From:

The Institute of Anatomy,
University of Bergen,
Norway.

A QUANTITATIVE ANALYSIS OF THE NUMERICAL
DENSITY AND THE DISTRIBUTIONAL PATTERN OF
PRISMS AND AMELOBLASTS IN DENTAL ENAMEL AND
TOOTH GERMS

VL. THE VERTICAL COMPRESSION OF THE PRISM PATTERN ON
THE OUTER ENAMEL SURFACE OF HUMAN PERMANENT TEETH

by
GISLE Fosse

INTRODUCTION

In part IV the present author demonstrated the existence of a vertical com-
pression of the prism pattern on the outer enamel surface of human perma-
nent canines. By vertical is meant parallel to the longitudinal tooth axis.

Furthermore, the author demonstrated in part III that the distributional
pattern of prisms in cross-section could be described by their centers. The
contours of the separate prisms might assume the shape of arcades, hexagons
or ellipses within the same pattern. The interprismatic substance might like-
wise vary in thickness within a homogeneous pattern.

Consequently, the calculated compression was not directly demonstrable
in the form of the cross-sectioned prisms. However, Eisenberg {(1938) had
found that prism ends on the labial surface of incisors were quadrilateral,
and recently Hinrichsen and Engel (1966) found that cross-sectioned prisms
might show a flattened appearance. It is possible that these observations
referred to a vertical compression of prism shape which was caused by the
compression of pattern.

Several other authors have described or discussed the shape of prism in
cross-section (Hopewell-Smith,1926; Chase, 1927; Merkel, 1935; Freiberg,
1939; Wolf, 1942; Helmcke, 1963; Boyde, 1964; and Romaniuk & Schraff,
1965), but since none of them has explicitly distinguished between prism
shape and the distributional pattern of prisms, it might be profitable to
examine this relationship.
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But the primary aim of this siudy was to examine the distributional pat-
tern of prism rods which were sectioned transversally to their longitudinal
axes. In the enamel of human teeth the prism rods usually run obliquely
towards the outer surface in a longitudinal plane. Therefore the distribu-
tional pattern seen on the outer surface or in planes parallel to it does not
represent the pattern of truly cross-sectioned prisms.

Fig. 1. The left part of the figure is a diagrammatic representation of a median tooth section.
The stipled curves represent the Retzius lines, the double curves represent the main prism
rod directions. The three straight lines which are at different angles to the tooth axis repre-
sent three section planes perpendicular to the median plane. The prism rod direction is per-
pendicular to the uppermost plane which is designed by the letter P. The middle plane, de-
signated by P’ is tangential to the outer surface. The lower plane designated by P” is tangen-
tial to the incremental layers. The six squares illustrate the prism pattern in the three planes
if the prisms are distributed in a symmetric hexagonal pattern in P, and if they are distributed
in a symmetric hexagonal pattern in P”.
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MATERIAL AND METHODS
A theoretical model

The left part of the drawing reproduced in Fig. 1 represents diagrammat-
ically a median enamel section. The stipled curves represent the Retzius
lines and the double curves represent the main prism rod direction. The
three straight lines which are at different angles to the tooth axis represent
three section planes which are perpendicular to the median plane. The up-
permost plane which will henceforth be designated by P is orientated so
that the prism rods are perpendicular to it. The middle plane, henceforth
designated by P’, is a tangent plane to the outer enamel surface. The lower
plane is a tangent plane to the incremental layers and is designated by P”.
The angles between the prism rods, the Retzius lines and the outer enamel
surface as represented in Fig. 1 are characteristic of human permanent
enamel when sectioned longitudinally.

The three squares in the left-hand column of Fig. 1illustrate diagrammat-
ically the pattern of the cross-sectioned prisms in the respective planes if the
prisms in P were distributed in a symmetric hexagonal pattern (where d=
y=x, cf. part III). In P’ and P” the transversal central distances designated
by the letter d in the drawing, remain constant while y and x are elongated.

The three squares in the right-hand column illustrate the prism patterns
if the distribution in P” were symmetrically hexagonal. In P and P’ d re-
mains unaltered while y and x have been shortened (K and K’ being greater
than 1.00, cf. part III).

[ The sectioning of enamel in the P-planes

From human bicuspids and permanent molars a 600 x thick median section
from each tooth was cut in the Gillings sectioning machine. Each such
median section ‘was embedded in a plastic column with one of its cut sur-
faces in the upper surface of the column.

With the diamond point of the 25X objective a line was ruled at an angle

of 90° to the main prism direction in an area near the outer surface. A sec-
ond line was ruled parallel to the incremental lines in the same area.
Fig. 2 is’a photomicrograph from a median section of a bicuspid, re-
pfesenting an area near the buccal surface. The amelodentinal junction was
below the area represented by the figure. The white line labelled P crosses
the rods at an angle of 90°, while the line labelled P” runs parallel to the
Retzius lines. The section marked thus was then cut along the P and P”
lines perpendicularly to the upper surface of the column (cf. part V).
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Fig. 2. Photomicrograph from a median section of a bicuspid representing an area near the

buccal surface. The white line labelled P crosses the rods at 90°, while the line labelled P”

is parallel to the Retzius lines. The ratio between the hypothenuse p” and the side p of the

triangle approximates the compression ratio (K) in a section plane to which the prism
rods are perpendicular.
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Definition of the P and P" planes in a
median tooth section

Incremental Prism
lines directions

Lingual

Buccal

Fig. 3. A schematic representation of a median tooth section and the orientation of the P
and P” planes in relation to the prism rod direction and the incremental layers. The extracted
plane designated by S is parallel to the prism rod direction.

The procedure outlined above was carried out for the buccal as well as
the lingual surface on each median section.

The median section having been cut along the P and P” lines was finally
freed from the column by cutting in a plane planoparallel to the upper sur-
face and 5 mm from this surface.
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Fig. 3 is a diagrammatic drawing illustrating how such a median tooth
section was cut along the lines labelled P and P” in Fig. 2. The two resultant
section planes are called the P and P” planes and are accordingly labelled
so in the diagram.

To verify that the prism rods were really parallel to the original median
plane, the enamel was sectioned along the rod direction in the median plane
through the point of intersection between the P and P” lines, in Fig. 2, and
perpendicularly to the median plane. This was done after the P and P”
planes had been photographed. In Fig. 3 is demonstrated the orientation
of this section which is designated by S and whose photomicrograph is re-
presented by Fig. 4. Along the left rim of the photograph is seen the median
plane.

Microphotography of P and P" planes

Fig. 5 represents the P plane and Fig. 6 the P” plane of the area depicted
by Fig. 2. These photographs were taken at a low magnification, using the
11 x Leitz Ultropak objective. The intersection line between the planes is
seen along the lower border of Fig. 5 and along the upper border of Fig. 6.

The photographs for direct measurements were taken by the 22X Leitz
Ultropak objective. The regions photographed were situated near the inter-
section line and their longitudinal axes were aligned with the longitudinal
axis of the tooth.

The calculation of prism density and pattern

In part III the author described his method of expressing the number of
cross-sectioned prism per unit area and their distributional pattern by mea-
suring the central distances between pairs of adjacent prisms within photo-
graphed enamel regions of a given area. In the present investigation the con-
stant area of the regions was 26.817 2,

In this paper the regional prism density is expressed by the (agr)-value
and the standard deviation Sagr-

The prism pattern and its variation are described by the values of (K)
and the standard deviation SK. (K} is a ratio expressing the degree of
vertical compression of the prism pattern. By vertical in this connection is
meant a direction in a plane through the longitudinal axis of the tooth.

For each region the means of the three central distances symbolized by
(d), {yy and (x) are given. In a system of hexagonally distributed points
these symbols signify the central distances in the three main directions.
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Fig. 5. The P plane of the median section represented by Fig. 2. This photomicrograph was
taken by the 11 x Leitz Ultropak objective. The intersection line between this plane and the
P’ plane is seen along the lower border.
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Fig. 6. The P” plane of the median section represented by Fig. 2. The intersection line be-
tween this plane and the P plane is seen along the upper border. The photomicrograph was
taken by the 11 x Leitz Ultropak objective.
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RESULTS

Fig. 7 represents a region of the P plane, and Fig. 8 represents a region of
the P” plane from the buccal area represented by Fig. 2. The specimen was
a bicuspid.

Fig. 9 represents the P plane while Fig. 10 represents the P” plane of the
lingual surface of a permanent molar.

In Table I are listed the means of the three central distances, the (agr)-
values with their standard deviations, the (K)-values with their standard
deviations and in the second last column the ratio between the (K)-values
for each pair of planes. The denominator is the (K)-value from the P”
plane. The table contains the values from 4 different teeth, including the
bicuspid and the permanent molar represented by Figs. 7 to 10.

The ratios in the last column will be explained in the next chapter.

Testing of theory against present and previous findings
It is seen from the table that in all the P” planes (K) is either greater or
smaller than the value 1.00, while there is a marked compression in the P
planes, higher than was found on the outer surface of the enamel mantle of
human permanent canines (cf. part IV).

t-tests were carried out between the (K)-values of the P and P” planes
and the probability that the samples were from the same K-universe was
always below the 0.1 9, level.

This compression is also plainly visible in the photomicrographs repre-
sented by Figs. 7 and 9. The results seem to comform with the distributional
pattern outlined in the right column of the diagram in Fig. 1.

In Fig. 2 a right-angled triangle has been drawn. The hypotenuse lies in
the P line and one of the sides in the P line, while the other side lies in the
rod direction.

The hypotenuse is called p”, while the side in P is designated by p.

According to the general definition of K, E =5 in a model where all

”

rods are mathematical prisms. In Table I the — ratios for different areas are

listed in the last column. There seems to be a certain conformity between

LY
these ratios and the corresponding ZE),, ratios,
The compression ratio on the outer enamel surface may be symbolized

by (K)'. If the compression ratio in the P” plane equals 1.00, then (K)'
equals the ratio between the length of the Retzius line intersected by two
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parallel separate rods and the length of the outer surface intersected by the
same rods if they were mathematical prisms. Fig. 11 represents a segment
of the median plane of C;, a human permanent canine where the prism den-
sity and compression had been measured in numerous positions on the outer
enamel surface. The ratio between the intersected Retzius line and the outer
surface approximates 1.30 in the area depicted in Fig. 11. This area cor-
responds to reg. 15 on C,, where (K) = 1.32 (cf. part IV, Table II).

Fig. 12 represents the median plane through region 2 of the same tooth.
The ratio between the Retzius line and the outer surface approximated 1.28.
The (K)-value on the outer surface in region 2 was 1.27 (cf. part IV,
Table IV). However, the ratio between the Retzius line and the outer surface,
in position 13, equalled 1.17 while (K) equalled 1.10. The difference was
even greater in position 7 where the ratio was 1.00 while (K) equalled 1.23.

On C, therefore, the (K)-values in the P” planes would hardly be found
to equal 1.00 in positions 13 and 7.

In the depth series of C, (cf. part V) there seemed to be a gradual decrease
of (K)-values towards the value 1.00 near the amelo-dentinal junction in
places where there had been an actual increase of enamel surface during
amelogenesis. This will mean that near the dentine (d) was smaller than
(y) or (x) in section planes planoparallel to the incremental layers.

If it is assumed that the distributional pattern of ameloblasts in cross
section planoparallel to the ameloblastic layer is symetrically hexagonal near
the outer enamel surface, and that each ameloblast produces one prism rod,
then the prisms will be flattened in cross sections perpendicular to their
long axes, whenever these axes are inclined to the ameloblastic layer. This
flattening or compression of patiern must occur in the same direction as that
to which the rods incline.

Fig. 13 is a diagrammatic representation of this phenomenon. The amelo-
blasts are drawn perpendicularly to a P” plane, and the prisms which are
inclined to the left, are sectioned transversely to their long axes by a P plane.
The cross section of the prisms in the P plane will be the geometric projection
of the ameloblasts in the P” plane. The distance labelled h will equal H sin
a, a being the acute angle between prism rod and ameloblastic layer. This
angle would thus be identical to the acute angle between prism rods and
Retzius lines in longitudinal tooth sections.

If the ameloblasts during their outward motion are displaced in other
than the centrifugal direction, the orientation of their long axes being un-
altered, a changed shape of the prism rods will ensue.

Fig. 14 is a photomicrograph from a longitudinal section of a human tooth
germ. The ameloblasts are seen in the upper right corner. Incremental lines
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parallel to the ameloblastic layer are seen in the enamel matrix. Some of
these lines seem to be caused by abrupt changes of prism rod direction in
the section plane.

Fig. 15 represents the matrix of the same section, photographed by a
higher manification using oil immersion.

Apparently the transverse prismatic diameter increases at the bends of
the rods. This is in agreement with the theory since the diameter of the rods
parallel to the ameloblastic layer should remain constant over shorter dis-
tances if the number of ameloblasts remains constant and if each ameloblast
produces one prism rod.

Fig. 16 represents a longitudinal section from the mature enamel of a
dog’s permanent canine. The rods run perpendicularly to the Retzius lines
that lie almost parallel to the outer enamel surface which is seen along the
upper rim of the photograph. In a previous investigation the author did not
find any vertical compression of the prism patiern on the outer surface of

a dog’s permanent canine (cf. part V, Tables I, IL, III and IV).

DISCUSSION

If the incremental layers are the original sites of the ameloblastic layer, if
the ameloblasts are distributed in a symmetric hexagonal pattern and if each
ameloblast produces one prism rod, then the prism pattern must be com-
pressed in the P planes as was demonstrated by the findings presented in
this paper.

On the other hand the flattening of prism rods when inclined to the in-
cremental or ameloblastic layer is hardly conceivable if the number of prism
rods were independent on the number of productive ameloblasts in a given
area. In the latter case the cross-sectioned prisms would rather be expected
to appear as was depicted diagrammatically in the left-hand column of Fig. 1.

The findings presented in this paper demonstrated that the vertical com-
pression found on the outer surface of human permanent enamel needs not
be caused by an actual lateral distension of the ameloblastic layer, manifest-
ing itself by greater d values than y and x values in this layer. However,
since there was little or no compression near the amelodentinal junction in
human enamel, (cf. part V), one cannot conclude from the present findings
that the vertical compression is solely caused by the angle between rods and
the ameloblastic or incremental layer.

Hypothetically one may conclude that at the beginning of amelogenesis
the ameloblasts are distended in a vertical direction. If there is a positive
surface growth of enamel during amelogenesis this vertical distension is
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gradually reduced towards the outer surface until the ameloblasts are dis-
tributed in a regular symmetric hexagonal pattern at the conclusion of amelo-
genesis.

Since the distributional pattern of cross-sectioned prisms has not been
dealt with systematically before, it is difficult to compare the present results
with observations made by earlier authors.

However, Eisenberg (1938) had observed that prism ends on the labial
surface of incisors were quadrilateral. Hinrichsen and Engel (1966) had ob-
served that cross-sectioned prisms sometimes showed a flattened appearance.

These observations may refer to the vertical compression that certainly
seems to lead to a flattened rectangular shape of the prisms, see Figs. 7 and 9.

Wolf (1942) and Boyde (1964) stated that the prisms assume an arcade
shape when their course towards the ameloblastic layer is oblique. Romaniuk
and Schraff (1965) believed that prisms are arcade shaped or polygonal when
they approach the outer surface at an acute angle. Excepting the flattening
of prisms, which is a secondary effect caused by the compression of pattern,
the present author has not considered the primary influence of the angle
between rods and incremental layers on prism shape. This possible influence
and its effects do not directly concern the findings presented in this paper.

CONCLUSIONS

Near the buccal and linqual outer surface of the enamel of human permanent
teeth, the prism rods when sectioned in planes planoparallel to the incre-
mental layers, tend to be distributed in a symmetric hexagonal pattern.
Therefore, when sectioned perpendicularly to their long axes, the prism
rods are distributed in a pattern which is compressed vertically. The arcades
in such cross-sections have a very flattened, rectangular shape.

This compression may theoretically be expressed as where a is the
sin

acute angle between prism rods and Retzius lines in the median plane of
the tooth.

SUMMARY

From each of 4 human permanent teeth, a molar, a canine and two bicuspids,
was cut a 600 u thick median section. In a small region near the outer enamel
surface of a median section the enamel was sectioned in one plane perpendic-
ular to the rod direction, and in a second plane planoparallel to the incre-
mental layers.

On each median section, one such pair of section planes was prepared on
the buccal surface, and one on the lingual surface.
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In each region the two section planes were compared concerning prism
pattern, density and shape.

In all planes perpendicular to the rod direction the pattern was markedly
compressed in a vertical direction. The prisms had a flattened rectangular
arcade shape and the horizontal diameters were visibly greater than the
vertical diameters.

In the section planes planoparallel to the incremental layers, the pattern
was symmetrically hexagonal, the prisms having a »mormaly arcade shape.

Photomicrographs were presented to illustrate these findings, and the
numerical values of the prism density and vertical compression in the two
section planes of each region were presented in a table.

Accepting that the incremental layers in the mature enamel are the origi-
nal sites of the ameloblastic layer, the author presumed that whenever the
rods are inclined to the ameloblastic layer they assume a flattened shape in
cross section, if at the same time the ameloblasts are distributed in a sym-
metric hexagonal pattern. The direction of this compression then coincides
with the direction of the inclination.

The author felt that the flattening of prism rods when inclined to the
ameloblastic layer was incomprehensible without assuming that each amelo-
blast is responsible for one prism rod.

The degree of vertical compression on the outer enamel surface, discovered
by the present author and described by him, is a function of the angles be-
tween prism rods, the Retzius lines and the outer enamel surface in median
sections, and is not caused by an actual lateral distension of the ameloblastic
layer.

Still the vertical compression in the outer layers of human enamel may
be caused by the surface growth of enamel, since this compression was not
manifest near the amelodentinal junction (cf. part V). The author, there-
fore, presumed that at the beginning of enamel formation in human perma-
nent teeth, the ameloblastic layer is distended vertically. This vertical dis-
tension is then gradually reduced towards the final outer enamel surface.

RESUME
LA COMPRESSION VERTICALE DE LA DISPOSITION DES PRISMES A LA SURFACE
EXTERNE DE L’EMAIL DE DENTS PERMANENTES HUMAINES
Quatre dents permanentes humaines, une molaire, une canine et deux pré-
molaires ont servi & la préparation d’une coupe médiane de 600 1 d’épais-
seur pour chacune de ces dents.
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Dans une région limitée située prés de la surface externe de ’émail de
la coupe médiane, ’émail a été taillé suivant un plan perpendiculaire i la
direction des prismes, et suivant un second plan paraliéle au plan des cou-
ches incrémentales.

Sur chaque coupe médiane, une paire de ces deux sortes de plans de coupe
a été préparée sur la face vestibulaire, et une autre paire sur la face linguale.

Dans chaque région, les deux plans de coupe ont éié comparés en ce qui
concerne la disposition des prismes, leur densité et leur forme.

Dans tous les plans perpendiculaires a la direction des prismes, la dis-
position était nettement comprimée dans le sens vertical. Les prismes avaient
une forme aplatie en arcade rectangulaire, et les diamétres horizontaux
étalent nettement plus grands que les diamétres verticaux.

Dans les plans de coupe paralléles au plan des couches incrémentales, la
disposition était hexagonale et symétrique, les prismes ayant une forme en
arcade »normalen.

L’auteur présente des microphotographies illustrant ces observations, et
des tableaux indiquant les valeurs numériques de la densité prismatique et
de la compression verticale dans les deux plans de coupe de chaque région.

Admettant que les couches incrémentales de I'émail & maturité représen-
tent les endroits ou la couche améloblastique était placée pritivement, I'au-
teur suppose que, dans les cas ou les prismes sont inclinés sur la couche
améloblastique, ils présentent une forme aplatie sur les coupes transversales
si la répartition des améloblastes présente en méme temps une disposition
hexagonale symétrique. La direction de cette compression coincide alors
avec la direction de cette inclinaison.

Pour V’auteur, 'aplatissement des prismes lorsqu’ils sont inclinés sur la
couche améloblastique reste incompréhensible si ’on ne suppose que chaque
améloblaste est responsable d’un prisme.

Le degré de la compression verticale 4 la surface externe de I’émail, dé-
couverte par l'auteur et décrite par lui, est fonction des angles formés par
les prismes, les lignes de Retzius et la surface extérieure des couches des
coupes médianes, et n’est pas causé par une véritable distension latérale
de la couche améloblastique.

Pourtant, la compression verticale dans les couches superficielles de
Pémail humain peut étre causée par la croissance de la surface de I’émail,
puisque cette compression n’était pas observée prés de la jonction émail-
dentine (voir partie IV). L’auteur suppose donc qu’au début de la formation
de I’émail des dents permanentes humaines, la couche améloblastique est
distendue dans le sens vertical. La distension verticale diminue ensuite pro-
gressivement en allant vers la surface exterieure finale de I’émail.
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ZUSAMMENFASSUNG

DIE VERTIKALE KOMPRESSION DES PRISMENMUSTERS AUF DER AUSSEREN
FLACHE DES SCHMELZMANTELS DER MENNSCHLICHEN BLEIBENDEN ZAHNE

Von jedem von vier mennschlichen bleibenden Zihnen, einem Molaren,
einem Ickzahn und zwei Primolaren, wurde ein 600 ¢ dicker Medianschnitt
ausgeschnitten.

In einer kleinen Region dicht bei der Schmelzoberfliche von einem sol-
chen Medianschnitt wurde der Schmelz in einem Plan perpendikulir zur
Prismenrichtung, und in einem Plan planparallel zu den »Retziusplinens,
geschnitten.

Auf jedemn Medianschnitt wurde ein Paar von solchen Schnittplinen auf
der buccalen Fliche pripariert, und ein Paar auf der lingualen Fliche.

In jeder Region wurden die zwei Pline verglichen, beziiglich Prismen-
musters, Prismendichtheit und Prismenform.

In allen Plinen perpendikulir zur Prismenrichtung war das Prismen-
muster deutlich in eine vertikale Richtung komprimiert. Die Prismenquer-
schnitte hatten eine flache, rektangulire Arcadenform, und die horizontalen
Durchmesser waren sichtbar grosser als die vertikalen Durchmesser.

In den Schnittplinen die planparallel zu den »Retziusplidnen» waren, war
das Prismenmuster symmetrisch hexagonal; die Querschnitte der Prismen
hatten eine normale Arcadenform.

Mikrophotographien illustrierten diese Funde, und die numerische Dicht-
heit und die vertikale Kompression der Prismen in den zwei Plinen jeder
Region wurden in einer Tabelle dargestellt.

Wenn es vorausgesetzt wird, dass die Retziuslinien die Spiire der Amelo-
blastenschichten zu verschieden Zeitpiinkien der Amelogenese seien, nahm
es der Verfasser an, dass wenn die Prismen Schrig zu der Ameloblasten-
schicht liufen, werden sie flach im perpendikuldren Querschnitt, wenn
auch die Ameloblasten in einem symmetrischen hexagonalen Muster ver-
teilt seien. Die Richtung dieser Kompression sei dann dieselbige wie die
der Neigung der Prismen zur Ameloblastenschicht. .

Die Kompression der Prismen schien dem Verfasser unerklirlich ohne
anzunehmen, dass jeder Ameloblast fiir ein Prisma verantwortlich sei.

Die Grisse der vertikalen Kompression auf der #usseren Fliche des
Schmelzmantels, entdeckt und beschrieben von diesem Verfasser, ist eine
Funktion von den Winkeln zwischen Prismen, Retziuslinien und der Schmelz-
oberfliche in Medianschnitten, und ist nicht von einer wirklichen lateralen
Ausdehnung der Ameloblastenschicht verursacht.

Doch méchte die vertikale Kompression in den #dusseren Schichten des
Schmeltzmantels vom Oberflichenwachstum des Schmelzmantels verursacht
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sel, darum, dass diese Kompression dicht bei der Schmelz-Dentingrenze
nicht beobachtet werden konnte (cf. Teil V). Daraus schliess der Verfasser,
dass im Anfang der Amelogenese der mennschlichen bleibenden Zihne, die
Ameloblastenschicht vertikalt ausgedehnt sei. Diese vertikale Ausdehnung
sei dann allméhlich gegen die endliche Oberfliche des Schmelzmantels re-
duziert.
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Fig. 7. The P plane of the median section represented by Fig. 2, Photomicrograph taken by
the 22 x Leitz Uliropak objective.
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Fig. 8. The P” plane of the median section represented by Fig. 2.
22 x Leitz Ultropak objective.
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Fig. 9. The P plane of the lingual surface of a molar.
22 x Leitz Ultropak objective.
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Fig. 10. The P” plane of the lingual surface of a molar.
22 Leitz Ultropak objective.
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Fig. 11. Position 15 of the median section of C;, 2 human permanent canine, with the guide
line following the main prism rod direction.
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Fig. 12. Position 2 of the median section of C; with the guide tine.
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The compression of the prisms as a function
of the angle between the prism rods and the
ameloblastic layer.

Fig. 13. A schematic representation of the vertical compression of the prisms as a function

of the angle between the prism rods and the ameloblastic layer. This angle is designed by a,

the vertical height of the ameloblasts by H and the resultant vertical height of the prisms
in the P plane by h.



570 GISLE FOSSE

Fig. 14. A median section through the enamel matrix and the ameloblasts of the tooth germ
of a human deciduous central incisor. Some of the Retzius lines are caused by sharp bends
in the prism rods.
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Fig. 15. The prism rods in the matrix of the median section represented by Fig. 14. The rods
seem thicker where they change direction. 100 X Leitz oil immersion objective.
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Fig. 16. Prism rods in a median section of a dog’s permanent canine. The prism rods are
nearly perpendicular to the outer enamel surface which is seen along the upper border. The
Retzius lines are practically parallel to the outer surface.



