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ABSTRACT
Objectives: The aim of this study was to evaluate the association between tooth agenesis and skeletal malocclusions in
Brazilian non-syndromic orthodontic patients.
Material and Methods: Pretreatment orthodontic records of 348 patients of both genders and with various skeletal
malocclusions were examined. Tooth agenesis was evaluated in panoramic radiographs. Angular measurements were taken
from lateral cephalometric radiographs to classify the patient’s malocclusion as skeletal Class I, Class II and Class III. Subjects
were divided into 2 groups, “with tooth agenesis” and “without tooth agenesis”. Chi-square or Fisher exact test was used to
compare categorical data. ANOVA with Tukey’s post-test was used for means comparisons. An alpha of 5% was established.
Results: From 348 analysed patients, 28 presented tooth agenesis. There was no difference between genders (P = 0.27) nor
mean age (P = 0.16). The most prevalent skeletal malocclusion was Class I (63.11%), followed by Class II (25.94%), and Class
III (10.95%). The mean of congenitally missing teeth was 1.3 (SD 0.13). Thirteen subjects had premolar agenesis, 13 upper
lateral incisor agenesis, 4 lower incisor agenesis and 2 molars agenesis. The group with tooth agenesis presented A pointnasion-B point (ANB) angle smaller (1.66 [SD 2.52]) than the group without tooth agenesis (2.86 [SD 2.49]) (P = 0.01). ANB
angle had a negative correlation with the number of congenitally missing teeth (P = 0.039; r = -0.39).
Conclusions: Tooth agenesis is associated with a smaller A point-nasion-B point angle and is negatively correlated with the
number of congenitally missing teeth.
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INTRODUCTION
Tooth agenesis (or congenitally missing tooth) is one
of the most common congenital anomaly in humans.
It is characterized by developmental absence of one
or more primary or permanent teeth. Permanent tooth
is more commonly affected than primary tooth [1,2].
The most common absent teeth are third molars,
followed by premolars and upper lateral incisors
[3,4]. Reports on the overall prevalence of permanent
tooth agenesis vary substantially. In Caucasians, the
reported frequency of tooth agenesis, excluding third
molars, range from 5.5% in European population,
3.9% in North American population and 6.3% in
Australian population [5].
Tooth agenesis can be classified into syndromic and
non-syndromic. Syndromic tooth agenesis refers to
complex developing syndromes associated with a
congenitally missing tooth or teeth [6]. More than
60 syndromes catalogued in Online Mendelian
Inheritance in Man (OMIM) are associated with
agenesis. Non-syndromic tooth agenesis involves
a congenitally missing tooth in an isolated form,
without an association with any other major birth
defects [7].
In the past few years, some studies have evaluated
the association between specifics craniofacial patterns
and non-syndromic tooth agenesis [8-18], however,
the results pertaining to skeletal malocclusions with
tooth agenesis are controversial. Some authors did not
find a significant association between tooth agenesis
and malocclusions [10,15,18], while other authors
observed association or tendency with skeletal Class
II malocclusion [13,14,16]. On the other hand, other
studies observed that tooth agenesis is associated
or tendency with skeletal Class III malocclusion
[8,9,11,17]. Therefore, the aim of this study was to
evaluate if non-syndromic tooth agenesis is associated
with skeletal malocclusions in Brazilian nonsyndromic pre-orthodontic patients.
MATERIAL AND METHODS
Sample
The study protocol was reviewed and approved by
the Ethics Committee of the School of Dentistry
Ribeirão Preto, University of São Paulo (CAAE
50765715.3.0000.5419). Informed consent was
obtained from all participating individuals or
parents/legal guardians during the first orthodontic
consultation.
Pre-orthodontic treatment panoramic and lateral
http://www.ejomr.org/JOMR/archives/2017/2/e3/v8n2e3ht.htm
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cephalometric radiographs from patients treated from
2000 to 2015, at the Orthodontic clinic of the School
of Dentistry of Ribeirão Preto - University of São
Paulo, were evaluated.
The sample consisted of 348 untreated individuals,
self-reported Caucasian, aged 8 to 42 years with
various skeletal malocclusions. The exclusion criteria
included patients younger than 8 years old, not selfreported Caucasian, with craniofacial syndromes or
chronic conditions, history of facial trauma or facial
surgery, previous orthodontic treatment, records
with missing radiographs, and radiographs with poor
quality or missing landmarks. One case with cleft lip
and palate was found and excluded from the sample.
Determination of tooth agenesis phenotype
Cases of tooth agenesis were clearly evident from
the panoramic radiographs alone. All panoramic
radiographs were examined by the same professional
(AMGC) using the same protocol [3,4].
The inclusion criterion was that at least one
permanent tooth was affected, excluding third molars.
Tooth agenesis was defined based on the age of
subjects and when initial tooth formation should be
visible in the radiographs [3,4]. In accord with the
mentioned criteria, second premolar agenesis was
only considered on patients older than 8 years old [4].
Determination of skeletal malocclusion
Pretreatment lateral cephalometric radiographs were
hand traced and measured by two orthodontists
previously trained (MANM and FLR, inter-observer
agreement 0.95).
The following landmarks were used for cephalometric
analysis: point A (A), point B (B), sella (S), and
nasion (N). Sagittal skeletal discrepancies were
assessed using angular measurements: angle between
sella, nasion and subspinale point A (SNA), angle
between sella, nasion and supramentale point B
(SNB), and angle between subspinale point A, nasion
and supramentale point B (ANB). Then, the total
sample was classified as skeletal Class I malocclusion
(0° < ANB < 4°), skeletal Class II malocclusion
(ANB ≥ 4°), and skeletal Class III malocclusion
(ANB ≤ 0°).
Statistical analysis
Data were analysed using Epi Info 7 and Graph Pad
Prism 5.0a. The Shapiro-Wilk test was used to verify
the normality of the data. The comparisons were
performed between the groups ‘with tooth agenesis’
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and ‘without tooth agenesis’. Tooth agenesis
evaluation was performed according to the type of
congenitally missing teeth (upper lateral incisors,
premolars and others congenitally missing teeth)
and according to the affected arch (maxillary and
mandible). The group without tooth agenesis was used
as a comparison group.
Odds ratio calculations and Chi-square or Fisher’s
exact tests were used to evaluate the association
between tooth agenesis and skeletal malocclusion.
Parametric data were expressed as mean and standard
deviation (M [SD]). To compare the difference
between the means of the angular measurements,
t-test was used. The Pearson coefficient test was used
to evaluate the degree of the correlation between
number of congenitally missing teeth and angular
measurements. The established alpha was 5%.
RESULTS
Three hundred forty-eight subjects were evaluated.
The mean age was 15.2 (6.69) years. Twenty-eight
(8.04%) patients presented at least one tooth agenesis.
Table 1. Characteristics of the studied population
Variable

Without tooth
agenesis

With tooth
agenesis

P-value

Mean age (SD)

15.35 (6.87)

13.5 (3.81)

0.16

Male

129 (90.85)

13 (9.15)

Female

190 (92.68)

15 (7.32)

Gender, N (%)
0.27

No statistically significant P > 0.05 (t-test and Chi-square test).
SD = standard deviation; N = number.
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Forty-five teeth were congenitally missing. The
number of congenitally missing teeth ranged between
1 to 4 and the mean was 1.3 (0.13). Thirteen (3.75%)
subjects had premolar agenesis, 13 (3.75%) upper
lateral incisor agenesis, 4 (1.15%) lower incisor
agenesis and 2 (0.58%) molars tooth agenesis.
The characteristics of the studied population are
presented in the Table 1. The mean age and gender
distribution were not different between patients with
and without tooth agenesis (P > 0.05).
Two hundred nineteen (63.11%) patients presented
skeletal Class I malocclusion, 90 (25.94%) patients
skeletal Class II malocclusion, and 38 (10.95%)
patients skeletal Class III malocclusion. The
distribution of tooth agenesis subgroups according to
the skeletal malocclusion is presented in the Table 2.
Skeletal Class III malocclusion was associated with
premolar tooth agenesis (P = 0.039).
Table 3 demonstrates the mean of the cephalometric
measurements SNA, SNB and ANB according to the
groups. The ANB measurement was smaller in the
group with tooth agenesis (P = 0.01).
The cephalometric measurements SNA, SNB and
ANB angles were also evaluated according to the
affected arch. There was no statistical difference
among the groups (P > 0.05).
The evaluation according to the type of congenitally
missing tooth demonstrated a statistical difference
in the ANB angle for the premolar tooth agenesis
(P = 0.01). The mean ANB measure in the premolar
tooth agenesis group was 1.11 (2.79).
The correlation between the number of congenitally
missing teeth and the SNA, SNB and ANB angles
were performed. There was no correlation between
SNA and SNB angles and the number of congenitally

Table 2. Tooth agenesis subgroups’ distribution according to the skeletal profile
Groups

Skeletal malocclusion, N (%)

P-value

Class I

Class II

Class III

Without tooth agenesis

199 (62.4)

87 (27.3)

33 (10.3)

Reference

All types of tooth agenesis

20 (71.4)

3 (10.7)

5 (17.9)

0.11

Premolar agenesis

8 (61.5)

1 (7.7)

4 (30.8)

0.039a

Upper lateral incisor agenesis

9 (69.2)

2 (15.4)

2 (15.4)

0.597

Others tooth agenesis

4 (100)

0 (0)

0 (0)

0.302

Maxillary tooth agenesis

15 (68.2)

3 (13.6)

4 (18.2)

0.256

Mandible tooth agenesis

7 (63.6)

1 (9.1)

3 (27.3)

0.127

Type of congenitally missing tooth

Affected arch

Statistically significance difference (P < 0.05), Chi-square test.
N = number.
All comparisons were performed with the group without tooth agenesis. Others tooth agenesis
was represented by two cases of molar agenesis and two cases of lower incisor agenesis.

a
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Table 3. Cephalometric measurements distribution according to the
group
Measurements

Without tooth agenesis Tooth agenesis
P-value
Mean (SD)
Mean (SD)

SNA

81.54 (3.89)

81.26 (3.62)

0.71

SNB

78.66 (3.79)

79.58 (3.59)

0.21

ANB

2.86 (2.49)

1.66 (2.52)

0.01a

Statistically significance difference (P < 0.05), Student’s t-test.
SNA = angle between the sella, nasion and subspinale point A;
SNB = angle between the sella, nasion and supramentale point B;
ANB = angle between subspinale point A, nasion and supramentale
point B; SD = standard deviation.
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Number of congenitally
missing teeth
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a

missing teeth. The ANB angle had a negative
correlation with the number of congenitally missing
teeth (P = 0.039; r = -0.39) (Figure 1).
DISCUSSION
Some researches in dental development have been
focused in the understanding of the aetiology of the
tooth agenesis. In the past few years much progress
has been made to identify the developmental basis
of tooth formation [19,20]. Tooth agenesis has been
associated with other developmental dental anomalies
[3,21], non-syndromic oral cleft [22-24], cancer
[25,26], and specifics craniofacial morphologies
[17,27,28]. These association studies suggested that,
in some instances, tooth agenesis and these conditions
presented a similar genetic background.
Skeletal Class III malocclusion has been associated
with tooth agenesis [8,9,11,17], which corroborates
with present study that found an association between
smaller value of the ANB angle and tooth agenesis.
This association led us to raise the hypothesis that,
in some instances, the same genes are involved in the
aetiology of the both conditions.
Although there is some evidence of the genetic
component in the aetiology of non-syndromic tooth
agenesis [7,25,29,30,31-33] and skeletal Class III [3439], there are no studies that evaluated the genetic
aetiology of this condition. In the past two decades,
genetic polymorphisms in some genes have been
extensively studied in the tooth agenesis context.
Genetic variations in growth factors including FGF3,
FGF10, and FGFR2 [25], FGFR1 [40], BMP2 [7],
BMP4 [31,33] and TGFb1 [32] have been associated
with non-syndromic tooth agenesis. These growth
factors genes have been implicated in the regulation
of diverse developmental events, including tooth
development and are also possibly involved in the
mandible/maxilla growth and development.
http://www.ejomr.org/JOMR/archives/2017/2/e3/v8n2e3ht.htm

A point-nasion-B point
Figure 1. Correlation between subspinale point A, nasion and
supramentale point B angle and the number of congenitally missing
teeth.

An interesting finding observed in this study is
that the number of congenitally missing teeth
was negatively correlated with the ANB angle
measurements. Previous studies also observed that
severe forms of tooth agenesis are associated with
skeletal Class III [8,11], in which each additional
congenitally missing tooth decreases the ANB
angle [11]. These findings suggested that the same
aetiological factors involved in severe cases tooth
agenesis establishment are involved in the mandible/
maxilla development.
In the evaluation according to the type of congenitally
missing teeth, there is a preferential association
between premolar agenesis and the tendency towards
skeletal Class III malocclusion. It is important to
emphasize that genetic studies performed in patients
with non-syndromic tooth agenesis observed that
some genes are involved only in the aetiology of
premolar agenesis [9]. Based on these findings, it can
be hypothesize that these genes are involved in the
mandible and/or maxilla development.
Since different types of congenitally missing teeth
have a different genetic aetiology, studies should
attempt to the type of affected teeth. In a Turkish
population, third molar agenesis was associated with
skeletal Class III malocclusion [12]. In the present
study, the third molar agenesis was excluded due the
young age of the included population.
A study by Hirukawa et al. [41] suggested that
maxillary tooth agenesis might be involved in the
skeletal Class III malocclusion, while Kreczi et al.
[42] stated that tooth agenesis may have a negative
influence on the sagittal development of a jaw. In the
present study, there was no preferential association
according to the dental arch. This might be explained
by small sample size of this study, but it is also
possible that the difference according to the dental
arch does not exist.
J Oral Maxillofac Res 2017 (Apr-Jun) | vol. 8 | No 2 | e3 | p.4
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CONCLUSIONS
Tooth agenesis is associated with a smaller subspinale
point A, nasion and supramentale point B angle,
which is correlated with number of congenitally
missing teeth. The results also suggest that premolar
agenesis is involved with Class III malocclusion.
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