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The single leg ground reaction forces show the principle difference between 
accelerated and steady locomotion. During steady locomotion the gait can 
be described by an alternating tripod similar to insects with an occasional 
assistance of the frontal leg pair. Associated with the accelerated locomotion 
is a division of work among the frontal and rear leg pairs, hence the leg pairs 1 
and 2 primarily take the responsibility for the propulsion and the hind leg pairs 
provide most of the vertical acceleration. 

7039 Th, 09:30-09:45 (P39) 
Work modulation in hindlimb joints of  goats during vertical climbing 
E.H. Yoo, D.V. Lee, A.A. Biewener. Concord Field Station, Harvard University, 
Cambridge, USA 

Goats are excellent climbers, which allows them to escape predators and reach 
remote food sources in their mountainous habitat. We wish to understand how 
multi-jointed legs are able to meet different terrain conditions and mechanical 
demands during vertical climbing locomotion. We studied hindlimb function 
during three different climbing conditions in sub-adult male goats (N=3, 
33.6±1.5 kg): a horizontal running approach jump (BXJ) onto a box platform, 
a horizontal approach jump (C J1) onto a climbing wall (640 slope), and a 
vertical approach jump from the climbing wall up onto a horizontal ledge (C J2). 
Joint power (joint moment X joint angular velocity) was integrated to calculate 
net joint work. In accordance with these predictions, we hypothesized that 
joint work would be minimized in BXJ by transferring horizontal kinetic energy 
during running approach to raise the center of mass (CoM) during the jump. 
In contrast, we hypothesized that in C J2, the reduced approach speed and 
limb constraints due to the steepness of the climbing wall would necessitate 
increased net joint work while C J1 would show intermediate net joint work. 
Total joint net work were 19.7±1.461 Nm in BXJ, 26.3±1.603 Nm in C J1, and 
43.6±1.417Nm in C J2. Ankle net work ratio (ankle net work/total joint work) 
was 16.8±1.7% in BXJ, 39.2±1.9% in C J1 and 56.2±1.9% in C J2, which 
matched total joint net work patterns in the whole limb indicating significant 
work modulation at the ankle in C J1 and even greater work modulation in 
C J2 (p <0.005). Knee net work ratio was significantly more negative for BXJ 
(-21.6±1.7%) than for C J1 and C J2 (-9.4±2.0% and -5.4±1.8%), indicating 
net work absorption and providing evidence that the knee is involved in 
transferring horizontal kinetic energy in raising CoM in BXJ. 
(DARPA BIOD_0010_2003) 
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6709 Mo, 08:15-08:45 (P6) 
Flow-related aspects of cerebral aneurysms 

D.A. Rufenacht 1 , N. Stergiopulos 2, B. Chopard 3, A. Frangi 4, R. Hose 5, 
J.R. Cebral 6, R Lylyk 7. 1Neuroradiology, University Hospital of Geneva, 
Switzerland, 2Lab. of Hemodynamics and Cardiovascular Technology, Swiss 
Fed. Inst. of Tech., Lausanne, Switzerland, 3 CUI, University of Geneva, 
Switzerland, 4Computational Imaging Lab., Pompeu Fabra University, 
Barcelona, Spain, 5Medical Physics, University of Sheffield, UK, 6Lab. for 
CFD, School of Computational Sciences, George Mason University, Fairfax, 
VA, USA, 71nstituto M6dico ENERI, Buenos Aires, Argentina 

Among other factors, flow related aspects dominate the life cycle of cerebral 
aneurysms. Understanding the role of blood and its flow mechanics may 
provide access to the deeper understanding of the cerebral aneurysm life, 
including possibilities to assess rupture risk and to improve endovascular 
treatment methods. With the advent of flow diversion using stents as treatment, 
the cause rather than the symptom may be addressed. 
Cerebral aneurysms, a vessel disease marked by undue dilation of an arterial 
lumen indicating wall weakness and therefore exposing the patient to vessel 
rupture risk, are comparable to other complex systems that are governed by 
multiple parameters, and that in the case of cerebral aneurysms exhibit yet 
partially understood relationships. Among others, the parameter of special 
interest is flow because it plays a significant role in all the different segments 
of the aneurysm life cycle, i.e. initiation, growth and rupture. When it comes to 
minimally invasive endovascular treatment, preliminary clinical results indicate 
that control of local flow parameters may alleviate from aneurysm disease. 
Such flow control, is today conceivable by use of flow diverting devices such 
as stents. Different from today's treatment of symptoms with insertion of intra- 
aneurismal flow diverters (coils) to induce thrombosis, application of flow 
correction in the parent vessel with stents would treat the cause and bears the 

potential to have better long-term efficacy. Understanding flow and developing 
methods to assess and plan for correction is the topic of the session - numeric 
simulation and validation methods evolve and give the scientific background 
to such a vision. A significant contribution to treatment and treatment planning 
using modern medical imaging can be expected. Patients with this highly 
prevalent disease (2-4%) but overall low rupture incidence (10/100'000/year) 
will benefit of better rupture risk assessment and better treatment (for more 
information see www.aneurist.org). 

7267 Mo, 08:45-09:00 (P6) 
Neurosurgery and biomechanics of cerebral aneurysms 
A. Spuler 1 , L. Goubergrits 2, U. Kertzscher 2, J. Kiwit 1 , K. Affeld 2. 
1 Department of Neurosurgery, Helios Klinikum Berlin-Buch, Berlin, Germany, 
2 Biofluidmechanics Laboratory, Universit~tsmedizin Berlin, Berlin, Germany 

The risk of rupture for cerebral aneurysms has traditionally been estimated 
by simple morphological criteria such as size, shape and location of the 
aneurysm. Blood flow inside an aneurysm, however, another important param- 
eter cannot be appreciated by morphological analysis alone. Blood interacts 
with the aneurysmal wall evoking mechanical and biological reactions of its 
constituents. 
Furthermore, there are aneurysms which can not be treated easily e.g. due to 
complicating features of the neck region. Therefore, some aneurysms can not 
be excluded from the blood circulation by complete mechanical occlusion. 
This paper provides an overview of different methods used to simulate blood 
flow and to visualize biofluidmechanical parameters inside and around cerebral 
aneurysms. These simulations can identify instable regions of the aneuysmal 
wall. It also appears possible that simulated dye washout experiments can be 
applied to test different treatment modalities and different treatment strategies. 
In the future, a sophisticated management of cerebral aneurysms will depend 
on biomechanical fluid analysis. 

6198 Mo, 09:00-09:15 (P6) 
The mechanism of rupture of intracranial aneurysm 
H. Ujiie, ~ Suzuki, N. Takahashi, M. Kaibara, H. Takashi, K. Koichi, T. Hori. 
Department of Neurosurgery, Neurological Institute, Tokyo Women's Medical 
University, Tokyo, Japan, Beam application team, Biopolymer Physics 
Laboratory, the Institute of Physical and Chemical Research, Wako, Japan 

Rupture of intracranial aneurysm produces subarachnoid hemorrhage that is 
one of the most severe forms of stroke. To predict aneurysmal rupture, a good 
understanding of the mechanism of aneurysmal initiation, growth and rupture 
is necessary. 
We have studied the flow behavior by use of glass models. It was identified 
that slow-velocity flow condition is closely associated with the characteristic 
aneurysm shape where rupture is likely to occur. Then, the aneurysms were 
created in rabbit carotid arteries using surgically attached venous pouch grafts. 
Using color Doppler measurements and transfemoral angiography, low flow 
area was identified near the dome of large aneurysms with aspect ratio 
more than 2 or dumbbell shaped aneurysms. Animals were sacrificed after 
three weeks survival and the lesions were histologically examined. Localized 
thrombus formation and inflammatory cells were found in the area of low- 
flow condition. Finally we have studied the flow behavior in the aneurysm by 
implanting the endothelialized glass models into the canine carotid arteries. 
The models were exposed to blood flow and flows inside the aneurysms 
were monitored with CCD camera 2 hours. Then specimens were perfusion- 
fixed and examined by scanning electron microscopy. Flow visualization re- 
vealed that white thrombus formation developed inside aneurysms at the 
flow separation and stagnant point. Then thrombus grew and flew away with 
circulating blood from the aneurysms. This thrombus formation repeatedly 
occurred in the aneurysm domes. These experimental studies suggested that 
the subsequent fibrinolysis after the thrombus formation must play an important 
role for aneurysm rupture rather than a blow-up mechanism. 

4610 Mo, 09:15-09:30 (P6) 
Management of f low in cerebral aneurysms 
B.B. Lieber. Department of Biomedical Engineering and of Radiology, 
University of Miami, USA 

It is estimated that intracranial aneurysms are prevalent in approximately 2% 
of the general population. The greatest risk that aneurysms present is that 
of rupture leading to subarachnoid hemorrhage (SAH). The annual incidence 
of aneurysmal SAH is about 1 per 10,000 of the population. Due to the high 
mortality rates (about 50%) associated with an SAH event, various treatment 
modalities have been proffered over the years to treat cerebral aneurysms. 
Surgical clipping of the aneurysm neck has been the predominant mode of 
treatment until recently, but is largely being replaced by endovascular coiling 
of the aneurysm sac because of lower associated risks and better outcome 


