Third molar agenesis m Down syndrome
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The frequency, gender, and maxillary/mandibular occurrences of third molar agenesis have been studied
in a Danish population of Down syndrome individuals (39 I and 51 M). The study was based on
radiological examination and compared with 2 control groups of normal Caucasian populations. We
found that the occurrence of third molar agenesis in Down syndrome individuals was around 4 times
greater than in a normal population and higher than in corresponding previous studies. The agenesis
occurred more often in the maxilla than in the mandible, and the frequency was not significantly higher in
females than in males. The present study stresses the importance of focusing on the dental germs in the
phenotypic discussion, as different genes are involved in tooth formation. The absence of teeth can
contribute to an understanding of the interaction between genotype and phenotype. [ Genetics; odontogenesis;
tooth agenests; trisomy
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In a normal population, the frequency of agenesis of third
molars is reported to be higher than that of other teeth in
the permanent dentition. The frequency of agenesis of
third molars reported in the literature depends on the
population studied. Thus, Peltola et al. (1) reported the
frequency to be 17% in the Estonian population; Clayton
(2) 20% 1in the Kansas population; Lavelle et al. (3) 20% in
the British population; Garn et al. (4) 16.4% in the Ohio
population; and Bredy et al. (5) 20.7% in the German
population.

In the maxilla and mandible, different frequencies of
agenesis of third molars have also been reported in normal
populations. Scherngell (6) reported the frequency in the
maxilla to be 29.6% compared to 26.3% in the mandible.
This is in contrast to the findings of Bredy et al. (5), which
did not show a significant difference. It has also been stated
that the frequency of agenesis of third molars is highest in
the mandible. Thus, Davies (7) found agenesis in the
mandible to be 13.6% as against 11.0% in the maxilla.

In several studies, gender preference 1is reported
indicating a higher frequency of third molar agenesis
and a higher frequency of agenesis in general in the
dentition among females (8—-12).

The incidence of agenesis in dentitions, apart from
agenesis of third molars, varies: Clayton (2) reported 6%,
Brown (13) 4.2%, Gimnes (14) 4.5%, Davies (7) 5.9%,
Hunstadbraaten (12) 10.1%, and Relling (15) 7.8%.
Furthermore, the frequency of agenesis is higher in
subjects with agenesis of one or more third molars. Thus,
Bredy et al. (5) reported the frequency to be 27.6% and
Davies 45% (7). Agenesis has also been associated with a
decrease in size and variation in shape (4). This suggests a
common genetic basis for agenesis in the human dentition.

Agenesis is seen isolated, with variating inheritance, as
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demonstrated by Thomsen (16), Huskins (17), Alvesalo
(18), or in connection with syndromes (19), especially
craniofacial syndromes; for a complete review, see (20).
This is the case in holoprocencephaly (21), ectodermal
dysplasia (22), and Down syndrome (23). The dental
agenesis seen in the above-mentioned phenotypes is the
result of alterations in the genetic basis and of an unknown
genotypic influence on development of the dentofacial
region.

These findings indicate that different patterns in
molecular signalling occur in different regions in the
dentoalveolar region during development.

The frequency of agenesis is higher among individuals
with Down syndrome than in a normal population. Russell
& Kjer (23) demonstrated agenesis, excluding third
molars, as occurring in 81% of the Down syndrome
individuals examined. Shapira et al. (24) showed a
frequency of 59% in the permanent dentition excluding
third molars. Only Russell & Kjar (23) found a significant
gender difference, with a higher frequency of agenesis
among males than among females with Down syndrome.

The area of agenesis in the Down syndrome dentition is
found to differ from that of the normal population, which
is mandibular second premolar, maxillary second pre-
molar, lateral incisor and mandibular central incisor (15).
Thus, Russell & Kjer (23) reported the following order:
mandibular central incisor, maxillary lateral incisor,
maxillary second premolar and mandibular second
premolar. The results of Shapira et al. (24) show the
following, different order of frequency: maxillary lateral
incisor, mandibular incisors, maxillary second premolar
and mandibular second premolar.

Investigations on the agenesis of third molars among
Down syndrome individuals are sparse. In one study (25),
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Table 1. Frequency of third molar agenesis in the Down syndrome group and in the normal populations

Investigated (No.)

Agenesis (No.) Agenesis (%)

Population Female Male Total Female Male Total Female Male Total
Down/present investigation 39 51 90 34 42 76 87.2 82.4 84.4
Normal/Thompson et al. (26) 237 284 521 54 62 116 22.8 21.8 22.3
Normal/Bredy et al. (7) 1,125 936 2,061 262 165 427 23.3 17.6 20.7
based on a population of 129 individuals ranging from 3to  Results

40 years of age, 48% of maxillary third molars and 46.3%
of mandibular third molars were missing. In another
Down syndrome study the frequency of third molar
agenesis was 74% in a material of 28 subjects, and more
third molars were missing in the maxilla than in the
mandible, the ratio being 13:5. No significant gender
difference was found by Shapira et al. (24).

One purpose of the present study was to elucidate the
frequency of agenesis of third molars in a population of
Danish-born Down syndrome individuals. A further
purpose was to reveal a possible gender difference and
intermaxillary difference in this population. A final
purpose was to elucidate the connection between the
clinical findings and the genetics behind tooth agenesis.

Subjects and methods

Ninety persons with Down syndrome, trisomy 21 (39 F
and 51 M), institutionalized or home-bound in Copen-
hagen County, were included in this investigation. All
received dental care at the County Hospital for Handi-
capped Children, Vangedehuse. They were all above the
age of 11 years and were examined radiologically,
including orthopantomographic and enoral radiographs
or enoral radiographs alone. The study was approved by
the Danish Central Scientific Ethics Committee.

To have the best obtainable estimate of a reference to a
normal Caucasian population, the pooled samples from
two studies (5, 26) were used. The largest study from Bredy
et al. (5) consisted of 2,061 (1,125 F, 936 M) orthodontic
patients between 12 and 36 years of age. The other was a
Canadian study from Thompson et al. (26) on 521
children (237 I and 284 M) at the age of 16 years (Table
1). The reference sample for the present study thus added
up to 2,582 individuals (1,362 I and 1,220 M).

Statistical methods

The differences in distribution of third molar agenesis
between the Down and the normal population were
analysed using the Fisher exact test or chi-square test,
whenever the underlying assumptions were fulfilled (27).
Level of significance 0.05.

The Down population can be assumed to have the highest
frequency of agenesis of third molars (Table 1). An
absolute difference of 63.4% between the frequencies of
agenesis was found when the Down and the reference
group were compared (chi-square =196.48, df=1,
P <0.00001, Table 1).

In the Down population it was found that the frequency
of agenesis of third molars was of the same magnitude in
females and males (P~ 0.7469; Table 1). This is in
contrast to the reference group, where a significant higher
frequency of agenesis of third molars could be demon-
strated for females compared to males (chi-square = 8.18,
df=1, P=0.00424; Table 1).

In the analysis of the intermaxillary difference of third
molar agenesis, the Down population more often demon-
strate agenesis in the maxilla compared to the mandible;
however, agenesis in both jaws simultaneously was the
most frequently observed (Table 2).

Discussion

The aetiology of dental agenesis i1s not yet fully under-
stood. The pathogenesis behind comprises interaction of
different tissues in the dentofacial region, variously
controlled by genetic factors via signalling molecules,
growth factors, etc. In our study, we found a higher
frequency of third molar agenesis in a Down syndrome
sample (84.4% among 90 individuals) than that found by
Shapira et al. (24), who registered a frequency of 71.4% in
a sample of 28 individuals. The higher frequency in our
study might be explained by the age difference of those
investigated in the 2 studies: in our group, the youngest
individuals investigated were 11 years of age; in the
Shapira et al. (24) study the investigations started at 14
years of age.

According to a study on normal individuals the third
molars are visible as an eruptional follicle on radiographs,
the first of 9 developmental stages according to Garn et al.
(28), at a mean age of 8.6 years for females and 8.7 years

Table 2. Distribution of third molar agenesis in the present study

Agenesis Maxilla Mandible  Bimaxillary No agenesis

Individuals 15 3 58 14
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for males, with an 85 percentile of 10.2 years for males and
females (28). This might not apply to Down syndrome
individuals, as they show a general retardation in growth,
development and maturation (29). Therefore the mean
age for the presence of follicle stage concerning Down
individuals can be expected to be higher than 8.7 years.

In this connection, one might suspect more false-positive
results in our study than in the study by Shapira et al. (24),
resulting in a higher frequency of agenesis. For the same
reason, the study on third molar agenesis in Down
syndrome by Jensen et al. (25) was not used as a standard
of reference, because their sample ranged from 3 to 40
years of age.

Compared with the reference group, we found an
almost 4 times higher frequency of third molar agenesis in
Down individuals. This was expected, and agenesis is
accordingly classified as a characteristic phenotypical
feature in Down syndrome. A higher frequency of agenesis
is also seen in the Down permanent dention when third
molars are excluded (23).

The present study on Down syndrome shows a higher
proportion of third molar agenesis in the maxilla than in
the mandible, in contrast to the situation in normal
populations, where agenesis is most pronounced in the
mandible (7, 26, 30), but in accordance with the situation
in the Down population studied by Shapira et al. (24).

Down syndrome individuals have a shorter palate than
that seen in a normal population (24, 31). This could
indicate a general lack of growth and retarded maturation
in the maxillary complex, which might also affect the
dentition, including the third molars. This is a possible
explanation of the higher frequency of agenesis of the
maxillary third molars.

There are many local factors in the dentofacial region
that are relevant to dental agenesis, among which the oral
mucosa, the supporting tissues and the nerve tissue have
been elucidated by Kjer et al. (32). A malfunction in any
of these tissues compromises odontogenesis, ultimately
resulting in agenesis. Concerning the genetic and molecu-
lar basis controlling odontogenesis, experimental studies
have revealed subtle interactions of transcription factors
and growth factors over time (for review, see 33).

In relation to agenesis of the permanent molars, a
mutation in the homeobox gene MSX-1, causing haplo-
insufficiency in the MSX1 transcription factor, was found
in family members affected by dental agenesis, especially
of premolars and third molars (34). In a kindred study
showing varying agenesis of mainly permanent molars, no
mutation in MSX1 was found (35), but instead a mutation
in PAX9 (36). This was approved in a similar kindred
study expressing molar agenesis, but with a different
mutation in PAX9 (37).

One might express the genetic control of odontogenesis
as a mult-hit function, i.e. that different genes are
involved. Mutations in different genes interfere at separate
stages 1n odontogenesis in particular and influence
penetrance and expressivity in general, causing differences
in dental phenotypes.
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In Down syndrome, the genotype is known to differ.
Thus, meiotic non-disjunction of the 2Ist chromosome
pair is seen in 95% of cases. In 4%, a Robertsonian
translation of chromosome 21q and usually the long arm
of chromosome 14 or 22 are seen. Finally, 21q21
translocation, Mosaic Down syndrome and partial trisomy
21 are seen in the remainder of cases (38).

The frequency of agenesis in Down syndrome individ-
uals is presumably related to their deviant genotype. It has
been shown by Delabar et al. (39) that specific regions in
chromosome 21 contribute to the phenotypic feature of
Down syndrome. Down syndrome chromosome region
(DCR), located on q22.2 covering 0.4—3 Mb, is associated
with such features as short stature, hypotonia, and mental
retardation. D21S55-MX1 on 22.2 and part of q22.3
spanning 6Mb, including DCR, is involved in facial and
dermatoglypic anomalies. These tissues share a common
embryological origin with those involved in odontogenesis,
i.e. neuronal, mesenchymal, and ectodermal origin. One
might therefore suspect that these same regions/loci are
crucial in the aetiology of agenesis, but further research is
needed to elucidate this subject.

The present study calls attention to the importance of
implementation of the dental germs as a phenotypical
characteristic in future studies to contribute to a deeper
understanding of the mutual interaction between the
genotype and phenotype of syndromes.

Acknowledgements.—The Danish National Research Foundation and
The Dannin Foundation for economical support during this study.

References

1. Peltola JS, Wolf J, Mannik A, Russak S, Seedre T, Sirkel M, et al.
Radiographic findings in the teeth of 14- to 17-year-old Estonian
Schoolchildren in Tartu and Tallin. Acta Odontol Scand 1997;
55:31-5.

2. Clayton JM. Congenital dental anomalies occurring in 3,557
children. ASDC J Dent Child 1956;23:206 8.

3. Lavelle CL, Ashton EH, Flinn RM. Cusp pattern, tooth size and
third molar agenesis in the human mandibular dentition. Arch
Oral Biol 1970;15:227-37.

4. Garn SM, Lewis AB, Kerewsky RS. Third molar agenesis and
size reduction of the remaining teeth. Nature 1963;200:488 9.

5. Bredy E, Erbing C, Hitbenthal B. Haufigkeit der Zahnunterzahl
bei Anlage und Nichtanlage von Weisheitzihnen. Dtsch Zahn-
Mund-Kieferheilkd 1991;79:357 -63.

6. Scherngell R. Pravalenz der Nichtanlage und Verlagerung der 3.
Molaren bei 9-14 jahrigen. Wien Klin Wochenschr 1992;104:
105-6.

7. Davies PL. Agenesis of teeth of the permanent dentition: a
frequency study in Sydney schoolchildren. Aust Dent J 1968;13:
146-50.

8. Grahnén H. Hypodontia in the permanent dentition: a clinical
and genetical investigation. Odont Revy 1956;7:1-100.

9. Muller TP, Hill IN, Peterson AC, Blayney JR. A survey of
congenitally missing permanent teeth. J] Am Dent Assoc 1970;
81:101-7.

10. Glenn FB. Incidence of congenitally missing permanent teeth in a
private pedodontic practice. ASDC J Dent Child 1961;28:317 —
20.



154 7. F Lomholt et al.

. Baum BJ, Cohen MM. Studies on agenesis in the permanent

dentition. Am J Phys Anthropol 1971;35:125-8.

. Hundstadbraaten K. Hypodontia in the permanent dentition.

ASDC J Dent Child 1973;40:31-3.

. Brown RV. The pattern and frequency of congenital absence of

teeth. 1955 Thesis, State University, Iowa.

. Gimnes HT. En frekvensundersokelse over hypodonti hos

skoleborn i Oslo, med serlig henblikk pa forekomst av bilateral
hypodonti av 2. premolar i underkjeven. Norske Tannlaegeforen
Tid 1963;73:141 8.

. Rolling SG. Hypodontia of permanent teeth in Danish school-

children. Scand J Dent Res 1980;88:365-9.

. Thomsen S. Missing teeth with special reference to population of

Tristan de Cunha. Am J Phys Anthropol 1952;10:155-67.

. Huskins CI. On the inheritance of an anomaly of human

dentition. J Hered 1930;21:279-82.

. Alvesalo L. The influence of sex-chromosome genes on tooth size

in man: a genetic and quantitative study. Am J Orthod 1971;60:
420.

19. Jorgenson RJ. Clinician’s view of hypodontia. J] Am Dent Assoc

20.

21.

22.
23.

24.

1980;101:283 6.

Data base: Online Mendelian Inheritance in Man: http://
www.ncbi.nlm.nih.gov/ OMIM.

Lurie IW, Ilyina HG, Podleschuk LV, Gorelik LB, Zaletajev DV.
Chromosome 7 abnormalities in parents of children with
holoprosencephaly and hydronephrosis. Am J Med Genet 1990;
35:286-8.

Kurisu K, Tabata MJ. Human genes for dental anomalies. Oral
Dis 1997;3:223-8.

Russell BG, Kjer I. Tooth agenesis in Down Syndrome. Am J
Med Gent 1995; 55:466—-71.

Shapira J, Chaushu S, Becker A. Prevalence of tooth transposi-
tion, third molar agenesis and maxillary canine impaction in
individuals with Down syndrome. Angle Orthod 2000;70:290-6.

25. Jensen GM, Cleall JF, Yip ASG. Dentoalveolar morphology and

26.

developmental changes in Down’s syndrome (trisomi 21). Am J
Orthod 1972;64:607 —18.

Thompson GW, Popovich F, Anderson DL. Third molar
agenesis in the Burlington Growth Centre in Toronto. Commu-
nity Dent Oral Epidemiol 1974;2:187-92.

Received for publication 17 October 2001

Accepted 18 January 2002

27.

28.

29.

30.

31.

32.

33.

34.

36.

37.

38.

39.

ACTA ODONTOL SCAND 60 (2002)

Byron W, Brown Jr, Hollander N. Statistics, a biomedical
introduction. New York: John Wiley; 1977.

Garn SM, Lewis AB, Bonné B. Third molar formation and its
developement course. Angle Othod 1962;32:270-9.

Penrose CS. Biology of mental defect. London: Sidwick &
Jackson Ltd; 1963.

Garn SM, Lewis AB, Vicinus JH. Third molar polymorphism
and its significance to dental genetics. J Dent Res 1963;42:1344 —
63.

Kisling E. Cranial morphology in Down’s syndrome [Thesis].
Copenhagen: Munksgaard; 1966.

Kjar I, Gabor K, Nodal M, Christensen LR. Aetiological aspects
of mandibular tooth agenesis—focusing on the role of the nerve,
oral mucosa, and supporting tissues. Eur J Orthod 1994;16:371 —
5.

WWW Database. http://bite-it.helsinki.fi. Developmental Biol-
ogy Programme of the University of Helsinki; 1966.

Vastardis H, Karimbux N, Guthua SW, Seidman JG, Seidman
CE. A human MSX1 homeodomain missense mutation causes
selective tooth agenesis. Nature Genet 1996;13:417 -21.

. Goldenberg M, Das P, Messersmith M, Stockton DW, Patel PI,

D’Souza RN. Clinical, radiographic and genetic evaluation of a
novel form of autosomal-dominant oligodontia. J Dent Res
2000;79:1469-75.

Stockton DW, Das P, Goldenberg M, D’Souza RN, Patel PI.
Mutation of PAX9 is associated with oligodontia. Nat Genet
2000;24:18 9.

Nieminen P, Arte S, Tanner D, Paulin L, Alaluusua S, Thesleff' I,
et al. Identification of a nonsense mutation in the PAX9 gene in
molar oligodontia. Eur J Hum Genet 2001;9:743-6.

Lamb NE, Freeman SB, Savage-Austin A, Pettay D, Taft L,
Hersey J, et al. Suspectible chiasmate configurations of chromo-
some 21 predispose to nondisjunction in both maternal meiosis I
and meiosis II. Nat Genet 1996;14:400-5.

Delarbar JM, Theophile D, Rahmnai Z, Chettouh Z, Blouin JL,
Prieur M, et al. Molecular mapping of twenty-four features of
Down syndrome or chromosome 21. Eur J Hum Genet 1993;1:
114-24.



