In order to promote the osteogenicity of osteoblasts, we
synthesized a combination of HAp and B-TCP biphasic
calcium phosphate containing Nb ions (NbTCP/HAp). The
NbTCP/HAp samples were prepared by annealing precipi-
tates obtained by coprecipitation of an aqueous solution of
Ca(NO,), with a mixture of (NH,),HPO, and aqueous Nb
solution. The precipitates obtained by the coprecipitation
process can be identified as Ca-def HAp, the PO, sites of
which are partly occupied by Nb ions. NbTCP/HAp sam-
ples were successfully obtained by thermal decomposition
of the precipitates. '

NbTCP/HAp enhanced calcification of NHOst. The en-
hancement of calcification of NbTCP/HAp was ascribed to
the enhancement of ALP activity due to the dissolved Nb
ions from NbTCP/HAp.
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Analysis of Stress States in PS Type Knee Prostheses under Dynamic Motion.

Mitsugu TODO, PhD., Ryuji NAGAMINE, MD., Shota YAMAGUCHI

Abstract

Using CAD data, 3-D finite element models of two kinds of PS-type knee prostheses, the first
model and the second model, were constructed using a nonlinear spring model and analytical load
data for deep squatting. The first model was previously used in TKA, and the second model is the
most recent version with a modified design of the Post. Stress analysis was then performed by fi-
nite element analysis (FEA) under dynamic flexion motion from 0 to 135 degree. It was shown
that only the condyle surfaces of the femoral component and the tibial insert contacted each
other from 0 to 60 degrees of flexion for both models, and the stress concentration in the second
model was a bit higher than that in the first model. The FEA results also exhibited that severe
stress concentration was generated at the Post of the tibial UHMWPE insert due to the Post/Cam
contact. This kind of stress concentration may result in the deformation and failure of the Post. It
was shown that the design modification applied to the latter model effectively reduced the stress
concentration of the Post.

Key words : Total knee arthroplasty, UHMWPE insert, deep flexion, finite element analysis.
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(b) 2nd model

B 1. FEA models of two kinds of PS type knee prostheses.

(a) 1st model (b) 2nd model

#& 1. Material constants for FEA.
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B 2. FEA mesh models of PS type knee
prostheses.
(a)1st model (b)2nd model
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4. Boundary conditions of the TKA model.
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6. Equivalent stress distribution on the surface of tibial insert (unit : MPa).
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(b) 45deg (2nd model, Omax = 17.4 MPa)
(¢) 120deg (1st model, Omax = 73.4 MPa)
(d) 120deg (2nd model, omax = 49.9MPa)

TOI—EAMHYIENHHR %R, 45deg
DBHRE TS HEPIFERETOALTE
CTBY, ItEFIINTOEKNEHEIX
10.2MPa, 2ndEF )V Tid17.4MPaT&H >
7z, T DMAETI3E Post-Cam Dt 4
CTWaode, 120deg @ BHIRER T,

BEEREICTMA Post B TH R E RIS HE
FRECTNBZEMDM o BAEHE
[$1st €57 )L Tid73.4MPa, 2nd E5)L Tld
49.9MPa & 72> TH D, 1stEFI) Tlii2nd
ETFNDLSEBEORAEERELTY
e, Tie, BHEREOKHEPERIT45degiz
LR E%A (YHEE) itBHLTHY, o—
NV IMECTWBZ ENahot-. M
TENFEFINOEMBOBIAEKEE*
Y (M4 T—-YHSRAME). BeifEM
60deg B X TIREMIZIFEAEEL TV

— 237 —

Displacement (mm)

14

12

-
o

» =+

e

2nd model p

1st model

40 60 80 100 120 140
Flexion angle (deg)

7. Dependence of flexion angle on displacement of

spring model.



A/ A A=y AERE, Vol 28, 2007.

WA, 60deg AR IZRBICEML, BRI
L2mmBEOEMNELTNS, B8, 2 i
@%f@%ﬂ%aaanmm.:mmmwu%
THBNBNXEFNOEL, $rbbERD
S H—x 2 hO—YARANOBEHRDO—IVNY

VA SIS R

K8 ICIREA St — NEE & Post T D&
KAY ST DB ERT. B TORT (H-
(a)) Z2HEET B L, 60deg \F CiZ2nd 5
NOFHIstEF VLD KREL, 120deg A LI
B3 EISEFTNOHRKERETZ

40

20 |

15 |

Equivalent stress(MPa)

T 71 T L iy S

1st model

305. .....................................................................................

35:._ ......................................................................................................

B Tk 5% | A

S, RO Post BRICHENRD L&
fICEDER NS MO ond E5 IV
DIRE D R—F > FORITER OB
i, ItEFZNED BDETRONTD
N, FNH60deg AT TH, KBRE
IR & DERALD SEAZIE<RYD
EhNEL o EEALNS. el
HOEHITRETILAERAUTS
BrEdEROEbNS Mok, RE
PostETOiH (F- (b)) ZHET D
L. Post-Cam D HMASIstET IV TR
64degh‘5ﬁéio’(’b\60)lci‘\ib‘(’,

0 20 40 60 80 100
Flexion angle(deg)

(a) condyle surface

o 2nd EF)VTi54deg M HIAE ST
2z el ZOER2NAET
)L O Post iR A 1st EFINITH TR
Ko TV THdLHEREN
%. 100deg £ Ti32nd EF N DA

100,

Equivalent stress(MPa)

ItEFNEVBEBVEAERT A,
100deg LA LTI, IstEF VBT D
J5 g th U I H N U K /NBESRIZ
T L7 1stEFINIE2ndEFIVICE
~T Post/ Cam OIEMEREA/NE W
BHIDEIRABRENERAREET
wa o ENTEEINS, 2B, H-()
I BWTIHAENEBHL TR, &
NENFEREBRO AT AEEI S
R—% > +OFEE, BWETY—bH
®ﬁﬁ&®&%ﬁ£®ﬁ%@%®%§
TEBbDEEALSND.

Flexion angle(deg)

(b) post surface

Z =

PEORHTREY, IstETNAD
5ond EFN BT RBICER SN

8. Maximum equivalent stress history on the surface of tib-

ial insert.
(a) condyle surface
(b) Post surface

7o 744 V13, PostBOIEHRFEH
%E‘J(CﬁUTb\élc‘:ﬁfbe\')k. Z
Ok SRS HERORRIE, REMR

— 238 —



WCPostECamD EfIZC L D E U 3 EH A
(Post DEMEIEMT 2R HDEIMEL TS
TNBRAN) MERBZEITHBLTED,
DX I REH I DE TR T 2 EH D
BEEZEKRL TS0, 2ndEFIdIstE
FIVCHRE D EREEESICT 2 A TREL
THBEEZSND, 128, B#AH100deg ]
T TRIstEFINOH ST EH DREEHUE <
WMol EMS, EBHTIRItESIIOFY
ADEMNdEFINE D BREA >H— hD
BREICHLTRIOPENTH I EEL 0N
3.

=

2EFOPSEATHBEM O CADF—4 5
3RILFEAETIVEMHEL, 135dég £ TDIL
FHEOBRE TCOISHRITET o 2. B5h
ERREUTO®ED TH 5.

(DRBRE - BEISR—%> b, BEA > H—

b, BIUERBNRES M SR585T
T, A9y MRFLSBONAHE
T ERATHIET, EEEORERE
TOHBMETREE TS 3 RTFEAE S
WEERL.

(2) ¥R B B8 B¥ 12 35 V) T Post/Cam D 112 & 0
PostBBICE WIEHEPNEL TS T &M
WRBTER. Fie, EBEBNIEFINOHEA
KEDO—INy 7 2BEHTHENTE
7.

@2nd EF)V TREA T M7= Post B D FH A >
EEE, DROCEBHTOBHEDER
LTBD, ZDZ &iZPost/Camigfitiz & 1
EC2EHANOERICHELTWS =5,
2nd EFIVIZIst EFIICHART L 0 Em il
ERBIIZAIREGTHEEEZ N
3,

X i

1) Ahir SP, Blunn GW et al. : Evaluation of a test-

BABRNA A A A =7 2528, Vol. 28, 2007.

ing method for the fatigue performance of total
knee tibial trays. J Biomech 32 : 1049-1057,
1999,

2) Dahlkvis NJ, Mayo P, Seedhom BB : Forces dur-
ing squatting and rising from a deep squat. Eng
Med 11 : 69-76. 1982.

3) Darryl D, D’Lima MD et al. : Impact of patello-
femoral design on patellofemoral forces and
polyethylene stresses. J Bone Joint Surg 85A:
85-93, 2003.

4) Godest AC, Beaugonin M et al. : Simulation of a
knee joint replacement during a gait cycle us-
ing explicit finite element analysis. J Biomech
35 : 267-275, 2002.

5) Halloran JP, Anthony JP et al. : Explicit finite
element modeling of total knee replacement
mechanics. J Biomech 38 : 323-331, 2005.

6) SHE—: TKA D #%& & A1Bh 1% —Scopio Super-
flex PS DERIR LM & AT B Fx U Bh AR ARAR—. B8
Hi54 R 23 1 49-57, 2004.

7) MRR—, RIREE i BELSTFERY IFL
COEREMRSE, E2BHE 3 (4):225-229,
2003.

8) Sathasivam S, Walker PS : Computer model to
predict subsurface damage in tibial inserts of
total knees. J Ortho Res 16 : 564-571, 1998.

9) Morra EA, Greenwald AS : Polymer insert
stress in total knee designs during high-flexion
activities: a finite element study. J Bone Joint
Surg Am 87 : 120-124, 2005.

10) R, B8R 1 ATKBESO 3 RILER
BERETFNOBELHEYRIZET 0%, A%
BERNAA A= 288 27 231-237,
2006.

11) REE RER= A LBEBE&I O UHMWPE 1

sY— bR IREBICRT TR & EIfE DFE,
AABRNA A A=y 2 %48 27:239-
246, 2006.

12) Watanabe T, Yamazaki T et al. : In vivo kinemat-
ics of mobile-bearing knee arthroplasty in deep
knee bending motion. J Ortho Res 22 : 1044-
1049, 2004.

— 239 —



AABEER/NA A AN =Y R¥LE, Vol. 28, 2007.

— 240 —



\mlo' T(AL Rese;vek
F(e\b K acaeﬁzo\

Subtracted Vortex Centers Path Line Method with Cinematic Angiography

for Measurement of Flow Speed in Cerebral Aneurysms

Makoto Ohta'® Naoko Fujimura®™ Luca Augsburger', Krisztina Barath', Hasan

Yilmaz', German Abdo', Karl-Olof Lovblad', Daniel A. Rifenachat’

Neuroradiology, Geneva University Hospital

Biofiuid Control laboratory, Institute of Fluid Science, Tohoku University

Abstract :

Background and Purpose: The assessment of blood flow speed by imaging
modalities is of increasing importance for endovascular treatment, such as stent
implantation, of cerebral aneurysms. The subtracted vortex centers path line
method (SVC method) utilizes image post-processing for determining flow
quantitatively. In current practice, intraaneurysmal flow in an in-vitro model is
visualized by laser sheet translumination and digitally recorded. In this study, we
applied this method to cinematic angiography (CA), which is the preferred

imaging method for endovascular interventions, to analyze hemodynamic



changes. The SVC method was applied to the images and compared with
results of the slipstream line method with colored fluid.

Methods: A transparent tubular model was constructed of silicone which
included an aneurysm 10 mm in diameter and having a 5 mm neck on a straight
parent artery with a diameter of 3.5 mm. The model was integrated into a
pdlsatile circulation system. By CA, successive images at 25 frames per second
with injection of contrast were obtained.

Results and conclusion: Rotating vortexes of contrast, which advanced along
the wall of the aneurysm, were observed in successive images of the aneurysm
cavity. This phenomenon was also observed in the successive images with the
slipstream line method. The speed of the vortex center was calculated and the
results show that the vortex speed of CA was the same as that under the
slipstream line method. This indicates the possibility of applying the SVC method
to medical imagiﬁg equipment for analysis of the flow in aneurysms containing

stent.



Introduction

With the availability of flexible stent placement for intracranial aneurysms, this
relatively new treatment is recently being increasingly utilized (1-4). By
decreasing the inflow into the aneurysm, stent treatment may lead to thrombus
formation in intracranial aneurysms (5:10). The stent design, e.g., the design of
the stent edge, critically impact on flow changes (11, 12).

The assessment of blood flow by imaging modalities is of increasing importance.
Magnetic Resonancé (MR), Computed Tomography (CT), or Digital Subtraction
Angiography (DSA) are the three major techniques currently béing applied for
this purpose.

Wakhloo et al. used Ethiodol droplets for measurement of flow in arteriovenous
malformations (AVM) (14). Isoda et al., for example, have investigated
time-of-flight MR angiography in aneurysm models which enables the
three'-dimensional measurements (13). To evaluate intraaneurysmal
hemodynamics using images acquired by DSA, Sadasivan et al. (15) and
Asakura et al. (16) utilized time-density curves, and Sadasivan described the
convection and diffusion components of flow and quantified the changes in flow

.in cerebral aneurysms after stents implantation.



The subtracted vortex centers path line (SVC) method was developed by Cassot
and Barath, where an in vitro pulsatile circulation loop was seeded with particles
and illuminated by a laser-sheet for measuring flow speed in a side-wall
aneurysm. model (17). In this SVC method, post-processing of successive
images is employed to trace a rotating vortex of particles from which the speed
of the vortex movement in the aneurysm can be determined. This vortex speed
represents intraaneurysmal flow speed, which is a parameter that can be used
for evaluating medical devices such as stents (18). Although this processing is
very simple and easily employed in the clinical ﬁeld, it has only been used with
in-vitro setups, but never under in vivo conditions or by clinicians.

In this study, the SVC method was applied to successive contrast images
acquired with cinematic angiography (CA). The distance which a vortex moved
was compared with a slipstream line acquired by video to validate and confirm

the feasibility of integrating this method in medical imaging devices.



Materials and methods

In-vitro model:

A transparent tubular model made “of silicone (ELASTRAT Sarl., Geneva,
Switzerland) including an aneurysm with a 5 mm neck and a diameter of 10 mm,
which was situated on a straight parent artery 3.5 mm in diameter (Figure 1),
was integrated into a circulation system. This model was based on the previous
paper (17) to compare to the results. The pressure and the pulsatility (143/77
mmHg and 1 Hz, respectively) were measured at the injection point in the
system (the flow rate was 200 mi / min). Water was used as fluid at room
temperature. For varying the flow pattern in the aneurysm, a stent (Leo stent, 4
mm diameter, 1.5 cm long, BALT) was prepared and the flow speeds before and

after its placement were measured.

Image acquisition:
CA

The image acquisition rate of CA (3D-RA, BV 3000, Philips Medical Systems



(PMS), The Netherlands) was 25 frames per second using imaging parameters
of 60 kV and 300 mA. Each successive image was 512x512 bits in a 18.415 cm

square with a 256 grayscale.

Slipstream line method

To compare images based on contrast with CA, a slipstream line was obtained
by a video camera. Red hydrophilic liquid was introduced into the same
circulation. The rate of the camera (DSC-T1 ,'SONY, Japan) was 30 frames per

second.

Post-processing

The SVC method was applied to the flow images of CA and the slipstream line,
respectively, to quantify the flows.

All procedures of this processing were performed with commercially available
based software packages which can be easily accessed by clinicians. Microsoft
Photo Editor 3.01 (Microsoft Corporation, USA) was used for enhancement of
image and subtraction was performed on JASC Paint Shop Pro 6.00 (Jasc

Software, USA). Tracing the vortex center was carried out with NIH images



