Reprinted from THE AMERICAN JOURNAL OF ANATOMY

Vol. 142, No. 4, April 1975 © The Wistar Institute Press 1975

Histological and Three Dimensional Organization of the
Odontogenic Organ in the Upper Incisor of 100 gm
Rats: Comparison with the Lower Incisor

C. E. SMITH

Department of Anatomy and Faculty of Dentistry, McGill University,

Montreal, Quebec, Canada

ABSTRACT The epithelial tissue forming the posterior aspect of the apical
foramen in the upper incisor of the rat was reconstructed from 1 um thick serial
cross sections. Like the lower incisor, this portion of the odontogenic organ in
the upper incisor was composed of a bulbous and a "U"-shaped part. However,
the bulbous part was considerably blunter and the "U"-shaped part much larger
in circumference in comparison to the lower incisor. Although no differences
were found between the upper and lower incisor regarding the contents and the
basic organization of cells within each part of the odontogenic organ, gspecific
differences were found within the bulbous part in the upper incisor. There was
a more definitive boundary between the outer dental epithelium and stellate re-
ticulum, a more intimate relationship of cell streams to the stellate reticulum,
and a noticeable lack of swirling of cells as part of the streams. These features
suggest that the activity inside the bulbous part is less intense in the upper in-
cisor than it is in the lower incisor. In addition, the relationships between the
bulbous part, the "U"-shaped part and the root sheath part of the odontogenic

organ and the enamel organ were described for the upper incisor.

~Fundamentally, the l_Jloper and lower in-
cisors of the rat are built according to the
same plan. This S|m|Ia1r|t){1 is seen micro-
scopicaly aong the length of each tooth,
where exact parallels exist in the morphol-
ogy of cells, their organization and the
sequence of their differentiation and func-
tion (Warshawsky and Smith, '74). In a
soecific  structural  sense, however, an
upper incisor is not exactly the same as
a lower incisor. Grosdy, the upper can
easly be distinguished from the lower by
the upper's sharper curvature, shorter
apical-incisal length, and wider labial-
lingual diameter (Addison and Appleton,
'15; Schour and Masder, '42; Smith and
Warshawsky, '73). A basic question for
which no information is currently avail-
able in the literature asks smply, do com-
parable morphological differences exist in
the undifferentiated epithelial regions of
these continuously renewing teeth?
Thus, the purpose of this report is to de-
scribe the three dimensional snape and the
cellular organization of the odontogenic
organ in the upper incisor of the rat and
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compare it to the odontogenic organ of the
lower incisor. To do this, appropriate ref-
erence must be made to the illustrations
contained in the preceding paper on the
lower incisor (Smith an arshawsky,
'75). This investigation again made use
of seria cross and longitudinal sections
of Epon embedded material from which
a atdhree dimensional reconstruction was
made.

MATERIALS AND METHODS

The rats used and the method of prep-
aration employed were similar to those
described in the previous report (Smith
and Warshawsky, '75). For the three
dimensional model of the upper incisor,
every eighth section in a 450 pm cross sec-
tional series was photographed and prints
were made to a find magnification of
X 200. Clear plexiglass plates 1.6 mm in
thickness were used to keep the modd in
scale, The process of transcribing informa-
tion from photographs onto plexiglass has
aso been described (Warshawsky and
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Smith, '71). The procedure for construct-
ing plexiglass and cardboard models was
described in the previous paper ( Smith and
Warshawsky, '75).

RESULTS

Shape of the odontogenic organ in
longitudinal and cross section
of the upper incisor

A Ionﬁitudi nal section through the apical
end of the upper incisor is shown in figure
1. The odontogenic organ of the upper in-
cisor is similar in organization to the lower
incisor, but there are differences in shape.
First, in reference to the apical loop, the
ameloblast layer in the upper incisor
extends straight, almost perpendicularly,
toward the labial surface before curving
incisally. In the lower incisor the amelo-
blast layer is arched and thus encloses less
pulp. nd, the portion of the odonto-
gi]enlc organ posterior to line AA' (fig, 1) in
the upper incisor is less expanded. It there-
fore appears more in line with the gen-
eral axis of the ameloblast-pulpal junction.
Also, this portion of the upper odontogenic
organ shows few |rre%ular|t_|es in its periph-
eral outline, athough a dight constriction
is seen where the multiple layer of outer
dental epithelium changes to a single layer
of cells. This is in marked contrast to the
lower incisor, where this portion of the
odontogenic organ shows many irregular-
ities and a deep constriction at one point
in its peripheral outline.

A cross section through the upper incisor
at a leved indicated by the dotted line in
figure 1 is shownin fiﬁure 2. A sequence of
seria sections through the posterior end of
the incisor is shown in figure 3.

In cross section the basic structural or-
ganization of the "U"-shaped part of the
odontogenic organ in the upper incisor is
smilar to that of the lower (figs. 2, 3).
However, it is larger in circumference and
the mass of pulp enclosed by it is consider-
ably greater.

The periphera outline of the bulbous
part of the odontogenic organ in the upP_
incisor is fairly smooth and regular (fig.
3a-l). It swells dightly mesially and lat-
eraly, then narrows so as to form aridge
along the outer surface (fig. 3e—k). Aswas
seen in the lower incisor, the bulbous and
"U"-shaped parts of the upper odontogenic
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organ are joined together further anteriorly
at the lateral cervica loop than at the me-
sa cervica loop (flfg. 3c,e). Posteriorly
aong the lines of fusion, only shalow
grooves are seen (fig. 3g-i).

~In absolute terms the number of sec-
tions required for the series in the upper
incisor was much less than for the lower
incisor. Relative to the point where pulp
was no longer present in the cross section
the series in the upper terminated in 150
um (or 150 sections), while the lower ter-
minated in 275 pm.

Three dimensional shape of the
odontogenic organ in the
upper incisor

A scae plexiglass reconstruction and
solid cardboard mode! of that portion of the
odontogenic organ which forms the poste-
rior aspect of the apical foramen in the
upper incisor are shown in figures 4-9.
Comparison views, taken at the same
magnification, of the cardboard models
from the upper and lower incisors are
shown in figures 10-13.

This portion of the odontogenic organ in
the upper incisor appears almost_symmet-
rical In three dimensions (figs. 7, 9). In
sde view (figs. 6, 7) the "U"-shaped part
forms a hemisphere, flattened _sllgfhtly at
the labial side. It narrows posteriorly, very
abruptly and evenly from all sides (fig.
9). The bulbous part of the odontogenic
organ is positioned at the lingual side of
the "U"-shaped part (fig. 5). It is oval in
shgoe, protrudes anteriorly over the pulp
and tapers posteriorly to end behind the
"U"-sh part (fig. 9). The bulbous part
is fused to the "U"-shaped part over about
one haf its length. The line of fuson is
represented by a shallow groove which ex-
tends further anteriorly on the lateral side
than on the mesia (fig. 7).

In comparing the reconstructed portions
of the odontogenic organs of the upper and
lower incisor (figs. 10-13), it is clear that
they have the same basic form, but differ
noticeably in size and posterior extension.
As a consequence there is in the upper in-
cisor (1) alarger circumference of the "U"-
shaped part of the odontogenic organ and
a more bulky bulbous part (figs. 10, 13);
(2) more pulp enclosed by the "U"-shaped
part (fig. 10); (3) a rounded "U"-shaped
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part 69‘igs 11, 13); (4) less distinct groov-

ong the line of fusion between the
"U"-shagped and bulbous parts (figs. 11,
12); and (5) a shorter anterior-posterior
line of fuson between these two parts of
the odontogenic organ (fig. 13).

Cellular organization of the odontogenic
organ of the upper incisor as seen
in longitudinal section

The structure and organization of cells
which form the bulbous and "U"-shaped
parts of the odontogenic organ are basic-
aly similar in the upper and lower incisor.
What differs is essentially the amount and
distribution of cells which make up the
multiple layer of outer dental epithelium
and dellate reticulum posterior to line
AA"in figure 1 (figs. 14-17).

In the upper incisor the multiple layer
of outer dental epithelium appears thinner
(less stratified) and the cells are more
regularly oriented perpendicular to the
basement membrane (figs. 14-17). As the
outer dental epithelium is followed from
the apical loop labially, there is an ordered
change from stratified low columnar to a
single layer of cuboidal cells (figs. 14-17).
The innermost cells of the multiple layer
of outer dental epithelium which abut the
stellate reticulum are regular in their allﬁn-
ment thereby gvmg the impression that
they are more sharply demarcated from the
steflate reticulum (figs. 14-17). Close to
the apical loop the boundary between outer
dental epithelium and stellate reticulum
contains flattened, tightly packed cells of
similar orientation which can be followed
toward the point of maximum convexity of
the apical loop and less distinctly, toward
the outer dental epithelium (figs. 15, 17).
The extent of this boundary area and the
number of cells forming these parallel
arraP/s is greatly reduced in comparison to
the lower incisor ( Smith and Warshawsky,
75; figs. 13-15). Whorling of cells as part
of the paralée arrays is not clearly seen
in the upper incisor (fig. 17).

_ The cells of the stellate reticulum which
fill the portion of the upper odontogenic
organ posterior to line AA"in figure 1 are
usualy flattened, pale staining, loosely
packed, and show spaces between adjacent
cells (figs. 14-17). Elongated, ova nuclei
tend to lie paralel to the curving ameo-
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blast-pulpal surface (figs. 14-17). Isolated
pockets of larger, more spherical cdls con-
taining irregular nuclei are found just d

to the multiple layer of outer dental epi-
thelium (figs. 14, 17). Here, the cytoplasm
is light stained and intercellular spaces are
not always present (figs. 14, 17?). Cdlls of
the stellate reticulum appear to blend with
parallel arrays of flattened cedlls (figs. 14,
15). Finaly, cdls which are vacuolated
and which contain darkly stained material
in their cytoplasm (resembling phago-
somes) are occasionaly seen in the stellate
reticulum (and, rarely, in the outer dental
epithelium; figs. 17, 24).

Cellular organization of the odontogenic
organ of the upper incisor as
seen in cross section

In cross section the structure and or-
ganization of cells forming the "U"-shaped
part, and which connect the "U"-shaped
and bulbous parts of the odontogenic
organ, are similar in the upper and lower
incisor_and will not be described further
here. The bulbous part of the odontogenic
organ in the upper incisor, however, does
differ somewhat from the lower. The mul-
tiple layer of outer dental epithelium cov-
erlng? the bulbous part is thinner and more
regularly oriented. Also, the epithelium is
of equal thickness on the lateral and mesial
sdes (figs. 18-23).

As was seen in the lower incisor, the
boundary between the outer dental epithe-
lium and the stellate reticulum is difficult
to define near the eaoical loop, where flat-
tened, tightly packed cells form the bound-
al?/ (fig. 3c-f; figs. 19, 20). Morphologic-
dly definable stellate reticulum occupies
more of the space inside the bulbous part
as the parallel arrays of flattened cells de-
crease in prominence posteriorly (figs.
3f—; figs. 20—22). The innermost cdls of
the outer dental epithelium which contact
the stellate reticulum and parallel arrays
are uniformly aigned and hence give this
abutment a regular appearance at the lat-
eral and mesial walls. Near the posterior
end of the bulbous part (fig. 3j—|?, it is
often difficult to distinguish the stellate re-
ticulum from the outer dental epithelium
(fig. 23).

Finally, many cells of the multiple layer
of outer dental epithelium near the site
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where it changes to a single layer of cels
contain numerous droplets in their cyto-
plasm (figs. 3d, lateral side; 3f—k, mesia
side; fig. 25). These droplets are small,
spherical, stain green with toluidine blue,
and thus are presumed to contain lipid
(cells containing similar droplets were less
obvious in the odontogenic organ of the
lower incisor).

Three dimensional organization
of cells

Figures 26 and 27 are composite illus-
trations combining histological sections
with the projected three dimensional shape
of the odontogenic organ at the posterior
aspect of the apical foramen in the upﬁer
incisor. It is clear from these figures that
the structure, organization and location of
ameloblasts, inner dental epithelium, pro-
visona stratum intermedium, stellate re-
ticulum and outer dental epithelium are
practically the same as in the lower incisor
(Smith and Warshawsky, '75; figs. 24, 25).
The differences reflect primarily the num-
ber of cdls involved, the regularity of their
organization, and the dope of the surfaces
which they form.

In the upper incisor the multiple layer of
outer dental epithelium covering the bul-
bous part of the odontogenic organ is less
gratified than in the lower incisor, but the
cells are more regularly and evenl?/ aligned.
The stellate reticulum and parallel arrays
of flattened cells are in intimate contact.
Because portions of the stellate reticulum
itsdlf consist of flattened cells oriented
paralel to the ameloblast-pulpal surface,
these arrays appear as a direct extension
from the stellate reticulum. Whorling of
cdls is not prominent in the upper incisor.

DISCUSSION

Sructural organization of the upper
incisor at the level of the
apical foramen

Diagrams which illustrate the cross sec-
tional appearance of the upper incisor at
various levels aong the apical foramen
and which demonstrate the structural re-
lationships between each part of the odon-
togenic organ and the enamel organ are
shown in figures 28 and 29. It is readily
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apparent that the overal three dimen-
sional organization of the upper incisor at
this level is entirely anaogous to the or-
ganization that was described for the lower
incisor (compare figs. 28, 29 to Smith and
Warshawsky, '75, figs. 26, 27). Differences
between the upper and lower incisor are
presumably related to the generation of a
greater curvature and a greater labial-
lingual diameter in the upper incisor
(Schour and Masdler, '42).

The odontogenic organs of the
upper and lower incisor

This report has supported two conclu-
sons reached in the preceding paper
Smith and Warshawsky, '75). These are,
that the bulbous part of the odontogenic
organ probably gives rise to the "U"-shaped
part and that the "U"-shaped part of the
odontogenic organ together with the pulp
interact to eventually form the character-
istic cross sectional appearance of the in-
cisor. Furthermore, conclusions regarding
the stem cdl nature of the bulbous part
and the possible paths of migration of cels
from the bulbous part into the "U"-shaped
part were likewise supported.

The characteristic difference between
the portion of the odontogenic organ form-
ing the posterior aspect of the apical fora-
men in the upper and lower incisor is
smply the lack of an elongated tapering
profile toward the posterior in the odonto-

enic organ of the upper incisor. While the
actor(s) responsible for causing this dif-
ference cannot as yet be fully assessed for
the rat incisor (Gaunt, '63; Kollar and
Baird, '70a,b), this lack of taper in the
odontogenic organ of the upper incisor is
associated with a "U"-sh part consid-
erably larger in circumference, which
thereby encloses a greater mass of pulp,
and a bulbous part which is bulkier and
possesses certain internal  modifications
In cellular organization. The multiple layer
of outer dental epithelium is most notice-
ably changed, being considerably thinner
(less dtratified) and the cells more regu-
larly arranged. There also appear to be
fewer flattened cells at the boundary be-
tween the outer dental epithelium and the
stellate reticulum. The combination of
these organizational changes gives the
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abutment between the outer dental epithe-
lium and stellate reticulum a more orderly
appearance. Moreover, the presence of cdll
streaming, in the absence of obvious
whorling of cells, suggests that the vortex
pattern in the lower incisor is most likely
the passive result of active cell movement
which generates a "turbulence." Taking
into consideration the other changes noted
above, it would therefore seem that the
activity inside the bulbous part of the
odontogenic organ is less intense in the
upper incisor than it is within the lower
incisor.

The upper and lower incisors
in retrospect

Several processes are continuously oper-
ating, normally at balance, in the rat in-
cisor. These maﬁ be grouped as follows:
(1) attrition of hard tissue at the erupted
end of the tooth; (2) continuous eruption
of the tooth, a process which ultimately
brings new hard tissue forward to the
gte of attrition; (3) proliferation of pre-
cursor cells for renewa of the tissues of
the tooth being moved forward; (4) induc-
tion, differentiation and functioning of
these cells which are sequentia steps that,
because of eruptive movement, become
spread over certain lengths (re%i]ons) aong
the incisor, extending from the prolifer-
aive site; and (5) growth in length and
width of the tooth, a process which is kept
in pace with overal facia or body growth
of the rat. Exact paralels in the operation
of these processes are to be expected in the
upper and lower incisor because both teeth
presumably received, during embryologica
development, similar inductive messages
related to being "incisiform" and man-
taining the capacity for continuous erup-
tion (Butler, '39; Gaunt and Miles, '67,;
Koch, '67; Miller, '69; Koch et a., '70; Kdl-
lar and Baird, '70a,b; Tonge, '71; Savkin,
'72). Although precise quantitative data
comparing rates of cel production and
rates of cel turnover in the upper and
lower incisor remain to be obtained, it is
becoming more clear that subtle differ-
ences in such things as (1) rate of attri-
tion (about 100 um/day less in the upper
incisor; Weinreb et a., '67), (2) speed of
eruptive movement (about 100 pm/day
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less in the upper incisor; Addison and
Appleton, '15; Marshall, '21; Donaldson,
'24; Schour and Masder, '42; Weinreb et
a., '67), and (3) the volume of pulp and
epithelial tissue present at the apical end
(greater in the upper incisor; unpublished
results; see Gaunt, '63), are probably the
major factors influencing the gross shape
of the tooth in these two systems, which
are inherently similar and renew in the
same basic way.
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Abbreviations

Aa, Ameloblasts of the region facing pulp,
anterior portion

Ad, Ameloblasts of the region facing dentin

af, apica foramen

al, apical loop ) )

Ap, Ameloblasts of the region facing pulp,
posterior portion )

B, Bulbous part of the odontogenic organ

cd, cell with debris

cl, cervical loop

D, Dentin

E, Enamel

EO, Enamel organ =

IDE, Inner dental epithelium

Lab, Labial

Lat, Lateral

LCEJ, Lateral cemento-enamel junction
Ling, Lingual

M, Multiple layer of outer dental epithelium
Mes, Mesia

O, Odontoblasts

PSl, Provisiona stratum intermedium

RS, Hertwig's epithelial root sheath

S, Singlelayer of outer dental epithelium
SR, Stellate reticulum

ss, stream of cells

U, "U"-shaped part of the odontogenic organ

PLATE 1
EXPLANATION OF FIGURES

1 Longitudinal section through the apical end of the upper incisor.
One pum Epon section. Toluidine blue. x 110. )
The epithelial tissue at the posterior aspect of the _Igﬁlcal foramen

(af) is similar in organization to the lower incisor.
?/ from the labial side (lab) toward
o

layer (Ad, Aa, Ap)

; ! bends abruptl
the lingual (Ling). At the apical melol
reflects into the multiple layer of outer dental ?thellum
changes (at line AA") to a single layer of cells f

odontogenic organ posterior to line’AA' is swol

e ameloblast

op (al) the ameloblast layer (A
e (ﬁ)() wﬁwi(‘:)r)]
). The portion of the

en slightly posteriorly.

(Unlabeled solid line, limit of odontogenic organ at the start of
mantle predentin secretion; unlabeled arrow, point of maximum
convexity of the apical loop; dotted line, approximate level and angle

of the section in fig. 2.)

2 Cross section through the odontogenic organ at a level indicated by
the dotted line in figure 1. One pm Epon section. Iron hematoxylin.

x 100.

The epithelial tissue forming the "U"-shaped part of the odontogenic
organ is similar in organization to the lower incisor. The circumfer-
ence of the "U" and the mass of pulp tissue enclosed by it are, how-
ever, greater in the upper incisor. Ameloblasts (Aa) on the labial

side (Lab) and inner
and mesi

the apical foramen (af)

multiple layer of outer dental epithelium (M) which quickl

] ental epithelium (IDE) on the lateral (Lat?
(Mes) limbs of the "U" al face the pulp. At the level of
the inner dental epithelium reflects into the

changes

to a single layer of cells (S) that cover the outer surfaces 0?, the "U."
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