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ABSTRACT

Although certain aspects of connective tissue structure have been
studied in considerable detail, comparatively little effort has been
devoted to studying one of the largest structural units present in
most  tissues - the collagen fibril. In this thesis electron
microscope observations have been made on the transverse dimensions of
fibrils from tissues as diverse as cornea, skin and tendon. Collagen
fibril diameter distributions have been measured for such tissues from
a wide range of animals - predominantly mammals, .but also fish,
amphibians, reptiles and birds - at varying stages of development.
These data have allowed the growth of collagen fibrils to be studied
quantitatively and their size distributions to be related to their
mechanical attributes. Diseased tissues or tissues containing
anomalous fibril diameter distributions have also been studied and,
where possible, the data have been related to the altered mechanical
properties of the tissue and to its mode of growth and development.
In a coordinated study with other research workers, the content of the
individual glycosaminoglycans in a tissue have been shown to be
related to the mass-average diameters of the collagen fibrils in those
tissues. These results provide a basis for understanding the feedback
mechanism by which fibril size distributions may be modified in line
with changing mechanical needs and indicate the fundamental steps in

the growth and development of fibrils.

In addition to these studies, two other specific problems were
addressed. In the first, the ultrastructure of a specialized
connective tissue - the cornea - was studied in detail. By
maintaining precise experimental protocols and measurement procedures

it was shown, contrary to the previous "data of others, that the
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collagen fibrils in mammals, birds, reptiles, amphibians and
cartilaginous fish were similar to one another but "significantly
different to the corneal stromal fibrils of the bony fish. Further
studies, which indicated that the fibrils were constant in diameter
across the width of the stroma, clarified previous results which had
indicated a gradual change in diameter with varying depth in the
stroma. An age-related study of fibril diameters in the cornea was
also undertaken. The second problem investigated was the degree of
shrinkage introduced during the preparative procedures for electron
microscopy. In collaborative studies with others, X-ray and electron
microscope observations were made on the same tissue in hydrated and
dehydrated states respectively. BAnalyses of these data indicated that
significant lateral shrinkage does indeed occur in fibrils from foetal
or immature tissues as well as in mature tissues containing only small
diameter fibrils. Throughout the thesis possible sources of artefact
introduced by  the technique of electron microscopy have been

considered and the data interpreted conservatively.
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