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Background: There is concern regarding immediate implantation in the molar
region because of discrepancy between socket size and inserted implant diameter. The purpose of this study was to assess the local anatomy of the posterior
mandibular region in relation to immediate implant placement using cone-beam
computed tomography (CBCT).
Materials and methods: Using CBCT imaging data, 204 mandibular first molars
and 201 mandibular second molars were assessed for the interradicular and alveolar bone dimensions, tooth sizes and proximity to vital structures. The cross-sectional mandibular shape and root configuration of these molars were determined.
Results: Distances to the inferior alveolar canal (IAC) from the root apices of
the first molar were significantly greater than the second molar. Up to 14.5% of
second molars had less than 10 mm of vertical bone height between the IAC and
furcation bone crest. Interradicular bone width of < 3 mm was found in 57%
of second molars. All first molars in this study had two to three roots while 16%
of second molars presented with a single root. The prevalent mandible shape at
the first and second molars was the parallel and undercut ridges, respectively.
Conclusions: The mandibular second molars from samples of a Southeast Asian
population presented with greater anatomical difficulties for immediate implant
placement which include absent or inadequate interradicular bone thickness,
higher incidence of unfavourable mandible shape and increased proximity to vital
structures. (Folia Morphol 2022; 81, 3: 732–738)
Key words: cone-beam computed tomography, immediate dental
implant loading, mandible, molar

INTRODUCTION

surgeries required. However, there is concern regarding immediate implantation in the molar region as
there is a discrepancy between the socket size and
diameter of implant inserted. The primary stability
in such cases is achieved by engaging the implant

Dental implant is a popular treatment modality
for replacing missing teeth. Immediate implant placement (IIP) protocol has risen in popularity because it
shortens treatment time and reduces the number of
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fixture into the inter-radicular septal bone. Factors
such as the proximity of the inferior alveolar canal
(IAC), socket morphology, the availability of adequate
inter-radicular septal bone and the presence of lingual
concavities need to be considered prior to IIP at the
mandibular molar region [15].
The advent of cone-beam computed tomography (CBCT) has revolutionised craniofacial imaging.
CBCT presents clinicians with high resolution images
of anatomical structures such as bone topography,
periodontal ligament, and root morphology. In addition, the CBCT DICOM data generated can be used
to design and fabricate a three-dimensional surgical
guide to facilitate implant placement in a prosthetically driven position [11].
Previous studies on the morphology of posterior
mandible in relation to IIP had been conducted primarily among Caucasoid populations [1, 2, 5–7, 9, 12].
Information pertaining to the Mongoloid (Southeast
Asia) population remains scarce. In addition, not all
studies looked into the interradicular bone, which is
one of the primary areas of bone available for immediate implant anchorage.
This study aimed to evaluate the morphological
features of mandibular first (M1) and second (M2)
molars and their surrounding structures in a Mongoloid (Southeast Asian) population within the context
of immediate implant placement, using CBCT images.

The sample size was calculated with the following
formula [4]:
Z 2 SD2
Sample size = 1-a/2
d2
where Z1-a = standard normal variate; SD = standard
deviation of variable measured; d = absolute error
or precision.
Based on the standard deviation of 2.61 from
a previous study by Chrcanovic et al. [5]:
The sample size =

1.962 × 2.612
= 104.7
0.52

Primary outcomes were the morphometric measurements of the alveolar and interradicular bone
of M1 and M2 and their cross-sectional mandible
shapes. Secondary outcomes included proximity to
the IAC, root configuration and tooth dimensions.
The CBCT scans were captured using the i-CAT
Vision system developed by Imaging Sciences International (Pennsylvania, United States). All images
were taken according to a standard protocol. The
exposure parameter (120 KvP, 3–7 mA, 20 s) and the
image acquisition at 0.3 mm voxel size were done by
the same radiographer. The images were obtained
from scans acquired with 16 cm (diameter) and 13 cm
(height) dimensions, and the DICOM was reconstructed using proprietary i-CAT image reconstruction software. The following measurements were made: root
length, distance between cementoenamel junction
and the separation lines of the root cones, distance
between separation lines of root cones to root apex
(Fig. 1A), bucco-lingual and mesio-distal crown width
(Fig. 1E), interradicular septal bone thickness (Fig. 2A),
bucco-lingual width of cancellous portion of the
alveolar bone (Fig. 2B), distance from the IAC to
the crest of the interradicular septum and root apex
(Fig. 2C, D). The mandible ridge form at M1 and M2
was classified into convex, parallel or undercut type,
based on the description by Chan et al. [3] (Fig. 3A–C).
The root configurations of M1 and M2 were visualised
on cross-sectional slices to detect the presence of
C-shaped root, single fused root, or additional roots
(Fig. 3D). Data analysis was completed using IBM SPSS
Statistics software version 20.
The radiographic measurements were performed
by the principal examiner (H.J.Y.) with 3 years of
post-graduation experience. For reliability testing,
intraclass correlation coefficient (ICC) was determined
according to the single measurement, absolute agreement, 2-way mixed effects model by repeating the

MATERIALS AND METHODS
A cross-sectional CBCT study was conducted at the
Department of Oral and Maxillofacial Clinical Sciences,
Faculty of Dentistry, University of Malaya between
May 2020 and October 2020. Ethical approval was received from the Medical Ethics Committee, Faculty of
Dentistry with reference number: DF OS2020/081(L).
All patients whose CBCT data was used in this study
had provided written consent agreeing to release
their imaging data for research/academic purposes.
Cone-beam computed tomography imaging data
of patients who visited the Oral Radiology Unit, Faculty
of Dentistry, University of Malaya between 2010 and
2015 was screened. Included were Malaysian patients
of different ethnicities, aged between 18 and 60 years
old, without mandibular deformities, and presenting
with M1 and M2 molars on either/both sides of the
lower jaw. Excluded were subjects with history of
dentoalveolar trauma or mandibular pathology, mixed
dentition, poor quality CBCTs and evidence of surgical
intervention to the mandible.
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Figure 1. Quantitative measurement of crown and root dimensions; A. Panoramic view; B. Axial view; C. Sagittal view; D. Coronal view;
E. Additional cut planes; 1 — mesial root length; 2 — distal root length; 3 — crown height; 4 — root cone; 5 — root trunk; 6 — mesio-distal
crown width; 7 — bucco-lingual crown width.

Figure 2. Sagittal and coronal section of the mandible;
A. Mesio-distal width of interradicular bone at three different
levels: crest of interradicular septum (1), 3 mm apical to interradicular septum crest (2), and 6 mm apical to interradicular septum crest (3); B. Bucco-lingual width of cancellous
bone at three different levels: alveolar crest (4), 3 mm apical
to alveolar crest (5) and 6 mm apical to alveolar crest (6);
C. Distance between interradicular septum crest and inferior
alveolar canal (7); D. Distance between root apex and inferior alveolar canal (8).

measurements for 30 datasets 2 weeks after the initial measurements. The ICC was 0.985 with a 95%
confidence interval (CI) of 0.982–0.988. Therefore,

the intra-rater reliability was excellent. An external
examiner (W.C.S.) with 5 years of clinical experience
was enlisted to determine the inter-rater reliability.
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Figure 3. Alveolar ridge classification and anatomical variation of mandibular molar roots; A. Parallel type; B. Convergent type; C. Undercut
type; D. 1— radix entomolaris; 2 — C-shaped root.

RESULTS

Table 1. Demographic data of study population
Age [year] (mean ± SD)
Gender, n (%)
Race, n (%)

The study population had a mean age of 35.9 ±
± 11.9 years. There were more males (64.5%) than
females (35.5%) whose CBCT were included. The
greatest proportion of the participants was Malay
(41.8%), followed by the Chinese (33.6%) and Indian
(20%) ethnicity (Table 1).
Two hundred four M1 and 201 M2 were analysed, with no significant difference found between
contralateral sides (p > 0.05). The crown size of M1
was not significantly different than M2. All M1 had
divergent roots while 16% of M2 were found to have
fused roots (Table 2). M2 had significantly reduced
interradicular bone thickness, greater alveolar bone
width and closer proximity to the IAC compared to
M1 (p < 0.001) (Fig. 4). Interradicular bone width
< 3 mm was found in 76.8% of M2 and 44.6% of M1
(Table 3). Furcation to IAC distance of less than 10 mm
was found in 3% of M1 and 13.4% of M2 (Table 3).
There was a significant association between tooth
type and both ridge form and root configuration
(p < 0.001). The most common ridge form at the M1
region was the parallel type (70.2%). The undercut
ridge form was found in the majority (73.1%) of M2
(Table 2). The distance to the IAC of female subjects
was shorter when measured from the crest of the

36 ± 11.92
Male

70 (63.6%)

Female

40 (36.4%)

Malay

46 (41.8%)

Chinese

37 (33.6%)

Indian

22 (20%)

Others

5 (4.5%)

SD — standard deviation

Both of them had been calibrated with the senior
supervisor in oral and maxillofacial surgery with 14
years of experience in using CBCT (W.C.N.) prior to the
commencement of this study. The same ICC model was
calculated, resulting in the ICC of 0.94 with a 95% CI
of 0.88–0.97. Therefore, the level of reliability between
different examiners was deemed as good to excellent.
Frequency distribution and descriptive statistics
for each measurement were calculated. The normality
of data was assessed using the Kolmogorov-Smirnov
test. Independent samples t-test and Pearson χ2 test
were used to compare findings between groups.
A p-value of less than 0.05 was considered as statistically significant.
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Table 2. Tooth dimensions, mandible shape and root configuration of the first and second mandibular molars
M1
M2
(mean ± SD) (mean ± SD)

A 4
3

P-valuea

Height

5.65 ± 0.90

5.74 ± 0.86

0.30

Mesio-distal

10.45 ± 0.76

10.22 ± 0.77

0.002*

Bucco-lingual

9.41 ± 0.86

9.44 ± 0.76

0.74

0
B 13

Mesial

12.83 ± 1.64

11.61 ± 1.76

< 0.001*

12

Distal

12.31 ± 1.54

11.04 ± 1.56

< 0.001*

10

Root complex [mm]:
3.33 ± 0.55

3.36 ± 0.51

0.64

Root cone

9.83 ± 1.19

8.83 ± 1.17

< 0.001*

4

M1
n (%)

M2
n (%)

P-value

2

138 (70.8%)

48 (25.3%)

9 (4.6%)

2 (1.1%)

48 (24.6%)

140 (73.7%)

b

0

0(0%)

11 (5.7%)

Double roots

174 (89.7%)

162 (83.5%)

Three roots

20 (10.3%)

1 (0.5%)

0 (0%)

29 (10.3%)

C 16
14
12
10
8
6
4
2
0

< 0.001*

Root configuration:

C-shaped root

*

IRB-6

*

*

6

Mandible cross-sectional shape:

Single conical root

IRB-3

IRB-0
M1
M2

8

Root trunk

Undercut

*

1

Root length [mm]:

Convergent

*

*

2

Crown size [mm]:

Parallel

M1
M2

< 0.001*

Table 3. Proportion of teeth with compromised recipient site for
immediate implants
IRB
< 3 mm

F-IAC
< 10 mm

M-IAC
< 2 mm

D-IAC
< 2 mm

M1

86/193
(44.6%)

6/204
(3%)

14/204
(6.9%)

18/204
(8.8%)

M2

116/151
(76.8%)

27/201
(13.4%)

40/201
(20%)

67/191
(35%)

BLW-3

BLW-6
M1
M2

*

*

F-IAC

M-IAC

*

D-IAC

Figure 4. Bar graph demonstrating interradicular bone width (A),
alveolar bone width (B) and proximity to inferior alveolar canal for
mandibular first (M1) and mandibular second (M2) (C); IRB-0 —
interradicular bone width at furcation crest; IRB-3 — interradicular
bone width 3 mm apical to furcation crest; IRB-6 — interradicular
bone width 6 mm apical to furcation crest; BLW-0 — bucco-lingual
alveolar bone width at alveolar crest; BLW-3 — bucco-lingual
alveolar bone width 3 mm apical to alveolar crest; BLW-6 —
bucco-lingual alveolar bone width 6 mm apical to alveolar crest;
F-IAC — bone height between furcation crest and inferior alveolar
canal; M-IAC — bone height between mesial root apex and inferior
alveolar canal; D-IAC — bone height between distal root apex and
inferior alveolar canal; *indicates statistically significant difference
between M1 and M2 (p < 0.05).

*Denote statistical significance (p < 0.05); aIndependent samples t-test; bPearson c2
test; M1 — mandibular 1st molar; M2 — mandibular 2nd molar; SD — standard deviation

Tooth

BLW-0

M1 — mandibular 1st molar; M2 — mandibular 2nd molar; IRB — interradicular bone
width; F-IAC — bone height between furcation crest and inferior alveolar canal;
M-IAC — bone height between mesial root apex and inferior alveolar canal;
D-IAC — bone height between distal root apex and inferior alveolar canal

inadequate to provide primary stability, clinicians
are advised to insert implant fixtures into the bone
beyond the inter-dental base to achieve primary
stability [15].
Dimensional changes of the external socket walls
were reported to be more pronounced at the buccal
aspect following IIP of molars [10]. Bucco-lingually,
we observed a cancellous bone width of > 8.5 mm
at M1 and > 9.5 mm at M2, so hypothetically, even
when resorption is factored in, there shall be adequate bone to receive a wide diameter (≥ 4.5 mm)
implant with little risk of thread exposure bucco-lin-

interradicular septum and mesial root apex (p < 0.05).
On the other hand, males possessed greater root
cone height of M1 and M2 than females (p < 0.05).

DISCUSSION
In immediate molar implantation, the socket size
is large when compared to the diameter of standard implants. When inter-radicular septal bone is
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gually [13]. Mesiodistally, both M1 and M2 showed
incremental width of the inter-radicular septal bone
apically, due to the mesio-distal convergence of their
roots. The average distance from the crest of the
interradicular septum to the IAC was greater than
12 mm for both M1 and M2. A distance of less than
10 mm was found in 2.7% of M1 sites and 14.5% of
M2 sites. Taken together these findings suggested that
it is safe to insert a 10 mm-length implant into the
inter-radicular septal bone of M1 without risking protrusion into the IAC. Combined with the finding that
parallel mandible shape was predominant in about
70% of M1, the risk of immediate implant perforation
into the sublingual fossa is lesser in M1 than M2.
As the prevalent mandible shape at M2 was the
undercut type (73.1%), immediate implantation at this
site is accompanied by a higher risk of lingual plate
perforation. Moreover, 16% of M2 had a single root;
therefore the immediate implant cannot engage the
inter-radicular septal bone as it is non-existent. Instead,
it shall be inserted into the apical bone. Vertically,
most literatures recommended that implant should
be placed at least > 3 mm apical to the extraction site
[14]. Extra precaution is warranted, because even for
two-rooted M2, the mesial and distal roots to IAC distances for M2 were on average, 3.78 ± 2.31 mm and
3.03 ± 2.24 mm, respectively. These reduced distances
as compared to M1 may not permit immediate implant placement into the socket of M2 without risking
damage to the inferior alveolar neurovascular bundle.
While the above information suggested that vertically it is safe to place a 10 mm long implant into the
inter-radicular septal bone, its mesio-distal width is
just sufficient to receive a standard diameter implant.
Smith and Tarnow [15] proposed a classification system for molar extraction sites for immediate implant
placement. Type A socket is the situation when an
implant is completely fixed within the septal bone,
without gaps between the implant and the socket
walls. In type B socket, the implant has adequate but
incomplete septal bone, resulting in gaps following
implant insertion. Lastly, type C socket has insufficient
septal bone, resulting in the need to engage the
implant at the periphery of extraction sockets [15].
The current findings suggested that the majority of
extraction sockets belonged to type B in M1 and M2,
with type C observed in 16% of M2. In type C sockets, the primary stability will be provided by buccal,
lingual and apical trabecular bone.
The geometry and anatomy of the mandible are
crucial aspects that need to be considered carefully

prior to immediate implantation. Previous studies
observed that the undercut shaped ridge was the
most common mandibular geometry at the posterior region [5, 9]. According to a virtual IIP simulation study, lingual bone plate perforation was more
prevalent in U-shaped ridges, and more frequently
affected the M2 sites [8, 16]. Similar findings regarding the anatomical limitations of M2 in relation
to the IAC and sublingual fossa were observed in
this study, which confirmed the findings of several
studies [5–7, 9]. In contrast, the present study found
that M2 demonstrated greater bucco-lingual width
than M1. This broad alveolar crest observed easily
allows for delayed implant treatment protocol. All
facts considered, more M2 sockets observed in this
study were not ideal for immediate implantation, as
compared to M1.
Regarding gender differences in the parameters
measured, our findings suggested that the distance
of the IAC to the interradicular bony septum crest
and mesial root apex was significantly lesser among
female subjects. Therefore, female patients will face
a higher risk of inferior alveolar neurovascular bundle injury when the apical bone was used to achieve
primary stability.
Limitations of the study

The limitation of this study is that non-probability
sampling method was used which might introduce
selection bias. Therefore, inferences drawn from the
data for the entire Malaysian population should be
interpreted with caution. Moreover, the exact implications of these anatomical features during immediate
implantation could be better appreciated with virtual
implant simulation.

CONCLUSIONS
This study showed that the inter-radicular bone
of two-rooted M1 and M2, and the periphery of M2
sockets with fused roots are possible sites for immediate implant placement. However, M2 sockets may be
less ideal for immediate implantation on the account
of their variable anatomy.
Conflict of interest: None declared
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