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Introduction: Questions concerning maxillary canine transposition and maxillary canine agenesis remain unexplained. These questions are
raised in this original hypothesis. The Hypothesis: The hypotheses are that the maxillary canine can be located in a separate dermatome field
and that this field can overlap neighboring fields just as overlap occurs in body dermatomes. It is also hypothesized that delay in innervation
and maturation of dermatome-like canine field may be the etiology behind maxillary canine agenesis and combined canine agenesis and first
premolar agenesis.Evaluation of the Hypothesis: It is demonstrated in this article how embryology, growth, and development combined with
clinical examples makes it possible to suggest answers to these rare questions concerning transposition and agenesis of the maxillary canines.
The answers might be the foundation of future studies for genotypic mapping. All though the answers to these hypotheses seem reasonable,
they are difficult to prove.
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INTRODUCTION
The etiology behind maxillary canine transpositions and
canine agenesis in the permanent dentition remains
unexplained.

Among the nongenetic questions are

Q1: How and when is a permanent maxillary canine
positioned between the premolars or between the incisors,
and why does similar transpositions not occur in the primary
dentitions?

Q2: Why can agenesis of a permanent maxillary canine occur
as a single finding in an otherwise normal developed
dentition?

The background for answering the questions lies in insight in
transposition and agenesis of the permanent maxillary canine
and further insight into development of primary and
permanent maxillary canines and maxillary growth.
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Transpositions of permanent canines

Dental transposition is an ectopic eruption, resulting in an
alteration of the normal tooth sequence in the dental arch.

The frequency of transposition is approximately 0.3%, and
the female/male ratio is 3:1 with a higher frequency in the
maxilla compared with the mandible.[1] Transposition of the
maxillary canine and the premolar occurs more frequently
than that of the maxillary canine and lateral incisor.[1]

Dental deviations associated with transposition have been
described.[2-6] Ely et al.[7] have focused on a genetic origin of
dental transpositions.

In a recent study, Danielsen et al.[8] described dental and
skeletal findings in 63 individuals with unilateral and bilateral
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transpositions of the maxillary canines. This study
demonstrated increased occurrence of agenesis, higher
prevalence of taurodontic morphology, peg-shaped lateral
incisors in dentitions with transposition.

Skeletal maxillary retrognathia was associated with canine/
premolar transposition, and posterior inclination of the
maxilla was associated with canine/incisor transposition.

Description of dentitions with transpositions in primary
dentition was not found in the literature.
Figure 1: Histological section from a human fetus of gestational age 19
weeks depicting a primary canine, where hard tissue has just been laid
down. The early tooth bud for the permanent canine (arrow) extent from
the dental lamina
Agenesis of permanent maxillary canines

Agenesis of permanent maxillary canines is a rare form of
agenesis with a prevalence of 0.09% to 0.13% registered out
of 48,274 individuals and a gender ratio female/male 2:1.[9]

In several studies, genotypic deviations were described in
different patterns of tooth agenesis.[10] Specific genotype for
maxillary permanent canine agenesis was not found.

From a tissue point of view, agenesis can be coursed by
abnormal ectoderm, failure in innervation, or abnormalities in
ectomesenchyme.[11,12]

A recent study[13] described dental and craniofacial
characteristics in 91 individuals with agenesis of permanent
maxillary canines. In this study, there were two groups. One
group had only agenesis of the permanent canines and did not
show other dental deviations. The second group had several
ageneses, including agenesis of the permanent maxillary
canine. It had several teeth with abnormal morphologies,
abnormal resorption pattern in the primary teeth, and
significantly higher frequency of first premolar agenesis.

Enlarged cranial base angles were found in both groups.
Development of the primary and permanent maxillary
canines

Primary canine: The prenatal development of the early tooth
bud starts at 7th week of gestation. The innervation of the cap
stage followed by early hard tissue formation starts shortly
after.[12,14-16] From the cap stage, a tooth bud for the permanent
canine is formed from the dental lamina [Figure 1].

Permanent canine: The exact time for innervation of the
permanent tooth bud is not known. Seemingly, all histological
images of canine formation demonstrate formation of the
primary canines. Access to permanent tooth buds for
histological analysis after 20 weeks of gestation prenatally
and also postnatally is not possible.

Itiswelldocumentedthattheectodermaldentallaminagivesriseto
the enamel secretion,whereas the neural crest ectomesenchymal
cells give rise to the odontoblast, which secretes dentin. The hard
tissue is presumed to start development of the permanent canines
after innervation of the tooth primordium.

When the permanent tooth formation starts, it is still located at
the inferior aspect of the ocular cavity. In this location, the
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root formation starts, and the following eruption path is long
compared with the primary canines. This difference in
migration path might be coursed by the late maturity of
the permanent canine and the vertical growth of the maxilla.

As a conclusion, there are similarities between the two
dentitions due to early prenatal onset of tooth formation.
However, dissimilarities occur in tooth maturation and tooth
eruption.

Eruption of a permanent maxillary canine occurs
approximately 10 years after eruption of a primary canine.

Maxillary growth

The maxilla is derived from the ectomesenchyme. The
early bone formation occurs close to the peripheral
nerves.[17] The elevation of the palatal shelves is correlated
with thematuration of the craniofacial skeleton[18] andwith the
movements of the tongue and the bilateral component of the
mandible.[19,20] The transverse palatine suture allows the
maxilla to growth in sagittal–vertical direction.[21] Already
prenatally the growth pattern of the maxilla is established.
Transversal growth occurs in midpalatal suture and sagittal
growth in the transpalatal suture and by apposition posteriorly.
Vertical growth occurs partly in the transpalatinal suture and
partly by apposition on the palatal alveolar surfaces along with
resorption on the floor in the nasal cavity.

From the prenatal period to the perinatal period, the maxillary
growth is massive and the growth continues until puberty
when the permanent canines erupt.[22] A study has suggested
that craniofacial growth is under control by peripheral
nerves.[23]

Dermatome-like fields in the maxilla: Maxillary fields with
different origins from the neural crest have been
described.[12,24-26] These fields are the bilateral frontonasal
65



Figure 2: Humanpalate (schematic).Neuro-crest fields: yellow=bilateral
frontonasal; red= bilateral maxillary; orange= bilateral palatine. (A) Right
maxillary field marked with neuro-crest sign. (B) Right maxillary field
subgrouped in canine (bluish) and premolar fields. (C) Transposition of
canine field (bluish) to area between premolars. Canine and premolar fields
overlap. (D) Transposition of canine field (bluish) to region between the
incisors. Canine and incisor fields overlap. (E) “Underdevelopment” of
canine field and agenesis of canine. (F) “Underdevelopment” of canine field
and agenesis of canine and the first premolar.
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fields, the bilateral maxillary field, and bilateral palatal fields
illustrated in Figure 2A. It is characteristic that each field, like
dermatomes, has its specific innervation. The innervation to
the jaws occurs by continuous outgrowth of nerve branches to
different groups of teeth/jaws areas as formally demonstrated
in the mandible.[27]

Clinical studies have documented that virus attacks on the
peripheral nerves to the jaws have coursed regional arrest of
tooth formations,[28] tootheruptions,[12,29] and root resorption.[30]

From dermatome fields in the body axis, it is well described
that fields are often overlapping at the borders.[31] This
explains the band-like appearing herpes zoster virus
attacks on the peripheral nerves within body dermatomes.

THE HYPOTHESIS

Ans. 1: It is hypothesized that the maxillary palatine field
covering the canine premolar region can be subgrouped in a
separate maxillary canine field and the remaining premolar
66
field [Figure 2B]. This subdivision appears logical from the
early pattern of alveolar bone formation as demonstrated.[32]

In this study, it was demonstrated that the incisors in the early
stages shared a common alveolus. This was also the situation
for the primarymolars, which also shared a common alveolus.
However, the primary canines were located in a separate
alveolus without a bony labial wall.

As it is well known that the dermatomes in the body axis can
overlap each other,[31] it seems logical to suggest that also the
isolated maxillary canine field can overlap the premolar field
during growth and thereby transport the permanent canine
anlage to a transpositional site between the premolars
[Figure 2C]. It is also possible that the canine field can
overlap the premaxillary field and thereby transport the
permanent anlage to a transpositional site between the
incisors [Figure 2D]. Innervation seems to be important for
these transpositions.

In the primary dentition, innervation of the canine tooth bud
occurs instantaneously before bone growth, and therefore,
transpositional migration of tooth buds seems impossible.

Ans. 2: It is hypothesized that maxillary canine dermatome-
like field is “underdeveloped.” The reason for this could be a
spatiotemporal delay in innervation of the field. In this case,
the canine agenesis is the only dental deviation in the
dentition [Figure 2E].

A more severe delay in innervation or field maturation is
demonstrated schematically in Figure 2F. This figure
demonstrates the possible etiology behind the significant
findingofcanineagenesisassociatedwithfirstpremolaragenesis.
EVALUATION OF THE HYPOTHESIS

Two questions concerning rare dental deviation in the maxilla
are raised. It is demonstrated how embryology, growth, and
development combinedwith clinical examplesmake it possible
to suggest answers to these rare questions. The answers might
be the foundation of future studies for genotypic mapping.

The hypotheses are that the maxillary canine can be located in
a separate dermatome field and that this field can overlap
neighboring fields just as overlap in body dermatomes.

It is also hypothesized that delay in innervation and
maturation of dermatome-like canine field maybe the
etiology behind maxillary canine agenesis and behind
combined canine agenesis and first premolar agenesis.

Although these hypotheses seem reasonable, they are difficult
to prove.
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