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ABsrRAcr 

Although cer tain aspects of connective tissue structure have been 

studi ed in considerable detai l, comparatively l i ttle e ffort has been 

devoted to studying one of the largest structural uni ts present in 

mos t  tissues the col lagen fibr i l .  In this thesi s  electron 

microscope observations have been made on the transverse dlinens ions of  

f ibr i ls from t i ssues as d iverse as cornea, skin and tendon . Collagen 

f ibr i l  d iameter distr ibutions have been measured for such tissues from 

a wide range of animals predominantly mammals, .but also f i sh ,  

amphibians, repti les and b i rds - at varying stages o f  development . 

These data have allowed the growth of  collagen fibr i ls to be s tud ied 

quant i tatively and their si ze d istributions to be related to the i r  

mechanical a ttr ibutes . Di seased tissues o r  tissues containing 

anomalous fibr i l  diameter d istributions have also been stud ied and , 

where poss ible, the data have been related to the a ltered mechan ical 

propert ies of the tissue and to its mode of growth and development . 

In  a coordi na ted study wi th other research workers , the content of the 

ind iv idual glycosarninoglycans in a tissue have been shown to be 

related to the mass-average d iameters of the col lagen fibr ils in those 

t i ssues . These results provide a bas i s  for urrlerstand ing the feedback 

mechani sm  by which f ibr il  s i ze d i str ibutions may be mod ified in l i ne 

with chang ing mechanica l  needs and ind icate the furrlarnental steps in 

the growth and development of f ibr il s .  

In add i tion to these stud ies, two other speci fic problems were 

addressed . In the f irst, the ultrastructure of a spec ialized 

connective tissue the cornea was stud ied in deta i l .  By 

ma intaining precise exper imental protocols and measurement procedures 

i t  was shown, contrary to the prev ious 'data of others, tha t  the 
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collagen f ibr ils i n  mammals , b i rds , repti les ,  amph ibians and 

car t i lag inous fish were simi lar to one another but · signif icantly 

di fferent to the corneal stromal f ibr ils of the bony fish. Further 

stud ies , which indicated that the fibr i ls were constant in d i a�eter 

across the width of the stroma , clar i f ied prev ious results which had 

ind icated a g radual change in d iameter with varying depth in ti1e 

stroma . An age-related study of fibr i l  diameters in the cornea was 

also undertaken . The second problem investigated was the degree o f  

shr inkage i ntroduced dur ing the preparative procedures for electron 

microscopy . I n  col laborative stud ies with others , X-ray and electron 

microscope observations were made on the same tissue in hydrated and 

dehydrated states respectively.  Analyses of these data indicated that 

sign i f icant lateral shr inkage does i ndeed occur in f ibr ils from foetal 

or imnature tissues as well as in mature tissues conta ining only small 

d iameter f ibr ils . 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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