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Clinical Application of a CT Based Nonlinear Finite Element Method
—Clinical Management of a Patient with Metastatic Bone Disease — a
Takuya Matsumoto® , Isao Ohnishi® , Masahiko Bessho” ,Masako Kaneko® , Satoru Ohashxi
Kenji Tobita® ,Tetsuo Yamamoto® , Tatsuro Karita® , Taiji Kondoh® , Kozo Nakamura"
a) Department of Orthopaedic Surgery, Tokyo Metropolitan Tama Medical Center, Tokyo

b) Department of Orthopaedic Surgery, University of Tokyo, Tokyo,
Abstract: Pathological fractures due to metastatic bone diseases are caused by fragility at the metastatic lesion. Surgical intervention
by stabilizing is taken into consideration to prevent such fractures when a patient seems to be at high fracture risk. Thus, accurate
assessment of bone strength is required. Bessho et al. reported the precise quantitative evaluation of bone strength of cadaveric
femora using a CT based nonlinear finite element method. We applied this method clinically and assessed strength of the femur with
metastatic bone disease, by which the treatment modality of the patient was decided. After treatment, the patient have had
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occurrence of fracture within the follow up period.

Key werds: Finite element method, Malignant Bone Disease, Bone strength
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Measure ment of Articular Cartilage Thickness Using a 3D Image
Reconstructed from B-mode Ultrasonography Mechanical Scans
-Comparison with MRI-derived Data-

. Ohashi , 1. Ohnishi, T. Matsumoto , M. Bessho , M. Kancko , K. Tobita , J.
Mmmwm:KN&mmd
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Abstract: The purpose of this study was to develop a method to measure 3D articular cartilage thickness at the femoral condyle
using B-mode ultrasonography (US) and to compare results with 3D measurements using MRI to clarify the feasibility of US in
clinical evaluations of articular cartilage. The medial surface of the right knees of subjects comprised of 2 healthy male volunteers
(age, 37 and 59 years) and 2 male patients with knee osteoarthritis (age, 73 and 81 years) were scanned using the B-mode
ultrasound probe with the knee flexed at 120 degree. The range of the angle of probe rotation for the arm was 0-80 degree and the

US B-mode images (total, 101 images) were acquired every 0.8 degree. MR images of the knees were also acquired using the
sequence previously described. 3D models of medial femoral condy le articular cartilage from both US and MRI images were
created. Cartilage thickness was determined at 400 points 1 mm apart from one another in the US model (Tc-US) and the MRI
model (Te-MRI). Tc-US correlated significantly with Tc-MRI in all participants (p<0.001, each). Our results show that, like MR1,
Te-US measurement using 3D models also allow accurate measurement of Tc, in both healthy individuals and patients with

osteoarthritis.

Key words: Ultrasonography, Osteoarthritis, Articular cartilage, Knee
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Predicting strengths of the femur and vertebra in patients with
postmenopausal osteoporosis by a CT based finite element method - The
predicted fracture load of the proximal femur is correlated with that of the

lumber vertebra -

M. Bessho®, 1. Ohnishi* , T. Matsumoto® , M. Kancko® , S. Ohashi’ , K. Tobita" , J.

Matsuyama and K. Nakamura®

* Department of Orthopaedic Surgery, University of Tokyo, Tokyo, Japan
Abstract: We focused on a computed tomography-based finite element method (CT/FEM) to quantify structural strength,
developing a nonlinear CT/FEM to achieve accurate assessment of strength in the proximal femur and lumbar vertebrae. One
of the purposes of the present study was thus to validate our model by comparing predicted fracture loads (PFLs) in our
model to fracture loads derived from mechanical testing in previous studies. The other goal was to clarify whether either
femoral or vertebral strength in postmenopausal osteoporosis patients is predictable by CT/FEM of only one of the two sites.
We thus investigated whether femoral PFL could be utilized to estimate vertebral PFL. Right femur and the second lumbar
vertebra (L2) in 40 female patients with postmenopausal osteoporosis (average: 70.1) were evaluated. Axial CT scans of the
proximal femur and L2 were obtained as well as scans of a calibration phantom. The CT data were transferred to a
workstation and 3D finite element models were constructed from the CT data using the software that was developed by the
authors. Correlations among PFLs of the femur in stance configuration (SC) and fall onfiguration (FC) and the L2 were
investigated.. The average PFL of the proximal femur in SC was 3910 N, 1290 N for FC, respectively. The average PFL of
L2 was 3010 N. Our results did not contradict these previous studies. PFL in FC may well correlate to vertebral PFL in
Japanese women with postmenopausal osteoporosis.
Keywords: Femur, Vertebra, Osteoporosis, Finite element method, Computed tomography.
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Proximal femur 2
5 Farstion il confgaton w -
Proximal Stance configuratior - 0847 041"
femur f4ff configuration 0647 - ns.

L2 uniaxial compressior 0472" ns. =

(Table. 1) Correlations (r) of the predicted
fracture loads for each loading configurations.
(n.s.: not significant, ***: p < 0.001, **: p < 0.01)
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Musculoskeletal numerical model for applying surgical robots

T. Doke®, Y. Nakajima™® , N. Sugita®, M. Mitsuishi®, T. Matsumoto®, M. Bessho®,

S. Ohashi®, K. Tobita®, M. Kaneko®, I. Ohnishi®, . Sakuma® and K. Nakamura®

* Graduate Scholl of Engineering, the University of Tokyo, Tokyo, Japan

® Intelligent Modeling Laboratory, the University of Tokyo, Tokyo, Japan

¢ Graduate School of Medicine, the University of Tokyo, Tokyo, Japan, Japan

Abstract:  In femoral fracture reduction, navigation systems have widely used for surgeries. However, most of the systems
consider only bone dimensions but do not support to prevent soft tissue damage such as for muscles and ligaments. For
achieving high accuracy of robotic bone-fracture reduction, we propose a novel control method for the fracture reduction
robot using a musculoskeletal numerical model of human leg in this paper. External force/torque and position/orientation
measurements are performed during the surgery. The parameter set of musculoskeletal model are determined by optimizing
patient’s condition. In the experiments using a plastic phantom of leg, maximal errors of force and torque were 14.3 N and
0.66 Nm in reduction operations, respectively. This result shows that our method can improve accuracy of robotic surgeries
and has the feasibility to apply practical clinical cases.

Key words:  Surgical robotic system, Femur fracture reduction, Biomechanical property of leg.
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Fig.2 Balance of Force and Torque
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Development of navigation system for reduction deformed bone with

Universal- Bar-Link external fixator
R.Ishihara®, S.Joung®, E.Kobayashi®, H.Liao®, T.Ito°, M.Ochiai®, Y.Ito’, N.Seitoku’,

M .Bessho®, T.Matsumoto®, K. Tobita", A.Ohhashi®, M.Kaneko”, [.Ohnishi’, I.Sakuma®
{* Graduate School of Engineering ,° Graduate School of Medicine} , the University of
Tokyo ,"MIZUHO Co.LTD. SLEXI Co.LTD.

Abstract: In orthopedic surgery, an external fixator has been a great focus of constant attention to realize fracture reduction.

Universal-Bar-Link external fixator (UBL) has been developed to realize reduction of deformed bones, but not fracture
reduction. Under the present situation, it is difficult to set up the installation of UBL three dimensions and exactly, because it
is done by the doctor’s hand work. To assist a setting procedure, we have developed the navigation system of UBL. In the
present study, a new mechanism is developed for the accuracy improvement of the installation navigation system of UBL.

And the accuracy is evaluated.

Key words: Universal-Bar-Link external fixator, deformed bone, navigation system
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Statistical deformable model creation using Sphere-Attribute-Image
T. Saito®, Y. Nakajima™ , H. Hashizume®, N. Sugita® , K. Kuramoto? , Y. Nakashima® ,
M. Mitsuishi®
* Graduate School of Engineering, the University of Tokyo, Tokyo, Japan
b Intelligent Modeling Laboratory, the University of Tokyo, Tokyo, Japan
¢ Kasaoka Daiichi Hospital, Okayama, Japan

1 Nakashima Medical Co., Ltd., Okayama, Japan

Abstract: Two-dimensional/three-dimensional (2-D/3-D) registration is a promising method to determine the position of
patient bones for surgical navigation. In the operation room, it uses intra-operative X-ray fluoroscopic images and a
preoperative computer tomographic (CT) volume, and therefore costs innegligible X-ray exposure to patients. 2-D/3-D
registration methods based on a statistical deformable model have been proposed in order to simultaneously estimate bone
position and shape in the intra-operative surgical space without CT imaging. Since its accuracy exactly depends on the
condition of the statistical shape model, we propose to employ Sphere-Attribute-Image(SAI) in the generation process for the
statistical shape models. The proposed method was evaluated by the leave-one-out cross-validation study and had worked
well with 0.23 mm of RMS error and 1.63 mm of maximum distance between the estimated and true surfaces.

Keywords: surgical navigation, 2D/3D registration, statistical shape model, sphere-attribute-image
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Fig. 2 Result of correspondence searching
The left image is proposed method and the right
is closest points searching.

Fig. 3 Result of correspondence searching in
large scale
The left image is proposed method and the right
is closest points searching.
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