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Superposing display of 3D bone model upon its arthroscopic image.
— Camera calibration in water and an accuracy evaluation using a cadaveric knee —

Shuichi ISHIYA, Koji ODA, Toyohiko HAYASHI, PhD, Go OMORI, MD,
Satoshi WATANABE, MD., Osamu TANIFUJI, MD, Takashi SATO, MD., Yoshio KOGA, MD.

Abstract

We developed a navigation system for arthroscopic surgery so that preoperative planning
could be understood intuitively during surgery. To establish such a system, we have been devel
oping a system of superimposing 3D bone-model reconstructed from preoperative tomographic
images upon the arthroscopic image on a real-time basis. Such superimposition facilitates visual-
ization of surgical planning using the intraoperative arthroscopic image, if it is incorporated into

- the bone model before surgery. The present study evaluated the accuracy of the superimposing

system using a cadaveric knee. In an attempt to validate the accuracy, we first calibrated the ar-
throscope in water, and then placed three target points near the center of the intercondylar fossa
of the femoral bone model. In experiments, we measured the position of the target points super-
imposed upon arthroscopic image of the joint filled with saline using a probe mounted on the end
of the arthroscopic tube. Experiments showed that the error of each target evaluated as the dis-
tance between the actual point and the measured point was less than or equal to 3. 49 [mm] on
average, which was larger than that described in our previous report. Primary causes for the in-
crease in the error would be measurement error of the system, cartilage thickness unincorporat-
ed in the model and a restriction of the digitizing direction of the probe at each target point. To
eliminate such problems is a task to be accomplished in a subsequent study.

Key words : arthroscopic surgery, computer-assisted orthopaedic surgery, accuracy verification, cadaveric
experiment.
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B 2. Superimpose display in which a computer
model of the bone was superimposed over
the actual bone surface on a real-time basis,
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Stabilization Effect of Functional Brace on Anterior Cruciate
Ligament-Deficient Knee during Dynamic Performance.

Katsutoshi NISHINO, PhD., Go OMORI, MD, Taro KIMURA., Shin KAL
Yuji TANABE, PhD, Yoshio KOGA, MD.

Abstract

We have developed a knee motion analysis system in combination with a motion capture
system and a three-dimensional leg alignment assessment system. In order to assess the stabili-
zation effect of a functional brace on the anterior cruciate ligament-deficient (ACLD) knee, femo-
rotibial joint motion during dynamic performance was analyzed by this technique. Subjects were
seven ACLD patients (6 males and 1 female), performing various dynamic activities such as (a)
knee rotation, (b) 10m gait, (c) single squat and (d) single hopping with/without the brace. In
the low loading activities (e.g. knee rotation and gait), the motion range with the brace was re-
duced significantly. During high loading activities like sports motion, movement stability with
brace was higher than that without brace, and the lateral swing pattern (instability) of the knee
joint was reduced by the brace. It was suggested that the functional brace could provide stability
and higher active performance in unstable knee caused by ACLD.

Key words : Anterior cruciate ligament-deficient knee, functional brace, dynamic performance.
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(a) Knee rotation (b) 10m Gait (c) Single squat {d) Single hopping

"El1. Dynamic performances.
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\

Motion capture
system

qT,,.: =14

(a) Roentgen stereophotogrammetry (b Calculation of femorotibial
of lower extremity Jjoint motion

R 2. Estimation procedure of the femorotibial joint motion.
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3. Lateral swing pattern of center of gravity
(COG) and knee-joint center (KJC).
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1. Average and standard deviation of knee motion ranges, maximum flexion angle, jump height and

acting time in various dynamic performances.

{a) Knee rotation

{c) Single squat (Extension fo flexion)

Parameter Ooff On— On+ Paramater Off On— On+
Rotation{deg) 12.6::6.6 4.7:£6.6 (*1) 5422.1 (¥1) Flexion[deg] 65.0:£8.5 87.0£6.3 67.826.8
(b) 10m Gait (Stance phase) Varus/valgusideg] 10.1+6.3 10.9x4.5 10.0:4.9

Parameter Off On— On+ Rofation{deg] 10.4:£4.8 11.546.7 10.5:£34
Flaxion{deg) 32,8:4:6.2 27.8Xk7.8 3.8::1.1 AP shiftfmm) 17.3+8.0 25.0::13.9 253::14.9
Varusivalgusideg] | 7.4:23.1 58423 117291 (*1) Acting timefs] 1.27+0.21 1.23%0.24 1234027
Rotatlon[deg] 18.6£4.9 7.8::3.0 (*1) 11,7291 {d) Single hopping
AP shiftfmm] 48.4::13.9 | 32.9:£13.9 (*1) | 32.6:£11.6 (*1) Parameter of On— On+

*1 ; p<0.05{Of vs On-, Off vs On+)
*2 1 p<0.05(On- vs On-)

Ant. ’ Ant,
- KJIC(Off) O Start
KJC(Off) L ®End
t.‘ﬁ.‘ e
(‘ KJC[On+)
(On+) Left L - Right
COB(OR) ]
Jcoc(om Right coe(o.k:r)}
K COG(On+)
uPost. Post.
(a) Single squat: (b} Single hopping:

Extension {o flexion Landing to max knee flexion

B 4. The COG and. KJC trajectories of typical
case (left knee) during single squat and
hopping. Dashed line and solid line are the
motion patterns without and with the
brace, respectively,
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Application of MRI Model for Three-Dimensional Lower Extremity
Alignment Assessment System.

Keisuke SASAGAWA, PhD, Shuichi ISHIYA, Makoto SAKAMOTO, PhD,
Koichi KOBAYASHI, PhD,, Toyohiko HAYASHI, PhD, Yuji TANABE, PhD,
Takashi SATO, MD., Go OMORI, MD.,, Yoshio KOGA, MD.

Abstract

We applied an MRI model to a three-dimensional (3D) lower extremity alignment assess-
ment system. In this system, the clinical parameters were measured by image registration com-
bining images of biplanar X-ray in a standing position with a 3D bone surface model consisting of
CT data (CT model). A CT model of the whole bone length is generally used in this system. For
the knee joint, the scanning range of MRI is limited from the distal metaphysis of femur to proxi-
mal metaphysis of tibia. Therefore, the MRI-derived hone model (MRI model) is the metaphysis
bone model. We devised a semi-automatic construction algorithm that could set an intermediate
coordinate system in the metaphysis models of femur and tibia. This semi-automatic construction
algorithm was used in CT and MRI models reconstructed from the scanning data of five volun-
teers. After image registration to the biplanar X-ray, we evaluated the application of the MRI
model by the computed position and orientation of femoral and tibial models and the position of
two reference points defined for femoral and tibial sides. RMS errors of the position and orienta-
tion between CT and MRI models were within 6.3 degrees and 2.2mm, respectively. RMS errors
of the position of reference points on the model coordinate system for CT and MRI models were
within 13mm and 35mm, respectively. We conclude that a more precise semi-automatic construc-
tion algorithm is needed for clinical application.

Key words : MRI model, Biplanar X-ray images, Lower extremity alignment, CT model, Knee.
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Slice thickness : 1.0-2.5mm, Pixel size : 0. 68X
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