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GENERAL INTRODUCTION

The presence of fundamenlally different conslituents in bone
and the arrangement of the organic and inorganic portions, make
it clear that bone represents a difficult tissue as far as histologic
lechnique is concerned.

Up to recent days, mainly two methods have been availuble
for microscopical study of hard tissues: Sectioning after decalci-
fication or the making of ground sections and ground surfaces.

The first technique involves the removal of the inorguanic salls;
in the second no soft tissues will be recognizable, or at least no
detailed study at the cellular level is feasible.

The shortcomings of these procedures are obvious and gener-
ally recognized. There has always been a desire to investigale lhe
soft and hard lissues in their proper relationship. Some studies
have been carried out with modified paraffin and celloidin lech-
niques by which it was possible to obtain histologic sections of
undecalcified bone. It appeared, however, that this method had
1o be limited to fetal or very young spongious bone.

The methacrylate embedding technique ( Woodraff & Norris,
1955; Yaeger, 1958) seemed 1o provide a more effeclive and reli-
able method for the preparation of undecalcified sections for
microscopical investigation. One of the main purposes of the
present study was, therefore, to claborate this method for the
making of seclions of mature cortical bone which would allow
morphologic and histochemical study of cells and mincralized
intercellular substance of the same specimen.

Most of the knowledge on the formation of mature bone stems
from studies on decalcified material from different parts of the
skelelon. The relatively few reports on osteogenesis, hased on
studies of undecalcified preparations, have been restricted to
observations on embryonic bone tissue or primary and secondary
spongiosa of the epiphyseal region of the extremities.
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A hundred years ago histologists using partly or completely
decalcified long bones, observed that when bone was formed, it
was invariably preceded by an organic matrix, which subsequent-
lv became mineralized (Virchow, 1851; 1853).

More recent works on undecalcified material, however, could
not confirm this detail. This led to the belief that the osteoid
borders found in the diaphyseal region and elsewhere, were
either artefacts (Weidenreich, 1923) or signs of pathologic
conditions (McLean & Bloom, 1940; Bloom, Bloom & McLean,
1941). This, in turn, laid the foundation for the statement that bone
matrix normally was calcifiable and became calcified simultane-
ous with its laying down (McLean & Urist, 1955). There is,
however, evidence for the presence of osteoid at sites of bone
tissue formation even if it is not seen in the light microscope
t Robinson & Cameron, 1956). The same phenomenon oceurs when
dentine is formed. Dentine is always preceded by an organic
malrix, the predentine, which later becomes mineralized. The
width of the predentine has permitted the study of, and given
valuable information about the processes which result in calei-
fied dentine (Irving & Weinmann, 1948, Hals 1953). Similar
processes of tissue differentiation have been postulated to take
place in the osteoid prior to mineralization (Weinmann & Sicher,
1955).

The amount of osteoid varies considerably in different areas
of one and the same skeleton (Erdheim, 1914) as well as in
various species and ages (Lehnert, 1910; Pommer, 1885, 1925).

Knowing that the diaphyses of dog bones normally exhibit a
considerable width of the osleoid (Lehnert, 1910), it was thought
that this tissue would be favorable for the study of the differ-
entiating processes leading to calcified bone tissue.

Studies on the mineralization mechanism itself have almost
without exceptions been performed on calcifying cartilage. Al-
though there exist most likely some common characteristics in
bone and cartilage, and although there may be some common
conditions required for mineralization to take place in any tissue,
it also seems true that there are basic differences as to the
various constituents involved, as well as to the process itsell
tGutman & Yu, 1950) and to the end result (Robinson & Came-
ron, 1957).
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For these reasons, it was decided to take advantage of Lhe
material and the technique already mentioned, and to study the
processes which lead to the formation of mature bone tissue by
the application of conventional methods of investigation to un-
decalcified sections of bone known to have wide osteoid borders.
In order to permit a comparison with the findings recorded in
the literature, the present investigation included sections of hone
treated with the classical fixatives and decalcifying agents.

As will be seen, the present investigation has shown that the
osteoid is a highly differentiating tissue. Three major zones ol
the osteoid are defined. On the basis of the structural appear-
ance of these zones, and their histochemical behavior, the char-
acteristics of the tissue components within the different parts
of the osteoid are described.

In this way it has been possible to disclose some of the dyna-
mic processes taking place in this tissue.

The characteristic structural arrangement of hone tissue, to-
gether with its specific chemical composition and important
physiological activity have been a challenge to researchers for
a long time. The complexity of this tissue, however, calls for
prafound. knowledge in a multitude of sciences.

Against this background it may seem courageous of a morpho-
logist to forward a concept on the formation of bone tissue. On
the other hand, the new morphologic and histochemical findings,
made possible by the choice of material and techniques, claim
1o be worked into already existing hypotheses on the processes
involved in hone tissue formation.



EARLIER INVESTIGATIONS

CHAPTER I - BONE TISSUE

Bone is a specialized type of connective tissue which owes its
characteristics to its structural arrangement and chemsical com-
position. As any other living tissue, bone consists of cells and
intercellular substance. The cells, known as the osteocytes, in
mature lamellated bone extend numerous branching processes
in all directions and planes, whereby processes from one cell fuse
with those of the cells in the neighborhood. The most super-
ficial osteocytes, in addition, communicate with cells on the sur-
face of bone by these means. A syncytium thereby exists between
the cells themselves, and a communication is established between
the cells und the tissues surrounding the bone. The osteocytes,
or better the osteocytium is enclosed in the calcified intercellular
substance. Whether the processes actually fill the entire length
and lumen of the canaliculi in mature bone appears not to be clear
(Ham, 1953). There seems to be no doubt, however, that the
cellular arrangement constitutes part of the nutritional path-
ways in bone tissue, and as such is of importance in the main-
tenance of the vitality of the tissue.

Except for the narrow portion bordering upon the osteocytes
(the osteocytic capsule), and structures like cementing lines
(Weinmann & Sicher, 1955), the composition of all of the calcified
intercellular substance has bheen considered basically identical.

Varying somewhat with the type and maturation (dmprino &
Engstrém, 1952; Weinmann & Sicher, 1955) bone tissue contains
by weight about 70 per cent inorganic matter, 20 per cent organic
structures and 10 per cent water (Eastoe & Eastoe, 1954).

More than 90 per cent of the organic component are collagen
fibers (Rogers, Weidmann & Parkinson, 1952); also varying in
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amount, thickness and arrangement according to age and func-
lion of the bone tissue in question (Weininann & Sicher, 1955).

In mature bone, however, be it lamellated or bundle bone, the
fibers always display a definite pattern of organization. This
arrangement may sometimes, e.g., in the Hawversian system, be
very subtile and specific (Schmidt, 1938, Lacroix, 1951).

Most of the studies on collagen have been performed on col-
lagen from other tissues (Wasserman, 1951; Gustavson, 1956;
Bear, 1956) but enough information seemed to be at hand to
assume that bone collagen has essentially the same characteri-
stics and properties as coliagen of other connective tissues (Neu-
man, 1949, Eastoe, 1955).

Structurally, collagen of bone has been characterized on a
microscopic level by the organization in fibers or fiber bundles.
These fibers were found by electron microscopy to be composed
of fibrils wilh an average diameter between 50 to 100 & (Robinson
& Watson, 1953; Jackson & Randall, 1956). Robinson & Wualson
(1953) noticed a considerable increase of the diameter of the
fibrils trom childhood to old age.

Electron micrographs of the fibers of hone revealed cross-
banding with axial repeating periods of approximately 640 A,
which corresponded to what was found in other collagen. It has
been suggested that there exists a relationship between these
cross-bands and the internal arrangement of the collagen mole-
cule (Bear, 1952).

Chemically, collagen is a protein or a group of proteins, huilt
up from polypeptide chains arranged in parallel and charac-
lerized by its content of certain amino acids (Neuman, 1949).

Between the fibrous structures of bone is found a variable
amount of interfibrillar substance and fluid, probably fundamen-
tally very much like fluids of other tissues (Gersh, 1952). From
isotope studies (Bélanger, 1954; Amprino, 1956) it appeared
evident that the extracellular fluid must be in close relationship
{o lhe so-called ground substance. In fact, the statemenl has
been put forward that the tissue fluid and the ground substance
ure "co-extensive and homogeneous, interconnected throughout”
(MeLean & Urist, 1955).

Based on results obtained by chemical assays, this interfibril-
lary phase of bone has been found to consist of @ mucopoly-
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saccharide-protein complex (Masamune et al., 1950). Rogers
(1951) estimated the amount of polysaccharides to be about 0.5
% of the organic material in cortial bone.

Meyer, Davidson, Linker & Hoffman (1956) reported the carbo-
hydrate component of mature ox bone powder after decalcifica-
fion lo consist mainly of chondroitin sulphates, and a much
smaller amount of hyaluronic acid and kerato-sulphate, Dische,
Danilezenko & Zelmenis (1958) decalcified femur shafls from
‘alves and steers in EDTA. Besides an acid mucopolysaccha-
ride fraction they found a complex of neutral polysaccharides.
Although the same components might be found in various other
hody lissues, the amount and the ratio of the components may
he specific for bone (K. Meyer, 1956).

The presence of sulphated carbohydrates has been confirmed
by isolope studies revealing incorporation of radiosulphur in the
organic matrix (Dzietwiatkowski, 1949, 1951; Bélanger, 1954,
Engfeldt & Hjertqunist, 1954; Amprino, 1956).

Rogers, Weidmann & Parkinson (1951) and Easloe & Eastoe
(1954) reported of a resistant protein” in bone which they
could not dissolve by decalcification and autoclaving. The signifi-
sance of this protein in bone tissue is not quite clear.

Highly polymerized carbohydrates have been demonstraled in
the inlercellular substance of normal and pathologic bone by
histochemical means (Cobb, 1949; Heller-Steinberg, 1951; Engel,
1952; Yaeger, 1958). Using periodic acid-Schiff technique, they
all reporled results which substantiated the statements that the
degree ol polymerization of the mucopolysaccharides was propor-
lionale 1o the degree of calcification.

Sylvén (1947) observed that in undecalceified sections, the calci-
fied portions of bone did not show metachromasia. Levine, Rubin,
Follis & Howard (1949), however, demonstrated the presence of
melachromatic material evenly distributed in bone, provided the
seclions were decalcified before staining. Incubation of caleified
lissues with collagenase, trypsin or hyaluronidase prior to stain-
ing with periodic acid-Schiff (Burstone, 1952) or toluidine blue
t Wislocki & Sognnaes, 1950), did not appreciably change their
staining qualities.

The inorganic bone salts appear to consist of a crystalline
caleiumphosphate complex and a non-erystalline component in
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the form of calcium carbonate. In addition, smaller amounts of
various ions may be present (McLean & Urist, 1955).

X-ray diffraction studies have revealed that the main arrange-
ment of the crystalline structure may be close to that of a hy-
droxyapatite, and that this most likely is surrounded by a non-
crystalline shell of varying composition (Carlstrom, 1955).

Whether the shape of the crystals is that of platelets (Robinson
& Cameron, 1956), rods (Carlstrém & Engstrém, 1956) or need-
les (Sognnaes, 1955) does not seem to be fully clarified. Possibly
all these forms are found, and the apparent discrepancies are
dependent on the area of the tissue from which the specimens
are taken (Sognnaes, 1958).

Polarization optical analysis of bone tissue (Schmidi, 1938)
has shown that the bone salts exist as negative uniaxial crystal-
lites which are elongated along their optical axes, and arranged
parallel to the lime-embedded fibers. In untreated condition the
positive birefringence of bone is largely due to the collagen fibres
which overcompensate the much weaker negative birefringence
of bone salts.

Also x-ray diffraction (Carlstrém & Finean, 1954; Wallgren,
1957) and electron microscopy (Robinson & Waison, 1953; Jack-
sen, 1957) revealed an intimate relationship and a definite orien-
lation between the organic fibrillar structure and the mineral
crystals. Robinson & Watson (1953) observed the crystals to be
situated within as well as on or very near the surface of the
collagen fibrils. This finding was later confirmed by Sheldormr &
Robinson (1957) and Jackson (1958). In vitro studies by Glim-
cher, Hodge & Schmitt (1957) seemed to corroborate the state-
ments ahout the interconnection between collagen and bone mine-
ral.

Most workers, however, seem to believe in the mucopolysac-
charide-protein complexes as a cementing substance of some sort.
Whether these substances, however, are solely cementing the
fibrils and fibers together (Partridge, 1948), or the mucoprote-
ins act as a calcium binding matrix (Levine & Schubert, 1952;
Yaeger, 1958), or a collagen-polysaccharide-protein complex is
necessary for molecular interconnection hetween hone matrix and
bone salts (Neuman et al.,, 1952), does not seem to he clearly
understood.



CHAPTER Il - BONE TISSUE FORMATION

Introduction

As seen from the preceding chapter, bone tissue consists of
cells, organic matrix and minerals. The problems, therefore,
involved in the understanding of osteogenesis are the origin of
the bone cells, the production and organization of the matrix,
and finally the mechanism of deposition of mineral salts in this
matrix.

The process of bone formation seems to be essentially similar
whenever and wherever it occurs (Weinmann & Sicher, 1955),
in fetal or post-fetal life (Gardner, 1956). Any distinction be-
tween endochondral and intra-membraneous formation of bone
will consequently refer to the tissues which are to be replaced,
rather than to the actual process of bone formation. Bone tissue
is always laid down in loose connective tissue, in which the
organic elements required in osteogenesis are qualitatively pre-
sent. Minerals are normally available at adequate rates in the
environmental tissue fluid through the blood supply.

Although ectopic calcifications have been known to take place
in the absence of any specific cellular activity (McLean & Bloom,
1940) it seems generally accepted that the cells related to the
formation of bone are the osteoblasts (Pritchard, 1956). The
location of these cells indicates their relationship to the process
in general, and their morphology and cytochemistry have given
evidence for specific functions (Heller-Steinberg, 1951; Pritchard,
1952; Jackson & Randall, 1956). These studies revealed that the
main function of the osteoblasts would be the production of
fibers and interfibrillar substance.

Since these functions are characteristic of many cells of mes-
enchymal origin (Wassermann, 1951), the most important role
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played by the osteoblasts --- which also would justify their name
— must be to organize the organic elements and confer the calci-
fiability upon this tissue. The details concerning thesc abilities
of the cells seem, however, still to be a matter of conjecture.

Most osteoblasts, eventually, are embedded in the bone matrix
and hecome osteocytes. The cells lining the bone surface where
no bone apposition occurs, are called resting osteoblasts (Pril-
chard, 1956).

Presence of Osteoid as a Stage in Osteogenesis

Virchow (1851, 1853) was probably the first to deseribe (he
organic precursor of bhone. From his studies on shell fish and
human bhone, he was able to show the existence of "an osteoid
conneclive lissue” which, he felt, became ossified by simple de-
position of calcium salts. He also applied the name "osteoid” to
this tissue.

Pommer (1885, 1925) using partly decalcified sections con-
firmed the ohservations of Virchow, and furthermore observed
that osteoid did occur not only in growing individuals, but that
this tissue also was encountered in adults.

From his study of the formation of the mandible, Schaffer
1 1888) described “eine weiche, zellenlose und anscheinend homo-
genc Masse”, that he thought would change inlo a fibrillar struc-
ture, in which calcification finally would occur. Stoltzner (1902)
also believed that osteoid was a representative stage in osteo-
genesis, that would last “as long as the bone forming cells kept
their osteoblastic character”.

Whereas the authors mentioned invariably used decalcified
material, Wieland (1909) examined undecalcified celloidin sec-
tions of embryonic and very young bone. He found, as other
researchers had done, that osteoid was regularly present and
easily distinguished from the calcified bone as well as from the
osteoblasts. Wieland applied the term “physiological osteoid”,
thereby stressing the normality of its occurrence.

In a thorough study of growing and adult normal and rachitic
rats, Erdheim (1914) showed that osteoid was present both in
growing and adult normal animals, as well as in rachitic ones,
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but that the width of the osteoid might differ in the various
parts of the skeleton. He was generally unable to find osteoid
on primary spongiosa. In the secondary spongiosa the amount
of osteoid was scarce. The diaphyseal bone always showed
osteoid of considerable width.

Weidenreich (1923), on the other hand, denied the presence
of any osteoid in the normal process of hone formation. He cha-
racterized the findings of the above mentioned authors as arte-
facts produced by faulty techniques.

From his point of view, there was no definite difference he-
tween calcification and true bone formation, as both processes
merely involved the deposition of calcium in a ground substance.
If bone were formed in the presence of osteoblasts, he believed,
these cells formed the fibrous matrix and secreted the calcium
salts simultaneously. Watt (1928) studying the development of
bone in embryos, corroborated the statements of Weidenreich on
the absence of osteoid and the rdle of the osteoblasts as hone-
secreting” cells.

McLean & Bloom (1940) and Bloom, Bloom & McLean (1941)
supported the view that the matrix was normally calcified simul-
taneously with its deposition, or at least so soon thereafter that
no intermediate stage in the form of osteoid could be recognized.
The study was made on undecalcified sections of bones of rats,
puppies and kittens. In agreement with observations made by Erd-
heim (1914) they were unable to find osteoid borders on primary
spongiosa. Neither did the secondary spongiosa usually have
osteoid. In the shaft, however, they commonly observed osteoid
lining in the growing Haversian systems. On the basis of these
observations they made the statement that osteoid was not a
necessary stage in the process of bone formation, and that when
osteoid occurred, this might have been due to deficient local sup-
ply of bone minerals. Work along the same line on embryonic
rats by Bloom & Bloom (194¢) revealed that although osteoid
was present at the very beginning of the formation of bone
trabeculae in the connective tissue, further growth occurred with-
out the presence of osteoid.

In examining bone from pigeons during the egg-laying cycle,
Btoom, Bloom & McLean (1941) noticed that during the pre-
ovulatory formation of new bone — when the bone formation is
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rapid — the bone newly laid down just opposite the osteoblasts
was not densely calcified as revealed by the von Kossa technique.
On the other hand, true osteoid was not seen.

Follis & Jackson (1943) also stated from studies on human
bone that the presence of osteoid ”in any quantity” indicated
disturbances in the deposition of bone salts.

Microradiographs compared with decalcified histologic sections,
however, confirmed the observations of earlier investigators that
osteoid was present as a stage in osteogenesis and, moreover, that
the osteoid was uniformly uncalcified (P. G. Meyer, 1956). The
translucence of this tissue to ”soft” x-rays was also evident from
pictures published by Vincent (1955) and Lacroix (1956). The
latter authors demonstrated a zone surrounding the osteoid that
definitely showed a lesser degree of calcification than older bone.

Examination in the fluorescence microscope showed that cal-
cified bone has a primary fluorescence, whereas osteoid has not
(Hals, 1953).

Robinson & Cameron (1956) investigated the formation of bone
at the epiphyseal line in the electron microscope. These authors
found a zone of uncalcified tissue between the osteoblasts and
the calcified bone. The completely uncalcified zone usually ex-
hibited a width of less than 1.5 microns, whereas the region of
mineralization seemed to be an additional 2 to 3 microns wide.
In a more recent paper (1958) the same authors report the width
of osteoid in the epiphysis to vary between 500 A and 2 microns.

Without giving any measurements of the width of the osteoid,
Jackson & Randall (1956) concluded from similar work that
“considerable amounts of osseous organic matrix are formed
before the process of mineralization occurred”. It is clear, how-
cever, that the measurements given by Robinson & Cameron (1956,
1958) corresponded to the figures given by Erdheim (1914) for
the epiphyseal region (below 1 micron).

Measurements from various regions of bones (Pommer, 1885;
Wieland, 1909; Erdheim, 1914) have disclosed that the thick-
ness of normal osteoid varies greatly with the locations in one
and the same individual, as well as with the developmental
stages and species. Thus, Lehnert (1910) found that osteoid in
the diaphyses of the long bones of normal dogs, would make one
think of rachitis if it occurred in human beings.
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Morphology and Histochemistry of the Osteoid

Generally, osteoid has been described as a zone of uncalcified
tissue (Vincent, 1955; Lacroix, 1956; P. C. Meyer, 1956), whereas
the organic matter was either a homogeneous (Pommer, 1925) or
hyaline ( Weinmann & Sicher, 1955) or edematous material (Prit-
chard, 1952) that would change into a fibrillar mass before calci-
fication.

The demarcation line between the osteoid and the bone matrix
was found to be sharp, but irregular. In hematoxylin-eosin stained
sections this boundary was recognized because of a fine, granular,
basophilic deposit, in contrast to the bulk of the osteoid which
normally was eosinophilic or unstained (P. €. Meyer, 1956).

Collagen

From his demineralized sections P. C. Meyer (1956) showed
that the osteoid stained more intensely with Mallory’s connective
tissue stain than the rest of the bone. However, when viewed in
polarized light, it displayed the same appearance as the calcified
lamellae.

Observations in the electron microscope from embryonic bone
{Jackson & Randall, 1956) or from the epiphyseal region (Robin-
son & Cameron, 1956) did not seem to disclose any characteristic
features of the organic precursor of bone that would distinguish
the latter from connective tissue fibers and interfibrillary sub-
stance. It should be mentioned, though, that P. C. Meyer (1956)
found fine radial striations to be present in the osteoid when
examining ground sections from dog bone. This phenomenon he
could not observe in human material.

Mucopolysaccharides

Sylvén (1947) studied sites of mineralization in cartilage of
young rats. He was able to show that the cartilage lost ils meta-
chromatic malerial prior to calcification. This observation led
him to the conclusion that calcified bone was free of ester sul-

23 — Acta odont. scand. Vol. 17
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phates. The same phenomenon was noticed by Wislocki, Singer &
Waldo (1948) in their study of dentinogenesis.

Levine, Rubin & Howard (1950), on the other hand, observed
that when sections of rat costal cartilage and bone were subjected
to toluidine blue and periodic acid-Schiff reagents, a marked in-
crease in intensity of these two staining reactions occurred in the
zone of transition from the noncalcified to the calcified part of
the matrix. This, they believed, was indicative of a change either
in the state or in the concentration of the acid mucopoly-
saccharides, coincident with the onset of calcification.

Bevelander & Johnson (1950), studying the development of
the head in pig embryos, found that the periodic acid-Schiff
positive material was confined to osteogenic fibers from the
beginning, and later on became generally distributed throughout
the osteoid.

Vincent (1955) and Lacroir (1956) reported that osteoid was
periodic acid-Schiff positive, but orthochromatic, while the newly
calcified bone surrounding the osteoid was metachromatic.

Pritchard (1952) in his work on developing bone in rat fetuses
found that newly deposited osteoid next to the osteoblasts stained
metachromatically and reacted positively to periodic acid-Schiff.

Heller-Steinberg (1951) observed the periodic acid-Schiff re-
action in osteoid to be weaker than in the rest of the bone. She
also noticed metachromatic material in the osteoid, but it appear-
ed that the area of metachromasia did not always coincide with
the osteoid, as measured in sections stained with silver nitrate.

Leblond et al. (1950) stated that the osteoid sometimes did
not contain any polysaccharides. Similar findings were made
by Fawns & Laundells (1953) in a comprehensive study of
human knee joints. They stated that osteoid consisted of collagen
only. P. C. Meyer (1956) was likewise unable to discover either
periodic acid-Schiff positive material, or metachromasia in the
osteoid.

In summary, although the results from the studies mentioned
seemed to be somewhat controversial, it is apparent from the
majority of works on the subject, that acid mucopolysaccharides,
presumably in the form of chondroitin sulphates are present in
osteoid tissue.
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The Isoelectric Point

Stained with buffer solutions of acridine orange prior to exami-
nation in fluorescent light, the osteoid showed no "concentration
effect”. A certain secondary fluorescence, a fresh-green color
occurred, however, above pH 4.5 (Hals, 1953). Using acidometric
methylene blue solutions, Hals also observed that at and above
pH 4.5 the osteoid displayed metachromasia. The blue remained
fairly unchanged at the neutral point and in the alkaline range.
By means of these two basically different methods Hals was able
to show that the isoelectric point of osteoid of alveolar bone was
approximately pH 4.5.

Alkaline Phosphatase

Much attention has been paid to the possible connection be-
tween the alkaline phosphatase and the process of bone tissue
formation since Robison (1923) on the basis of chemical studies
discussed a possible significance of the enzyme in the calcifica-
tion mechanism.

Freeman & McLean (1941) seemed to have been the first ones
to apply the classical Gomori method (1939) for the visualization
of phosphatase activity in undecalcified sections of bone.

Since that time a number of authors have studied the distri-
bution of phosphatase in undecalcified sections of embryonic
bone (Gomori, 1942; Bevelander & Johnson, 1950; Pritchard,
1952). Normal and pathologic bone tissue was studied by the
same technique by Freeman & McLean (1941), Bourne (1943,
1948) and by Follis & Berthrong (1949). Tooth structures were
investigated by Engel & Furuta (1942) and Wislocki & Sognnaes
(1950).

The problem of distinguishing between the preformed phos-
phate in undecalcified bone and the phosphate liberated from
the substrate by enzymatic activity evidently made difficult an
interpretation of the findings, and thereby, an understanding of
the specific location of phosphatase.

With the knowledge of the sensitivity of the enzyme towards
acids (Robinson, 1923 and Gomori, 1939), Bourne (1948) decalci-
fied the specimens en bloc after staining of sites of enzyme
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aclivity. Although this procedure might have diminished Lhe
difficulties in cutting sections, it certainly did not conlribule
toward a more adequate method for the exact localization of the
enzyme.

Seemingly more reliable results were obtained with Loreh’s
(1947) and Greep, Fischer & Morse’s (1948) methods for the
decalcification of bone before the histochemical test. Similar
procedures were used by Zorzoli (1948), Majno & Rouiller (1951)
and by Siffert (1951). The essence of the techniques of Lorch and
of Greep et al. was that they utilized acid decalcifying solutions
buffered to pH 4.5—5.0, whereafter the enzyme was reactivaled
in alkaline solutions at a pH about 9.

The results of the investigations of undecalcified bone men-
tioned above, and the reports of the findings after decalcification
of embryonic rat bone (Zorzoli, 1948), young rat bone (Lorch,
1947; Greep et al., 1948), and animal and human bone (Majno &
Rouiller, 1951; Siffert, 1951) may be summarized as follows:

Phosphatase activity was found in the periosteum and in
Haversian canals, as well as on the surface of spongious bone.
The presence of phosphatase in these tissues appeared to be con-
fined to osteogenic cells and fibers and to vascular elements.
Phosphatase activity was absent from the osteoid itself but
seemed to occur on the surface of the latter as well as of bone
spicules.

Bevelander & Johnson (1951) reported positively reacting
matter in the osteoid. A decrease and final loss of phosphatase
activity seemed to occur toward the zone of calcification.

Majno & Rouiller (1951) on the other hand, contended that
cxhibition of positive enzymatic activity outside the osteoblaslic
layer was caused by diffusion phenomena. Lorch (1947) occasion-
ally observed patches of positively stained material in the decalci-
fied bone matrix. This she interpreted as being remnants of
cartilage trapped in bone. It should be mentioned also that Wis-
locki & Sognnaes (1950) were unable to corroborate the findings
of Engel & Furuta (1942) and Gomori (1943) thal odontoblasts
were devoid of phosphatase activity. In other words, they showed
that the cells concerned in dentinogenesis displayed the same
properties, with regard to alkaline phosphatase, as did the osteo-
blasts (Pritchard, 1952).
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On the whole, it may be concluded that the distribulion of the
enzyme suggested some relationship between alkaline phos-
phatase and calcified tissues. This relation will be considered
in greater detail in the following section.

Mechanism of Mineralization

Réle of Alkaline Phosphatase

Alkaline phosphatase has been considered with great inferest
since Robison (1923) suggested this enzyme as the specific
mineralization enzyme (see Bourne, 1956). Its action was thought
to be that of hydrolyzing monophosphates, thereby increasing the
concentration of phosphate ions in areas of bone tissue formation
and of calcification of cartilage. This specific role of the enzyme
in mineralization was, however, not concidered tenable, because
caleification would occur in the presence of inorganic phosphorus
(Shiply, Kramer & Howard, 1926). Later evidence indicating
the lack of suitable substrate for the enzyme (Roche, 1950) and
the improbability that formation of complex structures like the
hone salts could take place by simple precipitation (Neuman &
Neuman, 1958) have weakened the belief in the specific action of
alkaline phosphatase in this regard. In fact, Robison & Rosenheim
(1934) had searched for a second mechanism which together
with phosphatase would account for the selective deposition of
inorganic salts in areas of tissue calcification. Robison evidently
believed that this second mechanism would also be enzymatic
in nature, its main contribution being to provide the necessary
amount of organic monophosphates.

In 1941 Gutman & Gutman demonstrated the presence of a
phosphorylasing enzyme in cartilage which, together with the
available glycogen (Harris, 1932) theoretically would give the
substrate needed. The phosphate ions thus released were be-
lieved to become temporarily fixed on the pre-osseous matrix
( Roche & Mourge, 1945) and later in presence of calcium ions to
be precipitated as caleinvm-phosphate.

It should be remebered, as aptly stated by Guiman & Yu
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(1950) that calcification of cartilage and the enzymatic processes
involved might have but little application to the fundamental
process of the mineralization of bone. The enzymes may have
other functions than to initiate the calcification of cartilage. Thus,
Eeg-Larsen (1958) contented that the glycolysis in cartilage was
entirely related to the proliferative processes and intracellular
metabolism, rather than to mineralization.

Finally, Waldman (1948) showed that slices of hone would
caleify in vitro after inactivation of enzymes. This indicated that
the ”second mechanism” or “the local factor” (McLean & Urist,
1955), might have been so stable that it resisted the inactivation
processes and made calcification possible in the absence of en-
zvmes (McLean, 1950).

Although the role played by alkaline phosphatase appeared
to be inconspicuous in the case of mineralization, it still might
be of importance in the formation of the organic matrix of bone.

It was apparent that there does exist a relationship between
fiber formation and alkaline phosphatase in soft tissue (Danielli,
1945). In accordance with this, Follis (1952) observed that phos-
phatase was absent in scurvy where fibrogenesis failed. During
healing, fine argyrophilic fibers appeared in the vicinity of the
osteoblasts. These fibers gave positive reaction for alkaline phos-
phatase.

Due to the general skepticism as to the specificity of the
enzyme, together with the lack of evidence of any direct connec-
tion with the calcification process, alkaline phosphatase scemed
to have been pushed in the hackground in the effort to find the
“local factor” of mineralization. From time to time, and especial-
Iy on the basis of histochemical findings, speculations occur as to
the significance of alkaline phosphatase in the mineralization
process (Gomori, 1945; Sylvén, 1947; Lorch, 1947, 1949a, 1949h;
Pritchard, 1952).

Role of Mucopolysaccharides and Collagen

During the last decade the search for the local mechanism
that would cause the selective deposition of inorganic calcium
salts in the pre-osseous matrix, has been concentrated more on
the chemical and physical properties of the osteogenic fibers
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and their interfibrillary substance. Also Robison (1923) did not
exclude that "the second mechanism” was hidden in these sub-
stances.

After their finding of an increased metachromatic reaction in
areas about to calcify, Rubin & Howard (1950) suggested that
this indicated either the formation of a new mucopolysaccharide,
or a change in that already present, and that these changes re-
presented the introduction of the local mechanism of mineraliza-
tion into the bone matrix.

Cobb (1949), from her study of the periodic acid-Schiff reaction
in epiphyseal tissues, believed that the increasing degree of
polymerization of the mucopolysaccharides would increase the
concentration of the calcium binding units. This idea was further
elaborated by Engel (1958), who was of the opinion that the
colloids of bone by virtue of the state of aggregation, possess a
high density of negative charge. Due to this negative charge, bone
matrix would attract and accumulate positively charged sub-
stances, thereby producing a calcium-protein complex.

Sobel (1952), studying the calcification of cartilage in vitro,
found that a compound like chondroitin sulphate might well be
the specific target for calcium salts during calcification. This
author later (1955) appeared to favor the idea of Neuman et al.
(1952), viz. that although chondroitin sulphate most likely played
an important part in the calcification, the latter authors ap-
parently did not consider chondroitin sulphate per se a vital fac-
tor, but suggested the importance of a chondroitin sulphate-
protein complex that would contribute to the local mechanism.

Sylvén (1947) found that metachromasia disappeared in the
vicinity of the osteoblasts. Consequently, he took up the idea put
forward by Hass (1943) that the absence of mucopolysaccharides
was a prerequisite for calcification.

This concept was further supported by Glimcher, Hodge &
Schmitt (1957) who after experiments in vitro proposed a phy-
sico-chemical mechanism for calcification involving the state
of aggregation of collagen macro-molecules. These authors, like
Hass, suggested that non-collageneous components in the ground
substance were responsible for the “inhibition and control of
calcification™,
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CHAPTER 111 - MATERIAL AND METHODS

Material

The present study is based on invesligations of bone from
radius, tibia and metacarpals of five normal dogs between four
and twelve months of age. The animals were all fed an adequate
stock diet for several weeks before being killed. After intrave-
nous injection of nembutal, the pieces of bone were removed
while the animals were still alive. After amputation, the bhones
were cut transversely in small pieces. When the diameter was
small enough (approximately 10 mm), no further division was
made. In case of greater diametrical dimensions, the pieces of
bone were also split longitudinally.

Methods

Fixation

In all instances the specimens were fixed within one or two
minutes after amputation.

10 per cent fresh formalin was neutralized according o a
formula given by Langeland (1957). The specimens were fixed
for 48 hours at room temperature, after which they were washed
in running water overnight. Other pieces from the same bone
were exposed to Zenker’s fluid, where the acetic acid had been
added shortly before use. The specimens were fixed in Zenker's
fluid for 15 hours, and subsequently washed overnight.

Picces of the same bones were immersed into isopentane
chilled in liquid nitrogen for freezing (—150°C) and thereafter
dehydraled in vacuo at —30°C. The dehydrated material was
posi-fixed in acelone before embedding,
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MATERIAL AND METHODS

MATERIAL CORTICAL DOG BONE
METHODS FREEZE - DRYING
FIXATION 10% FORMALIN ZENKER's FLUID ACETONE
DECALCIFICATION UNDECALCIFIED
E.D.T.A. | Nitric Acid
Sod.Citrate

Formn,; Acid
EMBEDDING PARAFFIN METHACRYLATE METHACRYLATE
SECTIONING
METHODS OF
INVESTIGATION

STAINING METHODS PHYSICAL METHODS  ALKALINE PHOSPHATASE

HEMATOXYLIN - EQSIN PHASE CONTRAST MICROSCOPY  GOMORI's METHOD
POLARIZATION MICROSCOPY AZ0 DYE TECHNIQUE

Fibers : MICRORADIOGRAPHY

MALLORY's COLLAGEN STAIN FLUDRESCENCE MICROSCOPY

VAN GIESON's COLLAGEN STAIN Primary Fluorescence

WILDER's PRECOLLAGEN STAIN Secondary Fluorescence

Bone salt :

VON KOSSA's SILVER TECHNIQUE

ALIZARIN S.

Mucapolysaccharides :
PERIODIC ACID - SCHIFF
TOLUIDINE BLUE

Texifig. 1. A diagrammatic summary of the material and the methods used in
this investigation.
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Undecalcified Sections

Embedding

The embedding medium for undecalcified bone consisted of
equal parts of poly-methyl and poly-butyl methacrylate, or equal
parts of poly-ethyl and poly-butyl methacrylate. The stock solu-
lions were freed from the inhibitor (hydroquinon) hy washing
in three changes of five per cent sodium hydroxide, followed by
washing three times in distilled water. The remaining water was
removed with calcium chloride over night. After filtration, the
monomer was accellerated (catalyzed) by adding 0.5 per cent
Luperco (50 per cent peroxide in dibutyl phtalate). Accellerated
monomer was kept in the refrigerator until used.

Formalin and Zenker fixed material was dehydrated in ascend-
ing aleohols, and allowed to stay in anhydrous acetone over
night. Frozen-dried bone was immersed directly into acetone and
kept there for an equal period. Infiltration of monomer into the
lissues was facilitated by making the infilirate a mixture of
monomer and acetone, starting with 756 per cent acetone. The
acetone content of the fluid was daily reduced by 25 per cent.
Finally, the specimens stayed in pure monomer for 24--28 hours.

The infiltrates were changed daily and adequate amounts
were provided. The infiltration process was run at room tempe-
rature, except in case of the frozen-dried specimens which were
kept at 4°C.

Embedding syrup was made by letting accellerated monomer
start to polymerize in an incubator at 60—70°C. The process was
discontinued at the stage at which the polymer was viscous and
would allow air bubbles to move to the surface when the flask
was turned up-side down. At this point, the partly polymerized
polymer was chilled and the flask returned to the refrigerator
in order to avoid further polymerization.

Each piece of bone was placed in a small square bottle and
covered with the syrup. Before incubation, negative pressurc
wias used to remove the air from the specimen. The final poly-
nierization and embedding took place in a water bath at a temper-
ature of 40°C. Immersion of a maximum temperature thermo-
meter into this methacrylate syrup (Yaeger, 1958), showed that
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the maximum temperature within the block during polymeriza-
tion, did not exceed 45°C.

Polymerization was completed over night. The blocks, freed
by destruction of the bottles, were trimmed so that only a narrow
shell of methacrylate surrounded the specimens. The embedded
material was kept at 4°C during storage.

Sectioning

All undecalcified sections used in the present study were cut
from methacrylate embedded bone on a metallurgic microtome,
R. Jung, mode! K. Among the knives of the standard equipment,
Knife No. 1 was found to be of little use in cutting sections of
mature cortical bone. Knives Nos. 2, 3 and 4, however, gave
cqually good results. The angle in the horizontal plane between
the specimens and the blade of the knife did not seem to be
critical.

Cross-sections of diaphyseal cortical bone were cut at 4 microns.
However, as a routine and when serial sections were wanted,
sections were usually cut at 6 microns. In order to avoid folding
of the sections, pieces of thin paper, (lens or cigarette paper) were
glued to the cutting surface of the block with a water soluble
glue. This proved to give the necessary support to the section
during the passage of the knife through the block. The free end
of the paper was held between two fingers of the one hand, while
the other operated the microtome.

The knife blade was constantly kept moist with 70 per cent
alcohol, a fact which also assisted in keeping the sections from
folding during the cutting.

After cutting, the paper-backed sections was transferred to a
slide with the section against the glass surface. A few drops of
water served to dissolve the glue, whereafter the paper was re-
moved. The section was subsequently kept on the slide while
carried through alcohols of increasing strength to acetone in
order to remove the embedding material. Usually, the sections
were allowed to stay in acetone over night. Sections that were
stained already after two hours in acetone did not exhibit any
trace of undissolved methacrylate.

Except for the obvious necessity of having a heavy-duty micro-
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tome and a firm connection between the specimens itself and the
specimen holder, in this case the methacrylate block, the pre-
requisites for a successful cutting of undecalcified sections of
corlical bone seemed to be the support of the section during the
moment of cutting, and a slow, even passage of the knife through
the specimen,

Apparently, material fixed in Zenker's fluid was easier to cut.
Nevertheless, the resulting sections seemed to be inferior fo
formalin and frozen-dried sections. It appeared as if the inhomo-
geneous consistency of these preparations might have hindered
the knife from passing evenly through the hone.

Greater difficulties were encountered in trying lo keep the
seclions on the slides during the slaining processes. LEvidenlly,
the fact that the sections had to be kept moist all the time, to
prevent breaking and curling up, did not permit the egg-albumin
or gelalin solutions to display their adhesive ualities. A pro-
leeting collodium film was also tried. It appeared, however,
impossible to obtain the same thickness of this cover on {wo
different slides. It was realized that this difference would in-
fluence the staining ability of the sections and consequently
make comparative studies impossible. The undecalcified sections,
therefore, were carried one by one through the different staining
solulions with «a special section lifter, and thereafter mounted
on slides.

Decalcified Sections

Some of the formalin fixed malerial was demineralized in
ample amounts of the following demineralizing agents:

(a) Five per cent solution of nitric acid in water, for 48 hours.

(b) 45 per cent formic acid and 20 per cent sodium citrate in
distilled water, according to Morse (1945). The pH of
this solution was found to be 2.5. Demineralization was
completed after seven days.

{c) Saturated solution of the di-sodium salt of ethylene di-
amine tetra-acelate, buffered with sodium hydroxide to
pH 7.2. The tissue was suspended at a distance from the
hottom of the jar and exposed to this fluid for three weeks
(Nikiforuk & Sreebny, 1953).
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The decalcification was controlled radiographically.

Demineralization took place at room temperature. After proper
washing, the decalcified specimens were dehydrated in increasing
strengths of alcohol at room temperature, and embedded in pa-
raffin according to the usual procedure.

Methods of Investigation

Staining Methods

Both undecalcified and decalcified cross-sections of diaphyseal
cortical bone were stained for the following purposes:

The general morphology was brought out by staining in alun
hematoxylin-eosin.

Fibers were demonstrated by Mallory’s aniline blue phospho-
tungstic acid stain, and van Gieson’s picric acid—acid fuchsin,
counterstained with iron hematoxylin. Wilder’s and Gomori’s
ammoniacal silver techniques were also regularly used (Mallory,
1942).

Carbohydrates were demonstrated with the Schiff reagent
subsequent to the application of periodic acid (Hotchkiss, 1948).
Reducing rinse was used in all instances. Treatment of the
sections with diastase prior to staining served to distinguish
other polysaccharides from glycogen. Sections were also subjected
to the Schiff reagent without preceding oxidation, in order to
check whether positive reaction occurred after oxidation only.
In addition, acid mucopolysaccharides were identified by staining
with aqueous solutions of toluidine blue (National Aniline Divi-
sion). Concentrations from 0.00001 per cent to 0.5 per cent
toluidine blue were used for varying periods of staining. After
staining and washing in water the sections were dehydrated in
70 per cent alcohol for one minute, followed by two changes of
absolute alcohol, each for 2% minutes.

Inorganic Mineral Salts. Sections from specimens fixed in Zen-
ker's fluid and undecalcified sections from formalin fixed and
frozen-dried material, were stained according to von Kossa’s
silver technique (1910) for inorganic salts.

For the same purpose an unbuffered 0.01 per cent solution
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of sodium alizarin sulphonate in water (McGee-Russell, 1958)
was applied to the sections for 2.5 and 10 minutes.

Alkaline Phosphatase. Sections of frozen-dried specimens were
tested for alkaline phosphatase activity according to the tech-
nique of Gomori (1939). Incubation with glycerophosphate (pH
9.2) at 37°C lasted for one, three, and five minutes. Control
sections were treated with iodine-potassium iodide solution for
20 minutes before incubation. Omission of glycerophosphate from
the incubation medium, staining directly with cobalt nitrate-
ammonium sulphide, or omission of calcium chloride from the
incubation medium, served to distinguish between enzyme activity
und preformed phosphates or other anions.

Alkaline phosphatase activity was also investigated with the
azo dye coupling technique of Menten, Junge & Green, (1944)
and Mannheim & Seligman, (1949). Incubation in the sodium
salt of naphtyl acid phospate mixed with Azo Red RC lasted for
30 minutes at 4°C. Control sections were treated with Lugol's
solution before incubation. Sections stained by the azo method
were mounted in glycerin jelly.

Physical Methods

Phase Contrast Microscopy. Unstained cut sections from the
various series of decalcified and undecalcified bone tissue were
examined in the phase contrast microscope. All the sections were
mounted in canada balsam. A Leilz phase contrast microscope
was used equipped with a phase contrast condensor according
to Heine.

Fluorescence Microscopy. Unstained sections of undemineral-
ized bone were examined in distilled water for their primary
fluorescence. For this purpose a fluorescence microscope was
used which made possible a radiation of the specimens with
ultraviolet and blue light.

By fluorochromation of sections both from formalin fixed and
frozen-dried bone, the preparations were investigated for second-
ary fluorescence.

Among the cationic fluorochromes, acridine orange was used,
whereas eosin and thiazin red R were chosen among the anionic
ones. Series of buffer solutions were prepared and checked
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electrometrically. For pH 1, 0.1 N hydrochloric acid was used.
For pH values between 1.7—11.0 phosphate buffers were pre-
pared according to Strugger (1949). The concentration of the
final staining solutions were 1: 1000.

Prior to fluorochromation, the methacrylate had been removed
in the usual manner. The sections were carried through descend-
ing alcohols to distilled water, and subsequently kept in the
wanted buffer solution for one minute. Following ionization, the
sections were fluorochromated in the buffered dye solutions for
one minute. After this, the sections were washed in the buffer
solution and in distilled water. Finally, the sections were mounted
in distilled water and examined immediately in a Leitz fluor-
escence microscope.

The fluorescence colors were recorded on Anscochrome Day-
light Film.

Polarization Microscopy. Unstained cut sections were examined
in polarized light. As usual, the methacrylate embedding medium
was removed, and the seetions were studied in distilled water,
as well as in canada balsam.

A Leitz polarizing microscope was used.

Microradiography. Ground sections were made serially to the
sections of the undecalcified specimens which had been cut for
histological and histochemical examination. The thickness of
the ground sections was 30—40 microns.

Exposures were made as follows:

No. mA KV  Filter Roentgen Time of
exposure
9259 8 12 Be W 30 min,
9264 8 10 Be w 15 »
9265 8 8 Be w 15 »
9266 8 8 Be w 20 >
9267 8 10 Be w 20 »
9268 8 10 Be W 20 »
9269 8 10 Be w 15 »
9272 8 7 Be w 35 >

The images were recorded on Kodak Spectroscopic Plates,
Emulsion No. 649-GH.



CHAPTER IV - OBSERVATIONS

OSTEOID
Osteoid in Undecalcified Material

Presence of Osteoid

In formalin fixed and in frozen-dried undecalcified sections
stained with hematoxylin-eosin, an eosinophilic or partly un-
stained layer of tissue was observed separating the osteoblasts
from the slightly more basophilic calcified bone of the osteons
(Figs. 1 and 2).

This layer of tissue was found to occur in a variable number
of osteons spread at random throughout the cross-section of the
diaphyseal bone. Sections from the different bones of the same
animal seemed to exhibit the same frequency of occurrence of
this tissue. The number of osteons showing this phenomenon,
however, seemed to decrease with increasing age of the animal.

Ground sections exposed to soft x-rays left no doubt that these
layers consisted of non-calcified material (Figs. 5 and 6), or
at least that they were made up of a tissue containing much less
inorganic matter than the surrounding calcified bone.

Sections subjected to the von Kossa silver method revealed no
stainable matter between the osteoblastic lining and the yellow-
brown-black calcified tissue (Fig. 4). When cut and unstained
sections were viewed in ultraviolet and blue light, it appeared
that the tissue located between the osteoblasts and the calcified
bone exhibited a very weak, grey-black primary fluorescence,
whereas both osteoblasts and mineralized bone tissue showed a
strong, blue-white primary fluorescence (Fig. 25).

In unstained sections viewed in the phase contrast microscope
(Figs. 7 and 8) and in sections stained with hematoxylin-eosin
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(Fig. 2), Mallory’s (Fig. 13) and van Gieson’s (Fig. 14) con-
nective tissue stain and others, linear structures originating from
the neighborhood of the osteoblasts were seen radiating through-
out the uncalcified layer before disappearing into the calcified
bone. There is hardly any doubt that these structures were the
radiating striations observed in dog bone by P. C. Meyer (1956),
and which he could not find in human material. Occasionally,
osteoblasts were seen embedded, or partially embedded in the
uncalcified layer (Figs. 2 and 7).

With the evidence of the correlation hetween the microradio-
grams, the fluorescence microscopic pictures and the staining
methodes used, it became clear that the layer between the os-
teoblasts and the calcified bone, as it was seen in undecalcified
sections, was osteoid. The linear structures represented the pro-
cesses of the osteocytes, or the processes of the osteoblasts. That
these structures have to be found in human bone tissue is self-
evident,

In frozen-dried as well as in formalin fixed specimens these
processes of the cells running through the osteoid appeared to
arise from the osteoblasts as tapered, bright lines. They could be
traced into the calcified bone in their canaliculi. Close to the
osteoblasts, the area occupied by these processes in frozen-dried
sections was approximately half of the entire osteoid tissue (Fig.
8). After formalin fixation the processes seemed compressed
and were only half as wide as in frozen sections (Fig. 7).

Zones of the Osteoid

In hematoxylin-eosin stained sections, it was difficult to de-
termine exactly the end of the osteoblasts and the beginning of
the osteoid. This might mainly be due to the eosinophilia of both
these structures. However, when stained in Mallory’s connective
tissue stain (Fig. 13), as well as when viewed in fluorescent
light (Figs. 25 through 32), the distinction between the cells and
the osteoid became clearly visible.

A slight difference in the appearance of the osteoid was noted
when undecalcified formalin fixed and frozen-dried bone stained
with hematoxylin-eosin were compared. The osteoid in frozen-
dried sections was fairly evenly stained with eosin. In formalin

24 -— Acta odont, seand. Vol. 17
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fixed material the osteoid tissue showed marked eosinophilia
only in the area next to the osteoblasts and the degree of eosino-
philia decreased peripherally into an unstained area. This turned
basophilic near the edge of the calcified bone (Fig. 2).

In unstained sections fixed in formalin or by freeze-drying ex-
amined with the phase contrast microscope (Figs. 7 and 8), three
zones could be differentiated by their difference of optical path.
These three zones were seen regardless of the width of the
osteoid. The osteoid nearest the osteoblasts started off as a narrow,
fairly bright layer. Farther from the cells this layer decreased in
brightness, and about half-way through the width of the osteoid,
the tissue appeared quite dark. It increased again in brightness,
however, and reached a maximal brightness towards the calcified
bone. A sudden decrease in brightness appeared in a granular
area adjacent to the calcified bone. The border against the ealci-
fied bone was fairly sharp.

In sections stained according to von Kossa and counterstained
with safranin, the peripheral part of the osteoid lost its bright
red color, and became more yellowish just next to the edge of
the calcified bone. In sections not counterstained with safranin,
the inner and the major portion of the peripheral part of the
osteoid were unstained, whereas the yellow color appeared ad-
jacent to the edge of the bone (Fig. 3). The brown-black calcified
hone did not show a clear-cut edge against the osteoid. Instead,
the transition area displayed a granular appearance, the dark
brown granules being more or less surrounded by the yellow
colored material.

On the basis of the phase contrast microscopic picture (Figs.
7 and 8) (and for the sake of convenience in the following de-
scription) an inner and outer zone of osteoid, and a transitional
zone hetween osteoid and calcified bone can be preliminarily
defined as follows:

The inner zone, the young osteoid, begins at the apical end of
the osteoblasts and comprises the narrow bright and the
broader dark layer.

The outer zone, old osteoid, begins at the point where the
osteoid starts to brighten again, and comprises the layer of
increasing brightness.
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The transitional zone, or the area of transition, represents the
narrow area of maximal brightness which continues into the
layer of granular appearance. Stained according to von Kossa,
this zone was made partly visible by the yellow color.

As will be seen later, the inner, outer and transitional zones of
the osteoid were visualized by a multitude of methods used in
this study. It should be born in mind, however, that although the
zones were clearly different, the border between them by no
means represented sharp lines. Moreover, the individual width of
all three zones appeared to vary independently of the width of
the whole osteoid laver.

The entire width of the osteoid ranged between eight and four-
teen microns.

Demonstration of Fibrous Elements

Phase Contrast Microscopy

In unstained sections examined with the phase contrast micro-
scope the inner zone adjacent to the osteoblastic layer showed
loosely packed fibers running more or less in all directions
tFig. 8). In approaching the middle part of the same zone, the
fibrous structures seemed to he more densely packed. Most of
the fibers in this area, appeared to be in the plane of the section,
and parallel to the surface of the calcified bone. As the outer
zone brightened peripherally, fewer fibers could be identified and
the number further decreased in approaching the zone of transi-
tion. The part of the outer zone next to the rather sharply de-
marked border of the zone of transition, seemed to be devoid of
fibers and to he of a more hyaline nature. Nor could any fibers
be seen in the transitional zone.

The fibrous structures between the processes of osteoblasts and
osteocytes stood out more clearly in frozen-dried acetone fixed
specimens (Fig. 8) than after fixation in formalin (Fig. 7). The
osteoid in formalin fixed specimens appeared more dense,
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Staining Methods

The osteoid next to the osteoblasts within the inner zone
stained heavily blue with Mallory’s solution (Fig. 13). With
van Gieson’s collagen stain the area of the osteoid adjacent to
the osteoblasts was almost unstained, but the intensity of the
stain increased rapidly toward the middle of the inner zone
{Fig. 14). However, the middle area of the inner zone was evenly
stained by both Mallory’s and van Gieson’s stains. From here on,
the amount of staining decreased. The outer zone remained un-
stained in van Gieson’s stain and was stained vellow by Mallory's
stain. Peripherally to the outer zone the area of transition first
showed a very narrow rim of red granules whereafter the tissue
took on a light blue hue in Mallory’s and a light red in pan
Gieson’s solutions.

Frozen-dried specimens responded somewhat differently. The
blue or red staining of the inner zone extended into the outer
zone. Therefore, the unstained or yellow part of the outer zone
was reduced in width compared with the formalin fixed sections.

When neighboring sections of both formalin fixed and frozen-
dried hone were stained for precollagenous fibers according to
Wilder's and Gomori’s silver techniques, a narrow black band of
reduced silver was consistently found in the inner zone adjacent
to the osteoblasts (Figs. 15 and 16). In the rest of the osteoid
no argyrophilic fibers could be seen. Part of the remaining osteoid
was stained brownish-pink. The distribution of the brownish-
pink color was the same as the distribution of the other stains for
collagenous fibers and showed the same differences with different
fixation.

Polarization Microscopy

When similar sections were examined between crossed Nicols,
the inner zone showed birefringence. The outer zone appeared
dark at all azimuths. In some instance very weak birefringent
structures could be observed radiating across the dark outer zone.

The outer zone was surrounded by a narrow bright band, the
birefringence of which sometimes did and sometimes did not
exceed that of the inner zone and the rest of the calcified bone.
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The behavior of the zones when the stage was rotated is shown
in Figs. 11, 12, 17 and 18. These illustrations leave no doubts that
the inner and transitional zones show double-refractive qualities
and have the same extinction position.

After insertion of the 1st order red gypsum compensator, the
inner and transitional zones exhibited increasing interference
colors (2nd order blue) in the positive quadrants, and decreasing
colors (1st order yellow) in the negative ones. The outer zone
revealed a color close to the red color of the isotropy.

Demonstration of Carbohydrate Components

The Periodic Acid-Schiff Reaction

Sections subjected to the periodic acid-Schiff reagents (Fig.
24), demonstrated the presence of periodic acid-Schiff positiv ma-
terial in the cytoplasm of the osteoblasts and the inner zone of
the osteoid. The presence of reactive material in most osteons
diminished from the inner border of the osteoid through the
inner part of the inner zone.

The positive reaction continued into the outer zone which
showed an intensity of reaction, similar to that of the inner zone.
Close to the margin of the bone, the reaction was distinctly di-
minished. The width of this area of reduced PAS-reaction cor-
responded to that of the yellow color obtained after staining
according to von Kossa, and to the birefringent transitional zone.

Diastase-treated sections did not reveal any difference in the
location of PAS-reactive material in the osteoid. The intensity of
the reaction in the cells, however, was lower after such treatment.
In sections where the oxidation was omitted and that were
stained in Schiff’s solution only, no staining of the osteoid was
seen.

Metachromasia

(Table I). When sections stained with toluidine blue were
examined before alcohol dehydration, the entire osteoid appeared
red or purplish. After dehydration in alcohols, all undecalcified
sections showed red metachromasia in the inner zone of the
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TABLE 1
METACHROMASIA IN OSTEOID OF UNDECALCIFIED
SECTIONS"®
Concentrations
of Toluidine Blue Time 0ld Osteoid
in Distilled of Young and Intermediate
Water (%) Staining Osteoid Bone
0.00001 60 Minutes Unstained Unstained
18 Hours Faint Red Faint Green
0.0001 60 Minutes Unstained Unstained
18 Hours Faint Red Faint Green
0.001 1/2 Minute Faint Red Unstained
3 Minutes Faint Red Faint Green
30 Minutes Faint Red Faint Green
60 Minutes Faint Red Green
18 Hours Red Green
0.01 1/2 Minute Faint Red Faint Green
5 Minutes Red Green
10 Minutes Red Green
0.02 1/2 Minute Faint Red Faint Green
0.05 1/2 Minute Faint Red Green
1 Minute Red Green
5 Minutes Red Green
15 Minutes Red Green
0.1 1 Minute Red Green
2 Minutes Red Faint Purple
5 Minutes Red+ Purple
15 Minutes Red+ Purple+
0.3 1 Minute Red+ Greens
5 Minutes Red+ Purple
15 Minutes Red+ Purple,
0.5 15 Minutes Masked by the Blue Color

* All sections were dehydrated in:
70 per cent alcohol for 1  minute
100 per cent alcohol for 2% minutes
100 per cent alcohol for 2% minutes

osteoid and numerous metachromatic granules in the cytoplasm
of the osteoblasts (Figs. 19 through 22). The staining of the
osteoblasts and of the inner zone of osteoid appeared continuous,
and therefore, the border between them was not always distin-
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guishable. The intensity of the metachromatic staining decreased
from the inner border of the osteoid and through the first half
of the inner zone, and disappeared before the outer zone was
reached (Figs. 19—21). The shade of the color in this area seemed
to be fairly constant below concentrations of 0.3 per cent tolui-
dine blue for staining up to 15 minutes, although the intensity
of the color varied with the concentration and staining time.

The outer and transitional zones did not exhibit red metachro-
masia at lower concentrations or shorter staining time (Figs. 19
and 20). The outer zone either was partly unstained next to the
inner zone and light green peripherally (Fig. 19) or was entirely
green (Fig. 20). In the transitional zone, close to the calcified tis-
sue, this green color was markedly intensified (Figs. 19 and 20).
With increasing concentrations and time, densely packed minute
purplish granules appeared in the transitional zone (Fig. 21).
With further increase, also the outer zone turned red (Fig. 22).
Finally, with concentrations above 0.5 per cent toluidine blue, all
three zones appeared orthochromatic (Fig. 23). The orthochro-
masia evidently had a tendency to mask the metachromasia, and
it was nearly impossible to distinguish between zones in the
osteoid.

Fluorescence Microscopy

Primary Fluorescence

When unstained and undecalcified, both formalin fixed and
frozen-dried acetone fixed sections were viewed in the fluor-
escence microscope, the osteoblasts exhibited a bright primary
fluorescence (Fig. 25). Also the calcified bone fluoresced to some
extent. The inner and outer zones of the osteoid showed a very
weak fluorescence. Any differentiation between these two zones
was impossible. On the other hand, the transitional zone showed
a strong blue-white primary fluorescence, which definitely ex-
ceeded that of the surrounding bone, thereby making the distine-
lion between bone and osteoid easy. No difference could be ob-
served between preparations fixed in formalin and those sub-
jected to the freeze-drying procedure.
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Secondary Fluorescence

Acridine Orange. Some of the results of fluorochromation with
different buffer solutions of acridine orange are shown in Figs.
26 through 29.

Already at pH 1.0 (Fig. 26) the osteoblast nuclei and the zone
of transition exhibited a faint yellow-brown fluorescence color.
It was noted that the color was located at the inner border of
the transitional zone. The cytoplasm of the osteoblasts showed
a fresh green hue, whereas the inner and outer zones of the
osteoid, as well as the mineralized bone appeared dark dull green.

Around pH 2.0 no marked change could be observed. On the
other hand, at pH 3.0 the nuclei of the osteoblasts revealed a
copper red color and the cytoplasm was yellow (Fig. 27). The
area of transition also increased its secondary fluorescence. The
green of the inner zone, corresponding to the area of the silver
stained fibers, had lost its dullness and had taken on a fresher
hue. The rest of the inner zone and the entire outer zone re-
mained dark green.

At pH 4.5 both the nuclei and the cytoplasm exhibited the cop-
per red color. Also, the narrow part of the osteoid adjacent to the
osteoblasts, which formerly was fresh green, showed a change to
vellow-red. The rest of the osteoid did not show any appreciable
change of the fluorescence intensity.

The characteristic picture at pH 5.3 was an intensely red cel-
lular layer bordering on a copper red narrow rim of the osteoid
(Fig. 28). The rest of the inner zone as well as the entire outer
zone showed a dull green coloring, while the copper red tran-
sitional zone marked the border against the bone,.

This constellation in the osteoid was drastically changed at
pH 7.3 (Fig. 29). The entire osteoid displayed a grey-red fluo-
rescence. Separate zones could not be distinguished.

From this stage up to pH 11.0 the findings did not leave much
to say, except that the fluorescence showed a general gradual
diminuation. In the extreme alkaline range, no secondary fluo-
rescence could be seen.

A noticeable difference was observed between the secondary
fluorescence of preparations from formalin fixed tissue and that
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of the frozen-dried acetone prepared specimens. It appeared that
the color changes of the various tissues and tissue layers of the
frozen-dried sections generally lagged one step behind those of
the formalin treated ones. The recording of the secondary fluo-
rescence given above, was made from fluorochromated sections
of frozen-dried acetone fixed tissue.

Thiazin Red R and Eosin. When frozen-dried acetone fixed
sections were subjected to the anionic fluorochromes thiazin red
R and eosin, only the zone of transition and the nuclei of the
osteoblasts were unstained below and at pH 2.0 (Fig. 30). The
inner as well as the outer zones of the osteoid showed dull color
intensities, and consequently weak secondary fluorescence. The
same was true for the osteoblastic cytoplasm.

This distribution of the fluorescence remained fairly un-
changed until pH 4.5. At this pH, also the osteoid just next to
the osteoblasts had ceased to fluoresce, whereas a steady increase
of the intensity of the fluorescence had occurred in the rest of
the osteoid (Fig. 31).

At pH 5.5 (Fig. 32) and through the neutral range no alteration
in the qualitative image could be observed. The color intensities
appeared to have reached a maximum, as no further increase was
noticed at higher pH values. Thus, the outer part of the inner
zone and the entire outer zone showed secondary fluorescence at
all pH values, the intensity of which increased with increasing
alkalinity of the buffered staining solutions.

Demonstration of Alkaline Phosphatase Activity

The localization of alkaline phosphatase activity was the same
with both Gomori’s method (Fig. 33) and the azo-technique (Fig.
34), and did not vary with lengthening of the time allowed for
enzyme action.

Phosphatase activity was invariably observed in the nuclei, in
the perinuclear cytoplasm and in the processes of the osteoblasts
bordering upon the osteoid. Also the cells lining completed
osteons showed enzyme activity to some degree in the nuclei and
cytoplasm.

The osteoid next to the osteoblastic layer was regularly active
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up to a circumference corresponding to the peripheral limit of the
area of the fibers blackened by silver. The rest of the inner as
well as the entire outer zone were inactive. The cell processes
were variably stained throughout the osteoid. The ones that were
stained, however, could not easily be traced into the calcified
bone.

Control sections treated with iodine-potassium iodide were not
stained by the azo dye (Fig. 35). Measures of control of the
cobalt technique gave the following results:

Treatment of the sections with iodine-potassium iodide before
incubation or omission of glycerophosphate from the incubation
medium resulted in weakly stained nuclei. The stained material
was located close to the nuclear membrane. Sections stained
directly with cobalt nitrate-ammonium sulphide also showed this
intra-nuclear staining. When calcium chloride was omitted from
the incubating mixture, the nuclei were still stained.

The present series was planned for the study of hone tissue
formation as it occurred in the formation of osteons. For that
reason, little attention was paid to the preservation of the peri-
osteum during the preparatory procedure. Thus, in some in-
stances the periosteum was partly removed together with other
surrounding soft tissues before fixation, while in others both the
cndosteum and periosteunm were found in situ. What has been
described here concerning the presence, the morphology and the
histochemistry of the osteoid lining the inner surface of the
Haversian systems, was also valid for the non-mineralized tissue
between the hone surfaces and the periosteal and endosteal cells.

Osteoid in Decalcified Material

Osteoid which had not been exposed to decalcifying agents dif-
fered from osteoid in material in which the decalcification of the
mineralized bone was complete, which again differed from speci-
mens where demineralization was incomplete. Therefore, the
qualities of osteoid will first be described on the basis of sections
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of bone which have been exposed to demineralizing agents for
a relative long period of time and following this, a similar de-
scription will be given of osteoid from sections of hone which
have been subjected to demineralization for shorter periods of
time.

Complete Decalcification

The osteoid of bone tissue that had been completely decalcified
in nitric acid, in formic acid—sodium citrate, or in ethylene di-
amine tetra-acetate (EDTA), appeared as a dark layer between
the osteoblasts and the slightly lighter decalcified bone matrix,
when examined in the phase contrast microscope (Fig. 10). The
osteoid, however, was not uniformly dark. It increased in bright-
ness from the area adjacent to the osteoblasts towards the bone
matrix. This increase in brightness was gradual throughout the
osteoid and did not allow any division of the latter into zones.
Moreover, as the difference between the optical path of osteoid
and that of bone matrix was very small, the border line between
these two structures could not be determined with certainty.

In sections decalcified in EDTA, the tissue between the cell
processes in that part of the osteoid which bordered the osteo-
blastic layer appeared to be of a fibrous nature. In the peripheral
two-thirds of the osteoid, fibers could not be distinguished.

After decalcification in the formic acid solution, fibrous struc-
tures were but rarely seen. The osteoid appeared granular next
to the osteoblasts, and became homogeneous towards the bone
matrix. Osteoid in specimens which had been decalcified in nitric
acid had a hyaline appearance, as if it were composed of a ho-
mogeneous structure.

Sections from bone decalcified in the above-mentioned decalci-
fying agents and stained by the different procedures showed no
basic differences as to the staining abilities of the osteoid.

After staining in hematoxylin-eosin the entire osteoid was
eosinophilic. Occasionally, a stronger basophilic line ocurred at
the peripheral limit of the osteoid.

The affinity for both Mallory’s and van Gieson’s stains was
strong throughout the entire width of the osteoid, and did not
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permit the distinction of layers. Although the osteoid was more
heavily stained than the bone matrix, a borderline could not be
recognized, as the decrease in the intensity of color was gradual.

In sections from bone decalcified in EDTA and stained accord-
ing to Wilder, the silver stained fibers were seen in the inner
third of the osteoid only. The outer two-thirds of the osteoid
showed a light red-brown color. The rest of the osteon was of
a darker red-brown color. After exposure to acids the area which
stained black by Wilder’s method was twice as wide as in sections
exposed to EDTA. A sharp border between the osteoid and the
bone matrix could not be seen.

Signs of metachromasia were absent in the osteoid of acid
demineralized material. Occasionally, metachromatic materiac
was found located in a very narrow zone next to the osteoblasts,
but only in seclions from EDTA treated specimens, and only
after staining with toluidine blue at high concentrations and with
a long staining time.

On the other hand, periodic acid-Schiff positive material was
present. The intensity of the color reaction was fairly even
throughout the entire width of the osteoid.

Partial Decalcification in Zenker’s Fluid

In sections of bone fixed in Zenker’s fluid, and thereby exposed
to acetic acid, decalcification had occurred to some extent. The
period of exposure to the acid was shorter (15 hours) than that
used in demineralizing bone fixed in formalin. In addition, the
degree of demineralization in Zenker’s fluid varied with the lo-
cation of the osteon in the block. The degree of decalcification
was evaluated in sections stained acording to von Kossa and by
microradiography. 1t was found that the area adjacent to the peri-
osteal surface showed complete decalcification. This was also
true for the bone underlying the cross-cut ends. In other words,
the cross-sections obtained in the beginning of the sectioning were
completely decalcified. As the cutting continued further into the
block, the demineralized areas appeared to be more unevenly
scattered in the section. The bone surrounding the Haversian and
Volkmann’s canals, was decalcified to a variable extent, ap-
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parently dependent on the size and location of the canals.
Furthermore, in osteons which were not completely decalcified,
the degree of decalcification decreased from the surface of the
Haversian canals toward the periphery of the osteon. In contrast
to the periosteal bone tissue, the bone tissue adjacent to the
endosteum hardly showed any sign of decalcification.

The picture presented by the osteoid was extremely variable,
varying with the degree of decalcification of the osteon and,
therefore, depending probably on the time of exposure to Zenker’s
fluid. All variations were found, from the clear-cut picture of
osteoid with an inner and outer zone, to the stage at which the
osteoid consisted of one more or less homogeneous layer whose
outer limit could not be determined.

When unstained sections of this series were viewed in the
phase contrast microscope, it seemed as if the outer and tran-
sitional zones which showed increasing brightness in undecalci-
fied sections, became increasingly darker with increased time of
exposure to Zenker’s fluid and, therefore, the difference between
the inner, outer and transitional zones of the osteoid was pro-
gressively blurred (Fig. 9).

In stained sections, osteoid which had been subjected to the
fluid for a very short time, as judged by the lack of decalci-
fication of the surrounding calcified matrix, the inner and ouler
zones stood out clearly due to the characteristic ability or inability
to take the various stains. Parallel to the increased time of acid
action, the inner zone seemed to widen in its staining reaction
at the expense of the outer zone.

In sections stained with hematoxylin-eosin the entire osteoid of
Zenker fixed specimens constantly showed eosinophilia which
passed into the more basophilic demineralized bone independent
of the length of exposure to acids.

When stained according to Mallory or van Gieson, the inner
zone with its strong affinity for collagen stains increased in
width with the increase of exposure time, e.g. with increased
decalcification, leaving an increasingly narrow unstained outer
zone. Finally, after about 12 hours of influence of the decalcify-
ing fixative, e.g. in case of the osteons located near the periosteal
surface, this unstained outer zone had disappeared, and the entire
osteoid was stained.
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Periodic acid-Schiff positive material was observed in all areas
of sections fixed in Zenker's fluid, and seemed to be evenly
distributed throughout the osteoid. This was apparently not in-
fluenced by the total period of exposure to Zenker’s fluid.

CALCIFIED BONE TISSUE

A thorough analysis of bone matrix seemed outside the scope
of a study on the formation processes. Consequently, ohservations
will mainly be recorded which might contribute to the under-
standing of the morphology and histochemical behaviour of
osteoid.

Bone Matrix in Undecalcified Material

No major differences were observed in undecalcified sections
of the mineralized part of the bone whether fixed in formalin or
after freeze-drying. The following description is, therefore, valid
for both types of specimens, and reference to the method of
fixation will be made only when deviations from this conformity
occurred.

The bulk of the calcified bone matrix stained homogeneously
and slightly basophilic in hematorylin-eosin (Figs. 1 and 2).
Cementing lines, the lining of the osteocytic lacunae and the
canaliculi, and the innermost border of completed osteons showed
a stronger basophilia. A basophilie zone also marked roughly the
division between the calcified matrix and the osteoid. Lamellar
arrangements of the osteons could, however, not be observed in
sections stained with hematoxylin-eosin.

In sections subjected to Mallory’s collagen stain, a variably wide
zone adjacent to the osteoid stained regularly blue. The outer
part of the osteon or the core of trabeculae and the entire cross-
section of completed osteon stained irregularly. In some areas
it stained blue, in others yellow or it remained unstained. The
distribution of the staining could not be reproduced in neigh-
boring sections. Lamellation of the calcified bone matrix could
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sometimes be noticed in the completed osteons, but it was more
clearly seen in the tubular spongiosa, where green lamellae ap-
peared to alternate with the blue-colored ones.

Examination in the polarization microscope revealed osteons
composed of lamellae of stronger birefringence alternating with
weakly birefringent ones (Figs. 11 and 12). Moreover, isotropic
lamellae could be seen in between, although these were relatively
few. Other osteons or areas of osteons, however, did not show
this lamellated pattern but exhibited a more or less diffuse, weak
birefringence.

In undecalcified sections stained according to von Kossa, the
incompleted osteons showed a uniform distribution of the brown
silver staining (Fig. 3), which did not permit recognition of dif-
ferences in the degree of mineralization, or the lamellar patterns.
As has been mentioned before, the boundary between osteoid and
*alcified bone, the zone of transition, stained yellow. In completed
osteons, in the tubular trabeculae and in the interstitial lamellae,
lighter and darker stained lamellae were arranged in an irregular
sequence. A very narrow black line separated the calcified part
of completed osteons from the soft tissues of the Haversian
anals. A similarly stained line surrounded the osteocytes within
the calcified matrix.

In sections stained with alizarin the area of transition between
osteoid and bone stood out clearly, as already described. The
rest of the calcified matrix stained faintly red. The contrast be-
tween the red transitional zone and the rest of the osteon appeared
greater in frozen-dried specimens than in those fixed in formalin.

Sections stained with periodic acid-Schiff reagents assumed a
woolly appearance, apparently as a result of an unavoidable slight
decalcification in the acid reagent (Fig. 24). In the incomplete
osteon the calcified matrix showed a greuter affinity for leuco-
fuchsin than did osteoid. In complete osteons the inner border
stained more intensely than the surrounding matrix. Both in
incomplete and in complete osteons the rest of the caleified
matrix was stained fairly homogeneously pink. Only the capsules
of the osleocytes stained more intensely. Lamellar struclures were
usually nol seen in the osteons. Occasionally, in fully developed
Haversian systems and more often in the tubular spongiosa, the
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lamellated structure was brought out by the fact that some
lamellae took less color than the others.

Calcified bone matrix did not show metachromasia at low con-
centration of toluidine blue and with short staining time. When
sections were stained with dilute dye solutions, only the osteo-
cytes and their capsules and the inner wall of completed Ha-
versian systems revealed red metachromasia (Fig. 19). A green
stained narrow layer, corresponding to the transitional zone, was,
however, observed in the newly calcified bone adjacent to the
osteoid (Figs. 19 and 20). With increasing time and concentra-
tion this layer became red (Fig. 21). By further increase of the
determining factors the layer became wider and turned purple
(Fig. 22), and finally all of the bone took on this color. In sec-
tions which had been stained in a high concentration and for a
long period of time (0.5 per cent toluidine blue for 15 minutes)
the bone was almost orthochromatic (Fig. 23).

The bulk of the calcified bone matrix as it appeared in un-
decalcified sections, exhibited an even, medium strong primary
fluorescence (Fig. 25). Variations in the intensity of primary
fluorescence corresponding to minor differences in the degree
of mineralization as brought out by the micro x-ray technique,
(Figs. 5 and 6), could not be discerned. The transitional zone,
however, revealed a strong primary fluorescence. As a matter of
fact, no other areas of bone matrix reached similar intensities.
It should be noted that this very zone usually showed low de-
grees of x-ray absorption.

After fluorochromation with buffer solutions of acridine
orange, calcified bone matrix did not show “concentration effect”.
From pH 1 to the neutral point a steady increase of the freshness
of the green color occurred (Figs. 26 through 29). In the alkaline
range, a gradual muddling of the green color took place. Finally,
at pH 11 the secondary fluorescence was close to that of inter-
cellular substance of bone fluorochromated at pH 1, namely a
dull green color.

Throughout the series, both in the acidic range and at higher
pH values, the transitional zone exhibited stronger color intensi-
ties than the surrounding bone. As already mentioned, part of
this zone distinguished itself by showing “concentration effect”
in the extreme acidic range.
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Fluorochromation with anionic fluorochromes gave no signifi-
cant fluorescence. Dull and ill-defined color effects were obtained
in the bone matrix at all pH values, in contrast to the transitional
zone, which appeared light green in thiazin red, and yellow in
eosin (Figs. 30 through 32).

Phosphatase reaction of calcified bone as revealed by the azo-
method was negative. Neither intercellular bone tissue nor the
cytoplasm of osteocytes were stained (Fig. 34). Osteocyte nuclei
showed weak color reaction.

With the Gomori method the intercellular substance and the
nuclei of the osteocytes showed precipitation of cobalt sulfide
(Fig. 33). The border of the calcified bone toward the osteoid
appeared uneven, and the color reaction was somewhat dimi-
nished in this narrow transitional area. The cytoplasm of the
osteocytes, however, was unstained.

Bone Matrix in Decalcified Material

The material for the following series was formalin-fixed prior
to complete decalcification in nitric acid, in formic acid—sodium
citrate, or by chelation. The bone matrix as a whole appeared
slightly basophilic when stained with hematoxylin-eosin. Resting
and reversal lines, the walls of the osteocytic lacunae and the
inner lining of completed osteons, showed strong basophilia. A
basophilic layer separating the osteoid from the decalcified ma-
trix was only occasionally found. Lamellar arrangements of the
osteons could usually not be seen. Now and then, however, as
in completed osteons, the lamellation was brought out by alter-
nating stronger and weaker basophilia. Except for occasional
lamellation, the decalcified bone matrix appeared homogeneous.

By examining unstained sections in the phase contrast micro-
scope, the cementing lines stood out clearly. The osteocytic
capsule and the walls of the Haversian canals of completed os-
teons showed a difference of the optical path from that of the
rest of the matrix. No lamellation of the osteons was observed.
The inatrix structure itself appeared, however, more fibrous or
granular than in the hematoxylin-eosin stained sections.

Decalcified matrix stained according to van Gieson and coun-

25 — Acta odont, scand. Vol. 17
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ter-stained with iron hematoxylin showed a fairly even distribu-
tion of the red color in cross-sections. A narrow layer of the
decalcified matrix adjacent to the osteoid was, however, more
intensively stained than the rest of the osteoid. A thin black line
separated the osteoid from the surrounding matrix. In completed
osteons the area immediately surrounding the Haversian canals
stained more intensively red. A black line covered the inner sur-
face of these osteons. A similar staining reaction characterized
the walls of the lacunae.

Cementing lines stained yellow. A lamellar pattern was visible
in both the completed and incompleted osteons showing yellow
stained lamellae alternating with red ones. Although the lamellar
arrangement was not clearly demonstrated in all instances, the
staining of decalcified sections in wan Gieson’s stain appeuared
to be the best method for bringing out these structures.

After staining according to Mallory, the portion of the in-
complete osteons, bordering the osteoid, as well as that limiting
the fully developed osteons toward the Haversian canals were
regularly stained blue. The older parts of the bone matrix re-
mained unstained, ‘or were yellow or red. The cementing lines
stained as the bone in which they were found. On the other hand,
the capsules of osteocytes stained regularly blue.

Ammoniacal silver stained the bulk of the decalcified matrix
red-brown. Cementing lines stained somewhat grayish. The same
gray color was found as thin layers between the lamellae of
completed osteons, thereby accentuating the lamellar arrange-
ment. In the osteons which were not completed, on the other
hand, and especially in their inner halves, this grayish stained
material between the lamellae was not seen. Black stain aggre-
gated around the osteocytes and their processes and around the
Haversian canals of completed osteons.

Decalcified bone matrix did not show metachromasia even
when high concentrations of toluidine blue and longer staining
times were used. The only recognizable metachromatic material
was located in the wall