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Bone Dimensions in the Posterior Mandible:  
A Retrospective Radiographic Study Using  
Cone Beam Computed Tomography. Part 2— 
Analysis of Edentulous Sites

A precise radiographic evaluation of the local bone dimensions and morphology is important for 
preoperative planning of implant placement. The purpose of this retrospective study was to analyze 
dimensions and morphology of edentulous sites in the posterior mandible using cone beam 
computed tomography (CBCT) images. This retrospective radiographic study measured the bone 
width (BW) of the mandible at three locations on CBCT scans for premolars (PM1, PM2) and molars 
(M1, M2): at 1 mm and 4 mm below the most cranial point of the alveolar crest (BW1, BW2) and at the 
superior border of the mandibular canal (BW3). Furthermore, the height (H) of the alveolar process 
(distance between the measuring points BW1 and BW3), as well as the presence of lingual undercuts, 
were analyzed. A total of 56 CBCTs met the inclusion criteria, resulting in a sample size of 127 cross 
sections. There was a statistically significant increase from PM1 to M2 for the BW2 (P < .001), which 
was not present for BW1 and BW3 values. For the height of the alveolar process, the values exhibited 
a decrease from PM1 to M2 sites. Sex was a statistically significant parameter for H (P = .001) and for 
BW1 (P = .03). Age was not a statistically significant parameter for bone width (BW1: P = .37; BW2:  
P = .31; BW3: P = .51) or for the height of the alveolar process (P = .41) in the posterior mandible. 
Overall, 73 (57.5%) edentulous sites were evaluated to be without visible lingual undercuts; 13 (10.2%) 
sites exhibited lingual undercuts classified as influential for implant placement. Precise evaluation of 
the alveolar crest by cross-sectional imaging is of great value to analyze vertical and buccolingual 
bone dimensions in different locations in the posterior mandible. In addition, CBCTs are valuable to 
diagnosing the presence of and potential problems caused by lingual undercuts prior to implant 
placement. (Int J Periodontics Restorative Dent 2014;34:639–647. doi: 10.11607/prd.1895)

The long-term stability of a dental 
implant requires the presence of 
a buccal bone wall to provide cir-
cumferential bone anchorage in 
the crest area. Thus, the crest width 
at a potential implant site is an im-
portant parameter to be analyzed 
during preoperative analysis.1 The 
second anatomical parameter of in-
terest is the available bone height, 
which can be limited by anatomical 
structures such as the inferior alveo-
lar nerve,2 the floor of the maxillary 
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sinus,3 and the floor of the nose.4 
For preoperative planning, precise 
radiographic evaluation of available 
bone volume and morphology is 
often necessary in addition to the 
clinical examination.5

Three-dimensional (3D) imaging 
modalities (computed tomography 
[CT] or cone beam CT [CBCT]) have 
become widely used in the field 
of dental medicine,6 especially for 

preoperative planning of dental im-
plant surgery, including bone qual-
ity assessment.5,7–10 These methods 
provide high-resolution 3D images, 
which are considered to be superior 
to panoramic images for detailed 
evaluation of mandibular size and 
morphology.11 Today, CBCT is pre-
ferred over CT, because this new 
technology offers better image qual-
ity and lower radiation exposure.5,12 

The purpose of this retrospec-
tive radiographic study was to ana-
lyze the local bone dimensions of 
edentulous sites in the posterior 
mandible based on CBCT images 
from patients referred for dental 
implant planning and therapy. The 
results for dentate sites in the pos-
terior mandible have already been 
reported in a previous publication.13

Fig 1  Evaluated cross-section locations at 
premolar (PM1, PM2) and molar (M1, M2) 
sites. Site 1 lies 5 mm distally to the first 
mesial tooth present. Sites 2, 3, and 4 are 
consecutively located 7 mm farther distally 
for distal extension situations. MF = mental 
foramen.

Fig 2  The alveolar bone width was 
measured at three locations: at 1 and 4 mm 
below the most cranial point of the alveolar 
crest (BW1 and BW2) and at the superior 
border of the mandibular canal (BW3). The 
height of the alveolar process (H) was defined 
as the distance between BW1 and BW3.
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Method and materials 

Patients

The study included all CBCT scans 
(3D Accuitomo XYZ Slice View To-
mograph, Morita) with dentoalveo-
lar fields of view (FOV; 4 × 4, 6 × 6, 
or 8 × 8 cm) from patients referred 
to the Department of Oral Surgery 
and Stomatology, School of Dental 
Medicine, University of Bern, Bern, 
Switzerland for implant therapy in 
the posterior mandible between 
January and December 2009. 

Radiographic image analysis

CBCT images were analyzed on an 
Eizo Flexscan (Eizo) monitor with a 
resolution of 1,280 × 1,024 pixels. 
Data were reconstructed with slices 
of 1-mm (FOV: 4 × 4 and 6 × 6 cm)  
and 1.28-mm (FOV: 8 × 8 cm) 
thickness. To avoid artifacts from 
metallic restorations, the occlusal 
plane was always aligned horizon-
tally. If artifacts made an analysis 
impossible, the respective areas 
were excluded from the present  
study.

Coronal sections of the CBCT 
scans were evaluated at premolar 
and molar sites for planning of the 
placement of a regular body dental 
implant: 5 mm distally to the first 
mesial tooth (eg, the canine) was de-
fined as site 1. Following cross sec-
tions, consecutively located 7 mm  
farther distally, were defined as sites 
2, 3, and 4 (Fig 1). In patients who 
had no mesial reference tooth, the 
cross-sectional image in which the 
mental foramen was recognized 

was defined as site 1. The line rep-
resenting the axis of the planned 
implant aiming toward the palatal 
cusp of the opposing tooth in the 
maxilla subsequently dictated the 
vertical orientation of the slice. To 
perform the measurements, coro-
nal scans were displayed with the 
largest zoom factor possible. Image 
analysis was done with a digital slid-
ing caliper using image processing 
software (i-Dixel, Morita). 

The bone width (BW) of the 
mandible was measured at three 
locations on coronal CBCT slices 
(Fig 2): at 1 and 4 mm below the 
most cranial point of the alveo-
lar crest (BW1 and BW2) and at 
the superior border or roof of the 
mandibular canal (BW3). In cases 
where the analyzed site was just 
above the mental foramen, the up-
per edge of the foramen was con-
sidered as the cranial border of the 
canal. The height of the alveolar  
process (H) was defined as the dis-
tance between BW1 and BW3 (see 
Fig 2). In addition, the presence of 
a lingual undercut above the man-
dibular canal was evaluated. Lingual 
undercuts were categorized into un-
dercuts not influential and undercuts 
influential for implant placement  
(Fig 3). If the insertion of a standard 
implant with a length of 10 mm in 
the desired orofacial position and 
angulation would be prevented by 
the lingual undercut, it was classi-
fied as influential for implant place-
ment. 

Mandibular cross sections were 
further classified into two differ-
ent morphologic categories based 
on the difference between BW2 
and BW3 (∆BW3-BW2), represent-

ing the level of caudal divergence 
of the buccal and lingual cortical 
plates. Mandible cross sections with 
a ∆BW3-BW2 ≤ 1 mm were defined 
as type A, and cross sections with a 
∆BW3-BW2 > 1 mm were defined 
as type B (Fig 4). 

All measurements were per-
formed by a single examiner 
blinded to the clinical findings and 
follow-up of the included patients 
(VB). Presence of lingual undercuts 
in the edentulous space above the 
mandibular canal was additionally 
assessed by another examiner (UK). 
Each examiner evaluated the pres-
ence of lingual undercuts twice. In 
all cases of disagreement, a con-
sensus was obtained by discussion 
between the two examiners.

Statistical analysis

All data were first analyzed descrip-
tively. To detect significant differ-
ences in the data sets for the left 
and right sides of the maxilla, Wil-
coxon signed rank tests for paired 
data were analyzed using exact 
P values. As there were no signifi-
cant differences between data sets, 
the teeth were pooled into first 
premolar (PM1), second premolar 
(PM2), first molar (M1), and second 
molar (M2) groups for further sta-
tistical analysis. Kruskal-Wallis and 
non-parametric analysis of variance 
(ANOVA) tests using the method 
described by Brunner et al14 were 
applied to evaluate the influence 
of age, sex, and tooth location. To 
detect differences between the dis-
tribution of lingual undercuts, a chi-
square test was applied. To analyze 
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the consistency of the intra- and in-
terrater observations, Cohen kappa 
values were calculated. For the sta-
tistical analysis the internet-based 

R software package (R 2.7.1) was 
used. The ANOVA tests were per-
formed using a licensed software 
package (SAS 9.1, SAS Institute).

Results

The sample consisted of 56 pa-
tients (22 men and 34 women) with 
a mean age of 54.5 years (range: 
17 to 82 years), resulting in a sam-
ple size of 127 cross sections of 
potential implant sites. Distribution 
of the analyzed potential implant 
sites is presented in Table 1. 

Width of the alveolar crest 

For the bone width at 1 mm below 
the most cranial point of the alveolar 
crest (BW1) and at the cranial border 
of the mandibular canal (BW3), there 
were no statistically significant differ-
ences for premolar and molar loca-
tions (P = .78 for BW1; P = .10 for 
BW3; Table 2 and Fig 5). There was a 
statistically significant increase from 
PM1 to M2 for BW2 (P < .001; see 
Table 2 and Fig 5).

Regarding the morphologic 
type of the alveolar crest in differ-
ent locations of the posterior man-
dible, type A was more frequently 

Table 1 Distribution of the analyzed potential dental  
implant sites in the posterior mandible from  
127 CBCT cross sections analyzed (56 patients)

Potential implant site*

47  46 45 44 34 35 36 37 Total

n (analyzed) 15 24 16 7 9 22 18 16 127
*Federation Dentaire Internationale tooth-numbering system.

Fig 4  Categories of mandibular shapes as classified based on coronal CBCT scans.  
* = mandibular canal. (a) Type A mandible cross section (∆BW3-BW2 ≤ 1 mm). (b) Type B 
cross section (∆BW3-BW2 > 1 mm).

a

*

b

*

Fig 3  Presence of a lingual undercut above the mandibular canal. (a) Lingual undercut not present. (b) Lingual undercut present but not 
influential for implant placement. (c) Lingual undercut present and influential for implant placement, preventing the insertion of a standard 
10-mm dental implant in the desired orofacial position. l = lingual aspect; b = buccal aspect; * = mandibular canal. 

a b c

l b b
*

*
*b l l
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found in molar sites than in premo-
lar sites, whereas type B was most 
frequently seen in PM1 sites (P = 
.01; Table 3). This indicates that the 
BW2 values were generally lower 
in relation to BW3 values for eden-
tulous premolar sites.

Sex was a statistically signifi-
cant parameter for BW1 (P = .03), 
with male patients exhibiting higher 
values than female patients. BW2 
exhibited a borderline significance 
(P = .07), and for BW3 there was 
no statistically significant difference 
between the sexes (P = .21). Age 
was not a statistically significant 
parameter for bone width (BW1:  
P = .37; BW2: P = .31; BW3: P = .51).

Height of the alveolar process 

For the bone height above the 
mandibular canal, there were sta-
tistically significant differences for 
premolar and molar sites (P = .02; 
Fig 6; see Table 2). The values ex-
hibited a steady decrease from PM1 
to M2. Sex was a statistically sig-
nificant parameter for the height of 
the alveolar process (P = .001), with 
male patients exhibiting higher val-
ues than female patients. Age was 
not a statistically significant param-
eter for height in the posterior man-
dible (P = .41).

Lingual undercuts

Overall, 73 (57.5%) edentulous sites 
showed no lingual undercuts, and 
54 (42.5%) had lingual undercuts, 
13 (10.2%) of which were classified 
as influential for the placement of 

dental implants (Table 4). There was 
a statistically significant difference, 
with molars exhibiting more under-
cuts than premolars (P < .001). All 
lingual undercuts potentially influ-

encing dental implant placement 
were found at either M1 or M2 posi-
tions (Table 4).

The analysis of the consistency 
of the observers’ rating of lingual 

Table 2 Alveolar bone dimensions (in mm) at different 
potential implant sites in the posterior mandible

Group Minimum Median Mean Maximum Teeth (n)

BW1

PM1 2.380 3.245 3.473 5.750 16

PM2 0.750 3.280 3.596 10.750 38

M1 1.120 3.305 4.056 11.360 42

M2 1.380 3.575 3.689 6.560 30

BW2

PM1 3.250 5.500 5.667 8.000 16

PM2 2.880 6.450 6.126 10.880 38

M1 3.630 7.815 7.652 12.640 42

M2 4.750 8.240 8.604 13.440 30

BW3

PM1 6.000 8.820 9.064 12.480 16

PM2 5.380 8.205 8.910 13.760 38

M1 6.630 9.330 9.806 15.680 42

M2 5.380 9.690 10.100 16.640 30

H

PM1 9.750 15.220 15.160 22.130 16

PM2 6.240 13.320 13.320 21.250 38

M1 5.750 12.570 12.470 20.500 42

M2 7.360 11.800 11.930 19.250 30

Table 3 Distribution of the two morphologic types of the 
alveolar process at different potential implant sites in 
the posterior mandible

PM1 sites PM2 sites M1 sites M2 sites

Alveolar crest 
morphology n % n % n % n %

Type A 2 12.50 12 31.58 11 26.19  14 46.67

Type B 14 87.50 26 68.42  31 73.81  16 53.33
Type A = ∆ (BW3-BW2) ≤ 1 mm; Type B = ∆ (BW3-BW2) > 1 mm.
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undercuts yielded high kappa val-
ues. Intraobserver reliability resulted 
in Cohen kappa values of 0.969 and 
0.966, respectively. The interob-
server values were 0.816 for com-
parison of the first set of analyses  
and 0.878 for comparison of the 
second set of analyses. 

Discussion 

The placement of dental implants in 
the posterior mandible in partially 
edentulous patients is a frequent 
intervention.15 In addition to the 
vertical height, bone morphology 
and dimensions in the orofacial and 

mesiodistal directions are of im-
portance for implant placement.16 
Bone dimensions of the posterior 
mandible have been evaluated us-
ing different radiographic methods 
in several studies.11,17–20 However, in 
the majority of those studies imag-
ing was not based on CBCT. Studies  

Fig 6  Box plot demonstrating the distribution of the alveolar crest 
height at different potential implant sites in the posterior mandible. 
° = outlier values.

Fig 5  Box plots demonstrating the distribution of the alveolar 
crest width at (a) BW1, (b) BW2, and (c) BW3 at different potential 
implant sites in the posterior mandible. ° = outlier values.
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analyzing CBCT images of the pos-
terior mandible were done either 
on fully dentate subjects21 or were 
cadaveric studies20,22 focusing main-
ly on the accuracy of CBCT mea-
surements. 

In the present study, the mean 
alveolar crest width at 4 mm below 
the alveolar crest (BW2) ranged 
from 5.7 mm (PM1 sites) to 8.6 mm 
(M2 sites). These results are in line 
with a cadaveric study by Katranji 
and coworkers22 that reported man-
dibular width values at 3 mm below 
the alveolar crest ranging from 4.8 
to 6.0 mm for premolar and molar 
sites, respectively. The results of 
the present study are also in line 
with another study16 that reported 
a gradual increase of the alveolar 
crest width above the mental fora-
men (corresponding to the crest 
width at 4 mm below the alveolar 
crest [BW2]) through the poste-
rior region in contrast to the width 
at the lower border of the mental 
foramen, where the width values 
showed no statistically significant 
change. 

In the present study, the height 
of the alveolar process ranged 
from 15.1 mm (first premolar sites) 
to 11.9 mm (second molar sites). 
Similar values have been reported 

by another study20 for the height of 
the alveolar process in the posterior 
mandible. This trend is in line with 
findings reported by Watanabe et 
al,16 although the study measured 
the distance between the superior 
border of the alveolar crest to the 
inferior border of the mandible. Bo-
lin and coworkers18 analyzed pan-
oramic images and also reported 
the height of the alveolar process in 
the posterior mandible to be great-
er in premolar compared with mo-
lar sites. The data from the present 
study are also in line with the known 
position of the mental foramen that 
has been reported to be located 
apically between the first and sec-
ond premolars in two recent studies 
using CBCT imaging.23,24 

Knowledge of the exact loca-
tion and course of the mandibu-
lar canal is of great importance to 
avoid neurosensory disturbances 
following placement of dental im-
plants. In general, damage to sen-
sory nerves can result in anesthesia, 
dysesthesia, pain, or a combination 
of these states.25 Renton et al26,27 
reported that the most important 
reason for this complication was 
proximity of the implant or implant 
bed preparation to the inferior al-
veolar canal, with a fifth of the re-

ported complication cases entering 
the canal, a fifth crossing the canal, 
and almost half contacting the roof 
of the canal. 

Perforation of the lingual corti-
cal plate during implant placement 
in the posterior mandible can be a 
severe surgical complication, and 
the presence of a lingual undercut 
is considered an important anatom-
ical risk factor.28 In the present study, 
54 (42.5%) edentulous sites exhib-
ited  lingual undercuts, but only 13 
(10.2%) were classified as poten-
tially influential for dental implant 
placement (see Table 4). To assess 
the consistency of these poten-
tially subjective ratings, intra- and 
interobserver reliability was evalu-
ated and exhibited high Cohen  
kappa values ranging between 
0.816 to 0.969. Molars tended to 
have more undercuts than premo-
lars (P < .001). Presence of a lingual 
undercut above the mandibular 
canal was analyzed in dentate sites 
in a previous study13 and was ob-
served in 38.93%. 

When the minimal crest width 
to insert implants with a diameter 
of 4 or 5 mm is not available, the 
surgeon has the option to perform 
a local bone augmentation using 
guided bone regeneration (GBR) 

Table 4 Distribution of the lingual undercuts at different potential implant sites in the  
posterior mandible

PM1 sites PM2 sites M1 sites M2 sites Overall

Lingual undercut status n % n % n % n % n %

No lingual undercuts 13 10.2 31 24.4 21 16.5 8 6.3 73 57.5

Noninfluential undercut 3 2.4 7 5.5 16 12.6 15 11.8 41 32.3

Influential undercut 0 0.0 0 0.0 4 3.1 9 7.1 13 10.2
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or reduce the crest in height to in-
crease the crest width. The pres-
ent study showed that the majority 
of sites demonstrated an increase 
of crest width in an apical direc-
tion and measured clearly more 
than 6 mm at 4 mm below the al-
veolar crest (BW2) in molar regions, 
which allows for the placement of 
at least a 4-mm-diameter implant. 
The reported success of short (6- or 
8-mm) implants,29,30 combined with 
the present data demonstrating 
increased ridge width at 1 (BW1) 
and 4 mm (BW2) below the alveolar 
crest, gives the implant surgeon the 
option of ridge reduction proce-
dures as an alternative to GBR.

Conclusions

Regarding the data of the present 
study, precise evaluation of the alve-
olar crest by cross-sectional imaging 
is of great value to analyze vertical 
and orofacial bone dimensions in 
different locations in the posterior 
mandible prior to dental implant 
placement. Furthermore, the pres-
ence and potential problems caused 
by lingual undercuts can be estimat-
ed. Whether 3D radiographic assess-
ment of potential implant sites in the 
posterior mandible results in fewer 
complications, such as neurovascular 
disturbances, or higher survival and 
success rates of dental implants, has 
to be addressed by future prospec-
tive and comparative clinical studies.
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