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Case Report

Heritability of maxillary lateral incisor agenesis and its implications in orthodontic
treatment planning: Review of literature and a case report
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Abstract

Tooth agenesis is a common dental anomaly characterised by the congenital absence of one or more teeth in the primary or permanent dentition. It may occur
in isolation or as a part of various syndromic conditions. Among the prevalence of missing teeth, the agenesis of maxillary lateral incisors is common,
significantly impacting both aesthetics and function. The management of missing lateral incisors necessitates a collaborative, multidisciplinary strategy to
achieve optimal outcomes. This case report highlights the heritable nature of the maxillary lateral incisor agenesis, its genetic implications and the importance
of early diagnosis for comprehensive treatment planning.
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incisor and to highlight the importance of orthodontic
treatment planning, taking into consideration the

Tooth agenesis refers to the congenital absence of one or interdisciplinary approach of this dental abnormality.
more teeth in the primary or the permanent dentition. It is the

most prevalent developmental dental anomaly.** The 5 (age of Report
maxillary lateral incisors and mandibular second premolars
have been documented to be the most common congenitally
missing teeth, after the third molars. Females are 1.37 times
more likely than males to have dental tooth agenesis. The
prevalence of tooth agenesis has been reported to be higher
in Australian (females 7.6%, males 5.5%) and European On extraoral examination, the face was apparently
population (females 6.3%, males 4.6%) as compared to North  ijaterally symmetrical, well proportionate in horizontal
American Caucasian population (females 4.6%, males 3.2%). fifths and vertical thirds. The smile analysis revealed a non-
Although unilateral tooth agenesis is more prevalent than  consonant smile arc with optimum buccal corridors and an
bilateral tooth agenesis, maxillary lateral incisor is an optimum maxillary incisal display. Her profile was convex,
exception. There is a noticeable variation in the tooth types  \yith an obtuse nasolabial angle, competent lips, a deep
of the two jaws; the general prevalence of agenesis in the  ento-labial sulcus and a prominent chin. Three-quarter
maxilla is similar to that in the mandible.? analysis showed optimum malar prominence and a normal lip
line (Figure 1).

1. Introduction

A 14-year female patient in CVMI stage 4 reported to the
department of Orthodontics and Dentofacial Orthopaedics of
a tertiary dental care hospital with the chief complaint of
spacing in the maxillary anterior region.

This case report aims to provide an insight regarding the
heritability characteristics of agenesis of maxillary lateral
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Figure 1: A): Extraoral and intraoral photographs; B): Orthopantomogram of patient showing agenesis of 12; C): Lateral
cephalogram depicting skeletal Class Il Division 2 pattern with anterior deepbite.

Intraoral examination revealed thirteen permanent teeth
in the maxillary arch and fourteen permanent teeth in the
mandibular arch, with a clinically missing maxillary right
lateral incisor (tooth #12) and a peg-shaped maxillary left
lateral incisor (tooth #22) with mesial migration of the
maxillary right canine. The molar relationship was Class Il
bilaterally, and the canine relationship was Class | on the
right and end-on on the left side with retroclined maxillary
incisors, reduced overjet, impinging deepbite and an
exaggerated curve of the Spee. The maxillary dental midline
was deviated to the right by 3 mm. Model analysis revealed
Bolton’s discrepancy of 8 mm signifying deficient tooth
material in the maxillary arch. The patient was clinically
diagnosed as a case of Angle’s Class II Division 2 Type B
malocclusion (Figure 1).

The clinical findings were confirmed radiographically
through orthopantomogram which revealed twenty-seven
erupted teeth and four unerupted teeth (tooth #18, 28, 38, 48)
in various stages of development, with maxillary right lateral
incisor ((tooth #12) being congenitally missing (Figure 1).
On analysis of lateral cephalogram, patient was diagnosed as

a case of skeletal Class Il malocclusion due to an
orthognathic maxilla and a retrognathic mandible with
reduced collum angle and an average growth pattern (Figure
1).

On eliciting familial history, the mother of the patient
presented with similar findings. She had fifteen permanent
teeth in the maxillary arch and sixteen permanent teeth in the
mandibular arch with a clinically missing maxillary right
lateral incisor (12), spacing mesial to 14 and 13 and a rotated
14. The patient had a Class | molar relationship on the left
side and end-on molar relationship on the right side, with an
optimum overjet, 50% deepbite and coinciding maxillary and
mandibular dental midline. The clinical findings were
confirmed radiographically on OPG, which revealed a
congenitally missing maxillary right lateral incisor (tooth
#12) (Figure 2).

The hereditary presentation of missing lateral incisors in
subsequent generations depicts the genetic inheritance of
missing maxillary lateral incisors.
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Figure 2: A): Extraoral and intraoral photographs; B): orthopantomogram of patient’s mother showing agenesis of 12; C):

lateral cephalogram depicting skeletal Class Il pattern

3. Discussion

Tooth agenesis is one of the most prevalent developmental
defects in human dentition. When a tooth fails to erupt in the
oral cavity, is not apparent on radiographic examination, does
not have any history of extraction or has not been
inadvertently lost, it is said to be congenitally missing.* The
complete lack of teeth in either the primary, permanent, or
both the dentitions is known as “anodontia”. Witkop tooth-
nail syndrome, Fried syndrome, Book syndrome, hair-nail-
skin-teeth dysplasia, Rieger syndrome, Holoprosencephaly,
Down's syndrome (Trisomy 21), Wolf—Hirschhorn
syndrome (Deletion 4p), and Kabuki syndrome are among the
syndromic disorders that typically present with anodontia.®
The absence or underdevelopment of one or more teeth is
known as “partial anodontia” which has been further
subdivided into two categories - oligodontia i.e., congenital
absence of six or more teeth (excluding third molars) and
hypodontia i.e., congenital absence of less than six teeth
(excluding third molars).5

The presented case report highlights the genetic
inheritance of same sided unilateral maxillary lateral incisor
agenesis in mother and daughter. Hans Grahnén in 1956 has

first documented hypodontia as an autosomal dominant
genetic trait, with variable expressivity and incomplete
penetrance.® According to Brook's studies in 1984, sex
differences in tooth size and number were associated with
good correlation between microdontia and tooth agenesis,
with increased female predilection. The study findings
highlighted that each anomaly was more common in first-
degree relatives than in the community sample, indicating
that the likelihood of the relatives having hypodontia
increases with the severity of the hypodontia.” The pattern in
dental anomalies were better explained with Butler's field
theory which divides the mammalian dentition into multiple
developmental areas. The canine, incisor, and
molar/premolar fields are all included in the developmental
field. Variability and diversity are more pronounced in the
distal direction within each morphogenic class than the
mesial direction among the respective fields.®° Accordingly,
among the incisors, lateral incisors are more prone to
variations as compared to central incisors.

Although the exact etiopathogenesis of tooth agenesis is
unknown, yet there exists role of interplay between hereditary
and environmental factors.* Numerous interactions between
the epithelium and the mesenchymal tissue result in the
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formation and morphogenesis of a tooth. Focal clusters of
migrating neural crest cells just under the oral epithelium of
the future alveolar ridge are the initial indications of tooth
formation.’® The oral epithelium synthesizes and secretes
diffusible growth factors, which trigger the production of
transcription factors such as MSX1 and PAX9 which plays
an essential role in the differentiation of the underlying
ectomesenchyme hence initiating tooth development.’ The
signalling of epithelial-mesenchymal interactions in tooth
formation also involves a variety of molecules, including
those belonging to the hedgehog (Hh), fibroblast growth
factor (FGF), and bone morphogenic protein (BMP). A
disorder like hypodontia may be brought on by changes in
one or more of the signaling pathways, which may also have
an impact on dental development.'? Mutations in MSX1 and
[ or PAX9 may result in the congenital absence of maxillary
first premolars, incisors, second premolar or third molars.*34

The ectomesenchyme expresses another important WNT
regulator protein called AXIN2. A severe form of autosomal
dominant familial tooth agenesis has been reported due to
mutations in AXINZ2. This mutation is also linked to a
significantly increased risk of colorectal cancer. Therefore,
patients with familial tooth agenesis are recommended to
undergo genetic testing to rule out AXIN2 involvement due
to the association with colorectal cancer. Familial tooth
agenesis may also be caused by certain genes related to early
tooth development as a part of broader syndrome, such as
Rieger syndrome, or ectodermal dysplasia.'®

Environmental factors have also been suggested as
probable etiology for tooth agenesis. Pregnancy-related
rubella infection, children born with thalidomide
embryopathy, children treated with early-life chemotherapy
or radiotherapy, traumatic alveolar process fractures have
also been linked to hypodontia. Maternal smoking and
alcohol consumption causes oxidative stress which could be
a major risk factor for hypodontia as well.1

3.1. Orthodontic implications

The key to successful orthodontic treatment is the methodical
and organized course of action. Achieving optimal occlusion,
good intercuspations, ideal overjet and overbite with an
appealing profile should be the "goal of orthodontic
treatment.”

When Andrews's six keys of occlusion are realized, these
objectives can be accomplished.r” These six keys were
thought to be the best until Mc Laugin and Bennet suggested
that the seventh key, "Bolton’s tooth size ratio," must be met
in order to produce a perfect anterior and posterior fit.® There
must be a clear proportionality of tooth size for the maxillary
teeth to fit the mandibular teeth for aesthetics, occlusal
stability, and functional harmony. To help identify the size
disparity between maxillary and mandibular teeth, Bolton
proposed the inter-maxillary ratio. The anterior ratio with a
mean of 77.2%, is the percentage relationship between the

mandibular anterior teeth and the maxillary anterior teeth
(canine to canine). The overall ratio, which has a mean of
91.3%, represents the percentage relationship between
mandibular and maxillary teeth (first molar to first
molar).19:20

In cases of tooth agenesis, a Bolton discrepancy is often
observed, posing challenges in restoring the patient's function
and appearance, especially when addressing missing
maxillary lateral incisors. The literature highlights the
following as the most effective management methods:

1. Regaining space by fixed orthodontic mechanotherapy
2. Orthodontic space closure
3. Premolar auto-transplantation

The primary goal of regaining space with orthodontic
therapy is to provide enough room for the replacement of
congenitally missing lateral incisor. The amount of space
required can be calculated using Bolton discrepancy and
taking “golden proportion” into consideration. The tooth can
be rehabilitated later using fiber-reinforced composite, fixed
partial dentures, removable dentures, fixed cantilever
bridges, resin-bonded fixtures, or implant supported
restorations.?

Orthodontic space closure with respect to congenitally
missing lateral incisors can also be planned for patients
presenting with Class 1l malocclusions with noncrowded
lower arches, Class | malocclusion necessitating extractions,
and those with proclined upper anterior teeth.?? The canines
and premolars are protracted and prepared to resemble the
lateral incisor and canine respectively in both esthetics and
functionality following orthodontic space closure. The mesial
protraction of teeth into the available space preserves the
natural gingival and alveolar bone architecture, preventing
the need for prosthetic replacement and lowering the risk of
third molar impaction.?® Through this approach, canine-
guided occlusion would be replaced by anterior group
function during lateral excursions.?

Auto-transplantation of premolar at the site of missing
lateral incisor has also been recommended to achieve
functional adjustment with success rate ranging from 79% -
90%. Following three months of successful auto-
transplantation, the premolar crown can be altered to
resemble the maxillary lateral incisor both aesthetically and
functionally.?>%

4. Conclusion

The heritability of tooth agenesis, as presented in the case
report, underscores the importance of genetic predisposition
in dental anomalies. Maxillary lateral incisor agenesis, often
influenced by genetic factors, presents both functional and
aesthetic challenges in the orthodontic management. Often, a
multidisciplinary treatment approach is required to ensure
functional restoration of the occlusion along with an aesthetic
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outcome. Continued research into the genetic basis of dental
agenesis can further potentiate orthodontic diagnosis,
treatment strategies and may serve as a guide for genetic
counselling for affected individuals and their families.
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