
INTRODUCTION

Hypodontia is the term used to describe the 

developmental absence of at least 1 deciduous or 

permanent tooth, excluding the third molars. It is 

the most common dental developmental anomaly 

and has occurred in humans since at least 

Paleolithic times. Hypodontia does not represent a 

serious public health problem, but it may cause 

masticatory and speech dysfunctions and aesthetic 

problems.

The congenital absence of teeth results from 

disturbances during the initial stages of tooth 

formation: initiation and proliferation. Different 

terms are used to describe the nature of tooth 

agenesis. Hypodontia is most frequently used when 

describing the phenomenon of congenitally missing 

teeth in general. Many other terms are used to 

describe a reduction in the number of teeth appear 

in the literature: oligodontia, anodontia, aplasia of 

teeth, congenitally missing teeth, absence of teeth, 

agenesis of teeth and lack of teeth. The term 

hypodontia is used when one to six teeth, excluding 

third molars, are missing, and oligodontia when 

more than six teeth are absent (excluding the third 

molars). Anodontia is an extreme case, denoting 

complete absence of teeth.

There is no clear definition in the literature 

concerning the limits of these classes. Anodontia 

and oligodontia are rare, but hypodontia is 

relatively common. The commonly used term 

“congenitally” missing teeth is a misnomer as 

permanent teeth that are most frequently missing 

are not present in the mouth at birth. Tooth agenesis 

is a more informative term because it also implies 

the underlying developmental defect.

Tooth agenesis can occur in association with other 

genetic diseases or as an independent trait.

Non-syndromic tooth agenesis shows wide 

phenotypic heterogeneity and is classified as 

sporadic or familial.

Frequency and distribution

Some authors reported the permanent maxillary 

lateral incisor as the tooth most commonly missing 

in the general population. Others described the 

mandibular second premolar to be the most 

frequently missing tooth, with a frequency of 3.4%, 

followed by the maxillary lateral incisors, at a rate of 

2.2%. Congenital absence of teeth was found more 

often unilaterally than bilaterally for all the affected 

teeth except for the second premolar, where 

bilateral absence was found about 1.5 times more 

often.
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Frequency of dentition and tooth type affected 

Permanent dentition is more frequently affected 

than primary dentition. The incidence for 

permanent tooth agenesis ranges from 1.6% to 

9.6% in the general population excluding third 

molars. In the primary dentition, tooth agenesis is 

reported to be 0.5% to 0.9%. Severe tooth agenesis 

(absence of 4 or more teeth other than third molars) 

has an estimated prevalence in the general 

population of 0.25%.

According to some investigators, congenitally 

missing teeth are considered to be an evolutionary 

trend. Amongst all non-syndromic (familial or 

sporadic) agenesis conditions detected in humans,

the most common is the absence of thirdmolar(s). In 

average about 20%of the individuals in apopulation 

do not have at least one third molar. Upper lateral 

incisors and second premolar agenesis are also 

common, being second in frequencies.(2.2% and 

3.4%, respectively). The high prevalence of agenesis 

of these teeth is probably a sign of the evolutionary 

reduction of the dental formula(1, 2).

The incidence of tooth agenesis varies with tooth 

class. An interesting correlation on the number of 

missing teeth and the tooth class has been made by 

Muller et al, based on a collection of 14,940 

adolescents. They have noted that maxillary lateral 

incisors are the most frequently missing teeth when 

only 1 or 2 teeth are absent, whereas second 

premolars are the most frequently missing teeth 
 when more than 2 teeth are absent. Bailit(3) has 

suggested that when a third molar is absent, 

agenesis of the remaining teeth is 13 times more 

likely. Third molar agenesis also seems to 

predispose for reduced size and delayed 

development of certain teeth. A relationship 

between absent teeth and the abnormal 

morphology of remaining teeth has been observed 

within other types of agenesis; agenesis of one 

lateral incisor is often accompanied by a small 

lateral on the contralateral side.

Gender association

Gender-preference has also been investigated as it 

relates to tooth agenesis. There are reports 

attributing higher incidence of tooth agenesis in 

women. One study has reported a female to male 

ratio of 3:2, although others have been unable to 

confirm this finding. Polder et al, in a meta- analysis, 

observed that, females were 1.4 times more 

susceptible to non-syndromic dental agenesis than 

males (4).

Symmetry of dentition in tooth agenesis 

Opinions vary in terms of the degree of symmetry 

presented in the dentition with tooth agenesis.

Numerous researchers note that hypodontia often 

occurs unilaterally even though the body's genetic 

information is presumed to be identical on both 

sides. Formation of a tooth but not its antimere in 

the opposing quadrant seems to be due to local 

differences in genetic–environmental interactions 

between the two sides. Environmental factors 

probably influence the frequency of hypodontia and 

the risk of developmental asymmetry, but 

controlled animal studies suggest that tooth size is 

more commonly affected by stress than is the actual 

failure of tooth formation.

According to Bailit, most patterns are bilaterally 

symmetric, with the exception of maxillary lateral 

incisors where the left one is more frequently 

missing than the right one (3).  Lundstrom has 

observed that agenesis of teeth is often unilateral; 

approximately half the missing teeth are absent 

unilaterally (5).  The classic study of hypodontia by 

Grahen found a preponderance of congenitally 

missing teeth in the left quadrants. Conversely, 

Costa et al. report an excess of unilateral-right cases. 

Other studies found no side difference (6, 7). Muller 

et al. amongst others, found that most people with 

hypodontia only lack a single tooth, but they found 

no side preference (8). The differences amongst 

studies are easily attributable to sampling 

fluctuations, though they may suggest population 

differences in susceptibility to lateral expression of 

hypodontia (4).

Hypodontia in clefts

Various dental abnormalities, particularly 

hypodontia, have a much higher prevalence in 

certain groups. These dental anomalies have been 

frequently reported in children who also have cleft 

lip, cleft palate, or both. Interestingly, these 

anomalies were found in proportionately higher 
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normal size and shape of the lateral incisor (small or 

peg shaped) on the contralateral side, and the 

delayed eruption of the second premolars observed 

in the majority of reports, were suggested as 

representing a mild expression of hypodontia. In all 

(5) cleft groups, hypodontia was more frequent in 

girls than in boys, but the differences were not 

statistically significant.

Tooth agenesis in Down's syndrome Agenesis is ten 

times more frequent in down's syndrome than in 

general population; there is higher frequency in 

males than in females, in the mandible than in the 

maxilla, and on the left side than on the right. The 

teeth most affected by agenesis are mandibular 

central incisors, followed by maxillary lateral 

incisors, second premolars, and mandibular second 

premolars.

Canines and first molars are rarely affected. 

Agenesis of canines and second molars has been 

seen in both maxilla and the mandible, where as 

agenesis of the first molar has been seen only in the 

mandible. The pattern of agenesis may be related to 

the peripheral nervous system, which either 

branches differently in down syndrome patients or 

contains fewer branches, or contains nerves that do 

not grow (10).

Etiopathogenesis of tooth agenesis

In recent years many theories have been developed 

to explain agenesis which can be divided into two 

groups: evolutional and anatomical theories.

Evolutional theories explain tooth agenesis by the 

antero-posterior shrinking of the maxillo-

mandibular complex and the following adaptive 

reduction of the number of teeth, because of the 

smaller arches, but also by the reduced functional 

chewing by eating mainly soft  and processed foods.

Butler's theory (1939) attempts to explain why 

certain teeth fail to form more than others.

According to this hypothesis, mammalian dentition 

can be divided into 3 morphologic fields 

corresponding to incisors ,  canines,  and 

premolars/molars. Within each field, one “key” 

tooth is presumed to be stable; flanking teeth within 

the field become progressively less stable.

frequencies as the severity of the cleft increased. 

The 8% incidence of hypodontia, excluding third 

molars, reported in normal Finnish children was 

found to increase up to 31.5% in those affected with 

an isolated cleft palate. A prevalence of tooth 

agenesis of 45.5% in the cleft area was reported by 

Bohn. Shapira found an incidence of 74% for 

missing maxillary lateral incisors and 18% for 

missing second premolars in children with cleft lip, 

cleft palate, or both.

Hypodontia outside the cleft region was much 

higher in cleft-affected children than in others.

The frequency of missing teeth outside the cleft site 

for children affected with cleft lip and palate, in 

descending order of magnitude was 7.5% to 32.3% 

for the maxillary second premolars, 3.1% to 10.4%  

for the maxillary lateral incisors, and 0.4 to 10.8% 

for the mandibular second premolars. Hypodontia 

was found more frequently in the clefted maxilla 

than in the mandible, and in unilateral clefts this 

hypodontia was more often on the same side as the 

cleft, most commonly the left side. In children with 

isolated cleft palate, bilateral absence of mandibular 

second premolars, maxillary and mandibular 

canines, and mandibular central incisors was more 

common than unilateral absence, but with no 

statistically significant differences between the 

groups (9). Rates as high as 59% missing maxillary 

lateral incisors and 54% missing maxillary second 

premolars have been reported in these children. The 

prevalence of hypodontia in the isolated cleft palate 

group was reported to be 4 times that of the non-

cleft group, and higher in  the maxilla (sixfold) than 

in the mandible (threefold). The increased 

incidence of hypodontia in children with clefts 

might be a result not only of the genetic factors 

directly affecting hypodontia, but also of the factors 

causing the cleft itself. This suggests that the same 

etiologic factors may be responsible for both the 

formation of the clefts and the hypodontia in 

affected children. The congenital absence of the 

maxillary lateral incisors is associated with other 

dental changes, both in the size and number of teeth. 

When not absent, the maxillary lateral incisor on the 

cleft site is nearly always abnormal in size and 

shape, and the second premolars show delay in 

development and eruption. Deviation from the 
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and Greenberg each presented one case of identical 

twins discordant for hypodontia. Ritter described 

five cases of monozygotic twins which were 

discordant (13).  Korkhaus, Goldberg, Burman and 

Laskcar described cases which were concordant.

Population studies have shown that tooth agenesis 

can be manifested as an isolated finding or part of a 

syndrome. Isolated forms may be sporadic or 

familial. Familial tooth agenesis can be the result of a 

single dominant gene defect a recessive or X-linked. 

Third molar agenesis cannot be explained in the 

majority of cases with a simple model of autosomal 

dominant transmission.

Speculations of a polygenic model of inheritance 

have also been reported in the literature.

Chosack et al assumed that hypodontia is the result 

of polygenic inheritance with a threshold (7) effect. 

Those individuals who are below the threshold 

remain unaffected and those who are above are 

affected (14).  Brook and Bailit assumed that 

hypodontia is a quasi-continous trait based on an 

underlying continuous distribution of tooth size. 

Brook suggested a multifactorial model in which 

polygenic factors play a major part but 

environmental  factors  are  included but   

environmental factors are included.

Grahen in 1956 was the first to consider agenesis as 

a hereditary anomaly whose transmission is 

determined by a dominant autosome, with 

incomplete penetrance and variable expressivity; 

this is currently the most agreed upon definition. In 

Grahen's sample, the penetrance was higher when 

the proband of the family had more than 6 missing 

teeth. Studies by Grahen have shown that the 

penetrance (defined as the percentage of 

individuals with a particular gene combination 

showing the respective characteristic at a particular 

degree) is 86%, whereas the variable expressivity 

(the degree of phenotypic expression in an 

individual) means that the inheritor teeth, when 

they are not agenetic, can be shown to be modified in 

shape and or size. Burzynski and Escobar calculated 

the penetrance of numeric anomalies of dentition to 

be 86% with the use of Grahnen's data (15). Woolf 

has suggested that in families exhibiting dominant 

inheritance of incisor agenesis, the responsible gene 

Considering each quadrant separately, the key tooth 

in the molar/premolar field would be the first molar. 

This schema positions the second and third molars 

at the distal end of the field, and the first and second 

premolars on its mesial end.

Clayton, observing that the most commonly missing 

teeth were the last of each ==class'' (incisors, 

premolars, and molars), hypothesized that those 

elements were just vestigial bodies that became 

obsolete during the evolution process, because it 

does not give any advantage to the species (11).  The 

most supported theories are those of Svinhufvud 

and Di Kajaer. Svinhufvud et al. hypothesised the 

existence of dental lamina areas more sensitive to 

epigenetic influences (==Fragile lamina sites'') 

during the maturation of teeth and than even to 

anomalies such as missing teeth. Some examples 

related to this hypothesis are: (1) the agenesis of the 

upper lateral incisors, which develops in the area of 

the fusion between the lateral maxillae process and 

the medial nasal bone process; (2) the second lower 

premolar that originates in another fragile area of 

the dental laminae; and (3) the central lower 

incisors that arises from the initial fusion area of the 

jaw. Kjaer instead affirmed that agenesis could be 

explained by referring to the development areas of 

the neural maxillae (incisors area, canine/premolar 

area, and molar area), and states that the most 

sensitive area is the one where the innervation 

develops the last .  Several  studies  have 

demonstrated that dental development is under 

strict genetic control of position, number dimension 

and the shape of the tooth (12).

Genetics of tooth agenesis: Population and twin 

studies It is intriguing that hypodontia follows no 

clear mode of inheritance. Indeed, phenotypes (i.e. 

which and how many teeth are absent) can vary 

considerably even within monozygotic twin pairs 

and within family members with the same mutation. 

There have been some published reports regarding 

twins. Hypodontia occurring in twins was studied to 

a limited extent by Zeiger and Winkler in 1931. They 

cited two cases of identical twins in which the 

condition was concordant and one case of fraternal 

twins in which it was discordant. There has been 

other published reports concerning twins. Tanner 
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the mesenchyme appears to be a marker for the sites 

of tooth formation as it occurs before any 

morphological manifestation of this process. 

Mutations in this gene were shown to be associated 

with autosomal dominant forms of oligodontia 

(agenesis of more than six teeth) in humans.

A mutation of PAX9 transcription factor has been 

linked to familial tooth agenesis affecting all first, 

second, and third molars, and less frequently 

involving second premolars and mandibular central 

incisors. For non-syndromic oligodontia, dominant 

mutations in transcription factors MSX1 and PAX9 

have been described. In homozygous Msx1- and 

Pax9-null mutant mice, tooth development is 

arrested at an early stage, whereas heterozygotes 

have normal dentition. There is experimental 

evidence indicating that MSX1 and PAX9 are 

required for the mediation of BMP and FGF 

signaling, respectively. MSX1 mutations are 

associated especially with agenesis of the second 

premolars and third molars and PAX9 mutations 

with molar tooth agenesis (25).

AXIN2:

Recently Lammi suggested that oligodontia could be 

determined by AXIN2 gene mutations (axis 

inhibition protein 2), also detected in colon and liver 

cancer. The AXIN2 gene is located on chromosome 

17 (17q21–q25); it produces a protein that 

suppresses the WNT pathway   suppressive protein. 

Experiments in mice have also shown that Shh and 

Wnt signals are   necessary for normal tooth 

development. It is thought that integrated networks 

of signaling  pathways are the key regulators of 

tooth morphogenesis (26).

MMP1 AND 20:

In a recent study Erika et al found associations 

between tooth agenesis and MMP1 and MMP20 

were found in Brazilian families. In the total dataset, 

MMP20 continued to be associated with tooth 

agenesis. Mmp20 was not expressed during the 

initial stages of tooth development (27).

EDA:

More recently, other genes were involved in isolated 

tooth agenesis. Mutations in EDA gene cause X-

tends to show reduced penetrance and variable 

expressivity (16). Peg lateral incisors or 

rudimentary third molars may reflect incomplete 

expression of a gene defect that causes tooth 

agenesis; unilateral agenesis may be a result of 

reduced penetrance. 16q12.1 Chromosome 

(autosomal recessive hypodontia) defect is an  

autosomal recessive type of hypodontia associated 

with several tooth anomalies e.g. malformations, 

enamel hypoplasia and missed eruption. It was 

found in a Pakistani kinship from  Sind, having 

several consanguineous marriages(16).

Another oligodontia phenotype known as the He-

Zhao deficit, was largely found in a Chinese family 

kinship living in a small village of Northwestern 

China. This is an autosomal dominant with  

incomplete penetrance and high variability 

anomaly found in 52 out of 328 family  members of 

six different generations (17, 18, 19).

Familial tooth agenesis

FTA is genetically heterogeneous suggesting that 

more than one gene defect contributes to the clinical 

variability of this dental condition. Tooth agenesis 

clearly has been identified as an autosomal-

dominant condition, currently mapped in single-

family studies to single-gene defects. 

Tooth development is a very complex process and 

involves many players.

MSX1

The MSX1 gene is just one of the factors involved in 

tooth development. Vastardis et al, analyzing a 

kindred with agenesis of all second premolars and 

third molars, found a point mutation in the MSX1 

gene of affected family members (20, 21, 22). FTA 

described by Arte et al as dominant mutation in 

MSX1 gene located on chromosome 4p (23). 

Pawlowska et al. suggested that two polymorphisms 

in MSX1 exon 2 untranslated region (rs8670 and 

rs12532) were involved with familial and sporadic 

agenesis in humans (24).

PAX9:

Pax9-deficient mice have been shown to lack teeth 

and pharyngeal pouches derivates and have severe 

craniofacial anomalies. The expression of Pax9 in 
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linked HED which signs are sparse hair, reduction in 

the number and size of tooth and cuspid and lack of 

sweat glands.

The EDA gene occupies a segment of the long arm of 

the X-chromosome (Xq12-13.1); it encodes a 

protein belonging to the tumour necrosis factor 

(TNF) family of ligands. Eight isoforms of EDA 

transcript are known but only two of them contain 

the receptor-binding TNF homology domain: EDA1 

which binds the EDA ligand EDAR and EDA2 that 

binds only a receptor called XEDAR. By contrast, 

from the EDAR receptor and its intracellular 

transmission signal EDARADD, expressed in enamel 

knot, ectodysplasin-A (EDA), a type II membrane 

protein, is expressed from the cells of the external 

tooth epithelium. Recently, several studies have 

reported sporadic hypodontia in families affected 

by mutations in EDA and EDA receptor (EDAR) gene. 

The probands affected by these mutations, largely 

male, show only variable degrees of tooth lack, the 

systemic symptoms of HED. The most commonly 

missing teeth are molar and premolar (28).

Psychosocial impact of hypodontia

The psychosocial impact of hypodontia has received 

little attention in the literature. Hobkirk et al, in a 

retrospective study of 451 patients with 

hypodontia, found that the most common 

complaints were spacing between the teeth and 

poor esthetics, and some patients were aware that 

they had missing teeth. Functional problems 

because of the reduced surface area of the occlusal 

table comprised only 8.7% of patients' complaints 

(29, 30).
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