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INTRODUCTION

Tooth agenesis is the most common congenital anom-
aly in humans, but just recently the etiology of the
condition started to be unveiled. Defects in PAX9,1-12

MSX1,13-19 and AXIN220 were described in more severe forms
of the condition (oligodontia), and in most of the cases seg-
regating in an autosomal dominant fashion. However, these
cases account for a very small percentage of the total cases
in the population. Tooth agenesis is commonly found in syn-
dromes,21 and is four to six times more common in cleft lip
and palate populations.22-2

The majority of tooth agenesis cases are probably caused
by a combination of genes and environmental influences.
The reported frequency of tooth agenesis varies from 2.6%
to 11.3%, second premolars are most frequently recorded
absent, and prevalence rates are higher in females compared
to males (3:2, respectively).24

Although some epidemiologic characteristics of tooth
agenesis (frequency, gender distribution, most commonly
affected teeth) are well established, the etiology of the dis-
order remains largely unclear. In this study, we used a cohort
of 1,034 pediatric subjects to study tooth agenesis and
explore in more detail the clinical presentation of the disor-
der, investigating if some specific patterns of tooth agenesis
(subphenotypes) could be determined.

METHOD
This study was approved by the Clementino Fraga Filho
University Hospital Institutional Review Board.
Panoramic radiographs from all 1,052 patients assisted by

the Federal University of Rio de Janeiro’s Continuing Edu-
cation Clinical Program in Pediatric Dentistry were exam-
ined. All radiographs were taken in the same clinic, by the
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same radiology technician, and developed using the same
protocol. All patients, whose ages varied from 6 to 12 years
old and were assisted between August of 1997 and Decem-
ber 2004, were included in this study. All radiographs were
examined by the same professional using the same protocol.
Radiographs were examined in a dark room over a negato-
scope that had a frame to avoid light passing on the sides of
the radiograph. Tooth agenesis was defined based on the age
of the subjects and when initial tooth formation would be
visible radiographically.25 Cases with radiographs of poor
quality were excluded (N = 18). No cases were found to
have an underlying syndrome.

RESULTS
Among the 1,034 radiographs studied, 515 were from
females and 519 from males. Thirty-nine patients (3.77%)
had at least one congenitally missing tooth. Twenty-two
were females and 17 males defining the ratio female: male
at 1.29 to 1. No statistically significant differences in the fre-
quency of tooth agenesis based on gender were found (p =
0.13). Also, the distribution of tooth agenesis based on arch
(upper versus lower) and laterality (left versus right) was not
statistically different (p = 0.51 and p = 0.61, respectively).
Nineteen cases had one tooth missing, nine cases had two

teeth missing, and eleven cases had three or more teeth miss-
ing. While bilateral cases did not differ in the frequency of
agenesis by arch (p = 0.8), unilateral cases presented more
commonly agenesis on the mandibular arch (p = 0.03). This
result was clearly driven by the frequency of second premo-
lar agenesis, which was the most common absent tooth in the
studied population. Unilateral lower second premolar agen-
esis was found more often than bilateral agenesis (p =
0.047). Table 1 describes the 39 tooth agenesis cases found
in the studied population.

DISCUSSION
The aim of this study was to identify subphenotypes of tooth
agenesis that could be used to study the etiology of the con-
dition. Frequency, sex ratio, and types of teeth affected
reported here are similar to previous studies,24 although the
number of females we found affected is slightly decreased
compared to previous reports. One additional observation
also deserves note. Unilateral tooth agenesis of lower second
premolars was more commonly seen than bilateral agenesis.
Although not statistically significant, there was a trend for
having more mandibular second premolars missing on the
right side than on the left side (11 versus 4; p = 0.13).
Assuming that genetic information is identical for each

side, differences between sides can be interpreted as conse-
quence of environmental factors. On the other hand, one can
propose bilateral traits could be influenced by distinctive
genes, depending on the particular side. Subtle random devi-
ations from perfect bilateral symmetry is called fluctuating
asymmetry and is considered an appealing measure of devel-
opmental precision because of the apparent ease with which
it may be measured and because its developmental origins

seem so straightforward.26 It has been recognized that more
distal tooth types (second premolars among premolars) have
increased size variability between left and right.27-33 How-
ever, true fluctuating asymmetry (the result of real differ-
ences between sides) is subject to the influence of a number
of methodological variants, and the evaluation of quantita-
tive measures of bilateral variation and their heritability has
been interpreted with caution.26

Asymmetric lower second premolar agenesis, preferen-
tially on the right side, could be considered directional
asymmetry, and its etiology could be related to a particular
factor. A number of traits have differences in laterality. Cleft
lip is more common on the left side,34 as well as postaxial
polydactyly,35,36 whereas microtia is more commonly found
in the right size.37 Regarding breast sizes, no significant dif-
ferences between left and right are described, however
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Table 1. Description of the affected cases by gender, age, and teeth
missing.

Case Age
Number Gender (in years) Absent teeth
1 M 12 35,45
2 M 10 35
3 M 12 15,25
4 F 12 14, 15, 23, 24, 25, 35,45
5 M 12 15
6 M 11 35,45
7 M 11 15, 25, 45
8 F 12 32
9 M 11 45
10 F 7 32, 35, 42, 45
11 F 8 45
12 F 8 45
13 M 10 35, 45
14 F 9 33, 43
15 M 9 35, 45
16 F 9 45
17 M 10 12, 13, 22, 23, 31, 35, 41, 45
18 F 9 15, 25, 45
19 M 7 45
20 F 10 14, 15, 17, 24, 25, 27, 34, 35, 37,

44, 45, 47
21 F 11 14, 15, 24, 25, 34, 35, 45
22 F 8 15, 33, 45
23 F 9 15, 25, 45
24 M 6 31
25 F 7 25
26 M 6 12
27 M 8 45
28 F 10 12, 15, 22, 25
29 F 7 35
30 M 6 35
31 F 8 42
32 F 9 15, 25
33 F 11 15
34 M 12 35, 45
35 F 6 12, 22
36 F 7 45
37 M 9 12
38 M 12 15, 25, 34, 44
39 F 11 35
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breast asymmetry is greater in healthy women who subse-
quently developed breast cancer compared to those who
remained disease free, suggesting that asymmetrical breasts
could prove to be reliable indicators of future breast disease
in women.38

The fifteen affected individuals with asymmetric agene-
sis of mandibular second premolars lived in the same metro-
politan area of Rio de Janeiro but it is difficult to determine
if they were under the influence of a common environmen-
tal factor. Although these individuals are not obviously
related, one possible explanation is that the same genetic
variation could cause these asymmetric differences. There is
likely no selective forces acting against these alleles and that
is probably the reason tooth agenesis is quite common in
humans. No preferential asymmetry can be observed in the
families segregating mutations in AXIN2,20 MSX1,13-19 or
PAX9.1-12 In contrast with the mutations causing severe forms
of tooth agenesis, sporadic tooth agenesis may be due to
hypomorphic alleles more frequent in the population.
Our study adds to the bulk of the literature and confirms

previously reported characteristics of tooth agenesis. Our
observation that unilateral lower second premolar agenesis
is more common than bilateral agenesis, with a trend for uni-
lateral agenesis being more common on the right side may
suggest specific genetic factors may be differentially
expressed depending on the side. A recent study on cleft lip
and palate suggested that the genes that contribute to lateral-
ity of the cleft may be different, resulting in alternate phe-
notypes for dental anomalies also.23 Further studies should
take into consideration the types of teeth and if agenesis is
bilateral versus unilateral.
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