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ABSTRACT=With the advent of ever more powerful computing and finite element analysis
(FEA) capabilities, the bone and joint geometry detail available from either commercial
surface definitions or from medical CT scans is inadequate. For dynamic FEA modeling of
joints, precise articular contours are necessary to get appropriate contact definition. In this
project, a fresh cadaver extremity was suspended in parafin in a lucite cylinder and then
scanned with an industrial CT system to generate a high resolution data set for use in
biomechanics modeling.
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TEXT=1. INTRODUCTION:

Lawrence Livermore National Laboratory (LLNL) has been a leader in development of
large-displacement, dynamic finite element analysis for application to defense systems.
Recently, work has begun applying these codes (especiallly NIKE3D1 and DYNA3D?2) to
biomechanical systems. Geometries of the anatomy are available in the form of medical CT
scans or bone surface coordinates3. Because of the constraint of radiation exposure to
patients, voxel size has not been fine enough to precisely define the soft tissue of ligaments
or the articular surface of joints for contact problems in finite element analysis. Strategies
that acquire surface data by progressive dissection are by their nature limited in definition of
internal structure. Tofadequately define both bone and soft tissue geometries, another
source for anatomical data had to be found.

There is also a great wealth of experience and expertise at LLNL in the field of
Nondestructive Testing4,5,6. CT scans are one of the many forms of industrial
radiography employed in defense applications7,8,9,10,11,12. If radiation dosage were
not a consideration (as it is not in industrial applications), a major constraint would be lifted
in obtaining a high resolution CT data set for geometries. Hence, it was decided to scan a
fresh (previously frozen, but not fixed) archival cadaver limb.

2. METHODS:

The archived hand and forearm of a middle-aged white female were obtained from the
Office of the Northern California Curator, via the Orthopaedic Biomechanics Instutite of
Salt Lake City. The extremity was thawed and then immediately immobilized in parafin in
a six inch diameter lucite cylinder so that it could be attached to a stage for scanning.

Projection data sets were acquired with an industrial CT system that employs a scintillator.
The scintillator was viewed by a 14-bit CCD coupled with a mirror and transmission
optics. Seven hundred twenty projection views over 360 degrees were acquired, each
consisting of 1020 by 1020 pixels. The data was reconstructed into equilateral voxels of
142 micrometer dimension using a convolution back-projection algorithm and standard rho
(ramp) filtering.

The x-ray source employed for this work was a conventional industrial x-ray tube with a
tungsten anode operated at 100 kV constant potential. No x-ray filtering was employed.
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3. RESULTS:
Contrast sensitivity on the CT images clearly resolves soft tissue from bone and cartilage,
as well as fine structural detail in the trabecular bone. The skin/parafin interface is clearly

resolved.

4. DISCUSSION:

The CT scans of the extremity that were obtained have more than met the expectations of
the finite element analysts in providing a data set of appropriate detail for defining articular
surface geometries and bone internal structural detail. The use of a fresh-frozen, thawed
extremity provides minimal distortion from in vivo anatomy; the anatomy is far closer to in
vivo than a fixed specimen would be, with the shrinkage in ligaments and cartilage that
results from processing.

Parafin proved to be a less than ideal support material because of the diifficulty in managing
hot parafin, and the propensity to form air voids when cooling. Fortunately, the voids do
not directly impinge on the extremity, so do not degrade any of the surface geometries.

5. CONCLUSIONS:

Industrial CT systems can provide a level of detail for anatomical structure that is not
available from medical CT scanners because of constraints to limit radiation to living tissue.
When scanning time and radiation dose are not determining factors, much higher quality
images can be produced. Thus, a new research tool is provided by scanning archival
cadaveric material with industrial CT.

Future plans in CT development are to characterize our system with regard to x-ray and
light scatter. Also, it is planned to reduce x-ray scatter effects by employing a low density
foam support material in place of parafin in the container and by using suitable pre-
collimation and filtering. It is also planned to perform the reconstruction with a cone beam
algorithm13. H

Near future plans also include scanning lower extremities and spine segments.

6. REFERENCES:

1. Bradley N. Maker, originators: J.O. Hollquist, Robert M. Ferencz, NIKE3D: A
Nonlinear Implicit 3-Dimensional Finite Element Code for Solid and Structural Mechanics,
User's Manual, UCRL: MA105268, Jan., 1991.

2. Robert G. Whirley, Bruce E. Engelmann, J. O. Hallquist, DYNA3D: A Nonlinear
Explicit 3-Dimensional Finite Element Code for Solid and Structural Mechanics, User's
Manual, UCRL: MA107254, Rev. 1, Nov., 1993.

3. Viewpoint Datalabs, 870 West Center, Ovem, UT 84057.

4. C. M. Logan, J. M. Hernandez, G. J. Devine, "Quantitative Radiography",
Proceedings of the 1991 Spring Conference of the American Society for Nondestructive
Testing, A manuscript containing four related papers from this conference is available as
LLNL Report UCRL-ID-106201(1991).

5. "Nondestructive Evaluation," Harry E. Martz, Lawrence Livermore National
Laboratory, Livermore, Calif., UCRL-53868-94; Lawrence Livermore National
Laboratory, Livermore, Calif., UCRL-ID-119059, February 1995.



6. "Nondestructive Evaluation," Harry E. Martz, Lawrence Livermore National
Laboratory, Livermore, Calif., UCRIL-53868-93; Lawrence Livermore National
Laboratory, Livermore, Calif., UCRL-ID-115668, May 1994.

7. Quantitative Measurement Tools for Digital Radiography and Computed Tomography
Imagery," Stephen G. Azevedo, Harry E. Martz, Daniel J. Schneberk, and G. Patrick
Roberson, Lawrence Livermore National Laboratory, Livermore, Calif., UCRL-53868-94;
Lawrence Livermore National Laboratory, Livermore, Calif., UCRL-ID-119059, February
1995.

8. Computed Tomography, Stephen G. Azevedo, Harry E. Martz, Daniel J. Schneberk,
and George P. Roberson, Lawrence Livermore National Laboratory, Livermore, Calif.,
UCRL-53868-93; Lawrence Livermore National Laboratory, Livermore, Calif., UCRL-ID
115668, May, 1994.

9. “Three dimensional nonintrusive imaging of obscured objects by x-ray and gamma-ray
computed tomography,” H. E. Martz, D. J. Schneberk, and G. P. Roberson, Proceedings
Underground and Obscured Object Imaging and Detection, Orlando, FL, April 15-
16,1993, 1942(1993)236-249; UCRL-JC-113474, Lawrence Livermore National
Laboratory, Livermore, CA, May 1993.

10. "Potential of Computed Tomography for Inspection of Aircraft Components,” Stephen
G. Azevedo, Harry E. Martz, and Daniel J. Schneberk, Proceedings of the SPIE
International Symposium on Optics, Imaging, and Instrumentation, July 11-16, 1993, San
Diego, California; UCRL-JC-113475, Lawrence Livermore National Laboratory,
Livermore, CA, August, 1993.

11. “X- AND G-RAY Computed Tomography APPLICATIONS AT LLNL,” G. P.
Roberson, H. E. Mariz, D. J. Schneberk, and S. G. Azevedo, submitted to the
Proceedings of the 1993 JANNAF Nondestructive Evaluation Subcommittee Meeting,
Livermore, CA, April 26-28,1993; UCRL-JC-113741, Lawrence Livermore National
Laboratory, Livermore, CA, April 1993.

12. "Computed Tomography of Replica Carbon," C.M. Logan, G.P. Roberson, D.L.
Weirup, J.C. Davis, 1.D. Proctor, D.W. Heikkinen, M.L. Roberts, H.E. Martz, D.J.
Schneberk, S.G. Azevedo, A. E. Pontau, A. J. Antolak, and D. H. Morse, ASNT's
Industrial Computed Tomography Conference 1I, Topical Conference Paper Summaries,
May 20-24, San Diego, CA, 61 (1991); UCRL-JC-106956, Lawrence Livermore National
Laboratory, Livermore, CA April 1991.

13. L. A. Feldkamp, L. C. Davis, J. W. Kress, “Practical Cone-beam Algorithm",
Journal of the Optical Society of America, 1, #6, June 1984, p. 612-619.

YEAR=1995

This work was performed under the auspices of the U.S. Dept. of Energy at LLNL
under contract no. W-7405-Eng-48.



