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Abstract
Background. There has been very little data in the literature on Carabelli trait in permanent upper first molars and 
upper second deciduous molars.
Objectives. The purpose of this study was to evaluate the prevalence of Carabelli trait in permanent first upper 
molars and deciduous second molars with emphasis on its expression.
Material and Methods. 522 of 8-year old children were examined out of which 269 boys and 253 girls. The fre-
quency and expression of Carabelli trait were assessed according to 8-grade Dahlberg rating scale.
Results. The frequency of Carabelli trait was significantly higher in permanent molars than in deciduous ones 
(40.6% vs. 34.5% p < 0.001). The trait was considerably more often observed in permanent molars (p < 0.05) among 
boys (49.8) than among girls (46.6%). However, in deciduous teeth such sex dependent difference was not record-
ed. Predominantly, the trait was diagnosed symmetrically on both sides of the dental arch with similar expression 
in the given group of teeth. The form usually found in permanent teeth was that of a small tubercle, whereas in 
deciduous teeth the most frequently seen was small vertical ridge or groove. In most cases the traits located in the 
adjacent permanent and deciduous molars presented the similar expression.
Conclusions. Carabelli trait is a common structure which can present various morphological forms. Usually, it 
occurs symmetrically and demonstrates similar expression in the same anatomical group of teeth as well as in the 
adjacent permanent and deciduous molars (Dent. Med. Probl. 2014, 51, 3, 330–335).
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Streszczenie
Wprowadzenie. W piśmiennictwie niewiele jest badań dotyczących występowania cechy Carabellego w górnych 
pierwszych zębach trzonowych stałych oraz drugich trzonowych zębach mlecznych.
Cel pracy. Ocena częstości występowania cechy Carabellego w górnych pierwszych zębach trzonowych stałych 
i drugich trzonowych zębach mlecznych z uwzględnieniem nasilenia zmian.
Materiał i metody. Zbadano 522 dzieci, w tym 269 chłopców i 253 dziewcząt w wieku 7–8 lat. Częstość występowa-
nia cechy Carabellego w zębach mlecznych i stałych oraz jej nasilenie oceniano wg 8-stopniowej skali Dahlberga.
Wyniki. Frekwencja cechy Carabellego była istotnie wyższa (p < 0,001) w zębach stałych (40,6%) niż w mlecznych 
(34,5%). Zmiany w zębach stałych trzonowych występowały istotnie (p < 0,05) częściej u chłopców (49,8%) niż 
u dziewcząt (46,6%). W zębach mlecznych nie stwierdzono natomiast różnic w odniesieniu do płci. Zmiany najczę-
ściej występowały obustronnie – symetrycznie z podobnym nasileniem w obrębie tej samej grupy zębów. W zębach 
stałych najczęściej obserwowano mały guzek, a w mlecznych – małą pionową krawędź lub bruzdę. W przypadku 
wystąpienia zmian na sąsiadujących ze sobą trzonowcu mlecznym i stałym ich nasilenie było zazwyczaj podobne.
Wnioski. Cecha Carabellego jest często obserwowaną strukturą o zróżnicowanej formie. Występuje zwykle syme-
trycznie i z podobnym nasileniem zarówno w obrębie tej samej grupy anatomicznej zębów, jak i na sąsiadujących 
ze sobą zębach trzonowych mlecznych i stałych (Dent. Med. Probl. 2014, 51, 3, 330–335).
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The Carabelli trait (Carabelli tubercle) was first 
described in 1842 by Győrgy Carabelli [1]. This term 
includes morphologically differentiated accessory 
structures found in the region of the biggest mesio-
palatal cusp of upper molars. It is characterized by 
great diversity of its shape and size. It may have a form 
of very subtle, almost invisible structures as well as 
developed ones reaching the size of regular cusps. 
This trait demonstrates enormous heterogeneity of 
shape ranging from prominences to grooves [2]. As 
the classical form of tubercle is not always present, 
the more appropriate term of this structure is Cara-
belli trait. It most often occurs in permanent upper 
first molars, but it can also be found in deciduous 
second molars [3] and very rarely, in permanent up-
per second or third molars [4, 5].

Permanent first molars are the biggest and 
strongest teeth of human dentition. The crown has 
the shape of an irregular cube and its perimeter re-
sembles a rhombus. Usually, they consist of four 
to five cusps separated by deep intercuspal fissure. 
This fissure is divided into two segments by trans-
verse or triangular crest (crista transvrersa or cris-
ta triangularis) which connects particular cusps.

Deciduous second molars are smaller and 
more oval. Mesio-buccal and disto-buccal groove 
originating from the central fissure on the oclusal 
surface usually separates four cusps. Two of them 
are located on the buccal side and two are on the 
palatal side. The groove from the oclusal surface 
goes further on the buccal side and divides this 
surface into two parts [6].

In about 15% of individuals the Carabelli trait 
is in tubercule form and accessory grooves mark-
edly separate it from the anterior lingual cusp. 
However, it usually does not reach oclusal sur-
face [4]. According to Harris [7], Carrabelli trait is 
positively correlated with the size of the crown and 
intercuspal space.

The aim of this study was to evaluate the prev-
alence and expression of Carabelli trait in upper 
deciduous second molars and upper permanent 
first molars.

Material and Methods
Five hundred twenty two 8-year old children 

living in Wroclaw were examined, out of which 
269 boys and 253 were girls. Criteria for inclusion 
to the study were following: fully erupted, non af-
fected by caries upper permanent first molars and 
upper deciduous second molars. Extensive resto-
rations, carious lesions on palatal surface or ab-
sence of at least one of the assessed tooth exclud-
ed the child from the study. The choice of the age 
group for the analysis was related to the preva-

lence of dental caries in children and adolescents 
in Poland which is increasing with the age. Ac-
cording to the National Epidemiological surveys 
the values of DMTF were recently 0.14 in 6-year 
old, 3.18 in 12-year old, 5.95 in 15-year old and 7.65 
in 18-year old subjects and the carious process in-
volved mainly permanent molars [8, 9].

Predominantly, the prevalence of the trait in 
deciduous and permanent dentition was assessed 
as well as the gender of the examined subjects was 
compared.

The expression of the trait was first deter-
mined by visual inspection, then photographic 
documentation was made and the structure was 
classified according to Dahlberg rating scale [10] 
(Table 1).

The obtained data was analysed by χ2 and 
spearman correlation coefficient was calculated at 
the level of p < 0.05.

Results 
The prevalence of Carabelli trait in perma-

nent first molars was 48.3%. The trait was sig-
nificantly (p < 0.05) more frequently observed in 
boys (49.8%) than in girls (46.6%). The frequen-
cy of the trait in deciduous teeth was significant-
ly lower than in permanent ones and accounted 
34.5%. There were no relevant differences relat-
ed to the sex of participants (boys 34.2% vs 34.8% 
girls p < 0.001).

The trait most often occurred symmetrically 
both in deciduous teeth (26.9%) and permanent 
dentition (40.6%). Unilateral occurrence of the 
trait was definitely less common and it was pres-
ent with the same frequency on right and left side 
of the dental arch in boys and girls. (Table 2).

Table 1. Dahlberg rating scale

Tabela 1. skala Dahlberga

Code Morphology of the trait

0 No structure, smooth mesiopalatal crown 
surface

1 small vertical ridge or groove

2 small pit with minor grooves in the depression

3 Double vertical ridge or slight or incomplete 
cusp outline 

4 Y-form, moderate groove curving in opposite 
directions

5 small tubercle

7 Broad cusp outline or moderate tubercle 

8 Large tubercle with free apex in contact with 
palatal groove
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Analysis of the expression of Carabelli trait 
showed specific well-ordered distribution in both 
described groups of teeth. Most frequently the trait 
occurred bilaterally with the similar expression. 
Most commonly the structure was in permanent 
first molars which was observed in 60 (N/n, 11.5%) 
children as a small tubercle classified as code 5 in 
Dahlberg scale. Next, it was a small vertical ridge 
or groove (code 1) which was found in 51 children 
(N/n, 9.8 %) and then was a double vertical ridges 
or incomplete cusp outline (code 3) (Table 3). The 
most common finding in deciduous teeth were the 
structures classified as code 1 observed in 43 chil-
dren (N/n, 8.2%) then code 5 and code 2 (Table 4). 

When the traits occurred in the permanent and 
deciduous molar on the same side of the dental 
arch their expression in these adjacent teeth was 
usually similar (Table 5, 6). 

The examples of various expressions of Cara-
belli trait are presented on Figs. 1–5.

Discussion
The analysis of the obtained data revealed the 

common occurrence of Carabelli trait in the ex-
amined group of population. In permanent denti-
tion it was found in half of the examined children. 

Table 2. The prevalence of Carabelli trait in permanent upper first molars and deciduous upper second molars

Tabela 2. Występowanie cechy Carabellego w pierwszych stałych i drugich mlecznych górnych zębach trzonowych

Boys
269 = 100%

Girls
253 = 100%

Total
522 = 100%

n/N % n/N % n/N %

Permanent upper first molars

Total frequency 134/269(a),(d) 49.8 118/253(b),(d) 46.6 252/522(c) 48.3

Bilateral 116/269 43.1 96/253 37.9 212/522 40.6

Unilateral

Right side 10/269 3.7 11/253 4.3 21/522 4.0

Left side 8/269 3.0 11/253 4.3 19/522 3.7

Deciduous upper second molars

Total frequency 92/269 (a) 34.2 88/253(b) 34.8 180/522(c) 34.5

Bilateral 69/269 25.6 71/253 28.1 140/522 26.9

Unilateral

Right side 11/269 4.1 9/253 3.5 20/522 3.8

Left side 12/269 4.5 8/253 3.2 20/522 3.8
(a),(c) p < 0.001; (b) p < 0.01; (d) p < 0.05.

Table 3. Expression of Carabelli trait in permanent upper 
first molars (number of children)

Tabela 3. Zaawansowanie cechy Carabellego w pierwszych 
stałych górnych zębach trzonowych (liczba dzieci)

Tooth 16

Tooth 
26

scale 0 1 2 3 4 5 6 7

0 270 2 4 1 2 12 0 0

1 4 51 2 0 1 1 0 0

2 3 0 18 3 0 0 0 0

3 3 0 0 30 1 2 1 0

4 3 0 1 0 5 1 0 0

5 6 3 3 0 0 60 3 0

6 0 0 0 0 0 4 7 1

7 0 0 0 0 0 1 1 12

spearman correlation coefficient r = 0.841; p < 0.0001.

Table 4. Expression of Carabelli trait in deciduous upper 
second molars (number of children)

Tabela 4. Zaawansowanie cechy Carabellego w drugich 
mlecznych górnych zębach trzonowych (liczba dzieci)

Tooth 55

Tooth 
65

scale 0 1 2 3 4 5 6 7

0 342 6 2 3 0 8 1 0

1 2 43 1 1 0 0 0 0

2 5 0 19 0 0 3 0 0

3 1 0 0 16 0 0 0 0

4 0 1 0 0 4 0 2 0

5 11 1 0 1 0 33 3 0

6 1 0 0 0 0 0 4 0

7 0 2 0 0 0 0 0 6

spearman correlation coefficient r = 0.804; p < 0.0001.
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Fig. 1. small tubercle in permanent upper first molar 
(code 5)

Ryc. 1. Mały guzek w trzonowcu pierwszym stałym 
górnym (kod 5)

Fig. 2. Moderate tubercle in permanent upper first 
molar (code 6)

Ryc. 2. Średni guzek w trzonowcu pierwszym stałym 
górnym (kod 6)

Fig. 3. Large tubercle in permanent upper first molar 
(code 7)

Ryc. 3. Duży guzek w trzonowcu pierwszym stałym 
górnym (kod 7)

Fig. 4. small tubercle in deciduous upper second molar 
(code 5)

Ryc. 4. Mały guzek w trzonowcu drugim mlecznym 
górnym (kod 5)

Table 6. Expression of Carabelli trait on the left side of 
dental arch (number of children)

Tabela 6. Zaawansowanie cechy Carabellego po lewej 
stronie łuku zębowego (liczba dzieci)

Tooth 26

Tooth 
65

scale 0 1 2 3 4 5 6 7

0 270 26 8 17 5 32 1 3

1 6 28 4 3 1 4 1 0

2 2 3 12 5 1 3 1 0

3 3 0 0 12 0 1 1 0

4 1 1 0 0 1 1 2 1

5 8 1 0 0 1 31 5 3

6 0 0 0 0 0 3 3 1

7 1 0 0 0 1 0 0 6

spearman correlation coefficient r = 0.565; p < 0.0001.

Table 5. Expression of Carabelli trait on the right side of 
dental arch (number of children)

Tabela 5. Zaawansowanie cechy Carabellego po prawej 
stronie łuku zębowego (liczba dzieci)

Tooth 16

Tooth 
55

scale 0 1 2 3 4 5 6 7

0 268 21 10 13 7 37 2 4

1 7 31 4 2 1 6 1 0

2 0 3 10 7 0 2 0 0

3 4 0 1 12 0 3 1 0

4 1 0 0 0 1 1 0 0

5 5 1 3 0 0 29 3 3

6 3 0 0 0 0 2 4 1

7 1 0 0 0 0 1 1 4

spearman correlation coefficient r = 0.558; p < 0.0001.
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In deciduous teeth, the trait was observed in more 
than one third of children (statistically significant 
difference was found also in subgroups of boys 
and girls). The study performed in saudi Arabia 
revealed the prevalence of the trait in more than 
half of the examined children (58.7%) with the fre-
quency alike in boys and girls [11]. Kannapan [12] 
examined the sample of population of Indian chil-
dren and revealed the incidence of Carabelli trait in 
67.5% of deciduous second molars and slightly less 
frequent in permanent first molars (52.77%). He al-
so found a reduced variety of the trait forms in de-
ciduous teeth in comparison to the permanent mo-
lars [12]. The study conducted by smith et al. [13]  
involved 7–17 years old children originating from 
four different ethnic groups. They found a more 
frequent incidence of the structures in deciduous 
than in permanent molars.

The analysis of our own data showed substan-
tial individual heterogeneity and variety of forms 
of the trait. That was why the classification of the 
given case was somehow difficult. There was also 
great variety in the prevalence of the trait. some-
times it occurred symmetrically or only on the one 
side of the dental arch and was present in one, two, 
three or four teeth. 23.9% of examined children 
(24.2% boys and 23.7% girls) presented Carabel-
li trait on their four examined molars, whereas in 
47.8% (43.2% boys 55.7% girls) it was entirely ab-
sent. some authors noted frequent occurrence of 
the trait in both permanent and deciduous mo-
lars [3, 14]. 

According to Kieser [3] the influence of envi-
ronmental factors on forming these structures is 
of little importance in comparison to the genet-
ic impact. A similar tendency of genetic determi-
nation was suggested by Dietz and scott [15, 16]. 
Biegerstaff [17] in turn studied the incidence of the 
trait in twins. He admittedly observed a higher de-
gree of similarity in homozygotic twins in com-
parison with heterozygotic ones but he did not 
prove unequivocally the genetic origin of this phe-
nomenon.

some authors suggest eventual dependence of 
this trait on these environmental factors, which in-
fluences the development of dental germs [18–20].

The study revealed a higher prevalence of Cara-
belli trait in permanent first molars than in decid-
uous second molars with a significantly higher fre-
quency among boys than girls. The trait most com-
monly presented a form of small tubercle localized 
in upper permanent first molars or a small verti-
cal ridge or groove in second deciduous molars. If 
it occurred in adjacent deciduous and permanent 
molars, it usually has the similar expression.

Fig. 5. Moderate tubercle in deciduous upper second 
molar (code 6)

Ryc. 5. Średni guzek w trzonowcu drugim mlecznym 
górnym (kod 6)
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