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Abstract: Aim: To investigate the prevalence of eight morphological and numerical anomalies in the primary dentition of
southern Chinese and to compare the prevalences with those from different ethnic groups.
Materials and Methods: The material used in the study consisted of plaster casts and standardized panalipse radiographs
collected from 936 randomly selected 5-year-old children (493 males and 443 females) in Hong Kong. The anomalies,
hyperdontia, hypodontia, macrodontia, microdontia, double tooth, talon cusp, dens invaginatus and taurodontism, were assessed using diagnostic criteria that have been most often been cited in the published literature.
Results: Of the eight dental anomalies examined, microdontia was the most common and occurred in 6.3% of southern
Chinese children. This prevalence figure was much higher than that of other ethnic groups and it was mainly due to microdontia of the maxillary canines (4.3%). The prevalence of hypodontia (4.1%) was also the highest of all races, of which
mandibular lateral incisors were the most frequently missing teeth in the southern Chinese (3.2%). Of the other dental
anomalies studied, the prevalence of hyperdontia (2.8%) and double tooth (4.1%) were higher than reported for Caucasians.
Conclusion: Higher prevalences of microdont maxillary canines, and missing lateral mandibular incisors can be considered to be characteristics of the southern Chinese primary dentition.
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INTRODUCTION
Dental anomalies can be broadly considered as being
morphologic and numeric. If anomalous is taken to mean an
irregularity of the norm, then a dental anomaly is a feature of
the dentition that can be expected to occur in the minority of
a given population. Anomalies of the dentition hold a fascination for many dentists, more especially for those who practice Paediatric Dentistry. The presence of dental anomalies
of the teeth and the likely causes may be more possibly
thought provoking than features with profound consequences
upon the affected dentition.
Studies of the primary dentition have reported the prevalence of morphological and numerical variations in Scandinavian [1], Japanese [2-4], north American [5, 6] and British
populations [7]. However, no research has been reported on
the Chinese population. Hong Kong is geographically situated on the south coast of China and is one of the most
densely populated areas in the world. Most of the population
are of southern Chinese origin. Therefore, it was considered
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to be of great value to gather baseline data on the prevalence
of morphological and numerical variations in the primary
dentition of Chinese children in Hong Kong.
The published literature on dental anomalies in the permanent dentition suggests that variation exists between racial
groups and even sub-racial groups. By comparing published
data from various populations including part I of this series,
it is evident that higher prevalences of double tooth, dens
evaginatus and missing mandibular incisors are characteristics of the southern Chinese permanent dentition. Although
the published literature on anomalies in the primary dentition
is limited, and the prevalence is lower than in the permanent
dentition, it seems that variation in the primary dentition may
also exist between racial groups. Such anomalies are of interest in anthropology because they serve as characteristics
of a population thus making it distinguishable from other
ethnic groups.
The aims of this study were to determine the prevalence
of the various dental anomalies, such as hyperdontia, hypodontia, macrodontia, microdontia, double tooth, talon
cusp, dens invaginatus and taurodontism in the primary dentition of the five years old southern Chinese children in Hong
Kong. By comparing these data with those on other populations, it was intended to determine if the primary dentition of
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the southern Chinese has any features that may characterize
this dentition.
MATERIALS AND METHODS
Study Sample
The sample frame was designed with the co-operation of
the staff of the statistics section of the Education Department
of Hong Kong. The target population was 5 years old southern Chinese children who attended kindergartens in Hong
Kong. A stratified two-stage cluster sampling design was
constructed for this survey. A random number generator was
used to select a kindergarten and all of the 5 years old children in that kindergarten were then invited to participate in
this survey. The chance of a particular kindergarten being
chosen was proportional to the number of 5 years old children attending the kindergarten. No socio-economic classification was attempted. Approval to conduct this study was
received from the Ethics Committee, Faculty of Dentistry,
the University of Hong Kong. Prior to the examination, written consent was obtained by letter from the parents of the
randomly selected 1,005 children via the school staff. Participation in the study was strictly voluntary.
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ond molars were traced using acetate tracing paper and a
pencil prior taking measurements. The distal (d) and mesial
(m) points of the amelo-cemental junction were marked on
the tracing of each tooth. Points “d” and “m” were then
aligned and measurements made from this axis to two further
points; “f” the highest point of the floor of the pulp chamber
(measurement “a”) and “r” the apex of the distal root (measurement “b”). The teeth were diagnosed as exhibiting taurodont when the a:b ratio was 1:4.5 or less. The teeth were
discarded from the evaluation when any of the points were
indefinable, or when there was evidence of pathology.
Approximately 10% (n=93) of the casts and radiographs
were randomly selected by a computer programme for reexamination. All of the examinations were conducted by one
previously trained and calibrated examiner.
Diagnostic Criteria
There were eight dental anomalies which, according to
the published literature, can be expected to found in the primary dentition:
Hypodontia:

Congenital absence of one or multiple
teeth. Absence of a tooth was confirmed
clinically and radiographically by considering the caries status and the presence of
macrodontia or double tooth of any of the
adjacent teeth.

Hyperdontia:

A dentition with any additional tooth, or
structure formed from a tooth germ.

Microdontia:

It is considered to exist if one, or more
teeth are smaller than those considered to
be within normal range; that is, they are
outside the usual limits of variation. For
practical purpose this is a tooth that is 1
mm smaller than its antimere, or the mean
dimension of that tooth [8].

Macrodontia:

It occurs when a tooth, or teeth are larger
than those considered to be within normal
range; that is, they are outside the usual
limits of variation. For practical purpose
this is a tooth that is 1 mm larger than its
antimere, or the mean dimension of that
tooth [8], and exhibits normal crown, root
and pulp morphology.

Double Tooth:

A large tooth with incisal notching, labial
or palatal grooving, or radiographic evidence of a separate or fused pulp chamber, or root was recorded as a double
tooth. Furthermore, a double tooth is any
tooth like structure which resembles two
complete, or partially complete teeth [3,
9].

Talon Cusp:

An additional cusp that projects from the
singulum of an anterior teeth and extends
at least half the distance from the cemento-enamel junction to the incisal edge
[10].

Method of Examination
The children were transported, under escort, to the Prince
Philip Dental Hospital. Their dental histories were taken and
the clinical caries status (dmft) was recorded. Irreversible
hydrocolloid alginate (Jeltra, L.D. Caulk Co., Milford, D.E.,
U.S.A) impressions were then taken of the children using
standard perforated trays (TP Orthodontics, Inc., Alaska,
Indiana, U.S.A.). Immediately after the impression had been
taken, they were poured in hard stone to minimize the distortion. The children then had a standard panoral radiograph
taken using a Panelipse machine (General Electric Company,
U.S.A.); this was supplemented by a standard anterior occlusal radiograph, using an orientation frame and spirit level to
standardize the angle to the horizontal, for those subjects
who were suspected of having hyperdontia, dens invaginatus, macrodontia or double tooth anomalies. All of the
radiographs were taken by professional radiographers in the
Oral Radiology Unit, the Prince Philip Dental Hospital.
In the study cast examination, individual teeth on the
casts were examined under an illuminated magnifying glass
(x3) to diagnose the presence or, absence of an anomaly. The
illustrated versions of the various classifications of the eight
anomalies, and a list of the teeth upon which they can be
expected to occur, was prepared to enhance the accuracy of
the diagnoses and to maintain the level of examiner reliability. The reasons for omitting some teeth from the investigation were: (i) poor quality or of the study cast; (ii) chipped or
broken teeth; (iii) wear or attrition; (iv) gross caries; and (v)
restorations.
Examination of all of the radiographs was conducted in a
darkened room using an illuminated viewing box. When a
diagnosis of double tooth was made, the number of pulp
chambers and root canals were also recorded. A diagnosis of
hyperdontia was made only after examining both the
panalipse and the upper occlusal films. If a supernumerary
was present, the location, eruption status, orientation, shape
of the crown and degree of root development were recorded.
For diagnosis of taurodontism, all primary mandibular sec-
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Dens Invaginatus: An invagination of the odontogenic tissues, enamel and dentine towards the
pulp of an incisor [11].

27 The Open Anthropology Journal, 2010, Volume 3

Taurodontism:
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A tooth is considered to exhibit taurodontism when the ratio between the vertical
distances from the amelo-cemental junction to the floor of the pulp chamber, and
the amelo-cemental junction to the apex
of the roots of the mandibular second molar, is 1:4.5 or less [12].

Prevalence Data Review
In order to compare the prevalence data from this study
with those of other studies the literature and data from studies published between 1930 and 2009, which were related to
dental anomalies in the primary dentition, were sourced using PubMed and hand searches. The key words used for the
PubMed searches were dental anomalies, primary dentition,
hyperdontia, hypodontia, macrodontia, microdontia, double
tooth, talon cusp, dens invaginatus and taurodontism. The
reference lists of the articles retrieved from the electronic
database were hand searched to identify additional articles
that might provide information relevant to the objectives of
this paper. It was impractical to perform a systemic review
because the methodology used in the published studies varied, thus preventing valid statistical analyses.
RESULTS
Of the 1005 children who participated in this study, comprehensive records including good quality plaster casts and
standardized panalipse radiographs were obtained from 936
children; 443 girls and 493 boys. The mean chronological
age was 5.75 (SD=0.46) years for girls and 5.73 (SD=0.45)
years for boys.
A total of 93 of the casts and radiographs were reexamined to measure the examiner reliability for the diagnoses of the various dental anomalies. The Kappa coefficients
were in the range from 0.82 (macrodontia) to 1.00 (hypodontia and hyperdontia). Examiner reliability for the diagnoses
of dens invaginatus and taurodontism could not be determined because none of the subject selected had these two
anomalies.
Of the 8 dental anomalies, microdontia was the commonest and occurred in 7.7% of the girls and 5.1% of the boys
Table 1.

(Table 1). However, no children were found to have dens
invaginatus or taurodontism in their primary dentitions. The
comparison of the prevalence figures of the various dental
anomalies observed in this study, with those in other studies
are shown in Tables 2 to 6. The prevalence of hypodontia in
the southern Chinese children (4.1%) was higher than reported for other ethnic groups (Table 2). Mandibular lateral
incisors were the most frequently missing tooth in this study
(3.2%), which was contrary to the data from other studies in
which the maxillary lateral incisors were the most frequently
reported missing teeth. The prevalence of microdontia in
southern Chinese children was 6.3% which was much higher
than data for other races (Table 4). The majority of the microdontia was diagnosed in the maxillary canines (4.3%).
Moreover, the prevalence figures of hyperdontia (2.8%) and
double tooth (4.1%) in this survey were found to be higher
than reported for Caucasians (Tables 3 and 5).
DISCUSSION
This study of a randomly selected representative sample
was based on high quality plaster study casts and standardized panalipse radiographs supplement by clinical examinations, dental history, and anterior occlusal radiographs. Examining the casts and radiographs, rather than the actual
teeth caused a slight loss of subjects (6.8%, n=69 in this
study) because some children could not tolerate the taking of
impressions and radiographs. However, the advantages were
that all of the tooth surfaces could be observed easily and
there were no time constraints, or co-operation problems to
manage, as can occur during an oral examination of a young
child. Although the findings for hypodontia, in this study,
may have been weakened by the variation in the quality of
the dental histories; the diagnosis of the congenital absence
of a tooth was confirmed clinically and radiographically by
considering the caries status and presence of macrodontia of
the adjacent tooth in order to minimize inaccuracies. The
accuracy of the diagnosis of hyperdontia would be expected
to be less affected by the quality of the dental histories because it was assumed that the chance of early extraction of a
supernumerary tooth was extremely low. The rarity of dens
invaginatus and taurodontism in the primary dentition as
indicated in the literature [7,13] was confirmed by the

The Mouth Prevalence of the Various Dental Anomalies in the Primary Dentition of 936 Five Years Old Southern
Chinese Girls and Boys in Hong Kong
Dental Anomaly

Girls (N=443)

Boys (N=493)

no.

%

no.

%

Hypodontia

25

5.6

13

2.6

Hyperdontia

6

1.4

20

4.1

Microdontia

34

7.7

25

5.1

Macrodontia

4

0.9

6

1.2

Double tooth

20

4.5

18

3.7

Talon cusp

4

0.9

1

0.2

Dens invaginatus

0

0

0

0

Taurodontism

0

0

0

0

Southern Chinese Part III

Table 2.
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The Prevalence of Hypodontia in the Primary Dentition in Published Studies

Ethnic Group and Location

Author

Number of Subjects Examined

Prevalence (%)

Hong Kong

Present study

936

4.1

Japan

Saito (1959) [2]

7,589

0.2

Japan

Yonezu et al. (1997) [4]

2,733

2.4

Poland

Plaetschke (1938) [83]

1,000

0.7

U.K.

Leighton (1953) [84]

2,700

0.9

U.S.A.

Menczer (1955) [85]

2,209

0.1

Sweden

Grahnén and Granath (1961) [1]

1,173

0.4

Iceland

Moller (1963) [36]

609

0.2

Canada

Curzon and Curzon (1967) [5]

776

0

Denmark

Ravn (1971) [17]

4,564

0.6

U.K.

Brook (1974) [7]

741

0.3

Sweden

Holm and Arvidsson (1974) [18]

208

0.5

Denmark

Rasmussen and Helm (1975)[19]

406

0.2

Faeroe Island

Hanusardóttir (1978) [86]

218

0

Finland

Järvinen and Lehtinen (1981) [20]

1,141

0.9

Iceland

Magnússon (1984) [21]

572

0.5

Croatia

Skrinjarić and Barac-Furtinović (1991) [23]

2,987

0.47

U.S.A.

Jones et al. (1993) [6]

493

0

New Zealand

Whittington and Durward (1996) [87]

1,680

0.4

Belgium

Carvalho et al. (1998) [88]

750

0.4

Brazil

Kramer et al. (2008) [89]

1,260

0

Southern Chinese

Mongoloid

Caucasian

absence of any subject being affected in this study (Table 1).
However, this could be partially attributed to the diagnostic
criteria and the indistinctiveness of a panalipse radiograph in
the anterior sextants.
Most of the published data on the inter-relationships between the different dental anomalies has been for the permanent dentition; however, this does not preclude the application of the model to the primary dentition. In this study, macrodontia occurred only in the primary mandibular incisors
and canines, and especially when there was hypodontia of
one tooth in that quadrant (1.1%, n=10). This may be explained by the hypothesis that the different anomalies can
occur in the same tooth group due to factors related to the
developmental timing of the teeth. In this hypothesis, if the
teeth, in a given segment, which develop earlier are larger,
then those which develop later will tend to be smaller than
normal, or even absent [14, 15]. The other explanation is,
that macrodontia is an expression of excess dental tissue to
compensate for the lack of tissue as represented by a congenital missing tooth in that quadrant. Moreover, there were
7 children (0.7%) in this study who had both hypodontia and

double tooth. It is interesting to note that all of the cases of
hypodontia occurred in the contra-lateral quadrant to double
tooth anomalies, which is also a manifestation of the lack of
dental tissue. The data from the present investigation appears
to indicate that there are both inter- and intra- arch compensatory mechanisms, which somehow, regulate the total quantity of dental tissue within an arch of the primary dentition.
These possible inter-relationship warrant further specific
investigation.
The various anomalies will be discussed independently
by first considering the physical characteristic, followed by
the prevalence of that anomaly among different populations
to identify any distinctive features in the data for the primary
dentition of the southern Chinese.
Hypodontia
Hypodontia and congenital missing teeth are two general
terms that have used to describe the congenital absence of
teeth. The absence of one, or several teeth has been called
oligodontia, agenesis of numerous teeth (commonly associated with specific syndromes or severe systemic abnormali-
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The Prevalence of Hyperdontia in the Primary Dentition in Published Studies

Ethnic Group and Location

Author

Number of Subjects Examined

Prevalence (%)

Hong Kong

Present study

936

2.8

Taiwan

Huang et al. (1992) [35]

543

7.8

Japan

Yonezu et al. (1997) [4]

2,733

0.1

Poland

Plaetschke (1938) [83]

1,000

0.2

U.K.

Leighton (1953) [84]

2,700

0.8

U.S.A.

Menczer (1955) [85]

2,209

0.25

U.S.A.

Clayton (1956) [40]

1,795

1.8

Sweden

Grahnén and Granath (1961) [1]

1,173

0.3

Iceland

Moller (1963) [36]

609

0.8

Canada

Curzon and Curzon (1967) [5]

776

0.6

Denmark

Ravn (1971) [17]

4,564

0.6

U.K.

Brook (1974) [7]

741

0.3

Sweden

Holm and Arvidsson (1974) [18]

208

1.4

Denmark

Rasmussen and Helm (1975) [19]

406

1.7

Finland

Järvinen and Lehtinen (1981) [20]

1,141

0.4

Iceland

Magnússon (1984) [21]

572

0.5

Croatia

Skrinjarić and Barac-Furtinović (1991) [23]

2,987

0.10

U.S.A.

Jones et al. (1993) [6]

493

0.2

New Zealand

Whittington and Durward (1996) [87]

1,680

0.18

Belgium

Carvalho et al. (1998) [88]

750

0.8

Brazil

Kramer et al. (2008) [89]

1,260

0.1

Southern Chinese

Mongoloid

Caucasian

ties), while anodontia is an extreme expression of oligodontia indicating the total absence of dental structures [16].
Anodontia has been found to occur in the more severe forms
of ectodermal dysplasia. To make a diagnosis of hypodontia,
a dental history is necessary to eliminate the possibility of
previous extraction of a normal tooth [7].
The prevalence of hypodontia was found to be higher in
southern Chinese girls than boys (Table 1), which was in
accordance with the findings of most investigators [1, 1721], but contrary to those of Brook [7] and Yonezu et al. [4].
In this study, congenital missing teeth occurred only in the
anterior regions and more frequently in the mandible than
maxilla. Most of the congenitally missing teeth were mandibular lateral incisors (78.8%), which was notably dissimilar to the findings of other studies in which it was mostly the
maxillary lateral incisors that were missing [17, 20, 22, 23].
The prevalence of hypodontia in the primary dentition
(4.1%) was lower than that found in the permanent dentition
(7.3%) of southern Chinese children (Part I of this series of

papers). Several studies have shown that about 75% to 100%
of the cases of hypodontia in the primary dentition are followed by hypodontia in the permanent dentition in the same
region [23-26]. Moreover, an association between hypodontia and ankylosis of primary molars, taurodontism, enamel
hypoplasia and peg-shaped incisors has been reported in one
study [27].
The prevalence of hypodontia found in the primary dentition of southern Chinese children (4.1%) was much higher
than for Japanese children (0.2% and 2.4%) and Caucasians
(0 – 0.9%), see Table 2. Differences between studies can
arise from different sampling methods, the size and age of
the study population, and the use of radiographs [28]. A further variable which is rarely highlighted is the race of the
group under investigation. Variation in the racial prevalence
of hypodontia in the primary dentition is suggestive of combined genetic and environmental components [29]. Thomsen
[30] pointed out that differences in the prevalence of hypodontia were due to variations in gene frequency and the
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The Prevalence of Microdontia in the Primary Dentition in Published Studies

Ethnic Group and Location

Author

Number of Subjects Examined

Prevalence (%)

Hong Kong

Present study

936

6.3

Japan

Saito (1959) [2]

7,589

0.2 (peg shaped)

Japan

Ooshima et al. (1996) [3]

905

2.3

Japan

Ooshima et al. (1996) [3]

905

1.2 (peg shaped)

Japan

Yonezu et al. (1997) [4]

2,733

0.6

U.K.

Brook (1974) [7]

741

1.6

Belgium

Carvalho et al. (1998) [88]

750

0.1

Brazil

Kramer et al. (2008) [89]

1,260

0.3

Southern Chinese

Mongoloid

Caucasian

Table 5.

The Prevalence of Double Tooth in the Primary Dentition in Published Studies

Ethnic Group and Location

Author

Number of Subjects Examined

Prevalence (%)

Hong Kong

Present study

936

4.1

Japan

Saito (1959) [2]

7,589

4.5

Japan

Niswander and Sujaku (1963) [90]

285

2.5

Japan

Yonezu et al. (1997) [4]

2,733

4.1

Northern China

Cheng et al. (2003) [48]

4,268

1.52

Poland

Plaetschke (1938) [83]

1,000

0.5

U.S.A.

Menczer (1955) [85]

2,209

0.14

U.S.A.

Clayton (1956) [40]

1,795

0.8

Sweden

Grahnén and Granath (1961) [1]

1,173

0.5

U.S.S.R.

Turobova (1965) [91]

3,520

0.7

Canada

Curzon and Curzon (1967) [5]

776

0.9

Denmark

Ravn (1971) [17]

4,564

0.9

U.K.

Brook (1974) [7]

741

1.6

Finland

Järvinen and Lehtinen (1981) [20]

1,141

0.7

Iceland

Magnússon (1984) [21]

572

0.7

U.S.A.

Buenviaje (1984) [92]

2,439

0.4

Croatia

Skrinjarić and Barac-Furtinović (1991) [23]

2,987

0.43

U.S.A.

Jones et al. (1993) [6]

493

0.4

New Zealand

Whittington and Durward (1996) [87]

1,680

0.8

Belgium

Carvalho et al. (1998) [88]

750

0.6

Spain

Aguiló et al. (1999) [93]

6,000

0.8

Brazil

Kramer et al. (2008) [89]

1,260

1.2

Southern Chinese

Mongoloid

Caucasian

30
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The Frequency of Various Anomalies in the Primary Dentition of Southern Chinese People, other Mongoloid Groups and
Caucasians
Anomalies

Southern Chinese

Mongoloid (not southern Chinese)

Caucasian

Hypodontia

moderate

low to moderate

low

Hyperdontia

moderate

varied

low to moderate

Microdontia

high

low to moderate

low

Macrodontia

moderate

moderate

-

Double tooth

moderate

moderate

low to moderate

Talon cusp

low

low

-

Dens invaginatus

-

-

low

Taurodontism

-

low

varied

Chance of occurrence:
low:
<1%
moderate: 1% - 5%
high:
>5 %

mode of inheritance which he suggested was autosomal recessive. More recent studies have identified genes that cause
the absence of teeth in generations of non-syndrome patients.
For example, mutations in the genes of MSX1 and PAX9
have been demonstrated to be associated with oligodontia in
the posterior teeth and the mode of inheritance is autosomal
dominant [31, 32]. Therefore, it is becoming increasingly
evident that other genes probably play a role in hypodontia
in different regions of the dental arches [33].
Hyperdontia
Hyperdontia refers to a dentition that has one, or more
extra normal, or abnormal teeth. These teeth have been referred to as supernumerary, supplemental, extra, a third dentition, superdentition, aberrant, conoidal, paramolars, distomolars, mesiodens, and polyphodontism. These supernumerary teeth can arise as a result of splitting of the tooth germ
[34], or extra budding of the dental lamina [35]. However, in
most cases they are of an unknown aetiology.
As with hypodontia, hyperdontia in the primary dentition
is rare. The quality of published data are affected by the
sampling method; that is, whether the sample included patients referred for the evaluation of hyperdontia or its associated sequelae, the size of the population and whether or not
radiographs were available. In addition, the age affects the
data because any supernumerary teeth may have exfoliated
or have been extracted during the late mixed dentition stage.
The prevalence of hyperdontia in the primary dentition
(2.8%) was similar as that found in the permanent dentition
(2.6%) of southern Chinese children (Part I of this series of
papers). Studies have shown that in 35% to 86% of cases
with supernumerary primary teeth are followed by the presence of supernumerary permanent successors [23-26]. Nevertheless, hypodontia of the permanent dentition has also
been reported to follow primary supernumerary teeth [25].
The predominance of boys among the southern Chinese
with hyperdontia in this study (Table 1) was in agreement
with the majority of other reports [18-20, 35, 36], but contradictory to the findings of Brook [7], Luten [37], Ravn [17]
and Humerfelt and co-workers [38] who found no difference
between the gender, and Magnússon [21] who found that
girls showed a higher prevalence than boys. All of the super-

numerary teeth found in this study occurred in the maxilla
which was in accordance with the findings of Ravn [17],
Järvinen and Lehtinen [20], and Magnússon [21]. Almost all
of these supernumerary teeth were unerupted (97.0%), this
was contrary to the findings of Luten [37] who reported that
all of the supernumerary teeth in his study were erupted; and
Humerfelt and co-workers [38] who reported that 73% of
supernumerary teeth found in their study were erupted.
In southern Chinese, almost half of the supernumerary
teeth (48.5%) were observed along the midline (mesiodens).
Apart from the mesiodens, the majority of supernumerary
teeth occurred in the maxillary incisor region (51.5%); by
contrast Ravn [17], Järvinen and Lehtinen [20] and Humerfelt and co-workers [38] reported that hyperdontia in the
primary dentition occurred most often in the lateral incisor
regions (supplemental lateral incisors). The supernumerary
teeth found in this study mostly had an inverted orientation
rather than normal or transverse orientation 66.7%, 30.3%
and 3.0% respectively, which is contrary to the findings of
Huang and co-workers [35] who found that most mesiodens
had a normal orientation. As normally orientated supernumerary teeth often erupt, the high prevalence of inverted
teeth found in this study may explain why 97.0% of the supernumerary teeth were unerupted.
Several reports have indicated that there is a racial difference in the incidence of hyperdontia as shown in Table 3.
The literature indicates a range from 0.1% to 1.8% for Caucasians. In populations of Mongolian origin, 0.1% was reported for Japanese while the mouth prevalence of hyperdontia for Chinese children, northern and southern Chinese
combined, from a group of hospital patients in Taiwan was
7.8%. The prevalence of hyperdontia was 2.8% for southern
Chinese children in Hong Kong; however, no data are available to show if there is higher prevalence of hyperdontia for
the northern Chinese children.
Microdontia
There are three types of microdontia; true generalized
microdontia, relative generalized microdontia, both of which
affect the entire dentition and thirdly, localized microdontia
which involves only a single tooth [39].
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True generalised microdontia, in which all of the teeth
are smaller in size than normal, is extremely rare, such as in
some cases of pituitary dwarfism. In relative generalized
microdontia, normal or slightly smaller than normal teeth are
present in jaws that are larger than normal, thus giving an
illusion of microdontia. Localized microdontia is often associated with a tapering coronal form, making the anomaly
relatively easy to identify [39].

ity of this anomaly and the lack of prevalence data for the
primary dentition, further studies on macrodontia in different
populations are required.

In this study, microdontia occurred more frequently in
the maxillary than the mandibular teeth and the canines were
the most affected teeth. The subjects with microdontia,
mostly had two symmetrically located microdont teeth. The
prevalence of microdontia in southern Chinese children was
6.3% which was much higher than for other ethnic groups
(Table 4). This high prevalence figure may have been because it included cone-shaped teeth, peg-shaped teeth and
microdont canines, while the prevalence of 0.2% reported by
Clayton [40] and Saito [2] were only for peg-shaped teeth.
When considering the overall prevalence of 6.3%, the majority of the teeth were microdont maxillary canines (4.3%)
which had no mesial marginal, or central ridge and had a
shallow cingulum. This finding suggests that microdontia of
the primary maxillary canines may be one of the characteristics of the southern Chinese dentition.

Hitchin and Morris [41] defined fusion as a result of the
embryological persistence of the dental lamina between the
two tooth buds, while Kelly [42] considered the same anomaly to be the result of an unsuccessful attempt of two tooth
buds to fuse into one. Gemination has been proposed as the
formation of two teeth from the same follicle and there is
one common pulp chamber [42]. By contrast, the term
“twinning” is said to indicate that the cleavage is complete,
resulting in the formation of a supernumerary tooth that is
usually a mirror image of its counterpart [39]. Because of the
difficulty of formulating precise diagnoses and determining
the aetiology for fusion, germination and twinning, the neutral term “double tooth” has been adapted by many investigators.

Macrodontia
Macrodontia, megalodontia, megadontia or gigantism
occurs when a tooth, or teeth are larger than those considered
to be within normal range; that is, they are outside the usual
limits of variation. Macrodontia can be classified as true
generalized, relative generalized and localized macrodontia
in a manner similar to microdontia [39].
True generalized macrodontia, the condition in which all,
or at least the majority of the teeth are larger than normal,
has been associated with pituitary gigantism and hemihypertrophy; both conditions are extremely rare. Relative generalized macrodontia, which is slightly more common, is the
result of the presence of normal or slightly larger than normal teeth in relatively small jaws. Localized macrodontia is
when a single tooth exhibits normal crown, root and pulp
morphology except for the size. A larger tooth with the presence of incisal notching, labial or palatal grooving, or supplemented by radiographic evidence of a separated or fused
pulp chamber or root should be identified as a double tooth
instead of macrodontia. As in microdontia, the importance of
heredity factors must be considered [39].
There have been two epidemiological studies that sought
to determine the prevalence of macrodontia in the primary
dentition. In the study performed in the U.K., no examples of
this anomaly were found [7]. In the study conducted in Japan, the criteria were defined as a large tooth, with 3.5 standard deviation above the sex-specific mean mesiodistal tooth
size. In the study, macrodontia was found in 2.3% of the
primary dentition and 1.9% of the permanent dentition, and
the primary maxillary first molar was the most commonly
affected tooth in Japanese children [3]. Using different examination criteria in the present study, the mouth prevalence
for macrodontia of the southern Chinese children was 1.1%
in the primary dentition and 3.6% in the permanent dentition
(Part I of this series of papers). Macrodontia occurred only in
the primary mandibular incisors and canines. Due to the rar-

Double Tooth
The terms fusion, gemination, twinning, connation, linking tooth, syodontia, schizodontia and dichotomy have also
been proposed to describe a double tooth.

The double tooth anomaly, unlike most other anomalies,
is more common in the primary dentition than the permanent
dentition; for example, it was found in 4.1% in the primary
dentition and 0.8% in the permanent dentition of southern
Chinese children (Part I of this series of papers). It has been
proposed that there may be an inter-relationship between
primary and permanent double teeth [43]. Double tooth in
the primary dentition has also been associated with disturbances in the permanent dentition varying from macrodontia,
to enlargement of the contra-lateral tooth, to supernumerary
teeth or even missing teeth [9]. In the primary dentition,
double tooth has been reported to be associated with dens
invaginatus [1], and conical shaped teeth [44].
The rarity of the double tooth anomaly in the primary
posterior tooth was highlighted by no example being found
in this study. Double teeth were found more frequently in the
mandibular anterior canines and maxillary lateral incisors,
which was in agreement with the findings of Hagman [45].
For purpose of making comparisons with other studies the
double teeth in this study were reclassified into fusion and
gemination based on the radiographic appearance of the root
canals and pulp chambers; so 97.5% were examples of fusion and occurred mostly in the mandibular anterior teeth
which is in agreement with the findings of Grahnén and
Granath [1] and Ravn [17]; while 2.5% were classified as
gemination and involved the maxillary lateral incisors which
is in agreement with the findings of von Hollaender [46].
However, it is difficult to be certain if there is fusion or germination without additional information obtained from histological examinations of a double tooth.
There is marked racial variation in the prevalence of the
double tooth anomaly as shown in Table 5. Saito [2] reported
that 4.5% of Japanese children had double teeth in their primary dentitions, but the data were for combined fused and
congenitally absent teeth. This prevalence figure is similar to
that reported for late prehistoric Mississippian populations
(5%) in North America [47]. Caucasians have generally been
found to have a much lower prevalence of below 1%. However, the prevalence of double tooth anomaly in the primary
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dentition of English children has been reported to be higher
at 1.6% [7]. The prevalence of the double tooth in southern
Chinese children is 4.1% which is two and a half times
higher than found by Brook [7], in which the same diagnostic criteria were used. Interestingly, the prevalence in southern Chinese children was similar to that of Japanese (4.5%
and 4.1%) reported by Saito [2] and Yonezu and co-workers
[4], while it was much higher than that for northern Chinese
children (1.52%) [48].
Talon Cusp
Talon cusps are morphologically well delineated and
extend at least half the distance from the cemento-enamel
junction to the incisal edge of the primary teeth. This dental
anomaly was firstly described as a process of horn-like shape
curving from the base to the cutting edge on the palatal surfaces of the incisors [49]. Mellor and Ripa [50] proposed the
term talon cusp because they considered that the shape of the
anomaly resembled an eagle’s talon. It has also been referred
to as a cusp-like projection, hyperplasia of the cingulum,
palatal accessory cusp and unusual projection of the facial
surface of the anterior teeth. One cause may be hyperactivity
of the dental lamina, which occurs most commonly in the
anterior region [51].
Since this anomaly is extremely rare in the primary dentition, very few reports have been published on talon cusp in
the primary dentition of non-cleft and non-syndrome subject.
A case of a supplemental primary maxillary left lateral incisor in association with bilateral talon cusps in primary maxillary central incisors has been reported [52]. It has also been
suggested that the morphology and number of permanent
successors can be affected by a talon cusp on the primary
predecessor. Children who had a talon cusp on a primary
incisor have been reported to have hyperdontia, hypodontia
or a talon cusp affecting their permanent anterior teeth [5359]. This association has also occurred in children with cleft
lip and /or palate [60] and in a patient suffering from hypomelanosis [61]. Moreover, it has been proposed that a
talon cusp on a primary maxillary central, or a lateral incisor
has a different effect on the corresponding permanent successor, particularly with respect to the number of successor
teeth. In a study conducted in Hong Kong of Chinese children with talon cusps on their maxillary central incisors;
8.6% of them had odontogenic abnormalities associated with
their permanent successors. When the lateral incisors had
talon cusps, 78.3% showed odontogenic abnormalities and
61% were associated with supernumerary teeth [49].
The vast majority of studies on the prevalence of talon
cusp have involved the permanent dentition and rarely on the
primary dentition. The prevalence of talon cusp in a group of
American children aged 2-12 years was reported to be
0.17%; however, the authors did not mention whether the
anomaly was related to the primary or permanent dentition.
A study of Japanese children found that the prevalence of
talon cusp in the permanent dentition was 0.9% while that in
the primary dentition was 0.6% [3]. Although it has been
suggested that the incidence of talon cusp in the primary
dentition may not be lower than that in the permanent dentition [53, 62], the mouth prevalence of talon cusp in southern
Chinese found in this series of studies was 2.5% in the permanent dentition but only 0.5% in the primary dentition. A
review of the literature by al-Omari and colleagues [63] also
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revealed that permanent teeth are affected with talon cusp
three times more frequently than primary teeth, and males
are more frequently affected than females in a ratio of 3.5:1
in the primary dentition. Lee and his co-workers [58] reported that the male:female ratio of talon cusp in the primary
dentition was 1.9:1 in Hong Kong, which is similar to the
ratio of 1.8:1 which was calculated from all of the 39 cases
reported in the English literature; it is noteworthy that 20
were Chinese, 7 Japanese, 11 non-mongoloids and the ethnic
origin of one cases was unspecified. The higher male predilection may suggest a sex-linked genetic component in the
aetiology of talon cusp in the primary dentition. However,
this difference in gender was not found in the present study,
see Table 1.
Dens Invaginatus
Salter [64] who is credited as with being the first person
to report a case of what is now known as dens invaginatus
and he labelled this dental anomaly with “warty tooth”. This
anomaly has also been referred to as dens in dente, because it
was believed that this phenomenon resulted from one tooth
surrounding another during the process of growth [64].
Tomes [65] first defined this anomaly as an infolding of the
enamel and dentin towards the pulp. He stated that the defective tooth was usually irregular in shape and that the enamel
investing the crown could be perfectly developed, but there
may be a slight depression in the crown; the dark centre of
which represents the blocked orifice of a cavity within the
tooth. Histologically sections, the exterior enamel can be
followed through into the orifice where it lines the surface of
the cavity.
Dens invaginatus is rare in the primary dentition [66].
The only prevalence study was conducted by Brook [7], who
reported the prevalence of this anomaly for English children
in Slough to be 0.1%, with no gender variation [7]. Apart
from this study, there were only four case reports of dens
invaginatus in the primary dentition. Dens invaginatus has
been observed in the primary canine, maxillary central incisor, and mandibular second molar [67-70]. All of the documented case reports involve males, if this a true reflection of
this anomaly then it contrasts with the permanent dentition
where females appear to be more at risk [71] or possibly
there is no gender difference [72]. There are no reports of
primary lateral incisors being invaginated, unlike their permanent counterparts, which are the most commonly tooth
affected [73].
The apparent low prevalence of dens invaginatus in the
primary dentition, zero in this study and 0.1% by Brook [7],
could be due to variations in the examination methodology,
the sampling method or sample size; the quality of the radiographs, the use of slightly different diagnostic criteria and
classifications. The diagnosis is difficult to make clinically
and even radiographically and in this regard Gotoh and coworkers [74] suggested that extracted teeth should be used.
Taurodontism
When a tooth exhibits taurodontism there is a tendency
for the body of the tooth to be enlarged at the expense of the
roots [75], so it can be confirmed radiographically as the
tooth tends to be more rectangular in shape. The pulp chamber is enlarged, especially vertically and the tooth also lacks
the usual cervical constriction [76]. This anomaly is of inter-
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est to anthropologists in the determination of the evolution of
man [77, 78]. There are very few published diagnostic criteria for primary teeth so those for permanent teeth are usually
applied; however, Jørgensen [79] discounted the classification of Shaw [77] as being inapplicable for the primary dentition. He suggested a classification specially for the primary
dentition which identified two types. Type I being when the
height of the root stem, the vertical distance between the
amelo-cemental junction and the most apical point of the
root bifurcation, is less than 2.5mm; while Type II is when
the height of the root stem is more than 2.5mm. However,
this system is dependent on the overall dimension of the
tooth.
The diagnostic criteria of Daito and Heida [80] for primary teeth is based on the ratio between the crown height
and the root stem. The teeth are subclassified as hypotaurodont, mesotaurodont, or hypertaurodont when the ratio is
1:0.3 to 0.5, 1:0.5 to 1.0, or 1:1.0 or greater, respectively.
Although overcoming the problems related to the teeth being
small, occlusal attrition affects the results when this system
is applied. However, these problems can be avoided by using
the relatively simple metric criteria, for the permanent dentition, developed by Holt and Brook [12], in which the ratio of
the length of the root stem and the overall root length indicate taurodontosm when the ratio is 1:4.5 or less. This is why
this technique was used in the current study.
Taurodontism is most evident in the mandibular molars
and the occurrence can be unilateral or bilateral. Among the
sinanthropus pekinensis cases studied by Weidenreich [81],
there was only one in which the primary mandibular second
molar exhibited taurodontism. Even in the modern literature
only limited data are available for taurodontism in the primary dentition and unfortunately they mostly come from
case reports [13]. The reported prevalence data for taurodontism in the primary dentition are 0.5% for Japanese children
[80] and 0.08% for northern Europeans of unspecified national background [82]. Jørgensen [79] reported a prevalence
of 9.0% among modern Danes, which is extremely high.
Although taurodontism is known to occur in the southern
Chinese, the rarity of taurodontism in the primary molars of
southern Chinese was confirmed by no example being found
in this study. However, this can be partly attributed to the
diagnostic criteria and the inaccuracies of using a panalipse
radiograph. Further studies to establish standardized criteria
and the collection of large quantities of source material are
required for taurodontism in the primary dentition.
Although, as a result of this study, data have been complied on the prevalence of the various dental anomalies in the
primary dentition of southern Chinese children, the limited
published literature about these characteristics in the primary
dentition indicates that there is a need for further research in
this field to provide initially, higher quality prevalence data
and subsequently to supplement the anthropologic significance of the dental anomalies that have been observed in the
primary teeth of the southern Chinese children.
CONCLUSION
From the findings of this study it was determined that
southern Chinese children have a higher prevalence of hypodontia, hyperdontia, microdontia, and double tooth in the
primary dentition than Caucasians. The prevalence figures

34

for microdont maxillary canines and missing lateral mandibular incisors were so high that it may be appropriate to
consider these anmalies as being characteristics of the southern Chinese dentition. In part IV of this series it is proposed
to consider various traits of the primary dentition of southern
Chinese children.
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