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The results of a histological study of normal osteoid tissue in man, the monkey, the dog,
and the rat, using thin microtome sections of plastic-embedded undecalcified bone, are described.
Osteoid tissue covers the entire bone surface, except for areas of active resorption, although the
thickness of the layer of osteoid tissue varies at different sites and in different species of animals.
The histological features of osteoid tissue, apart from its amount, are the same in the different
species studied.
Distinct bands or zones are recognizable in some layers of osteoid tissue, particularly those of
greatest thickness, and their significance is discussed.
Some of the histological features of the calcification front are described.

SYNOPSIS

Osteoid tissue is defined as unmineralized bone
tissue. Its presence in large amounts is a distinctive
histological feature of osteomalacia (Sissons and
Aga, 1970), but it is also present in smaller quantities
in normal conditions and is then usually regarded as
representing an initial stage in the formation of
calcified bone tissue.
It was Virchow, in 1851, on the basis of a histological study of human bone specimens partially or
completely decalcified in hydrochloric acid, who
first put forward the concept that mineralization
occurs subsequent to the formation of unmineralized
organic bone matrix: he also introduced the term
'osteoid' ('like bone') to describe the unmineralized
bone which he observed. Tomes and De Morgan
(1853), studying undecalcified ground sections of
foetal bones, also noted that bone was not calcified
when first deposited, and Muller (1858) made
similar observations. The work of Pommer (1885),
using undecalcified sections as well as sections
decalcified in hydrochloric acid or Muller's fluid,
served to establish thc importance of osteoid tissue
as an essential stage in bone formation. Wieland
(1909), using undecalcified sections of newborn and
premature infants, observed that osteoid tissue was
regularly present, and applied the term 'physiological osteoid' to it. Later, Baker (1950), using celloidin
sections of bone which had been partially decalcified
in Muller's fluid, stained with haematoxylin and
eosin, showed that osteoid tissue could be seen in
such material as layers of pink-staining material on
the surface of the blue-staining bone.
Rcecived for publication 1 July 1971.

The concept of osteoid tissue as a necessary stage
in bone formation was not accepted by all workers.
von Recklinghausen (1910) believed that the
presence of osteoid tissue was the result of withdrawal of bone mineral from calcified bone ('halisteresis'). This concept, though not generally
accepted, has been revived in recent years in connexion with the removal of bone mineral from the
immediate vicinity of osteocytes in calcified bone
(Belanger, Robichon, Migicovsky, Copp, and
Vincent, 1963). McLean and Bloom (1940) and
Bloom, Bloom, and McLean (1941), also
criticized the idea of osteoid tissue as a necessary
stage in bone formation, but for a different reason.
In undecalcified sections of the bones of growing
rats, and of pigeons during egg laying, they failed to
find much osteoid tissue, and concluded that under
optimal conditions of supply and transport of bone
minerals, bone matrix calcified rapidly. For them,
the presence of osteoid tissue indicated a general
deficiency in the availability of bone minerals, or a
local interference in their supply.
More recent studies with undecalcified sections
(Frost, Villanueva, and Roth, 1960; Garner and
Ball, 1966; Sissons, Holley, and Heighway, 1967;
Morgan, Lever, Patterson, Woods, Pulvertaft, and
Fourman, 1967) have confirmed the presence of
osteoid tissue in normal bone, and have provided
information on the actual amount present. Electron
microscopy, too, has been used to demonstrate the
existence of osteoid tissue as a stage in normal
osteogenesis (Robinson and Cameron, 1956; Scott
and Pease, 1956).
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connective tissue stain, Gordon and Sweet's method
for reticulin, periodic acid-Schiff reaction, Azure A)
to show the general morphology of the tissue, the
distinction between osteoid tissue and calcified bone,
the connective tissue elements and the presence of
mucopolysaccharides. Polarization microscopy was
also used to study collagen fibres.

The present investigation was carried out to confirm
the presence of osteoid tissue in normal bone in a
variety of animal species, and to explore its histological structure and staining reactions as seen in thin
sections of plastic-embedded undecalcified bone
which can now be prepared using a heavy metallurgical microtome.
Specimens from human patients (iliac crest
samples from necropsies following death from
injury or acute illness), rats (tibia and femur),
monkeys (radius and ribs), and dogs (ribs) were
available.
Materials for histological study, including both
cortical and cancellous bone, were fixed in neutralized
formalin, dehydrated, and embedded in methyl
methacrylate (Sissons, 1968). Sections, 5 microns or
less in thickness, were cut using a heavy duty
metallurgical microtome (the Jung model K microtome), and were stained by a number of techniques
(haematoxylin and eosin, von Kossa, solochrome
cyanin, Masson trichrome stain, van Gieson

In all the material studied, sections stained with
haematoxylin and eosin showed a layer of pinkstaining osteoid tissue covering part of the bone
surface and separating the osteoblasts from the
blue-staining bone tissue (Fig. 1). Thinner sections,
approximately 2 microns in thickness, could be
prepared only with specimens of cancellous bone,
and in these a thin but virtually continuous layer of
osteoid tissue was found to cover the bone surface
except where active resorption was taking place.
This layer of osteoid tissue was approximately 1
micron in thickness, and could be seen only at a high
magnification (Fig. 2): it was covered by small

Fig. 1 Human cancellous bone of iliac crest showing a
layer ofpale staining osteoid tissue lining the trabecular
surface. Undecalcified, 5A section (H & E x 165).

Fig. 2 Human cancellous bone of iliac crest showing a
very thin layer (I to 2p) of osteoid tissue covering the
trabecular surface. Undecalcified, 21p (H & E x 630).
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spindle-shaped osteoblasts. On occasional surfaces
the osteoid tissue was thicker, and couid be seen at a
low magnification: these surfaces were usually
covered by active cuboidal or columnar osteoblasts.
Failure to demonstrate mineral in this pink-staining
layer of tissue with the von Kossa reaction confirmed
that it was osteoid tissue.
The thickness of the osteoid layers covering the
bone surfaces varied in the different species studied.
In the rat, the osteoid layers were very thin and
barely discernible, even in thin sections. In the
monkey, the maximum thickness was approximately
10 microns. In the dog (compact bone only), the
osteoid layers lining osteones were fairly thick and
readily seen, and their maximum thickness was
approximately 20 microns. In the human material
(compact and cancellous bone), the maximum
thickness of the osteoid layers was approximately 20
microns.
The osteoid tissue occasionally showed two distinct
zones, particularly in the human and the dog
material where the layers of osteoid tissue were
thickest and where they were covered by active
osteoblasts. The zones could be observed with most
of the staining reactions used (haematoxylin and
eosin, solochrome cyanin, connective tissue stains),
the superficial zone adjacent to the osteoblasts
staining less intensely than the deeper zone. With
Azure A, the superficial zone gave an orthochromatic Fig. 3 Human cancellous bone of iliac crest showing
reaction while the deep zone was metachromatic. calcification front as a dark staining line between
When seen with the polarizing microscope, the osteoid tissue and calcified bone. Osteoid tissue is lined
collagen fibres of the two zones did not differ in by active osteoblasts. Undecalcified 31 section. Solo-

chrome cyanin stain (x 630).
The collagen fibres in the osteoid tissue had a
lamellar arrangement which appeared identical with between the pink-staining osteoid tissue and the
that of calcified bone tissue. This was apparent in underlying calcified bone. As described by Matrajt
sections stained with connective tissue stains: with and Hioco (1966), it showed very clearly in sections
the polarizing microscope the collagen fibres of the stained with solochrome cyanin, appearing as a dark
osteoid tissue were birefringent, and showed a red or purple line of granular material between the
lamellar arrangement. The Gordon and Sweet orange-staining osteoid tissue and the blue-staining
technique for reticulin fibres failed to give a positive calcified bone (Fig. 3). The calcification front could
reaction in osteoid tissue.
be identified in each of the species studied, although
The periodic acid-Schiff reaction of osteoid tissue it was less distinct in the rat where the layers of
was always negative, while calcified bone gave a osteoid tissue are very thin.
positive reaction. In general, osteoid tissue was
metachromatic when stained with Azure A, but Discussion
where a superficial pale-staining zone could be
identified in a haematoxylin and eosin section this The observations described establish that the
was found to be orthochromatic. The calcified bone presence of osteoid tissue is a normal feature of bone
showed a weak metachromasia.
structure, and are consistent with the view that bone
The calcification front-a line of granular staining formation involves two distinct stages-the elaboat the junction of osteoid tissue and calcified bone- ration of the matrix and its subsequent mineralizawas studied with particular attention. It was par- tion. Widespread covering of the bone surface by a
ticularly conspicuous where the layers of osteoid layer of osteoid tissue of varying thickness was
tissue were thickest. With haematoxylin and eosin, observed in each of the species studied, although the
it appeared as a line of basophilic granular material thickness of the layer of osteoid tissue varied in
structure or arrangement.
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different species. In man, sites of active bone
formation are identified by the presence of a relatively thick layer of osteoid tissue, usually 3-10
microns in thickness. Inactive bone surfaces are
covered by a thinner layer of osteoid tissue, 2
microns or less in thickness. In the rat, the layers of
osteoid tissue are very thin, and they may not be
apparent unless very thin sections are examined.
The failure of some workers to observe osteoid
tissue in the bones of normal rats (Weidenreich,
1923; McLean and Bloom, 1940) could well be due to
this.
At the ordinary microscopic level, osteoid tissue
is devoid of mineral material, and the onset of
calcification appears to be at the calcification front.
This narrow zone between osteoid tissue and
calcified bone reacts intensely with several stains,
including solochrome cyanin, and substances such
as phosphates (Johnson, 1964), zinc (Haumont,
1961), and lipids (Irving, 1963a and b) have been
demonstrated in it. It represents an area of active
mineralization, and is where tetracyclines are
localized during life (Milch, Rall, and Tobie, 1958).
Osteoid tissue has been described as a homogeneous tissue (Weinman and Sicher, 1955),
although the work of Juster, Oligo, and
Laval-Jeantet (1967) has indicated the presence of
a number of zones with different morphological
features. The present observations confirm, to
some extent, a zonal variation in structure, although
the details are not quite the same as those reportedby
the previous workers. A superficial clear zone, consisting mainly of collagen, and a deep more intensely
stainingzone, where apositivemetachromatic reaction
indicates the presence of acid mucopolysaccharides,
is described. This suggests that osteoid tissue undergoes certain chemical changes between its elaboration
by osteoblasts and the onset of calcification. It is to
be noted, however, that the superficial clear zone is
not seen in all osteoid layers, possibly because the
acid mucopolysaccharides, which are responsible for
the more intense staining of the deeper osteoid tissue,
appear very soon after the collagen fibres are formed.
The work described is taken from a thesis submitted
for the PhD degree of the University of London. It
was carried out in the Department of Morbid
Anatomy of the Institute of Orthopaedics, Royal
National Orthopaedic Hospital, London, under the
supervision of Dr H. A. Sissons to whom I owe
grateful thanks.
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