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ABSTRACT A three dimensional reconstruction of the epithelial tissue at the
apical end of the lower rat incisor was made from serial 1 pm thick cross sec-
tions. This tissue formed an elongated structure, called the odontogenic organ,
which was composed of a bulbous and a "U"-shaped part. Both parts were joined
to one another at the posterior aspect of the apical foramen. The bulbous part of
the odontogenic organ was situated at the lingual side of the "U"-shaped part
and protruded anteriorly over the pulp. It was formed by cells of the outer dental
epithelium and stellate reticulum whose organization suggested that the bulbous
part was important in the production of cells for renewal of al the epithelia of
the incisor. The "U"-shaped part of the odontogenic organ was apparently de-
rived from the bulbous part and delineated the pulp by forming the lateral, me-
sial and labial sidewalls around the apical foramen. It was composed of al the
epithelial call types recognizable as precursors to (a) cells of the enamel organ
which form the enamel, and (b) Hertwig's epithelial root sheath, a part of the
odontogenic organ which induces the formation of dentin on the lingual aspect

of the incisor.

With the exception of arecent investige-
tion (Michaeli and Greulich, '72), the
apical end of the rat incisor has been
studied only in two dimensions. In these
studies random sections have been useful
in providing some information about the
structure and life history of the cells which
make up this end of the rat tooth (Pind-
borg and Weinmann, '59; Chiba, '65;
Costacurta, '65; Robins, '67; Lavelle, '68;
Kalenbach, '71; Moe, '71; Zgicek and
Bar-Lev, '71a), but the lack of a systematic,
three dimensional approach has led to
much confusion. This is exemplified by the
interchangeable, and often erroneous, use
of terms, especiadly those related to the
odontogenic and enamel organs (see defi-
nitions in Warshawsky and Smith, '74).
Detailed information about the overdl or-
ganization of these structures in the con-
tinuously erupting incisor is necessary not
only for the standardization of nomencla
ture, but also to properly define parameters
in cel kinetics and to fully understand the
paths of migration of renewing cel popu-
lations (Ness and Smale, '59; Chiba, '65;

AM. J. ANAT., 142: 403-430.

Hwang and Tonna, '65; Hwang et al., '66;
Chiba et d., '67; Robins, '67; Shibata and
Stern, '68; Zajicek and Bar-Lev, '71a,b;
Gassr et d., '72).

In a previous report the gross organiza-
tion of the incisor and related terminol
were described (Warshawsky, '68). In ad-
dition, the odontogenic and enamel organs
were defined operationally and the incisor
was divided into zones and regions as seen
in longitudinal sections (Warshawsky and
Smith,'74). It is the pug)ose of this report
to describe the three dimensional shape
and the organization of the cdls at the

ical end of the lower incisor in the rat.

his study was accomplished through the
use of seriad longitudinal and cross sec-
tions of Epon-embedded material from
which three dimensional reconstructions
were made.

MATERIALS AND METHODS

Forty male Sprague-Dawley rats weigh-
ing 100 + 5 g were used. The methods em-
loyed to obtain adequate fixation by per-
uson and decacification were those of
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Warshawsky and Moore ('67). Brigfly, the
animals were perfused with 2.5% glutaral-
dehyde; the jaws were decacified in 4.13%
disodium EDTA, podtfixed in 1% osmium
tetroxide, dehydrated in graded acetone
and embedded in Epon.

Specimens for longitudinal sectionin
were prepared to include al of the api
end of the tooth in one segment (Smith,
'74). For cross sections, specimens were
prepared to include at least the posterior
1 mm of the tooth and were cut from the
incisal face towards the apical end. More-
over, the knife was digned perpendicular
to the epithelial tissue covering the labial
surface of the incisor. In al cases one um
thick sections were cut on a Porter-Blum
MT-1 ultramicrotome using glass knives.
Each section was transferred to a glass
dide and the sections were kept in their
seriad order using the method of Merze
('71). Severa thousand sections were pre-
pared and stained with Regaud's hema-
toxylin (Schantz and Schecter, '65; but
modified to 15 minutes for both the mor-
dant and "ripened” hematoxylin) or tolui-
dine blue. The three dimensional model
was made of the posterior limit of the
apical foramen (last 650 pm of a cross
sectional series). Following aﬁhotogr hic
sequence in which every eighth 1 pm thick
section was enlarged x 200, clear plexi-
glass plates of 16 mm thickness were
used to keep the moddl to scale. The proc-
ess of transferring information from pho-
tographs to pl_exglass plates has been
described  previousy ﬁWars_hawsky and
Smith, '71). The properly oriented periph-
eral outlines of the odontogenic organ and
blood vessels were transferred to the plexi-
glass plates and a dental drill was used
to cut the outlined areas. The appropri-
ate cut surfaces were then blackened with
ink. The finished plates were polished
aong their edges, thus permitting views
of the model from al sides. A solid repre-
sentation was made from the plexiglass
mode using cardboard 16 mm in thick-
ness. Utilizing the cut outlines in the plexi-
glass as a guide, similar outlines were
traced onto the cardboard, then cut, and
the cardboard pieces were glued together.
Recongtituted cellulose (Polyfilla) was then
smeared over the surface of the cardboard
model and smoothed with sandpaper.
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RESULTS

Shape of the odontogenic organ in
longitudinal section

A Ionﬂitudinal section through the apical
end of the lower incisor is shown in figure
1. In this figure the ameloblast layer alon
the labial surface is within the zone o
presecretion (Warshawsky and Smith, '74).
The division of this zone into various re-
gionsis indicated. The limit of the odonto-
genic organ has been defined as the junc-
tion between the regions of ameloblasts
facing pulp and dentin aE)Warshau/\(sky_ and
Smith, '74; fig. 1, unlabeled solid line).
Thus, the odontogenic organ in longitudi-
nal section includes al of the epithelial
tissue lying posterior to a line drawn per-
pendicular to the ameloblast-pulpal junc-
tion at the beginning of mantle predentin
secretion (fig. 1, unlabeled solid line). The
odontogenic organ consists of the amelo-
blast layer, the outer dental epithelium and
al the cellular layers contained between
them. This combination of epithelia is

ently arched lingually and uniform in
thickness anterior to line AA' in figure 1.
Posterior to the line AA" (fig. 1) the odon-
togenic organ bends abruptly in a lingual
direction and forms an oval profile which
is the posterior aspect of the apica fora
men. The peripheral outline of the oval rpro—
file is irregular and, there is frequently a
noticeable constriction where the multiple
and single layers of the outer dental epithe-
lium meet (fig. 1, line AA'; figs. 9, 10, 15).
The reflection of the outer dental epithe-
lium into the ameloblast layer occurs at the
apical loop (fig. 1, al).

Shape of the odontogenic organ
In cross section

A cross section through the incisor at a
level indicated by the dotted line in figure
lisshownin f‘le%]ure 2. A sequence of serial
sections parallel and posterior to that in
figure 2 is shown in figure 3, with the dis-
tance from the last section indicated in um.
At the levels of sectioning shown in
figures 2 and 3a the epithelial tissue is
arranged to form a "U"-shaped structure.
The "U" consists of a central labial part
and mesial and lateral limbs. The opening
on the lingual_side is the apical foramen
(fig. 2, af). The "U" is lined by ameo-
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blasts on the inner aspect of the |abial part,
inner dental epithelium® on the inner
aspect of the mesial and lateral limbs, and
outer dental epithelium on &l the outer
aspects. At the tips of the mesial and lat-
era limbs the reflection of the outer dental
epithelium into the inner dental epithelium
constitutes the cervica loops (fig. 2, cl).
This "U"-shaped structure is considered a
part of the odontogenic organ.

The shape of the odontogenic organ
changes as serial sections are cut posterior
to the level shown in figure 3a. A 500
pm from the termination of the seria (fig.
3b,c) another part of the odontogenic
organ appears as a bulbous mass of cells
which _is apFarentIy projecting over the
pulp. This bulbous mass enlarges and grad-
ualy joins the "U"-shaped part, firg at the
cervica loop of the lateral limb (f_lg. ad
then at the cervical loop of the mesia lim
(fig. 3e). Obvious constrictions then per-
Sst dong the sides of the joined bulbous
and "U"-shaped parts (fig. 3e to n). On
the lateral sde the constriction is a con-
cave, flattened surface which becomes con-
vex for the last 125 pm of the series (fig.
3n to p). On the mesia side the constric-
tion remains prominent, and it is accentu-
ated by a "shelf-like" projection which pro-
trudes mesialy amost at right anglesd(flg.
3f to n). About 150 um from the end of
the series this shelf gradually disappears
into a concave surface (fig. 3n to a5))._A
deep "notch" is seen on the mesia sde
of the bulbous part about 200-125 pm
from the end of the series (fig. 3k to n).

Three dimensional shape of the
odontogenic organ

A reconstruction of that portion of the
odontogenic organ which forms the pos-
terior aspect of the apical foramen is
shown in figures 4 to 7. This is a scale
model derived from serial cross sections
smilar to the series shown in figure 3
(length of 650 pm). The solid representa-
tion (figs. 5, 6, 7) was constructed from
car_gboard using the plexiglass model as a
guide.

The reconstruction clearly shows that
this ﬁomo_n of the odontogenic organ is
morpnologically divisible into two parts;
1. the"U"-shaped part, which together with
the pulp, gives the incisor its characteris-
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tic cross sectional form and relationship
to the open apica foramen (fig. 5); and
2. the bulbous part which is cradled at the
lingual surface of the "U"-shaped part. The
bulbous part protrudes anteriorly over the
pulp (fig. 7), while posteriorly, it gradualy
tapers and abruptly ends in a flattened
pyramid posterior to the "U"-shaped part
(fig. 6). The bulbous part is fused to the
"U"-shaped part along most of its length
and for a dightly longer distance on the
lateral side than on the mesia (figs. 6, 7).

Cellular organization of the
odontogenic organ in
longitudinal section

The various cdl layers which form the
odontogenic organ show a gradient in their
organization from poorly defined layers
near the apical loop to well defined layers
near the anterior limit of the odontogenic
organ (fig. 1, d to unlabeled solid line).
The organization of the cels anterior to
line AA" in figure 1 was described previ-
oudy (Warshawsky and Smith, '74). The
organization of the cells located posterior
to line AA' (fig. 1) will now be described
from longitudinal sections (figs. 8 to 15).

Ameloblasts® form the ﬁulpal or inner
wall in this portion of the odontogenic
organ. These ameloblasts face undifferen-
tiated pulp cells and extend from line AA'
(fig. 1? to the maximum convexity of the

ical loop (figs. 9, 10, 12, 14). The amelo-
blasts are low columnar in shape and their
elongated, oval nuclel are oriented per-
pendicular to the pulpal surface. Nuclei
of adjacent ameloblasts are staggered at
two or three different levels. Mitotic fig-

3 . S
Use of the terms inner dental ithelium and
ameloblasts in the rat incisor. ® ) .

In the structural sense outer dental epithelium re-
flects around the apical and cervical loops into inner
dental epithelium. However, because there is a linear
continui of developmental sequences aong the
length of the incisor, it Is &osstbl, to determine that
inner dental ﬁ)lt elium on the labial side will become
ameloblasts while the remainder of the inner dental
epithelium will become a part of the epithelium of
the root sheath. Since it |s not possible to define the
exact limits of the two cell lines aong the mesial and
|ateral sides, operational terms were emplayed as fol-
lows: in longitudinal sections the cells of the inner
ithelium near the apical I_OS%P are in line with
blasts seen further inci _Ia/, hence, these
] ed ameloblasts. In cross sections cells on the
labial side are called ameloblasts In kee_Plng with the
definition from longitudinal tion. The™ cells on
the lateral and mesia limbs of t e_"U'I-sh%)_ part of
the odontoghenlc org\an are not al in line with ‘amelo-
blasts and, hence, those located near the cervical loops
are till called inner dental epithelium.
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ures are frequently seen and are usualy
positioned so that the division occurs per-
pendicular to the pulpal surface f(flgs 8,
12, 14, 15). Indistinctly delimited from the
base of the ameloblasts are the cells of the
provisiona stratum intermedium (figs. 8,
10, 11, 13, 14). These cdlls can be recog-
nized by their flattened or cuboidal shape
and by their orientation at various angles
relative to the ameloblasts. The provisiona
stratum intermedium is often difficult to
distinguish from the stellate reticulum
(figs. 12 and 14). The number of cells as-
sociated with the provisional stratum inter-
medium varies from section to section and
the layer cannot be defined near the maxi-
mum convexity of the apical loop where
flattened, tightly packed cells of similar
orientation blend with the cells at the sur-
face (figs. 8, 10-14). Mitotic figures are
found but unlike mitoses in the ameloblast
layer, those of the stratum intermedium
show no apparent preference for a plane
of orientation (fig. 11).

The outer dental epithelium forms a
sratified layer covering the remaining
outer walls (figs. 8-15). This layer varies
in thickness, being thickest adjacent to the
apical loop. Here it is composed of tightly
packed cells which are oriented perpendic-
ular to the surface. The elongated, ova
nuclei of adjacent cells are staggered rela-
tive to one another (figs. 9-11, 13, 15).
As the outer dental epithelium is followed
from the apica loop toward the point
where the multiple layer changes to a
sngle layer of cdls %g. 1, line AA",
there is a progressive thinning of the epi-
thelium, a loosening of the cel packing,
and a change to a more cuboidal cell shape
(figs. 8, 10-14). o _

The outer dental epithelium is clearly
defined on its outer aspect where it is in
contact with a basement membrane, but
it is poorly defined where it abuts the
stellate reticulum. Close to the apical loop,
flattened, tl(%htly packed cells of similar
orientation form parallel arrays which can
be followed toward the maximum convex-
ity of the apical loop (figs. 9, 10, 13, 14?
and to the outer dental epithelium itsel
(figs. 9, 10, 14). Associated with these
parallel arrays are other cells organized
Into tightly packed, concentric whorls (fl?s
8, 9, 14, 15). Surrounding the pardlel
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arrays and the whorls are cdls of irregu-
lar shape and orientation (figs. 8, 9, 11—
13). Mitotic figures are found in the outer
dental epithelium and aong the indistinct
boundary, but they are least frequent
where the outer dental epitheium ap-
proaches the labial side and within the
whorl.

The remainder of the core in this portion
of the odontogenic organ Eposterlor to line
AA' fig. 1) isfilled by cells of the stellate
reticulum. These are generally large and
spherical, pale staining, loosely packed and
with spaces between cells. Where the stel-
late reticulum comes into contact with
the provisional stratum intermedium and
the outer dental epithelium it is often dif-
ficult to distinguish the abutted cell types
(figs. 8, 10-14). Near line AA' in figure
1 the cdls of the stellate reticulum are
more flattened, reduced in number and
oriented parallel to the surfaces (figs. 11,
13). Randomly oriented mitotic flt};_ures are
found in the stellate reticulum (fig. 14).
Finally, some cells contain vacuoles and
large masses of darkly stained material
resembling phagosomes within their cyto-
plasm. These masses are often seen in the
cells of the stellate reticulum (figs. 8, 10-
1? and, occasionally, within other epithe-
lid cdls (figs. 8, 9, 15).

Cellular organization of the

odontogenic organ in

Cross section

The interpretation of cross sections.  As
seen in figure 3, the changing appearance
of the odontogenic organ from section to
section is due primarily to the way in
which the bulbous and the "U"-shaped
parts are connected. In the smplest Situa-
tion, figure 3c, the bulbous and "U"-shaped
parts appear separate and their limits are
eadly defined. For the bulbous part the
section at the levd of the black line in
figure 7 represents a cut through the epi-
thelium on the surface of the apical loop.
Consequently, the pulpal surface of the
bulbous part (upper arrowhead, fig. 3c) is
ultimately continuous with the pulpal sur-
face of the "U"-shaped part (lower arrow-
head, fI%. 3c). This continuity is eadly
seen in longitudinal section (fig. 1). In
figure 3e the limits of the bulbous part are
defined by the mesial and lateral constric-
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tions (arrows). In this case the epithelium
between the two parts of the odontogenic
organ (upper arrowhead) is continuous
with the epithelium lining the labial aspect
of the "U"-shaped part (lower arrowhead).
In figure 3 ﬁa section at a level equivalent
to the black line in fig. 6) the provisiona
stratum intermedium and stellate reticu-
lum are involved in the connection between
the two parts. From this point on, the con-
tents of the "U"-shaped part graduaIIK
change as cuts pass progressively throug
the curved and narrowing surfaces of firg,
the pulp (fig. 3g and h), then the amelo-
blast and inner dental epithelium (fig. 3h
and i), then, the provisiona stratum inter-
medium (fig. 3i and j), and findly the
stellate reticulum (fig. 3j to n). Refer to
figure 1 to visuaize the contents of sec-
It_i ons cut parallel and posterior to the dotted
ine.

Céllular organization of the "U"-shaped
art of the odontogenic organ. The cédl
ayers of the "U"-shaped part of the odonto-

genic organ have been described previoudy
in longitudinal sections (the anterior por-
tion of the region of ameloblasts facing
pulp, Warshawsky and Smith, '74). In
cross section, this organization is best seen
where cuts pass anterior to the bulbous
Part (figs. 2 and 3a). The only difference
rom the previous description is that the
cdls which face the pulp on the inner
aspect of the "U" in the mesia and lateral
limbs are caled inner dental epithelium.’
Also, the limbs contain relatively less pro-
visona stratum intermedium and stellate
reticulum than is present in the central
labia part (fig. 2). Finaly, at the cervi-
cal loops the single layer of outer den-
ta epithelium is continuous with a thin
multiple layer of outer dental epithelium
which then reflect into the inner dental
epithelium.

Céllular organization of the bulbous part
of the odontogenic organ. By definition,
the bulbous part of the odontogfenic organ
is delineated by the mesial and lateral con-
strictions along the sides of the joined bul-
bous and "U"-shaped parts (figs. 3b to p,
6, 7). Therefore, in longitudinal sections
posterior to line AA' in figure 1, only the
multiple layer of outer dental epithelium
and some of the stellate reticulum can
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clearly be defined as forming the bulbous
art %igs 10 and 13). Hence, the ameo-
last layer (Ap, fig. 1), provisiona stratum
intermedium and the rest of the sellate
reticulum merely form the connections be-
tween the labial sde of the "U"-shaped part
and the bulbous part.

In cross sections the multiple layer of
outer dental epithelium forms the outer
surface of the bulbous part and extends for
a short distance mesialy and lateraly onto
the "U"-shaped part as a gradually thinning
layer (figs. 17-21). This arrangement
mimics the organization of the thin multi-
ple layer of outer dental epithelium which
IS seen on the cervical loops (compare
figs 16, 17, 18 on the mesia side). On
the mesial dde of the bulbous part
the outer dental epithelium is somewhat
thicker in more posterior sections (figs.
19-21). The organization of the flattened,
tightly packed cells of the outer dental
epithelium is such that the elongated, oval
nuclel of adjacent cells are perpendicular
to the outer surface and staggered at dif-
ferent levels (figs. 17-20).

As was seen in longitudinal section, the
multiple layer of outer dental epithelium
is not clearly defined from the stellate
reticulum. Just posterior to the apical log
(fig. 17) a morphologicaly definable stel-
late reticulum is not seen and flattened,
tightly packed cells of irregular orientation
blend with the outer dental epithelium.
More posteriorly (fig. 18, a section approxi-
mately at the level of the black line In fig.
6), afew large, irregularly shaped cells of
the stellate reticulum are seen in line with
the mesial and lateral constrictions. Most
of the inside of the bulbous part is, how-
ever, composed of flattened cells formin
parallel arrays which blend with cells o
the outer dental epithelium at the surface.
Over the remaining length of the bulbous
part, these parallel arrays are at firs more
regular and paralel with the surface (fig.
19) and then become less pronounced
figs. 20 and 21). The indistinct nature of
the boundary between the outer dental
epithelium and the stellate reticulum re-
mains throughout (figs. 19-21). Cdls with
vacuoles and dark staining debris within
their cytoplasm are often found in the
stellate reticulum and among the flattened
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cells of the parallel arrays in more pos-
teriorly located sections (figs. 20, 21, 23).

Three dimensional organization of the
cells forming the odontogenic organ
at the posterior aspect of
the apical foramen

Figures 24 and 25 are composite illus-
trations showing histological sections (like
the ones in figs. 1 and 2) combined with
the projected three dimensional shape of
this portion of the odontogenic organ (figs.
5 and 6).

Surface layers. The concavity around
the pulp is lined aong the mesial and lat-
eral walls by inner dental epithelium and
on the posterior and labial walls by amelo-
blasts (Ap, Aa fig. 25). All these cdls
which face the pulp are oriented (Joerpendl C-
ular to the curved surface and are ulti-
mately continuous with one another alon
the posterior wall. At the mesia and later
cervical loops, inner dental epithelium re-
flects into a thin, multiple layer of outer
dental epithelium and this, in turn, is con-
tinuous with cuboidal cells of the single
layer of the outer dental epithelium which
covers the rest of the "U"-shaped part. At
the apica loop ameloblasts reflect into a
thick multiple layer of outer dental epithe-
lium which covers the bulbous part. Me si-
dly and laterally the thick multiple layer
of outer dental epithelium on the bulbous
part becomes a thin multiple layer covering
the "U"-shaped part posterior to where the
cervical loops merge into the bulbous part.
At the posterior end the multiple layer of
outer dental epithelium is continuous at
the labial side with the single layer of outer
dental epithelium which is associated with
the "U"-shaped part. Regardless of location,
cells of the multiple layer of outer den-
tal epithelium are low columnar, tlghtly

acked together and oriented perpendicu-
ar to the basement membrane. In passing
from the multiple to single layers of the
outer dental epithelium, there is a gradual
change to a more cuboidal cell shape.
Finaly, the outer dental epithelium (mul-
tiple or single layer) is not clearly defined
from the stellate reticulum. .
“Internal layers. A variably thick pro-
visona stratum intermedium is associ-
ated with the base of &l cells which face
the pulp. The provisiona stratum inter-

jacent cdls. In the "U"-shaped
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medium is a mixture of cuboidal and flat-
tened cells, the latter containing €l ongated
nuclei which tend to lie perpendicular to
the long axis of the cells facing the pulp
(ameloblasts and inner dental epithelium).
However, these nuclei are oriented at all
angles relative to the mesial-lateral and
anterior-posterior planes. At the apical and
cervical loops, the provisional stratum in-
termedium Is indistinct.

Stellate reticulum fills the remaining
spaces inside the odontogenic organ. In the
bulbous part, the stellate reticulum is in
some places separated from the multi|ole
layer of outer dental epithelium by flat-
tened, tightly packed cells which form

arallel arrays directed toward the apical
oop, and more posteriorly, to the outer
dental epithelium itself. Associated with
these parallel arrays are other cells of
irregular orientation, some of which form
a vortex of flattened cells as part of the
array. The morphologically definable stel-
late reticulum in the bulbous part is formed
by large, mostly spherical cells with irregu-
lar nuclei. The cytoplasm tends to be pale
staining and spaces are found between ad-
part the
stellate reticulum is more flattened, vari-
able in thickness, and the elongated nuclei
of these cdls lie parald to the pu{laf)al sur-
face but at al angles in the mesial-lateral
and anterior-posterior planes.

DISCUSSION
Structural definitions

_In a previous publication the epithelial
tissues co_vengg the incisor were opera-
tionaly divided into "odontogenic' and
"enamel" organs (Warshawsky and Smith,
'74). These terms were used to emphasize
the fact that the epithelial tissue partici-
pates in the development of the entire tooth
as wel as in the formation of enamel.
Operati onalla{, the odontogenic organ is re-
sponsible, directly or indirectly, for the
production of all the hard tissues of the
tooth. This is done by direct differentiation
of some cels into ameloblasts (under
stimulus from the pulp, Koch, '72) or by
inductive interaction with neighbouring
pulp cells which results in the differentia-
tion of these cells into odontoblasts. The
enamel organ differentiates from the odon-
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togenic organ and is respongible only for
the production of enamel. It is how neces-
say that these terms be further defined
on a structural basis so that identification
of odontogenic and enamel organs can be
made in sections as well as in three dimen-
sions.

The entire odontogenic organ can be
divided into three morphologically distinct
parts, each having its own function. These
parts are the bulbous part, the "U"-shaped
part and the root sheath part. The bulbous
part of the odontogenic organ is considered
to be the "stem cell compartment” respon-
shle for the renewal of al epithelia of the
incisor. The "U"-shaped part of the odon-
togenic organ is considered to be a deriva-
tive of the bulbous part and is involved in
the induction of pulp cels into odonto-
blasts along the labia side of the incisor.
The "U"-shaped part is then considered to

ive rise to the enamel organ (which
orms enamel) and to the root sheath part
of the odontogenic organ which is respon-
sible for inducing pulp cells to differentiate
into odontoblasts dong the sides of the
tooth so that a rim of dentin is produced
around the entire incisor.

In cross sections through the incisor at
the level of the api foramen, the
"U"-shaped part of the odontogenic organ,
the root sheath and the enamel organ can
be identified as follows (fig. 26): the
"U"-shaped part is adjacent to pulp; the
root sheath part aso lies adjacent to pulp
(then to denti n? but, unlike the "U"-shaped
part which includes tall cells as wdl as
several different cell layers, the root sheath
consists of short cdls only a few cdl lay-
ers thick (Shibata and Stern, '67); the
enamel organ is adjacent to dentin (then
to enamel) and its limits can be deter-
mined along the lateral and mesia sides
of the tooth by means of the cemento-
enamel junction.

In three dimensions the "U"-shaped part
of the odontogenic organ, enamel organ
and root sheath are continuous with one
another (fig. 26). However, the "U"-shaped
part of the odontogenic organ becomes
gradually thinned into two tapering pro-
jections aong the sides of the incisor as
the enamel organ differentiates from the
labial surface in alingual direction and as
the root sheath differentiates from the
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cervical loops in a labia direction (fig.
26B). A point is reached where the
"U"-shaped part of the odontogenic organ,
by definition, is no longer present, and
the root sheath is then continuous for a
short distance with the enamel organ (this
happens further incisally on the lateral side
than on the mesia side). Such a point
marks the beginning of the cemento-
enamel |Junct|on a the sides of the tooth.
Gradually the root sheath is increasingly

arated from the enamel organ as it
fulfills its odontoblast induction role,
and hence dentin is progressively formed
around the lingual aspect of the incisor.
After initiating dentin formation the root
sheath regresses (Shibata and Stern, '67),
while the enamel organ continues aong
the labial side of the incisor to the margin
of the gingiva

The technique of point plotting recon-
struction (Gaunt, '71), when used to visual-
ize the labial surface of the incisor, shows
particularly well the line of junction be-
tween the odontogenic organ and the
enamel organ (marked by the formative
edge of dentin, fig. 27). As can be seen
in figure 27, the odontogenic organ abuts
the enamel organ aong a "C"-shaped curve
which is convex apicaly and has two
taPerlng arms extending laterally and mesi-
dly, the lateral arm extending farther
incisaly than the mesia.

The odontogenic organ and renewal
of the epithelium of the incisor

The purpose of this paper has been to
provide a detailed visudization of the
odontogenic organ so that investigations
aimed at defining the mechanism of con-
tinuous renewa in the incisor can be
achieved with more understanding than
has been the case previously. Although the
gnd proof will rest with quantitative
H-thymidine experiments, several conclu-
sons about cel renewa can be drawn
from the morphological data presented in
this paper.

The three dimensional model shown in
this Paﬂer ;and the one by Michadi and

ich, '

Greu 2) gives the impression that
the "U"-shaped part of the odontogenic

organ is a derivative of the bulbous part.
Thus, at a celular leve, the bulbous part
should be considered as the true stem cell
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compartment for the epithelium of the in-
cisor. This concept is supported histologi-
caly by the obvious positiona continuity
of undifferentiated cells within the bulbous
part to more clearly differentiated types in
the "U"-shaped part of the odontogenic
organ (and, ultimately, to the cells of the
enamel organ and root sheath). The only
cell population whose origin is unclear in
this regard is the provisiona stratum inter-
medium. However, these cells can be traced
to the parallel arrays of flattened cells and
the stellate reticulum near the apical loop.
Active cdll movement inside the bulbous
art of the odontogenic organ is suggested
¥|the parallel arrays of flattened cells.
These cells appear to be streaming from
an "origin" at the boundary between stel-
late reticulum and the multiple layer of
outer dental epithelium. It is unclear, how-
ever, whether this boundary represents the
positional equivalent of stratum interme-
dium, whether the stellate reticulum gives
rise to the streaming or, whether the
streams are merely an invagination of the
outer dental epithelium. Furthermore, it
Is uncertain whether the whorling of cells
is the cause of the streaming (a driving
force) or whether it passively represents
"turbulence” caused by cell movement. It
Is interesting that the vortex pattern seen
in the rat incisor appears to resemble a
structure known as the enamel knot found
during the cap stage of human tooth de-
velopment (Gaunt and Miles, '67; Nozue,
'71; Provenza, '72). In humans this struc-
ture is transitory, but in the rat, it might
represent an analogous "stage of develop-
ment" prolonged by the demands for con-
tinuous renewal. In any event the cell
streaming appears directed toward the
oint of maximum convexity of the apical
oop (fig. 13) and toward the outer dental
epithelium (fig. 14). Cdl streaming is
most noti le just posterior to where the
cervical loops of the "U"-shaped part of
the odontogenic organ are lost in continu-
ity with the bulbous part. The streamin
atterns close to the apical and cervi
oops are |locations where one would expect
cell addition if, indeed, the "U"-shaped part
were a derivative of the bulbous part. Al-
though Baume et al. ('54) assigned an
additive function to the multiple Tayer of
outer dental epithelium and Star key ('63)

H. WARSHAWSKY

to the sellate reticulum, these authors
reached such conclusions on rather cir-
cumstantial evidence. The question of
whether or not a single, common precur-
sor (stem) cdl is involved remains inher-
ent to establishing which population of
cdls gives rise to the streams and what
these streams actually mean regarding the
production of new cells.

The difficulty in denning exact cellular
relationships between the outer dental epi-
thelium and the stellate reticulum within
the bulbous part of the odontogenic organ
highlights a question concerning renewal
in the incisor which has been raised previ-
oudy in the literature. The most clearly
understood mechanism for the production
of new epithelial cells in the incisor is by
direct prototypic 3prollferatlor_l; that is, by
the ameloblasts,” stratum intermedium,
stellate reticulum and outer dental epithe-
lium each dividing to give rise to cdls
which replace its own cell type (Chiba, '65;
Hwang and Tonna, '65; Hwang et al., '66;
Chiba et al., '67; Zagicek and Bar-Lev,
"71a,b; Smith and Warshawsky, '73). The
possibility, however, of exchanging addi-
tion between cell types has been raised for
tthQa&me of cells from the stratum inter-
medium to the ameloblast layer (Ten
Cate, '61) and for stratum intermedium
adding to the stellate reticulum (Hunt and
Egnter, '63). The extensive nature of the

streaming found within the bulbous
part of the odontogenic organ suggests that
one other mechanism of cel production
is involved, that of direct addition to all
cel layers from, perhaps, a common pre-
cursor pool. The streams are more or less
the focal spot to which al morphologically
definable cell tﬁp&s can be traced. This is
in keeping with the concept that the bul-
bous part Is the stem cell compartment for
al epithelia of the incisor.
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Abbreviations

Aa, Ameloblasts of the region facing pulp, Lab, Labia
anterior portion ) ) ) Lat, Lateral )
Ad, Ameloblasts of the region facing dentin LCEJ, Lateral Cemento-Enamel Junction
a, apical foramen Ling%\,/I Lingual
al, apical loop ) ) M, Multiple layer of outer dental epithelium
Ap, Ameloblasts of the region facing pulp, Mes, Mesia
posterior portion ] O, Odontoblasts
B, Bulbous part of the odontogenic organ P, Pulljp
bv, blood vessel PSI, Provisional Stratum Intermedium
cd, cell with debris RS, Hertwig's Epithelial Root Sheath
cl, cervical loop S, Singlelayer of outer dental epithelium
D, Dentin SR, Stellate Reticulum
E, Enamel ss, stream of cells ]
EO, Enamel Organ U, "U"-shaped part of the odontogenic organ
IDE, Inner Dental Epithelium vX, vortex of cells

PLATE 1
EXPLANATION OF FIGURES

1 Longitudina section through the apical end of the lower incisor.
One pm Epon section. Iron hematoxylin. x 110.

The ameloblast layer (Aa, Ap) facing the pulp on the labial sur-
face (Lab) is bent lingually (Ling) at the posterior aspect of the
apical foramen (af). The ameloblast layer (Ap) reflects at the apical
loop (al) into the mulgf)le.layer of outer dental epithelium (M). At
line AA" the outer dental epithelium changes to a single layer of cells
(S) which covers the outside of the labial surface up to the beginning
of the papillary layer. The division of the ameloblast layer into the
region of ameloblasts facing pulp, anterior (Aa) and posterior ﬁAp)
?or_tlons, is indicated by line AA', and into the region of ameloblasts
acing dentin (Ad) by "a line drawn at the beginning of mantle pre-
dentin secretion (unlabeled solid line). The limit of the odontogenic
organ is th%(functlon.be.tween the regions facing pulp and dentin.
The unlabeled arrow indicates the point of maximum convexity of
the apical loop, and the dotted line illustrates the approximate level
and angle of the section shown in figure 2.

2 Cross section through the odontogenic organ at a level similar to
dotted line on figure 1. One um Epon section. Toluidine blue. x 100.
At this level of cross section the odontogenic organ is "U"-shaped.
Along the inner aspect of the "U" the ameloblasts (Aa) on the labial
side (Lag? and inner dental epithelium (IDE) on the lateral (Lat
and mesial (Mes) limbs_ all face the pulp. At the apical foramen (af
the inner dental epithelium reflects into the outer dental epithelium
(M) thereby forming the cervical loop (cl). The outer dental epithe-
lium near the cervical loop is multilayered (M), but a single layer
gff tcl)quter Ljjental epithelium (S) covers the rest of the outer surfaces
e U
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PLATE 2
EXPLANATION OF FIGURE

3 Sequence of serial cross sections through the odontogenic organ cut

parallel and posterior to the dotted line in figure 1. One pm Epon
sections. Toluidine blue. x 40. o ]

_ The distance between each section and the termination of the series
is indicated in pm. Anteriorly in the serial (&) the odontogenic organ
appears "U"-shaped and the cervical loops at the lateral (Lat) and
mesial (Mes) sides are related to the open apical foramen (af). About
500 pm from the end of the serial the bulbous part of the odontogenic
organ appears as a free mass of cells in the area of the foramen
(b"and c). Then, a connection is seen between the lateral cervical
loop of the "U"-shaped part and the bulbous part (d), followed
shortly by a merging of the two parts at the mesial cervical loop (e).
From this point to the end of the serial (e to p) the bulbous and
"U"-shaped parts together form a single structure. The contents in
the section through the "U"-shaped part gradually change as cuts
pass posteriorly through the curved and narrowing surfaces of the
pulp (g and h¥, ameloblasts and inner dental epithelium (h and i),
|c()_rOV|S|o)nal stratum intermedium (i and j), and the stellate reticulum
j to n).

The arrowheads in ¢, e and g indicate that the pulpal aspect of
the bulbous part of the odontogenic organ (in c) is continuous at the
labial side with the pulpal aspect of the "U"-shaped part. The arrows
in e and g indicate that the limits of the bulbous part in more pos-
teriorly located sections are defined as being in line with the lateral
and mesial constrictions.
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