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ABSTRACT
Background: The study of dental morphological characteristics is useful for providing 

information for phylogenic, anthropological, forensic and genetic studies as well as understanding 
variations within and among species.

Aim: The aim of the study was to investigate, compare and document the distinctive dental 
characteristics including (occlusal outlines, number of cusps, groove pattern and presence of 
T.Carabelli) of permanent maxillary molars in a sample of Egyptian population, this was performed 
morphologically through study casts inspection. 

Materials and Methods: 50 upper study casts models of patients aged above 21 years from 
the Orthodontic Department of Faculty of Dentistry at Ain Shams University with all maxillary 
molars teeth present were collected. The maxillary molars on the casts were examined regarding 
their occlusal morphology (occlusal outlines, number of cusps, groove pattern and presence of 
T.Carabelli). The collected data were statistically analyzed.

Results: Regarding cusp number and groove pattern of maxillary molars, M1 showed prevalence 
of 4H groove pattern while 3 cusps and U groove pattern was the most common pattern for M2 & 
M3. Regarding the frequency of molar tubercle (tubercle of carabelli), M1 showed prevalence of 
type I molar tubercle(depression), while the absence of the molar tubercle was the most common 
pattern for M2 & M3. Occlusal outline of M1 showed prevalence of the rhomboidal outline 
while M2 & M3 showed prevalence of heart shaped outline. Statistical results showed significant 
difference between the maxillary molars.

Conclusions: Maxillary first molar (M1) showed mostly 4 cusps and H groove pattern. 
Maxillary second molar (M2) and Maxillary third molar (M3) showed prevalence 3 cusps and U 
groove pattern. Type I molar tubercle (depression) was dominating in M1, while for M2 &M3 the 
absence of the molar tubercle was the common pattern. The rhomboidal outline was dominating 
in M1 while the heart shaped was dominating in M2 & M3.The morphological characteristics of 
teeth in a sample of Egyptian population were consistent with those of other studies performed on 
different populations using similar methodology.

KEYWORDS: Tooth morphology, Permanent maxillary molars, Cusp form, groove pattern, 
occlusal outline, T.Carabelli
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INTRODUCTION 

The dental elements have specific and similar 
anatomical features depending on their functions in 
the oral cavity. Among the structures of the dental 
arch, the permanent molars are the most complex 
ones, mainly their occlusal surface, due to their 
function of food grinding (Picosse et al., 1977).

The occlusal surface patterns in the molars of 
an individual depend on both intrinsic and extrin-
sic factors. The individualistic nature of the groove 
pattern can be used to determine the identity of an 
individual by the process of comparative identifica-
tion ( Jyotirmoy et al., 2019). 

Maxillary molars are large sized teeth that assist 
mandibular molars in their function, they play an 
important morphological rule in gender differentia-
tion. It is important to know the cusps variation and 
various forms of maxillary molars (Yadav AB et al., 
2015). Each cusp has an individual growth pattern 
and different evolutionary background (Kraus BS 
et al., 1965).

The patterns of the occlusal surfaces of molars 
are polygenically conditioned and determined by 
a combination of allele on two or more sites/loci, 
and they occur in one of the final stages of molar 
growth, as a result of the terminal deposition of 
enamel (Macesic et al., 2003 and  Horvath et al., 
2014).

The crowns of maxillary molars have four 
main cusps, namely the paracone (mesiobuccal), 
protocone (mesiolingual), metacone (distobuccal) 
and hypocone (distolingual).The cusp pattern 
scoring system for the maxillary teeth focuses on the 
presence and size of the hypocone (the distolingual 
cusp) (Dahlberg 1951, Steele and Bramblett 1988).

Steele and Bramblett classification of the Cusp 
Pattern in Maxillary Molars :

4   Four well developed cusps 

4-  Hypocone still a major cusp, but significantly 
reduced in size.

3+ Hypocone reduced in size to a small cuspule.

3   Hypocone absent.

Jyotirmoy et al., 2019 described classification of 
the groove pattern of maxillary molars as follows:

  H groove pattern

  Branched H   groove pattern

U groove pattern

Genaro et al., 2019 described classification 
according to the Frequency of molar tubercle 
(tubercle of carabelli ) :

-Absence of molar tubercle 

-Type I molar tubercle (depression) 

-Type II molar tubercle (small prominence) 

-Type III molar tubercle (big prominence)

Only few studies were conducted on the dentition 
of the Egyptian population dealing with the occlusal 
morphology.

MATERIAL AND METHODS

A) Materials used

Dental study casts

50 upper study casts models of patients aged 
above 21 years from the Orthodontic Department of 
Faculty of Dentistry at Ain Shams University with 
all maxillary molars teeth present were collected. 
Individuals with any missing maxillary molars and 
the molars affected by caries or any other defect 
or disturbance were excluded from the study. 
Morphologic traits were observed on the permanent 
maxillary molars (M1,M2,M3). All observations 
were carried out under good lighting using dental 
mouth mirror and a dental explorer (Bell and Ayoub, 
2003).
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B) Methods

Occlusal morphology:

a) Cusp number and groove pattern:

Examination of maxillary molars was done on 
the study cast. Teeth should be free from occlusal 
and proximal caries.  According to Jordan et al., 
1992, the cusp was considered as a pronounced 
projection (elevation) on the occlusal surface of 
the tooth terminating in a conical, rounded or flat 
surface. After that , the occlusal pattern of each 
molar was classified according to the standards 
of morphological variants of permanent teeth  of 
Arizona State University-Dento Anthropological 
system (Turner et al.,1991).This was determined 
after marking the developmental grooves using a 
pencil .

b) The frequency of tubercle of Carabelli:

Tubercle of carabelli examined and described 
according to Genaro et al., 2019 classification  into

-Absence of molar tubercle 

-Type I molar tubercle (depression) 

-Type II molar tubercle (small prominence) 

-Type III molar tubercle (big prominence)

c) Occlusal outline:

The geometric outline of the occlusal of 

maxillary molars was investigated on the study 
casts. Photographs for the study casts were taken 
and imported into the computer. For every molar, 
the occlusal outline was outlined and classified into:

1- Rhombidal (parallelogram) occlusal outline 

2- Heart shaped (triangular) occlusal outline 

3- Oval occlusal outline 

Statistical analysis:

The data was analyzed statistically using fisher 
exact test which utilized to compare between 
unrelated groups collectively and pair wise 
comparison which was used to compare the same 
items in different groups (M1, M2 and M3).
Descriptive statistics including mean and standard 
deviation were also done. 

RESULTS

A-Occlusal morphology:

A.I- Cusp number and groove pattern of maxillary 
first molar:

Regarding cusp number and groove pattern of 
maxillary first molar (M1), 4 cusps and H groove 
pattern was the most common pattern (94%) 
followed by 3+ cusps and H groove pattern   (4%) 
and the little percentage was 3cusps and U groove 
pattern (2%). Results for M1 are shown in fig. (1).

Fig. (1): A photograph of a study casts showing maxillary first molar (M1) with 4 cusps and H groove pattern  occlusal  morphology 
(A), (M1) with 3+ cusps and H groove pattern  occlusal  morphology (B) and (M1) with 3 cusps and U groove pattern 
occlusal morphology (C).
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A.II- Cusp number and groove pattern of maxil-
lary second molar:

Regarding cusp number and groove pattern 
of maxillary second molar (M2), 3 cusps and U 
groove pattern was the most common pattern (60%) 
followed by 4 cusps and H groove pattern   (26%) 
then 4- cusps and  H groove pattern (12%) and the 
little percentage was 3+ cusps and H groove pattern 
(2%). Results for M2 are shown in fig. (2).

A.III- Cusp number and groove pattern of maxil-
lary third molar:

Regarding cusp number and groove pattern 
of maxillary third molar (M3), 3 cusps and U 
groove pattern was the most common pattern 
(98%) followed by 2 cusps and U groove pattern 
resembling premolars (2%). Results for M3 are 
shown in fig.(3). 

Statistical results were shown in [Table (1) and 
Fig.4].

Regarding similarity between M1 and M2 
within the same cast, 30% of the casts (15/50) had 
M1 and M2 resembling each other in which: Both 

TABLE (1): Cusp number and groove pattern of maxillary molars

Cusp number and 
groove pattern of 
maxillary molars

4 4-
Hypocone still a major cusp, 

but significantly reduced in size

3+
Hypocone reduced in 
size to a small cuspule

3 2 cusps as 
premolars

% of M1 94% 0 4% 2% 0

% of M2 26% 12% 2% 60% 0

% of M3 0 0 0 98% 2%

Fig. (2): A photograph of a study casts showing maxillary second molar (M2) with 3 cusps and U groove pattern  occlusal  
morphology (A), (M2) with 4 cusps and H groove pattern  occlusal  morphology (B) , (M2) with 4- cusps and H groove 
pattern  occlusal morphology (C) and (M2) with 3+ cusps and H groove pattern  occlusal  morphology (D).

Fig. (3): A photograph of a study casts showing maxillary third molar (M3) with 3 cusps and U groove pattern (A) and (M3) with 
2 cusps occlusal  morphology (B).
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molars were 4 cusps and H groove pattern which 
represented 26% of the casts (13/50), 4- cusps and 
H groove pattern in 2% of the casts (1/ 50 of casts) 
and 3 cusps and U groove pattern in 2% of the casts 
(1/50) [Table (2) and fig.(4&5)].

Regarding similarity between M1 and M3 within 
the same cast, there  is  no any similarity and there is 

a great difference between them.

Regarding similarity between M2 and M3 within 

the same cast, 56% of the casts (28/50) had M2 and 

M3 resembling each other in which: Both molars 

were 3 cusps and U groove pattern. [Table (3) and 

fig.(6&7)]. 

Fig. (4): A photograph of a study cast showing M1 (A) and M2 (B) with 4 cusps and H groove pattern, M1 and M2 (C, D) with 
4- cusps and H groove pattern then M1 and M2 (E, F) with 3 cusps and U groove pattern.

Fig. (5): Bar chart % of similarity between M1 and M2 within 
the same cast regarding cusp number and groove pattern.

Fig. (6): A photograph of a study cast showing M2 (A) and M3 
(B) with  3 cusps and U groove pattern.

TABLE (2): % of similarity between M1 and M2 within the same cast regarding cusp number and groove 
pattern

 
Number of similar M1 and M2 on the 

same cast out of 50 casts 
Similarity (in %)

Cusp number 
and groove 
pattern

4 cusps &  H groove pattern 13 26%

4- cusps &  H groove pattern 1 2%

3+ cusps&  H groove pattern 0 0%

3 cusps&   U  groove pattern 1 2%

       Total 15 30%
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B) The frequency of molar tubercle (Tubercle of 
Carabelli) 

B.I- The frequency of molar tubercle (tubercle of 
carabelli) in M1:

Regarding the frequency of molar tubercle 
(tubercle of carabelli) in M1, Type I molar tubercle 
(depression) was the most common (40%) followed 
by Type II molar tubercle (small prominence) (28%) 
then (24%) characterized by absence of molar 
tubercle and the little percentage was Type III molar 
tubercle (big prominence) (8%). These results are 
shown in fig. (8&9).

B.II- The frequency of molar tubercle (Tubercle of 
Carabelli) in M2:

Regarding the frequency of molar tubercle 
(tubercle of carabelli) in M2, the absence of the 
molar tubercle was the most common pattern.

B.III- The frequency of molar tubercle (Tubercle 
of Carabelli) in M3:

Regarding the frequency of molar tubercle 
(tubercle of carabelli) in M3, also the absence of the 
molar tubercle was the most common pattern as M2.

C) Occlusal outline

C.I- Occlusal outline of maxillary first molar

Regarding occlusal outline of M1, the most com-
mon outline was the rhomboidal which represented 
by 94% followed by the heart shaped (6%).

TABLE (3): % of similarity between M2 and M3 within the same cast regarding  cusp number and groove 
pattern. 

  
Number of similar M2 and M3 on the same 

cast out of 50 casts 
Similarity (in %)

Cusp 
number 

and groove 
patern

4 cusps&  H groove pattern 0 0%

4- cusps&  H groove pattern 0 0%

3+ cusps&  H groove pattern 0 0%

3 cusps&  U groove pattern 28 56%

Total 28 56%

Fig. (7): Bar chart % of similarity between M2 and M3 within 
the same cast regarding cusp number and groove 
pattern.

Fig. (8): Bar chart showing Molar tubercle (tubercle of carabelli)  
in maxillary first molar.
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C.II)- Occlusal outline of maxillary second molar:

Regarding occlusal outline of M2, the most com-
mon outline was the heart shaped which represented 
by 80% followed by the rhomboidal occlusal out-
line (18%) and the little percentage was oval occlu-
sal outline (2%) 

C.III) Occlusal outline of maxillary third molar:

Regarding occlusal outline of M3, the most 
common outline was the heart shaped which rep-
resented by 98% followed by oval occlusal outline 
(2%). All results were shown in [Table (4) and  
fig. (10&11)]

Fig. (9): A photograph of study casts showing (M1) with Type I molar tubercle (depression) (A), (M1) with Type II molar tubercle 
(small prominence) (B), (M1) with Type III molar tubercle (big prominence) (C) and (M1) characterized by absence of 
molar tubercle (D).

Fig. (10): A photograph of a study cast showing M1 with rhomboidal occlusal outline (A), M1 with heart shaped occlusal outline(B), 
M2 with heart shaped occlusal outline (C), M2 with rhomboidal shaped occlusal outline (D), M3 with heart shaped occlusal 
outline (E) and M3 with oval occlusal outline (F).

Fig. (11): Bar chart showing occlusal outlines of maxillary molars 
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TABLE (4): Occlusal outlines of maxillary molars

Occlusal outline of 
Maxillary molars

Rhomboidal heart 
shaped

Oval 

Percentage of M1 94% 6% 0%

Percentage of M2 18% 80% 2%

Percentage of M3 0% 98% 2%

Stastical results :

Regarding similarity between M1 and M2 with-
in the same cast, 28% of the casts had M1 and M2 
resembling each other in which; both molars were 
rhomboidal in outline in 22% of the casts  and heart 
shaped in  6% of the casts. These results are shown 
in [Table (5) and fig.(12&13)].

TABLE (5): % of similarity between M1 and M2 
within the same cast regarding occlusal 
outline. 

  
Number of similar M1 
and M2 on the same 
cast out of 50 casts 

Similarity 
(in %)

O
cc

lu
sa

l 
ou

tli
ne

Rhomboidal 11 22%

Heart shaped 3 6%

Oval 0 0%

 Total 14 28%

Regarding similarity between M1 and M3 within 
the same cast, there is no similarity between them 
within the same cast.

Regarding similarity between M2 and M3 within 
the same cast, 16% of the casts (8/50) had M2 and 
M3 resembling each other in which; both molars 
have  heart shaped occlusal outline. These results 
are shown in [Table (6) and fig.(14&15)].  

TABLE (6): % of similarity between M2 and M3 
within the same cast regarding occlusal 
outline. 

  
Number of similar M2 
and M3 on the same 
cast out of 50 casts 

Similarity 
(in %)

O
cc

lu
sa

l 
ou

tli
ne

Rhomboidal 0 0%

Heart shaped 8 16%

Oval 0 0%

 Total 8 16%

Fig. (14): A photograph of a study cast showing M2 and M3 
with heart shaped occlusal outline.

Fig. (13): A photograph of a study cast showing M1and M2 (A) with rhomboidal occlusal   outline   and  M1 and M2 (B) with heart 
shaped occlusal outline.
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DISCUSSION

Tooth morphology of the posterior dentition is 
characterized by distinctive traits with a marked ex-
pression in several degrees and different frequen-
cies between humans, thus being useful in compar-
ing and characterizing populations (Gómez-Robles 
et al., 2007). Studying of the dental morphology 
implies the process of registration, analysis, and 
understanding of all the information concerning 
the coronal morphology of the teeth which appear 
among populations (Marcovich, 2012).

Ash and Nelson,(2003) documented that  
knowing the common variations in anatomical and 
morphological features of each individual tooth can 
help in various dental treatments such as orthodontic 
and restorative treatments .

Variations in size, cusp number and groove pat-
tern have been observed in maxillary molars of dif-
ferent populations as much of the human molar’s 
morphological complexity is localized on its occlu-
sal surface (Vaddi et al., 2019). That’s why the pres-
ent study aimed to investigate the occlusal morphol-
ogy in maxillary molars including cusp number, 
groove pattern and occlusal outline to determine the 
identity of an individual by the process of compara-
tive identification (Jyotirmoy et al.,2019). 

Our study revealed that the cusp number and 
groove pattern of M1 in a sample of Egyptian 

population was 4 cusps and H groove pattern (94%) 
, 3+ cusps and H groove pattern   (4%) & 3cusps and 
U groove pattern (2%), while that of M2 was 3 cusps 
and U groove pattern (60%) , 4 cusps and H groove 
pattern (26%) then 4- cusps and  H groove pattern 
(12%) & 3+ cusps and H groove pattern (2%). 
However, for M3 was 3 cusps and U groove pattern 
(98%), 2 cusps and U groove pattern resembling 
premolars (2%). No 4 cusps and H groove pattern 
was found in M3 regarding our sample size.        

Resemblance with our results was coincident with 
Yamada et al., (1988) who studied the hypocone 
variability of human maxillary molars and found 
that the dominating pattern of M1 was “4 H” (89%). 
Then comes 3+ cusps and H groove pattern  (6%) 
while the dominating pattern of M2 was 3 cusps and 
U groove (66%) followed by “4H” (24%) then 4- 
(10%)  and the predominant  pattern of M3 was 3 
cusps and U pattern which is concomitant with our 
results.

Moreover, Kalinowska et al., 2003 studied the 
morphology of third molar and concluded that M3 
was dominated by3 cusps and U pattern (87%) 
which supports our results. Our observations also 
came in accordance with Yoo et al., (2016), who 
studied the morphological analysis of upper molars 
in Korean population, the researchers revealed that 
“4H” pattern was the most prevalent for M1 which 
also supports our results.

In the current work, within the same cast, only 
30 % of the casts had M1 and M2 resembling each 
other. This was in agreement with Gauta et al., 
(2010) who found that M2 is more similar in its 
occlusal morphology to the first maxillary molar 
which coincides with our results, Regarding the 
similarity between M1 and M3 within the same 
cast, our study revealed no similarity and there were 
great differences between them.

Regarding the frequency of molar tubercle 
(tubercle of Carabelli), M1 showed prevalence of 
type I molar tubercle (depression) (40%), while the 

Fig. (15): Bar chart % of similarity between M2 and M3 within 
the same cast regarding occlusal outline. 
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absence of the molar tubercle was the most common 
pattern for M2 &M3.

The etiology of tubercle of Carabelli  is still 
unknown. Most studies agree that the phenotypical 
appearance of the cusp is genetically determined 
and there must be a dominant gene responsible for 
the presence of the cusp (Mavrodisz K. et al., 2007 
and Townsend et al., 2009).

Kannapan et al., 2001 studied tubercle of 
Carabelli as a morphological variation in Indian 
subpopulation and found that 52.77% of M1 
exhibited the Carabelli trait and totally absent in M2 
& M3 which resemble our results.Our study findings 
were contrary to a study conducted on Nigerian 
population where prevalence of Carabelli trait in 
M1 was found to be 17.43% and totally absent in 
M2& M3 (Falomo and O.O, 2002).

In accordance with our results were Shethri et al., 
(2011) who found that the prevalence of Carabelli 
structure was reported more than one Half of Saudi 
Population with bilateralism presentation (91.2%). 
In a study done by Dilabazkhan et al., (2011) on the  
prevalence of cusp of Carabelli in permanent teeth 
in a group from Khyber Pakhtunkhwa (Pakistan), 
the researchers found that Cusp of Carabelli was 
present in 29.7% of M1 and that didn’t support our 
results. 

Ameen Khraisat et al., (2011) found that the 
prevalence of Carabelli’s trait on M1 was high 
among Jordanians (65%) and low (3.8%) on M2 
which supported our results. Katariya C and  
Jagannathan N., 2017  found that (62.5% ) of M1 
among South Indian population showed Carabelli 
trait as depression (type I tubercle) and  (9.3%) as 
big prominence (type III tubercle) and becomes 
progressively less likely or even absent in M2 & M3  
which was also encountered with our results.

Unlike our study, Qamara et al., 2018 scored 
frequency of Carabelli trait in M1 of patients 
visiting a teaching hospital in Mardan (Pakistan) 

which was (32%) of study population with the 
majority (56.75%) appeared as large prominence 
which disagreed with our results.

In our study M1 showed predominance of the 
rhomboidal occlusal outline 94%. M2&M3 showed 
predominance of heart shaped outline 80% and 
98% respectively. 28% of the casts had M1 and 
M2 resembling each other within the same cast 
regarding occlusal outline while there is no any 
similarity  between M1 & M3 and there are great 
differences between them. According to Nakayama 
et al., 2018, the occlusal outline of M1 is rhomboidal. 
They also documented that M2 is more likely to be 
heart shaped occlusal outline than M1 and that was 
concomitant with our results.

It is assumed that this variation are defined 
polygenetically and its expression is determined 
by combinations of alleles at two or more loci and 
are completed in one of the terminal developmental 
stages of molars, as a result of terminal deposition of 
enamel. This result in variation of teeth in dentitions 
of different populations due to genetic and long-
term environmental influences (Mosharraf et al., 
2010).

CONCLUSIONS

1. Maxillary first molar (M1) showed prevalence 
of 4 cusps and H groove pattern, while Maxillary 
second molar (M2) and Maxillary third molar 
(M3) showed prevalence 3 cusps and U groove 
pattern.

2. Regarding the frequency of the tubercle of 
carabelli, Type I molar tubercle (depression) 
was dominating in M1, while for M2 &M3 
the absence of the molar tubercle was the most 
common pattern.

3. Regarding occlusal outline, the rhomboidal 
outline was dominating in M1 while the heart 
shaped was dominating in M2& M3.
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RECOMMENDATIONS

1. Studies should be conducted continuously on 
the dentition of Egyptian population to docu-
ment evolutionary changes that occur among 
generations.

2. Similar studies should be conducted to examine 
other teeth groups in the Egyptian population.

3.   Further studies concerning bilateral symmetry 
and sex differences should be done on human 
subjects.

4. Moreover, similar studies should be done on 
samples obtained from different regions in 
Egypt with possible different sample sizes and 
by using different techniques.
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