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The canine
In the dento-alveolar
System

Roland BENOIT, Jean GRANAT

ABSTRACT

In this paper we examine the placement of the human canine tooth in the
dento-alveolar system in order to explain its phylogenesis and ontogenesis over
the course of its interactions with other tissues. We explain the known genetic
mechanisms that occur throughout its morphogenesis and during its eruption
until the tooth takes its place in the oral cavity. We carefully examine the role that
genetic and environmental factors play in causing anomalies in its form, matura-
tion, eruption and function.

We show how environmental factors determine how well it becomes inte-
grated into the already established dental functional schema.
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1 - INTRODUCTION

Today, in the special field of embry-
onic, foetal and infant vertebral and
craniofacial development, one would
look in vain in a search for a perfect
coordination between morphological,
genetic, immunological, endocrine,
environmental, orthopaedic, orthodon-
tic and mechanical factors. That is why
we shall examine each part of this
complex separately, to see how they
are all integrated into a new way that
is based upon the Systems Biology
concept that Zieglgansberger and
Tolle introduced in 19938 (fig. 1).

Following Systems Biology princi-
ples, we cannot study the canine tooth
in isolation, because it is part of a sys-
tem, the dentoalveolar system (fig. 2)
During its ontogenesis we must exam-
ine it as it interacts with its alveolar
tissue environment and becomes inte-
grated into the functioning of the glob-
al system of which it is a part’.
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Figure 1

Systems biology or systematic biology.
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2 - PHYLOGENESIS

Palaeontologists have determined
that the Homo genus emerged about
4 million years ago with Homo habilis,
the common parent ancestor we share
with two other daughter species that
were our contemporaries for millions
of years. Homo erectus disappeared
some 200,000 years ago and the
Neanderthals died out about 30,000
years ago, leaving us, the Homo sapi-
ens as the only survivors.

The dental system of modern Man
is, accordingly, the product of a long
evolution. The three types of teeth,
incisors, canines, and grinding pre-
molars and molars, that comprise it
first made their appearance in the
early mammals. This longevity makes
it clear that our conformation of teeth
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bestows an adaptive advantage that
has been retained by Historic and
modern mammals including man.

In the Homo genus, the canine is
incisiform and does not protrude
beyond the level of its neighbouring
teeth. It has never developed into a
pointed tooth so the human dental
arch does not have the diastemas
require to lodge their large pointed
canines when upper and lower teeth
occlude. Homo habilis had elliptically
shaped dentoalveolar arches and the
arches of Homo erectus had an
extended elliptical shape.

In Homo neanderthalensis, the
ellipse was flattened in its anterior seg-
ment. In Homo sapiens, the ellipse
varies considerably within populations

Figure 3 a to e
Shapes of dental arch from Homo habilis to the present.
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Homo
erectus

500 000 years ago X A5 d i
(Sinanthropus) _43"' s e e A

Labidodonty (Edge-to-Edge bite)

50 000 years ago
(Amud)

Homo
sapiens
Sossilis ST . ; j
100 000 years ago : 5k A " Modern

(Qafzeh 9) Homo sapiens

Psalidodonty (cross-bite)
with protruding chin

Figure 4
Types of occlusion.

Figure 5 a to d
Neanderthals.
Canines of the same shape but differently abraded.
a and b: Neanderthal from La Ferrassie;
c: Tabun, D: Regourdou.
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THE CANINE IN THE DENTO-ALVEOLAR SYSTEM

and this masks the great interpopula-
tion variability (fig. 3 a to e)'3.

In our evolutionary review we
encounter Neanderthal fossils with
highly abraded teeth and others in
whose teeth the original indentations
and fissures were still present. The
same variation occurs in Homo sapi-
ens where the canines represent a

border zone between incisors and
molars.
The anterior teeth of

Neanderthals occluded in /abidodon-
tia, an edge to edge bite. As a result,
with increasing wear, the canines
are levelled, which confirmed the

evolutionary tendency to keep them
from playing a guiding role in masti-
catory and occlusal movements (fig.
5atod).

On the other hand, in the phylum
which leads to modern man, Homo
habilis to Homo sapiens, there has
been less wear on the free incisal
edge and the canine has a conical tip.
The anterior teeth of Homo sapiens
tend to exhibit Psalidodontia, or cross
bite occlusion (fig. 4), which seems to
be the result of a withdrawal of the
dentoalveolar arch on the mandibular
base. “In our opinion this emphasises

chin protrusion”12.
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Figure 6
Chronology of maturation of permanent teeth in Neanderthals.
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This table shows when the crowns
and roots of the maxillary and
mandibular canines begin to form. The
age after birth is noted at the right.

In Neanderthals:

to form at

10
s - the crown began
- 6 months and was completed at
=7 4 years (blue arrows);
3
1 — the root was completed at the age

of 10 (red arrows).
We cannot estimate the ages of erup-

i 4

— J E:f tion of teeth into the buccal cavity in
- - — 0 fossils because soft mucosal tissue is

- ———— c ; no longer present.
- —-3 Note the early dental maturity of
q —A — =4 Neanderthals. The root of the canine
W ; ‘: completed its apexification at the age
3 — - L, of 10 whereas in modern children, the
Jﬁ ——— = | £ 8 canine is only starting its insertion in
E aH/ E ! :‘90 the arch at that age. Neanderthal chil-

dren had to learn to eat on their own
at an early age. Childhood was short.
(Need for survival and environmental
adaptation).
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This type of occlusion is favourable
because it slows the erosion of teeth
thus conserving the ancestral tri-
bosphenic molars more effectively. It is
important to remember in considering
the abrasion of teeth over time that the
life span of pre-historic humans was far
shorter than it is today.

These interarch relationships help
preserve vertical dimension, enabling
the incisors to cut food and other
material, and also improve elocution.
The canine remains pointed and plays
its role as anterior occlusal guide, this
time with the incisors.

The dental system in Homo has
undergone various adaptations in
response to individual lifestyles and
variations in environment. Neanderthal
canines, for example, were strong,
reaching some of the largest dimen-
sions noted in hominids, particularly in

their labiolingual surfaces, while the
length of the roots was unchanged
(fig. 5 ato d). Palaeo-odontological stud-
ies have revealed some differences in
morphology and dental maturation
between species in the Homo genus.
Thus, in Neanderthals, we note a gen-
eral tendency to early dental maturity
and a different order of eruption: the
permanent canines come into the arch
before the first premolars do (fig. 6)11.

In the Homo genus, the dental sys-
tem has been relatively stable, main-
taining the three classes of teeth as
well as the maturation and eruption
chronologies, thus leaving a trail of
genetic information as it develops.
The differences noted in maturation
seem to be linked to lifestyle, nutri-
tion and environment. Nutritional
modifications have probably induced
different methods of mastication.

3 - GENETIC MECHANISMS OF DEVELOPMENT OF THE CANINE

In this very long history of teeth the
cynodonts of some 250 million years
ago, unlike other reptiles of that era,
had teeth that were grouped into three
different classes in each half-jaw. This
characteristic must have been very
favourable because it has continued to
the present day in modern man. The
first placental mammals, which
appeared some 110 million years ago,
started to specialise these classes. In
the canine class, there was only one
tooth, the canine itself. Its size varied
from species to species, but in general
the canine preserved its crown mor-
phology displaying a highly developed
median coronal-medial mamelon,
conoid with a pointed tip. It is convex
on all of its surfaces including those of
its root, which is single, strong, long,

the longest of all the teeth in the
species. The genetics of craniofacial
development provide better under-
standing of odontogenesis in humans
as well as of the long evolutionary
development of prehistoric humans.
Six million years ago the teeth of the
first Hominids, like the Orrorin,24:30,
had already undergone a long period
of evolutionary change. They were
the fruit of a series of mutations that
had affected the interactions of an
existing model. But in hominids, since
the beginning, these mutations have
allowed the canine to preserve its rela-
tively stable shape, which has been
bequeathed to modern humans.

In 1875, Charles Darwin reported
that some men, who had relatively little
hair on their heads, suffered immensely

16
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from the heat because their skin was
dry3. These men also displayed anoma-
lies in their teeth and sweat glands.

Darwin had made a connection
between these different ectodermal
features.

During the second half of the
20th century, new analytical tech-
niques, teratogenesis, cultures, tissue
grafts, and breeding of transgenic
mice, have elucidated the role of
certain mechanisms in the buds of
developing teeth. For example, since
the end of the 20th century, genetics
and molecular biology have deter-
mined how genes and proteins'€ par-
ticipate in the development of teeth,
glands, hair, integuments and scales
(fig. 7). Thus, the gene EDA* and its

EDAR** receptor, first uncovered in
mice, is responsible for hypohydrotic
ectodermal dysplasia)l’, the dry skin
syndrome Darwin had noted. The
EDA gene expresses itself in linkage
with other molecules in the TNF
(tumour necrosis factor) family, during
Interactions controlled by many tran-
scription and signalling factors for dif-

ferent follicles, including the dental
germs2 3. 1,21, 33

3 - 1 - Ontogenesis

canine genetics
¢ Origin
Odontogenetic cells originate in the
neural crests of the neural tube, begin-

ning on day 17 in a human embryo
(fig. 8).

epithelium

TN F signalling factor and/or receptor

mesenchyme

\v/
[T

v

Sweaf gland tooth

integument

Figure 7
Anhydrotic ectodermal dysplasia.

*EDA: anhydrotic ectodysplasia

**EDAR: anhydrotic ectodysplasia receptor

THE CANINE INTHE DENTO-ALVEOLAR SYSTEM
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Regulator genes
Non-HOX genes

Figure 8
Origin of neural crest cells for odontogenic development.

Following the anteroposterior axis
genetically determined by the HOX
genes as far as the rhombomere:
Rho2 and anterior to this limit, the
neural crest cells form diencephalic,
mesencephalic and rhomboencephalic
cell clusters for odontogenic develop-
ment4.

3 - 2 - Migration and

localisation

The migration of neural crest cells
from the diencephalic cluster towards
the nasofrontal bud for the incisors
starts at three weeks. The mesen-
cephalic cluster supplies the cells
which migrate into the anterior part
of the maxillary bud and mandibular
arch, initiating development of the
canines. Finally, cells from the rhom-
boencephalic cluster disperse them-
selves in the posterior parts of the
maxillary and mandibular buds.

These migrations take place on each
side of the neural tube, passing
through the facial mesenchyme
under the control of a great many
genes: PAX, OTX, Gsc, MSXs, DLS
associated with many signalling fac-
tors (fig. 9 a).

These cell populations form the
skeletogenic  and odontogenic
ectomesenchyme. This is found under
the buccal epithelium in three cell
classes: incisor, canine and molar, for
each hemi-arch (fig. 9 b), governed by
the PAX gene.

On the basis of experimental
work in mice and/or cell cultures,
Thomas and Sharpe3? have suggested
that a dental “homeobox code”
controls these pooled localisations.
The homeobox code also postulates
that, within a dental morphogenetic
class, a specific combination dic-
tates the position and morphology
that the tooth buds, including those
of canine teeth, must take (fig. 10,
11). The many experimental results

18
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Canine class

Non-HOX genes

4 weeks
establishment of classes
Figures 9 a and b
a: Migration
b: Localisation of neural crest cells at 4 weeks.
Genetics Max. dental CLASSES

Incisor class: MSX 1/2, Gsc

Canine class: MSC 1, DLX, Gsc??

Molar class: -

Figure 10
Dental maxillary “homeobox code

”

J Dentofacial Anom Orthod 2010;13:11-39.
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of tissue recombinations show that the
buccal epithelium has the property of
containing the necessary signals for
odontogenesis. But the fact that the
maxillary and mandibular epithelia are

interchangeable as ectomesenchyme
initiators is a good indication that the
specificity of the response to epithelial
initiation is the intrinsic property of
ectomesenchymatous cells. Therefore

Genetics

Incisor class: MSX 1/2, Gsc

Canine class: MSC 1, DLX, Gsc?

Molar class: -

Mand. dental CLASSES

Figure 11
Dental mandibular “homeobox code”.

Figures 12 a and b
Canines present in a case of maxillary and mandibular oligodontia.
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maxillary epithelium in the molar class
associated with mandibular ectomes-
enchyme is the origin of differentia-
tion into mandibular molars.

Clinically speaking, in cases of
agenesis or oligodontia, the missing
teeth in the maxilla and mandible
underscore the specificity of the
three classes, incisor, canine and
molar. In these situations, the canine
class alone is not affected, empha-
sising the particularity and perma-
nence of the canine class in humans
(fig. 12 a and b).

NB: the description of this devel-
opment deals with the temporary
canine which will be replaced by its

permanent successor: the adult
canine tooth then develops in the
same way.

3 - 3 - Interactions

In human embryos, at 6 weeks the
first interaction signal comes from the
epithelium at a precise spot (canine
class) relative to the cellular pool of
ectomesenchyme. At this stage, the
signalling factor, Shh, BMP4, FGF8,
ligand Eda, and its receptor Edar are
expressed in the epithelium. They
interact with the transcription factor
PAX, DLX, (fig. 13 a and b).

\
ectomesenchyme\ . ¥
BMP2

IfAX 9

epithelial thickening
for the canine lamina

Frontal section

6 weeks

Figures 13 a and b
Interactions.

J Dentofacial Anom Orthod 2010;13:11-39.
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3 - 4 - Crown morphogenesis

During the ninth week, crown mor-
phogenesis of the canine continues.
The epithelial signalling centre, the
enamel knot, orchestrates modelling
of the crown’s shape (fig. 14 a). This
knot of primary enamel develops in
the centre of the internal epithelium.
The cells composing it multiply over
a short time to form the epithelial
diaphragms surrounding the odonto-
genic mesenchyme, the future pulp.
This cell multiplication continues
under the expression of signalling and
transcription factors BMPs, \Wnt, Shh,
Eda, MSX2, Lefl and P21 in the
enamel knot26 (fig. 14 b).

These cells are rapidly condemned
to cell death (apoptosis) in the enam-
el knot. This primary knot is thought to
be only a provisional centre of activity
which regulates cell multiplication and
death to give shape to the crown.
After the primary knot has disap-
peared the interface between the
epithelium and mesenchyme grows
larger and begins to establish the
base of the crown.

At the bell stage, the enamel organ
may thicken on the lingual surface,
giving rise to the more or less marked
cingulum (fig. 14 c).

The role of the concentration
of the ligand EDA at the epithelial
thickening stage and the gin-
givolabial wall seems to be limited

-a- cupula

9 weeks

is responsible for
the shape of the tooth

Enamel organ

J
\ ‘ 2 \e
/ Odontogenic p :
I mesenchyme
MSX1
A A
1 - enamel organ \
2-enamelknot "\ ) 7
3-internal epithelium N NG/ , .7 I
4 - odontogenic mesenchyme . ’
5 - external epithelium \ dlaphragm / &
N y NG WL TR L
~ ” o .\""": & 4L t‘
N - -_—-— -dentine c-
-b- - int. epithelium
- ext. epithelium
The enamel knot ol

bell

3 months

Final morphogenesis

- epith. thickening
- odontoblasts
- Stellate reticulum.

NO O~ WN =

Figure 14 a to c
Stages in crown morphogenesis.
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to determining the dimension and
position of the canine class. The
relationship between the ligand
EDA and receptor EDAR at the bell
stage helps to install the cuspid in
its central position. If too much
EDAR is produced, more than the
amount of ligand EDA, a dwarf,
ectopic canine tooth may be the
result.

Meanwhile, in the dental pulp,
MSX1, DLX2 continue to be
expressed.

3 - 5 - Root morphogenesis

After complete formation of the
crown, on the lateral edges of the
enamel organ, the external and inter-
nal epithelia form a double leaf:
Hertwig's epithelial root sheath,

which proliferates towards the apex,
indicating the future shape of the
root, a process exclusive to the
canine. During root development,
Hertwig's root sheath limits the den-
tal papilla except at its base, to con-
stitute the epithelial diaphragm
surrounding the apical foramen (fig. 15).
The part of the dental follicle which is
in contact with the root, gives rise to
cementum, the periorodontal liga-
ment and probably alveolar bone.

NB: the internal epithelium interacts
with the mesenchyme for differentia-
tion of the odontoblasts destined to
form the dentine.

The epithelium is fragmented and
leaves the dentine in contact with
the follicular sac mesenchyme.
The cementoblasts then differenti-
ate and the acellular cementum is
formed.

epithelial
diaphragm

cell multiplication

Epithelial and ectomesenchymatous

i}epithelial residues of
~ Hertwig's root sheath

dentine

apical foramen

fd: dental follicle
P: pulp

Os: alveolar bone
C: cement

F. Lezot: modified

Figure 15
Terminal root morphogenesis.

THE CANINE INTHE DENTO-ALVEOLAR SYSTEM

J Dentofacial Anom Orthod 2010;13:11-39.

23



ROLAND BENOIT, JEAN GRANAT

3 - 6 - Genetic mechanisms

Root morphogenesis takes place
under the stimulus of genetic interac-
tions in 3 sites:

— Hertwig's root sheath

- pulp
— the follicular sac.

We do not yet have a view of the
nature of the morphogenesis of
roots as precise as that of crowns.
Some developmental biology stud-
ies on transgenic mice have shown
that homeobox genes are involved in
root construction. These studies con-
firm the role of MSX1 and MSX2
during the early stages. Thus, in
MSX2-/- mice, imperfect amelogene-
sis and dentinogenesis, root dys-
morphism and osteoporosis are
noted?.

The follicular sac around the den-
tal germ is also a tissue of ectomes-
enchymatous origin composed of
different cell populations from neural
crest cells. Some of these cells
develop into cementoblasts, some
into periodontal ligament fibroblasts
and some into alveolar bone
osteoblasts. The BMPs produced by
Hertwig's root sheath, or found in
the enamel matrix seem to play a
part in the various dental follicle cell
populations. But some mechanisms
of action are not yet known.

After birth, if MSX1 is strongly
expressed in the basal bone, MSX2 is
the most active during the growth of
alveolar bone®. Expression of these
two genes is activated by growth fac-
tor BMPs. In return, MSX1 and MSX2
stimulate the expression of these
growth factors (fig. 16).

@ epithelial debris

MSX1
° osteoblast

V" innervation

& osteoclast

)

@ fibroblast @ cementoblast

~~\"\—" vascularisation

Figure 16
Root morphogenesis and eruption (mechanisms).
Interactions in the dentoalveolar system and cell differentiation.
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4 - ERUPTION

At present, eruption is considered
to be a multifactorial process’8 31
Studies and experiments performed
on the continuous tooth eruption that
occurs in species like mice show that
it requires force derived from the pulp
and the surrounding connective tis-
sues of the dental follicle and/or
the periodontal ligament. Eruption
starts from the beginning of root mor-
phogenesis in an axial direction, so
that the eruptive phase is oriented in
that direction. This force, which is
maximal during the emergence of the
crown in the oral cavity, is around
50 mg for the permanent canine
which emerges one mm per month.
The action of the eruptive forces oper-
ating against an opposing force an
eruption rhythm. For the permanent
canine, this resistance may come
from the subjacent connective tissue,
countering epithelial tissue apoptosis
in the gubernacular canal, or the alve-
olar bone as the axis of the tooth
changes®.

4 - 1 - Eruption mechanisms

(permanent canine)

Like root morphogenesis, erup-
tion continues during a phase of allo-
metric growth under the action of
genetic interaction in the three ele-
ments of the dentoalveolar system:
follicle sac, Hertwig's root sheath,
and pulp.

But all the mechanisms of tooth
eruption are not yet known. During
the eruptive phases of animals with
continuous tooth eruption, like mice,
DLX2 is strongly expressed in the
pulp in association with a growth

factor, EGFE, and epithelial ameloblastin
close to the diaphragm. Reorganiza-
tion of the alveolar bone beyond the
apex as well as reorganization of the
alveolar bone which crosses the
tooth are both required to support
eruption. At this stage, the enamel
organ and/or Hertwig's root sheath
participate in response to parathy-
roid hormone and interleukin la
stimulus. EGF and TGFB1 then join
the action to recruit monocytic lines.
This is how dental follicle monocytes
develop macrophages and osteo-
clasts. The signalling factor MCSF
(macrophage colony-stimulating fac-
tor) and increasing activity of the
RANK receptor determine the dif-
ferentiation of multinucleated osteo-
clasts. The formation of osteoclasts
inhibits the synthesis of osteopro-
tegerin (OPG) by osteoblasts for a
time®.

It is clear that this reorganizatio
of the alveolar bone requires inter-
action between osteoclasts and
osteoblasts?, which brings the tran-
scription factor Cbfal (Runx2) into the
constructive phase, regulating erup-
tion (fig. 17)14.

A permanent canine which is in a
lingual or a palatal position cannot
erupt until the root of the temporary
tooth, which is inside the same bony
crypt, begins to resorb. This crypt is
not completely closed because it
opens into the gubernacular canal,
which has a terminus in the buccal
mucosa (fig. 18).

During the initial phases of erup-
tion of the permanent canine, the
bone separating it from the temporary
tooth is resorbed so that the multinu-
cleated odontoclasts can resorb the

THE CANINE INTHE DENTO-ALVEOLAR SYSTEM
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epithelial apoptosis:

APAF1

osteoclast-osteoblast
interactions

@ epithelial debris ° osteoblast

™" innervation

€& osteoclast <G> fibroblast @) cementoblast

_—~_~"\— vascularisation

Figure 17

Root morphogenesis and eruption (mechanisms).

apoptosis of
epithelial tissue

3years  gupernacular canal ——» O

for the permanent canine
occupied by epithelial tissue

Figure 18
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temporary canine root tissues. Before
the canine reaches the oral cavity,
the gubernacular canal epithelium
undergoes apoptosis, i.e. programmed
cell death through the action of tran-
scription factor APAF1 (fig. 19)19. The
remains of the external epithelium,

still connected to the crown, join the
buccal epithelium to install the epithe-
lial attachment.

During the post-natal phases,
MSX2 takes over from MSX1 during
allometric root growth and alveolar
bone modelling. Expression of these

andible

Figure 19
Apoptotic genetics.
Programmed death of epithelial cells
in the gubernacular canal under the
responsibility of transcription factor
APAFT1 (not performed).

Brenner S., Sulston J., Horvitz B.
NOBEL PRIZE for Medicine 2002.

Figure 20
Eruption of permanent canines.
Gradual integration of the canines into the functional design set up by the first molars (Juliette, aged 10).

THE CANINE INTHE DENTO-ALVEOLAR SYSTEM
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two genes is triggered by growth fac-
tors: BMPs.

The canines will gradually come
into the functional design already put
into position by the first permanent
molars (fig. 20 a to c).

NB:

— In the canine class only one tem-
porary and one permanent tooth
have to be controlled while the
other classes are comprised of 2
temporary incisors and 2 perma-
nent incisors, and 2 temporary
molars and 5 permanent cheek
teeth that have to be regulated per
hemi-arch.

— The genetic mechanisms for con-
structing a tooth vary according to

the type of tooth. The simpler the
model of the tooth as with the
uncomplicated canine, the fewer
the variations will be as interac-
tions proceed?9.

— During a canine's crown morpho-
genesis, only a single primary
centre, the enamel knot, has to
operate?8.

It may therefore be thought that
stability in emplacement, formation
and shape during crown morphogen-
esis concerns a single primary cen-
tre, the enamel knot?28,

Accordingly, during the course of
its crown and root morphogenesis,
the canine benefits from much sim-
pler application of genetic factors than
do teeth developing in the other fields.

5 - ANOMALIES IN SHAPE, MATURATION, ERUPTION OR FUNCTION

Agenesis of permanent canines
occurs only rarely and then usually in
association with some disease entity.
It is more frequent in the maxilla than
in the mandible.

5 - 1 - Isolated late eruption

View of a 16 year old girl's over
retained upper and lower left tempo-
rary canines. The usual age for these
teeth being replaced by permanent

Figure 21 a and b
Isolated late eruption (Lucie M. aged 16).
52 and 83 on the arch.
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successors is 9-10 years of age for the
mandible and 11 to 12 for the maxilla.
The roots of the two unerupted perma-
nent canines have already formed. In
the mandible, the interaction between
the three elements constituting the
dentoalveolar system (fig. 16, 17 18, 19,
23 a and b) has probably slowed down.
In the maxilla, the same factors are also

Fig. 22 a and b

Delayed eruption. Canines included 13, 43.

(Lucie M.).

Apex constructed. Pulp still wide.

N

Figures 23 a and b
Connective obstacle. Apoptosis did not occur.
Age: 16
Normal canine eruption at 9-10 years of age.

probably operating in addition to weak
odontoclastic and osteoclastic activity
driving the permanent canine along an
eruption axis which is deviated palatally
(fig. 24 a and b). After orthodontic treat-
ment, the two permanent canines have
assumed their proper positions in the
dental arches (fig. 26 a and b, fig. 27 a
to d).

R

Figures 24 a and b
Normal canine eruption at 11-12 years of age and
bone and root obstacles not resorbed by the
odontoclasts (age: 16).

J Dentofacial Anom Orthod 2010;13:11-39.
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Figures 25 a to e
Orthodontic treatment in the mandible.

Figures 26 a to e
Orthodontic treatment in the maxilla. Creating space. Traction. (Lucie M.).
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Figures 27 a to d
Integration of canines. Arches at the end of treatment.

5 - 2 - Anomalies of shape, The MSX1 gene is responsible, in a

eruption and function family where agenesis, anomalies in
in syndromes shape, position, eruption and function

of the canines was noted (fig. 29, 30,

31)34,
e Informative family Molecular pathologies of the MSX1
for agenesis (fig. 28) transcription factor are responsible for

Families with tooth anomalies
Search for agenesis D——m

56 !

Search
for agenesis
in the family.

Dominant autosomic Informative family observed
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Mother

Figure 29
FTA Family.

Figure 30
FTA Family: many anomalies.
All suffer from agenesis except the youngest child, but all have mesial positions and
cross-bite occlusions.
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all the above-mentioned anomalies and molar classes as well as lateral cross-
the mesial position of the canine and bite occlusions (fig. 32).

Figure 31
Arnaud, 13 years old. Anomalies in shape, position and function of the canine. Mesial positions and cross-bite
occlusion.

mesialisation of the canine class
close to the incisor class
and deviated eruption axis of the canine

Figure 32
Genetic  anomalies
in the dentofacial sys-
tem preventing nor-
mal integration of the
canine in the function-
al dental design.

Arnaud 9 years of age

Cross-bite occlusion 13 years of age
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— Cleidocranial dysostosis

Locus 6p21 on the short arm of
chromosome 6 codes for a specific
bone transcription factor CBFA1 (core
binding factor A1). Mutation of this
gene under MSX1 control leads to
reduced osteoblast differentiation in the

maxillary and alveolar bone. In this
genetic pathology, phenotypic diversity
is significant, from osteoporosis to
cases of major dental anomalies (super-
numerary teeth, maturation, eruption
of canines and incorrect integration)
(fig. 33 atod, fig. 34 aand b).

Figures 33 a to d
Cleidocranial dysostosis.
Shape anomalies. Late eruption and dental age. Faulty functional integration.

10 years 6 months

Figures 34 a and b
Cleidocranial dysostosis.
Anomalies of number and in dental maturation.
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— Rieger’s syndrome

Two genes coding for transcription
factors and two other loci, have been
linked to this syndrome. One, the
PITX2 (pituitary homeobox transcrip-
tion factor 2) gene located at 4g25-
026, codes for a transcription factor.
This is involved in the SHH (sonic
Hedgehog) signalling pathway in
tooth morphogenesis, particularly that
of the crown (fig. 35 a and b). It also

regulates BMP4 and FGF8 (growth
factors which are important in den-
toalveolar development).

— Anhydrotic ectodermal dysplasia

Responsibility is borne by gene
Xq12-13.1. The mutated gene is TNF
(tumour necrosis factor) and produces
cuspid anomalies and ectodermal
dysplasias (fig. 36 a and b).

Figures 35 a and b
Rieger’s syndrome

a. normal morphology

b: oligodonty and abnormal conoid crown shape.

Figures 36 a and b
Anhydrotic ectodermal dysplasia Xq12-q13.1
Agenesis of incisors and cuspid anomalies.
a: i conoid shape and mini-cuspid;
b: cuspal anomalies of the canine.

THE CANINE INTHE DENTO-ALVEOLAR SYSTEM
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6 - MASTICATION AND CANINE FUNCTION

¢ Environmental factors

After chemotherapy, anomalies in
number, shape, structure and eruption
have been observed in children treated
between the ages of 12 months and
5 vyears. The noxious effects of
chemotherapy occur during the stages
of crown and root morphogenesis in

normal

epithelial, pulpal and follicular tissues
where mitotic activity is intense.
Interactions between these tissues
are diminished, causing a decrease in
the size of crowns and roots (fig. 37 a
and b)27.

Dioxin has also been reported as a
cause of the same deleterious effects.

Figures 37 a and b
Similar factors.
Dwarfism of crown and root.
g. Effects of chemotherapy on crown and root morphogenesis

(JM Salagnac).

During evolution, the canine
guide in modern Man has become
an exaptation phenomenon, that is.
it was not selected to promote mas-
tication but was co-opted to partici-
pate in it25,

During odontogenesis, at the age
of 6, pairs of molars implement the
mastication design for each individual
person. The other permanent teeth
arrive in the arches during the fol-

lowing years. Between the age of 9
and 12, the canines are gradually
integrated into the existing func-
tional design.

In the permanent dentition, at the
start of mastication, guidance is pro-
vided posteriorally by all the teeth in
the molar class. On the working side,
the canine then follows the mandible
to the position of maximal intercuspa-
tion (fig. 38 a).

36
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“"At the end of the masticatory
cycle, it is the canine, contralateral to
the mastication, which limits cycle
amplitude and acts as the pivot of a
second class lever to optimise eleva-
tor muscle action on the working
side” (fig. 38 b)20.

In the sagittal plane, both the
canines, with the four incisors, take
part in shearing action (fig. 38 c).

Genetic interactions function as the
chief governing force of the canine's
morphogenesis, position in the jaw,
and eruption (fig. 39 a). After its arrival
in the buccal cavity, it becomes sub-
ject to environmental factors for its
integration into the oral complex:
functional dental schema (fig. 39 b),
lingual, facial and masticatory muscle
activity.

Figures 38 a to ¢
Mastication and canine function (Juliette 30 years old)
a: start of mastication
b: role of the canine and the premolars at the end of mastication
c: incision.

THE CANINE INTHE DENTO-ALVEOLAR SYSTEM
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Juliette aged 6 months 9 months 73 erupted 5 years
before 63
3 years

33 before 23 Juliette at 30 years old
9 years ) 13 years)

fig. 39 b

Figures 39 a and b
Position and eruption sequences
a: genetically programmed;
b: functional integration of canines.
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