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The purpose of the project was to initiate a scheme for determining
the mechanical stiffness of joints subjected to large displacements.

The methodology to be developed would allow a stiffness matrix relating
displacements and rotations to forces and moments. Two phases of the
study were planned. The first phase would utilize cadaver material and
the second phase, human volunteers.

In order to measure displacements, a process had to be developed
whereby accurate position measurements of the femur, for example, must
be made relative to the tibia. Since it was decided to center attention
on the knee joint as a developmental anatomical structure, all subsequent
work for the duration of the project was performed on knee joints. The
technique for displacement measurement was based upon an existing bi-
plance radiographic viewing technique previously developed at Case
Western Reserve University. A system for taking two simultaneous
orthogonal x-rays had been constructed so that the films were held at
planes that were perpendicular to each other. At the same time, a
system of marking grids was superimposed upon the film at the time of
radiographic exposure. This marking system enabled the precise location
of the x-ray source to be calculated and with that precise relative
location known, all recognizable landmarks or markers on the tibia and
femur could be located in three-dimensional space. Thus, if successive
bi-plane x-rays were taken at different intensities and directions of
loading, the stiffness matrix could be formulated.

The second phase of the system utilized a simple one-dimensional
load cell with which the applied loads could be measured. The final

-design for the operational system would probably require at least one
“additional load measuring device, preferably a device to measure moment.

All loads were recorded on an oscilloscope using appropriate strain

gage amplifiers. The orientation of the force in three-dimensional

space could also be visualized on the bi-plane films. This enabled a

precise calculation of the geometry of the loading system to be made.
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The first series of experiments was conducted on cadaver knees
obtained from patients who had undergone amputation because of vascular
insufficiencies. A special holding device was manufactured and the
specimens were held within the bi-plance radiographic frame. Loads
were applied so as to produce a varus and valgus displacement and )
simultaneous bi-plane films were taken. Subsequent to that, radiographic
markers consisting of small load spheres were inserted into the tibia
and femur through cutaneous wounds. The process was repeated with
similar data being obtained. The purpose of this duality of procedure
was to enable the researchers to gain confidence in their ability to
repeatedly locate anatomical markers on the tibia and femur. The
repeatable location of such markers is vital to the measuring technique
and the comparison must be made between the results obtained with the
precise red opaque markers and the less precise manual determinations
of marker points. Volunteers were then selected to have essentially the
same procedures carried out with the exception, of course, that no
marker system would be utilized. Successive paired radiographs were
then taken at various positions of knee flexion. Sample radiographs
and the reduced computer data forms are included in the Appendix.
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Cadaver Knee Without Calibrated Loading Device




Cadaver Knee With Calibrated Loading Device
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Volunteer Knee - Unloaded




Volunteer Knee in Stress
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