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ATRACT 
This thesis records a quantitative morphological 

study of cancellous bone. Changes in amount of bone, 
extent of surface, and extent of bone formation and 
resorption with aging were studied, one object being 
to clarify the understanding and facilitate the 
recognition of osteoporosis (reduction in the amount 
of bone present). 

The literature relating to these problems is 
reviewed. 

Iliac crest bone was studied in 93 normal subjects, 
aged up to 93 years, using perspex embedded, 
undecalcified, ground sections. Measurements were 
made by point counting and line sampling techniques. 

The reproducibility of these methods and the 
biological variation in parameters measured was studied 
within a section, a block, and the length of the iliac 
crest. 

After a rise from childhood, the main study shows 
a progressive reduction with age in the amount of bone 
present, starting earlier than is generally realised. 
No differences are apparent between males and females. 

This process is universal; there is no evidence of 
a pathological group of individuals with less bone. 

The results do not support commonly accepted 
theories of postmenopausal and senile osteoporosis. It 
is suggested that postmenopausal and senile osteoporosis 



is a physiological manifestation of aging, rather 
than a pathological process seen in old age. 

Bone surface area also falls with age; if related 
to the amount of bone present, lowest values are seen 
in early adult life. 

The percentage of surface occupied by formation 
and resorption is higher than is obvious from routine 
decalcified sections, and varies with age, highest 
values being seen in childhood and old age. Additional 
information is derived from these figures by relating 
them to the available surface area. 

It is concluded that these changes from childhood 
to adulthood represent a reduced bone turnover rate, 
and in old age probably compensate for a reduced rate 
at which bone is laid down at any site. 
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INTRODUCTION 



INTRODUCTION 

Rone is a living and active tissue, and undergoes 
many changes throughout life. It has been known for many 
years that bone mass is diminished in old age, and that 
bone formation and resorption are continuous processes, 
bone tissue being continually turned over and remodelled 
throughout life. Sir Astley Cooper wrote in 1823 (Cooper 
1823) of the bone becoming thin and spongy in old age, 
while towarfls the end of the eighteenth century John 
Hunter (Hunter 1837) postulated the concept of a 
continuous turnover and remodelling of bone by the 
removal of bone substance, and the laying down of new bone. 

Until quite recently, however, our knowledge of the 
extent, magnitude, and timing of these processes was 
little more advanced than when they were first described, 
the technical limitations of the available methods of 
study of calcified tissues having retarded progress. 
Recent technical progress has meant that more methods are 
available for the study of bone aging, and a number of 
published results are now available. 

However, not all the published results are in 
agreement, with each other, while in particular much of 
the histological study of bone aging has not been 
detailed, and few results have been expressed in 
quantitative terms. Urist (1959) stressed that more 
information is needed about the normal progress of 
skeletal aging. 



The lack of results in particularly apparent in 
relation to cancellous bone. 'gain largely because of 
difficulties inherent in processing and studying a 
complex tissue like cancellous bone (Bauer 1962, I96I4)-, 

previous workers have almost entirely confined their 
studies to cortical bone, or cortical and canccllou3 
bone together, and the study of cancellous bone has been 
neglected (Hall 1965). 

This neglect is unfortunate since cancellous bone 
may well show greater metabolic activity than cortical 
bone. Cancellous bone has long been regarded as 
possessing a more rapid rate of turnover than cortical 
bone (Bauer, Aub <A Albright, 1929). Cancellous bone 
presents a proportionately much greater surface area 
than cortical bone, and it is thus probable that 
cancellous bone is more likely to take part in metabolic 
changes than cortical bone. Amprino c Angstrbm (1952) 
wrote *the trabecular bone should be more sensitive than 
the compacts to physiological stimuli which control 
liberation and fixation of minerals". Cancellous bone 
might therefore be expected to be more labile than 
cortical boae, and might show greater changes, and at an 
earlier stage, in response to physiological or pathological 
stimuli than cortical bone. Thus th3 study of cancellous 
bone might be more profitable from a morphological aspect 
than cortical bone. 

The aim of this investigation has been to study the 
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morphology and bone forming and resorbing activity of 
normal human cancellous bone (a3 exemplified by iliac 
crest cancellous bone) at various ages throughout life, 
results being expressed in quantitative terms. 

Iliac crest was chosen for this study because it 
provides large areas of cancellous bone. It is, in 
addition, a standard bone biopsy site (Ball 1963) and 
results obtained from such a study will have practical 
importance in relation to the interpretation of diagnostic 
bone biopsies. 

The features studied were:-
1 • The amount of bone present, 
2. The total amount of surface area available for bone 

formation and resorption, 
3. The extent of bone formation and resorption. 
4. The degree of variation of these quantities within 

a small area of bone, in order to assess the 
reliability of a single diagnostic biopsy. 

5. The variations in the parameters with age. 
Much a study, it was hoped, would prove of value 

not only in connection with normal hone morphology and 
the changes of aging, but would also, by establishing 
the limits of normality, contribute to the understanding 
of metabolic bone disease, in particular senile 
osteoporosis. This is already a very common bone disease 
(Bmith, Eyler & Bellinger 1960); its incidence and 
importance will increase in the future as the average 



age of the population increases. Moon Urist (1962) 
calculated that by 1 98O all the hospital beds now in 
existence in the United ~tate3 could be occupied by 
cases of senile osteoporosis. 

From a practical standpoint it was hoped that the 
studies might facilitate the histological recognition 
of such metabolic bone diseases, and that the limits of 
normality might be established to act as a base line 
for diagnostic biopsy studies. 



SECTION TWO 

REVIEW OF LITERATURE 



RAVIF' OF LITFRATUKF 

This section is in several part3. 

An introductory review of bone as a tissue is 
followed by a review of previous work on the problems 
of quantitative changes in bone with age, and 
quantitation of bone formation and resorption. In this 
section emphasis is laid upon the approach of other 
workers to the problems, and the methods employed. 

Full consideration of the results obtained will 
be dealt with later. 



BON". ,r A TISSUE 
Bone is a specialised form of connective tissue. 

It consists of branching cells, termed osteocytes, 
forming a syncytium lying in lacunae within an organic 
intercellular matrix, composed of bundles of collagen 
fibres, bound together by an amorphous cementing ground 
substance, mucopolysaccharide in nature, thought to be 
predominantly chondroitin sulphates A and C (Beyer, 
Davidson, Linker 0: Hoffman, 1956). The intercellular 
matrix is calcified, giving bone its rigidity. The 
major calcium salt of bone is generally agreed to be in 
the form of hydroxyapatite, a crystal lattice structure 
with the general formula of 3 Ca (PO^Jg. Ca(OH)2 
(Neuman 6 Neuman, 1953). 

Early work with the electron microscope suggested 
that the bone salt was deposited in the ground 
substance, orientated along the collagen fibres 
(Robinson, 1952), but from more recent studies it is 
believed that soma, if not most, of the mineral is 
deposited within the collagen fibres (Glimcher, 19592 
which are composed of a three stranded helix, with a 
cylindrical hollow in the centre of the helix 
(Glimcher, 1960). 

Bone differs from most connective tissues by its 
calcification, and from other calcified tissues (e.g., 
calcified cartilage) by the organised nature of the 
formed intercellular elements, and by the manner in 



which the mineral element is related to them. 
The calcification and consequent rigidity of bone 

confer its distinctive functions. The mechanical 
function of bone, that of providing support, protection 
of organs, weight bearing, and transmission of the 
forces of muscular contraction is obvious, and 
contributed to the development of the view that bone 
13 a stable and immutable tissue and of little 
physiological interest. 

Only more recently was it realised that bone, 
containing as it does 99 of the calcium of the body 
(Cooke, 1955) acts as a storehouse or reservoir for 
this and other minerals, and is an important part of 
the homeostatic mechanism for controlling the level of 
ionised calcium in blood and tissue fluids where calcium 
is of importance in the maintenance of neuromuscular 
activity and blood coagulation. 

Urist (1962) defined the physiological function 
of the skeleton, as distinguished from the mcchsnical 
function, as that of storage and turnover, and it is 
now realised that bone has a high metabolic turnover, 
and is a most active and plastic tissue. Indeed it has 
been remarked (he Gros Clark, 1945) that, next to blood, 
bfcne is the most plastic tissue in the body. 
BONG r'TRUCTUnC 
a) Fibre Pattern. In the foetus and infant and 
in the adult under pathological conditions, such as 
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fracture healing, bone may be laid down, the collagen 
fibres lacking orientation, being arranged in a 
feltwork or woven fashion. In the adult under normal 
conditions bone is laid down in lamellae or sheets. In 
each lamella the collagen fibres are parallel to each other, 
but their orientation differs from that in adjacent 
lamellae. Thjks study is concerned almost entirely with 
lamellar bone. 
b) Cpatial Arrangement. At the gross anatomical 
level bone may be arranged in two forms - compact or 
cancellous (Pritchard, 1956a). Compact (or cortical) 
bone consists mainly of lamellae of bone arranged in 
cylindrical systems known as Haversian systems or osteons. 
Each osteon consists of concentric lamellae arranged 
around a vascular space, known as a Haversian canal. 
These are small and unrecognisable macroscopically; 
indeed compact bone appears solid to the naked eye, and 
only under the microscope can its slightly porous nature 
be recognised. 

Cancellous (or spongy bone) is on the other hand a 
far more porous structure. It consists of thin plates, 
struts and bars of bone, which interconnect to form a 
light spongy honeycomb or lattice like structure. This 
arrangement is not apparent however in thin sections, 
and here the pattern seen is the more familiar one of a 
network of thin trabeculae or rods of bone (Figures 8 & 9). 



Compact and cancellous bone are not two 
fundamentally different types of bone : they do 
however represent two different spatial arrangements 
of lamellar bone, and by virtue of their different 
arrangements presumably subserve different functions. 

Compact bone is thought to play the major part in 
weight bearing. Hirsch & Brodetti (1956) showed that 
in the femoral neck 70/ of the total weight bearing 
capacity lay in the cortical layers of compact bone. 
Cancellous bone doe3 play some part in weight bearing, 
the remaining 3Q^ of total weight bearing capacity 
being due to cancellous bone. 

Cancellous bone, on the other hand, due to its 
more porous nature presents a relatively greater area 
of surface than cortical bone, and is thus likely to 
play the major role in metabolic activity of bone, and 
particularly in the storage and turnover of calcium and 
other minerals. 
SITES OF CANCELLOUS AND COMPACT BONE 

Compact bone forms the shafts of long bones, and at 
the ends of long bones forms a peripheral shell, filled 
with a lattice of cancellous bone. In iliac crest, 
cancellous bone represents the bulk of bony tissue, 
and is bounded by a relatively thin shell of compact , 
bone. As Pritchard (1956a) pointed out, morphologically 
there is no absolute distinction between compact and 



cancellous bone, and any separation of the two must be 
to some extent arbitrary. However in transverse 
sections of iliac erest a clear distinction may be 
drawn between the central fine network of spongy bone, 
and the peripheral limiting shell of compact bone. 
FUNCTION^ OF ILIAC CREPT CANCELLOUR BONE 

Using "stress-coat" studies developed by de Forest 
and Ellis (19I4.O) in which a bone is coated with a strain 
sensitive lacquer, and then subjected to a deforming 
force, Evans & Lissner (1955) showed that the iliac 
crest is concerned with weight bearing, being subjected 
to tensile strain. Evans & King ( 1961) suggested that 
the cancellous bone may function as an energy absorbing 
material, while probably the most important mechanical 
function of iliac crest cancellous bone lies in 
resisting forces developed by contraction of those muscles 
attached to the iliac crest - the external and internal 
oblique and transverse muscles of the abdomen, the iliacus 
and glutei. The cancellous bone will be concerned in 
calcium homeostasis, and metabolic exchanges. 

Iliac crest cancellous bone is subjected to many 
influences, and is likely to respond to many physiological 
and pathological changes. Any change in the bone may not 
easily be assigned to one particular cause. 



BONE FORMATION AND RESORPTION 
Bone Formation 

Bone formation is usually described as being 
either endochondral or intramembranous; as Ham (1965) 

points out, this distinction refers only to the 
particular environment in which the bone forms. The 
actual process of bone tissue formation is identical 
in either case. As bone is a rigid substance, bone 
formation can occur only at bone surfaces, where it is 
the result of cellular activity. 

Three morphologically distinct types of bone cell 
were recognised and described by the 19th century German 
histologics Gegenbauer (1861*, 1867) and Kblliker (1873, 
1889). Each cell type is confined to specific: sites in 
bone; this difference in localization suggests that each 
type has a special function. The branching osteocytes, 
situated within bone substance and thought to be 
concerned in its maintenance have been described above. 
In areas of active bone formation, such as fracture 
callus and epiphyses, the bone surfaces are consistently 
lined by a single layer of plump mononuclear cells known 
as osteoblasts (Figures 1 & 2), which because of their 
site are thought to be responsible for bone formation. 

These cells were fibrst noted by Goodsir (181+5) 
who described "on the surface of young and vigorous 
bone... numerous cells... more or less turgid" and 



Figure 1 . Bone formation. The upper surface of the 
lower trabecula is covered by a single layer of osteoblasts. 
At the upper end of the trabecula tangential sectioning of 
the layer of osteoblasts gives an impression of 
multilayering. Decalcified section. Haematoxylin and 
eosin (x 160 . 

2 4 

Figure 2. Bone formation. Plump mononuclear 
osteoblasts line the upper surface of the central trabecula. The larger cells at either end of the trabecula are osteoclasts. Decalcified section. Haematoxylin and eosin ( x 160). 
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wrote "that the cellular layer plays an important part 
in the economy of bone appears probable from the prominent 
position it holds in its development". In 1853 Tomes and 
De 'organ noted similar cells on the surface of 
developing bones, but, not realizing their significance, 
merely termed them "osteal cells". Gegenbauer studied 
the cells in detail, and considering that they were 
responsible for bone formation named them osteoblasts. 
Their morphology was recently reviewed by "ritchard (1956b). 

In areas where bone formation is not occurring, 
the surfaces may be lined by a thin inconspicuous layer 
of flattened cells which may be regarded as resting or 
inactive osteoblasts (Pritchard 1956b). In areas of 
bone formation, however, the cells are larger, rounded 
or cuboidal, their nuclei become plumper and more crowded 
together, and the cytoplasm becomes more abundant 
(Baker 1959). 

Most workers accepted without reserve the concept 
that, because of their location, psteoblasts were 
actively concerned in bone formation. Keith (1919) 
wrote "osteoblasts seem to conduct the work of bone 
building as if they had been given the training of expert 
and unerring engineers". Others, however, believed that 
bone formation was a humoral process controlled by 
chemical changes in body fluids, and that the association 
of osteoblasts with growing bone was fortuitous and 



unconnected. T.eriche and Policard (1926) in reviewing 
this concept expressed the view that osteoblasts 
represented no more than reactionary forms of the 
ordinary connective tissue cells, that they played no 
part whatsoever in the formation of bone matrix, but 
instead tended to oppose the deposition of matrix. 

Suggestive evidence in favour of the view that the 
osteoblasts are concerned in the elaboration of the 
protein matrix of bone is given by the observation that 
the cytoplasm of osteoblasts is strongly basophilic 
(Pritcfcard 1956b). Such basophilia is seen in other 
cells, such as plasma cells, which are engaged in the 
elaboration of proteins. The degree of basophilia varies 
with the activity of the osteoblast. Pritchard (1952) 
showed that in developing bone of rat embryo the 
basophilia reaches a maximum as deposition of bone 
begins, and then decreases as the osteoblasts become 
quiescent. 

Follis (1951) by demonstrating that the cytoplasm 
of osteoblasts stained red with methyl green - pyronin 
(the reaction being abolished by preliminary treatment 
with ribonuclease) proved that osteoblasts contained 
ribonucleic acid, whi3e Pritchard (1952) showed that the 
ribonucleic acid content was responsible for the 
basophilia of the osteoblasts by demonstrating that the 

basophilia disappeared after ribonuclease digestion. 



In other cells a high ribonucleic acid content of the 
cytoplasm is associated with a high rate of new protein 
formation (Caspersson 1947). It is thus likely that 
osteoblasts have a high rate of new protein formation, 
and this strongly suggests that they are concerned with 
elaboration of bone matrix. 

The problem was settled by the work of Carneiro 
and Leblond (1959) following that of "Meuberger and 
Black (1953), who showed that radioactive labelled 
glycine is incorporated into the collagen of bone matrix. 
Carneiro and Leblond administered tritium-labelled 
glycine, and showed by radioautographs that the glycine 
was taken up by osteoblasts and appeared later in the 
bone matrix deep to the osteoblasts. It was absent from 
the rest of the bone tissue. 

It is thus clear that osteoblasts are directly 
responsible for the elaboration of bone matrix. The 
actual mechanism, however, by which the matrix is 
elaborated has not been definitely determined. Cameron 
(1963) in reviewing recent" experimental work on this 
problem felt that the evidence pointed to a soluble 
collagen precursor being formed by osteoblasts, 
transported across the cell membrane, and once outside 
the cell being aggregated into collagen fibrils. 

Although osteoblasts are directly responsible for 
the elaboration of bone matrix they appear to play no 



direct role in calcification; although an indirect 
role cannot be excluded. Electron microscopy has not 
shown any evidence of crystals of hydroxyapatite within 
osteoblasts (Cameron, 1963)* Radioautographic studios 
after Ca^ injection into young rats showed the entry 
of this ion into the superficial layers of bone, dentine 
and enamel during growth, but not into the matrix 
forming cells themselves (Eumamoto and Leblond 1956, 
Carneiro and Leblond 1959). 
Bone Formation - Osteoid Tissue 

During the process of bone deposition, the organic 
matrix is laid down before the mineral crystallites, 
and thus in areas of bone formation a layer of as yet 
uncalcified matrix is present between the osteoblasts 
and the calcified bone. This layer of matrix prior to 
calcification is known as osteoid or osteoid tissue, 
and a discrete layer of osteoid is termed an osteoid 
seam (Frost 1963). 

In suitably processed specimens of bone, stained 
with haematoxylin and eosin, osteoid may be recognised 
as a narrow border of pale staining eosinophilic 
material on the surface of the haematoxyphilic blue 
staining calcified bone (Baker 1959). In specimens of 
bone processed by routine methods, however, all 
distinction between osteoid and calcified bone is 

frequently lost, particularly if acid decalcification 



in prolonged (Ball 1963). 
The fact that bone matrix is deposited before bone 

mineral has been known for many years. Tomes and 
De Iv'brgan in 1 8y3 noted that bone was not calcified 
when deposited, while at the same time Virchow (1851, 
1853? 1860), as a result of experiments on 
crustacean shells and human bone, suggested that bone 
formation was a two stage process, the deposition of a 
fibrous matrix being followed by calcification : Virchow 
applied the name "osteoid" to this matrix tissue. 
Pommer (1885) studied the process of bone formation 
thoroughly, using partly decalcified sections. His 
findings confirmed those of the earlier workers, and 
demonstrated that osteoid tissue was seen in adults, 
and was not present only in growing individuals. 
Osteoid Tissue - Physiological or.Pathological ? 

The presence of osteoid tissue implies that 
calcification follows at an interval after matrix 
formation. If calcification follows very shortly after 
matrix formation, or if the two processes are 
synchronous, osteoid will not be seen. It is natural, 
therefore, that certainworkers should question whether 
osteoid was always seen in the physiological state or 
whether the presence of osteoid denoted a pathological 
state, the more so because much of the earliest work 
on osteoid was performed using rachitic bone. 



"'ieland (1909) studied undccalcified colloidin 
sections of normal and abnormal bone from human embryos 
and children. He concluded that osteoid was consistently 
present ard coined the term "physiologische osteoid" to 
imply it s normality. Mrdheim (1914) studied growing 
and adult rats, both normal and rachitic, concluding 
that osteoid was present in normal animals (during 
growth and in adult life) as well as in rachitic animals. 

Other workers, however, did not agree with these 
findings. M'eidenreich (1923a and b) denied that osteoid 
was normally present during osteogenesis. He ascribed 
most of the osteoid tissue seen by previous workers to 
artefacts caused by faulty techniques, studying bone 
development in human embryos. V.'att (1928) concluded that 
osteoblasts laid down both1 organic matrix and calcium 
salts simultaneously. lie therefore agreed with 
Teidenreich that osteoid was absent from normal bone 
formation. 

McLean, Bloom and Bloom carried out a series of 
experiments on calcification and ossification in bones 
from embryonic and young rats, young kittens and puppies 
(McLean and Bloom 1940; Bloom and Bloom 1940), and 
pigeons (Bloom, Bloom and cLean 1941), using 
undecalcified bone sections, stained for calcium salts 
by a modification of the von Kossa technique (von Kossa 
1901). They concluded that, in these species at least, 
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bone matrix was calcifiable when laid down and that 
under optimal conditions of supply and transport of 
bone minerals, the matrix was usually calcified 
simultaneously with its deposition, or so soon after 
that no intermediate stage of osteoid tissue formation 
could be demonstrated. They were unable to find osteoid 
seams on primary spongiosa (cancellous bone formed 
initially, by endochondral ossification of the 
epiphyseal plate). The incidence of osteoid seams increased 
with increasing distance from the epiphyseal plate. The 
secondary spongiosa (cancellous bone formed by 
remodelling of the primary spongiosa) was normally free 
from osteoid, but this was commonly seen in the shafts. 
From these observations they stated that osteoid was not 
a necessary stage in bone formation, and that when osteoid 
was seen under physiological conditions this was due to 
a lag in calcification attributable to a local deficiency 
of bone mineral. 

Subsequent investigators have disagreed with these 
findings. It has recently become possible to study the 
mineral distribution in undecalcified sections of bone 
by the process of microradiography (Sngstrbm 19h9), in 
which the mineral content of a thin bone section is 
determined by the projection of soft X-rays on to a 
photographic emulsion, which is subsequently studied 
microscopically. Several workers have compared the 
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appearances of microrarl iogrophs from undecalcif ied 
sections with the microscopical appearances of the same 
section (Vincent 1955; Meyer 1956; Lacroix 1956). 
Their results make it clear that at sites of bone formation 
the tissue most recently laid down does not appear in 
the microradiograph, and is, therefore, uncalcified. 
A border of matrix /the osteoid seam) is completely free 
from mineral. Deeper layers show an abrupt onset of 
almost complete calcification. These findings confirm 
that osteoid is consistently found as a stage in . 
osteogenesis. 

Using undecalcified sections of human and animal 
bones, stained by von Fossa's method to demonstrate 
bone mineral, Meyer (1956) and Loe (1959) confirmed 
that recently formed bone matrix is uncalcified and 
forms a well defined morphological layer. Further 
proof of the physiological nature of osteoid was provided 
by Robinson and Cameron (1958), investigating bone 
formation in the femoral primary spongiosa in human 
infants vjith the electron microscope. They observed 
a zone of uncalcified tissue lying between the 
osteoblasts and calcified bone. This was a consistent 
feature at sites of bone formation. Dudley and Cpiro 
(1961) also using the electron microscope demonstrated 
that that part of the bone surface which was lined by 
cells of inactive appearance, and which was therefore 



regarded as inert, wan free from osteoid. 
Together these observations provide a convincing 

body of evidence leaving no doubt that in bone formation 
osteoid is consistently present, and is the normal 
precursor of mineralized bone. 

If osteoid may.be identified with accuracy, then 
its presence may be used as an index or indicator of 
bone formation. 
Bone Resorption 

The concept of cellular resorption of bone, as 
opposed to humoral dissolution, was advanced by Tomes 
and be.Morgan (1853) who noted that the surface of bone 
undergoing absorption was pitted, and "hollowed with 
numerous minute cavities". The cavities were occupied 
by masses of granular nucleated cells, which lay in 
immediate contact with the bone and were thought to be 
responsible for its erosion. 

Their techical methods did not allow them to 
characterise the masses of cells further. Later workers 
described the presence of multinucleated giant cells 
on bone surfaces, Rindfleisch (1873) noting the 
occurrence of such multinucleated cells in the erosion 
pits. (Figures 3 and 2). At the same time, Xblliker . 
(1873) made a thorough study of these giant cells and 
the process of bone resorption and concluded that they 
were the cellular agents of bone resorption, corresponding 
to the masses of granular cells described by Tomes and 
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Figure 3. Bone resorption. uch of the bone 
surface is irregular, shoeing a number of crenated 
Howship's lacunae in which large multinucleated giant 
cells - osteoclasts - are present. ©calcified section. 
Hnerastoxylin and eosin (x160 . 

Figure k* Bone formation and resorption. In the 
centre of the figure large multinucleated osteoclasts are 
present in crenated Howship's lacunae; to the right the 
trabecular surface is covered by mononuclear osteoblasts, 
ecalcified section. Haematoxylin and eosin (xl60). 
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7)e 'organ. Kbllikcr termed the cells "ostoklast" 

i.e., bone-breaker, later changed to "osteoclast". 
The hollowed out pits were thought to be eroded 

by the action of osteoclasts, and are therefore, like 
the presence of osteoclasts, anr indication of bone 
resorption. They are generally known as "Uowship's 
lacunae" (after Howship (1819), whd> first described 
them but failed to realise their significance) or 
"resorption cavities". 

Kblliker's views were not accepted without debate. 
An alternative school of thought was initiated by 
Ribbert (1880) who suggested that a preliminary process 
of decalcification, termed halisteresisy occurs in all 
bone resorption. In his view, osteoid borders were 
considered to be a stage of bone resorption, representing 
bone matrix from which the mineral had been removed by 
halisteresis. Later Retterer (1906) and Leriche and 
Policard (1926) expanded this theory, describing a 
process which the latter workers termed "osteolysis". 
They postulated that in bone resorption, after a preliminary 
process of decalcification, the bone matrix simply 
reverts or "dedifferentiates" to fibrous tissue. 

There is little or no evidence to support such a 
view. It has been abundantly demonstrated that the 
uncalcified borders of bone represent a stage in bone 
formation and not resorption. At the level of the light 



microscope, in areas of bone resorption, bone matrix 
and bone salt always disappear together with no evidence 
of preliminary decalcification (Raker 1959; McLean and 
Bloom 1941). 

As Raker (1959) points out, it is clear that 
Retterer and Leriche and Policnrd, the proponents of the 
theory of "osteolysis", mistook bone formation for bone 
resorption and misconstrued the appearance of uncalcified 
borders of matrix at bone formation sites as representing 
decalcification before resorption. 

It has been postulated that osteoclasts may play 
a minor role in bone resorption, being attracted to 
bone that is disintegrating under the action of some 
other agent (Cameron 1963). Jaffe (1930, 1933) 
believed that the function of the osteoclast was to 
remove previously demineralized bone debris. Other 
workers believed that the osteoclast is the result of, 
rather than the cause of, bone resorption, the most 
recent proponents of this theory being Heller, McLean 
and Bloom f'195°) who suggested that osteoclasts might 
simply represent masses of fused osteoeytes freed from 
the bone resorption of the surrounding matrix. 

This theory is rendered untenable by the 
observation of Ham (1952) that grafts of dead (thrice 
frozen and thawed) bone after four weeks show 
considerable resorption and a large number of 
osteoclasts. 
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In these circumrta.nces clearly osteoclasts cannot represent 

. fused osteocytes. 

The histological evidence that osteoclasts are 
actively engaged in bone resorption stems from two 
findings. The histological picture is striking. The 
irregular surface of bone undergoing 'enosion suggests 
a cellular process, and osteoclasts are seen to occupy 
lacunae and to surround spicules of bone in a fashion 
suggesting cause and effect (Hancox 1929). The 
localization of osteoclasts is important. They are 
concentrated in sites where bone erosion is known to 
be taking place, for example about the bony walls of the 
dental alveoli of human and pig embryos (Arey 1919) 
where bony resorption is occurring to accommodate the 
rapidly growing teeth. This histological evidence is 
suggestive but circumstantial, and it must be conceded 
that on histological grounds alone one cannot disprove 
that osteoclasts are merely incidental to bone resorption. 
Dynamic studies 

Recent in vivo studies have provided further evidence 
to support the classical views of TCblliker. Tandison 
(1928) and Kirby-Smith (1933) studied living bone fragments 
transplanted to, and maintained in , transparent chambers 
in the rabbits ear. Sandison gives a series of camera 
lucida drawings. In one a trabecula of bone is shown. 
After 28 hours a cell with the appearances of an 



osteoclast is present in a deep Ilowship's lacuna which 
has formed during the same time. Forty eight hours later 
the trabecula is bisected and the osteoclast has 
disappeared. 

Kirby-Gmith studied the process in greater detail, 
and illustrated the disappearance of bone in contact 
with large granular cells considered morphologically 
to be osteoclasts. The eroded bone surface presents 
an irregular surface. He was able to show that 
absorption never occurred in the absence of osteoclasts, 
that bone was absorbed frorn beneath the cell body of 
the osteoclasts, and only from those parts of the bone 
beneath the cell body, He was able to observe the 
presence of an osteoclast before resorption, which later 
occurred in contact with the osteoclast. This rules out 
the possibility that the osteoclast is the result of 
absorption of bone. 

Gaillard (1955, 1957) and Goldhaber (1958, 1960, 
1963) studied the behaviour of living bone in tissue 
culture, recording the changes in the bone and cells by 
time lapse microcinematography. Gaillard observed bone 
in contact with osteoclasts disappearing. He calculated 
the rate of disappearance of matrix, and noted that when 
this was greatest, the number of osteoclasts was at a 
maximum, but also claimed that resorption was seen 
initially before typical osteoclasts were visible, and 
that resorption might continue if the osteoclast moved 



TVay from the bone. 
Initially O-oldhaber too thought that early bone 

resorption tool: place without osteoclastic resorption, 
the earliest sign of resorption in tissue culture being 
the appearance of small crenations or 'holes" which 
enlarged and coalesced to form typical Howship's lacunae. 
He was at first unable to demonstrate osteoclasts in 
relation to this resorbing bone surface, but in later 
experiments, using higher powers of magnification, he 
was able to observe giant cells "participating actively 
against the bone surface". The bone appeared to melt 
away in response to a "bubbling and boiling" activity 
at the surface and within the cell cytoplasm. It is 
thus probable that the earlier failures to demonstrate 
osteoclasts at the siie of all bone resorption were due 
to technical reasons. This is favoured by the experiments 
of Irving and Ltandelman (1963). They studied autogenous 
devitalized bone implants in rats and noted that loss of 
weight of the implants was first evident at the time by 
whish giant cells, which they believed to be osteoclasts, 
began to appear in significant numbers. 

These experiments further support the concept that 
osteoclasts play an active role in bone resorption, and 
that the appearance of Howship's lacunae may be taken 
to indicate an area of bone resorption. 
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Resorption without Osteoclasts 

In some bone sections, it is not uncommon to find 
that few Iiowship's lacunae appear to contain osteoclasts 
(Baker 1959), this having been put forward as evidence 
that bone resorption can occur without osteoclasts. It 
is more logical to suppose with Baker (1959) and Hancox 
(1956) that the osteoclast has a short functional life 
at any one site and having brought about resorption it 
disappears, leaving an empty Howship's lacunae. In 
vivo studies support this view. In Sandison*s 
experiments (1928) an osteoclast arose, bone was 
resorbed ahd the cell disappeared within 28 hours. The 
longest time that Goldhaber ( 1963) was able to follow 
an osteoclast in tissue culture was 28 hours. Furthermore 
Bhaskar, Mohammed and Weinmann (1956) showed that the 
presence or absence of osteoclasts from areas of 
resorption cannot be satisfactorily determined without 
serial sections, studying serial sections they found 
that osteoclasts were much larger,, and extended more 
widely than hitherto supposed, large areas of cytoplasm 
being free from nuclei. Such non nucleated cytoplasm, 
lying in Howship's lacunae, is easily overlooked in a 
single section. A section may also pass through an 
osteoclast process containing one of the many nuclei. 
This is easily mistaken for a mononuclear cell 
(e.g., osteoblast) lying on the bone surface. The 
workers found that occasionally an osteoclast 



appeared to be at some distance fro m a trabecula , but 

ser ial sections showed that the bul of the cytoplasm 

was in contact it 11 the bone surface 

~ lectron icroscope ntudies 

~ etailed s tudies s up port the view that os t oclas t s 

actively erod bone. Th subject has been r c ntly 

reviewed by C , eron ' 1963) and Hancox and Boothroyd 

( 1 964) • 

.. \ 11 w or i~ers are agree that t e osteoclast i s 

app lied to the bone surface. ~ t the site of contact , 

the cell border ( in ot ner areas smooth) is ruffled 

into folds and finger-like process s , which bound fine 

channels running in ards t o vacuoles in the interior 

of the osteoclast . . t the site of cont ct, the bone 

surface i s i rregul r and disorganised , and shows 

detached bone salt c rysta ls and minera lised collagen 

:fibrils. .. \ 11 worKers have observed bone salt crystals 

in the channels leading into the interi r of the 

osteoclasts r nd in the vacuole s , this evidence pointing 

to the osteocl qs t s being res pons ible ~or the dissolution 

of bone mineral . Detached collagen fibrils can be seen 

between t he processes of the cell border. These 

observations sh o~ tha t the osteoclast is inti ately 

a sociated with bone resorption, and strongly sugges t 

that it has 8 causal relationship to resorption , although 

the actua l mechan ism whereby the G~tri x 8nd mineral are 
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fr d is not y-t ' on . 

Conclusion 

' J< n to··,·e ther, the bs ·rve.tions r vi d in th se 

sections leave little dau t that t oc last c tiv ly 

r o b bon , for1 i t 1 ula r d d ship•s 

l c n , hich r th for an indicator of bon 

r sorption. 

lls 

I t h s een t a t various ti tnes that c lls 

other th n ostcocl sts r cap ble of bone re orpt n . 

es 

r ( 19 3) r p rt d th t in tissu culture 

s t d i s on onu 1 r c 11 , sc r 1 s 11 a c r oph e , a 

11 s os t oc l ts co ld r sor bon • t'h of' 

8K r t 1. ( 9 ) de c rib d b v ~, ou t t 

t t nonu l ear c 11 y in f ct pro s f 

osteocl sts~· 

lls 

-~ tho logic a 1. · -Taffe ( 1 _. 30, scrib d t e ccurr nee 

of ·· v cul r r sorption· ~ 1 disappear nee o:f bon t rough 

t g ncy of b loo v ss ls or ranul tt ti sue : in 

inflammat ry etat s of bone, n t rr 1 9 7) revi d 

t e subj ct. . ot ve illustrati ns sho ing t inn d 

bone trab c l e , nd surrounding dilat t in all 

blood ve ae l or granulation ti s u • , sorption of 

bon had presm bly occurred but th r e ~as no evidence 
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that it was actually in process at the time. i·.; any 

typical Howship' s lacunae were present and it is likely 

that th r sorption had been mediated by osteoclasts 

which had subse ~uently disappeared. 

b ) In ~ndochondreal J ssification. In electron 

photo icro raphs o~ rat tibial epiphysis, Cameron (1961 ) 

described an irregular appearanc of the bone surface , 

deep to a capillary, which he thought ind icative of 

bone resorption, but there was no evidence of removal 

of bone material by the capillary endothelium. 

rr here is no evidence to suggest that bone resorpti on 

by these p Jssible mechanisms is ev r se n under 

physiological conditions in cancellous bone . 

Hesorption by dsteocytes 

Recently B ~langer, Pobichon, ~ i icovsky, Copp and 

Vincent (1 963 1 described enlarged osteocytes , the lacunae 

of hich are surrounded by bone showing alterations in 

organic matrix and a lowered mineral d ~nsity . The 

changes were interpreted as implying r sorption of bone 

mineral by t he osteocytes. The authors termed the 

pro ess " osteolysis" . The process is not related to 

the osteolysis tt postulated by Leriche and r olicard 

( ~ B one Resorption, . The significance of these 

observations is debatable . Th phenomenon was 

observed ~ainly in pathological states ( e • • , bone 

treated in vivo with para thyroid harm one or :::;Drr 1 - a 
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helatin agent used in the l ab or a tory in the 

decalci:fication of bone) in animals . I t does not 

appear t ·o have been se n in nor ~1 human . aterial , and 

woul · in any C')S e only re 1ove mineral, not matrix. 

r he work hac y t to b c onfir ed; Young ~ 1 J 63 1 , using 

s imilar r ateria l s to Be lange et al . , found no 

significant alterations in osteocy t es or lacunae . 

rhere is n o evidence t hat this proc e s s , if 

conf irm d , i s concerned in phys iologica l res orption 

of bone in the human. 

Conclusion. The observations reviewed above provide 

a body o~ evidence l eav ing ho doubt that res orption 

of bone i s an ac tive cellular process , ~ hich i s 

med i ated exclus i vely, or almost entirely, by osteoclas ts , 

the H.owship' s lacunae being a s ign of bone resorption. 
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~ir stley Cooper wrot e in 1823 that in old age 

'' the bone become thin in their shell, and spongy in 

their texture ••• ~he process o~ absorption and 

deposition var ies at dirferent periods of life • • • 

~hi is ell seen in the natural changes of the bones , 

the i r increase in youth, their bulk, weig~t and litt l e 

compar tive change during the adult period , and the 

light~· e s nd softness they ac uire i n t ~e more 

advanced stages of' life ~' . 

uantitatively this reduction i n amount of bone 

i termed osteoporosis. 

Osteoporosis refers to a reduction in the amount 

of bone present, either ith regard to the skeleton as 

a whole or to any particular part of it, the bone 

remaining appearing to be of normal composition ( issons 

1964) . rrordin ( 1963 ) defined the condition as a reduction 

in bone mass per unit volume. inor chemical changes 

in bone composition have on occasi on been reported 

(r ordin 1964a, , but no s gnificant or consistent hanges 

have been reported . t lthough t he total amount of 

calcium i n t he skeleton may be greatly r educed, t he 

degree of calcification o:f the bone which remains is 

normal, unless there is coexistent ost eomalacia . 

Osteoporosis has recen t ly been revie ed and clas ified 

by Cooke (1955) , Urist (1962) and Nordin (1964a ) . 
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Jsteoporosis may be local or general . Toe 1 

oste oporos i s s frequently seen as a result o~ 

i m·lobilisati on r e.g ., of' a oiflt . . -enerqlised 

osteoporosis ma y lso result fro ~ immobilis tion 

'e.g ., p rolonged recurn ncy , a nd is a concomitant of 

''lany endocrine disorders, such s Cb.shing' s syndrome , 

acromegaly anrl. hyperthyroid i sm. I n the grea t ~najori ty 

of ex~r ples of generalised osteoporosis the c ause is 

unkno Jn , .qnd the t e r m idiopathic os t eoporoo is is used . 

~his oste oporos is of unkno n cause oc urs most 

co ,monly after middle ag , and the te rms involutional, 

postmenopau al a nd senile os teoporosis are used to 

describe this, t e loss of bone from t he skeleton i th 

aging . 'T'he t c r~inology is somewhat confused , Albright 

and ~ eifenstein ( 1948 termed osteoporosi een in 

females aged from 45 to 65 years '' postmenopausal' nd 

that seen in i ndividuals aged over 6 5 years ·' senile '! . 

3all r 1960 ) s t a ted that in the a bsence of other kno n 

aetiological factors os teoporos i s in females ove r 45 

years and rna l es over 55 years i s s ome'·vhat arbi tr r1 ri ly 

termed ' pos t tnenopausal·' or ··senile·' o e oporosi s, hile 

in younger i nd ivi·ua ls such ost oporosi s i termed 

•: i d iopa t hicq . rl'he s Jffie hat ' rbi r a ry nature of the 

t ermi nology s ugges t s that t here is no clea r distinct ion 

between these entities . 

~he p oss i ble d i st inction o~ sen le os t e oporos is 

from normal loss of bone in old age is complicated by 
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the limited amount of information as to the extent of 
the latter. Senile osteoporosis has been regarded as 
a pathological condition, but it is not clear whether 
any distinction can, or indeed should, be drawn between 
this and normal aging changes. 

Idiopathic osteoporbsis was distinguished 
histologically by Fommer (1885) and a clear account of 
the morbid anatomical changes was provided by the studies 
of Schmorl of a series of 7,000 spines (Beadle 1931), 
but the entity was not clearly defined clinically until 
the studies of Albright and his colleagues, published 
from 1940 onwards (Albright, Bloomberg and Smith 1940, 
Albright and Reifenstein 1948). Albright put forward 
a theory of aetiology, basing this on the age and sex 
distribution of the cases studied. Of 42 cases initially 
studied, 40 were female and 2 male. No cases were seen 
in females before the menopause. Aware of the clear 
relationship in birds between ovarian activity and the 
amount of bone tissue, increased amounts of bone tissue 
being seen during ovulation, and of the hyperossification 
produced in male birds and some animals by oestrogen 
administration (Gardner and Pfeiffer 1943), Albright 
suggested that in women the menopause and development 
of osteoporosis were causally related. It was 
postulated that postmenopausal osteoporosis was caused 
by impaired osteoblastic activity as a result of 



diminished oestrogen secretion following the menopause. 
Androgens too were known to affect bone (Gardner and 
Pfeiffer 1943) and Albright (1947) postulated that 
idiopathic osteoporosis in men, which he considered 
to be less common, and of later onset, than in women, 
was also due to impaired osteoblastic activity from 
gradually diminishing androgenic and adrenal cortical 
anabolic hormone production occurring after the age of 
sixty years. 

Clinically, oestrogens and androgens were found to 
promote a positive nitrogen and calcium balance in 
caise.s. of postmenopausal and senile osteoporosis, and to 
bring about rapid relief of symptoms. In consequence 
Albright's theory gained general acceptance. Reifenstein 
(1957) suggested that imbdMncea between the anabolic 
and antianabolic hormones of gonads and adrenals was of 
more importance in the genesis of osteoporosis- than 
absolute deficiency of anabolic hormones (i.e., androgens 
and oestrogens). 

Despite its acceptance, however, no direct evidence 
in favour of Albright and Reifenstein's theory has ever 
been adduced. No conclusive evidence of recovery from 
senile or postmenopausal osteoporosis (as measured by a 
return of radiological density of osteoporotic bone 
towards normal) has ever been brought forward, despite 
oestrogen therapy for periods up to twenty years 
(Henneman and Wallach 1957). Nor does it seem that any 



positive calcium balance achieved by oestrogen therapy 
can be maintained for a long period (Rose 1964). 
Although anabolic hormones produce rapid subjective 
improvement, relief of symptoms is also achieved by 
placebos (folomon, Dickerson and Eisenberg 1960), 

In animals calcium deficiency is known to be one 
cause of osteoporosis, this subject being reviewed by 
IIordin (1960a). In the same paper this author revived 
earlier theories in suggesting that osteoporosis in the 
human may also be due to calcium deficiency. Although 
this theory has gained considerable acceptance there is, 
as with Albright and Eeifenstein* s theory, little eviclenc 
for it. Mordin estimated that the daily dietary intake 
of 8"' of the population of the United Kingdom was less 
than the figure generally accepted as being necessary 
to achieve calcium balance. However, as Malm (1958) 
pointed out, most subjects will adapt tp a low calcium 
intake, while Exton-Hmith and ftanton (1965) in a dietary 
survey of elderly women living alone concluded that the 
evidence did not implicate calcium deficiency in the 
development of osteoporosis. 

Nordin (1961) found that, unlike normal persons, 
osteoporotic subjects could not decrease their urinary 
calcium output when placed on a low calcium diet, and 
suggested that this relative hypercalciuria and calcium 
loss from the body might bring about depletion of 
calcium from the skeleton, and osteoporosis. It is, of 



course, equally possible that this inability to lower 
urinary calcium output, and calcium loss, is the. result 
of rather than the cause of osteoporosis. In the 
development of osteoporosis bone resorption must be 
greater thai bone formation, leading to a net loss of 
calcium from the skeleton, and a negative calcium 
balance. If osteoporosis is progressive, then a 
continued calcium loss from the body should be seen, 
and there is no reason why this calcium loss should be 
reduced by a low calcium intake. 

Nordin later suggested (Jasani, Nordin, Smith and 
Swahson 1965) that decreased oestrogenic activity after 
the menopause caused a raised plasma calcium, with 
consequent hypercalciuria and negative calcium balance. 
Nordin (1960b) and Spencer, Menczel, Lewin and Samachson 
(1964) suggested that impaired absorption of calcium 
from the gut might be the cause of idiopathic osteoporosis 
However, Rose (1964) showed that if calcium absorption 
was increased in an osteoporotic subject, the additional 
calcium did not pass to the bone but was excreted in 
the urine and the overall calcium balance was unchanged. 
Impaired calcium absorption from the gut is thus Unlikely 
to be the cause of the osteoporosis. 

If calcium deficiency is the cause of osteoporosis 
it should be possible to reverse the process of 
osteoporosis by increasing the calcium intake. The 
theories mentioned above, although attractive, prove 



inadequate in that it appears impossible to reverse the 
process of idiopathic osteoporosis by calcium supplements. 
Hordin ( 1 9 6 1 ) stated that calcium supplements produced 
subjective improvement in osteoporosis, and later 
Nordin (1962) claimed that such supplements produced 
positive calcium balances as large as 34,6 mg/-'g. body 
weight/day for periods up to one year. 

Using more sensitive methods of balance study, 
Rose (1364) however was unable to achieve positive 
calcium balances for longer than a few weeks when a 
high calcium intake was given, and pointed out that no 
definite evidence of increased radiological density of 
osteoporotic bone had been seen after long periods of 
high calcium intake, although with positive calcium 
balances as high as those claimed by Nordin this should 
certainly have been seen. There is thus no definite 
evidence that high calcium intakes can reverse the 
process of idiopathic osteoporosis. 

The theories mentioned above are the two main 
theories of idiopathic osteoporosis but at the present 
time neither Albright and Reifenstein's nor Nordin's 
theories can be regarded as proven. It is clear that 
valuable information regarding these t\?o theories might 
be given by a sijudy of bone loss in an aging population, 
by determination of the relationship of bone loss to the 
menopause, determination of the numbers of the population 
showing bone loss, determination of the relative incidence 



of bone I033 in males and females, and by determination 
of the universality or otherwise of bone loss. 



METHOD^ OF DETERMINING- AMOUNT OF DONG PRESENT 
Most studies have employed one of two approaches 

1. Measurement of weight, volume of solid bone, 
radiographic density or calcium content of a given 
volume of bone, all these quantities thought to be 
measures of the amount of solid bone tissue present. 
2. Measurement of thickness of cortical bone. These 
methods have been employed both in the laboratory and 
clinically. 

Ingalls (1931) weighed the bones from the entire 
skeleton in 100 male dissecting room subjects. A 
general fall with age was seen, but it must be stressed 
that weight and not density was measured. A bone may be 
lighter because it is more porous, or simply because it 
is smaller. In fact the material showed a secondary 
rise in weight extending into the sixth decade. This 
was attributed to a degenerative process, due to new 
bone formation as osteophytes around articular surfaces. 

This approach was elaborated by Trotter, Broman 
and Peterson (1960) who measured the density of whole 
bones, weighing them and determining the volume by 
displacement. This method, of course, measures the 
density of the bone as an organ, including bone marrow 
contents. For these results to be relevant to the 
amount of bone tissue present at various ages, bone 
marrow, which increases in volume as the bone becomes 
more porous, must differ markedly in density from bone 



tissue, while actual solid bone tissue must show no 
change in density with age. 

This method employing whole bones can have no 
application in clinical practice. Several workers have 
measured the apparent density of small bone samples. 
Lindahl and I.indgren (1962) studied cancellous bone 
specimens from vertebrae and tibia at autopsy. The 
dried, defatted specimens were weighed, the overall 
dimensions measured, and the overall volume, and thus 
the apparent density calculated. 

Saville (19&5) employed iliac crest trephine 
biopsies, consisting of both cancellous and cortical 
bone. The weight of a cylinder of bone of standard 
dimensions was recorded. A similar approach was made 
by Arnold (1961+) who measured the ash weight per unit 
volume of lumbar cancellous bone. Such approaches are 
useful, but suffer from the disadvantage that no 
further studies (e.g., histological) are possible on 
the specimens. 

Caldwell and Collins (Caldwell and Collins 1961 ; 

Caldwell 1962) measured the radiographic density of 
1 cip thick post-mortem vertebral bone slabs, using this 
as an index of the amount of calcium salt, and 
consequently amount of bone, present. 

Radiographic methods have been employed frequently 
in the clinical detection and measurement of bone loss 
with age. Authors have made radiographic comparison of 
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selected areas of the skeleton (e.g., ulna, calcaneum 
and spine) with a standard of known composition (Doyle 
1961; Mayo 1961 ; ITordin, Harriett, McGregor and Nisbet 
1962). However the accuracy of such methods has not 
been fully established. Overlying soft tissues may 
completely mask any radiographic changes due to loss 
of cancellous bone. Even if soft tissue is not interposed, 
loss of bone substance and therefore mineral from the 
bone as a whole may not be reflected in the intensity 
of the radiographic image, Ardran (1951) showed that 
cancellous bone representing 3Qy> of the thickness of the 
bone may disappear before the loss is visible 
radiographically. Cobb (1952) demonstrated that 25;;, of 
the bone mineral must be lost from a phalanx (radiologically 
the most accessible bone) before a just detectable 
difference is seen on radiographs of the finger, while up 
to 6QM of bone mineral can be lost from the spine before 
this is radiographically detectable in the living subject. 

Another clinical method of estimating bone loss is 
to measure the cortical thickness of a bone from 
radiographs (Barnett and Nordin 1960), It may not be easy 
to define the limits of the cortical bone accurately; as 
the measurements made are small a distinct possibility 
of error exists, particularly if cortical thickness is 
expressed as a ratio of the total diameter of the shaft. 

Guch measurements of cortical thickness have also 
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been performed in laboratory specimens. Atkinson, 
"eathorell and "'oidmann (1962) measured the cortical 
thickness in biopsy samples of femoral cortex. The 
method is valid, but will take no account of changes in 
porosity which may occur in a cortex unchanged in thickness. 

V031 (1963) indirectly estimated the amount of bone 
iri vertebra and iliac crest photometrically, measuring 
the percentage of light transmitted by a section stained 
black with iron haeraatoxylin. 

In studying variations in amount of bone with age, 
the mo3t logical method to use is one which measures 
this directly (either as the relative volume of a bone 
specimen occupied by solid bone, or in a histological 
section, as the proportion of total area occupied by 
solid bone). Published studies of this nature are very 
few in number. 

Beck and Nordin (1960) studied a large series of 
cases based on iliac crest material from general hospital 
autopsies, photomicrographs of iliac crest sections 
were matched visually with photomicrographs from a series 
of nine standard sections, in which the area occupied by 
bone varied from 6; to 2"$. The method is thus largely 
subjective, and the possible errors are large. Lindahl 
and Lindgren (1962) measured the area of bone in specimens 
from tibia, by cutting out and weighing the areas 
representing bone from a photomicrograph. 



In these studies, however, no attempt was made to 
distinguish between cortical and cancellous bone, and 
measurements were made on specimens containing both 
types of bone in varying proportions. Thus any changes 
occurring in the porpU3 cancellous bone might be 
obscured by the much denser cortical bone present, and 
by the variable amounts of the two types of bone. 

From a review of published studies it must be 
concluded that there i3 a dearth of quantitative 
studies of the effect of age on cancellous bone. 



n 17 7 ... t ph a. l o'ba M t h t t 0 hol 

bor d 1n t di p · 1 o'f in bon 

qui i t nt r c ot r, 0 id r ble 1ncrea 

i l ngt of: th on . co old that bon incr 

in 1 ngth only t t pip '11 nd not y 1nt t i ti 1 

xp ion of t hol • 
u in · th 1 n 1ntr vit 1 t in of 

n ly fo d bon 
' l ( 1742) n -unt r ( 1837) 

eonf1r thi tion, and cl rly mon t:rat 

t t on gro y of' c ocr tion, by 

ppo 1tion 0 n bo on th urf 0 or th. ol • r 

th in i n. D 1 t · 1c 1 ob rv t ion , Uunt r 

d t · t to 1nt in t p . of 

t 0 

bon durin it 

t ' po ition 0 it u t 

t it 0 ion o p n ro 

d 

sit • hu uri 0 1 continuo ly 

· m 11 • unt r urth r t t thi. proc 

of r od lling of bo continu t ou · -out lif ft r 

gro th d c sed . In hi 1 bon a not in rt , but 

ubj ct to aontinuou tu:raov r thro hout l1f , by 

th proc s s o . b on orm tion nd r or·ption. h 

ub qu nt on tration of' th c llul r proe s of 

bone o tion nd r sorption ich r e ho n to continu 

throughout li:f confir ed this vie • 

e ch nge occurring in hum n c · no llou bon 

during the process ot: r mod lling eve studi d by 

58 



Amprino (1937) who demonstrated that in early post 
natal life the recently formed trabeculae are coarse 
and stout, and composed of woven bone. These are soon 
resorbed and replaced by orientated slim trabeculae. 
The process of turnover and remodelling continues, and 
these trabeculae show evidence of continuing formation 
and resorption. This continues throughout adult life. 

Such morphological studies were purely descriptive 
and did not provide information on the order of 
magnitude of the remodelling process. Despite the fact 
that in bone, unlike other tissues, the possibility of 
interstitial expansion or growth is excluded by the 
rigidity of the tissue, and that therefore all bone 
formation and resorption must occur at bone surfaces 
where it may readily be observed, little interest was 
taken in the possibilities of quantitative studies of 
this aspect of bone activity until Sissons (1960) 
re-emphasised the concept of continuous turnover of 
bone, stressing the importance of quantitative study of 
bone forming and resorbing activity, and discussing how 
such data might be expressed. 

Since this time several quantitative studies of 
bone formation and resorption have been made, a stimulus 
to such studies being the fact that knowledge of changes 
in bone formation and resorption rates with age might 
elucidate the pathogenesis of idiopathic osteoporosis. 
Albright and Reifenstein*s theory presupposed a reduced 



bono formation rate, while Nordin's colcium deficiency 
theory implies, on the other hand, an increased rate 
of bone resorption. 
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Unfortunately it is now known that skeletal 
accretion rate cannot be directly equated with new 
bone formation rate. It has been shown that a 
variable amount of isotopic tracer is taken up 
diffusely in older bone by exchange with non-labelled 
calcium in the old bone and by secondary mineralization. 
Lee, Marshall and Sis3ons (1965) showed that in adult 
dogs the bone formation rate was only one third to one 
half as great as the observed skeletal accretion rate. 
Also working on dog3, Jowsey, Lafferty and Rabinowitz 
(1965) showed that the amount of isotope deposited 
diffusely in areas other than those of bone formation 
varied with the age of the animal. Only in {q-young 
growing animal was bone formaticn more important than 
diffuse deposition in skeletal retention of the 
isotope; in an adult animal only 20/ of the administered 
isotope was retained as a result of bone formation. In 
addition controversy and dispute still exists over the 
method of mathematical analysis: to be employed in the 
calculations from the experimental data. (Heaney 1964; 
Anderson 1963)• 

Bearing in mind these factors the results of such 
studies should be interpreted and accepted with some 
reserve. 

Urinary Hydroxyproline Estimations 
The amino-acid hydroxyproline is found almost 

exclusively in collagen, a large proportion of which 



in found in bone. It has therefore been suggested 
that most of the urinary hydroxy-proline is derived 
from bone collagen (hlein and Curtis 1964), a n d 

measurement of urinary hydroxyproline has been put 
forward as an index of bone collagen metabolism (Dull 
and Hennemanl 963) • It is not yet clear, however, whether 
an increase in urinary hydroxyproline is associated 
with bone collagen synthesis, bone collagen breakdown, 
or both (Klein and Curtiss 1964; Klein 1 9 6 6 ) , arri it 
is felt that the test required further evaluation before 
definite conclusions may be drawn. 

Morphological Studies 
These are based on methods of identification of 

sites of bone formation and resorption. 
A) Intravital Markers of Bone Formation 
1) Aut orad i ography 

The site of uptake of the radioisotope of a bone 
seeking element may be determined by the application 
of a sensitive photographic emulsion to the tissue. 
Isotopes such as Ca45, and p32 

have been shown 
to be taken up intensely at sites of bone formation, 
and have been used as intravital markers of bone 
formation (Leblond, Wilkinson, Belanger and Robichon 
1950)* The method is best suited to animal experiments. 
2) Other Intravital Markers 

Other substances have also been shown to be 
deposited at sites of bone formation, arid have been 



used as intravital markers of bone formation. Vincent 
(1957) used lead for this purpose, and Mchour (1936) 
used alizarin. In both cases however the toxicity of 
these substances restricts their use to experimental 
animals. 
3) Tetracycline 

Tetracycline has been found to be an intravital 
marker of sites of bone formation, of high precision, 
and suitable for use in human studies (Harris 1960). 
If administered on one occasion, tetracycline Is 
deposited permanently at current sites of bone formation 
(Crhoses 1959) and may be recognised there by its golden 
yellow fluorescence. Like all intravital markers it 
has the advantage that if administered on two occasions, 
the bone formed in the intervening period may be 
recognised (being that bone lying between the two 
tetracycline labels). From the linear separation of 
the two labels, the rate of oppositional growth (i.e., 
the thickness of bone laid down per day at a forming 
surface) may be calculated, and related to the total 
amount of bone present, allowing the turnover rate to 
be calculated. 

The method has limitations. The method of double 
labelling with consequent calculation of the bone 
formation rate is difficult to apply to cancellous bone 
as, owing to the irregular nature and orientation of 
this type of bone, the plane of section through the 



tetracycline labelled area is frequently oblique. The 
tetracycline deposit appears widened and "flared", 
definition of the label becoming impaired (°issons 
and Lee 1964). The linear separation of the labels 
will he artificially increased by the obliquity of 
section. 
B) Quantitative Morphology 

In the type of study envisaged in this work, U3ing 
large specimens of bone (as against small biopsies) 
from individuals in normal health until sudden death, 
tetracycline labelling is clearly impracticable; indeed 
a single label of tetracycline gives no more information 
than that derived from accurate identification of bone 
forming surfaces by other means. Several such methods 

i 
are available, but again the nature of cancellous bone 
limits their application, 
1) .M i c r or ad i ogra n hy 

Amprino and Engstrbm (1952) studied the mineral 
distribution in bone by the already described technique 
of microradiography. Their results showed that the 
mineral distribution is not uniform. Recently formed 
bone is of lower mineral density than the remainder of 
the bone, the newly formed bone being incompletely 
calcified, and a surface where bone formation is 
occurring may be recognised by its low mineral density. 
Old bone and inert surfaces are of high mineral density. 
Howship's lacunae may be recognised by their sharp crenated 



edge, which may cut across bone of varying mineral 
density. 

This technique is most useful in, and has been 
extensively employed in, the study of cortical bone. 
Technical considerations render it of dubious value 
in the study of cancellous bone. Interpretation of 
the characteristics of bone surfaces is complicated 
by the fact that microradiographs are prepared from 
relatively thick sections (70 - 100ju,); particularly 
in cancellous bone, oblique surfaces are very frequent 
in sections of this thickness. In a microradiograph 
an.oblique surfacc shows a gradual fall of mineral 
density to the free edge of the bone, due to the 
gradual reduction in thickness of bone tissue to this 
point. Such an appearance can simulate or obscure the 
appearance of bone formation, which also shows a fall 
in mineral density towards the surface where bone 
formation is occurring (Sissons 1962), although in the 
case of bone formation, this gradient is due to 
incomplete calcification of the tissue rather than to 
changes in thickness of bone tissue in the section, 
2) Osteoblast and Osteoclast Gount3 

As these are responsible for bone formation and 
resorption respectively, their numbers might be used 
as an index of bone formation and resorption (Bauer, 
Garlsson and Lindquist 1 961). Such observations can 
only be expressed in descriptive terms. Quantitative 



measurements, are impossible because osteoblasts form 
a continuous spectrum ranging from the plump active 
form to the flattened inconspicuous, inactive cell 
(tritohird 1956b) and no absolute dividing line con be 
drawn between the two forms, 
3) Histological ?<ethods 

In faction 2 it was pointed out that if osteoid 
can be accurately identified it may be used as an 
indicator of bone formation. In carefully processed 
and stained tissue osteoid may be recognised in 
decalcified sections ( ,eyer 1936) but for quantitative 
studies undecalcified material is more reliable. In 
undecalcified material osteoid may be recognised in 
unstained sections(Meyer 1956) where it appears 
relatively translucent, calcified bone appearing 
granular, or it may be demonstrated by a variety of 
stains (Lbe 1939). 

The method most commonly employed is the von fossa 
a 

silver nitrate stain (von Kossa 1901) which stains 

insoluble phosphates and carbonates and certain other 

insoluble salts of calcium and certain other metals. 

(Cameron 1930). In osseous tissue it may be regarded 

as a specific stain for calcified bone, osteoid being 

unstained, and it should therefore be suitable for 

quantitative demonstration of osteoid. Personal 

experience suggests that the von fossa method lacks 

precision, in that silver is deposited not only in 



calcified tissue but also around it in the surrounding 
marrow and osteoid in granular form, obliterating detail, 
and interfering with the identification of osteoid. 

In undecalcified preparations, calcified bone 
stains deeply with haematoxylin, while that which is 
regarded as osteoid is virtually unstained, affording 
a clear distinction between the two. The method has 
not been used in quantitative demonstration of osteoid : 
from the results of earlier workers it was not certain 
whether the method reliably and quantitatively 
demonstrated bone salt. Cameron (193°) concluded that 
the staining of bone with haematoxylin depended not on 
the presence of bone salt, but mainly on the presence 
of a special ground substance associated with 
calcification. 

If this were so the stain might not afford reliable 
distinction between bone and osteoid, and would not be 
suitable for the quantitative identification of osteoid. 
However, the profound change in the staining 
characteristics of the bone on decalcification with 
either acids or chelating agents, leading frequently 
to complete disappearance of any distinction between 
calcified and non calcified tissue strongly suggests 
that the material staining with haematoxylin in 
undecalcified bone sections is bone salt, or some 
substance most intimately associated with it, and 
likewise removed by all agents removing calcium salts. 



A series of preliminary experiments ( v. Section 2) 
showed that the results obtained by haematoxylin staining 
of undecalcified bone agreed with those obtained by von 
TCossa staining. Comparison with microradiography showed 
that material staining deeply with haematoxylin in 
undecalcified sections was calcified, while that material 
recognised in the stainedgsection as osteoid wa3 
consistently uncalcified. 

Thus haematoxylin staining of undecalcified sections 
is a reliable means of demonstrating osteoid, and it is 
justifiable to use this method for the quantitative 
demonstration of osteoid and bone formation. 

In such stained sections bone resorption is 
recognised by the morphological characteristics of 
Howship's lacunae; the bone 'stains deeply to the edge 
of the lacunae. The sections are thinner than those 
used for microradiography and the identification of 
such crenated surfaces is therefore easier. 



SECTION THREE 

PRESENT STUDY 
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PR^cENT TTUDY 

This section is in several parts, describing the 
materials used and the methods employed, 

MATERIAL0 

It was intended in this study that all measurements 
should be collected from as large an area of cancellous 
bone as possible so that this might be considered 
representative of the bone as a whole; bone formation 
and resorption in particular are focal processes and 
distributed unevenly in bone (Jowsey, Owen and Vaughan 
1953)» In certain cases the amounts of variation to be 
expected within a given block and at various sites 
along the iliac crest were to be studied. Thirdly it 
was important that subjects should have been in good 
health and active until the time of sampling or death, 
as preliminary studies shoi^ed that considerable 
reduction in extent of bone formation may be seen in 
bed-ridden subjects, confirming an observation made 
by Jowsey (1963). 

These considerations precluded the use of biopsies 
or material from general hospital autopsies, and 
specimens were obtained from coroners1 autopsies on 
cases dying within 48 hours of accident oX the onset 
of acute illness, No material was taken from cases 
where more than 48 hours had elapsed between accident, 
or onset of illness, and death, to exclude possible 
changes due to immobilization. To avoid cases which 



might have been complicated by metabolic bone disease 
(such as osteomalacia or renal osteodystrophy) all 
cases with evidence of renal, hepatic, alimentary or 
pancreatic disease were excluded. 

All cases of sudden death in chronic illness, 
cases of malignant tumours, and any cases showing 
evidence of Paget's disease were also excluded. 

In the youngest age groups (0 - 19) trauma was 
the commonest cause of death. Acute infections 
(chiefly pneumonia) and haemorrhage (e.g., subarachnoid 
haemorrhage) provided smaller numbers of cases. In the 
20 - 39 age groups, 73/ of deaths were due to trauma 
or poisoning. A smaller number were due to acute 
infection. A thrombotic episode (chiefly coronary 
thrombosis) was the commonest cause of death in the 
40 - 59 age groups, followed closely by trauma, 
Haemorrhagic episodes and drug overdosage caused smaller 
numbers of deatlis. In the over 60 age groups the 
commonest cause of death (45) was thrombosis (mainly 
coronary). Haemorrhagic episodes (cerebral haemorrhage, 
and ruptured aneurysms) formed 25G of the cases, the 
remainder being due to acute illnesses and accidental 
death. 

At autopsy, a large slab of iliac crest bone 
approximately four inches in length and including the 
anterior superior iliac spine was removed, and fixed 
in buffered 1 forraol-saline. After fixation the 



specimen was cut transversely on a Burgee a band saw 
into blocks 5 - 6 mm. in thickness. At least one 
block from each specimon wan selected for perspex 
embedding and grinding. The- blocks for perspex 
embedding were taken from a point about 2.5 cm. behind 
the anterior superior iliac spinb. In certain cases 
further blocks for perspex embedding were taken at 
intervals along the iliac crest to determine the extent 
of variation of the measured parameters along the iliac 
crest. For comparison blocks were taken from the 
adjacent bone for routine haernatoxylin and eosin 
staining after decalcification. 
PREPARATION OF UNIT!0ALCIFIED SECTIONS 

Sections were prepared from undecalcified blocks 
by a' proccss of grinding after methyl methacrylate 
embedding. The method used -was modified from that 
described by Jowsey (1955)*.--
Dehydration 

After adequate fixation (at least 3 days) blocks 
were dehydrated in Ascending-grades of alcohol as 
follows 

7Oh alcohol 
83,J alcohol 
95,0 alcohol 

24 hours 
24 hours 
24 hours 

Absolute alcohol I 24 hours 
Absolute alcohol II 24 hour: 

Absolute alcohol III 2h hours 



rPhe blocks were then Infiltrated with unpolymerized 
methyl methacrylate by treatment v/ith a 1 : 1 absolute 
alcohoV^sthyl methacrylate monomer mixture for 2i\ 

hours, followed by methyl methacrylate monomer for 
72 hours. 
Preparation of Methyl ^ethacrylate 

As supplied methyl mothscrylste contains an 
inhibitor Oaydroquinone) toy prevent polymerization, . 
This was removed before use by washing the monomer 
with an equal quantity of 5/ sodium hydroxide in a 
separating funnel, After vigorous shaking the dark 
brown solution which collected at the bottom after 
absorption of the inhibitor was discarded. The process 
was repeated three times. The monomer was then freed 
from the sodium hydroxide by washing three times with 
equal volumes of distilled water, After this treatment 
the monomer was dried by filtration through dried calcium 
chloride. This is essential as any residual moisture 
interferes with the process of polymerisation, and 
impairs the quality of the final sections. 

Martially polymerized methyl methacrylate was 
used in preference to methyl methacrylate monomer. 
This decreases the time needed for hardening of the 
methyl methacrylate. During polymerization the 
originally liquid methacrylate thickens and hardens 
to produce the final rigid block. 

Partially polymerized methacrylate was prepared b y 



adding a catalyst to dried monomer; 1 G. dried benzoyl 

peroxide was added to 100 ml. of dried monomer, and 
o 

the solution heated in a water bath to 80 - 85 0, 
with continuous stirring. The monomer gradually 
polymerized and thickened and when it reached a thick 
syrupy consistency the container was immediately cooled 
in running cold water to arrest the process. 
Polymerization is an exothermic reaction, and care was 
necessary to prevent the reaction proceeding to completi 
resulting in rapid expansion and bubbling of the 
methacrylate followed by solidification within a few 
seconds. 
Embedding 

After infiltration with monomer the bone blocks 
were embedded in plastic or aluminium foil moulds. 
The moulds were half filled with partially polymerized 
methacrylate, the blocks placed upon this, and the 
moulds then filled with methacrylate. The moulds were 
placed in a sealed container to avoid evaporation, and e 
polymerization allowed to take place at 3 0 - 3 5 C, the 
process of hardening being complete in 4 - 8 days. The 
hardened methacrylate was removed from its mould, and 
trimmed with a band saw. 
Sectioning 

The block was sectioned on a modified milling 

machine (essentially a sophisticated circular saw), the 



specimen being advanced automatically. The block v/as 
cooled by an oil and water spray to prevent damage and 
artefacts due to heating. °ections, as cut from the 
milling machine, varied from 100 - 200^t in thickness. 
Grinding 

For microscopical examination sections should be 
not greater than 20^. in thickness. (It was earlier 
pointed out that in thicker sections artefacts from 
oblique surfaces are common; sections thinner than 
20^care no easier to interpret than those of 2 0 ) • 
Sections of this thickness were prepared by grinding 
the 100 - 200jut, thick milled sections between two sheets 
of roughened thick plate glass. A large rectangular 
sheet served as a base, and a smaller circular plate 
was moved by hand in a circular fashion, with the 
section between the two. The glass plates were 
roughened and '"sharpened" by preliminary grinding 
together with a paste of silicon carbide (Carborundum 
220) and water. All traces of abrasive were removed 
from the plates by brushing under running water, to 
prevent any tearing of the sections, and the sections 
then ground by the abrasive properties of the glass 
alone, using 70/ alcohol as a lubricant. This technique 
is delicate, and enabled the preparation of sections 
of embedded cancellous bone, of section thickness as 
little as 15^4., and free from artefact. Grinding was 
interrupted at 70^, for microradiography of the sections. 



°taining 
After grinding to 20/u, sections may be examined 

unstained or stained by a variety of procedures. In 
the present study, the undecalcified sections were 
stained with haematoxylin and eosin. This allows the 
recognition of the morphological characteristics of the 
different types of bone surface, and in sections of 
this thickness affords a reasonable degree of cellular 
detail. 

Sections were washed in distilled water, and 
stained in Cole's iodine ripened haematoxylin(Cole 
' 1 9 4 3 ) . This contains no acid, and hence prevents any 
decalcification of the section, with subsequent failure 
of differential staining of bone and osteoid. Sections 
were stained for 2 - 6 hours at room temperature, the 
length of staining time being determined by examination 
of the sections during the process. They were then 
"blued" and counterstained lightly in 0,5" aqueous 
eosin for 30 seconds. Clearing of plastic embedded 
sections by xylol causes buckling and distortion of the 
sections. This was avoided, after dehydration in 
ascending grades of alcohol (70/ - 95/)> by clearing 
the sections in a 2 : 1 mixture of 95' alcohol and 
terpineol, and mounting in Euparal (Flatters and 
Garnett Ltd., Manchester). 
Decalcified Sections 

Comparable blocks from each specimen were treated 



by conventional histological methods, being decalcified, 
embedded, sectioned and stained by routine haematoxylin 
and eosin methods (Drury and Tallington 1967). 
PARAMETERS MEASURED 

After a preliminary general examination of the 
morphology of the bone, sections were studied 
systematically so that several parameters might be 
measured. 
1. Amount of Bone Present in the Rection 

This is expressed as the percentage of section 
area occupied by bone as opposed to marrow space, and 
is termed the bone area. 
2. Bone °urface Area 

(Not including canalicular or osteocyte lacunar 
area). The available surface area was expressed in 
two ways:- The absolute value (surface area per unit 
volume of tissue i.e., solid bone and marrow), measured 
in sq.mn/cubic mm., was calculated, and this was then 
expressed as a relative value in terms of the amount 
of solid bone 'present in the areas studied (surface 
area per unit volume of solid bone) again measured in 
sq.mn/cubic mm. 

3. The Extent of Bone Formation and Resorption 

Such measurements may be made and expressed in 

several different fashions. In cancellous bone, in 

particular, the most logical method is to determine 

the percentage of bone surface occupied by bone formation 



and resorption. From these percentage figures the 
absolute and relative surface areas of bone formation 
and resorption may be calculated. 

An alternative method is to count the numbers of 
osteoid seams present. This may be expressed in 
relation to the numbers of vascular channels present 
(applicable only to cortical bone) or as the number of 
seams in a unit volume of bone (Frost and Villanueva 
1960). This method may be valid, but the first 
described method appears preferable. The counting of 
numbers of osteoid seams is impracticable in cancellous 
bone, since what appear in a section to be separate 
osteoid seams may be no more than parts of a continuous 
surface of bone formation; furthermore it seems 
preferable to use a method which is also applicable to 
the measurment of surfaces of resorption. 
MEA?U»CTTOF BONE AREA 

This was measured by a system of point sampling, 
with an array of points laid on the tissue, after the 
method described by Chalkley ( 1 9 4 3 ) * The principle of 
the method is that, if a large number of points is 
projected randomly on a section of tissue, in the limit 
the proportion of total points falling on any component 
of the tissue will equal the proportion of total area 
occupied by that component. If the section is 
representative of the tissue from which it is taken, 
then this proportion is also equal to the proportion 
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of total volume occupiod by the component. 

The method was extended by Hennig (1958) and the 
array used (Zeiss Integrating Eyepiece I) is based on 
his work. It consists of a Zeiss 8x microscope eyepiece 
provided with a graticule of 25 points asymmdtf.icd.lly 
arranged within a circle. The points are joined by a 
series of straight lines to facilitate their recognition. 
The integrating eyepiece replaces one 3x eyepiece of a 
binocular microscope and when a section is viewed the 
image of the array is superimposed on that of the 
section (Figure 5), and the number of points falling 
on any component (in this case calcified bone and 
osteoid) may readily be determined. The eyepiece may 
be turned and used in any random position, its 
orientation being immaterial. 
MEASUREMENT OF SURFACE AREA AND ITS COMIPJNENTO 

This was carried out by a method of line sampling. 
« 

Here an array of random points is replaced by an array 
of linear paths, which are sufficiently short to spread 
repeated observations randomly over the section studied. 
The number of intercepts -made by the paths with the 
surface of any component is noted (N), and if the total 
length (L) of the paths is known it may be proved 
(Rogers in a paper by Short 1950) that in a unit volume:-
Surface area of component (S) = 2 X Number of intersections 

Total length of Paths 
or S = 2N 

L 
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Figure 5. Bone area measurement. An array of 
25 points is superimposed on a microscope field. In 
this instance 6 of the 25 points fall on bone and osteoid; 
5 on bone and 1 on osteoid. 



The proof of thin formula is given in Appendix 1 . The 
results can be expressed in this fashion if the section 
is considered representative of the tissue from which it 
is taken. 

The proportion of the tothl intercepts made with 
any given c onponerit is equal, in the limit, to the 
proportion of surface occupied by this component. Thus 
the extent of surface occupied by bone formation or 
resorption may readily be measured and from this their 
absolute and relative surface areas. 

The method was again developed by Hennig (1958) 
whose work led to the design of the array used in these 
studies (Zeiss Integrating Eyepiece II). This consists 
of a Zeiss 8x eyepiece containing a graticule furnished 
with six parallel lines (Figure 6). Each of the long 
lines is one fifth of the combined length of the lines, 
and each of the short lines one tenth of the total 
length. Used in conjunction with a 10x objective in a 
Cooke, Troughton <1 Simms microscope the lines 
represented a total length of: 3»8mm. on the section. In 
the case of this eyepiece orientation is important and 
unless the object examined is completely unorientated 
the eyepiece is rotated to a new random position before 
each observation. 
METHODS OF COUNTING 

As prepared, the ground sections were about 2.5 - 3cm, 



Figure 6. urfaoe area measurement. An array 
of 6 parallel lines is superimposed on a microscope 
field. In this instance the lines make 9 intercepts 
with the bone surface. 



in .length, \11 cancellous bono down to a depth of 2c:n. 
fro.a the periosteum of the cortical bone cap. of the 
iliac crcst vac surveyed. Thin in an arbitrary figure 
but ensures that i large area is counted so as to be 
accurate and representative, and also ensures that the 
bone surveyed corresponds in depth to that of a standard 
iliac crest biopsy, 

Cortical bone was excluded from the studies, to 
ensure that changes occurring in a small amount of 
dense cortical bone did not obscure changes occurring 
in the cancellous bone. There is no absolute 
distinction between cortical and cancellous bone so that 
any distinction is to some extent arbitrary, but it was 
found that separation of the bone present into a dense 
bounding shell, giving way abruptly in almost all cases 
to a lighter spongy network of cancellous bone could 
be made without difficulty. (Figures 8 and 9). r*uch 
distinction was most easily made on gross examination. 

In children, cortical bone, the cap of epiphyseal 
cartilage, and the coarse primary spongiosa were 
similarly excluded from the studies. 

"he chosen area of bone was surveyed systematically. 
The section was mounted on a turntable attached to a 
mechanical stage of a microscope, and was turned to 
align the long axis of the section with the direction 
of lateral travel of the microscope stage. Counting 
was then carried out, starting adjacent to the "midline" 



of the specimen (previously determined by inspection, 
and approximately bisecting the specimen along its 
long axis). The section was moved a distance of 1mm. 
along its long axis between examination of each field, 
until a full row of fields, extending to 2cm. from the 
periosteum of the cortical bone cap, had been surveyed. 
(Figure 7). The next row was then surveyed, the section 
being moved 1mm. along its short axis between each row, 
and the process repeated until the whole area of 
cancellous bone had been surveyed. The diameter of each 
graticule was 0.9mm.; thus this procedure ensured 
systematic examination of the section, without overlapping 
of fields. At the edges of the section, where cortical 
bone was encountered, partial fields of cancellous bone 
were counted when measuring bone area. In this case 
the total number of points- falling on cancellous bone 
and marrow was less than 25. Then measuring surfaces 
partial fields could not be surveyed ( as the length 
of the linear paths falling on the portion of the field 
surveyed would be unknown). However, because the section 
was moved 1mm. between each measurement and the diameter 
of the graticule was 0.9mm. it follows that a further 
movement of the section of 0.1mm. may be made in order 
to obtain a full field of cancellous bone, if possible, 
without overlapping of fields surveyed. This was 
carried out where necessary. If a full field of 
cancellous bone could not be obtained by this technique 



Figure 7. Diagram to- show method of counting, and 
arear; surveyed. The dense black line represents 
c or t ical bone. 



then it was excluded. 
It has been mentioned that in certain cases, counts 

were made on further sections at intervals along the 
iliac crest, to study the variations seen. 

To enable comparison between the results of this 
study and those of Beck and Hardin (1960), and Baville 
(1965) who used trephine biopsies, or sections of similar 
size, containing both cancellous and cortical bone, an 
area corresponding in size and position with that which 
would be sampled by a trephine biopsy was surveyed on 
a number of sections in this study. This consisted of 
an area 10 x 6mm. including the cortical bone cap, and 
bone area was measured on all bone, cortical and 
cancellous, within, this area. 

To determine whether loss of bone occurred 
selectively from any site, in a series of cases separate 
measurements were made on central and peripheral areas 
of cancellous bone (v. Results; Experiment 5). 

In a series of cases the variation in bone area 
with increasing depth from the cortical bone cap of the 
iliac crest was studied. 
Number of Counts Made 

It is desirable that counts be made over a tiide 
area. The actual number of counts necessary for 
statistical significance may be calculated (Appendix 2), 
the theoretical standard error depending on the total 



number of counts made (points or intercepts) and the 
number of counts falling on the sought component, 
'"hen measuring bone area one set of observations (each 
of 25 points) was made for each field surveyed. This 
practice gave a small theoretical standard error, 
varying from 2 of the bone area where much bone was 
present and sections large, to 5.' of the bone area where 
little bone was present and sections small. In very 
large sections alternate fields were counted. 

'"hen measuring formation and resorption surface 
a smaller number of counts (in this case intercepts) 
is made per field (generally between 0 and 6 as against 
the 25 counts per field made when measuring bone area). 
Thus to achieve a satisfactory degree of accuracy more 
than one set of observations per field is necessary 
unless the percentage of formation or resorption 
surface is high, or the section large. The number of 
counts (intercepts) falling on any component required 
to produce any given theoretical standard error may be 
calculated (Appendix 2). In practice it was found that 
two sets of observations per field produced a theoretical 
standard error between 5 and 10;" of the measured value. 
In a few cases (where little formation or resorption 
were present, or the section was small) four sets of 
observations were necessary. Two s6ts of observations 
per field were obtained by rotating the eyepiece and 

o graticule through 90 between first and second 



measurements on each field. As cancellous bone shows 
planes of orientation, between each field the eyepiece 
was rotated to give a new random orientation of the 
graticule. 

Initially the eyepiece was turned through 90° 
between first and second sets of observations on each 
field with the aid of a marker on the other eyepiece. 
This obliterated part of the microscope field, and it 
was found that accurate results could be obtained simply 

Q 

by judging the angle of 90 by inspection (Appendix 3). 
The theoretical standard error obtained was larger 

than that for bone area, but the acceptable standard 
error must be a compromise between the desired degree 
of accuracy, and the time available. Two such sets 
of observations on all fields of a section take between 
three and six hours to perform. 
Correction Factors 

A number of correction factors have been described 
to correct bone area or surface area for finite section 
thickness (hranko 1955)» and to correct the extent of 
formation or resorption surface seen for the depth of 
focus of the microscope (Frost, Villanueva and Roth 1962) . 

Frost argues that because of finite depth of focus of 
the microscope a greater extent of formation and 
resorption area is seen than that present in an 

infinitely thin section. It is dubious whether the 

correction proposed is valid; its use would in any case 



appear to be unnecessary, measurements will tend to 
underestimate formation and resorption surface, since 
very thin osteoid seams and small Howship's lacunae 
may not be recognised.. Use of the correction decreases 
the observed values for formation and resorption 
surface, and would thus tend to accentuate observer 
error. Therefore this correction was not used, 

Then measuring bone area or surface area a 
correction should be made for finite section thickness 
unless the borders of tissues are perpendicular to the 
plane of the slide, since an oblique surface will 
increase the apparent bone area or surface area 
(Appendix 4). 

The size of the error will be decreased by using 
very thin sections, and in these experiments was reduced 
by using a thickness of section (2Qp) small in relation 
to average trabecular width .(approximately 165^). 

A mathematical correction may be made ( 'Jrhnkb 1955) 
if the bodies counted are portions of spheres but this 
is not applicable to cancellous bone where the structures 
counted are portions of rods- and elongated plates of 
bone. A simple correction was made when measuring bone 
area by counting points falling on an oblique surface 
bounding the left and superior margins of a trabecula, 
and ignoring those falling on an oblique surface 

bounding the right and inferior margins of the trabecula 

(Appendix 4)• 



l'hen measuring urrace area n obl que surface 

ill increase the apparent circum~erence o~ a section 

of a trabecula, thus increasing the measured sur~~ce 

area, (Append i x 4) but the llincrease is negligible in 

a thin section, and no correction need be applied. 
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SECTION FOUR 

RESULTS 



c ncellous bone con ists f hon ycomb like 

arr· n nt of thin pl t s. ~hi p tt rn, re dily 

ppr oi ted hen bone is tudie ~ a m c rated gro 

ap ci en, c nnnot ppr ciat d in the thin section 

u ed in thi~ study , h re the thin plates of b r 

cut t u , nd p r thin elongat d struct re 

pre ntin the mo e f ili r p ttern of n interl cing 

n t ork o thin tr b culae (F igur s 8 nd 9) . 

In t e youn dults otudi ( .. ~ igure 8 ~ tra bee ula 

are num rou nd irly uni orm in z n idth in 

any p ci en. In a t in ction, th tr b cula ry 

in idth fr 20 t soar ' nd r arr ng d in 

g 1 nner. tr oul r in rr 
r lat ral cort x, nd run obliqu 1 , i ntcrl . cin to 

ri a o o 1v • Th tr becul r sorn 

touter nenr th ir ori g n ~rot the thic , 11 de~i 

oort x. 

1 h ppe r noes in c ildren re imilar to thos 

d crib d by Amprino ( 1 93 7) in th f mur . ~ he bon 

initi lly fo me ro t e p i hys al cartil ge ( the 

so c a 1 d pr~n ry ongiosa) 1 co r e, irregul r, 

t 

1 1 

c ontain larg c rtil g remn nts , and con 1 ts 1 rgely 

of oven bone . ~ short distanc from the epiphyse 1 

c rtilage t is bone is re orbed nd replaced by more 
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Figure 8. utline drawing of section of iliac 
crest from male aged 21 yearn. ( , 

94 
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Figure 9. Outline drawing of section of iliac 
crest from female aged 84 years. ( x5) • 



regular, orientated, trabeculae of lamellar bone (the 
secondary spongiosa), This resembles adult cancellous 
bone in its regular arrangement, but the individual 
trabeculae are sometimes considerably finer. 

Considerable changes are evident in sections from 
a 

aged individuals. (Figure 9). Zany trabeculae have 
disappeared entirely, the remaining trabeculae thus 
being more widely separated. A similar finding was 
noted by Eder in vertebral cancellous bone (1960). , 

Many of the remaining trabeculae are extremely thin, 
while the cortex is reduced to a thin shell. 

There is, in addition, a certain coarsening of 
structure, such that occasional very stout and 
irregular trabeculae and masses of bone are seen. The 
pattern seen on microscopical examination is now 
irregular, some fields being devoid of bone, others 
showing thin trabeculae, and yet others containing 
coarse .trabeculae. On gross examination, loss of bone 
is most obvious in the central portion of the 
spongiosa, hut quantitative examination (Experiment 5) 
showed no selective loss from any part of the 
spongiosa. No obvious pattern of loss of individual 
trabeculae was seen, contrasting with the findings in 
cancellous bone of vertebral body and head of femur. 
In vertebrae the non weight bearing horizontal 
trabeculae are lost Before the weight bearing vertical 



trabecular (Caldwell and Collins 1961 ; Caldwell 19^2). 
A similar pattern of loss is seen in the femoral head 
(hall 1961). 
Cone Curfaces 

In sections processed by the method described, 
calcified bone stains deeply and appears purple or 
purple brown in colour. Portions of tie surface are 
covered by osteoid tissue which in these preparations 
is virtually unstained by haematoxylin, and appears 
pink (Figure 10). The surface of the osteoid is smooth, 
and conspicuous osteoblasts can sometimes be recognised 
thereon (Figures 10, 11 ,12., 1 3), Neither osteoclasts 
nor howship's lacunae were ever seen on the surface of 
the osteoid, confirming the widely held belief that 
osteoclasts never attack osteoid. 

The osteoid seams appear as discrete structures, 
although the occasional presence of apparently separate 
seams on closely related surfaces suggests that these 
may be parts of a continuous surface of bone formation. 

Allowing for artefacts due to obliquity of 
sectioning, the thickness of an individual osteoid 
seam is fairly uniform until the ends of the seam, where 
the osteoid narrows and appears to end abruptly, the 
adjacent bone showing no obvious layer of uncalcified 
matrix. 

The osteoid seams cover a variable part of the 
bone surface. The length of individual seams varies 



98 

Figure 10. Iliac crest. Undecalcified section 
stained with haematoxylin and eosin. The calcified 
bone is stained purplish brovm. The upper surface of 
the trabecula is covered by a layer of relatively 
unstained, pink, osteoid. Much of the colour has been 
lost in the photographic processing, and in the original 
section the calcified bone is more intensely stained, x 160). 
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Figure 11. Cancellous bone of iliac crest. The right 
hand margin of the vertical trabecula is covered by a 
1 yer of osteoid tissue; the left hand margin shows an 
area of bone resorption, Undecalcified section. 
Haematoxylin and eosin. x8G). 

Figure 12. Cancellous bone of Iliac crest. The 
upper surface of the trabecula is covered by a thick 
osteoid seam; the lower surface has a smooth outline 
and is considered to be inert. Undecalcified section. 
liaematoxylin and eosin. ( x258). 
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Figure 13. The upper surface of the trabecule is 
covered by an osteoid seam, on the surface of which 
is a layer of osteoblasts. Iliac crest. Undecalcif led 
section. Haematoxylin and eosin ( xl60 . 



widely in any section, lengths from 70̂ u-or less to 1mm. 
being seen. Both the length of individual seams and 
the number of seams varied from case to case. No 
attempt was made to relate this to extent of surface 
coverage. Inspection suggested that the peripheral 
portion of the spongiosa showed a greater surface 
coverage by osteoid than the central portion. 
Quantitative measurements were made to confirm this 
impression (Experiment 5)-

Identification of the osteoid was facilitated by 
the general presence of a line of granular basophilic 
material, at the .junction of the osteoid and calcified 
bone, the so-called "calcification front", (Robinson 
and "'atson 1955). This is thought to mark the onset 
of calcification. It is seen nowhere else, and in these 
preparations stains bright blue. 

Oblique surfaces are easily identified. Continuous 
refocussing is necessary to obtain sharpness of field. 
They cannot be confused with osteoid seams. 

A portion of the trabecular surface shows the 
irregular, crenated or scalloped, eroded outline of 
Howship's lacunae, indicating bone resorption 
(Figures 14 and 15)* The appearances vary from deeply 
punched out classical Howship1s lacunae to solitary 
shallow depressions, which correspond to the individual 
eroded bays of the scalloped Howship's lacunae. On 
occasion osteoclasts may be seen in the eroded bays of 



102 Figure 1U. Cancellous bone of iliac crest. The 
upper surface of the trabecula shows an irregular 
scalloped area indicating bone resorption. 
Undecaicifled section. Haematoxylin and eosin. x258). 

Figure 15. Cancellous bone of iliac crest. The 
upper surface of the trabecula shows another eroded 
area of bone resorption. Ceveral Howship's lacunae 
are visible, Undecaicified section. Haematoxylin 
and eosin. f x258). 



such surfaces. 
To exclude the possibility that such surfaces might 

be artefactual, due to trabecular damage during grinding 
sections were examined in water prior to clearing and 
mounting. Scratches due to grinding are still visible 
at this stage (Figures 16 and 17). The scratches are 
very fine, and far narrower than the smallest resorption 
surface. "7here scratches cross trabecular surfaces no 
irregularity or disruption of surface is ever seen. 
Gross artefacts due to tearing of the section are rare, 
and when present are easily distinguished from 
resorptibn surfaces. The surface is irregular, but 
scalloping is absent; the bone edge is not sharp but 
has a ragged torn appearance (Figure 18). 

Areas of resorption are frequently found near 
areas of bone formation. Sometimes bone resorption 
on one side of a trabecula is associated with bone 
formation on the other side (Figure 19)» indicative of 
remodelling of bone. 

The remaining portions of the bone surface have 
a smooth regular outline, without any demonstrable layer 
of osteoid tissue (Figure 12). These parts of the 
surface are regarded as inert as far as the processes 
of bone formation and resorption are concerned. 
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figure 16. Ground perspex embedded bone section 
mounted in water. A scratch due to grinding is 
apparent. There is no irregularity where this crosses 
a bone surface. ( xl6Q). 

Figure 17. Ground, undecalclfied bone section mounted 
in ?sater. everal grinding scratches are seen. There is 
no surface irregularity where these cross bone surfaces. 
' xl6G;. 
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Figure 18. Iliac crest. Gross artefact due to 
tearing of section. The bone surface is irregular, 
but the ragged appearance cannot be confused with the 
"punched out" appearance of bone resorption. ( xl60). 
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Figure 19. "-.one remodelling. On the upper 
surface of the trabecula is a layer of bone covered by 
oBteoid tissue; on the opposite side of the trabecula 
is an area of bone resorption. An oblique surface is 
apparent on the lower trabecular surface to the left. 
Ondecsloified section. Haesiatoxylin and eosin, ( xl60). 

I 



107 
PRELIMINARY QUANTITATIVE STUDIES 

In a study of the present type it is essential 
that the degree of reproducibility obtained in practice 
should be known, and should be high. In practice several 
possibilities of error exist, and several problems of 
measurement must be considered. 

It is of the utmost importance that sampling is 
adequate, and in this connection the area studied must 
be of adequate size. It is also essential to be aware 
of any systematic variation in anatomy, involving any 
of the parameters measured, within the iliac crest, 
particularly with regard to increasing distance from the 
anterior superior iliac spine. 

Some of the measurements made involve an element 
of subjectivity and the possibility of observer error, 
possibly changing throughout the period of 
experimentation, must be considered. Finally the 
inherent accuracy of the counting methods employed 
should be known. 

Some of these factors are amenable to theoretical 
calculation. To obtain a measure of the others a 
series of preliminary quantitative experiments (1-7) 
was carried out, the results of which follow. 
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R E S U L T 0 OF P R E L I M I N A R Y Q U A N T I T A T I V E S T U D I E S 

1 . THE D ITER' ' I N A T I ON OF T H E ' ACCURACY AND R E P R O D U C I B I L I T Y 

OF AREA E E A 0 U R " ' E I T T 0 U 2 I I T G THE Z E I S S E Y E P I E C E I . 

The theoretical standard error of bone area 
measurements may be calculated (Appendix 3). In 
practice several possible sources of error are apparent:-
a) Any errors inherent in the design of the sampling 
array. 
b) Observer errors. 
c) Errors due to inefficient or inadequate sampling 
of the section, due to the irregular nature of 
cancellous bone. 

This theoretical standard error takes no account 
of observer error or of inadequate sampling. To obtain 
an estimate of the degree of accuracy and reproducibility 
likely to be attained in practice, measurement of bone 
area was carried out seven times on an area of 
cancellous bone smaller than that counted in the main 
survey. Systematic counts were made over this area, 
varying the section position slightly each time, so that 
different fields were counted, or changing the 
orientation of the counting array between series of 
observations. The results are shown in Table 1. 



Results 
a) Original Count 

TABLE 1 

RON POINTS ON BONE TOTAL POINTS COUNTED 
A 112 65O 
B 122 65O 
c 107 650 
D 1.34 65O 

TOTAL 475 2600 

Bone area = 18.27/ 

. . . o b) CoUnt made after turning grid through 90 -

RON POINTS ON BONE TOTAL POINTS 
A 113 650 
B 120 650 
0 104 630 
.P ' 139 650 
.TOTAL 475 2600 

Bone area = 18.50/ 
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o Count made after turning grid through 180 

RCT P O I N T S ON BONE T O T A L ^ O I N T S COUNTED 

A 137 650 
B 1 0 4 , 6 5 0 

c 126 650 
D 104 650 
TOTAL 471 2600 

Bone area = 18.1'2T' 

Position of area counted moved along long axis of section 

ROT' P O I N T S ON BONE T O T A L P O I N T S COUNTED 

A 119 650 
B 114 650 
C 121 650 
D 1 17 630 

T O T A L 471 2600 

Bone area = 18.12 
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e) Position of area counted moved along long axis of section 

RON POINTS ON SONS TOTAL POINTS COUNTED 
A 113 650 
B 117 650 
C 120 650 
D 113 650 
TOTAL 463 2600 

Bone area = 17.81/ 

f) Position of area counted moved along short axis of section 

RON POINTS ON BONE TOTAL POINTS COUNTED 
124 650 
106 65O 

117 .650 
TOTAL 347 1950 

Bone area = 18.04/ 
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G) Position of area counted moved along long and 

short axes of section 

PvCr POINTS ON DONS TOTAL POINT0 COUNTED 
128 650 
108 650 
118 650 

TOTAL 35b 1950 

Calculation 
Bone area = 18.1 50 

Mean bone area - 18.09:') 
Standard deviation = + 0.20/ 
Standard error = + 0.08/ 
Coefficient of variation = 1.1/ 
Theoretical standard error for a figure 
of 18.09/ derived from a sample of 
2600 is + 0.73/ 

Conclusion 
For section areas and amounts of bone such as this . 

the method is highly accurate and replicable. In counts 
a), b) and c) the figures for repeat counts on individual 
rows vary widely but the totals are similar. This shows 
that the sampling is adequate. 

In practice all cancellous bone to a depth of 2cm. 
from the periosteum of the cortical bone cap was 
surveyed. This was in almost all cases a considerably 
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greater area than that surveyed here with a consequent 
increase in counts, and therefore accuracy. 



2. R~T'RODUCI B LI TY 

J ..:. •.. JhT OF 

I . 

theore t ical stan a r d e r ror cannot be assigne d 
t o meas urement s of t he t ota l . urfac e of the bone , and 

det er mi na tion of the ctual t andard devi tion and 

e rror found i ~ of imp ortanc e . h i s i c l s o i mportant 

for meas uremen t s of formation and re orption surf c e , 

as a lthough a t he oretica l s ndard error ma y be 

ca lcul ted t he i dentific ti on of for mation qnd re orption 

surfaces i s to some e tent subjectiv , and thus a source 

of observer er r or is introduced. 

Counts of the total surface area and of formation 

a nd resonp tian urface were carried out five times on 

a s ection area compris ing 102 fields . he first thre 

co nts were made ith different rand om orientations of 

the c ountin ar r ay i n each case, and the ot he r t wo 

c ount s ad with the sec tion posi t ion a l tered slightly , 

i. e ., on d i fferen t f i e lds . The results are shown in 

. ab l e 2. 
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TABLE 2 

Results 
a) Initial Mount:-

ROE NO OF 
FIRE,DO 
COUNTED 

INTERCEPTS TOTAL 
INTERCEPTS 
(F+R+I) 

NO OF 
FIRE,DO 
COUNTED '•'.TTII 

F O R M A T I O N 
SURFACE 
(F) 

LI Til 
RESORPTION 
SURFACE 

PITH 
INERT 
SURFACE 

(I) 

TOTAL 
INTERCEPTS 
(F+R+I) 

A 6 18 ,18 57 53 . 
B 20 12 28 102 142 
C 17 26 47 166 239 
D 14 12 40 139 191 
E ' 13 24 11 180 21-5 
FF 12 6 20 154 180 
G- 8 21 , ' . 9 77 107 
H 7 24 7 .76 , 107 
I 5 16 11 ... 6 7 " 94 

TOTAL 102 159. 191 1018 1368 , 
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b) 2nd Count. Identical Fields. Altered array positions. 

ROW NO OP 
FIELDS 
COUNTED 

. INTERCEPTS TOTAL INTERCEPTS * 

(F+R+I) 

NO OP 
FIELDS 
COUNTED WITH 

FORMATION 
SURFACE 

(F) 

WITH 
RESORPTION 
SURFACE• 

(R). 

WITH 
INERT ' 
SURFACE 

(I) 

TOTAL INTERCEPTS * 

(F+R+I) 
. A 6 20 19 55 . 94 
B 20. 14 31. 97 142 
C 17 24 • 47 452 223 
D 14 13 36 138 187 
E 13 .25. 11, 165; 201i 
F 1 2 7 27 158. 192 
G 8' 21 9 81 111 
H 7 26 9 72 107 
I 5 14. 10 66 90 

TOTAL 102 164 ii 99 984 1i34:7 
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c) 3rd Count. Identical Fields. Altered array positions. 

ROW NO OF 
FIELDS 
COUNTED 

INTERCEPTS ' ' . TOTAL INTERCEPTS 

fF+Ra.-n 

NO OF 
FIELDS 
COUNTED WITH 

FORMATION 
SURFACE 

WITH 
RESORPTION 
SURFACE 

WITH 
INERT SURFACE 
m 

TOTAL 
INTERCEPTS 

fF+Ra.-n 
A 6 20' 17' 49' \ 86 ' 
B 20 13 30 101 144 
C 17 23 46 155 224 
D 14 1 2 38 141 1191 
E 13 22 11 175 208 
F 12 5 22 1.55 1182 
G 8 ' 20 7 72 99 
H 7 26 10 79 115 
I 5 15 11. 61 87 
TOTAL 102 156 192 988 11336 

^ •• • . 
. • ( 
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d) 4th Count. Area counted moved 0.5 mm. along long axis. 

ROW NO OF 
FIELDS 
COUNTED 

INTERCEPTS TOTAL 
INTERCEPTS 

(F+R+I) 

NO OF 
FIELDS 
COUNTED WITH 

FORMATION 
SURFACE m • 

WITH 
RESORPTION 
SURFACE (*) 

WITH 
INERT 
SURFACE 

(I) 

TOTAL 
INTERCEPTS 

(F+R+I) 
A 6 9 13 65 • 87 
B 20 18 25 11.2 1i55 
C 17 23 61 1157 241 
D 14 21 29 154 204 
E 13 24 13 134 168 ' 
F 12 9 19 167 495 
G 8, 22 7 83 112 
H 7/ 26 8 77 111 
I 5 14 8 52 •74 

TOTAL 1i02 166 183 998 1347 

i k i 
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e) 5th Count. Area counted moved 0.5 mm. each along 

long and short axes. 

ROW NO OF 
FIELDS 
COUNTED 

INTERCEPTS TOTAL 
INTERCEPTS 

(F+R+r) 

NO OF 
FIELDS 
COUNTED WITH 

FORMATION 
SURFACE 

(F) 

WITH 
RESORPTION 
SURFACE 
(R) 

WITH 
INERT• 
SURFACE 

(I) 

TOTAL 
INTERCEPTS 

(F+R+r) 
A 6 8 4 72 84 
B 20 36 42 197 275 
C 17 * 35 29 1i58 222 
D 14 15 41 114 170 
E 13 20 20 130 170 
F 12 19 24 141 184 
G 8 6; 18 90 1114 
H 7 36 12 53 101, 
I - 5 9 '6 53 68 

TOTAL 102 184 196. 1008 ' 13>88 



Surface area 
Total length surveyed in each count 

= 3.8 x 2 x 102 mm. 
Surface area = 2 x Total Intercepts 

Length counted 

COUNT SURFACE AREA 
(in sq.mn/cu.mm.) 

a 3.529 
b 3.475 Mean- value = 3.501 sq.mn/cu.mm. 
c 3.447 Standard deviation = + 0.054 
d 3.475 Coefficient of variation = 1 • 53?' 
e 3.581 Standard error = ± 0.024 

Formation surface 

COUNT FORMATION 
SURFACE 
(as / of 
total surface) 

a 11.62 Mean value = 12.21/ 
b 12.17 Standard deviation = + 0.66 
c 11.68 Coefficient of variation = 5.41/ 
a 12.32 Standard error = + 0.295 
e 13.26 or v̂ of mean value. 

Theoretical standard error for a value of 12.21/ from 
a sample of 1357 = + 0.89 or 7.3/ of mean value. 



Mean value = 14.16"! 
standard deviation = + 0.35 
Coefficient of variation = 2.47 
Standard error = + 0.16 
or 1 • 1; I of mean value 

Theoretical standard error for a value of 14.169 from 
a sample of 1357 = + 0.95 or 6.7' of mean value 
Discussion and Conclusion 

Results obtained with the Zeiss eyepiece II are 
sensitive to the orientation of the eyepiece. The 
agreement between the figures for corresponding rows 
in the first three counts shows that the method of 
randomization of the orientation of the array is 
adequate, and that the method is valid and accurate. 

The results show wide variation between one row 
and another and demonstrate that the bone Is not 
Aniform in structure and activity; the results from 
.one small area (e.g., of biopsy size) may not be 
representative of the section as a whole. In the 

COUNT RESORPTION 
SURFACE (as 
; of total 
surface). 

a 13.96 
b 14.77 
c 14.37 
d . 13.59 
e 14.12 
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experiments in this study the whole area of the section 
was sampled, a larger area being counted in most cases than 
the present area. 

The agreement of the totals from the various counts 
shows that the method of sampling is adequate. 

The results show that measurements of total surface 
area are highly accurate and replicable. The results of 
formation and resorption surface show a greater but still 
acceptable variation. 



1 . 0steoid was identi~ied an unstained undecalcified 

sections by its translucent app arance and bir fringence . 

Th sections were then stained with haematoxylin and 

eosin. In all cases the pale staining tiss ue on the 

trabecular surface was found to have the same limits 

and thicKness as the material identifi ed as osteoid 

in the unstained section . 

2 . ~ series o~ undeca lcified sections was bisected. 

Jne half was sta ined by von ' ossa's method and the other 

with haematoxyl in and eo in. 0n g neral xa ination , 

the amounts of osteoid tissue wer simila in both 

preparations, both in l e ngth of surface covered, and 

i n 1 ngth and thickness of ind ividuals ans . In one 

case an osteoid seam on a trabecular surface was 

bisected and the thickness as identic'Jl r 7 fA' i in each 

preparation . 

3. icror8diograph~ vere prepared from 7 ~thick 

undeca lcifi ed sections whi ch were subsequent ly stained 

wi t h haematoxylin and eos in . Comparison of the t wo 

prepara tions showed t ha t what was recognised ss osteoid 

in the stained section as 1 uncalcified, •h "le tlte 

boundaries of the c a lcified bone ere den c n the 

two preparations. This as confirme by~ .ere of 

measurements of trabecul r thicknes s at correspond i ng 

points in the tw o preparations using a micrometer eyepiece. 

123 



The results are shown in Table 3. 
The correspondence, between the width of tissue 

staining deeply in the stained section and therefore 
presumed calcified and the width of calcified tissue 
in the microradiograph will be noted. 
Conclusion 

The pale staining material recognised as osteoid 
in haematoxylin and eosin stained uridecalcified 
sections is not calcified. The dark staining material 
recognieed as bone is calcified. The junction between 
the two corresponds to the junction of calcified and 
non calcified tissue. This method agrees with other 
techniques for the demonstration of osteoid and is 
reliable for use in its quantitative demonstration. 
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TABLE 3 

Agreement- of measurements in stained section and 
corresponding microradiograph. 

STAINED SECTION MICRORADIOGRAPHY 
Width of 
presumed 
calcified 
tissue 
(i.e.fbone in yuL 

Width of 
presumed 

uncalcified 
tissue 

) (i.e., 
osteoid) 
in hA* 

Total 
width of 
bone and 
osteoid 
in JJL 

"idth of calcified 
tissue (bone) in jx 

85.8 15.0 100.8 85.8 
78.0 20.0 98.0 78.0 

124.8 19.5 144.3 124.8 
121.6 13.5 135.1 121.6 
230.0 30.0 260.0 230.0 
113.5 19.0 132.5 113.5 
185.0 20.0 205.0 185.0 
195.0 20.0 215.0 190.0 
130.0 : 20.0 1 150.0 130.0 
50.0 ; 10.0 60.0 50.0 



4 . TO Gir;cr T H A T C R I T ERIA OF R :OAGTTITIOK OF F O R M A T I O N 

AND RO°ORT-TIOT' ^URFAGFO D I D NOT CHANG,1 THROUGHOUT THE 

P E R I O D OF A Q - Q R I ; FN T A T I ON. 

The recognition of surfaces of formation and 
particularly resorption involves an element of 
subjectivity. Occasional osteoid seams are very thin, 
while Ilowship's lacunae are recognised solely by the 
irregularity of the bone:surface, which may be slight. 
As a safeguard that no gross subjective change in the 
criteria of recognition of. these surfaces.occurred 
during the period of experimentation, counts were 
repeated at varying intervals on random sections, or 
parts of sections (not all of which were suitable for 
use in the main survey) without reference to the original 
results. The results obtained are shown in Table 4. 
Conclusion 

From the.table it is seen that changes observed 
are slight and.within the limits of experimental error. 
There is no evidence of any subjective change in 
recognition of formation and resorption surfaces during 
the; period of experimentation. '•_'.'-.•. 



Table 4. Repeated counts after varying time intervals. 
Intercepts with Intercepts with 

Case No. Date of 
1st Count 

Formation 
Surface 

Resorption 
Surface 

Inert 
Surface 

Total Date of 
2nd Count 

Formation 
Surface 

Resorpt ion 
Surface 

Inert 
Surface 

Total 

5591 Jan. 1 964 113 12.80/ 74 
8.3$ 

69 6 
78. 82/ 

883 May 1964 
i 

1 20 
13.70/ 

78 
8.996 

• 678 
77.4C/ 

876 

5360 Apr. 1 964. Not 
Counted 284 

10.396 
Not 
Counted 2743 March 

1965 
Not 
Counted 

262 
9.47̂ 6 

Not 
Counted 2757 

10738Q 

10898 

Apr.1964 

May 1964 

75 
5.81$ 
73 4.81/ 

70 
5.436 

Not 
Counted 

1146 
88.77$ 
Not 
Counted 

1 291; 

1687 

March 
1965 
May 
1965 

64 
5.336 

86 
4.33/ 

69 
5.74/ 
Not Counted 

1069 
8 8•94/ 
H o t 4. ^ Counted 

1202 
1790 

7020 Sept. 
1964 

80 
4.60/ 

Not 
Counted 

Not 
Counted 1739 Nov. 

1964 
83 4.6(36 

Not 
Counted 

Not 
Counted 

1742 

11342 Dec. 
19.64 

162 
8.41$ 

198 
10.31/ 

1560 
81.25/ 

1920 Jan. 
1965: 

1.56 
8.136 

190 
9.836 

1575 
81.. 9 9/o 

1921 

621; 5 Oct 
1964 

331 i 
20.336 

256 
15.736 

1042 
63.996 

1629 March 
1965 

3H9 
19.096 

249 
14.89/ 

1036 
66.03/ 

1672 

11255 Jan. 1965 50, 
17.61/ 

25 
8.81/ 

209 
73.596 

284 March 
1965 

51 
18.95/ 

25, 
9.996 

193 
71.07/ 

269 

All percentage figures given are as percentages of the total counts in each instance. 



5. TIF, VARIATION IN BO'TE AREA AND FORMATION AND 
R •FORFTION CURFACF BETWEEN PERIPHERAL AND CENTRAL 
A RE AG OF OF ILIAC CREPT. 

General microscopical examination suggested that 
with aging bone might be lost first from the dentral 
portion of the spongiosa,; and that osteoid coverage 
was greatest in the peripheral portion. This was 
investigated by quantitative examination of the central 
and peripheral areas of cancellous bone in eight 
individuals aged 20 29, and nine individuals aged 
70 - 79. A division of the bone into these areas was. 
made by a line7:f>afcallel to, and 3mm. from the superior 
cortex, and lines running midway between the midline 
of the section and the lateral and medial cortices. 
The bone enclosed by these three lines was adjudged to 
be central. In practice results from individual fields 
were already available, and in each horizontal row 
between midline and lateral or medial cortex, the. 
dividing line was drawn so as to divide the number of 
fields equally into central and peripheral groups. 
If a row contained an odd number of fields, then the 
greater number of fields was included with: the central 
• group. 

The results are tabulated in Table 5, and shown 
graphically in Figure 20. 



Table 5.(a)- VARIATION IN BONE AREA BETWEEN PERIPHERAL 
AND CENTRAL AREAS OF ILIAC CRE3T CANCELLOUS BONE, 

BONE AREA 

CASE PERIPHERAL 
ZONE (v) 
U n t f ) 

CENTRAL 
ZONE (C) 

. ( i n 95) 

DIFFERENCE 
(P - C) 
( i n ?Q 

10748 26*72 29.40 -2.68 

5590 30*32. 24.95 5.37 
7160 22*61 22.34 0.27 

1 0762(2 24.03- 21.76 . 2.27 
6144 26.21- 20.97 5.24 

10788 22.17 18.82 3.35 
7114 18.35 15.00 3.35 
5591 16.13 14.10 2.03 
7396 21.68 18.63 3.05 
'6145 . 17.35 16.54 0.81 
6087 13.75 14.13 -0.38 
5385 16.68 12.47 4.21 

10898 10.30 11.42 -1.12 
5733 10.70 7.69 3.01 

10841P 11.06 6.44 4.62 
6146, 9.97 5.59 4.38 

10711 12.60 5.34 7.26 
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v-bla 5(h). VARIATION IN FORMATIQN SURFACE BETWEEN 
PERIPHERAL AND CENTRAL A RE AG OF ILIAC CRN ST CANCELLOUS BONF, 

- yn T yy Tj-cy ̂'] -•; 
s 

, o > O * " ;A L :I AT> ' '.At; ( - ) 
( i n / ) 

H .-"MfTv-i \ 7 ly t < i Aii 
••t.t\1 f n\ /it i y j 

( i n / ) 

DIFFERA " r> _ ^ 
( i n / ) 

10748 6.51 3.53 2.98 
5550 
7160 - — 

10762 5.28 2.55 2.73 
6144 16.72 11 ,40 5.32 
10783 12,79 9.71 3.08 
7114 4.66 4.44 ' 0.22 
5591 15.07 10.54 4.53 
7396 57.83 54.92 2.91 
6145 1.59' 1.71 -0.12 
6087 36.63 24.06 12.57 
5383 15.87 : , 5.33 10.54 
10898 5.29' : ' 3.15 2.14 
5785 19.04 16.84 2.20 

10841 8.56 ,6.46 2.10 
6146 3.58 1.19 2.39 
10711 10.0 5.34 4.66 
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Table 5(c). VARIATION IN RESORPTION SURFACE BETWEEN 
PERIPHERAL AND CENTRAL AREAS OF ILIAC CREST CANCELLOUS BONE 

RESORPTION SURFACE 

CAGE PERIPHERAL CENTRAL DIFFERENCE 
ZONE.(P) 
(in/) 

ZONE (0) 
(in/) 

(P - G 
;(in/) 

10748 5.14 6.40 >1,26 
5590 . . - - -

7160 - - • . ' , -

10762Q 6.84 ' 5.49 : . ' 1.35 
6144 10.28 8,48 1.80 

10788 8.52 6.65 1.87 
7114 7*03 6.25 0.78 
5591 9.93 6.71 3.22 
7396 12.46 10.33 2>3 
6145 3.94 3.18 , 0,76 
6087 1 2.73 ' 10.97 . ' 1*76 
5385 8.41 10.21 -1 .80 

.10898 10.91 8.80 2.11 
5733 20.75 1 5.60 5.15 
10841 11.20 12.08 -0.88 
6146 7.39 3.85 3.54 
10711 8.65 4.70 3.95 
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Figure 20. Variations in bone area, and formation 
and resorption surfaces, between peripheral and central 
areas of iliac crest cancellous bone. Each line 
represents one case. 

20 - 29 age group 
70 - 79 age group 



A test of the significance of these differences was 
carried out (Appendix 5). 
1. Peripheral bone area > Central bone area 
t = 4.21.Degrees of freedom 16 . 
This is highly significant (P < 0.001). 
2. Formation surface - Peripheral > Central 
t = 4.35» Degrees of freedom 14. 
This is highly significant (P < 0.001). 
3« . Resorption surface - Peripheral> Central 
t = 3*192. Degrees of freedom 14 . . 
This is significant (P < 0.01 >0.005) 
Discussion 

The results show that the peripheral area of 
cancellous bone is significantly denser than the 
central core in the combined group of young and old 
adults. The graph indicates that the difference is not 
greater in the elderly. Thus, although on macroscopic? 
examination of a section, loss of bone is more obvious 
in the central portion of the cancellous bone, this is 
not because bone is preferentially lost from this area, 
but because there is less bone in this area initially. 

The peripheral shell similarly shows a greater 
formation and resorption surface than the central area. 
This does not necessarily mean higher bone formation 
and resorption rates at the periphery, as these depend 

upon the linear rate at which bone is formed at, or 
removed from, any given site as well as on the extent 



of bone formation or resorption, but it is very likely 
that this is in fact the case. 

These variations in bone area and formation and 
resorption surface are most important in the 
interpretation of small diagnostic bone biopsies which 
may consist only of the peripheral shell of 
cancellous bone. 
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6. THE VARIATION IN BONE AREA OF CANCELLOUS' BONE OF ILIAC 
CREST WITH INCREASING DEPTH OF SAMPLE. 

Most iliac crest biopsies are taken with a trephine, 
introduced vertically through the crest. This 
investigation was planned to study the variation in 
amount of bone in such a core sample with increasing 
depth of the specimen. 

Counts were made of the amount of cancellous bone 
present in four areas of each iliac crest, corresponding 
to the area sampled by a biopsy trephine, (Figure 21). 
divisions were made at 5mm. intervals and the area 
sampled was 6mm. in width. 

The results are shown in Table 6. 
An.analysis of variance showed significant 

differences between the four areas of bone 
(0.05> P >-0.01). The mean figures show a significant 
fall from area A to B, with a subsequent increase from 
B to C to D. The individual figures show considerable ; 
variations from one area to another. These variations 
and their magnitude should be borne in mind when 
interpreting a biopsy sample. 



Figure 21 . 
136 

Diagram to show areas counted in Experiment 6, 

Cortical bone excluded 
from measurements. 

Cortical bone 

5 mm. 

Biiiivi. 



TABLE 6. VARIATION OF BONE AREA WITH INCREASING DEPTH FROM ILIAC CREST 

CASE AREA A AREA R AREA 0 AREA Vi NUMBER POINTS 
ON BONE 

TOTAL 
COUNTED 

BONE 
AREA (/) 

POINTS 
ON BONE 

TOTAL 
COUNTED 

BONE 
AREA 
(/) 

POINTS 
ON BONE 

TOTAL 
COUNTED 

r 

BONE 
AREA 
(/) 

POINTS 
ON BONE 

TOTAL 
COUNTED 

BONE 
AREA 
(/) 

7114 94 550 17.1 104 750 13.9 87 750 11.6 145 660 22.0 
5590 101 450 22.4 176 750 23.5 188 '750 25.1: 111 392 28.3 
6144 1 29 575 22.4 137 750 18.3 173 750 23.1 155 675 23.0 
5733 49 575 8.5 57 750 7.6) 84 750 11 .2 87 750 11.6; 
6846 65 375 17.3 127 750 16.9 165 750 22.0 152 750 20.3 
7160 109 550 19.8 149 750 19.9 155 750 20.7 160 750 21.3 
5591. 1 23 575 21.4 105 750 14.0 116 750 15.5 92 750 1 2.3 
6145 118 575 20.5 95 750; 12,7 107 750 14.3) 151 750 20.1 
6608 

s 
56 250 22.4 123 750 16.4i 157 750 20.9 11:8 750 15.7/ 

6087/ 74 425 17.4 11:6 750 15.5 119 750 15.9 103 550 18.7/ 

MEAN • 18.93/ 15.87/ 18.03/ 19.33/ 

dO 



7. THE DETERMINATION OF THE VARIATION IN MEASURED 
?\RA'.tZTZRZ. 
a) WITHIN AN INDIVIDUAL BLOCK 
b) . ALONG- THE ILIAC CREST . 

Counts were carried out to determine bone area, and 
percentage of formation and resorption surface a) on 
multiple sections from individual blocks, 
b) From sections taken at varying intervals from each 
other along the iliac crest. 

The results are shown in Tables 7 - 1 2 . 
Discussion 

Within a block the mean variation of bone area 
observed was 2,T/> (as a percentage of the mean figure for 
each block) , ..that. of formation surface 6.0;', and that of 
resorption surface 7«9;1( each of these also expressed as 
a percentage, of the mean figure for each block.) These 
figures are small, and expressed in absolute terms 
become very small indeed. It may be concluded that a 
single section is. representative of the block (standard 
thickness 0.75 cm.) from which it is taken. 

As would be expected greater variations are seen 
between blocks taken along the whole length of the 
anterior iliac crest, at distances up to ,7 cm. behind the 
anterior superior iliac spine. The variation seen in 
bone area is less than that seen in formation and 
resorption surfaces. On accasion quite" wide variation 
was seen in these parameters, although in other cases no 
significant difference was seen. Generally the variation 



i. 39 
Table 7. Variation of bono area in multiple 

sections from individual blocks. 

CAGE NO. GONE AREA MEAN VALUE PERCENTAGE VARIATION 
FROM MEAN 

11276 24.24 
23.73 
24.47 N.n.D, 
25.03 

24.93 

24.48 

i.cr< 
3.1 
0 > 

1.9/ 
11576 24.44 

24.61 
N.S.D. 

24.59 
24.27 

24.48 
0.2/ 
0.5* • 
0.5/ 

. o.r 
6215 12.38m 

14.78^ 
14.96-J 
15.07—' 

14.30 
13*4/'' 

, 3.4' 
' • 4.6/, 

5.4 
10779 18.25 N.E.D, 

18.79 
18.52 1 • 5: 

1.5' 

• Mean variation . « 2.7/ 
standard deviation = 4.6/ 

There is a significant (P <0.05) difference between 
a pair of observations, linked thus J 
N.G.D x No significant difference in this group of 
observations. 



Table 3. Variation of formation surface in 
multiple sections from individual blocks. 

CASE NO. FORMATION 
SURFACE 

MEAN VALUE PERCENTAGE VARIATION 
FROM MEAN 

11276 19.01 
24.31 J 

11.96 
12.r 

21.98 21.58 1.96 
20.19 , -6,45 
22.39 ' . • . - • 3.8/ 

11576 10.96 , • - • 2.8/ 
11.25 N.S.D. 
10.77 

11.27 0,2/ 
4.4; 

12.11 7.56 
6215 19.08 11.96 

17.49 N.S.D, 
15.96 

17.09 2.3/ 
6.6/ ' 

15.81 • 7.5' 
10779 14.50 

N.S.D, 
13.02 

13.76 5.4/ 
. 5.46 

Mean variation, 6,0;'. 
Standard deviation = 7.3(6 

There is a significant (P <0.05) difference between 
a pair of observations linked thus..:- J 
N.S.D = No significant difference in this group of 
observations. 
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Table 9. variation of resorption surface in 
multiple sections from individual blocks. 

CADE NO. RESORPTION 
SURFACE 

MEAN VALUE PERCENTAGE VARIATION 
; FROM MEAN. •••.•;*; -

11276 10.72 
•12.71 

•-. • 7.9" 

11.05 N.G.D, ' 11,64 ."' •! ' z 5.17' 
10.34 11.2:'; ;- i;̂ /".; -.. 
13.37 14.9z ; • 

11576 7.0*- . . : . 25. Sr: ,. • 
9.35 9.41 '••.:;/. . 0.6*' •. 
11.14« 
10.14-

6215 14.89 ' 3.4:' :.,> ' 
14.04 N.n.D, 14.40 •• • . wz''"' 
14.81 2, 8[Z ' -Z 
13.87 . 3.T'-' -z' • 

10779 8.06 
N.G.D, z V '• ' 

.2.% . ' 

Mean variation :-• .•..•'>• 7.9^ 
standard deviation = 10.8N; 

There is a significant (P<0,05}difference between V 
a pair of observations linked thus v- J 
IT.S.D = No significant difference in this group of 
observations.., Z -
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Table 10. Variation of bone area in sections from 
different niteo along iliac crest. 

CAGE & 
BLOCK.NO. 

distance 
BEHIND 
ANT.GUP. 
ILIAC CP INS 
: (in 09.) 

BONE AREA MEAN 
VALUE 

PERCENTAGE 
VARIATION 
FROM MEAN 

10701 0 

R 
P 
0 

2.5V 

3.25 
4.75/ 
5.5 

25.86-1 
r24.33-| 
21.86-, 

L18.99-W 
22.76 

13.6/ 
6.9/ 
3.9/ 

16.6/ 
10766 N 

0 
P 
Q 
R 

1.75 
2.5 / 
3.25 
4.0 
4.75 

17.23-
r15.72-1 
17.24-1 
M 9.771 
23.13-W 

18.62 
1.% 

1576/ 
7.4 
6.2; 

24.2/ 
11275 B 

C 
; 3.25 

4.0 
13.73 
15.29 N.G.D. 

14.51 5.4/ 
5.4-

11008 R 
Right S 

/ 2. 5 
3.25 . 

12.54-1 
10.70' 

11.62 1.% 
7.9/ 

11008 M 
Left N 

.' 2,5 
3.25 \ 

14.14 
13.78 N.G.D. 

13.96 1.3/ 
. 1.3/ 

10711 2 
Q 

• . Of 
."...• N ' 

2.0 
4.0 • 
6.0 

14.48m 
11.08' 
9.36J 
9.52 J 

11.11 
30.3/ 
0.3/ 

15.$' 
14.3/ 

10748 N 
, 0 

. ' . " p 

- 1.5 
3.0 

27.801 
23.92' 
26.85 

26.19 
6.2/ 
3.7/ 
2.5/ 

10738 N 1.5 
3.75 

12.66i 
16.49' 

14.58 13.2/ 
13.2/ 

Mean variation 9.8/ 
' standard deviatidn 12.4/ 

There is a significant (P <0.05) difference between 
a pair of observations linked thus 1 

N.G.D' . -» No significant difference in this group of 
observations/ 



143 
Table ..1.1, Variation of formation surface in sections 

from different sites along Iliac crest. 

CABS & 
BLOCK NO. 

DISTANCE 
BEHIND 
ANT.SUP. 
ILIAC SPINS 
(in cm.) 

FORMATION 
SURFACE 

MEAN • 
VALUE 

PERCENTAGE 
VARIATION 
FROM MEAN 

10701 S 
R 
P © 

2.5 
3.25 
4.75 
5.5 

9.56-1 
7.85 
9.78-1 
6.40JJ 

8.40 
13.8/ 
6.5/ 
16.46 
23.8/ 

10766 N 
0 
P 
Q 
R 

1.75 
2.5 
3.25 
4.0 
4.75 

8.21-1 
7.471 
6.46-1 

12.34JU 
8.61 

4.96 
13.2/ 
25.0/ 
42. % 

11275 B 
C 

3.25 
4.0 

5.05 
5.69 N.S.D. 

5.37 5.96 • 
6.9/ 

11008 R 
Right S 

2.5 
3.25 

10.171 
7.35J 

8.76 16.1/ 
16.1/ 

11008 M 
Left N 

2.5 
3.25 

8V12 
8.15 N.S.D . . 

8.14 0.1/ 
0.1/ 

10711 S 
Q 
0 
N 

2.0 
4.0 
6.0 
7.0 

11.8711 
11.35 
8.55J 
8.14^ 

9.98 
18.9/ 
13-7% 
1473/ 
18.46 

10748 N 
0 
P 

1.5 
2.25 
3,0 

5.1 2n 
7.16 
8.48 J 

6.92 
26.1/ 
3.5/ 
22.96 

10738 N 
Q 1.5 

3.75 
8.45i 
5.58J . 7*02 

20.3/ 
20.3/ 

Mean variation 15.1/ 
Standard deviation 18.3/ 

There is a significant (P < 0.05) difference between 
a pair of observations linked thus 
N.S.D = No significant difference in this group of 
observations. 



Table n1 2. Variation of resorption surface in sections 
from different sites along iliac crest. 

GAGE & DISTANCE RESORPTION MEAN PERCENTAGE 
BLOCK NO. BEHIND SURFACE VALUE VARIATION 

ANT. GUP. FRO/-I MEAN 
ILIAC GPINE 
(in cm,) 

10701 B 2.5 9.781 16.0/ 
R 3.25 7.14J 8.43 15.3/ 
P 4.75 9.13 8.3/ . 
0 5.5 7.67 • 9.0/ 

10766 IT 1.75 5.91-1 24.8/ 
0 2.5 7.81-1 7.86 0.6/ 
P 3.25 6.91i 12,1/ 
Q 4.0 10.801JJ 37.4S 
R 4.75 • — 

11275 B 3.25 5.94 N.O.D. 6.75 12, 0/ 
C 4.0 7.55 12.0/ , 

11008 R 2 . 5 9.84 9.88 0.4/ 
Right G 3.25 9 . 9 2 N.B.D, , 0.4/ 
11008 M 2.5 9.24 9.11 1.4A , Left. N 3.25 8,97 N.G.D 1.4/ 
1 0 7 1 1 S 2 . 0 8,05i 21 .2 : / 

Q 4 . 0 6.53 6,64 1.7' 0 6.0 4.79' 27.9/ N 7.0 7.20 8.4' 
10748 IT 1.5 5.73 0 . 7 ' 

0 2 . 2 5 .5.73 N.S.D 6,15 0.7%• P 3.0 6.99 
6,15 

urn 

10738 H 1.5 8.53 7.06 $0.8/ 
0 3.75 5.58 N.S.D 

7.06 
20.8/ 

Mean variation 11.1/ 
Standard deviation 15.4/ 

,i • -

There is a significant (P <0,05) difference between 
a pair of observations linked thus 
N.G.D = No significant difference in this group of 
observations. 
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seen was greater with increasing distance between blocks. 
No consistent pattern of variation was seen in bone area. 
In some cases the density of the cancellous bone 
decreased from before backwards, in other cases the 
densest bone was found in the posterior block, while in 
others no pattern emerged. The extent of formation and 
resorption surface similarly showed no consistent pattern 
of variation along the iliac crest. 

These results suggest that within the limits 
examined, the site in iliac crest from which a block or 
biopsy is taken is immaterial. 

The mean variation seen in ail three parameters is 
greater than that seen within an individual block. The 
mean variation in bone area was 9.8/» in formation 
surface 15.1/» and in resorption surface 11.1/ (as 
percentages of the mean figure) but these are again small 
in absolute terms, amounting, for example, to a variation 
of + 2/ in a bone area of 20/. 

These variations are small in relation to those which 
may be seen between individual eases (Tables 14* 22 and 
25. Figures 22, 3 0 and 33 . ) even in the same age group. 
Thus significant, information may be derived from a single 
section, which may be said to be representative in a 
general fashion of the individual from which it is 
takeii. The results from a single specimen should however 

be interpreted with caution, particularly if the results 
are at the limit of the normal range for the age group. 



146 
This should bo borne in rnind in the interpretation 
of diagnostic bona biopsies. 
Conclusion 

Email variations in bone area, and in percentage of 
formation and resorption surface are seen within an 
individual block, and larger variations between sites 
along the iliac crest. The variations seen are smaller 
than those which may be seen between individual cases,, 
but should be borne in mind in the interpretation of an 
individual specimen (e.g., biopsy). 



RESULTS OF QUANTITATIVE STUDY 
OF AGE CHANGES. 



Table 13. MEAN VALUES IN EACH DECIDE 

AGE (in years) 0-9 1(V! 9 20-29 30-39 40-49 50-59 60-69 70-79 80 + 
BONE AREA (as / of section area) 18.48 20.45 21 .58 21 .73 19.16 1 8.1 2 .16.73 14.01 14.38 
SURFACE AREA/UNIT VOLUME 
OF TISSUE (in sq.mn/cu.mm) 4.19 3.50 3.85 3.61 3.70 3.43 3.20 2.63 2.72 
SURFACE AREA/UNIT VOLUME OF 
SOLID BONE (in sq,mn/cu.mm) 22.68 17.31 18.14 16.75 20.11 19.37 19.78 19.77 19. 22 

FORMATION 

SURFACE 

PERCENTAGE OF 
TOTAL SURFACE 14.23 14.70 11.06 13.80 9.30 8.31 11 .83 14.42 12.1 1 FORMATION 

SURFACE 

SURFACE AREA/UNIT 
VOLUME OF TISSUE-
(in sq.mn/cu.mm) 

0,60 0.51 0.42 0.49 0.33 0.29 0.38 0.42 0.32 
FORMATION 

SURFACE 
SURFACE AREA/UNIT 
VOLUME OF SOLID BONE 
(in sq. mrr/cu. mm) 

3.29 2.61 1.97 2. 28 1.87 1.57 2.35 2.71 2.37 

RESORPTION 

SURFACE 

PERCENTAGE OF 
TOTAL SURFACE 19.76 12,38 8.43 '12.02 9.31 11 .62 1 2. 71 10.21 12.55 RESORPTION 

SURFACE 

SURFACE AREA/UNIT 
VOLUME OF TISSUE 
(in sq.mn/cu.mrn) 

0.86 0.44 0.33 0.44 0.35 0.40 0.40 0.27 0.34 

RESORPTION 

SURFACE 
SURFACE AREA/UNIT 
VOLUME OF SOLID BONE 
(in s q. inn/cu. mm) 4.67 2.21 1.51 2.01 1. 89 2.20 2.52 2.03 2.40 



AGE CHANGES IN BONE AREA 

All parameters studied show considerable 

variation between cases, even in the same age group. 

The significance of an individual result; may be limited, 

and more significance may be ascribed to meanresglts, 

and to the trend of individual results. 

Individual results from 93 normal persons aged 

from 3 months to 93 years are given in Table 14» and 

shown graphically in Figure 22. Considerable biological 

variation is evident from the graph of individual 

results, where a wide scatter of values is seen, at all 

ages, the extent of variation being broadly similar at 

all ages. • 

Both mean figures and trend of individual results 

show that bone area rises from childhood to adulthood, 

the cancellous bone becoming stouter and denser* The 

highest In&ividual value found is 30,03/ in a 16 year 

old girl, and the lowest figure 8.29/ in a 72 year old 

man. After reaching a maximum in early adult life the 

amount of bone falls with age. The mean value for the 

4th decade is 21.73/, and that for the 8th decade is 14.01/. 

Thus over 40 years, nearly 40/ of the hone originally 

present has been lost. No further loss of bone appears 

to occur after the age of 80 years. It has been 

suggested that there may be a limit to the amount of 



Figure 22. Bone area. Individual results plotted 
against age. 
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Table 14(a) BONE AREA. INDIVIDUAL RESULTS. AGES 0 - 29 

CASE 
NO. 

AGE 
(in yrs) 

SEX BONE AREA 
(in %) 

CASE 
NO. 

AGE 
( in yrs) 

SEX BONE AREA 
(in %) 

CxASE 
NO. 

AGE 
( in yrs) 

SEX BONE AREA 
(inf.) 

5916 8 M 18.14 5391 17 M 21 .73 5590 27 M 27.88 
71 56 2 :.'M 13-82 10969 1 2 M 16.74' 6144 21 M 23.98 
66 07 5 M 20.64 7162 . 14 M 18.79 5591 23 M 15.28 
701:8 11 mos M 20.02 6782 13 M 14.89 111 55 25 M 2 2. 53 
61 02 7 M 22. 63 MEAN 18.03 10788 25 M 20.98 
MEAN 19.05 10794 17 F 19.80 MEAN 22.13 
7157 1 F 14.68 11 263 11 F 15.77 7114 22 F 16.79 . 

11922 3mos F 17.87 11731 16 F 30.03 10748 29 F 26.19 
5862 1 F 20.00 11576 19 F 24.44 10762 23 F 23.05 
MEAN 17.52 11719 16 F 21.83 10820 21 F 1 6.58 

MEAN 22.37 7160 28 F 22.50 
MEAN 21 .02 

MEAN FOR DECADE 18 .48 MEAN FOR DECADE 20.45 MEAN FOR DECADE 21 .58 



T a b l e 1 4 ( a ) BONE AREA. I N D I V I D U A L RESULTS. AGES 0 - 29 

CASE AGE SEX BONE AREA CASE AGE SEX BONE AREA CASE AGE SEX BONE AREA 
NO. ( in yrs) (in /) NO. ' ( in yrs) (inZ) NO. (in yrs) (in./) 

6846 30 M 19.80 5732 40 M 25.23 601 2 50 M 16.57 
5359 33 M 19.43 6278 47 M 20.02 61 50 59 M 11 .86 

1 0701 30 M 22.76 61 32 49 M 17.74 1 2022 59 M 20.93 
11117 35 M • 21.77 6148 41 M 25.35 . 5674 54 M 16.98 
11110 35 M 21 .69 MEAN 22.09 10738 56 M 14.58 
6011 31 M 17.45 10766 45 F 18.33 MEAN 16.18 
6009 36 M 24.56 7373 40 F 10.04 5592 54 F 21 . 33 
MEAN 21 .07 10980 41 F 22.52 10970 54 F 19.06 
6608 39 F 24.35 11 266 49 F 16.61 11342 52 F 16.42 

1 2080 .37 F 21 .29 11 091 43 F 16.58 11 904 59 F 21.20 
11387 36 F 24.20 MEAN 16.82 1 2021 55 F 22.31 
MEAN 23.28 MEAN 20.06 

MEAN FOR DECADE 21 .73 MEAN FOR DECADE 19. 1.6 MEAN FOR DECADE 1 8.1 2 

- . - ,- ——* 



Table 14(a) BONE AREA. INDIVIDUAL RESULTS. AGES 0 - 29 

CASE 
NO. 

AGE 
(in yrs) 

SEX BONE AREA 
(in /) 

CASE 
NO. 

AGE 
(in yrs) 

SEX BONE AREA 
(in/) 

CASE 
NO. 

AGE 
(in yrs) 

SEX BCNE AREA 
(in/) 

11118 66 M 19.10 5733 73 M 9.33 5675 82 M 17.43 
11978 62 M 21.37 6145 79 M 16.99 11461 83 M 1 2. 78 
6101 62 •n r. M 19.46 6087 71 M 13.91 MEAN 1 5.11 
1 2027 67 M 24.21 6146, 72 M 8.25 11 008 93 FF 12.79 

5 3 6 0 65 M 16. 29 10711 71 . M 11.11 • 111,09 89 F 1 7.68 
10779 61 M 18.57 5385 79 M 14.92 11503 89 F- 1 2.29 
MEAN 19.82 7396, 76 M 20.42 11 264 87/ F 9.89 
5881 63 F 18.60 MEAN 13.56, 11 275 82 F 14. 51 
6215 65 F 14.30 10898 78 F 10.77 11977 84 F 14.33 
6785 65 F 14.27 10841 79 F 9.41 11 293 81 F • 17.68 
6147 69 F 14.97 11102 70 F 11.04 MEAN 14.17 
11061 60 F 16.92 11 276 72 F 22.88 
11088 63 F 10.67 11319 72 F 10.99 
111 54 64 F 16.88 6013 74 F 2 2 . 6 8 

11 923 64 F 8.71 6149 70 F 13-. 50 
MEAN 14.42 MEAN 14.47 

MEAN FOR DECADE 16 .73 t MEAN FOR DECADE 14 .01 MEAN FOR DECAD1 : 14. 38 



bone substance that can be lost from any site, and the 
results support this contention. 

Examination of the individual figures shows that 
the values for the two sexes are intermingled. They 
appear similar in overall pattern, in size of 
individual values, in the extent of scatter, in the 
extent of bone loss with age, and in regard to the age 
at which the loss of bone begins. There is no evidence 
of any clear sex difference at any age. 

This conclusion is reinforced by comparison of 
the mean values for adult males and females by the 
"t" test (Table 15). 
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Table 15. 
MEAN BONE 

TESTS OF SIGNIFICANCE OF DIFFERENCES BETWEEN Table 15. 
MEAN BONE AREA IN ADULT MAL ES AND FEMALES • 
a) INDIVIDUAL DECADES (Students "t" test employed) 
DECADE BONE ARE A t DEGREES SIGNIFICANCE 

OF FREEDOM 
20-29 M > F 0.395 8 N.S.D. 
30-39 F > M 1.462 8 N.S.D. 
40-49 M > F 1.856 . ••• 7 . N.S.D. 
50-59 F > M 2.12 8 p < 0 . 1 0 > 0 . 0 5 

60-69 M > F 3.31 12 P<0.01 

70-79 F > M • 0.33 12 N . S . D . 

80+ Insufficient male values for analysis. 
b) OVERALL MEANS 

To avoid bias due to the relative preponderance 
of young males and elderly females in this study, the 
overall mean figures used are derived from the decade means:-

Overall mean bone area 
No. of cases 
Variance of mean 

ADULT MALES 
18.57% 

36 
0.6056 

ADULT FEMALES 
17.75% 
40 
0.7875 

To determine significance of difference between means 
the following formula is used:-

d s Difference between means „ S.D. of difference between means 
= Difference between means 

JSum of variances of the two means 
= 0*82 = 0.82 > 0.69 
/T73931 1.18 

This is not significant, i.e., there is no 
significant difference between the means. 



The mean bone area in males is significantly higher 
than that in females in only one age group (60 - 69). 

In the preceding decade the mean value in females is 
higher but only at a 1 % level of significance than 
that in males. In no other decade is there any 
significant difference between male and female mean 
values, nor do the means of all male and female results 
differ significantly from each other. It is probable 
that the differences seen in the 50 - 59 and 60 - 69 

Qge groups- represent sampling variations rather than 
any true sex differencer,-

As no significant difference can be seen between 
the values for males and females, results from both 
sexes have been oombined to obtain mean values for 
each decade (Tables 13 and 14 and Figure 23). 

It is well known that loss of bone is marked in 
old age. My results confirm this, but also suggest 
that the process of bone loss starts earlier than is 
generally recognised. In the graph of individual 
results (Figure 22) the bulk of high values are seen 
between the ages of 20 and 40. This graph forms a band, 
parabolic in shape, and fairly uniform in width. The 
shape of the graph suggests a plateau between the ages 
of 20 and 40 with a subsequent fall. 

Mean values confirm this. The mean valuss for the 
3rd and 4th decades are virtually identical (21.58/ and 
21.73/ respectively). The mean val ue then falls to 19.1 ^ 
in the 5th decade. The trend of individual results shows 



Figure 23. Mean bone area for each decade. The 
bars represent 1 and 2 standard errors respectively. 

i i I 
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t h a t t h i s f a l l a f f e c t s b o t h s e x e s . 

If polynomial regression lines of successively higher 
orders, (Fisher 1950? Smith 195*0 are fitted to the graph 
of mean values (Figure 24), a quadratic polynomial 
regression line produces a significantly better fit than 
a linear regression line, while a further significant 
improvement of fit is obtained with a cubic polynomial 
regression line. The peak of such a cubic polynomial 
regression occurs in the 20-29 age group. 

All these expressions strongly suggest that although 
bone loss is most apparent in old age, the process starts 
much earlier, possibly from the age of 30; 

The significance of the differences between the mean 
values in different decades was evaluated by the "t" test 
(Table 16) the mean figure for each decade being compared 
with that for the decades 20-29 and 30 - 39 combined. 
Table 16. . "tu TESTS OF SIGNIFICANCE OF DIFFERENCES 
BETWEEN MEAN BONE "AREA IN VARIOUS AGE GROUPS. 

AGE GROUPS TESTED , t DEGRESS 
OF FREEDOM 

SIGNIFICANCE 

20-39 >40-49 1 .635 

20-39 > 50-59 2.748 
27 
28 

. ( ? ) 

< 0.10>0.05 
< 0.01 

20-39 > 0-9 2.37 26 <0.02 

20-39 >10-19 Q.70 
80 + >70-79 4 0.20 19 

27 N.S.D 
N.S.D 
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It will be seen that the loss of bone in the 40 - 49 
group is significant at a level of 10/ while in the 
50 - 59 group the loss is highly significant (P<0.01). 
There is no significant difference between the mean values 
of the 70 - 79 and over 80 groups. 

The rise in mean values between children aged 
0 - 9 and adults aged 20 - 39 is significant (P<0*02). 
There is no significant difference between the 10-19 
and 20 - 39 mean values. 

On inspection of the individual results there is no 
evidence at any age of two populations - one normal and 
one showing a greater loss of bone substance. There is 
a wide scatter of results, but at all ages they appear 
to be evenly spread. 

This is confirmed by a histogram of individual 
results (Figure 25) each resultn being expressed as a 
percentage of the mean value for the corresponding 
decade. This avoids the possible masking of any group 
of young individuals with lower than normal bone area by 
normal elderly individuals showing the same absolute 
bone area. The distribution of results approximates to 
a normal distribution and there is no evidence whatsoever 
of a dual population. 

NORMAL RANGE OF RESULTS. 
It has been noted that individual results form a 

band of parabolic shape, and of fairly uniform width. 
There is little tendency for the spread of results to 



Figure 25* Histogram of individual results 
bone area. 
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increase with age. It is therefore possible to calculate 
a standard deviation forthe series as a whole, the 
deviation of each result from the mean forthe decade 
being employed in the calculation. A normal range at r 

any age may then be established from the mean figure for 
the decade £ 2 S.D., and this is shown in Table 17 and 
Figure 26. 
Table 17. NORMAL RANGE OF BONE AREA. CALCULATION OF-
STANDARD DEVIATION FOR SERIES AS A VHOLB. , 

Sum of squares = 1447*7 
Number of observations = 92 = n 
Variance = Sum of squares 

n - 1 
= 1447.7 = 15.735 

91 ; 
Standard deviation = ^Variance 

DECADE (yra) MEAN BONE ARIA ( in /) NORMAL RANGE 
(MEAN ± 2 S.D.)in 

0 - 9 18.48 10.55 - 26,41 
10 - 19 20.45 12.52 - 28.38 
20 - 29 21.58 13.65 ~ 29.51 
30 - 39 21.73 13.80 - 29.66 
40 — 49 19.16 11.23- 27.09 
50 -59 18.12 10.19 - 26.05 
60 » 69 16.73 8.80 - 24.66 
70 - 79 14.01 6,08 - 21,94 
80 + 14.38 6.45 - 22.31 



1 



Such a range would be expected to embrace approximately 
96% of normals, and all but two of the results in this 
survey fall within it. Such a range may be used in the 
interpretation of diagnostic biopsy material, although 
as already noted, single biopsies should be interpreted 
with caution. 

BONE AREA IN BIOPSY SITE, 
This was measured in 54 cases. The specimens 

contained both dense cortical and porous cancellous 
bone, and the relative proportions of the two varied 
considerably. Individual results are plotted in 
Figure 27, and shown in Table 18., 

The individual values are, of course, somewhat 
higher than the corresponding values for cancellous 
bone alone but to a variable degree. Considerable 
variation is seen between one case and another, but it 
is of interest and importance that the overall pattern 
is essentially similar to that of cancellous bone alone. 
A fall in amount of bone with age is seen. There is ho 
obvious difference between males and females, and there 
is again no evidence of two populations. The highest 
mean values were seen in the 20 - 29 and 30 - 39 age 
groups. No statistical evaluation was attempted because 
of the small number of samples, and because the area 
counted cannot be considered a uniform sample. A measure 
of the total amounts of cortical and cancellous bone tissue 
in a complete cross section of a bone, such as a vertebra 
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Figure 27. Individual results of bone area in iliac 

crest biopsy site against age. 
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Table 18(a) BONE AREA It: BIOPSY GITS 
AGE GROUPS 10-59 

CAGE NO. ACS SEX HONS AREA 
(in years) (in /) 

10794 17 F 31.6 

7114 22 F 19.4 
5590 27 U 29.9 
6144 21 M 24.6 
5591 23 M 20.4 

10748 29 F 29.1 
10788 25 * 

PI 24.7 
10762 23 F 34.4 
11155 25 M 27.7 
10820 21 F 33.2 
6846 30 . n 28,4 
5359 33 u 25.4 

10701 30 •M 29.4 
11117 35 M 28.7 
11110 35 * 4 

iii 2556 
5732 40 U 28.3 

10766 U5 F 24.9 
6278 47 u: 21 § 8 
6152 49 M 23.6 
6148 41 M 27.9 

10980 41 F 25.1 
11256 49 F 18.0 
11091 43 F 20.2 

5674 54 !M 21.8 
10738 56 J?* 24.3 
10970 54 F 24.9 
6150 59 M 22.9 
6012 50 M 32.4 



T a b l e 1 8 ( b ) BONE ARIA I N UrOPPY K I T E . 

AGE GROUT H 60 + 

CAGE NO. AGE SEX BONE AREA 
(in years) (in %)' 

5360 65 ?'! 32.6 
5881 63 F 29.7 
6215 65 F 17.0 
6785 65 F 16.0 
6147 69 F 29.4 

10779 61 M 20.6 
11061 60 F 27.3 
11088 63 . F 22.0 
11154 ft F 18.0 
11118 66 M 28.4 
5733 73 ' M 7.4 
6145 79 M 17.3 
6087 71 • M 17.2 
6146 72 • LI 13.3 

10711 71 H 22.5 
10898 78 F 13.2 
10841 79 ; F 13.1 
5385 79 M 19.3 
7396 72 ' ' M 24.9 

11102 70 F 15.2 
11276 72 F 21.2 
113J3 72 F 17.3 
11008 93 F • 18.6 
11109 89 ' F ^ 16.7 
11503 89 F 12.2 
11 264 87 F 14.0 
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or rib, will have validity, but ouch a measurement is 
clearly impossible in the iliac crest where the position 
of the inferior margin of the specimen is always 
arbitrary. It seems most unwise to draw too definite a 
conclusion from a small biopsy containing variable 
proportions of dense cortical artf porous cancellous 
bone. 
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Figure 28. Furface area per unit volume of tissue* 
Individual and mean values plotted against age* 
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SURFACE AREA 

1. ABSOLUTE SURFACE AREA - SURFACE AREA PER UNIT VOLUME 
OF TISSUE. 

Individual and mean values are shown in Tables 19 
and 13 and Figure 28. Highest individual values are 
seen in childhood, the highest individual value being 
6.02 sq.mm, of surface/cu.mm. of tissue. The scatter of 
results is also greatest in childhood. The surface area 
falls with age. The fall with age does not exactly 
parallel that of bone area; the graphs suggest that the 
fall in surface area may start from infancy, but any 
changes in youth are small, and no significant decrease 
in surface area is seen before the 5th decade. The total 
extent of the fall with age is considerable, the mean 
surface area decreasing by 39/ between the 1st and 8th 
decades, and 31/ between the 4th and 8th decades, compared 
with a 40/ mean loss of bone area during the same period. 

No significant difference in surface area between 
the two sexes is seen at any age, and no evidence of two 
populations is apparent. 



Tabic 19(a) SURFACE AREA/UN IT VOLUME OF TISSUE. INDIVIDUAL RESULTS. AGES 0 - 29' 

CASE . 
NO. 

AGE 
( in yrs) 

SEX SURFACE AREA 
(in sq. mrr/cu. mm) 

CASE 
NO. 

AGE 
( in yrs) 

SEX SURFACE AREA 
( in sq.ma/cu. mm) 

CASE NO. 
"AGE 

(in yrs) 
SEX SURFACE AREA 

( in sq.mn/cu.m a) 

5916 8 M 4.14 5391 17 M 4.03 5590 27 M 4. 21 
71 56 2 M 3.01 10969 1 2 M 3.04 6144 21 M 4.47 
6607 5 M 4.38 7162 14 M 4.05 5591 23 M 3.12 
7018 11 mos M 6.02 6782 , 13 M 2.43 11155 25 M 3760 
6102 7 M 4.08 MEAN 3.39 10788 25 M 3 '. 07 
MEAN 4.33 10794 17 F 3.41 MEAN 3.6 9 ' 
7157 1 F 2.64 11 263 11 F 3.03 7114 22 F 3.1 8 

11922 3mos F 5.12 11731 16 F 3.97 10748 29 F 4.82 
5862 1 F 4.16 11 576 \ 19 F 3.81 10762 23 F 4.1 2 
MEAN 3.97 11 719 16 F 3.74 10820 21 F 3.78 

MEAN 3.59 7160 28 F 4.17 
MEAN 4.01 

MEAN FOR DECADE 4.19 MEAN FOR DECADE 3.5O MEAN FOR DECADE 3 . 85 



Table 19(b) SURFACE AREA/UNIT VOLUME OF TISSUE. INDIVIDUAL RESULTS. AGES 30 - 59 

CASE 
NO. 

AGE 
(in yrs) 

SEX SURFACE AREA 
(in sq.mn/cu.mm) 

CASE 
NO. 

AGE 
(in yrs) 

SEX SURFACE AREA 
(in sq.mrr/cu.mm) 

CASE 
NO. 

AGE 
(in yrs) 

SEX SURFACE AREA 
( in sq . mn/cu. mm) 

6846 30 M 4.06 5732 ' 40 M 4.6 5 601 2 50 M 3.24 
5359 33 M 3.50 6278 47 M 3.51 61 50 59 M 3.01 

10701 30 M 3.52 6152 49 M 4.14 1 2022 59 M 3.37 
11117 35 M 3.77 6148 41 M 3'. 50 5674 54 M 3.33 
11110 35 M 3.48 MEAN I 3.95 10738 56 • M 2.80 
6011 31- M 3.44 10766 45 F 3.45 MEAN 3.1 5 
6009 36 M 3.83 7373 40 F 2.67 5592 54 F 3.52 
MEAN 3.66 IO98O 41 F 4.06 1 0970 54 F 3.54 
6608 39 F 2.89 11 256 49 ' F 3.75 11342 52' F P. 89 

1 2080 37 F 4.07 11091 43 F 3 . 57 11904 59 F 3.74 
11387 36. F 3.52 MEAN 3.50 1 2021 55 F 3.99 
MEAN 3.49 MEAN 3.72 

MEAN FOR DECADE 3. 61 MEAN FOR DECADE 3. 70 MEAN FOR DECADE 3.43 

I 



Tabic 19(a) SURFACE AREA/UN IT VOLUME OF TISSUE. INDIVIDUAL RESULTS. AGES 0 - 29' 

CASE 
NO. 

AGE 
( in yrs) 

SEX SURFACE AREA 
(in. sq.mn/cu. mm) 

CASE 
NO. 

AGE 
(in yrs) 

SEX SURFACE AREA 
(in sq.mrr/cu.mm) 

CASE 
NO. 

AGE 
(in yrs) 

SEX SURFACE AREA 
(in sq.mn/cu.mm) 

11118 66 M 3.74 5733 73 M 2.27 5675 82 M 2.98 
11978 62 M 3.75 6145 79 M 2.73 11461 83 M 2.96 
6101 62 M 3.33 6087 71 M 2.71 MEAN 2.97 
1 2027 67 M . • 3.35 611*6 72 M 2.08 11 008 93 F 2 .4 2 " 
5360 65 M 3.37 10711 71 M 1 .94 11109 89 F 2.82 

10779 61 M 3.59 ' 5385 79 M 3.22 11 503 . 89 F 2.67 
MEAN 3.52 7396 76 M 3.46 11 264 87 F 2.1 5 
5881 63 F 2.83 MEAN 2 . 6 3 11275 82 F 2.59 
6 2 1 5 65 F 3.18 10898 78 F 2 . 1 6 11977 84 F 2.91 
6785 6 5 F 3.13 10841 79 F 2 . 0 2 11293 81 F 2.98 
6147 6 9 F •2.94 111s02 70 F 2.44 MEAN 2.65 

11061 60 F 3.86 11 276 72 F 3.19 
11088 63 F " 2 . 5 3 11313 72 F 2.71 
1.1154 64 F 3.22 6013 74 F 3.30 
11923 64 F 2 . 0 3 611*9 70 F 2 . 5 2 

MEAN 2.97 MEAN 2 . 6 2 

MEAN FOR DECADE 3. 20 MEAN FOR DECADE 2.63 MEAN FOR DECADE 2. 72 
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2. RELATIVE SURFACE AREA - SURFACE AREA PER UNIT 
VOLUME OF SOLID BONE. 

In cancellous bone a low surface area may be due to 
little bone being present (i.e., a low bone area) ofc to 
the bone present being arranged in large masses, 
presenting a relatively small surface; similarly a'high 
surface, area may he due to much bone being present, or 
due to the bone present haying a fine structure so that 
it presents a relatively large surface. 

, These alternatives may be distinguished if the 
surface area is related to the amount of bone present 
and expressed as surface area per unit volume of solid 
bone. Results expressed in this fashion are shown in 
Table 20 and Figure 29. Again a considerable scatter of 
individual results is seen, the highest individual 
results being 30»01 sq.mm./cu.mm, solid bone and the lowest 
being 11.86 sq»mm./cu.ram. solid bone. No progressive rise 
or fall with age can be seen, but instead three fairly 
distinct groups may be discerned - respectively the 0 - 9 , 
10-39 and over 40 groups. The value for the first 
group is 22,68 sq.mm./cu.mm. ; in the second group means 
for each decade vary from just under 17 to just over 
18 sq.mm./cu.mm. : the. overall mean being 17.33 sq.mm./cu.mm 
while in the third group the means for the various decades 
lie between 19 and just above 20 sq.mm./cu.mm. with an 
overall mean of 19.67 sq.mra./cu.ram. 

The differences between these groups«are highly 
significant. 



Figure 29. Surface area per unit volume of solid 
bone. Individual and mean values plotted against age 



Table 20(a) SURFACE AREA/UNIT VOLUME OF SOLID BONE. INDIVIDUAL RESULTS. AGES 0 - 2 9 

CASE 
NO. 

AGE 
(in yrs) 

SEX SURFACE AREA 
(in sq.mrr/cu.mm) 

CASE 
NO. 

AGE 
(in yrs) 

SEX SURFACE AREA 
( in so,mrr/cu.mm) 

CASE 
NO. 

AGE 
(in yrs) 

SEX SURFACE AREA 
(in sq.mrr/cu.mm) 

5916 8 M 22.84 5391 17 M 18.53 5590 27 M 15.10 
7156 2 M 21 .78 10969 12 M 18.17 6144 21 M . 18.64 
6607 5 M 21 ,21 7162 14 M 21.56 5591 23 M 20.42 
7018 11mos. M 30.01 6782 13 M 16.37 11155 25 M 15.98 
6102 7 M 18.22 MEAN 18.66 10788 25 M 14.64 
MEAN 22.81 10794 17 F 17.20 MEAN 16.96 
7157 1 F 18.00 11263 11 F 19.26 7114 22 F. 18.94 

11922 3mos. F 28.63 11731 16 F 11.93 10748 29 F 18.49 
5862 1 F 20.78 11576 19 F 15.60 10762 23 F 17.87 
MEAN 22.47 11719 16 F 17.14 10820 21 F 22.80 

MEAN 16.23 7160 28 F 18.52 
MEAN 19.32 

MEAN FOR DECADE 22 .68 MEAN FOR DECADE 1 7 .31 MEAN FOR DECADE 18 .14 

\ 



Table 20(b) SURFACE AREA/UNIT VOLUME OF SOLID BONE. INDIVIDUAL RESULTS. AGES 30 - 59 

CASE 
NO. 

AGE 
(in yrs) 

SEX SURFACE AREA 
( in. sq. mrr/cu. mm) 

CASE 
NO. 

ACS 
(in yrs) 

SEX SURFACE AREA 
(in sq.mn/cii.mm) 

CASE 
NO. 

AGE 
(in yrs) 

SEX SURFACE AREA 
(in sq.mrr/cu.mm) 

6846 30 M 20.52 5732 40 M 18.44 601 2 50 M 19.55 
5359 32 M 18.01 6278 47 M 1 7.51 6150 59 M 25.38 

10701 30 , M 15.57 61 52 . 49 M 23.37 12022 59 M 16.08 
11117 35 M 17.22 6148 41 M 13.81 5674 54 M 19.61 
11110 35 M 16.03 . MEAN 18.28 10738 56 M 1 9.33) 
6011 31 M 19.70 1 0766 45 F 19.13 MEAN 19.99 
6009 36 M 15.59 7373 40 F' 26.59 5592 54 F' 16.53 
MEAN 1 7. 52 10980 41 F -18.03 10970 54 F 18.55 
6608 39 F 11.86 11256 49 F 22.57 . 11342' 52 F 23.14 

12080 37 F 18.51 11 091, 43 F 21.55 11904 59 F, 17.66 
11387 36 . F 14.53 MEAN 21.57 1 2021 55 F 1 7.88 
MEAN 14.97 MEAN 18.75 

MEAN FOR DEGADE 16 •75 MEAN FOR DECADE 20.11 MEAN FOR DECADE 19. 37 



Table 2Qfc) SURFACE AREA/UNIT VOLUME OF SOLID BONE. INDIVIDUAL RESULTS. AGES 60-+ 

CASE 
NO. 

AGE 
(in yrs) 

SEX SURFACE AREA 
(in sq.mrr/cu. mm) 

CASE 
NO. 

AGE. 
( in yrs) 

SEX SURFACE AREA 
(in sq.mrr/cu.mm) 

CASE 
NO. 

AGE 
(in yrs) 

SEX SURFACE AREA 
(in sq. mrr/cu.mm) 

11118 66 M 19.57 5733 73 M 24.31 5675' 82 M 17.09 
11978 62 M 17.54 6145 79 M 16.04 11461 83 M 23.14 
6101 62 M 1 7.09 6087 71 M 19.48 MEAN 20.12 
1 2027 67 M 13.85 6146 72 M 2 5 . 2 2 11008 93 F 18.86 
3360 65 M 20.71 10711 71 M 17.70 11109 89 F 15.95 

10779 61 M 20.32 5385 79 M 21 .61 11503 89 F ' 211 7 
MEAN 18.L8 7396 76 M 16.94 11264 87 F 21 .74 
3881 63 F 1 5. 21 MEAN 20.19 11275 82 F 17.89 
6215 65 F 22.21 10898 78 F 20.01 11977 84 F 2 0 . 2 9 

6785 . 6 5 F 21 .93 1084t 79 F 21 .55 11293 81 F 16.'87 
6147 69:- F 19.64 11102 70 F 22.07 MEAN 18.94 
11061 60 F 22.79 11 276 72 F 13.95 
11088 6 3 F 23.69 11313 72 F 24.67 -

11154 64 F 19.05 6013 74 F . 14.55 
11923 64 F 23.33 6149 70 F 18.66 
MEAN 20.98 MEAN 19.35 

MEAN FOR DECADE 19 .78 MEAN FOR DECADE 19 .77 MEAN FOR DECADE 19 . 2 2 
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Table 21, t TESTS OF DIFFERENCES BETWEEN MEANS OF 
SURFACE AREA/UNIT VOLUME OF SOLID BONE 

AGE GROUFS DIFFERENCE 
COMPARED , BETWEEN MEANS 

t DEGREES OF 
FREEDOM 

SIGNIFICANCE 
(P) 

0 - 9>10 - 39 • 5.35 4.03 35 *0.001 
0 - 9>40+ 3-01 2.41 62 < 0.02>0.01 
40+ >10 - 39 2.34 3-37 83 C 0.001 

There are ho;significant differences within the 
10 - 39 and over 40 age groups. 

The meaning of these differences is discussed later. 



18 0 
FORMATION SURFACE 

Individual values of extent of bone surface involved in 
bone formation are shown in Table 22, and Figure 30, mean 
values being shown in Table 13. It is apparent from these 
that, at all ages, a relatively high proportion of the bone 
surface is occupied by sites of bone formation, a higher 
proportion than is obvious in a conventional decalcified 
section. The mean of all values is 13-49/. 

Considerable variation is seen between individual cases, 
even in the same age group, the extent of variation being 
greater than that seen in bone area. Nevertheless, certain 
trends are apparent. Highest individual results, and 
greatest scatter of results are seen in the young and elderly; 
lower individual results are seen between the ages of 40 and 60. 

Ctudy of individual figures reveals no obvious 
differences between results for males and females at any 
age. The overall mean figures for males and females do 
not differ significantly from each other. Therefore, mean 
figures for each decade were calculated from the combined 
results of each sex. 

The mean figures reflect the trend of individual 
results. In childhood a mean figure approaching 15/ of 
the trabecular surface is occupied by bone formation. , 
A lower figure is seen once adult life is reached, and 
the mean figure falls to about 8/ in the sixth decade. 
The mean value then rises again to almost 13/ between 
the ages of 70 and 79. 



Figure 30- Formation surface. Individual results 
plotted against age. 

A G E (In y e a r . ) 



Table 22(a) FORMATION SURFACE. INDIVIDUAL RESULTS. AGES 0 - 29-

CASE 
NO. 

AGS 
tin yrs) 

SEX FORMATION 
SURFACE 
(in/) 

CASE 
NO. 

AGE 
( in yrs) 

SEX FORMATION 
SURFACE 
(in/) 

CASE 
NO. 

AGS 
(in yrs) 

SEX FORMATION 
SURFACE 
(in /) 

5916 8 M 3.60 5391 17 M 1 2.28 5590 27 M 11.43 
7156 2 M 1 8.61 10969 12 M 11.29 6144 21 M 14.59 
6607 5 M 13.53 7162 14 M 19.13 5591 23 M 13.22 
7018 11mos M 18.25 6782 13 M 12.63 11155 25 ' M 19.84 
6102 7 M 16.05 MEAN 13.83 10788 25 M 11.66 
MEAN 14.01 10794 17 F 11 .10 MEAN 14.15 
7157 1 F 16.10 11263 11 F 27.87 7114 22 F 6.69 

11922 3mos F 19.81 11731 1 6_ F 14.72 10748 29 F 6.92 
5862 1 F 7.92 11576 19 F 10.96 10762 23 F 3.97 
MEAN 14.61 1t7H9 16 ' 'F 12.72 10820 21 F 7'.60 

MEAN 15.47 7160 28 F 14.64 
MEAN 7.96 

MEAN FOR DECADE 14.23 MEAN FOR DECADE 14 .70 MEAN FOR DECADE 11 .06 



Table 22(a) FORMATION SURFACE. INDIVIDUAL RESULTS. AGES 0 - 29-

CASE 
NO. 

AGE 
( in yrs) 

SEX FORMATION 
SURFACE 
(in/) 

CASE 
NO. 

AGE 
Cin yrs) 

SEX FORMATI0N 
SURFACE 
(in Z) 

CASE 
NO. • 

AGE 
tin yrs) 

SEX FORMATION 
SURFACE 
(in/) . 

6846 30 M 8.09 5732 40 M 9.86, 6012 50 M 8.24 
5359 33 M 19.60 6278 47 M 11 .61 61 50 59 M 6.91 

1 0701 30 M 8.40 61 52 49 M 7.50 1 2022 59 M 15.15 
11117 35 M 10.78 6148 41 M 9.56 56 74 54 M 6.22 
11110 35 M 26.52 MEAN 9.63 10738 56 \ M 7.02 
6011 31 M 12.65 10766. 45 F 8.62 MEAN 8.71 
6009 36 M 23.39 7373 40 F 12.13 5592 54 F 14.33 
MEAN 15.63 1:0980 411 F 7.21 10970 54 F 3.1 3 
6608 .39 F 15.47 1i 1;256. 49 F 7.68 11342 52 F 8.28 

12080 37 F 8.59 1.1091 43 F 9.57 11904 59 F 9.87 
11387 36 F 4.52 MEAN 9.04 12021 55: F 3.92 

MEAN 9.53 MEAN 7.91 

MEAN FOR DECADE 13 .80 MEAN FOR DECADE 9. 30 MEAN BOR DECADE 8. 31-



Table 22(a) FORMATION SURFACE. INDIVIDUAL RESULTS. AGES 0 - 29-

CASE 
NO. 

AGE 
(in- yrs) 

SEX FORMATION 
SURFACE 
(in %) 

CASS 
NO. 

AGE 
(in yrs) 

SEX FORMATION 
SURFACE 
(in%) 

CASE NO. 
AGE 

(in yrs) 
SEX FORMAT! CN 

SURFACE 
(in%) 

11118 66 M 29.29 5733 73 M 18.30 5675 82 •M 11:69 ̂  
11978 62 M 14.54 6145 79 M 1.64 11461 83 M 6.30 
6101 62 M 7.85 6087 71 M 31.10 MEAN 9.00 
1 2027 67 M 7.1.5 6146 72 M 2.8 6 11008 93 F 8.45 
5360 65 M 8.42 1 0711 71 M 9.99 11109 89 F 3.08 

10779 61 M 10.84 5385 79 M 11.46 11 503-' 89 F 9.52 
MEAN 13.02 7396 76 M 56.65 11264 87 F 32.25 
5881 63" F 13.41 MEAN 18.86 11275 82 F 5.37/ 

'6215 65 F 17.40 10898 78 F 4.33 11977 84 F 9.20 
."6785 65 F 4.25 10841 79 F 5.20 11293 81 F 23.09 
6147 69 F 11 .41 111;02 70 F 10.64 MEAN 12.99 
11061 60 F 5:. 28 11 276 72 F 24.60 
11088 63 F 16.25 11313 72 F 7/. 05 
11154 64 F 8.36 6013 74 F 6.82 
11923 64 F 11.10 6149 70 F 11.29 

MEAN • 10.93 MEAN 9.99 

MEAN FOR DECADE 11 .83 MEAN FOR DECADE 14.42 MEAN FOR DECAD S 1 2 . 11 
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In the elderly a number of low individual values is 

seen, the smallest figure being 1.64/, but there is a group 
of high values of great interest, both males and females 
being represented in this group. Of particular interest is 
a value of 56.69/ in an apparently normal man of 75. 
(Figure 37). This high figure is not due to the sampling 
of an isolated and unrepresentative focus of high osteoid 
coverage, as multiple sections from other sites from the 
iliac crest, and from cancellous bone elsewhere (lumbar 
vertebral body) gave values of similar magnitude, although 
the value for femoral cortical bone (5.9/) was not high. 
The significance of these high results is discussed later. 

The possible significance of the differences between 
the mean values of the various decades was evaluated by 
the "t,f test. ITo significant difference in extent of 
formation surface is seen between the decades 0 - 9 , 
10 - 1 9 , 20 - 29 and 30 - 39. The reduction in extent of 
formation surface after this time is significant however, 
the differences between mean values for the 10 - 19 and 
50 - 59 age groups and 1 0 - 19 and 40 - 49 age groups being 
highly significant (P<0.01 and <0.02 >0.01 respectively), 
while a significant fall is seen between the 30 - 39 and 
50 - 59 groups (P < 0 . 0 5 ) , The difference between the 
30 - 39 and 40 - 49 groups approaches significance at the 
% level (P <0.10 >0.05). In middle and old age no 
significant differences are seen between the individual 
decades, but a highly significant difference is seen 
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between the two groups aged 40 - 59, and over 60. (P<0.05), 
FORMATION SURFACE AREA PER UNIT VOLUME OF TIUHUE (ABSOLUTE 
SURFACE AREA OF BONE FORMATION) . 

The measurements described above indicate the 
proportion of surface occupied by bone formation, but 
give no idea of the total area occupied by sites of bone 
formation. 

To show this the surface area occupied by bone 
formation per unit volume of tissue (i.e., bone and marrow) 
was calculated, and individual results expressed in sq.mm, 
of formation surface area per cubic mm. of tissue are 
shown in Table 23, and Figure 31 These show very 
considerable variation even within the same age group. 
High values are seen in early life and the lowest values 
are found in old age, although a group of,high values is 
also seen in the elderly. 

No obvious sex difference can be seen in the 
individual values; therefore mean values were calculated 
for each decade from the combined male and female results 
(Table 13 and Figure 31). From these it is seen that 
a 50/ fall occurs in the mean formation surface area with 
aging, the fall being seen between the first and sixth 
decades. There is no further fall in old age; indeed 
after the sixth'decade the mean figures show a slight 
rise to the eighth decade, but this is not significant. 



Figure 31. Formation surface area per unit volume 
of tissue. Individual and mean values plotted against 
age. 

A G E (in y e a r s ) 



Table 25(a) FORMATION SURFACE AREA PER UNIT VOLUME OF TISSUE. INDIVIDUAL RESULTS. AGES 0 - 2 9 

CASE 
NO. 

AGE 
(in yrs) 

SEX FORMATION 
SURFACE AREA 
(in sq.mn/cu.mm) 

CASE 
NO. AGE ( m yrs) 

SEX FORMATION SURFACE AREA (in sq.rmr/cu, mm) 
C . - i SE IT 0. 

AGE 
(in yrs) 

SEX FORMATION ' 
SURFACE AREA 
(in sq.mn/cu.min) 

5916 8 M 0.1 5 5391 17 M 0.49 5590 27 M 0.48 
7156 2 M 0.56 10969 12 M 0.34 6144 21 M O.65 
6607 5 M 0.59 7162 14 M 0.78 5591 23 M 0.41 
701 8 11 mos M 1 .10 6782 13 M 0.31 111 55 25 M 0.71 
6102 7 M O.65 MEAN 0.48 10788 25 M O.36 
MEAN 0.61 10794 17 F 0.38 MEAN 0.52 
7157 1- F 0.43 11 263 11 z F 0.84 7114 22 F 0.21 

11922 3m os F 1.01 11 731' 16. F 0.58 10748 29 F 0.33 
5862 1 F 0.33 11576 19 F 0.42 10762 2J F 0.16 
MEAN 0..59 11719 16, F 0.48 10820 21 F 0.29 

MEAN 0.54 7160 28 F 0.61 
MEAN 0.32 

MEAN FOR DECADE 0.60 MEAN FOR DECADE 0.51 MEANFOR DECADE 0.42 



Table 25(a) FORMATION SURFACE AREA PER UNIT VOLUME OF TISSUE. INDIVIDUAL RESULTS. AGES 0 - 2 9 

CASE 
NO. 

AGE 
( in yrs) 

SEX FORMATION 
SURFACE AREA 
(in sq.mo/cu.mm) 

CASE 
NO. AGE ( in yrs) 

SEX FORMATION 
SURFACE AREA 
(in sq,mrr/cu.mrn) 

CASE 
NO. 

AGE 
(in yrs) 

SEX FOR! 1 ATI ON 
SURFACE AREA 
( in sq.rrm/cu.rrm) 

6846 30 M 0.33 5732 40 M 0.41 6012 50 M 0.2 7 
5359 33 M 0.69 6278 47 M 0.41 61.50 59 M 0. 21 

1 0701: 30 M 0.30 6152 49 M 0.31 1 2022 59 M 0.51 V 
11117 35 M 0.41 6148 41 M 0.33 5674 54 M 0.21 
11110 35 M 0.92 MEAN O.37 10738 56 M 0. 20 
6011 
6009 

31 M 0.44 10766 45 F 0.30 MEAN 0.28 
6011 
6009 36 M 0.90 7373 40 F 0.32 5592 54 F 0.51 

0.11 
MEAN 0.57 10980 41 F 0.29 IO97O 54 F 

0.51 
0.11 

6608 39 F 0.44 11 256; 49 F O.29 1 1342 52 F 0.31 
1 2080 37 F .0.35 110911 43 F 0.34 11904 59 F 0.37 
11387 36 F 0.16 MEAN O.31 1 2021 55 F 0.1 6 
MEAN 0.32 MEAN O.29 

MEAN FOR DECADE 0.49 MEAN FOR DECADE O.33 MEAN FOR DECAD s 0 . 2 9 

a 



Table 25(a) FORMATION SURFACE AREA PER UNIT VOLUME OF TISSUE. INDIVIDUAL RESULTS. AGES 0-29 
/ 

CASE 
NO. 

AGE 
(in yrs) 

SEX FORiMATION 
SURFACE AREA 
(in sq, mri/cu. mm) 

CASE 
NO. 

AGE 
( in yrs) 

SEX FORMATION 
SURFACE AREA 
( in sq.mrr/cu. mm) 

CASE 
NO. 

AGE 
(in yrs) 

SEX FORMAT ION 
SURFACE AREA 
( in sq.rnri/cu.mm) 

11118 66 M 1 .09 5733 73 M 0.42 5675 82 M 0.35 
.11 978 62 M 0.54 6145 79 M 0.04 11461 83 M O . 1 9 

61 01 62 M 0.26 6087 71 M 0.84 MEAN 0.27 
1 2027 67 M 0.24 6 1 4 6 72 M 0.06 11008 93 F 0.20 
5360 6 5 M 0.28 10711 71 M . 0.20 11109 89 F 0.09 

10779 61 M 0.40 5385 79 M 0.37 11 503 8 9 ; F 0.25 
MEAN 0 . 4 6 7396 76 M 1 . 9 6 ' 11 264 87 F O . 6 9 

5881 63 F 0.38 MEAN 0 . 5 6 11 275 82 F 0.14 
621 5 65 F 0.54 10898 78 F 0 . 0 9 11977 •84 F 0 . 2 7 

6785 65 F 0 . 1 3 10841 79 F 0 . 1 1 11293'. 81 ' F 0 . 6 9 

6147 69 F 0.34 11102 70 F 0 . 2 6 MEAN 0 . 3 3 

11061 60 F 0.20 11 276, 72 F 0.78 
11088 63 F 0 . 4 1 11313 72 F 0.19 
111 54 64 F 0 . 2 7 601 3 74 F 0.23 
11923 64 F 0 . 2 3 6149 70 F 0.28 -

MEAN 0 . 3 1 MEAN 0.28 

MEAN FOR DECADE 0. 38 MEAN FOR DECADE 0.42 MEAN FOR DSCAD S 0. 3 2 
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FORMATION SURFACE AREA PER UNIT VOLUME OF SOLID BONE 

(RELATIVE SURFACE AREA OF BONE FORMATION). 

When the area of bone formation is related to the 
amount of bone present, individual results again show 
considerable variation (Table 24 and Figure 32). No 
obvious sex difference can be seen. When mean values 
for each decade derived from combined male and female 
results are plotted (Figure 32), the pattern is that of 
a fall from infancy to the sixth decade, and a subsequent 
rise. The decrease in relative surface area of bons 
formation from infancy onwards is signifioantlby the 
third decade (P<0.05). 

As in the case of the formation surface area per 
unit volume of tissue, the mean values show an upward 
trend after the sixth decade but in this Instance the 
rise is far more pronounced. From the fifth decade the 
differences between mean values for individual decades 
are not significant, but the difference between the two 
groups, 3ge& 40 - 59 and over 60 is highly significant 
(P <0.05 >0.02). 



Figure 32. Formation surface area per unit volume 
of solid bone. Individual and mean values plotted 
against age. 
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Table 24(a) FORMATION SURFACE AREA PER UNIT VOLUME OF SOLID BONE. INDIVIDUAL RESULTS. AGES 0 - 2 9 

CASE 
NO. 

AGE 
(in yrs) 

SEX FORMATION 
SURFACE AREA 
(in sq.mn/cu.mm) 

CASE 
NO. 

AGE 
(in yrs) 

SEX FORMATION 
SURFACE AREA 
(in sq.mn/culmm) 

CASE 
NO. 

AGE 
(in yrs) 

SEX FOHMATI ON 
SURFACE AREA 
(in sq. rrm/cu.rrrn) 

5916 8 M 0 . 8 2 5391 17 M 2 . 2 8 5590 27 M • 1.73 
71 56 2 M 4.05 1 0 9 6 9 1 2 M 2.05 6 1 4 4 21 M 2. 72 

6607 5 M 2.87 7 1 6 2 14 M 4.1 2 5591 23 M 2.7P 
7018 11 mos M 5.48 6782 13 M 2.07 11155 29!« ' M 3.1 7 
61 02 7 M 2.92 MEAN 3.63 1 0 7 8 8 25 M . 1. 71 
MEAN 3.23 10794 17 F 1.91 MEAN 2 . 4 0 

71 57 1i F 2.88 11 263 11! F 5.37 7114 22 F 1 .27 
11922 3mos F 5.67 11731 16 F 1 .76 10748 29 F 1 .28 
5862 1 F 1 . 6 5 11 576 19 F 1 .71 1 . 0 7 6 2 23 F 0.71 
MEAN 3.40 11719 16 F 2.18 10820 21 F 1.73 

MEAN 2.59 7160 28 F 2.71 
MEAN 1.54 

MEAN FOR DECAD S 3. 2 9 MEAN FOR DECADE 2. 61 MEAN FOR DECADE 1 . 97 



T a b l e 24( b ) FORMATION ' SURFACE AREA PER UNIT VOLUME OF SOLID BONE. INDIVIDUAL RESULTS. AGES 3 0 - 59 

CASE 
NO. 

AGE 
(in yrs) 

SEX FORMATION 
SURFACE AREA 
(in sq.mn/cu.mm) 

CASE 
NO. 

AGE 
(in yrs) 

SEX FORiMATION 
SURFACE AREA 
(in sq.mrr/cu.bnm) 

CASE 
NO. 

AGE 
( in yrs) 

SEX FORM ATI ON 
SURFACE AREA 
tin sq.mn/cu.mm) 

6846 30 M 1.66 5732 40 M 1 .82 601 2 50 M 1 .61 
5359 33 M 3.53 6278 47 M 2.04 6 1 50 59 M 1 .75 

10701 30 M 1 .30 6 1 5 2 49 M 1.75 1 2022 59 M 2.44 
11117 35 M 1.86 6 1 4 8 41 M 1 .32 5674 54 • M 1 . 2 2 

11110 35 .M 4.25 MEAN. 1 773 1 0738 56 M 1 . 3 8 

6011 3t M 2.49 L076& 45 F 1.60 MEAN 1 .68 
6 0 0 9 36 M 3.65 7373 40VK ' F 3'. 23 5592 54 F 2.37 
MEAN 2.68 10980 41 F 1 . 3 0 10970 54 F . O . 5 8 

6608 39 F 1.83 1 1 2 5 6 49 F 1 .73 11342 52 F 1 .92 
1 2080 37 F 1.59 11091 43 ? 2.06 11904 59 F 1.74 
11387 36 F 0.66 MEAN 1.98 1 2021 55 F 0 . 7 0 

MEAN 1 . 3 6 MEAN 1 .46 

MEAN FOR DECADE 2.28 MEAN FOR DECADE 1.87 MEAN FOR DECADE 1 . 57 



Table 24(c) FORMATION SURFACE AREA PER UNIT VOLUME OF SOLID BONE. INDIVIDUAL RESULTS. AGES 60+ 

CASE 
NO. 

AGE 
(in yrs) 

SEX FORMATION 
SURFACE AREA 
(in sq.mn/cu.mm) 

CASE 
NO. 

AGE 
(in yrs) 

SEX FORMATION SURFACE AREA (in sq.mrr/cu.mm) 
CASE NO. AGE (i n yrs) 

SEX FORMATION 
SURFACE AREA 
(in sq.mir/cu.mm)> 

11118 66 M 5.73 5733 73 M 4.45 567-5 82 M 2.00 
11 978 62 M • 2.55 6145 79 • y 0.26 11461 83 M 1 .46 
6101, 62 M 1.34 6087 71 M 6.06 MEAN 1.73 

1 2027 67 M 0.99 6146 72 M 0.72 11008 93 F 1 .60 
5360 65 M 1.74 10711 71 M 1-75 11T09 89 ' F 0.49 

10779 61 M 2.19 5385 79 M 2.48 11 503' 89 F 2.07 
MEAN 2.42 7396 76 M 9.60 11264 87 F 7.01 
5881 63 F 2.04 MEAN . 3.62 11275 82 F 0.96 
6215 65 F 3.88 10898 78 « F 0.87 11977 84 F 1.87 
6785 65 F 0.93 10841 79 F 1.66 11 293 81 F 3.90 
6147 69 F 2. 24 11102 70 F 2.35 MEAN 2.56 
11061 60 F 1 .20 11276 72 F 3.44 
11088 63 F 3.85 11313 72 F i. 74 
11154 64 F 1 .59 6013 74 F 0.99 \ 

11923 64 F 2.59 6149 70 F 2.11 
MEAN 2729 MEAN 1 .81 

MEAN FOR DECADE 2. 35 MEAN FOR DECADE 2. 71 MEAN FOR DEC AD'E 2. 37 



196 
RESORPTION SURFACE 

Individual results bf extent of trabecular surface 
showing resorption cavities are shown in Table 25 and 
Figure 33, and mean values in Table 13. It is seen that 
at all ages, as with formation surface, a relatively 
high proportion of the surface is occupied by sites of 
bone resorption, again a higher proportion than is 
obvious dn a conventional decalcified section. This is 
due largely to the essential rigidity of perspex embedded 
undecaicified sections, which preserves the sharp outline 
of small resorption cavities. Due to distortion and 
softening of the bone in decalcification these sharp 
outlines are blurred, and the outlines of many resorption 
cavities lost in decalcified sections. The overall mean 
percentage of resorption surface is 11.91%. In numerical 
value, both individual and mean figures are in most 
cases quite similar to those of formation surface. 

As with formation surface the individual figures 
show a considerable scatter, even within the same age 
group. The greatest scatter and highest individual 
results are seen in childhood before the age of 10 years, 
in which group all the results lie between 14 and 32%. 
The highest individual value seen is one of 31-62% in a 
three motith old child. Individual values are lower in 
the 10-19 age group, lying between 7 and 21%. In adult 
life between 20 and 50, with one exception, individual 
results are relatively low and show the least variation, 



Figure 33. Resorption surface, 
plotted against age. 
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A G E (in y e a r s ) 



Table 25(b) RESORPTION SURFACE. INDIVIDUAL RESULTS. AGES 30 - 59. 

CASE 
NO. 

AGE 
( in yrs) 

SEX RHSQRPTI ON 
SURFACE 
(in /) 

CASE 
NO 

AGE 
( in yrs) 

SEX RESORPTION 
SURFACE 
(in/) 

CASE 
NO. 

• AGS 
(in yrs) 

SEX RESORPTION 
.SURF^E 

5916 8 M 1 5.78 5391 17 M ' 1 2 . 0 2 5590 27 M 8.20 
7156 2 M 19.25 1 0 9 6 9 12 M 8.15 6144 21 M 9.56 
6607' 5 M 14.72 7162 14 M 21 .00 5591 23 M 8.61 
7018 1 Tmos M 25.48 6782 13 M 7.62 11155 25 M 14.40 
6102 7 M 1 6 . 0 5 MEAN 12.20 10788 25 7.84 
MEAN 18.26 10794 17 F 6.76 MEAN 9.72 
71 57 1 F 15.68 11 263 11 F 1 9 . 96 7114 •22 F 4.46 

11 922 3mos F 31.62 11731 16 F 11.70 10748 29 F 6 . 1 5 

5862 1 F 19.53 11576 19 F 7.01 10762 23 F 6 . 21 

MEAN 22.28 11719 16 F 17.19 10820 21 F 6 . 3 2 

MEAN 1 2 . 5 2 7160 28 F 1 2.59 
MEAN 7.15 

MEAN. FOR DECADE 1 9.76 MEAN FOR DECADE 1 2. 58 MEAN FOR DECADE 8.43 



Table 25(b) RESORPTION SURFACE. INDIVIDUAL RESULTS. AGES 30 - 59. 

CASE 
NO. 

AGE 
(in yrs) 

SEX RESORPTION 
SURFACE 
(in Z ) 

CASE 
NO. 

AGE 
(in yrs) 

SEX RESORPTION' 
SURFACE 
(in/) 

CASE 
NO. 

AGE 
(in yrs) 

SEX RE SORTT ION 
SURFACE 
(in/) 

6846 30 M 9.45 5732 40 M. 13.18 601 2 50 M 10.96 
5359 33 M 13.59 6278 47 M 7. 71 61 50 59 M 9.17 

1 0 7 0 1 30 M • 8.43 6152 49 M 9.29 1 2022 59 M 17.56 
11117 3.5 M 7 . 4 0 6148 41 . M 6 . 7 6 5674 54 M 10.88 
11110 35 M 1 1 . 9 6 MEAN 9.24 . 10738 •56 M 7.06 

6011 31 M 11 .84 10766 45 F 7.86 MEAN 11.13 
6 0 0 9 36 M 23.34 7373 40 F 7.89 . 5592 54 F 20.81 
MEAN 1 2 . 2 9 10980 41 .F 7.12 10970 54 F 7/. 48 
6608 39 F 12.08 11 2 5 6 . 49 F 1 1 . 0 5 . 11342 52 F 9.89 

1 2080 37 F .14.75 11091 43> F 12.94 11 904 59 F 1 2.72 
11387 36 F 7.37 MEAN - 9.37 1 2021 55 F 9.69 
MEAN 11.40 MEAN 1 2.1 2 

MEAN FOR DECADE 1 2. 02 MEAN FOR DECADE 9.31 MEAN FOR DECADE 11. 62 



Table 25(b) RESORPTION SURFACE. INDIVIDUAL RESULTS. AGES 30 - 59. 

CASE 
NO. 

AGE 
(in yrs) 

SEX RESORPTION 
SURFACE -
(in %) 

CASE 
NO. 

AGE 
(in yrs) 

SEX RESORPTION 
SURFACE 
(in%) 

CASE 
NO. 

AGE 
(in yrs) 

SEX RE50RPTI ON 
SURFACE 
(in %) 

11118 66 M 13.51 5733 73 M 1 9.02 5675 82 M 16.73 
11978 62 M 14.92 6145 79 MM 3.63' 11461 83 M 7.95 
6101 62 M 14.33 6087 71 M 11.95 MEAN 12.34 

1 2027 67 M 10.57 6 1 4 6 72 M 6 . 3 2 11008 93 F 9.49. 
5 3 6 0 6 5 M 10.35 10711 71 M 6.64 11109 89 F 14.15 

10779 61 M 10.09 5385 79' M 9.16 11 5.03 89 F 8 . 0 5 

MEAN 12.30 7396- 76 M 11.60 11 264 87 F 18.79 
5881 63 F 15.70 MEAN 9.76 11 275 . 82 F 6. 75 
621 5 6 5 F 14.61 10898 

< 78 F 9.96 11977 84 F 18.15 
6785 6 5 F 8.11 10841 79 F 8.64 11 293 81 F 12.87 
6147 69 F 13.59 11102 70 F 1 2 . 2 3 MEAN 1 2.61 

11061 60 F 7.88 11 276 72 F ' 1 2 . 0 5 

11088 63 F 16.73 11313 72 F 7.76 
11154 64 F 9.20 6013 74 F 10.35 
11923 64 F 1 8.31 6149 70 F 13.67 
MEAN 1 3.02 MEAN 10.67 

MEAN FOR DECADE 12. 71 MEAN FOR DECADE 1 o' ,21 MEAN FOR DSCAD" 3 12.55 
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forming a closely packed group, ranging from 5 ~ 15/-

In later life an appreciable number of higher 
individual values is seen, the highest being approximately 
20/• The degree of scatter is also greater, and the 
lowest individual results of the study is seen; that of 
3 .63/ in a 79 year old man. 

No obvious difference can be seen at any age between 
male and female results and mean figures for each decade 
were therefore plotted from the combined results. 

The mean figures agree with the trends of individual 
values. The pattern of the mean values reflects the high 
values seen in infancy and childhood. Subsequently the 
pattern is not regular, but the lowest results are seen 
in adult life, with a general trend towards higher values 
with increasing age. The highest value of 19.76/ is seen 
in the 0 - 9 group. A highly significant fqll (P < 0,02) 
is seen between this group and the 10 - 1 9 group, followed 
by a further fall, which approaches significance at the 
% level (P <0.10 > 0 . 0 5 ) , between the 10 - 19 and 20 -
29 groups. The lowest mean aralue (8.43/) is seen in 
this latter group. An increase is seen between the 20 -
29 and 30 - 39 groups, which again approaches significance 
at the % level (P < 0.10 >0.05). 

No significant differences are seen between the 30 -
39, 40 - 49 and 50 - 59 decades. % higher mean is seen 
in the 60 - 69 group; significantly higher than the mean 
value for the 40 - 49 group (P<0.01). A significant 



fall Is seen between the 60 - 69 and 70 - 79 groups 
(P <0.05). No further significant change is seen. If 
the value for the 40 - 49 group is compared with that of 
the combined over 50 group, then the latter is 
significantly higher (P < 0.05). 
RESORPTION SURFACE PER UNIT VOLUME OF TISSUE (ABSOLUTE 
SURFACE AREA OF BONE RESORPTION.) 

This parameter is a measure of the total surface area 
of bone resorption per unit volume of bone and marrow. 
Individual results are shown in Table 26, and graphically 
in Figure 54, which also styows mean values for each decade 

Individual results again show considerable scatter. 
The bulk of values lie between 0,2 and 0.5 sq.mm./cu.mm. 
The highest individual values, up to 1.62 sq.mm./cu.mm. 
are seen in infancy, while the lowest values are seen in 
the eighth decade, the lowest value observed being 
0.1 sq.mm./cu.mm. 

Values for males and females are intermingled at all 
ages, and no bbvious difference can be seen between them. 
As before, therefore, mean values for each decade were 
calculated from combined male and female values (Table 13) 

On examination of these mean values, an abrupt and 
highly significant (P < 0.05 > 0.02) fall is seen between 
the first and second decades. Subsequently no significant 
variation is seen, apart from a significant fall from the 
seventh to the eighth decade. 
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Figure 3k» Resorption surface area per unit 
volume of tissue. Individual and mean values plotted 
against age. 
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Table 26(a) RESORPTION SURFACE AREA PER UNIT VOLUME OF TISSUE. INDIVIDUAL VALUES. AGES 0 - 29. 

CASE 
NO. 

AGE 
(in yrs) 

RESORPTION 
SURFACE AREA 
( in sq,mrr/cu.mm) 

CASE 
NO. 

AGE 
(in yrs) 

SEX RESORPTION 
SURFACE AREA 
( in sq. mrr/cu. mm) 

CASE NO. 
AGE 

(in yrs) 
SEX UESORPT1 ON 

SURFACE AREA 
(in sq.ma/cu.mm)' 

5916 
71 56 
6607 
7018 
61 02 

8 

2 

5 
11 mos 

7 

M 
M 
M 
M 
M 

0.65 
0.58 
0.64 
1.53 
0.65 

5391 
10969 

7162 

6782 

17 
1 2 

14 
13 

M 
M 
M 
M 

0.48 
O.25 
0.85 
O . 1 9 

MEAN 0 . 4 4 

5590 
6 1 4 4 

5591 
11155 
10788 

27 
21 

23 
25 
25 

M 
M 
M 
M 
M 

0.35 
0.43 
0 . 2 7 

0 . 5 2 

0 . 2 4 

MEAN 
71 57 

11922 
5862 

MEAN 

1 

3mos 
1 

F 
F 
F 

0.81 

0.41 
1 .62 

0.81 

0.95 

MEAN FOR DECADE 0.86 

10794 
11 263 
11; 731i 
11576 
11 716 

17 
11 
16 

19 
16 

F 
F 
F 
F 
F 

0.23 

0.60 
0.46 
0 . 2 7 

0.64 
MEAN 0 . 4 4 

MEAN FOR DECADE 0.44 

MEAN 
7114 

10748 
1 0 7 6 2 

1 0 8 2 0 

7 1 6 0 

22 
29 
23 
21 

28 

F 
F 
F 
F 
F 

MEAN 

0.36 

0.1 5 
0.29 

0. 26 

0.24 
0.52 

0.29 

MEAN FOR DECADE 0. 33 

1 



I R S S O R P T I'OF SURFACE AREA PER UNIT VOLUME OF TISSUE. INDIVIDUAL RESULTS. AGES 30 - 59 

NO. 
AGE 

(in yrs) 
SEX RESORPTION 

SURFACE AREA 
(in sq. mn/cu. mm) 

CASE 
NO. 

AGE 
(in yrs) 

SEX RESORPTION 
SURFACE AREA 
(in sq.mrr/cu.mm) 

CASE 
NO. 

AGS 
(in yrs) 

SEX RE SORPTION 
SURFACE AREA 
( in sq.mir/cu.rnm) 

6 8 4 6 30 M 0.38 5732 40 M 0.61 601 2 50 M O . 3 6 

5359 33 M 0.48 6278 47 M 0.27 61 50 59 M 0.28 
10701 30 M . 0.30 6 1 52 49 M 0.39 1 2022 59 M 0.59 
11117 35 M 0.28 6148 41 M 0.24 5674 54 M 0.36 
11110 35 M 0 . 4 2 MEAN 0.38 1 0738 56 M 0.20 
6011 31: M 0.41 1 0766, 45 F 0.27 MEAN O . 3 6 

6009 36 M 0.89 7375 40 F 0.21 5592 54 E 0.73 
MEAN 0.45 10980 41 . F 0.29 10970 54 F 0 . 2 6 

6608 39 F 0.35 11 2 5 6 49 F 0 . 4 1 11 342 52 F 0.38 
1 2080 37 F 0.60 11 0 9 1 . 43 F 0.46 11904 59 • F 0.48 
11387' 36 F 0.26 MEAN 0.33 1 2021 55 F 0.39 
MEAN 

< 
0 . 4 0 MEAN 0.44 

MEAN FOR DECADE 0.44 MEAN FOR DECAE S 0. 35 MEAN FOR DECADE 0. 40 



Table 26(c) 
( 

RESORPTION SURFACE AREA PER UNIT VOLUME OF TISSUE. INDIVIDUAL RESULTS. AGES 60+ 

CASE 
NO. 

AGE 
(in yrs) 

SEX RESORPTION 
SURFACE AREA 
(in sq.mn/c ui mm) 

11118 6 6 M 0.51 
11978 6 2 M 0.56 

6 1 0 1 6 2 M 0.48 
1 2027 67 M 0.35 
5360 65 M OQ35 
1 0779 61 M O . 3 6 

MEAN 0.44 
5881 63 F 0 . 4 4 

6 2 1 5 65 F 0 . 4 6 

6785 6 5 F 0 . 2 5 

6147 6 9 • • F o.-4o 
11061 60 F 0 . 3 0 

11,088 63 F 0 . 4 2 

11154 64 F 0 . 3 0 

11923 64 F 0.37 
MEAN 0 . 3 7 

MEAN FOR DECADE 0.1*0 

CASE 
NO 

5735 
6145 
6087 
6146 

10711 
5385 
7396 
MEAN 
10898 
10841 
11102 
11 276 
11313 
6013 
6149 

AGE 
(in yrs) 

73 
79 
71 
72 
71 
79 
76 

7® 

79 
70 
72 
72 
74 
70 

MEAN 

SEX 

M 
M 
M 
M 
M 
M 
M 

F 
F 
F 
F 
F 
F 
F 

RESORPTION 
,SURFACE AREA 
( in sq. mn/cu.mm) 

0.43 
0 . 1 0 

0 . 3 2 

0 . 1 3 

0 . 1 3 

0 . 2 9 

Q . 4 0 

0.26 

0.21 
0.1 7 
0.30 
0.38 
0.21 
0 . 3 4 

0.34 
0.28 

MEAN FOR DECADE 0.27 

CASE 
NO. 

5675 
11461 
MEAN 
11008 
111 09 
11 503 
11264 
11275 
11977 
11 293 
MEAN 

AGE 
( in yrs) 

82 
83 

93 
89 
89 
87 
82 
84 
81: 

SEX 

M 
M 

F 
F 
F. 
F 
F 
F 
F 

RESORPTI ON 
SURE AG 3 AREA 
( in sq.mrr/cu.mm) 

0.50 
0.24 
0.37 
0.23 
0.40 

0.22 
0.40 

0.17 
0.53 
0.38 
0.33 

MEAN FOR DECADE 0.34 
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RESORPTION SURFACE PER UNIT VOLUME OF SOLID BONE (RELATIVE 
SURFACE AREA OF BONE RESORPTION.) 

Here the surface area of bone resorption is related 
to the actual amount of bone present. Individual results 
are shown in Table 27 and Figure 35. The majority of 
results lie between 1 sq.mm./cu.mm. and 3 sq.mm./cu.mm. 
but as with all the parameters measured, a considerable 
scatter of results is seen at all ages. The highest 
individual results are seen in infancy, the highest 
figure being that of 9.05 sq.mm./cu.nm. in a three month 
old child. 

The values for males and females are again completely 
intermingled, and as before mean va3.ues for each decade 
(Table 13) were calculated from the combined values from 
each sex. If these means are plotted graphically (Figure 35) 
a clearer pattern emerges:- that of a pronounced fall,from 
the first to second decade, continued to the third decade. 
The difference between the values of first and second 
decades is highly significant (P < 0.02 >*0.01). After 
the third decade the mean values suggest a rise with age. 
Numerically the increase is not very great, but the 
differences between the results of the third decade and 
those of the sixth and seventh decades are highly 
significant (P < 0.02 > 0.02 ;and <0.01 respectively). 

The significance of the changes in formation and 
resorption surface and their surface area are discussed 
in the following section. 



Figure 35. Resorption surface area per unit 
volume of solid bone. Individual and mean values 
plotted against age. 
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i P u i l L . 2 2 ( b ) R iSORI MELON SURFACE AREA PER UNIT VOLUME of s o l i d n r . •;. p e m v l e LvTi VALUE s. ;,ces 30 - 59 

CASE 
NO. 

AGE 
( i n y r s ) 

SEX RESORPTION 
SURFACE AREA 
( i n s q .mm/cu .mm) 

CASE 
NO. 

AGE 
( i n y r s ) 

SEX RESORPTION 
SURF AC E AREA 
( i n s q . n r r / c u . mm) 

CASE 
NO. 

.AGE 
( i n y r s ) 

SEX RE UO.Ei T I OM 
r uPl .ea. c e . , e e a 
( i n n q . m m / c u . m:n) 

6846 30 M 1 . 9 4 5732 4 0 M 2 . 4 3 601 2 50 M 2 . 1 4 

5359 33 M 2 . 4 5 6278 4 7 M 1 . 3 6 . 61 50 59 
f r. 

IVi 2 . 3 3 

1 070 1 30 M 1: • 31 61 52 4 9 M 2.1 7 1 2 0 2 2 59 
* n 
l.i 

2 . 8 2 

111-17 35 M 1 . 2 7 6 1 4 8 41 M 0X93 56 74 54 M • 2 . 13 

11110 3 5 M 1 . 9 2 MEAN 1 . 7 2 1 0733 56 M 1 . 3 9 

6011 31 M 2 . 3 3 - 10766 4 5 F 1 . 4 7 MEAN 2.1 6 

6009 36 M 3 . 6 4 7373 40 F 2 . 1 0 5592 54 F 3 . 4 4 

MEAN 2 . 1 2 10980 1,41 F 1 . 2 8 10970 54 F 1 . 3 9 

6608 3 9 F 1 . 4 3 11 256 4 9 F 2 . 4 9 1 1 3 4 2 52 F 2 - 3 4 

1 2080 3 7 F 2 . 7 2 11091, 4 3 F 2 . 7 9 1 1 9 0 4 59 F 2 . 2 5 

1 1 3 3 7 36 F 1 . 0 7 MEAN 2 . 0 3 1 2 0 2 1 55 F 1 . 7 3 

MEAN 1 . 7 4 MEAN 2 . 2 3 

MEAN FOR DECADE 2 . 01 MEAN FOR DECADE 1 . 89 MEAN FOR DECL JDE 2 . 20 



Table 2 7 ( c ) RESORPTION SURFACE AREA PER UNIT VOLUME OF SOLID BONE. INDIVIDUAL RESULTS. AGES 60f-

CASE 
NO. 

AGE 
( i n y r s ) 

SEX RESORPTION 
SURFACE AREA 
( i n sq> mn/cu. mm) 

CASE 
NO. 

AGE 
( i n y r s ) 

SEX RESORPTION 
SURFACE AREA 
( i n s q , mir/ c u . mm) 

CASE 
MO. 

> 
AGE 

( i n y r s ) 

) 
SEX RESORPTION 

SURFACE AREA 
( i n s q . rnn/cu. mm) 

11118 66 M 2 . 6 4 5733 73 M 4 . 6 2 5675 82 M 2 . 8 6 

1 1 9 7 8 62 M 2 . 6 2 6145 79 M O . 5 8 11461 83 M 1 . 8 4 

6101 62 M 2 . 4 5 6087 71 M 2 . 3 3 MEAN 2 . 3 5 

1 2027 67 M 1 . 4 6 6 1 4 6 72 M 1 . 5 9 1 1 0 0 8 93 F 1 . 7 9 

5 3 6 0 65 M 2 . 1 4 10711 71 M 1 . 1 6 1 1 1 0 9 89 F 2 . 2 6 

10779 61 M 2 . 0 7 5385 79 M 1 . 9 8 11 503T 89 F 1 . 7 5 

MEAN 2 . 2 3 7396 76 M 1 . 9 7 ; 11 264 87 F 4 . 0 8 

5881 63 F 2 . 3 9 MEAN 2 . 0 3 11 275 82 F 1 . 2 0 

6215 65 F 3 . 2 5 10898 78 F 1 . 9 9 11.977 84 F 3 . 6 8 

6785 6 5 ' F 1 . 7 8 10841 79 F 1 . 9 0 1 1 2 9 3 81 F 2 . 1 7 

6147 69 F 2 . 6 7 11102 70 F 2 . 7 0 MEAN 2 . 4 2 

11061 60 F 1 . 8 0 11276 72 F 1 . 6 8 

1 1 0 8 8 63 F 3 . 9 6> 11313 72 F 1 .91 

111 54 64 F 1 . 7 5 601 .3 74 F 1 .51 

11923 64 F 4 . 2 7 6149 70 F 2 . 5 5 

MEAN 2 . 7 3 MEAN 2 . 0 3 

MEAN FOR DECADE 2 .52 • MEAN FOR DECADE 2 .03 MEAN FOR DECADE 2 .40 



212 

SECTION FIVE 

DISCUSSION 
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DISCUSSION 
Discussion will be concentrated upon consideration 

of bone area reBUlts, since of all parameters measured in 
this morphological study of cancellous bone, bone area is 
the most accurately measurable and most easily interpretable, 
and therefore most meaningful and of most practical 
significance, 

BONE AREA 
Several important points emerge from this study. No 

sex differenceocan be seen, Values from males and females 
are intermingled and each appears to be part of the same 
homogenous group. Individual results plotted against age 
form a band of fairly uniform width, parabolic in shape. 
The bone area rises throughout childhood, and reaches a 
maximum in early adult life, the bulk of high individual 
results occurring between 20 and 1*0 years of age. The 
bone area subsequently falls with age, the fall being highly 
significant by the sixth decade. No further fall is seen 
after the eighth decade. In all age groups individual 
results form a continuous series. There is no evidence at 
any age of a dual population ~ a normal group and a 
pathological group with less bone, Loss of bone with age 
appears to be a universal process, affecting all individuals. 

Comparison with other published studies on cancellous 
bone is difficult because it is unudual for results to be 
expressed in absolute terms, and frequently no distinction 
has been drawn between cancellous and cortical bone. 



214 
Beck and Nordin (1960) studied a large series based 

on iliac crest bone from general hospital autopsies. Loss 
of bone substance with age was considered to he more frequent 
in women than men. A virtual absence of cases under 40 

• •' years of age prevents assessment of the age at which loss of 
bone begins. Frequency distributions of the results were 
asymmetrical and it was concluded (Nordin 19$3) that two 
populations were represented at all ages - a normal group 
and an abnormal group with less bone. These results may be 
criticised on several grounds, The cases studied were not 
normal before death since all were hospitalized. The method 
of measurement was subjective, the amount of bone present in 

) a section being determined by visual comparison with a standard 
sample. Results were expressed in a somewhat arbitrary 
fashion, scores of 1 - 9 representing percentage areas of bone 
from 6 - 27/. Specimens showing a percentage area of bone 
greater that 27/ were given a score of 9 only, a system 
which seems likely to encourage an asymmetrical frequency 
distribution. For these reasons it is felt unwise to draw 
firm conclusions from these results. 

Saville (1965) measured the weight/volume ratio of 
V 

iliac crest trephine samples, and concluded that loss of 
bone was related to the climacteric in both sexes, hut 
examination of his figures shows that in females the amount 
of bone diminished from the third decade while in men the 
amount of bone fell from the third to the fifth decades, 
this fall being highly significant (P< 0.01). Thus these 
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figures tend to support the thesis that loss of bone with 
aging may start at an early period in life. 

More closely comparable is the study of Garner and 
Ball (1966), who measured the percentage of section area 
occupied by bone in a number of iliac crest trephine 
specimens. The figures lie in the same range as those of 
the present study. Although the conclusion is drawn that 
no appreciable fall in bone area is seen before the age of 
50, examination of the scattergram of individual results 
shows that they form a parabolic band, similar to that of 
the present study. Results are limited, but the pattern 
suggests that a peak is seen at the age of 30 - 35 with a 
subsequent fall before the age of 50, although naturally 
the fall is more obvious in later years. Although results 
from females in particular are limited, values from males 
and females are completely intermingled, and no sex 
difference can be seen. Again the figures appear to form 
on® continuous series. 

The results are not completely comparable, as those 
from the present study are derived from Section areas five 
to ten times as large as those of Garner and Ball's study, 
but they are closely related. If mean figures are 
calculated for each decade from the combined results of 
the two studies, a rise in bone area is seen f|jcm 
childhood. Very little difference is seen between the 
meqn figures of the second, third and fourth decades, that 
for the fourth decade being fractionally higher, but 



from this time a progressive decrease with age is seen. 
Comparison may be made with results from other sites 

of cancellous bone. Studying vertebral body slabs by 
radiographic densitometry Caldwell (1962) showed a 
progressive decrease with aging in the amount of bone 
present, the process appearing to start from youth. No 
significant difference was seen between males and females. 

Somewhat similar results were obtained by Arnold 
(1964) using the ash content per cubic centimetre of 
vertebral cancellous bone as a measure of the amount of 
bone tissue present. A progressive decrease in amount of 
bone as a function of age was seen, a marked linear fall 
being seeh between 35 and 85 years of age. No sex 
difference can be seen. Vost (1963) studying vertebral 
bone concluded that a bimodal population was present in 
both sexes. There is no evidence of this in Arnold's 
data, nor is any sex difference apparent. 

Lindahl and Lindgren (1962) studied the bone area in 
tibial cancellous bone, and also measured the weight/ 
volume ratio of samples of vertebral and tibial 
cancellous bone. In both sites/and with,both methods, 
they showed a progressive fall in the amount of bone 
present, the fall starting from the 14-19 age group, the 
extent and rate of loss being essentially the same in men 
and women. 

Cortical bone has also been studied. The percentage 
of section area occupied by bone in femoral cortex ̂ as 



217 
also measured in the cases from which the present study 
was drawn (Sissons, Holley and Heighway 19$7), the results 
suggesting loss of bone from the age of 20 years (the 
earliest age studied). No difference was seen between 
the sexes until after the age of 70 years when values from 
males appeared to be slightly higher than those from 
females. 

Atkinson, Weatherell and Weidmann (1962) measured 
the weight/volume ratio and cortical thickness of femoral 
cortical trephine samples, both being parameters of the 
amount of bone present. They concluded that the weight/ 
volume ratio began to decrease in both sexes during the 
fifth decade while cortical thickness diminished in a 
linear fashion throughout the age range studied (from 20 
years onwards). This work was elaborated by Atkinson 
(1965), grouping the cases according to the percentage of 
vascular spaces in the cortex (the remaining area 
consisting of bone). He established a relation of 
increasing pnrosity of hone to aging, this trend becoming 
definite after the 30 . - 39 age group. The individual 
figures of this study show no obvious sex difference. 

In rib Sedlin (19$4) used the area of cortical bone 
in a cross section of the bone, and the ratio of this area 
to the total cross-section area as indices of the amount 
of bone present. The former index declines from early 
adulthood in both males and females, while the latter 
index declines from infancy in a roughly linear fashion 
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in both sexes. There is no obvious relation to the 
menopause. Takahashi and Frost (1966) confirmed these 
results with a larger series. These authors stated that 
their results showed that women tend to retain bone better 
than men until after the age of 50, and thereafter lose 
bone more quickly, but if the published figures are plotted 
and examined, the pattern of fall appears similar in the 
two sexes, and this conclusion appears unjustified. 

Trotter and her associates (Broman, Trotter and 
Peterson 1958, Trotter, Broman and Peterson 1960) measured 
the density of whole bones as an index of the amount of 
bone present, long bcnes, ribs and vertebral column being 
studied. They concluded that a decline in amount of bone 
present was seen with age, and that this proceeded at a 
uniform rate. No cases younger than 25 years were examined. 

These laboratory studies show varying ages of onset 
of bone loss. This is not surprising as different bone 
sites were used, and all studies were on relatively small 
populations. Almost all of the studies, however, suggest 
that bone loss with aging starts from an early age, earlier 
than that recognised clinically, and that in these respects 
there is no obvious sex difference. 

The results of the present study are fully in keeping 
with those of other studies reviewed above. Again, the 
thesis from this study of the universality of bone loss 
with aging, bone loss with increasing age being a process 
apparently affecting all individuals, rather than a 
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process affecting a group of individuals while the 
majority of elderly persons show little or no bone loss, 
is supported by several of the other studies reviewed. 

RELATION OF ONSET OF BONE LOSS TO MENOPAUSE 
Of more importance than the actual chronological age 

of onset of bone loss is the relation this bears to the 
menopause. The relevance of Albright's theory of 
osteoporosis depends on this point. Albright originally 
related the onset of osteoporosis to the menopause usirg 
clinical and simple radiological criteria for the 
recognition of bone loss. Both of these are insensitive. 
Two recent clinical radiological studies (Nordin, 
MacGregor and Smith 1966, Meema, Bunker and Meema 1965) 

claim to relate the onset of bone loss to the menopause. 
Nordin and co-vvorkerd data relate to spine, metacarpal 
and femur. The greatest fall occurs between five and 
fifteen years after the menopause in each case, but in the 
case of spine and metacarpal the loss actually appears to 
start before the menopause. These metacarpal results are 
somewhat similar to those of Morgan, Pulvertaft and 
Fourman (1966) who concluded that cortical thinning (and 
therefore bone loss) occurred progressively, certainly 
starting from the age of 40 in both sexes. Changes possibly 
occurring before 40 years were not investigated. Nordin 
and co-worker© did not study males. Femoral cortical 
thickness showed practically no change before the age of 
60 years, but this takes no account of bone loss in the 



220 

form of increasing porosity which may have occurred at an 
earlier age. It is felt that the study of Nor din and 
co-workers does not demonstrate any conclusive relation 
between the menopause and bone loss. 

Meema, Bunker and Meema (1965') studied total 
hydroxyhpatite content of a cross section of the radius. 
Their results suggested that bone loss from the radius 
starts at about the age of the menopause, but this does 
not prove a causal relationship. Before this could be done 
it should be shown that no changes in males occur at the 
same age. Males were not investigated. Their results 
suggested a relation between onset of bone loss and 
induction of artificial menopause, although clinically 
Donaldson and Nassim (1954) and Moon and Urist (1962) 

could find no evidence of this. Thesexesuits of Meema 
and co-workers await confirmation by other workers. 

The results of the present study lead to a different 
conclusion. Frommer (1964) estimated 'the modal and 
median age of the female menopause to be 50.1 years. In 
the present study, although considerable bone loss in the 
female is seen after the menopause, the figures suggest 
that the time of onset is before the menopause. 
Furthermore bone loss in the male appears to start,at the 
same age, and to occur to the same extent. There is no 
evidence to suggest that bone area in males remains constant 
until a later age. 

By definition osteoporosis is a reduction in the 
amount of bone present. Thus a reduction in bone area is 
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a valid measure of osteoporosis. The present study 
therefore does not support Albright and Reifenstein's 
theory of pathogenesis of osteoporosis, as at no time is 
there any evidence of any difference between males and 
females as regards loss of bone. 

Although the present study was based on as large a 
series of cases as was practicable, this conclusion is 
still based on a relatively small sample, and further 
results are necessary for this conclusion to be definitely 
established. It finds support however in the laboratory 
studies of other workers discussed earlier. Employing 
various methods for measuring bone loss, and studying 
various bone sites, almost all show that loss of bone 
starts from an earlier age than is generally realised and 
that the onset of bone loss appears to be unrelated to the 
menopause. 

The individual results of this study form a band of 
fairly uniform width. At no age is there any evidence 
of a bimodal population; of a normal group, and of an 
abnormal osteoporotic group with less bone. Therefore, 
neither are the results An keeping with Nordin's theory 
that senile osteoporosis is a pathological phenomenon, 
seen in a group of aging people and due to calcium 
deficiency. They are not against the concept that bone 
loss with aging is mediated by calcium removal from the 
skeleton, but there is no evidence of a group of 
osteoporotic individuals, the remainder of the population 
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showing less or no bone loos, as would be the case if 
calcium deficiency were the cause of osteoporosis. 

Rather than senile and postmenopausal! osteoporosis 
being regarded as a pathological condition, the rise in 
bone area throughout childhood reaching a peak in early 
adult life, the subsequent loss of bone substance from a 
relatively early age (all individuals apparently being 
affected), and the similarities in age of onset and degree 
of loss of bone between males and females suggest that 
much if not all loss of bone is a normal aging process. 
It is suggested that involutional (i.e., senile and post-
menopausal) osteoporosis is essentially a physiological 
manifestation of aging, rather than a pathological process 
seen in old age, 

Strehler, Mark, Mildvan and Gee (1959+) laid down 
criteria for a change in body structure to be considered 
part of the aging process. The change should be "universal, 
progressive, deleterious to the organism and intrinsic". 
Loos of bone with aging would certainly appear to meet 
the first three criteria, and probably the fourth. 

Chock (1960) has peported that many physiological 
functions show a decrement after the age of thirty years 
and Ruger ana Stoesigger (1927) reported that in males 
certain muscular function© such as strength of pull and 
power of grip, after rising to a maximum in adulthood, 
gradually fell away after the ages of 20 - 40 years. 

The amount of bone present appears to behave likewise. 
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This does not mean that bone loss is related to change in 
any of the functions mentioned. What determines loss of 
bone is at present unknown; the causation may be 
multifactorial, but the change appears to be inevitable 
and universal. 
SITES OF PREDILECTION OF. OSTEOPOROSIS 

, Osteoporosis was originally regarded (Albright, 
Bloomberg and Smith, 1940) as affecting predominantly the 
axial skeleton, composed largely of cancellous bone, and 
as being seen later and to a lesser degree in the 
appendicular skeleton, composed mainly of cortical bone. 

Comparison of the changes demonstrated in this study 
with those of the femoral cortex of the same cases 
(Sissons, Holley and Heighway 19$7) shows however that 
loss of bone starts asoearly, possibly earlier, from femoral 
cortical bone as from iliac crest cancellous bone. In 
absolute terms, the amount of bone lost from each site is 
similar but the relative loss is much greater from the 
iliac crest. In the light of these results it is suggested 
that radiologically bone loss is recognised earlier, and 
more readily, from sites containing predominantly 
cancellous bone, rather than actually affecting these 
earlier. 
INCIDENCE OF BONE LOSS IN MALES AND FEMALES . 

No sex difference was seen in the present study, and 
this is in agreement with most laboratory studies where 
amount of bone substance or bone ash content per unit 



volume of bone and marrow has been measured. Most 
clinical studies have suggested a predominance of female 
cases of osteoporosis (Cooke 1955) although it is of 
interest that in surveys of asymptomatic patient© using 
radiological criteria for the recognition of osteoporosis, 
Gershon-Cohen, Rechtman, Cchraer and Blumberg (1953) and 
Vincent and Urist (Vincent and Urist 1961, Urist 1960) 
concluded that the indicence of osteoporosis in elderly 
males was little different to that in females. This 
difference between clinical and laboratory studies is as 
yet unexplained (Nordin 1964b). Clinical recognition of 
osteoporosis depends mainly on symptomatology, due 
largely to crush fracture of the vertebrae. It is 
possible that other factors besides bone loss play a 
part in the causation of bone failure and pathological 
crush fractures of the vertebrae, seen in osteoporotic 
patients. More work is necessary on this subject. 
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SURFACE AREA 

The measurement of surface area of bone is a 
neglected subject. Surface area has been measured in 
femoral cortical bone of the cases forming the present 
study (Siesons, Holley and Heighway 1967), and a study 
of surface area of vertebral cancellous bone has also been 
published by Bromley, Dockum, Arnold and Jee (1966) but, 
other than these, no measurements have been reported. 

The vertebral results are expressed in different 
numerical units (cm./sq.cm.) to those used in this study 
(sq.mm./cu.mm.), but if converted to the same units the 
results of the two studies are similar both as regards 
actual values obtained and pattern of change with age, 
both studies showing a decline from childhood. 

The relationship of surface area to amount of bone 
tissue present (surface area per unit volume of solid 
bone or relative surface area) has not been studied by 
other workers. 

Comparison of surface area of cancellous bone of 
iliac crest and cortical bone of femoral shaft reveals 
that, in absolute terms, despite thefor different structural 
arrangement, the two types of bone provide a similar 
extent of surface area per unit volume of tissue, the mean 
values varying during adult life from 3.9 to 3.0 sq.mra./cu.mm, 
in iliac crest, and from 3 .0 to 4 . 3 sq.ram./cu.mm. in 
femoral cortical bone. It will be noted that, while loss 
of surface area roughly parallels loss of bone in 
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cancellous bone, in cortical bone loss of bone and 
increasing porosity serves to increase the bone surface 
area. 

A different situation is seen if the figures for 
surface area are expressed in relation to the amount of 
bone present. Expressed in this fashion the surface area 
of iliac crest cancellous bone is considerably greater 
per unit volume of solid bone than that of cortical 
bone, by a factor of five to one. 

As metabolic interchanges such as bone formation 
and resorption and much of mineral exchange will occur 
at the trabecular and Haversian surface, it is likely 
that bone with a high, surface area relative to the amount 
of bone will be metabolieally more active, and will show 
a more rapid turnover, than bone with a low surface area. 
Cancellous^ bone has long been regarded as possessing a 
more rapid turnover rate than cortical bone (Bauer, Aub 
and Albright, 1929; Amprino and Engstrbm 1952; Bryant and 
Loutit 1961); the considerably greater surface area of 
cancellous bone per unit volume of solid hone provides a 
morphological basis for this, and is undoubtedly a factor 
concerned in the higher turnover rate. 

As has been seen the relative surface area of 
cancellous bone is significantly greater in childhood 
and the over 4.0 age group than in the 10 - 3 9 age group, 
this being a reflection of the delicate bone trabeculae 
seen in childhood and the preponderance of slender 
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trabeculae amongst those which remain in old age. 
In particular the relative surface area is significantly 

higher in infants and young children than in any other age 
group. Experimental studies using radio-active isotopeB 
have suggested (Bauer, Carlsson and Lindquist 19$1) that 
bone turnover is more rapid in infants and the young than 
in older individuals and it is suggested that the greater 
relative Burface area in this group may well play an 
important causative part. 



BONE FORMATION AND RESORPTION 
Bone formation and resorption are related topics and 

will therefore he discussed together. The high values of 
formation surface seen in the elderly are of considerable 
interest. No values above 20/ were found between 40 and 
60 years of age, although a few were seen in adults below 
40. In cases aged 60 years and over, however, virtually 
one sixth show values above 20/. Several explanations are 
possible. These values tend to be rather separate from 
the main group, and might he pathological, There is 
however no evidence to suggest this. The bone was taken 
from normal persons dying suddenly. In every case autopsy 
showed no skeletal abnormality, nor any pathological lesion 
which might affect the skeleton. In these cases the bone 
structure is normal, the osteoid is regular in distribution, 
individual osteoid seams are regular and well defined, 
resorption appears normal, and there is no evidence of the 
disorderly,irrqgii^i^ bdme formation and 
resorption surface, and mosaic pattern of the bone 
characteristic of Paget's disease, (Collins 1956; Sissons 
1966), There is no evidence whatsoever of osteitis 
fibrosa to suggest hyperparathyroidism (Sissons 1966). 
Florid osteomalacia is marked "by increased surface coverage 
by osteoid as well as by the presence of abnormaliyvthick 
osteoid seams (Sissons 1966), (Figure.36). In cases of 
clinical osteomalacia studied personally, virtually all 
the bone surface is covered by osteoid of approximately 
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Figure 36. Iliac creat bone from case of clinical 
osteomalacia. The bone surface la covered by a very 
thick layer of deeply staining osteoid, with little 
distinction between bone and osteoid, and blurring of 
the calcification front. Undecalcified section. 
Haematoxylin and eosin. ( xi60). 

Figure 37* Iliac creat bone from 75 year old male 
with high osteoid coverage. The osteoid seam thickness 
is not Increased, and there is no evidence of 
osteomalacia. Undecalcif led section. Haematoxylin and 
eosin. ( xl60). 
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double the normal thickness. The possibility arises that 
the high values of formation surface obtained in an 
apparently normal population represent examples of early 
or subclinical osteomalacia. There is no evidence to 
support this view; in the cases under discussion the 
thickness of osteoid seams is normal. (Figure 37). The 
morphology and staining reaction of individual seams are 
normal, and the appearance of the calcification front is 
normal (abnormalities of osteoid seams and calcification 
front being seen in osteomalacia (Johnson 196U). ; 
(Figure 36). 

It is more likely that these values are physiological 
and part of the normal group, and they have been accepted 
as so, and used in calculating mean figures for the 
relevant decades, which may be compared with other 
published results. Such published studies are sparse, 
and comparison is hampered by the fact that in some 
instances findings have not been expressed in absolute terms. 

Results from the femoral cortical bone of the present 
group of cases were presented in an earlier study (Sissons, 
Holley and Heighway 1967). Comparison of the two sites 
indicates that iliac crest cancellous bone possesses a 
considerably greater extent of formation surface at all 
ages than femoral cortical bone. In the discussion of 
Surface area it has been pointed out that cancellous bone 
has long been regarded as possessing a higher turnover 
rate than cortical bone, and that some of this greater 
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turnover rate is due to the greater surface area (per 
unit volume of solid bone) of cancellous bone. The present 
results suggest that the greater percentage of surface 
occupied by bone formation is also a factor. 

Frost and his co-workers studied bone formation 
surface in cortical bone of ribs and clavicles (Villaneuva, 
Sedlin and Frost 1963). Direct comparison of the present 
results and those of Frost and colleagues is not possible, 
as their results are expressed in terms of the number of 
seams present, and not the extent of area of surface 
covered. The technique of surface measurement is 
preferable to that of counting osteoid seams, as what 
appear in a section to be separate osteoid seams are 
frequently no more than parts of a continuous surface of 
bone formation. 

Although direct comparison is impossible it is of 
interest that the pattern of results is similar to that 
seen in this study. A sharp fall in the number of osteoid 
seams was observed from infancy through childhood to a 
minimum between the ages of 35 ahd 40, a subsequent 
increase being seen in the elderly. 

Using microradiographs, Jowsey, Kelly, Riggs, Bianco, 
Scholz and Gershon-Cohen (1965) measured the extent of 
bone formation in a number of sites of cancellous and 
cortical bone. Their values from iliac crest are similar 
in pattern to those of the present study, although the 
extent of formation surface as judged by osteoid coverage 
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in consistently higher than the extent of such surfaces 
as judged from microradiographs by Jowsey and her colleagues. 
Much of the discrepancy is attributable to technical 
factors. Interpretation of the characteristics of bone 
surfaces in microradiographs is complicated by the fact 
that microradiographs are prepared from thick sections. 
Jowsey and co-workers used sections of 100thickness. In 
cancellous bon^, oblique surfaces which may simulate or 
obscure the appearances of bone formation abound in 
sections of this thickness. 

The solitary other published study of bxtdnt of 
formation surfaces in iliac crest cancellous bone confirms 
the numerical values found in the present study. Van der 
Sluys Veer, Smeenk and Van de Heul (196!+) measured the 
extent of formation surfaces in iliac cre&t biopsy 
specimens by tetracycline labelling. Their mean value of 

(range 6 - 22%) in 17 control subjects agrees well 
with my figures. 

The pattern of results 4s of more importance than the 
numerical values obtained, and in this respect the studies 
of Jowsey and co-workers and myself are in general 
agreement, both showing a marked fall in formation surface 
from infancy to childhood, the values then levelling off 
and tending to rise again in later life. 

Bromley, Dockum, Arnold and Jee (1966), using a 
von Kossa Stain, measured the extent of osteoid coverage 
in human vertebral cancellous bone. Their results are very 
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similar both in magnitude and pattern to those derived 
from iliac crest in the present study. 

Thus studies agree that a profound fall in formation 
surfaco is seen from infancy to adulthood. Values then 
level off, and in most case3 a subsequent rise is 3een in 
middle or old age. 

With the exception of studies on the femUrs of the 
cases used in the present investigation there are no other 
published studies on formation surface per unit volume of 
bone or tissue. 

Published data on extent of resorption surface in 
cancellous bone are also scanty. Jowsey, Kelly, Riggs, 
Bianco, Pcholz and Gershon-Cohen (1965) also measured 
resorption surface from microradiographs of 100j* thick 
sections of iliac crest. The mean values in the present 
study are higher in all decades except possibly the second. 
This is probably an expression of the greater accuracy of 
identification of small Howship's lacunae in thin sections, 
as opposed to microradiographs from sections five times as 
thick. Again, however, the pattern of results is of more 
importance, and here the twa.jstudies agree. After very High 
values in childhood the lowest mean.figure is seen in the 20 
- 29 decade, with a subsequent trend towards high values. 

Sedlin, Villaneuva and Frost ( 1 9 6 3 ) measured 
resorption surface in cortical bone of ribs, values being 
expressed in terms of resorption surface area per unit volume 
of tissue. The values obtained are similar in magnitude to 
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those of this study, and in both a sharp fall was seen 
from infancy through childhood to maturity. 
GIGNIFICAN05 OF PATTERN OF FORMATION BUFcFACN AND REEORPTION 
HURFAGF. CHANGEG 

Most published studies agree in showing highest values 
of formation and resorption surface in infancy and lowest 
values in early adult life with a subsequent increase, and 
my results al3o show that the area of formation surface, 
(both in absolute terms as square mm. per cubic mm. of 
tissue and in relative terms as square mm. per cubic mm. 
of solid bone) is greatest in infancy. 

The moaning of these changes, at least in adult life, 
is not entirely clear, and depends upon the relationship 
between extent of formation and resorption surface, and 
bone formation and resorption rate. Bone formation rate 
is the product of extent of formation surface and the 
linear rate at which bone is laid down at any site 
' appositional grov/th rate) • This latter parameter can only 
be measured by in vivo techniques, such as multiple 
labelling with tetracycline, or similar marker, and very 
little information exists on its variation (if any) with 
age (Frost 1963; Taylor, Hpker and Frost 1966). 

Most workers (Jowsey, Kelly, Riggs, Bianco, Scholz 
and Oershon-Cohen 1965; Bromley, Dockum, Arnold and Jee 
1966) tacitly assumed that changes in bone formation rate 

are mediated exclusively or almost entirely by changes in 
the extent of bone formation i.e., in formation surface. 
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From this point of view an increase in formation surface 
can be equated with an increase in bone formation rate 
and vice versa. 

It is probable that this is the case in increased 
bone formation seen in pathological conditions, such as 
Pagetfs disease, in which condition Lee (1967) showed that 
the bone formation rate was ten times greater than normal 
but that the appositional growth rate was only slightly, 
if at all, increased. The increase in bone formation rate 
was due almost entirely to increase in extent of formation 
surface. 

It is by no means certain, however, that this state 
of affairs applies to the process of aging. Indeed, recent 
experimental results suggest that the appositional growth 
rate of bone decreases with age. Frost's initial results 
(1963) employing tetracycline labelling were equivocal,but 
in a more recent study, using cortical bone of ribs 
(Taylor, Kpker and Frost 1966) it was found that the 
appositional growth rate fell throughout life, being 
approximately halved between the ages of twentJ and 
seventy. It seems likely that a similar reduction will be 
seen in cancellous bone. Lee, Marshall and Gissons (1965) 
measured appositional growth rate in both cortical and 
cancellous bone in two dogs. The rate was less in the 
older animal in both cortical and cancellous bone. 

Further work on this subject is necessary, but of the 
two conflicting possibilities such evidence as is available 
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suggests that the appositional growth rate falls with age, 
instead of remaining constant as other workers have assumed. 

According to cither of these two views, the 
appositional growth rate in infancy is not lower than in 
adult life. Thus it seems certain that the fall in 
formation surface, formation surface area per unit volume 
of tissue, and formation surface area per unit volume of 
solid bone from infancy to adulthood represent a fall in 
bone formation rate; bone formation rate being highest in 
infancy. This in association with the high resorption 
surface seen in infancy suggests that bone turnover rate 
will also be highest in infancy. This finds support from 
data obtained from isotopic studies by Bauer, Garlsson and 
Lindquist (1961) who calculated that the rate of skeletal 
turnover was highest in infancy. 

With regard to the increased formation surface seen in 
old age, several possible explanations exist. If the 
appoeitional growth rate remained constant the increased 
formation surface might compensate for the reduced bone 
surface area; the smaller area of bone present being 
covered more fully by sites of bone formation, the bone 
formation surface area remaining constant. It has been 
shown that the formation surface area per unit volume of 
tissue and per unit volume of solid bone in fact tend to 
rise in later life. Such a process would be seen as a factor 
tending to preserve calcium homeostasis. 

It is suggested, however, that the most probable cause 
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of the increased formation surface seen in old age is a 
lowered appositional growth rate, bone formation being seen 
over a greater surface at any given time an bone is laid 
down more slowly at any site, and changes in formation 
surface area would be secondary to this. 

Turning now to interpretation of changes of resorption 
surface throughout life, it is 3een that formation surface 
and resorption surface both fall from infancy to childhood. 
The similarity of the patterns suggests that just as the 
bone formation rate, so the bone resorption rate falls 
from infancy to childhood. 

The increase in mean resorption surface seen in old 
age might be related to a slowed rate of bone resorption 
at any site, or to an absolute increase in bone 
resorption as an imbalance between bone formation and 
resorption must occur to produce the bone loss of aging, 

No experimental work has been carried out, however, 
on any possible change in the linear rate of bone 
resorption with age, and at present, therefore, such 
discussion of the significance of changes of resorption 
surface with aging must remain speculative. 

In -view of such imponderable factors it io felt that, 
at the present time, formation surface and resorption 
surface measurements should be considered more as general 
indicators of the extent of bone formation and resorption, 
rather than as accurate measures of bone formation and 
resorption rates as Jowsey and her co-workers have assumed 
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in their calculations. (Jowsey, Kelly, Riggs, Bianco, 
Scholz and Gershon-Cohen 19&5). It is probably unjustified, 
and may well be fallacious to compare directly the extent 
of formation and resorption surface throughout life, in 
order to determine whether bone loss is mediated by an 
increase in bone resorption, a decrease in bone formation, 
a combination of the two, or, indeed, any combination of 
changes giving an imbalance .between bone formation and 
resorption rates. The morphological methods used in this 
study need.to be supplemented by dynamic methods such as 
tetracycline labelling for such information to emerge. 

Such studies should be made throughout adult life; in 
seeking to establish the mechanism of bone loss with age, 
there is limited value in studying, as other workers have 
done, bone formation and resorption surfaces or bone mineral 
dynamics in established and clinically evident cases of 
osteoporosis, where bone loss has already occurred. 

It is evident that by their nature morphological 
studies of the present type.cannot provide full 
information as to the mechanisms of metabolic bone 
diseases, and for!*this to be obtained they must be 
supplemented by dynamic morphological methods in 
selected cases. Studies of; the present kind do form, 
however, an indispensable background to the practical 
study of metabolic bone diseases. 
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APPISDIC: 



Figure 38, (On following page) 
Figures to illustrate proof 

of formula S.A. '= 2N 
L 

(v. appendix 1.). 
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Appendix 1. 

PROOF OF FORMULA ?.A. = ^ 

after Rogers,c.A. in Short,R.H.D. -Phil.Trans.3 1950 - 51 
235. 35. (P.67) 

Consider volume V of bone; Let S be the surface area 
of a trabecula contained in the volume V. Let G be a 
grid of lines of total length L, the size of the grid 
being small in comparison to V. G is moved by a simple 
translation to a random position in the volume V (each 
position being equally likely). 

First consider the case when all lines of G are parallel 
to some fixed direction. For convenience we choose an 
origin 0, and rectangular Cartesian co-ordinate axes OX, 
OY and OZ with OX in the direction of the lines of G. 
Consider an element of length^ 1 of one of the lines of G. 
Let P 0 be the end point of this element with the lesser 
x co-ordinate. The element is moved by a translation to 
a random position in V, 

Consider an element of the surface S with areaS s, 
the element being so small that it may be regarded as 
flat. Let 9 be the acute angle between the normal to 
this element and the OX axis. 

Now when the elementS 1 of G is moved into V it 
intersects the element j s of S if, and only if, the 
point P 0 is moved into the skew prism formed by moving 



the element As by a translation In the direction from 
X to O through a distance S 1. 

The volume of this prism is the product of Si ancl 
the area of the projection of the element A s on the plane 
OYZ 

The area of projection is & s cos 9 
The volume = A 1 <$s cos 9 
As P is equally likely to be at any point in the 

volume V, its chance of being in this.prism of volume 
s 1 Ss cos 9 is Al AB^GQB 9 

This is consequently the chance that the/element Al 
of G intersects the surface element Ss. We may assume 
that Al is so small that the chance of intersecting the 
surface S more than once is negligible. 

Then the chance that S I intersects the surface G 
at some point is obtained by summing the chances of A1 
intersecting surface elements such as As or by 
evaluating the integral 

taken over the surface S. 
As the surface S is highly convoluted, and as the 

normals to the surface are equally likely to point in 
any direction then 

jl Js cos Q 
V 

Si r. cos $j s 

I cos 9 <J s S cs 

where C is the mean value of cos 9 
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To find G we consider a sphere centre 0 with unit 
radius. The surface area of this sphere is 4tr ; the 
area of projection of the surface on the plane OYZ is 2ir 
( TT from the hemisphere on one side of the plane OYZ 
and 1Y from the hemisphere on the other side). The mean 
value for cos Q is the ratio of these 2 areas 

' P a 1 * 2 
The chance that the element 1 intersects the 

surface at some point is 
C >. 

V 

2V 
On the average the element & 1 intersects the 

surface G times. 
> 2V• 

Gumming over the whole length of the grid G, the 
grid villi intersect the surface times on the 

2*/ 
average. Although for convenience it has been assumed 
that all the lines of 0 are parallel to the x axis 
it is clear that this assumption is not necessary. 

XT = 
L£ 
2V 

~ L 
If V" = 1 

then 0 s JEI per unit volume 
Jt 
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Appendix 2. 

DERIVATION OF THEORETICAL STANDARD ERROR FOR USE WITH 
AREA AND SURFACE AREA MEASUREMENTS USING ZEISS 
EYEPIECES I and II. 

Let n be the total number of counts (points or 
intercepts) made on any section, and c be the percentage 
of total (surface or surface area) occupied by the 
sought component. 

Then c will also be the percentage of counts falling 
upon the sought component. This figure will be a mean 
figure derived from many separate observations, which in 
themselves have a binomial distribution. 

c will also have a binomial distribution (approaching 
a normal distribution as n rises) and as such has a 
theoretical standard error (expressed as of the total) 
of 

Expressing this as a fraction of the sought component 
100 - c) 
n 
c 

As a percentage this becomes 



(O.N.)2 = 1002 X 1 0 0 - C 
nc 

'ultiplying both sides by and dividing by (O.K.) 2 

then _nc = .100 X (100 - c) 
100 (O.K.) 

How equals no. of counts falling on sought component 100 
To give a S.H. of 10/ (of sought component) 
c Ho. of points on component = x 100 - c 

s 100 - c. 
For a standard error of 1CT', 100 - c counts must 

have fallen on the sought component. 
Similarly for a standard error of % t h (100 - c) points 
on component c are necessary. 



Appendix 5» 

AGREEMENT OF SURFACE "flAPUREVENTH TJPING DIFFERENT METHODS 
OF TURNING ZEISS EYEPIECE II THROUGH 90°. 

Tample counts (20 fields counted in each case). 
A. Original count, using new random orientation of 

eyepiece for each field. 
Intersections with formation surface = 12 
Intersections with resorption surface = 14 
Intersections with inert surface = 96 

Total intersections = 122 
B. Count made with eyepiece at right angles to 

orientation in A (Angle being determined by 
inspection only.) 
Intersections with formation surface = 11 
Intersections with resorption surface =' 11 
Intersections with inert surface = 9 5 
Total intersection = 1 1 7 

0. Count made with eyepiece at right angles to 
orientation in A (Angle being determined with 
markers.) 
Intersections with formation surface = 11 
Intersections with resorption surface = 12 
Intersections with inert surface = 97 

! Total intersections - 120 
All three results are similar, although measurements 

from individual fields in A showed considerable differences 



from those in B and C. The results of B and G 
(individual fields and totals) are virtually identical, 
showing that method G is accurate. 
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Appendix 2. 

CORRECTIONS FOR OPLL'UZ PUDFACIP 
An opaque structure, of finite thickness, and 

with oblique surfaces appears relatively larger when 
viewed, with an increased area and circumfercnce, since 
only the greatest diameter is appreciated. 

for example a four sided pyramid, viewed from A 
A 

s e c t i o n 
. t h i c k n e s s 

a p p e a r s as 

Similarly a trabecula with oblique surfaces:-
1 A 

xzx a p p e a r s l a r g e r f rom 
a b o v e , t h u s 

! VA 

x-

XX o b l i q u e 
s u r f a c e 

The trabecula is elongated and therefore appears as a 
whole as:-

— — W ^ / > o b l i q u e Apparent 
s i z e 

t 
% 

y-
x s u r f a c e 
4 

r a t h e r t h a n : -
— o b l i q u e s u r f a c e 

Actu&l -s.iize A 
x 
A 

although in sections of this thickness the bone is not 
opaque, and the oblique surfaces to the left and at the 
top of the trabecula can be recognised. 

The apparent circumference will be greater than the 
true circumference. At end3 of trabeculae this error 
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4 
V/////////1 

will be relatively large 

t T 
Apparent True 

1 

but in absolute terms any error here contributes little 
to the final result. Similarly the bulk of the circumference 
is along the sides of trabeculae and here the error is 
relatively and absolutely minute. 

Thus the error is minimal as regards circumference 
(the actual quantity measured in surface counting with 
the Zeiss Eyepiece II.). 

It will be seen that the error is of greater 
magnitude and importance in bone area measurements 
(since the apparent area of a trabecula with oblique 
surfaces is increased far more than the apparent 
circumference) and a correction must be applied. 

Mathematical corrections (Hr&nkd 1955) suitable 
if the bodies counted are portions of spheres are not 
applicable to a complex structure such as cancellous 
bone, but reference to the diagrams will show that a 
full correction for this error is made by the method 
of counting points on oblique surfaces bounding the left 
and superior margins of trabeculae only. In sections of 
this thickness the bone is not opaque and all oblique, 
surfaces can be recognised and this correction applied. 



Appendix 5* 
STATISTICAL METHOD? 

All formulae used in the statistical evaluation of 
this study have been taken from 

1. Statistical methods in biology by IT.T. J. Bailey. 
1959. English Universities Press, London. 

2. Biomathematics by. C, A. B.Smith, 1954. 
Charles Griffin, London. 

3. Statistical methods for research workers by 
R.A.Fisher. 11th edition 1950. Oliver and Boyd 
London. 
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