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FAILURE CHARACTERISTICS OF HUMAN BONE
Albert H. Burstein (The Hospital for Special Surgery, New York)

“One of the most common diseases in our society is bone fracture. In
order to understand the cause and properly treat this condition, fundamental
understanding of the failure properties of bone is required.

In this presentation, failure modes for bone tissue under tensile, com~
pressive and shear loadings will be discussed. Changes in failure characteristics
that arise as a consequence of the normal aging process will be described.

Particular attention will be given to the differences between juvenile
and adult bone, and between young and aged bone. Some of the currently proposed
composite models of bone tissue will be described. Application of these concepts
to whole bone fracture will be presented and finally the bio-dynamic nature of
bone will be discussed with emphasis on fatigue-type failures.



THE COMPRESSIVE BEHAVIOR OF TRABECULAR BONE

Dennis R. Carter (University of Washington) and Wilson C. Hayes (University of
Pennsylvania)

Compression tests of human and bovine trabecular bone were conducted over a
wide range of strain rates. By analyzing the results in light of the mechanical
behavior of compact bone, we established fundamental relations between bone appa-
rent density and compressive strength modulus, and the applied strain rate.
Twenty-four cylindrical bovine specimens and 100 specimens of human bone were
machined under continuous irrigation. Specimens were 5 mm thick and 10.3 mm in
radius. They were removed from human tibial plateaus and bovine femoral condyles
and were oriented with their axes parallel to the long axis of the bone. Half
of the human specimens and all the bovine specimens were tested after the marrow
had been removed with an air jet and running water. The specimens were tested in
uniaxial strain by confining them in a rigid cylindrical cavity. Porous platens
allowed for the escape of marrow during testing.

Viscous flow of marrow led to strengthening and stiffening of bone only in
the ten specimens tested with marrow at the highest strain rate (¢ = 10 sec™1).
For all other specimens, the strain rate effect on the modulus and strength was
similar to that previously reported for compact bone. The results suggest that
both the compressive strength and modulus of all bone tissue are approximately
proportional to the strain rate raised to the 0.06 power. The compressive strength
was approximately proportional to the square of the apparent density, and the com-
pressive modulus was proportional to the cube of the apparent density.







BIOMECHANICS OF SPORT RESEARCH: WHAT SHOULD THE FUTURE HOLD?
Doris I. Miller (University of Washington)

Although researchers in the biomechanics of sport are making encouraging
progress in contributing to the understanding of the mechanics of human motion,
four areas come to mind in which gaps need to be bridged or existing ties streng-
thened. These include closer communication with individuals and groups in other
application areas of biomechanics and further cooperative research with colleagues
in the exercise sciences. In addition, since the domain of biomechanics encompasses
the biological substrate at one extreme and mathematical models at the other, a
critical review of how these extremes are being and can be assimilated effectively
into the study of sport is in order. And finally, more investigators should be
encouraged to carry their research beyond temporal relationships and total body
center of gravity analyses to a careful consideration of the role of the individual

segments in producing the coordinated motor patterns which characterize skilled
performance. ‘



PREDICTION OF DISTAL EXTREMITY MOTION FOLLOWING RELAXATION OF KNEE MUSCLE FORCES

Sally J. Phillips, Elizabeth M. Roberts and T.C. Huang (University of Wisconsin-
Madison)

A mathematical model was developed to study the resulting motion of a distal
segment when the muscular force at the knee was relaxed. Of interest in this
study was the mechanism of knee extension during the swing phase of kicking when
maximum foot speed was the primary objective. The resulting muscular forces and
moments of muscular force acting at both the hip and knee joint were initially
calculated from cinematographical analysis with smoothing accomplished by cubic
spline functions. Equations of motion for a system of two linked rigid bodies
modeling the thigh and leg were then applied to predict the motion of the leg
after the muscular force and moment acting about the knee joint were set to zero.
The behavior of the new system now depends only upon the kinematics of the hip
joint and the muscular force and moment of muscular force acting at the hip joint.
Various time points at which the knee muscular force was relaxed during the swing
phase of the kick were studied. The resulting leg motion at various succeeding
time points was compared to the motion observed when the knee muscular force and
torque were operant. Details of the results are reported.
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