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that may occur due to early loss of deciduous tooth can
be considered as acquired anomalies2.

Dental anomalies may occur due to various factors,
which are generally expressed as genetic, epigenetic and 
environmental3. Complex interactions between these 
factors during dental development can lead to abnormal
changes, which in turn cause dental anomalies. It has 
been stated that genetic factors such as multifactorial
inheritance and environmental factors such as trauma,
radiation, infection and hormonal factors may play a
significant role in the formation of dental anomalies4.

Dental anomalies can be seen in simple isolat-
ed defects or symptoms of specific syndromes and 
can result in various problems. While developmental 
anomalies of enamel can cause problems such as tooth 
sensitivity and susceptibility to caries, situations such
as impacted, supernumerary and missing teeth may lead 
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Objective: To determine the prevalence, frequency and distribution of dental anomalies that 
were detectable on panoramic radiographs in a large sample Turkish population, and the
associations among the anomalies.
Methods: This study was conducted retrospectively on panoramic radiographs of 43,880 
patients who were admitted to the Faculty of Dentistry at Trakya University, Edirne, Turkey. 
Patients’ files were examined by two observers and radiographic images of 2265 patients with 
at least one dental anomaly were included. Dental anomalies were classified as anomalies in
the number, structure, position and shape of teeth. The interactions between the groups were
analysed using chi-square tests.
Results: The study group consisted of 1336 women (59%) and 929 men (41%) with a mean age
of 33.3 ± 14.4 years. A total of 2265 patients, with a prevalence of 5.2% (2265/43880), had at 
least one dental anomaly. The most frequent anomalies were in position (2.7%) and number 
(2.1%). Structure anomalies were least common, affecting 0.02% of patients. Among the study
group of patients with dental anomalies, 12.2% presented more than one kind of anomaly. 
Conclusion: Position anomalies were the most common dental anomaly, whereas struc-
tural anomalies were least common in a Turkish sample. The prevalence of anomalies varies
between populations, confirming the role of racial factors.
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Dental anomalies are defined as deviations from the 
expected number, shape, position and structure of teeth,
and can be congenital, developmental or acquired. Con-
genital types are inherited and have a genetic basis,
developmental types occur at the tooth formation stage,
and acquired anomalies occur after tooth development1.

in developmental anomalies while eruption anomalies 
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to orthodontic problems by affecting occlusion5. These
problems, especially those related to the anterior region,
may cause aesthetic issues and also lead to psychologic-
al problems6.

Detailed investigation of dental anomalies is essen-
tial to prevent further complications such as malocclu-
sion, aesthetic deformities, periodontal problems, caries
lesions and difficulties during extraction and root canal
treatment7. Thus, radiographic observations play an im-
portant role in the differential diagnoses of anomalies
as well as clinical examinations. Panoramic radiographs
are frequently used in oral examination for diagnostic 
purposes and can also be used to diagnose dental anom-
alies8. Radiographic evaluation is the most effective
method to detect many different anomalies that cannot 
be noticed only through clinical examination.

Many studies have examined the prevalence of dental
anomalies, but the results show inconsistencies for dif-ff
ferent populations9-12. Incidence and degree of expres-
sion of dental anomalies in different population groups
can provide important information for phylogenic and 
genetic studies and may assist understanding of vari-
ations within and between the different populations13.
Thus, population-specific prevalence studies are required 
to provide physicians with information about anomalies
that can affect oral health and thereby quality of life. 
Studies with a large sample size make it possible to detect 
the rarest types as well as variable types in a specific pop-
ulation in terms of genetic predisposition. Early diagno-
sis can therefore guide effective management of personal
preventive dentistry and dental treatment programmes.

The present study aims to determine the frequency 
and distribution of dental anomalies that are detect-
able on panoramic radiographs in a large sample of the
Turkish population, and the associations among them.

Materials and methods 

The ethical permissions necessary for this study were 
obtained from the Scientific Research Ethics Commit-

2020/243). This cross-sectional study was planned retro-
spectively on routine panoramic radiographs of 43,880
patients who were admitted to the Faculty of Dentistry
at the university between 2015 and 2020. The files of 
43,880 patients were examined by two observers, and 
panoramic radiographs of 2265 patients aged between
12 and 60 years and with at least one dental anomaly
who met the inclusion criteria were included. The radio-
graphs examined in this study were taken with the same 
panoramic radiograph device (PaX-Flex3D, Vatech, 
Hwaseong, South Korea) at the Department of Radiol-

exposed specifically for this study.

individuals with systemic diseases, syndromes, tooth
extraction due to caries lesions, trauma or orthodontic
reasons, large restorations that prevent the observation
of crown morphology and insufficient radiograph qual-
ity for optimal evaluation that could negatively affect 
the study were excluded. In addition, third molars, due
to their wide morphology and position variations, were
also excluded.

The radiographic images were evaluated indepen-
dently by two different observers on the computer 
monitor with subdued ambient lighting and anomalies
were classified as number (including hypodontia, oli-
godontia and hyperdontia), structure (including amelo-
genesis imperfecta, dentinogenesis imperfecta, den-
tine dysplasia and regional odontodysplasia), position
(including transposition, ectopia, impaction and inver-
sion) and shape (including microdontia, macrodontia,
fusion, talon cusp, dens invaginatus and taurodontism).

To estimate the reproducibility of the diagnosis,
100 randomly selected radiographs were examined 
separately by two observers once again and the interob-
server agreement was determined. Parameters such as
patients’ age, sex, type and region of dental anomalies
were recorded.

Statistical analysis was performed using SPSS

distributions and percentages were calculated for the
categorical data. Chi-square and Fisher exact tests were
used to determine potential differences in the distribu-
tion of dental anomalies stratified by sex and age vari-
ables and to determine the interaction between different 
dental anomalies. The correlation coefficient was also
used to evaluate the relationship between the number 

statistic was used between the two observers to test the
reproducibility of the diagnosis. The level of signifi-
cance was set at P < 0.05 was considered significant.P

Results

The distributions of different types and subtypes of dental
anomalies are shown in Table 1. The Cohen kappa analysis
demonstrated substantial interexaminer agreement (Kap-
pa 0.892). Of the 43,880 panoramic radiographs, 2265
patients had at least one dental anomaly, with a preva-
lence rate of 5.2%. The study group of patients with den-
tal anomalies consisted of 1336 women (59%) and 929
men (41%) with a mean age of 33.3 ± 14.4 ears.
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The most frequent anomalies were impacted teeth
(2.5%), hypodontia (1.5%) and microdontia (0.9%). 
Structural anomalies, affecting 0.02% of patients, 
were the least common anomaly observed, followed 

patients, 12.2% presented more than one dental anom-

P = 0.004).P
-

tered decreased. The occurrence of dental anoma-
lies was statistically significantly higher in women
(P = 0.00).

The occurrence of missing central incisors was stat-
istically significantly higher in the mandible than the 
maxilla (P(( = 0.01) and occurred bilaterally (P P((  = 0.00).P

The most common anomaly relating to number was
missing lateral incisors (0.7%) and presented statistic-
ally significantly frequently in the maxilla (P((  = 0.00). P
In contrast to missing premolars, missing canines 
were found to occur statistically significantly more 

-
esis of the maxillary or mandibular first molars were
observed. Supernumerary central and lateral incisors

of supernumerary canines in the maxilla and mandible 
were similar, supernumerary premolars were signifi-
cantly more common in the mandible (P((  = 0.00). While P
mesiodens was statistically significantly higher in 
women (P(( = 0.005), there was no correlation between 
paramolar presence and sex.

Table 1  Distribution of different dental anomalies and subtypes.

Type and subtypes of 

anomalies

Frequency, n (%) Prevalence, %

Number

Hypodontia

Total 655 (29.0) 1.5
Missing central incisor 18 (0.9) 0.04
Missing lateral incisor 307 (13.5) 0.7
Missing canine 91 (4) 0.2
Missing premolar 239 (10.6) 0.5
Missing molar 0 (0.0) 0.0

Oligodontia 18 (0.9) 0.04

Hyperdontia

Total 254 (11.0) 0.6
Supernumerary central incisior 8 (0.4) 0.02
Supernumerary lateral incisor 14 (0.6) 0.03
Supernumerary canine 10 (0.4) 0.02
Supernumerary premolar 82 (3.6) 0.2
Supernumerary molar 0 (0.0) 0.0
Mesiodens 54 (2.4) 0.1
Paramolar 86 (3.8) 0.2

Total 927 (41.1) 2.1

Position

Transposition 13 (0.6) 0.03
Ectopia 62 (2.7) 0.1

Impaction

Total 1077 (47.6) 2.5
Impacted central incisor 15 (0.7) 0.03
Impacted lateral incisor 8 (0.4) 0.02
Impacted canine 853 (37.7) 1.9
Impacted premolar 130 (5.7) 0.3
Impacted molar 71 (3.1) 0.2

Inversion 20 (0.9) 0.05
Total 1172 (51.8) 2.7

Shape

Microdontia 404 (17.8) 0.9
Macrodontia 2 (0.1) 0.004
Fusion-gemination 2 (0.09) 0.004
Talon cusp 14 (0.6) 0.03
Dens invaginatus 8 (0.4) 0.02
Taurodontism 48 (2.1) 0.1
Total 478 (21.1) 1.1

Structure Amelogenesis imperfecta 8 (0.4) 0.02
Total 2265 (100.0) 5.2
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Impacted canines were the most common pos-
itional anomaly (1.9%) and the maxilla was more often
affected than the mandible (P((  = 0.00). The incidenceP
of impaction was rather unilateral (P(  = 0.00); both theP
right and left sides were affected similarly. On the other 
hand, impacted premolars were often present in the
mandible (P(  = 0.00).P

Only five patients (0.005%) presented kissing molar 

was detected between inversion (Fig 2), transposition
(Fig 3) and sex (P((  = 0.147 and P P = 0.111, respectively). P

and ectopia (P(  = 0.016).P
The most common shape anomaly was microdontia

(0.9%) and 86.4% of microdontia cases involved the 
maxillary lateral incisors and were significantly higher 
in women (P( = 0.00). Only two patients exhibited macP -
rodontia (0.004%), and all were in mandibular molars.

The most common shape anomaly following micro-
dontia was taurodontism (0.1%). The distribution of 

taurodontism was similar between arches and all cases 
were in molars. Fourteen patients (0.03%) had talon 
cusps and all were in the maxillary lateral incisors. 
Similarly, all cases exhibiting dens invaginatus were 

-
cant correlation was found between the occurrence of 
talon cusps, taurodontism, dens invaginatus and sex 
(P( = 0.454, P = 0.063 and P P = 0.993, respectively).P

Eight patients with evident amelogenesis imperfecta 
-

esis imperfecta, dentin dysplasia or regional odontodys-
plasia were observed.

Discussion

The present study investigated the prevalence and as-
sociation between different dental anomalies in a large 
sample. Due to the differences in the reported preva-
lence of anomalies in various racial and ethnic groups, 
the authors planned to investigate the frequencies 

Fig 1  Radiograph of a case displaying kissing molars.

Fig 2  Representative radiograph of a supernumerary man-
dibular microdontic canine with inversion.

Fig 4  Panoramic radiograph of a case displaying amelogen-
esis imperfecta. Note the generalised crown abnormalities,
such as flat occlusal surfaces and the presence of hypoplastic 
enamel with more radiodensity in contrast to dentine.

Fig 3  Radiograph of a case involving complete transposition 
of the upper left permanent canine and premolar.
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in a sample of Turkish patients in the Thrace region. 

the prevalence of various dental anomalies10,13-15, only 
a few studies considered all types and subtypes of dental 
anomalies, and none have been conducted with such a 
large randomised sample group. 

It has been reported in various studies that the 
prevalence of dental anomalies is between 1.73% and 
74%1,5,16. The highest prevalence in the literature was
74.78% as reported by Tongudomporn and Freer17 and 
this finding, which was higher than those of previous
random sample studies, was explained as a result of 
orthodontic patients’ tendency to have more dental 
anomalies than the general population. In non-ortho-
dontic patient groups, the prevalence of dental anoma-
lies was reported to be 40.8% by Ezoddini et al18 in
2007, 34.28% by Gupta et al19 in 2011, 29% by Shokri
et al20 12 in 2015 and 1.8% 

3 in 2017. These conflicting results can be 
explained primarily by racial differences and sampling 
techniques, and also by local environmental influences

differences in the sampled population, other influential
factors are the diagnostic methods and the criteria used 
in the studies. In the present study, the prevalence of 
dental anomalies diagnosed by panoramic radiographs
was approximately 5.2%. This result was consistent 

15. The fact that the prevalence rates
were almost equal indicates that the results of studies 
conducted in the same ethnic groups will be similar 
even if the sample groups are different.

Diagnostic methods could affect study results.
Developmental dental anomalies can be diagnosed clin-
ically as well as radiographically. When clinical exam-
ination and radiographic examination were performed 
together, as in the study by Gupta et al19, a higher 
prevalence rate (34.28%) than in the present study was 
reported; however, many studies in the literature have
shown that most anomalies can be detected by careful 
radiographic examination8,18,19. In addition, a larger 
sample group can be reached by examining routine 
panoramic radiographs, and more reliable results can 
be obtained with a larger sample. Thus, in the present 
study, anomalies were evaluated by using panoramic
radiographs, as in most studies in the literature.

The inclusion of third molars may also increase the
prevalence of anomalies. The prevalence was reported 
to be 36.7% by Patil et al13

Zawawi21 when third molars were included. Since
third molars show more variations than other teeth, the
prevalence of anomalies was reported to be higher when

they were included. Consequently, third molars were 
not included in the present study in order not to affect 
the results.

Studies investigating types and prevalence of dental 
anomalies reported that the most common anomaly
types were position and number7,13,22, corresponding 
to the results of this study. In the present study, 12.2% 
of the study group presented more than one dental 
anomaly, similar to the rate of 10% reported by Bilge et 
al1; however, these values were lower than the 21.27% 
reported by Shokri et al20.

Several studies indicated that dental anomalies were
statistically independent of sex10,14,19. In contrast, the 
present study found that women were statistically sig-
nificantly more prone to exhibiting dental anomalies, 
as in a study by Pallikaraki et al22. Similarly, reports 
suggest that women display a higher incidence of dental
agenesis23,24. 

In the present study, the prevalence of anomalies in 
terms of number was 2.1%, and the most common of 
these was hypodontia (1.5%). The reported prevalence
of congenitally missing third molars varies between
5% and 37%25. When third molars are excluded, the
prevalence ranges between 0.15% and 16.2%25-27. In
line with the results of the present study, it has been 
reported that in many populations, the most frequently
missing teeth, with the exception of the third molars,
are the maxillary lateral incisors and mandibular pre-
molars26. It is believed that the reduction in the number 
of teeth and the size of the jaw are part of human evo-
lution and will continue and become more frequent in
years to come19. 

In previous studies, it was reported that the preva-
lence of supernumerary teeth ranges from 0.1% to
3%8,15. Similarly, the prevalence reported in the present 
study was 0.6%. Supernumerary teeth affect the maxilla 
more than the mandible (8:1)28, as in the present study. 
In previous studies, the majority of detected super-
numerary teeth were mesiodens22,29. Cases involving
supernumerary teeth most commonly affect the anterior 
maxilla, followed by the mandibular premolar region30; 
however, the most common supernumerary teeth in the 
present study were paramolars (0.2%) and supernumer-
ary premolars (0.2%), followed by mesiodens (0.1%). 
This suggests that supernumerary teeth may not be
depicted clearly in panoramic radiographs due to the 
narrow focal trough in the anterior maxilla31. 

Transposition is a rare position anomaly that involves
the permanent dentition (prevalence 0.3% to 0.4%) and 
is more frequently seen in the maxilla32. In the present 
study, the prevalence of transpositions was 0.03% and 
even although it was more commonly detected in the
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maxilla, there was no significant difference between the
arches. Transposition is commonly encountered with
other anomalies, such as aplasia and peg-shaped lateral
incisors33; however, no relationship was observed in
the present study. It has been reported that transposition
usually involves the canines, along with either the inci-
sors or premolars34. Likewise, in the present study, the
canines were involved in most cases. There was also a
significant relationship between impacted canines and 
transposition (P(  = 0.000). Canines affected by transpoP -
sition tended to remain impacted.

The prevalence of ectopic eruption has been reported 
to range from 0.01% to 8.9%7,19,21. In the present study, 
the prevalence was determined to be 0.1%, which was
in accordance with the findings of Uslu et al14

et al21. On the other hand, the prevalence of ectopic 
eruption was considerably lower compared to other 
studies19,35 -
ture that transpositions constitute a significant part of 
ectopia, no correlation was found between transposition 
and ectopia in the present study; however, there was a 
significant relationship between ectopia and inversion.
Inverted teeth were commonly in ectopic positions.

The prevalence of impacted teeth was 2.5%, which
was much lower than in the study of Pallikaraki et 
al22 who reported a prevalence of 5.4% in Greece. 
Maxillary canines were found to be the most impacted 
tooth excluding third molars, supporting previous find-
ings14,19,22. It is not surprising that canines, the last 
erupted teeth in the arches, are most frequently remain
impacted due to a lack of space.

Concerning shape anomalies, macrodontia was
reported to be less common than microdontia in previ-
ous studies15-22. Likewise, only two cases of macrodon-
tia were detected in the present study (0.004%), and all
were in mandibular molars. The prevalence of micro-
dontia reported in the current study (0.9%) was similar 
to that reported by Uslu et al14 (0.7%) and Patil et al13

(1.0%). However, other authors reported higher preva-
lence rates of microdontia due to the inclusion of third 
molars. Consistent with studies in the literature13,15, the 
maxillary lateral incisors were the teeth most affected 
by microdontia in the present study.

The association between the unilateral agenesis of 
the maxillary lateral incisor and the microdontia of the 
contralateral incisor is often observed clinically, and a 
statistically significant relationship was detected in the
present study (P(  = 0.000). This situation was explained P
by the fact that the genetic defect that determined the
agenesis had an incomplete expression on the opposite
side of the dental arch, causing microdontia21. 

Only a few studies have reported the prevalence of tau-
rodontism, which varies between 0.02% and 46.4%12,19. 
Diagnosis of taurodontism can be difficult in permanent 
teeth with ongoing root development, and consequently,
it has been reported that the prevalence of taurodontism
is lower in people aged under 20 years. The prevalence
of taurodontism was 0.1% in the present study which was
lower than that reported by Pillai et al36 (4.79%). On the 
other hand, the reported prevalence in the present study 
was higher than in the study by Laganà et al5.

In the literature, it was reported that the prevalence of 
fusion ranges from 0.0% to 0.8%1,7. Similarly, the prev-
alence of fusion, which affected both sexes equally (P(
= 0.652), was 0.004% in the present study. The preva-
lence of talon cusps ranges from 1% to 8% in permanent 
teeth, with a higher frequency in men than women37.
However, the prevalence was 0.03% in the present 
study and they were more predominant in maxillary
lateral incisors, which is consistent with results reported 
by Dash et al37. Dens invaginatus was also a rare dental
anomaly. Despite the reported prevalence ranging from
0.47% to 6.7%10, it was found to be lower (0.02%) in
the present study.

Structural anomalies are reported to be very rare,
with a prevalence less than 5/100038. In fact, structural 
anomalies may be difficult to detect on radiographs 
and without a clinical observation (mostly in their less

generalised amelogenesis imperfecta (0.02%) were
identified in the present study. Dentinogenesis imper-
fecta, dentine dysplasia and regional odontodysplasia
were not observed, which is not surprising considering
the rarity of these anomalies.

Within the limitations of this study, treated anomalies 
could not be detected; thus, prevalence may be higher 
than reported. On the other hand, the lack of clinical 

prospective study with clinical examination would 
have allowed precise detection of dental anomalies and 
improved the sensitivity of the study, especially for the
detection of structural and positional anomalies.

Conclusion

The prevalence and type of dental anomalies seemingly
vary within and between populations, confirming the 
role played by racial factors. Genetic differences and 
the diagnostic criteria used may have led to differenc-

anomalies varies within and between populations, the 
results of the present study were consistent with those of 
previous studies conducted into the same race.
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Early diagnosis and timely management of dental
anomalies can prevent further complications. It is
therefore crucial to perform a careful radiographic
examination in addition to the clinical examination.
Population-specific studies will help clinicians to rec-
ognise the most common types of anomaly encountered 
in that region and enable patients to be informed about 
the effect and prognosis of dental anomalies as well as
the treatment plan.
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