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ABSTRACT
The first, second and third mandibular molars (M1, M2, M3) show variations in the number of
cusps and some distinction in size, occlusal design, and the relative lengths and number of roots.
However, there are also genetic and racial related variations within them. This study determined the
tooth length and related root-to-crown ratio (RCR), and root morphology variations in M1 and M2.
We also determined the root length relative to the mandibular height of these teeth. Sixty-one conebeam computed tomography (CBCT) images of patients who had a good set of lower teeth with no sign
of mandibular pathology or defect were included. Relevant measurements were made along the axes
of the mesial and distal roots of these mandibular molars. The measurements obtained were used to
calculate RCR and root-to-mandible (R/M) ratio. The crowns of 226 teeth and 465 roots were reviewed
in 61 CBCTs of Malay patients. M1 and M2 were 19.41 mm and 18.15 mm long. The respective
anatomical RCR and clinical RCR were 1.90 and 1.59 for M1, and 1.86 and 1.60 for M2. Thirteen
molars (5.8%) presented with three roots, with twice the number affecting M1 than M2. More M1
(4.3%) had C-shaped morphology than M2 (1.8%). The R/M ratio at M1 was 42.32% and, at M2 this
was 43.94 %. In summary, the morphometric measurements of M1 and M2 in Malay were established.
These teeth did not have a high prevalence of supernumerary roots, but there is a high prevalence of
C-shaped morphology in M1.
Keywords: Cone-beam computed tomography; C-shaped root; mandibular molar; morphometry; morphology

INTRODUCTION
The mandibular molars are larger than any
other mandibular teeth. They are three
in numbers on each side of the mandible:
the first, second and third mandibular
molars (M1, M2, M3). They are similar to
each other in functional form. However,

comparison between them shows variations
in the number of cusps with some distinction
in size, occlusal design, and the relative
lengths, number, and positions of roots. The
root and canal anatomy of mandibular first
and second molars have in general recurring
features, as well as a great number of atypias,
which is racially and genetically influenced
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(Yaacob et al., 1996; Maggiore et al., 1998).
The study of the whole morphology of the
mandibular molar teeth is important not only
for anthropological and forensic analyses,
but also for endodontic, prosthodontic and
periodontic treatment, besides dentoalveolar
surgery (Tu et al., 2007).
The mandibular molars are usually reported
to have two roots, one mesial and another
distal, and at least three main canals
(Maggiore et al., 1998). The root canal
configuration can present in many forms and
shapes, either as straight, curved, or fused
canals (Vertucci, 2005). Most M1 present
with such defined morphology, two roots
with three canals (Maggiore et al., 1998).
Variations to this are the presence of a single
root or the presence of a third root, known
as supernumerary lingual root (Abella et al.,
2012). However, the presence of up to four
roots has also been reported for M1 (Zhang
et al., 2011; Shemesh et al., 2015). Similarly,
the roots of M2 can vary from one to four
in number (Maggiore et al., 1998; Shemesh
et al., 2015). In addition, these roots can
fuse, resulting in a single-rooted, conical, or
“C-shaped” root. C-shaped roots may appear
as a single, fused root or as two distinct
roots with a communication (Zhang et al.,
2011). Because of their unique appearance,
Nakayama and Toda (1941) named the
C-shaped root as “gutter shaped root”.
Genetic influence causes inconsistencies
in the morphology of teeth as observed
in the mandibular molars of the Chinese
population. They typically present with a
high prevalence of distolingual roots in M1
and C-shaped morphology in M2. Similar
features have been seen in the Korean (Park
et al., 2013). It is unknown if such variation
also occurs in other groups of Mongoloids,
such as the Malay ethnic. A good awareness
of these anomalies is important for successful
endodontic and periodontic therapy and for
dental exodontia where there is a high risk
of root fracture involving the supernumerary
root (Huang et al., 2007; Chen et al., 2009;
Sachdeva and Phadnaik, 2012; Garg et al.,
2013).
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The root canal morphology of the
mandibular molars also varies. The number
of canals can vary between three and six
(Maggiore et al., 1998). Some of them
can present as a single C-shaped canal
configuration, an anomaly that was first
described from the skeletal remains of
the Neanderthals (Keith and Knowles,
1911). The Neanderthals were considered
the predecessors of the Mongoloid
race that made up most of the current
Asian
populations
(Tratman,
1950).
The prevalence of C-shaped canal in
mandibular molars varies greatly with a
global sample prevalence of 13.9% (von
Zuben et al., 2017). Studies have shown
considerably higher prevalence of C-shaped
canal in M2 of Mongoloids (Zhang et al.,
2011; Zheng et al., 2011; Park et al., 2013)
compared to Caucasians (Helvacioglu-Yigit
and Sinanoglu, 2013; Silva et al., 2013;
Torres et al., 2015; Martins et al., 2016).
A recent worldwide study reported the
prevalence that range from 6.8% to 44.0%
(von Zuben et al., 2017).
The average length of the M1 is 21.0 mm,
while the M2 is 19.8 mm (Carrotte, 2004).
A comprehensive list of tooth lengths of
Caucasians have been published almost four
decades ago, but a literature search found
only little data on Asians, mostly limited to
Korean and Bangladeshi (Verhoeven et al.,
1979; Alam et al., 2004; Kim et al., 2005).
Accurate knowledge of the crown to root
apex length of the mandibular molars in
Mongoloids is crucial for determining
accurate working length for root canal
treatment. The working length is defined as
the distance from a coronal reference point
to the point at which canal preparation and
obturation should terminate. The most
accurate way to determine a root canal
working length is by using an apex locator.
However, an anatomical length reference
must be known either from previous
references or via the use of periapical
radiography (Rodríguez-Niklitschek et al.,
2015).
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The understanding of the length of roots of
mandibular molars is important for dental
exodontia because the root portion of these
teeth can be firmly encased in its socket,
and made worse if the root is slender and
long. Excessive force used or excessive
removal of bone surrounding these roots
may result in weakening the mandible and
lead to iatrogenic fracture of the body of
the mandible. Although fractures associated
with exodontia is uncommon, incidence
ranging from 0.0034% to 0.0075% has
been reported. The extractions of the M3
accounted for 75% of these fractures,
followed by the M2 (8%), second premolar
(8%), M1 (6%), and canine (3%). It
may occur either as an instant or as a late
complication, usually within the first four
weeks after extraction (Joshi et al., 2016). It
has been speculated that the relative risk of
fractures arising from mandibular third molar
extraction is associated with force exerted
and the weakening of the mandible. We think
that one contributing factor to the weakening
of the mandible is a high root length relative
to the mandibular height. So far, no studies
have been undertaken to determine the
normal root-to-mandible (R/M) ratio of M1
and M2.
In normal circumstances, the root length
of a tooth is generally longer than its crown
height. Their relative lengths are reported as
the crown-to-root ratio (CRR), or root-tocrown ratio (RCR), depending on the type
of literature one reads. The CRR may be
studied either as an anatomical or a clinical
ratio. The anatomical CRR is obtained by
using the cemento-enamel junction (CEJ)
as a reference point while the clinical CRR
is obtained by using a reference line drawn
from the mesial to the distal crestal bone
level (Yun et al., 2014).
Clinical CRR reflects the alveolar bone
support that exists around the tooth (Yun
et al., 2014; Kung et al., 2016). It is
intended to serve as a guide in predicting
the prognosis of teeth. The term CRR is
often used in prosthodontic articles for this
purpose (von Arx et al., 2015). It is one

of the primary variables used to evaluate
the suitability of a tooth as an abutment
for a fixed or removable partial denture
(Grossmann and Sadan, 2005). Instead, the
term RCR is commonly used in orthodontic
literatures when dealing with root resorption
where a normal ratio can be compromised
following treatment. A normal RCR indicates
adequate support for teeth to function under
acceptable physiologic stress. Unfavourable
RCR as caused by short dental roots may
affect the long-term retention of teeth (von
Arx et al., 2015). A ratio of two is considered
ideal with 1.5 acceptable, while a ratio of
one is suggested as the minimal acceptable
ratio (Kung et al., 2016). Crowned molar
with RCR of 1.49 is generally observed and
well accepted (Kung et al., 2016). However,
values below the norms may complicate
treatment
planning.
In
orthodontics,
there may be issue of anchorage while in
prosthodontics, there is concern of the ability
of a tooth to carry masticatory forces.
So far, only one study has been performed
to determine the RCR of Malaysian subjects
(Othman et al., 2011). They reported an
anatomical RCR of 2.42 for M1, and 2.24
for M2 in males. The RCR in females was of
2.48 for M1 and 2.20 for M2. They reported
that there was no significant difference
between RCRs of male and female groups,
but the mandibular teeth have a higher RCR
than their maxillary antagonist. Similar
finding has been observed in the Iranian
female. However, unlike the Malays, the
mean RCRs of Iranian males were notably
higher than that of their females’ (Haghanifar
et al., 2014).
Proper knowledge and awareness of the
anatomical and clinical crown lengths, bonesupported root length, and number of roots
present are crucial to arrive at the most
appropriate treatment plan. In addition,
R/M ratio, CRR and RCR are important
in ensuring successful dental treatment
outcome. The study of the R/M ratio is
important in accessing the difficulty of a
mandibular molar extraction and predicting
the possibility of weakening the mandible
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following such procedures. The study of
the two latter ratios (CRR and RCR) will
be crucial in the provision of appropriate
prosthetic devices and in ensuring successful
orthodontic
treatment,
respectively.
All parameters described above can
nowadays be investigated using cone-beam
computed tomography (CBCT), without the
need to measure or section teeth or mandible
(Cotton et al., 2007). It was the aim of
this study to review CBCTs of selected
patients to determine the morphometry of
the M1 and M2 molars, and to determine
CRR, RCR and relative root length to the
mandibular height (the R/M ratios) in a
group of selected Malay subjects.

MATERIALS AND METHODS
Data Source
This research received the relevant
Institutional Board of Study approval (DF
OS 1703/0016[U]). About 129 CBCT
images of patients taken between the year
2010 and 2016 were obtained from the Oral
and Maxillofacial Radiology Unit of the
Faculty of Dentistry, University of Malaya.
These CBCT scans were captured using
i-CAT imaging system (Imaging Sciences
International,
Inc.
Hatfield,
USA)
with all patients giving their informed
consent for having CBCT taken for their
dental investigations. These scans were
medically justified and were done to
diagnose conditions such as impacted
teeth, maxillofacial skeletal fractures and
the presence of cysts or tumours of the
jaws. All images were taken following a
standard protocol for patient positioning,
and exposure parameter (120 KvP, 3-7 mA,
20 sec). The image acquisition was done at
0.3 mm voxel size by the same radiographer.
The images were obtained from scans
acquired with the field of view (FoV) of
16 cm (diameter) and 13 cm (height), and
the Digital Imaging and Communications in
Medicine (DICOM) was reconstructed using
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proprietary
software.

i-CAT

image

reconstruction

The criteria for subject selection are as
follows:
1. Malay adult individual regardless of
gender, age range from 18–60 years;
2. Presence of a fully erupted set of teeth
with two mandibular permanent molars
intact at least in one quadrant;
3. The first and second
mandibular molars must
formed apices;

permanent
have fully

4. Molars with deep caries, root canal
treatment or various restorations were
excluded because of possible altered
coronal size or defect and/or associated
periapical radiolucency or radiological
artefact arising from metal restorative
material;
5. Images must be free from any radiolucent
or radiopaque lesion in the mandible.
There should be no evidence of jaw
fracture around the mandibular molar
region;
6. Images with supernumeraries and
unerupted teeth were excluded because
the impacted or unerupted teeth might
displace the molars from the original
locations;
7. Images where the lower anterior teeth
and/or premolars were missing were
excluded because of the possibility of
mesial drift of the molars, hence affecting
its relation within the mandible;
8. Images where the upper molars were
missing were excluded because of the
possibility of over-eruption of the lower
molars.
The CBCT images were analysed using a
3D software generic for the CBCT system.
The images were reformatted according
to axial, sagittal and coronal planes. Using
the panoramic window of this software, the
crown and root length, the tooth length and
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mandibular height were measured (Figs. 1,
2 and 3). For descriptive analysis, the crown
height and root length were compared to
average measurements as previously reported
(Nelson and Ash, 2010). The number of
roots present on these molars was counted
by viewing all the coronal, axial and sagittal
planes made available by the software.
The presence of a C-shaped morphology
(root and canal) was determined using
the axial plane. The criteria of a C-shaped
morphology were based on the description
by Zhang et al. (2011) that C-shaped roots
may appear as a single, fused root or as two
distinct roots with a communication. Effort
was undertaken to confirm the presence of a
C-shaped canal within these roots using the
axial view.
Except for molars with fused roots, in M1
and M2 that have two roots, morphometric
(anatomic) measurements were obtained
at both mesial and distal roots (Fig. 1) and
averaged into one measurement when these
two measurements were confirmed to be not
statistically different. These measurements
were used to arrive at the anatomical CRR
(Fig. 1) which serves as a baseline data for
normal morphometry of the Malay’s molar
teeth.

Fig. 1 Landmarks used to calculate the anatomical
CRR.

For the purpose of this study, the anatomical
CRR is defined as the relative value between
the anatomical crown and the root lengths.
This ratio uses the CEJ as the reference
landmark separating the crown from its roots.
A is the mesial crown height of the
tooth at right angle to the CEJ
B is the distal crown height of the
tooth at right angle to the CEJ
C is the mesial root length of the
tooth at right angle to the CEJ
D is the distal root length of the
tooth at right angle to the CEJ
Formula for CRR = [A/C + B/D]/2

The official definition of the CRR is the
physical relationship between the portions
of the tooth not within the alveolar bone,
as determined by a radiograph, compared
with the portion of the tooth within alveolar
bone (The Glossary of Prosthodontic Terms,
2017). In essence, it is the clinical CRR but
is often described as the RCR. This ratio is
derived using another set of measurements
obtained following the method shown in
Fig. 2.

Fig. 2 Landmarks used to calculate the clinical RCR.
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The RCR uses the alveolar bone as the
reference landmark separating the crown
from the root; (A) is the line that connects
the apices of the two roots, (B) is the line
that connects the mesial and distal alveolar
bone, and (C) is the line that connects the
two cusps on the crown.
Y is the crown height of the tooth. It
connected the middle of the crown
at right angle from Line C to Line B.
X is the root length of the tooth, as
supported within the alveolar bone.
It connected the middle of the tooth
at right angle from Line B to Line C.
Formula for RCR = X/Y

Based on the criteria developed by Hölttä
et al. (2002), the CRR was recalculated

as anatomical RCR to determine if they
were subjected to disturbance in root
development. The different abnormality
ratios are summarised in Table 1.
The mandibular heights were obtained
by extending the Line X as illustrated in
Fig. 2 to the end at the lower border (Fig. 3).
The obtained morphometric measurements
of the root and mandibular height were used
to calculate the R/M ratio using the formula:
R/M ratio = Root length (X) × 100%
Mandibur height

The R/M ratio is calculated for each
mandibular molar tooth. The effect of jaw
side on the morphometric measured was
statistically tested, and when found to be not
statistically significant, the data was pooled
and reported as an average for M1 and M2.

Table 1 The abnormality ratios of different anatomical RCR
RCR

Disturbance in root development

>1.6

No disturbance

1.2–1.6

Mild

0.9–1.1

Moderate to severe

<0.9

Very severe disturbance or arrested root development

Fig. 3 The method to obtain R/M ratio, by extrapolating a line from X all the way to the lower border of the
mandible (shown as a yellow line with double arrows ends).
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Data Analysis
The patients’ demographic data and the
assigned measurement scores were recorded
in a Microsoft Excel 2007 database
(Microsoft®, USA). Frequency, mean and
standard deviation values were calculated
using the SPSS Statistics 12.0 for Windows
software (IBM, USA). The crown and root
lengths of different gender and at different
side of the mandible were compared using
t-tests. Statistically significant differences
were set at p < 0.05.

RESULTS
Only 61 CBCTs of Malay patients fulfilled
the selection criteria. The sample size
calculation indicated a minimum of 60
CBCTs were needed. Thirty-five (58.3%) of
the patients were male, with the remaining
41.7% being females. Their mean age was
29.8 ± 9.6 years. Altogether the crowns
of 226 teeth and 465 roots were reviewed.
The measurements were obtained by two coauthors. To ensure inter-examiner reliability,
re-measurements were carried out on all
samples. The Bland and Altman calculation
showed 10.58% difference between both
examiners, which is considered reliable and
acceptable.

Morphometric Measurements of M1 and M2
Table 2 shows the distribution of
measurements obtained for the anatomical
crown heights and root lengths of the M1
and M2. Statistical analyses showed no
difference between mesial and distal crown
heights (independent t-test; p > 0.05) and
root lengths (independent t-test; p > 0.05)
and between measurements obtained from
the right and left sides (independent t-test;
p > 0.05). There was also no gender
difference (independent t-test; p > 0.05).
Hence, the results were pooled to produce an
average crown height, root length and tooth
length for M1 and M2, as shown in Table 2.

In general, it was observed that M1 are
slightly longer than M2, both at their
anatomical crown heights and root lengths.
However, this difference was not statistically
significant (independent t-test; p > 0.05).
The tooth lengths for M1 and M2 were
19.41 ± 1.54 mm and 18.15 ± 1.77 mm,
respectively (Table 2). The average crown
height of M1 was 6.74 ± 0.93 mm, while
that of M2 was 6.41 ± 0.86 mm. Similarly,
the average root length of M1 was 12.59 ±
1.63 versus 11.73 ± 2.01 mm for M2. Both
crown heights and root lengths of these teeth
showed a large range of measurements, as
shown in Table 2. The anatomical crown
height measured between 4.83 mm and
9.69 mm for M1, and 4.02 mm and
8.74 mm for M2, while their respective
root lengths had a range of 8.45 mm to
16.11 mm, and 4.92 mm to 16.66 mm.

CRR
The anatomical CRR for M1 was 0.54 ±
0.09; for M2, it was 0.56 ± 0.13 (Table 3).
This becomes anatomical average RCRs
of 1.90 ± 0.31 for M1 and 1.86 ± 0.36
for M2 when recalculated individually
based on root length/crown height formula
(Table 3). It was found that 15% of M1
and 16.7% of M2 of Malay patients had
higher anatomical RCRs than the average
of ~1.86 that was derived from this pool
of patients (data distribution not shown).
Most of them were found to have short
crown (<7.5 mm) with standard root length
(~14.0 mm) when compared to the
measurements that was previously reported
by Nelson and Ash (2010). When the
anatomical RCRs were further categorised
according to the abnormality ratio (Hölttä
et al., 2002), it suggests that between 20%
and 25% of the molars appear to suffer
from some form of disturbance in root
development (Table 3). In M1, 78.6%
had normal root, but 21.4% appeared to
suffer from mild disturbance in the root
development. In M2, 74.5% showed no
root development disturbance, but 23.5%
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Table 2 The anatomical crown heights and root lengths of the M1 and M2
Anatomical crown height
Parameter

Mesial*

Distal*
M1

Right**

6.89 ± 0.94

6.48 ± 0.83

Left**

7.07 ± 1.00

6.53 ± 0.83

Mean

6.98 ± 0.97

6.51 ± 0.82

Anatomical root length

Average (SD)
[min–max] in mm

Mesial*

Distal*

Average (SD)
[min–max] in mm

6.74 ± 0.93
(4.83–9.69)

12.67 ± 1.67

11.96 ± 1.53

13.33 ± 1.49

12.41 ± 1.54

12.59 ± 1.63
(8.45–16.11)

12.99 ± 1.62

12.19 ± 1.55

M1

Tooth length = 19.41 ± 1.54 mm
Average (SD)
[min–max] in mm

M2
Right**

6.16 ± 0.85

6.32 ± 0.84

Left**

6.43 ± 0.83

6.69 ± 0.87

Mean

6.30 ± 0.85

6.51 ± 0.87

6.41 ± 0.86
(4.02–8.74)

M2
12.19 ± 1.95

11.02 ± 2.00

12.27 ± 1.93

11.42 ± 1.95

12.23 ± 1.93

11.22 ± 1.97

Average (SD)
[min–max] in mm
11.73 ± 2.01
(4.92–16.66)

Tooth length = 18.15 ± 1.77 mm
Notes: *Independent t-test p > 0.05 when comparing mesial and distal crown and root lengths.
**Independent t-test p > 0.05 when comparing right and left crown and root lengths.

suffered from mild disturbance, and 2.0%
from moderate to severe disturbance.
The clinical crown heights and root
lengths (supported alveolar bone) and the
clinical RCRs of M1 and M2 are shown in
Table 4. Because measurements were
done at alveolar bone level, the clinical
crown height increased, while the clinical
root lengths reduced when compared to
their anatomical counterparts. Statistical
analysis showed no difference in the crown
height and root length between the right
and left side (independent t-test; p > 0.05).
The clinical RCR was 1.59 for M1 and 1.60
for M2.

Root Anomalies
There were 13 teeth that presented with
three roots (Table 5). This gives an overall
prevalence of 5.8% for the presence of
additional roots. Two of these root anomalies
were observed on the left side of the same
patient. Bilateral occurrence of 3-rooted
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molars was observed in one patient. More
M1 (7.8%) presented with three roots in
comparison to M2 (3.6%). The prevalence
of three roots was higher on the right side
(7.1%) than the left side (4.4%). There was
no gender difference in the prevalence of
3-rooted molars, with six female and seven
male patients affected.
Seven teeth were found to manifest C-shaped
morphology at the coronal part, although
all of them were 2-rooted (Table 5).
Five (4.3%) cases involved M1 and two
(1.8%) cases involved M2, giving rise
to an overall prevalence of 3.1%. This
anomaly was found in three female and
four male patients. There was one patient
who presented with bilateral occurrence
of C-shaped morphology. The right side
had a higher occurrence of more C-shaped
morphology than the left side. There was
no C-shaped morphology present at left M2
(Table 5).
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Table 3 CRR and recalculation as anatomical RCR with distribution in different types of root
development disturbances
CRR

Recalculated as
anatomical RCR

0.54 ± 0.09

1.90 ± 0.31

Teeth
M1
N = 115

Cases with disturbance in root development
Normal: RCR >1.6 = 78.6%
Mild: RCR 1.2–1.6 = 21.4%
Moderate–severe: RCR 0.9–1.1 = 0%
Very severe: RCR <0.9 = 0%

M2
N = 111

0.56 ± 0.13

1.86 ± 0.36

Normal: RCR >1.6 = 74.5%
Mild: RCR 1.2–1.6 = 23.5%
Moderate–severe: RCR 0.9–1.1 = 2.0%
Very severe: RCR <0.9 = 0%

Table 4 The clinical crown heights and root lengths, and their corresponding RCRs
Parameter

Mean (SD)
Crown height

Root length

RCR**

Right* (N = 58)

7.50 ± 0.80

11.52 ± 1.41

1.55 ± 0.26

Left* (N = 57)

7.46 ± 0.96

11.92 ± 1.63

1.63 ± 0.33

Average

7.48 ± 0.88

11.71 ± 1.53

1.59 ± 0.30

Right* (N =54)

7.00 ± 1.07

11.18 ± 1.89

1.63 ±0.37

Left* (N = 57)

7.15 ± 0.96

10.87 ± 2.12

1.56 ± 0.43

Average

7.08 ± 1.02

11.02 ± 2.01

1.60 ± 0.40

M1

M2

Notes: * Independent t-test p > 0.05 when comparing right and left crown and root lengths.
** These ratios were derived from the mean of each individual crown height vs. root length ratio of 61 patients.

The Relative Root Lengths to the
Mandibular Height
The left mandible height at M1 and M2
were 26.21 ± 5.88 mm and 25.57 ±
5.33 mm, respectively (Fig. 4). In contrast,
the respective mandible heights at the
right side were slightly lower at 23.58 ±
5.61 mm and 22.95 ± 4.87 mm. However,
these differences were not statistically
significant (independent t-test; p > 0.05).
Hence, when the data are pooled, the overall
mandible height at M1 was 25.89 ± 5.60 mm
(range 11.37 mm to 35.42 mm), and 23.27
± 5.25 mm (range 8.61 to 32.10 mm) at M2
(Fig. 4).

The R/M ratio is used to determine the
relative length of roots embedded in the
mandible, as measured using the mandibular
height. The R/M ratios at these four sites
were 42.0% (left M1), 42.7% (right M1),
43.1% (left M2) and 44.8% (right M2)
(Fig. 4). These differences were not
statistically significant (independent t-test;
p > 0.05). Therefore, it can be summarised
that the R/M ratio at M1 was 42.32 ± 9.10%
(range 20.25% to 57.55%). The R/M ratio
at M2 was 43.94 ± 10.55% (11.65% to
61.80%). It was observed that there were
10.0% and 26.7% of patients with R/M ratio
of more than 50% for M1 and M2 (Fig. 4),
and occured more often in female than male
patients.
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Table 5 Distribution shows the teeth and sites with root anomalies
M1
N (%)

C-shaped
morphology

3-rooted tooth

Parameter

Individual

Right

Left

Right

Left

6 (10.2%)

3 (5.3%)

2 (3.7%)

2 (3.6%)

Combined

9 (7.8%)

4 (3.6%)

Overall

Individual
Combined

13 (5.8%)

3 (5.1%)

2 (3.5%)

Overall

CBCT was the method of choice for the
present study as it offers rapid acquisition
of a data set of the entire FoV while using
a comparatively less extensive radiation
detector when compared to conventional
CT. It provides a shorter scanning time, has
increased image sharpness, reduces image
distortion that usually results from internal
patient movements, and has increased X-ray
tube effectiveness (Cotton et al., 2007).
The approach of measurement undertaken
in this study was similar to that reported by
Eliasson et al. (1986). This is different from
that reported by Othman et al. (2011) who
obtained a single measurement for the crown
height and root length using panoramic
radiographs. Othman et al. (2011) measured
the root length as a measured perpendicular
distance from the apical tangent to the
midpoint of intersection between the
crown and root. Their crown height was
measured as a perpendicular distance from
the midpoint of intersection between the
crown and root to the occlusal reference.
This approach was adopted from the
methodology used by Lind (1972).
We thought that such approach will
introduce a number of errors when adapted
to a CBCT study. Firstly, the use of longest
root will cause over reporting and possible
complication
when
applied
clinically,
especially when this information is translated
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2 (3.7%)

5 (4.3%)

DISCUSSION
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M2
N (%)

Not present
2 (1.8%)

7 (3.1%)

for root canal treatment. As CBCTs allowed
clear identification and full viewing of all
roots present, morphometric measurements
were obtained at both mesial and distal
roots to reflect the real situation. These
measurements were averaged into one single
measurement only after they were confirmed
to be not statistically different.
Tooth dimensions are one of the parameters
used in the investigation of hominid
evolution and pattern of variation among
different population groups (Kupczik and
Hublin, 2010). They are affected by genetic
influence and changes in environment
and diet. A study has shown that tooth
length has decreased from Neanderthals
to Homo sapiens and attributed this to
the space available in the mandible during
molar growth and development (Kupczik
and Hublin, 2010). The tooth length for
M1 and M2 in the Malay are 19.41 ±
1.54 mm and 18.15 ± 1.77 mm, respectively.
This is similar to the lengths in the Korean
molars (Kim et al., 2005) and shorter than
the average reported for the Caucasians
(Verhoeven et al., 1979). This finding is
consistent with the notion that smaller
mandible yields shorter teeth, as Malay
have been reported to have smaller jaw size
compared to the Caucasians (Ngeow and
Aljunid, 2009).
Nelson and Ash (2010) reported that the
average crown height and root length of
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Fig. 4 Details of mandibular height, root to mandible height ratio, and their distribution.

M1 is 7.5 mm and 14.0 mm, respectively;
this gives M1 the length of 21.5 mm.
M2 has been reported to have a crown height
of 7.0 mm and root length of 13.0 mm; this
then gives it the tooth length of 20.0 mm.
Overall, Kim et al. (2005) found that tooth
lengths of Asian (Korean) were shorter than
Caucasians. The mesial and distal roots of
the M1 were between 1.5 mm and 1.8 mm
shorter than their Caucasoid counterparts.
For M2, their roots were 1.5 mm to
2.3 mm shorter. Eliasson et al. (1986)
reported slightly longer M1 and M2 of
between 21.5 mm and 22.5 mm in the
Swedish population, which they attributed
to radiographic elongation as their method
of study was via the use of periapical
radiographs.
A comparison of tooth lengths in the present
study against two reports from the Caucasian
population is shown in Table 6. The tooth
lengths in the present study are lower than
that reported by Black (1892) and Bjorndal
et al. (1974) for the Caucasians.

The teeth/roots in the Malay patients of the
present study, which are shorter, concurs
with other reports on Asians. Yaacob et al.
(1996) reported that the anatomical roots
of the Mongoloids are shorter, but the root
trunks are better developed. However,
they did not specifically report the exact
difference
compared
to
Caucasians.
With regard to root length, M1 in the
present study is approximately similar to
mesial and distal root lengths of 12.19 ±
1.13 mm and 11.53 ± 1.32 mm as reported
for the Chinese subjects (Gu et al., 2011).
In contrast, the M1 and M2 root length of
Homo sapiens of Caucasoid origin have been
reported to be 14.17 ± 1.16 mm and 14.06 ±
1.63 mm, respectively for M1 and M2
(Kupczik and Hublin, 2010). This finding
suggests that the root lengths of the
Malay’s molars is similar to the lengths
seen in Asians, thus treatment such as root
canal therapy and post placement in fixed
prosthodontics can be done using standard
instruments. In comparison, the tooth length
of M1 in the present study was shorter than
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the 20.28 mm length reported by Alam et al.
(2004).
The CRR has been analysed using two
formulae in this study. The first approach
was purely anatomical in nature to allow us
to determine if the anatomical ratios match
those reported in standard textbooks. Using
reference value obtained from Nelson and
Ash (2010), the CRR of both M1 and M2
is ≈0.54 (or in another word, RCRs of M1 is
≈1.87 and for M2, it is ≈1.86). The selected
Malay patients with a CRR ratios of 0.54
(or RCRs 1.90 ± 0.31) for M1 and 0.56 (or
RCR 1.86 ± 0.36) shows close similarity
with standard ratio derived by Nelson
and Ash (2010). The anatomical RCRs
reported in the present study are lower than
that reported by Othman et al. (2011) on
the Malays. This may arise because of the

difference between their use of conventional
orthopantomographs and the use of
reconstructed panoramic view in this study.
When the anatomical RCRs were further
categorised according to the abnormality
ratio (Hölttä et al., 2002), it was found that
between 20% and 25% of the molars appear
to suffer from some form of disturbance
in root development. This may alerts us
that some patients may experience root
development disturbance due to other
causes. This may result from local factor
such as trauma, or episodes of disease e.g.,
leukaemia (Rohilla, 2017). Unfortunately,
their medical status was not available from
the radiographic database to enable us to
cross check.
In comparison, studies in other Mongoloids,
such as the Koreans’ study found that the

Table 6 Comparison of tooth measurements from present study with two reported references from the
Caucasian populations
Tooth

Mean length (SD) [min–max] in mm
Black (1892)

Bjorndal et al. (1974)

Present study (2020)

N = Not reported

N = 45

N = 115

Tooth length

21.0 (18.0–24.0)

22.0 ± 1.4 (19.3–25.0)

19.41 ± 1.54

Crown height

7.7 (7.0–10.0)

8.3 ± 0.7 (6.4–10.2)

6.74 ± 0.93 (4.83–9.69)

13.2 (11.0–15.0)

15.1 ± 1.2 (11.9–17.3)

12.99 ± 1.62

M1

Mesial root length
Distal root length

–

13.6 ± 1.2 (10.9–16.1)

12.19 ± 1.55

N = Not reported

N = 60

N = 111

Tooth length

19.8 (18.0–22.0)

21.7 ± 1.5 (19.0–25.8)

18.15 ± 1.77

Crown height

6.9 (6.0–8.0)

8.7 ± 0.9 (6.8–13.1)

6.41 ± 0.86 (4.02–8.74)

Mesial root length

12.9 (12.0–14.0)

13.8 ± 1.3 (10.3–17.6)

12.23 ± 1.93

Distal root length

–

13.4 ± 1.3 (10.3–17.0)

11.22 ± 1.97

M2

clinical RCR of M1 as 1.64 ± 0.19 and
M2 as 1.47 ± 0.23 (Yun et al., 2014). The
clinical RCR for M1 in the subjects of the
present study was approximately similar to
the ratios reported in the Korean. However,
the clinical RCR of M2 in the patients of the
present study is higher than that reported
by Yun et al. (2014). It is apparent that the
RCR of some Mongoloids (including the
Malay ethnic of the present study) did not
reach the recommended two as suggested by
130
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some prosthodontic textbooks (Grossmann
and Sadan, 2005). Shillingburg et al. (1997)
suggested a RCR of 1.5 as optimum for a
fixed partial denture abutment, while a ratio
of one can be accepted as the minimum ratio
for a prospective abutment under normal
circumstances, especially if the opposing
occlusion is composed of tissue supported
prosthesis. In general, the patients in this
study conformed to recommendation by
Shillingburg et al. (1997).
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An in-depth knowledge of root morphology,
the variability of the root canal system, and
the features in different races is imperative
to achieve successful root canal treatment,
periodontal treatment as well as other
aspects of clinical dentistry (Tu et al., 2007).
Most M1 present with two well-defined roots
(one mesial and one distal) with three canals
(two mesial and one distal) (Maggiore et al.,
1998; Zhang et al., 2015). A major variant
to this is the presence of a third root, or a
supernumerary lingual root, called radix
entomolaris. A review on M1 with distolingual roots reported an average prevalence
of 14.4% (Abella et al., 2012). Ethnicity
and genetic predisposition influence the
number of roots present on M1 (Bjorndal
et al., 1974). In Caucasians, the occurrence
of three roots in M1 is low, with a prevalence
of 0% to 5.97%, while Mongoloids presents
with a higher prevalence of 3.0% to 33.1%
(Abella et al., 2012). In comparison,
the
prevalence
in
Negroids
ranged
from 0% to 3.1% (Abella et al., 2012).
The presence of a third root is considered a
normal morphologic variant in Mongoloids
(Calberson et al., 2007) and is referred as an
Asiatic trait (Turner, 1971; Yew and Chan,
1993; Tu et al., 2007; Ishii et al., 2016).
The present study found a prevalence of
7.8% for the presence of three roots in M1 of
the Malays. This prevalence falls within the
range reported for the Mongoloids elsewhere
and is quite similar to the 7.9% reported on
Singaporean Chinese (Loh, 1990).
In contrast, study on the prevalence of
3-rooted M1 among the Malays was
reported to range between 8.6% and 16.0%
(Jones, 1980). On the other hand, the
Mongoloids residing in North-eastern Asia
has a prevalence exceeding 20% while those
residing in Southeast Asia have a lower
prevalence of between 8% and 16% (Ishii
et al., 2016). This may be related to their
different Mongolian origin with the Sinodont
type of teeth being common among NorthEastern Asians, and the Sundadont type
being common among South-Eastern Asians
(Turner, 1971). Malaysia, Singapore, and
Thailand are situated in Southeast Asia, and

their populations have Sundadont type teeth,
hence explaining their lower prevalence of
a third root (Loh, 1990; Gulabivala et al.,
2002). Several studies found a predominance
on the right side (Jayasinghe and Li, 2007;
Tu et al., 2007; Tu et al., 2009; Song et al.,
2010; Garg et al., 2013; Ishii et al., 2016),
which the present study agrees with.
Not many studies have determined the
presence of a third root in the second molar.
The prevalence of 3-rooted M2 has been
reported to range from 0% to 9.0% (Peiris
et al. 2007; Neelakantan et al., 2010).
Their mesial and distal roots are usually
located closer with a long root trunk and
are more frequently fused. Root fusion
that becomes a single-rooted, conical, or
‘C-shaped’ form has a reported incidence of
approximately 21.8% in one study (Nayak
et al., 2014). Similar to M1, tendency to
develop a third root has genetic influence,
and is more prevalent among Mongoloids
(Ferraz and Pécora, 1993). The present
study found a prevalence of 3.6%, which is
relatively higher than in other Mongoloid
ethnics (Ferraz and Pécora, 1993; Peiris et
al., 2007; Neelakantan et al., 2010; Zhang
et al., 2011; Park et al., 2013; Silva et al.,
2013; Felsypremila et al., 2015; Shemesh et
al., 2015; Madani et al., 2017; Pawar et al.,
2017; von Zuben et al., 2017).
In comparison to M1, there is a high
prevalence of single rooted second molar,
ranging from 8.7% to 21.8% (Nayak
et al., 2014; Felsypremila et al., 2015).
As generally acknowledged, M2 with single
root morphology is often associated with the
presence of C-shaped canal. Felsypremila
et al. (2015) reported that 92.8% of
their single rooted M2 had C-shaped
canal configuration. C-shaped canal is
an anatomical variation mostly found in
mandibular M2 with prevalence between
2.7% to 52% in different populations
(Walker, 1988; Weine et al., 1988; Yang
et al., 1988; Al-Fouzan, 2002; Cheung et al.,
2006; Zheng et al., 2011; Silva et al., 2013).
The prevalence of C-shaped morphology
in second mandibular molars in the Malay
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ethnic is low in comparison to other ethnic
groups, as this study found only less than 2%
of the patients presented with this anomaly.
One unexpected finding of this study is the
high prevalence of C-shaped morphology
found in M1 (4.3%), which is higher
than that reported elsewhere. So far, this
prevalence is higher than those reported for
the Korean (0.67%), Indian (0.7%), Iranian
(1.2%) and Israeli (0.16%) populations
(Kim et al., 2005; Felsypremila et al., 2015;
Madani et al., 2017; Shemesh et al., 2017).
More study is needed to verify the exact
prevalence of C-shaped morphology in the
Malays as the number of subjects in the
present study is low.
This study found that the R/M ratio at M1
was 42.32% and 43.94% at M2. However,
there were 10.0% and 26.7% of patients
with R/M ratio of more than 50% for M1
and M2 with this happening more often in
female than male patients. This may be the
result of smaller jaw size in some female
patients in comparison to their normal size
molars. A study on the craniofacial norms
of the Malays confirmed female has smaller
jaw size compared to male (Ngeow and
Aljunid, 2009). Clinically, this indicates that
extra care must be rendered when removing
the second molar of Malay females as this
procedure may weaken the mandible, causing
it susceptible to fracture.
Lastly, to recapitulate, the main purpose
of this study was to investigate the root
morphometry and morphology of the
Malays’ mandibular molars. However,
the findings can be used to determine the
relationship of these morphological variations
to people of European (Caucasoid) and
Asian (Mongoloid) origin. In summary,
M1 and M2 of Malays are shorter than that
reported for the Caucasoid but are more
similar to the Mongoloid’s. They do not have
a high prevalence of a third root. Among
M1, only 7.8% were 3-rooted, but there is
a high prevalence of C-shaped morphology
(4.3%). Among M2, 3.6% had three roots,
while C-shaped morphology was found in
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only 1.8% of teeth. All in, it appears that the
lengths, anatomical CRR and clinical RCR
of M1 and M2 resemble those observed in
Mongoloids; but their root morphology has
closer tendency to resemble those observed
in people of European than of East Asian
origin. The exception is the high prevalence
of C-shaped morphology seen in M1, which
has not been observed before in other ethnic
groups.

CONCLUSION
The morphometric measurements of M1
and M2 in Malays were established. M1 and
M2 were 19.41 mm and 18.15 mm long.
There was no gender and site difference
in these morphometric measurements.
The respective anatomical RCR and clinical
RCR were 1.90 and 1.59 for M1, and 1.86
and 1.60 for M2, respectively. The majority
of molars (M1 = 78.6%; M2 = 74.5%) have
RCR >1.6 indicative of their normal root
development process. The molars did not
have a high prevalence of supernumerary
roots with only 13 teeth (5.8%) presented
with three roots. There were more than twice
as many accessory roots affecting M1 (7.8%)
than M2 (3.6%). Also, more M1 (4.3%)
had C-shaped morphology than M2 (1.8%).
The R/M ratio at M1 was 42.32% and, at
M2 this was 43.94%.
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