Chapter 1.
| ntr oduction

The ankle-foot system is one of the most complex musculoskeletal structures
of the human body. When the human ankle-foot combination is damaged or lost
completely, augmentations or replacements are sometimes used. These
augmentations and replacements take the form of orthoses and prostheses,
respectively. Because the human ankle-foot complex is used in different ways for
different tasks, it is quite difficult to mimic for all applications. For example, an
orthosis may augment the remaining function of afoot and ankle to facilitate
standing, while at the same time making walking difficult and inefficient. This
dissertation will examine the ankle-foot system during walking, one of its most

important functions.



While the human physiologica ankle-foot combination is quite complex, it
can be recognized that its function for certain activitiesis quite simple. For
example, the function of the ankle-foot system when kicking aball can be reduced
to that of a simple hammer or club (see Figure 1.1). Boxers use the hand/wrist
combination in asimilar fashion during afight. The ankle-foot complex is one of
the most recently evolved structures of human anatomy, replacing the hand-like

lower limb terminal structures of evolutionary predecessors.

Figure 1.1 — lllustration of the ankle-foot system’s function for kicking a ball. This complex system

has a simple function in this case that is equivalent to a club or a hammer.



The work in this dissertation is based on the general theory that the ankle-
foot system has a simple function during the period between heel contact and
opposite hedl contact of walking: to create an appropriate geometry, or roll-over
shape, over which the body can advance. Asatheory, this statement cannot be
directly tested. However, sub-theories and hypotheses can be developed and tested
under thistheory. This dissertation examines various hypotheses that would either

support or disprove this genera theory.

The main sub-theory examined in this dissertation is that the ankle-foot
system adapts to various conditions of level ground walking to maintain a similar
roll-over shape. Thisideaof roll-over shapeinvariance, if true, would strengthen
the overall theory that creating a simple, appropriate geometry during walking is
important. The invariance of roll-over shape might also suggest that creating an
effective geometry to walk on isthe goal of the ankle-foot system or lower limb in
general. Some specific hypotheses devel oped and examined under this sub-theory

are described in this dissertation.

Chapter 2 of this dissertation presents background information about the

ankle-foot system. It describes models and research surrounding the able-bodied



ankle-foot complex. The chapter describes pathol ogies of the ankle and foot and
their effects on gait. It aso provides some background information on prosthetic

feet and discusses the issue of trans-tibial prosthesis alignment.

Chapter 3 is dedicated to explaining what roll-over shapes are and how they
aremeasured. The three types of roll-over shapes used throughout the dissertation
are shown and their possible clinical applications are discussed. The use of the
various types of roll-over shapes for determining rocker parameters of severd
walking models are explained. The modeling of these shapes as circles and the

parameters used to describe these circles are aso presented.

To test the sub-theory of roll-over shape invariance on level ground, severa
hypotheses were created and examined. The first hypothesis was that the human
ankle-foot system adapts to shoes of different heel heights to maintain asimilar roll-
over shape. This specific hypothesis was tested in an experiment described in
Chapter 4. Chapter 5 examines the effects changes in shoe heel height have on roll-
over shapes of prosthetic ankle-foot systems. The hypothesis that the able-bodied

roll-over shape is not affected when walking with added weightsis tested in Chapter



5
6. Chapters 4 and 6 also address the hypothesis that roll-over shape does not change

with different walking speeds.

Chapter 7 examines roll-over shapes that are used when walking on inclined
walking surfaces. The hypothesisthat is examined in this chapter is that the
orientation of the roll-over shape will change with the slope of the walking surface.
When walking downhill, it is believed that the roll-over shape will rotate in the
direction of plantarflexion. Conversdly, it is believed that the roll-over shape will
rotate in the direction of dorsiflexion when walking uphill. This adjustment in roll-
over shape orientation would help the human maintain an upright posture as they

walk.

Chapter 8 isasynopsis of Chapters 4, 5, 6, and 7 and discusses the concept
of roll-over shape invariance in more detail. The importance and significance of

thisideais explained further and its possible usesin clinical contexts are discussed.

Chapter 9 examines aclinical hypothesis that was developed directly from
roll-over shapeideas. Theroll-over shape alignment hypothesis is the hypothesis

that roll-over shapes of prosthetic ankle-foot systems are aligned in the sagittal



plane toward an ideal roll-over shape. Theideal roll-over shape that the feet are
aligned towards is believed to be the invariant roll-over shape of the able-bodied
ankle-foot system. This chapter illustrates one possible utility of roll-over shapein
aclinical setting and may explain aclinical process—dynamic alignment—that was

previously accomplished using iterative methods.

Lastly, Chapter 10 provides genera conclusions of the studiesincluded in

this dissertation.

Walking speed, heel height, added weight, and walking surface inclination
were studied in the dissertation because they are factors that are important to the
design and alignment of prostheses and orthoses. Persons using these devices will
likely walk at different speeds and will walk carrying loads (e.g. backpacks,
children, etc.). Many of them would like to be able to change between shoes of
different heel height as able-bodied personsdo. Thisistrue especially of women
with disabilities. Lastly, theworld isnot flat. Persons using prostheses and
orthoses should be able to traverse avariety of terrain. Insight gained from the
study of these parameters in able-bodied walking may help to provide goals for

design and alignment of prostheses and orthoses.



