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Abstract

Background: The study of dental morphological characteristics is important in research
as it can provide information about diversities within a population.

Aim: The aim of this work was to study the morphology and pulp cavity of the mandibular
first (M1) and mandibular third (M3) molars in a sample of the Egyptian population.

Materials and Methods: fifty dental study casts were used to determine the occlusal
morphology. Number of cusps and groove pattern were determined. Occlusal outline was
categorized into hexagonal, rectangular and oval. Mesio-distal crown width of each individual
tooth was measured using a digital caliper which was done also on the study casts. Fifty M1
and fifty M3 extracted molars were collected and classified into groups according to shape
and number of roots. Molds of pink wax with the samples in were submitted for cone beam
computed tomography (CBCT). The root to crown ratio (R/C) ratio was done on CBCT
by measuring crown length and root length and dividing root length by crown length. The
number and shapes of roots were determined and types of root canals were assessed and
classified according to Vertucci’s classification. The mesial and the distal root canals were
examined separately. Finally, data was statistically analyzed.

Results: Regarding cusp number and groove pattern of M1 and M3, M1 showed
prevalence of Y5 (58%) while +5 was the most common pattern for M3 (30%).Occlusal outline
of M1 showed prevalence of the hexagonal outline (88%) while M3 showed prevalence of
rectangular outline (42%). Regarding mesio-distal crown width and R/C, M1 showed higher
value than M3. All M1 had two separate roots. M3 showed mostly two separate roots (82%)
As for the rest of M3, they showed two fused roots (18%). The most prevalent mesial root
canal frequency in M1 was type IV (60%) and type Il (40%), while M3 showed prevalence of
type | (40%) and Il (40%). Distal root canal morphology showed prevalence of type | in both
M1 (66%) and M3 (86%).

Conclusions: 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.
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Introduction

One of the most important aspects of clinical
dentistry is a thorough knowledge of dental
anatomy which is a foundation subject in the study
of dentistry. However, it is not only critical to know
the normal or the usual root morphology but it is
equally important to be aware of the variations
(Muriithi, 2010).

The large variation in morphological features
and their form may not be easily altered; thus,
a trait of the human dentition can be a valuable
diagnostic tool for classifying and characterizing
different populations (King et al., 2010)

The study of dental morphology implies the
process of registration, analysis, and understand-
ing of all the information concerning coronal and
radicular morphology of the teeth which appear
among populations (Marcovich, 2012).

A successful endodontic treatment revolves
around good knowledge about root canal
anatomy. Knowledge of pulpal anatomy, its
usual and unusual configurations and possible
variations is critical for success in endodontics
and lack of such knowledge may lead to treatment
failure (Rahimi et al., 2008).

External and internal anatomy of root canals is
genetically determined and has definitive impor-
tance in anthropology. Studies have reported that
root canal systems vary among different popula-
tions (Silva, 2013).

Material and Methods
1) Occlusal morphology:

a- Cusp number and groove pattern

Examination of M1 and M3 was done on
the study casts. A cusp was considered as a
pronounced elevation on the occlusal surface of
a tooth terminating in a conical, rounded or flat
surface (Jordan et al., 1992).
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Then the occlusal pattern of each molar was
classified according to the standards for char-
acterization of morphological variants of perma-
nent teeth of Arizona State University — Dento-
anthropological System of the State University of
Arizona (Turner et al., 1991)

b- Occlusal outline:

Occlusal outline of M1 and M3 was done on
study casts and classified into:

1. Hexagonal occlusal outline.
2. Rectangular occlusal outline.

3. Oval occlusal outline.

2) Measurement of mesio-distal crown width:

The mesio-distal crown width of each individual
tooth was measured by a single examiner using a
digital caliper on study casts (Agrawal etal., 2015)
(fig. 8). The measurements were performed by
holding the cast vertically and placing the blades
of the caliper on the molars’ contact points with
the blade’s proximal sides parallel to the long axis
of the tooth (Sonbol et al., 2011).

Each molar was measured three separate
times and the mean value was used. Different
recording sheets were used at each time to
ensure no access to the previous measurements
(Huang et al., 2012)

3) Measurement of root to crown ratio (R/C):

The R/C was measured according to (Kim et
al., 2013) and was done on cone beam computed
tomography (CBCT). The following definitions
were used for the CBCT-based measurements:

1. Crown length: distance between the buccal
cusp tip and the buccal cement-enamel
junction (CEJ)

2. Root length: distance between the buccal
CEJ and the root apex

R/C was calculated by dividing root length by
crown length.

Hend Mostafa El-Messiry, et al.



4) Classification of the mandibular molars ac-
cording to the shape and number of roots:

The mandibular molars were classified into
groups according to shape and number of roots
(Gulabivala et al., 2001) into two separate roots
with mesial and distal flat roots, two separate
roots with flat mesial roots and conical distal roots
and two fused roots.

5) Root canal morphology of M1 and M3:

Molds with the samples in were submitted for
CBCT scan, CBCT images were acquired using
i-CAT next generation device.

CBCT images were examined and evaluated
types of root canals were categorized according

to Vertucci's classification (Vertucci, 1984). All
these steps and measurements were followed in
examining the M1and M3.

Results

Regarding cusp number and groove pattern of
M1 and M3, Y5 was the most common pattern
(58%) for M1 followed by +5 (30%) . As for M3,
+5 was the most common pattern (30%) and
+4 (22%) (fig 1-3). Fisher exact test showed
significant difference between M1 and M3
regarding cusp number and groove pattern. Pair
wise comparison showed significant difference at
X4, X5, and Y5 [Table (1) and fig. (4)].

Vs
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FIG. 1. A photograph of a study cast showing M1 (blue arrow) with Y5 and M3 (red arrow) with X5 occlusal morphology.
FIG. 2. A photograph of a study cast showing mandibular first molar (M1) (blue arrow) and mandibular third molar (M3) (red
arrow) with +4 occlusal morphology. FIG. 3. A photograph of a study cast showing M1 (blue arrow) with +4 and M3 (red

arrow) with X4 occlusal morphology.

Table (3): Comparing between M1 and M3 regarding cusp number and groove pattern using fisher exact

test and pair wise comparison.

Tooth Total
M1 M3
+4 Count 5, 1", 16
% within tooth 10.0% 22.0% 16.0%
+5 Count 15, 15, 30
% within tooth 30.0% 30.0% 30.0%
. . Count 1, 0, 1
Oblique ridge % within tooth 2.0% 0.0% 1.0%
Cusp number
Count 0 9, 9
and groove X4 YR 5 o o
pattern % within tooth 0.0% 18.0% 9.0%
X5 Count 0, 9, 9
% within tooth 0.0% 18.0% 9.0%
Y4 Count 0, 1, 1
% within tooth 0.0% 2.0% 1.0%
Y5 Count 29, 5, 34
% within tooth 58% 10% 34.0%
P value <0.001
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FIG. 4. Bar chart representing cusp number and groove pattern
of M1 and M3.

Regarding occlusal outline of M1 and M3,
the most commen outline for M1 was the
hexagonal which represented 88% followed
by the rectangular (12%) fig.(5). As for M3 the
hexagonal occlusal outline was the most common
50% and the rectangular occlusal outline (42%).
Fisher exact test showed significant difference
between M1 and M3 regarding occlusal outline

FIG. 5. A photograph showing hexagonal occlusal outline of M1
(blue arrow) and rectangular occlusal outline of M3
(red arrow).

[table (2) and fig.( 6)].

Regarding mesio-distal crown width, the
mean for M1 was 10.56mm while that of M3 was
10.11 mm. M1 showed higher value than M3
and student’s t test showed significant difference
between M1 and M3. Descriptive statistics
(means and standard deviations) for M1 and M3
are presented in table (3) and fig. (7).

Table (2) Occlusal outline of M1 and M3 using fisher exact test.

FIG. 6. A bar chart comparing occlusal outline of M1 and M3.

Ain S.D.J.

Tooth
Total
M1 M3
Hexaconal Count 44, 25, 69
X
& % within tooth 88.0% 50.0% 69.0%
, Count 0 4, 4
Occlusal outline Oval = 2
% within tooth 0.0% 8.0% 4.0%
Count 6° 21, 27
Rectangular o o o o
% within tooth 12% 42.0% 27.0%
P value <0.001
(50 | Table (3) Mesio-distal crown width of M1 and M3
o< using student’s t test.
30
Standard
20 Tooth N Mean  p o liation Pvalue
(mm)
10 (mm)
0 L . Mesio- | M1 | 50 | 10.5613 | .49001 | <0.001
hexagona oval Rectangl distal
Crf’d";’r’]‘ M3 | 50 | 10.1173 | .59775
™ first molar ™ 3rd molar wi
\ J
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FIG. 7. A bar chart comparing mesio-distal crown width of M1
and M3.

Using cone beam computed tomography
(CBCT) the mean R/C for M1 was 1.97 mm, while
that of M3 was 1.70 mm.

Student’s t test showed statistically significant
differences between M1 and M3. M1 showed
higher mean R/C than M3. Descriptive statistics
(means and standard deviations) for M1 and M3
are presented in table (4) and fig.(8).

Table (4) R/C of M1 and M3using student’s t test.
Standard

Deviation P value

(mm)

Tooth N

FIG. 8. A bar chart comparing R/C of M1 and M3

Regarding the macroscopic appearance of
M1, all molars had two separate roots, one mesial
and one distal root,All the mesial roots were flat,
as for the distal roots 98% were flat and only one
molar showed a conical one (2%). These results
are shown in fig. (9 and 10). Regarding M3,
some teeth showed mostly two separate roots
with a flat mesial root and either flat distal root
(36%) or a conical one (28%). As for the rest of
M3, they showed two fused roots (36%). These
results are shown in and fig (11-13). Fisher exact
test showed significant difference between M1
and M3 regarding number and shape of roots as

RIC M1 | 50 | 1.9773 .20588 <0.001 shown in table (5) and fig. (14).
M3 | 50 1.7057 .20066
(
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FIG. 9. A photograph showing M1 with two separate roots. Fig. 10. A photograph
of M1 showing two separate roots with flat distal root (blue arrow) and
two separate roots with conical distal root (red arrow)
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FIG. 11. A photograph showing M3 with two separate roots. Fig. 12. A photograph showing M3 with two fused roots.
Fig. 13. Aphotograph of M3 showing two separate roots with flat distal root (blue arrow) and two separate roots with conical

distal root (red arrow)

Table (5) Number and shape of roots of M1 and
M3using fisher exact test.

2 | Twoseparate | Count| 49 18, 67

€ | roots with flat

© roots % [98.0% | 36.0% | 67.0%

(]

_<C% Two separate | Count | 1, 14, 15

® | roots with conical

2| distal root % | 2.0% |28.0% |15.0%

g Count| 0, | 18, | 18

£ | Two fused roots

2 % 0.0% |36.0% | 18.0%
P value <0.001

CBCT revealed the following configurations,
according to Vertucci’s classification. Regarding
the mesial roots in M1, Type IV was the most
common canal configuration (60%), while the
mesial roots of M3, Type | (40%) was the most
common configuration followed by type 1l (34%)

~
J
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FIG. 14 A bar chart comparing between number and shape of
roots of M1 and M3.

(fig. 15- 17). Fisher exact test showed significant
difference between M1 and M3 regarding mesial
root canal morphology. Pair wise comparison
showed significant difference at type | and type
IV [Table (6) and fig. (18)]

FIG. 15. Cone beam computed tomography (CBCT) showing M1 with type IV (yellow arrow) and M1 type Il (red arrow) mesial root
canal configuration. Fig. 16. CBCT showing M3 with type | (yellow arrow) mesial root canal configuration. Fig. 17. CBCT
showing M3 with type Il (yellow arrow) mesial root canal configuration.

Ain S.D.J.
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Table (7): Root canal configuration of mesial root of M1 and M3 using fisher exact test and Pair wise com-

parison.

| Count 0, 20, 20
% within tooth 0.0% 40.0% 20.0%

" Count 20, 17, 37
% within tooth 40.0% 34.0% 37.0%

Mesial
Count 0, 3, 3
root canal 1l
% within tooth 0.0% 6.0% 3.0%
morphology

v Count 30, 8, 38
% within tooth 60.0% 16.0% 38.0%

vi Count 0, 2, 2
% within tooth 0.0% 4.0% 2.0%

P value <0.001
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FIG. 18. A bar chart comparing mesial root canal morphology

of M1 and M3.

Regarding distal roots of M1, type | was the
most common canal configuration (66%) followed
by type Il (18%) (fig. 19). As for M3, type I was also
dominating with 86% (fig. 20). Fisher exact test
showed significant difference between M1 and
M3 regarding distal root canal morphology. Pair
wise comparison showed significant difference at
type | and type Il [(Table 7 and fig.21)].

\4

FIG. 19. CBCT showing M1 with type | (yellow arrow) and type Il (red arrow) distal root canal
configuration. Fig. 20. CBCT showing M3 with type | (yellow arrow) distal root canal

Survey on the Morphology and Pulp Cavities of the Mandibular First and Third Molars in Egyptian

Population
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Table (7) Root canal configuration of mesial root of M1 and M3 using fisher exact test and Pair wise comparison.

Tooth

60
50

40

30

20

10 . .
o —

Two separate
roots with flat
roots

two separate roots Two fused roots
with conical distal

root

Root morphology

mG6 m8
\. /

FIG. 21. A bar chart comparing distal root canal morphology of
M1 and M3.

Discussion

There are different degrees of expression,
frequency and variation of teeth in dentitions
among different populations (Kieser and Van
Der Merwe, 1984). The accumulation of data on
the morphological traits of the teeth in different
populations led anthropologists to become more
concerned with the evolutionary significance
of these data and to consider the mode of
inheritance.

It is not only important to know the normal
or the usual number and shape of roots but it is
equally important to be aware of the variations

Ain S.D.J.

Total
M1 M3
| Count 33, 43, 76
% within tooth 66.0% 86.0% 76.0%
" Count 9, 2, 11
% within tooth 18.0% 4.0% 11.0%
i Count 2, 0, 2
Distal root canal % within tooth 4.0% 0.0% 2.0%
morphology v Count 5, 4, 9
% within tooth 10.0% 8.0% 9.0%
v Count 0, 1, 1
% within tooth 0.0% 2.0% 1.0%
Vi Count 1, 0, 1
% within tooth 2.0% 0.0% 1.0%
P value 0.037
( N

within populations. In conservative dentistry,
the knowledge of the crown morphology is vital
in the accurate restoration of tooth morphology
and function. While racial differences in crown
morphology have long been recognized, the
diverse aspects of root form and canal anatomy
of human teeth have not received the same
attention in different populations. Majority of
books on dental anatomy fail to supply detailed
information of the features of root and root
canal morphology that may be unique to African
populations (Gulabivala et al., 2002; Ahmed et
al., 2007).

Regarding occlusal morphology:

The morphology of the occlusal surface of the
mandibular molars has been a matter of interest
for dental anthropologists for a long time (Hasund
and Bang, 1985). Variations in size, cusp number
and groove pattern have been observed in
mandibular molars of different populations (Loh,
1991). Mandibular molars were used because
they are more variable than the maxillary molars
in the number of different patterns and in the
frequency of those patterns (Anantharaj et al,
2011).

Hend Mostafa El-Messiry, et al.



Our study revealed that the cusp number and
groove pattern of M1 in a sample of Egyptian
population was “5Y” (58%), +5 (30%), +4 (10%)
and 2% showed oblique ridge running from the
distobuccal cusp to the mesiolingual cusp, while
that of M3 was +5 (30%) and +4 (22%).

Our results are quite compatible with earlier
investigations on human mandibular molars of
Alaskan Eskimos, M1 showed prevalence for
Y5, while M3 is dominated by five cusps (+5)
(Dahlberg, 1963). Same results were also found
in the studies done by Devoto and Perrotto,
(1972) on groove pattern and cusp number of
human mandibular molars of Tastitian Indians
and Perzigian, (1976) on American Indians.

In this study M1and M3 showed predominance
of the hexagonal occlusal outline 88% and 50%
respectively. M3 appeared 42% rectangular and
8% oval. No M1 with oval occlusal outline was
found in our sample. 62% of the casts had M1
and M3 resembling each other within the same
cast regarding occlusal outline. According to Ash
and Nelson, (2010) and Scheid and Weiss,
(2012), the occlusal outline of M1 is hexagonal.
They also stated that M3 is more likely to be
rectangular in occlusal outline than M1 and that
was concomitant with our results.

Regarding mesio-distal crown width:

Mesio-distal crown width was measured in our
study because it is important in clinical dentistry
as well as other sciences such as anthropology
and anatomy. In orthodontics, the diagnosis and
treatment of malocclusions require accurate
knowledge of tooth mesio-distal crown width
as the stable occlusion is reliant on the correct
intercuspation of the teeth (Andrews, 1972).

Study casts were used in the present work for
measurement of mesio-distal crown width of M1
and M3. The accuracy of plaster casts made from
alginate impressions as a representation of actual
tooth size according to Hunter and Priest, (1960)

Survey on the Morphology and Pulp Cavities of the Mandibular First and Third Molars in Egyptian
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who concluded that measurements done on
dental casts are reliable. Also Anderson, (2005)
used both techniques (direct and indirect) in his
odontometric study and he demonstrated that
there were no statistically significant differences
between the two methods.

A digital caliper was used for measurement
of mesio-distal crown width because of its
accuracy. It eliminates measurement transfer and
calculations errors (Hunter and Priest, 1960).

Our study on a sample of Egyptian population
revealed that the mean mesio-distal crown width
of M1was higher than that of M3. M1was 10.56
mm while M3 was 10.1 mm. Unlike Smith et al.,
(1981), who have studied the mesio-distal crown
width of mandibular molars in Australia. The
researchers found that the mean mesio-distal
crown width of M1was 12 mm while that of M3
was 11.7 mm.

Meanwhile, Bishara et al., (1989) who
have studied the mesio-distal crown width of
M1 in Egypt, Mexico and United states. The
investigators revealed that the mean mesio-distal
crown width of M1 in Egyptians was 11 mm which
is approximatly similar to our readings, Mexicans
10.7 mm while that of the Americans was 10.4
mm. Also according to Ash and Nelson, (2010)
the mesio-distal crown width of M1 is 11 mm,
while that of M3 is 10 mm which is comparable
to our results.

Another study done by Singh et al., (2006)
on the mesio-distal crown width of the permanent
dentition in North Indian children, the mean mesio-
distal crown width of M1 was 10.81 mm. Recently,
Agrawal et al., (2015) have studied the mesio-dis-
tal crown width of M1 and found that the mean was
10.34 mm which is compatible with our results.

Regarding root to crown ratio (R/C):

In the present study, according to Brook and
Holt, (1978), R/C was done instead of tooth length
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linear measurement because in radiographic
study, alteration in tooth angulations are known
to affect the radiographic tooth length, but does
not affect the R/C .

Cone beam computed tomography (CBCT)
was also used to measure the R/C of M1 and M3.
CBCT scans allow the identification of anatomic
features (Mukhaimer, 2014). Two-dimensional
images such as periapical radiographs do not
allow accurate measurement and may become
distorted depending on the angle between the
film and the tooth. Panoramic radiographs show
vertical magnification and they are also sensitive
to patient positioning, even under optimal
conditions (Lund et al., 2010).

In this study, the mean R/C of M1was higher
than that of M3. M1 was 1.97 mm while M3 was
1.70 mm. According to Ash and Nelson, (2010)
the R/C of M1 was 1.86mm, while that of M3 was
1.57 mm which are comparable with our results.
Another study supporting our results was Scheid
and Weiss, (2012). The researchers concluded
that the R/C of M1 was 1.83 mm while that of
M3 was 1.57 mm. Our results were also close
to those done by Haghanifar et al., 2014 on
the R/C of Iranian population using panoramic
radiographs, as the researchers have found that
the mean R/C of M1 was 2.03 mm. Also Yun et
al., (2014) concluded that the mean R/C of M1 in
Korean population was 1.63mm using panoramic
radiographs.

Regarding number and shapes of roots:

Results of this study showed that the number
of roots in M1 was found to be two roots in all the
examined teeth; existing as one mesial and one
distal root (98% with flat roots while 2% with a flat
mesial and a conical distal root). No M1 with fused
roots was found in our sample size. While those
of M3 showed that 64% were two separate roots
(36% with flat roots while 28% with a flat mesial
and a conical distal root) and 36% were fused.

Ain S.D.J.

In a study done by Sidow et al., (2000) on
the root and root canal morphology of M3, the
investigators have found that 77% of M3 showed
two separate roots and 23% two fused roots and
that resemble our results.

Regarding root canal morphology:

One of the reasons why root canal morphology
is of clinical importance and must be studied
in every population is the challenges facing
clinicians when performing endodontic treatment
in molars is the complexity of the root canal
systems. Since root canal morphology differs
between different populations, separate studies
for different populations must be done to render
reliable results.

CBCT revealed that the most prevalent mesial
root canal frequency in M1 was type IV (60%) and
type Il (40 %), while distal root canal morphology
was type | (66%) and type Il (18%).

Similarly, a study done by Gulabivala et al.,
(2001) on the root canal morphology of Burmese
mandibular molars by the staining and clearing
technique, the investigators found that the most
common mesial canal configuration of M1 was
type IV (41.4%) and type Il (33.7%), while distal
root canal showed prevalence of type | (60.6%)
and type Il (15.4%).

Another resemblance with our results was
Ahmed et al., (2007). They studied the root canal
morphology of mandibular molars in Sudanese
population using the clearing and staining method.
The investigators have concluded that the mesial
root canal configuration was type IV (73%) and
type 1l (14%), while the distal root canal was type
| (38%) and type Il (28%).

M3 showed prevalence of type | (40%) and
Il (34%) followed by type IV (16%) in our study.
While distal canal morphology was dominated by
type | (86%) followed by type IV (8%).

Hend Mostafa El-Messiry, et al.



Our results are also coinciding with Sidow et
al., (2000) who studied the root canal morphology
of M3 using the staining and clearing technique,
the researcher found that type Il was the most
common mesial canal configuration in M3.

In another study done by Gulabivala et al.,
(2001) on the root canal morphology of Burmese
population and the investigation was done by the
staining and clearing technique, the researchers
found that the most common mesial canal
configuration of M3 was type | (48.4%) followed
by type IV (16.1%). Distal root configuration was
dominated by type | (100%) which is concomitant
with our results.

Conclusions

1. Mandibular first molar (M1) showed
prevalence of Y5 pattern while Mandibular
third molar (M3) showed +5 pattern.

2. Regarding occlusal outline, the hexagonal
outline was dominating in both M1and M3.

3. Mesio-distal crown width and root to crown
ratio (R/C) of M1 was higher than that of M3.

4. M1 had two separate roots, one mesial and
one distal root for most of the cases. As for
M3, some teeth showed two separate roots,
others showed two fused roots.

5. Most common mesial root canal configuration
for M1, mesial canals showed type IV while
that of M3 was type | and Il. As for the distal
roots, type | was prevalent in M1 and M3.

Recommendations

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

2. Further studies concerning right and left and
female and male differences should be done
on human subjects.

Survey on the Morphology and Pulp Cavities of the Mandibular First and Third Molars in Egyptian
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3. Studies should be conducted continuously
on the dentition of Egyptian population to
document evolutionary changes that occur
among generations.

4. Moreover, similar studies should be done on
samples obtained from different regions in
Egypt (example: Marsa Matrouh, Sinai and

Upper Egypt).
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