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Objectives: This study is aimed at analysing the accuracy and reliability of the cone beam CT
(CBCT) measurements and direct physical measurements of the posterior mandible.
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Materials and Methods: Eighteen cadaveric hemi-mandibles were dissected from the soft
tissues and the CBCT images of the mandibles were taken. Direct physical and cone beam CT
measurements of six landmarks which includes height of ramus (R), distance of lingula to sigmoid
notch (LS), distance of lingula to inferior border (LI), position of lingula in relation to occlusal
plane (L-OP), ramus thickness at crestal level (RT-C), and ramus thickness at midway between
sigmoid notch and lingula (RT-M) were determined. Accuracy and reliability of the measurements
were tested.
Results: Four landmarks showed high accuracy when measuring the posterior mandible, while
two landmarks, LI and RT-M, showed statistically significant weaker accuracy (p<0.05). Inter-reliability were good for all landmarks when measured directly physically on mandibles (ICC>0.7
and p>0.05), but were low on two landmarks, LI and RT-C, on CBCT measurement (ICC<0.5 and
p<0.05).
Conclusion: A generally strong accuracy between direct physical and CBCT measurements
for most landmarks on posterior mandible were found. Reliability between two researchers were
high on direct physical measurements. Meanwhile, two landmarks on CBCT which include LI
and RT-C showed low inter-reliability. Hence, CBCT measurements proved to be a good tool for
pre-operative assessment, since high inter-reliability and strong accuracy corresponding to direct
physical were recorded.

Tel: +6095704000 ext 2942
Fax: ---Email: izzatiismail@Iium.edu.my

I

Keywords: CBCT accuracy; CBCT measurements; CBCT reliability; Physical measurements;
Posterior mandible.

Introduction

n clinical practice, there are many procedures that involve the posterior mandible. These include inferior
alveolar nerve (IAN) block, removal of impacted lower wisdom tooth, temporomandibular joint surgery, and

orthognathic surgery. The variations in the maxillo-mandibular development leads to an unpredictable posterior
mandible anatomy containing vital structures that are
crucial for oral surgeons [1]. Therefore, the importance of
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having a good knowledge regarding anatomy related to
the posterior mandible prior to any procedure is warranted to prevent complications. In orthognathic surgery, one of the surgical procedures on the mandible
that is commonly used to treat mandibular deformities
are known as sagittal split ramus osteotomy (SSRO).
SSRO is one of the most technique sensitive mandibular procedure as it comes with multiple complications.
The major intraoperative complications of SSRO is
unfavourable fracture which can lead to postoperative
neurosensory disturbances, surgical instability, and
temporomandibular joint disorder [2-5]. It was reported that in Class II and Class III dentofacial deformities,
the ramus were thinner with minimal cancellous bone.
This made SSRO fracture lines unpredictable and increases the risk to unfavourable fractures [2-5].
These anatomical variations of the posterior mandible were thought to be a huge limiting factor in predicting the osteotomy cuts for SSRO [5-7]. Making
anatomical assessment intraoperatively by performing
direct physical measurement of the mandible may or
may not prevent or reduce the risk of unfavourable
fracture and nerve injury. There is an importance for
clinicians to assess the anatomy of the posterior mandible prior to the surgery to ensure a safe surgery void
of permanent complications [8-10]. Hence, it was suggested that the preoperative assessment of the posterior mandible can be complemented by radiographic
assessment. Radiographic imaging has been widely
used for preoperative assessment of the mandibular
anatomy to detect the gross anatomy of the posterior
mandible. Important anatomical structures that were
commonly investigated during preoperative assessment of SSRO include the height and thickness of the
ramus, the location of lingula and coronoid notch, as
well as the mandibular foramen [11,12]. This preoperative assessment is deemed important to prevent complications associated with SSRO.
Conventional two-dimension (2D) radiographs
such as orthopantomogram (OPG), lateral and frontal
cephalogram are commonly used for diagnostic and
preoperative assessment. However, due to the limitation of being two dimensional, they are insufficient to
detect the gross anatomical structures. The usage of
three-dimensional (3D) imaging such as computed tomography (CT) and cone-beam CT (CBCT) has been
reported to be a useful preoperative tool in preventing
complications of mandibular surgery. Multiple studies
found that 3D-CBCT data and measurements increases the precision of surgical procedure, be it for implant
J Craniomax Res 2021; 8(2) : 51-59

procedure, endodontic procedure, or third molar removal [13-16]. Although inherently superior to a 2D
radiographic imaging, multiple reports still found
moderate discrepancies between CBCT measurement
and direct physical measurement [17-19]. With improved technology of CBCT, many studies found improved accuracy in measurements of dental structures
such tooth length, pulpal length and dentin thickness
for endodontic procedures [16], as well as overjet,
overbite and arch width for orthodontic purposes [15].
Some also studied the alveolar bone thickness at the
alveolar ridge for implant planning [13,20]. These studies made their measurements on CBCT and compared
them with physical measurement made directly during
clinical procedure and on study models using high precision digital callipers. However, in relation to SSRO
procedure and assessment of the posterior mandible,
no studies had been done to assess the accuracy and
reliability of the CBCT measurements in comparing
with the direct physical measurement of the posterior
mandible.
The focus of this research is in identifying whether
CBCT provides an accurate and reliable measurement
tool for the anthropometric measurement of the posterior mandible. It is hypothesized that there is no difference between direct physical measurement and CBCT
measurement when two assessors are involved in the
linear measurement analysis of the posterior mandible.
Therefore, this study is aimed primarily at investigating
the accuracy of CBCT measurements of the posterior
mandible relative to direct physical measurements on
cadaveric mandible to establish a safe surgical procedure. In addition to that, this study will also investigate
the reliability of CBCT and direct physical measurements of the posterior mandible.

Materials and Methods
Study sample
A cross-sectional study on dried mandibles and their
corresponding CBCT was conducted upon ethical
approval by the IIUM Research Ethical Committee
(IREC 2018-078). Fresh frozen heads were obtained
from the Department of Otolaryngology-Head and
Neck Surgery, Kulliyyah of Medicine, International
Islamic University Malaysia. The head specimens obtained for educational and research purposes had been
approved and consented by corresponding regulatory
bodies. The mandibles were dissected from the soft tissues and stored in formalin 10%. The mandibles were
then divided into hemi-mandibles. All the cadaveric
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mandibles included in the study were adult mandibles above the age of 18 with no history of mandibular surgery or bony pathology and did not have any
craniofacial syndromes. Since the researchers wished
to detect the difference of measurements between two
different methods of measurement at 1.5mm difference
in the mean mandibular height in a two-sided 5% significance level test with 80% power, with the standard
deviation of mandibular height according to a similar
study done by Apinhasmit et al. at 0.7mm using the
formula based on the power of the test, the total sample
size required is 17 [19].
Data Collection
Upon dissection of mandibles from the soft tissues
of the head, the mandibles were stored in a 10% formalin solution. CBCT images of the hemi-mandibles
were taken using Planmeca Promax 3D imaging device
(Planmeca, Helsinki, Finland) at 90 kV, with a voxel
size of 0.2mm and a field of view of 18-20cm, being
the scan time of 18 seconds. The CBCT imaging of
the hemi-mandibles were done within 3 months of the
mandibular dissection to minimize gross distortion of
the mandibles. Direct gross measurements were also
made within 3 months of the CBCT image date using a high precision electronic digital sliding callipers
(Aerospace Digital Calliper) (see Figure 1), whereas
the digital measurements on the CBCT images were
done using Planmeca Romexis Version 2.0 software
(see Figure 2-5).
Skull Measurement
The measurement of the anatomical landmarks on
CBCT and cadaveric mandible include height of ramus
(R), distance of lingula to sigmoid notch (LS), distance
of lingula to inferior border (LI), position of lingula
in relation to occlusal plane (L-OP), ramus thickness
at crestal level (RT-C), ramus thickness at midway
between sigmoid notch and lingula (RT-M). Table 1
summarised the definition and the detailed description
of the method of measurements made for each landmarks. Two researchers underwent a pilot assessment
by observing 3 hemi-mandible specimens. Each researcher performed the pilot assessment twice at 3 days
interval for intra-observer reliability testing to ensure
reproducibility of the determination of the landmarks.
The intra-observer assessment for both researchers
were non-significant (p>0.05).
CBCT Measurements
The digital measurements on the CBCT images were

done using Planmeca Romexis Version 2.0 software
by two researchers who underwent prior training on
Romexis software use. The six variable of anatomical
landmarks were determined on the panoramic implant
tab to view the reconstructed panoramic image and its
corresponding view on the coronal plane. Figure 2-5
showed the anatomic location determination and the
detailed description of the measurement of landmarks
identified on CBCT images.
Outcome Measures
The primary outcome of this study was the accuracy
of the measurements of the posterior mandibles between CBCT measurements and direct physical measurements on cadavers. Secondarily, this study also investigated on the inter-reliability of CBCT and direct
physical measurement on cadaveric mandibles.

Figure 1. Direct physical measurements made on cadaveric mandibles using Aerospace Digital Caliper. (A)
Height of ramus, R. (B) Distance of lingula to sigmoid
notch, LS. (C) Distance of lingula to inferior border,
LI. (D) Position of lingula in relation to occlusal plane,
L-OP. (E) Ramus thickness at crestal level, RT-C. (F)
Ramus thickness at midway between sigmoid notch
and lingula, RT-M.

Figure 2. A panoramic implant view of the software
was used to detect the anatomical landmarks. When
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measuring the height of ramus, the panoramic view
(A) was used to detect the sigmoid notch and the inferior border of mandible. The plane was placed at the
lateral cortex of the mandible. Both landmarks were
traced using red marker. The 2 points were used to
measure the length of the ramus, R. When measuring
the LS and LI, lingula was traced using a yellow marker
on the coronal view of the mandible (B). The distance
between the 2 points from lingula to sigmoid notch
and inferior border were then measured on the panoramic view, respectively. The 3D reconstructed image
of the mandible was used to confirm the location of
landmarks (C).

Figure 5. The midway between lingula and sigmoid
notch was made by dividing the distance of LS on the
panoramic view (H). The blue line of the axial plane
was then moved to the desired midway. The region
of the anterior ramus at the midway level was then
marked with green marker. The RT-M measurement
was made on the sagittal view of the ascending ramus
(I). The 3D reconstructed image was used to confirm
the location of landmarks.

Statistical Analysis
Figure 3. The location of Lingula was marked with a
yellow marker and the occlusal plane was indicated by
the blue line of the axial plane (D). The two points were
then measured for the L-OP.

All the data collected were gathered and analysed
using IBM SPSS Statistics Version 25. The accuracy of
CBCT measurements relative to direct physical measurements were analysed using paired t-test. Meanwhile, method reliability for both direct physical and
CBCT measurements were analysed by calculating two
inter-observer error using paired t-test and Intra-Class
Coefficient (ICC) for every landmarks. The significance level was set at p<0.05.

Results

Figure 4. On the panoramic view, the blue line of the
axial plane was used to indicate the crestal level at the
anterior ramus. The region was marked with a purple
marker (E). The measurement of the RT-C was made
on the sagittal view of the ascending ramus (F). The 3D
reconstructed image was used to confirm the location
of landmarks (G).
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There were 18 samples of cadaveric hemi-mandibles that fit the inclusion and exclusion criteria.
However, the CBCT images of a pair of hemi-mandible were missing making the total sample for CBCT
measurement, n=16. One mandible were completely
edentulous, therefore, the landmark L-OP were unable
to be obtained due to missing occlusal plane (n=14).
Table 2 showed the descriptive statistics of the samples using direct physical measurements and CBCT
measurements. Table 3 showed the accuracy of the
measurements when comparing between two methods. Most mandibular landmarks showed no statistically significant difference with p-value>0.05, except
for the landmarks LI and RT-M. For the landmark LI,
the mean physical measurement was 35.93mm, whereas for CBCT measurement was 33.74mm, with a statistically significant mean difference between the two
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methods of 2.573 (p-value<0.05). For the mandibular
landmark RT-M, the mean physical measurement and
CBCT measurement were 5.71mm and 5.33mm, respectively, with a statistically significant mean difference of 0.488mm (p-value<0.05). Table 4 shows the inter-reliability agreement between two researchers. The
inter-reliability analysis was assessed between using a
two-way mixed, absolute agreement, average measures
ICC for both physical and CBCT measurement methods on every landmarks of the cadaveric hemi-mandibles. For direct physical measurements, there was
no statistical significance between two researchers
when measuring directly on physical mandibles (p
value>0.05) indicating high agreement between two
researchers. The ICC value was also high in all mandibular landmarks with ICC>0.7, indicating a high
inter-reliability. Meanwhile for CBCT measurements,
all landmarks showed high inter-reliability agreement
with no statistical significance between two researchers

for most of the mandibular landmarks, except for measurement of the landmark LI with statistically significant mean difference of -2.68 (p<0.05). In addition to
that, there were good ICC values with ICC>0.6 for all
mandibular landmarks, except for the landmark RT-C,
in which the ICC value was recorded to be below 0.5.

Table 1. Summary of the definition of landmarks.
Height of ramus (R)

Distance of lingula to sigmoid notch (LS)
Distance of lingula to inferior border (LI)

Definition
Distance from sigmoid notch to the inferior
border of the mandible.

Distance measured from the tip of the
lingula to sigmoid notch deepest concavity
of the sigmoid notch.
Distance from the tip of the lingula to the
inferior border at the mandibular angle.

Vertical position of lingula in relation to
occlusal plane (L-OP)

Vertical distance measured from a parallel
line made along the tip of the lingula with
the occlusal plane.

Ramus thickness at crestal level

The thickness measured from the medial
cortex to the lateral cortex of the mandible
at the crestal level.

Ramus thickness at midway between sigmoid notch and lingula (RT-M)

The thickness measured from the medial
cortex to the lateral cortex of the mandible
at the level midway between sigmoid notch
and tip of the lingula.

Description of measurement
The deepest concavity of the sigmoid notch
was identified as the superior point and
the inferior point was identified at the
most posterior part of the inferior border of
mandible.
The deepest concavity of the sigmoid notch
was identified as the superior point and the
tip of lingula as the inferior point.
The tip of the lingula was identified as the
superior point and the most posterior part
of the inferior border of mandible as the
inferior point.
The occlusal plane level was extended posteriorly towards the ramus and the vertical
distance between them was recorded in
tangent of those lines.
The crestal level was extended posteriorly
towards the ascending ramus and the width
of the ramus was made at the most anterior
part.
The midway was identified vertically by
dividing the distance between them into
half. The plane at where the midway was
located was extended anteriorly towards the
anterior ramus and the width of the ramus
measured.
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Table 2. Descriptive statistics of the samples using direct physical and CBCT measurements.
Landmarks in cadaveric hemi-mandibles
Height of ramus (R)
Distance of lingula to sigmoid notch (LS)
Distance of lingula to inferior border (LI)
Vertical position of lingula in relation to occlusal plane
(L-OP)
Ramus thickness at crestal level (RT-C)
Ramus thickness at midway between sigmoid notch
and lingula (RT-M)

n
18
18
18
16

Physical measurement
Mean (mm)
50.96
18.94
35.93
5.82

SD
5.94
2.69
6.13
5.15

18
18

10.18
5.71

1.45
1.41

n
16
16
16
14

CBCT measurement
Mean (mm)
50.47
18.16
33.74
4.96

SD
6.04
2.96
5.41
3.42

16
16

9.83
5.33

2.76
1.65

Table 3. Accuracy of measurements between physical and CBCT measurement.
Landmarks in cadaveric
hemi-mandibles
Height of ramus (R)
Distance of lingula to sigmoid notch (LS)
Distance of lingula to inferior border (LI)
Vertical position of lingula in relation to occlusal
plane (L-OP)
Ramus thickness at crestal level (RT-C)
Ramus thickness at midway between sigmoid notch
and lingula (RT-M)

Physical measurement

CBCT measurement

Mean (mm)
50.96
18.94
35.93
5.82

SD
5.94
2.69
6.13
5.15

Mean (mm)
50.47
18.16
33.74
4.96

SD
6.04
2.96
5.41
3.42

10.18
5.71

1.45
1.41

9.83
5.33

2.76
1.65

Mean
difference

p-value

0.115
0.779
2.573
0.265

0.691
0.135
*0.001
0.634

0.673
0.488

0.116
*0.020

*Paired t-test with p-value<0.05.

Table 4. Inter-reliability agreement between two researchers.
Landmarks in cadaveric
hemi-mandibles (mm)
Height of ramus (R)
Distance of lingula to sigmoid notch (LS)
Distance of lingula to inferior border (LI)
Vertical position of lingula in relation to occlusal
plane (L-OP)
Ramus thickness at crestal level (RT-C)
Ramus thickness at midway between sigmoid notch
and lingula (RT-M)

*Paired t-test with p-value<0.05; †ICC<0.5.
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Physical measurement
Mean diff
p-value
ICC

CBCT measurement
Mean diff
p-value
ICC

0.17
0.89
-0.17
0.33

0.687
0.088
0.795
0.402

0.980
0.803
0.954
0.975

-0.53
-1.23
-2.68
0.97

0.288
0.103
*0.005
0.339

0.978
0.673
0.871
0.685

0.50
0.56

0.235
0.066

0.980
0.743

-0.11
-0.19

0.878
0.359

†0.499
0.934
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Discussion

The key findings of this study evaluating the accuracy and reliability of direct physical measurements
using high precision digital calliper corresponding to
CBCT measurements of posterior mandible showed
1) generally strong accuracy between direct physical
measurement and CBCT measurements for all landmarks, but 2) weaker accuracy for the landmarks LI
and RT-M. On top of that, this study also found a
3) high reliability between two researchers in direct
physical measurement method in all the mandibular
landmarks, and 4) a generally high reliability in measurements made on CBCT, although low reliability in
two landmarks were found, which include the distance
between lingula and inferior border (LI), and ramus
thickness at crestal level (RT-C). The primary outcome
of this study is to assess the accuracy of measuring the
posterior mandible directly on the cadavers to measuring on the CBCT images. Accuracy refers to the closeness of the measurements to a specific “gold standard”
value. In this study, the “gold standard” measurement
is referred to the direct physical measurement of the
posterior mandibles, as it provides direct access and
visualization in measuring the landmarks of the posterior mandible. This present study found a strong accuracy of CBCT measurements corresponding to the
“gold standard” when the height of ramus, distance of
lingula to sigmoid notch, distance of lingula to occlusal
plane, ramus thickness at crestal level were measured.
There were only a few studies reporting the accuracy of
CBCT measurements to direct physical measurement
of the posterior mandible. These studies were all made
in vitro on cadaveric mandibles [14,17,19,21,22].
The lack of reports on the assessment of the posterior mandible measured on CBCT comparing to
measurements made directly during clinical procedure
on patient, or in vivo, is because of the poor access to
the posterior mandible during surgery and the presence of soft tissue that requires unnecessary dissection
during surgery. This had decreased the accuracy of
measurement made directly during the surgical procedure. However, the measurements made on cadaveric
mandibles had improved the evidence that measurements made on CBCT can be precise and accurate. A
study done by Ganguly et al. measuring the accuracy of CBCT on bone measurements while having soft
tissues around the mandibles intact had reported high
accuracy [23]. This present study portrayed no statistically significant difference in majority of the posterior
mandibular landmarks except for the distance between
lingula to inferior border of mandible (LI) and ramus

thickness at midway level between lingula and sigmoid
notch (RT-M). The authors of this study suggested that
the differences exist between direct physical measurement and CBCT measurement in LI and RT-M is due
to the challenge in deciding the accurate position of the
lingula and the level of crestal bone. As in this study,
there is few samples of posterior mandible are edentulous, thus level of crestal bone in CBCT imaging is not
precise, making process of measurements more difficult. Reliability is defined as the measure of consistency
of an observed finding taken repeatedly. Inter-reliability indicates measurements taken repeatedly between
two or more different assessors. Reliability among two
researchers is very crucial to ensure that the researchers well understood all the landmarks involved to minimize error. Multiple studies stated that CBCT data
and measurements provides a relatively high inter-reliability of measurements especially for implant surgery,
orthodontics, and endodontics [13,16,24]. However,
our study found high inter-reliability in direct physical
measurements of all the landmarks, but weak reliability
in two landmarks in the CBCT measurements. These
include the distance between lingula and inferior border of the mandible, as well as the ramus thickness at
crestal level.
The authors suggested that the significant difference
between two examiners in these landmarks is caused
by the difficulty in determining the precise reference
point of lingula in the CBCT images of the cadaveric hemi-mandibular samples. The difficulty in locating
the lingula in CBCT may be explained by the variations in the morphology of the lingula in which the
lingula may present as an assimilated type [19,21,25].
This discrepancy of locating vital anatomical landmark
can be improved by having well-trained and experienced clinician to undergo repetitive training and calibration in the interpretation of CBCT images. The
importance of preoperative assessment in mandibular
surgery should be further emphasized. The authors
believed that if the CBCT measurements were as reliable and as accurate as the measurements made on
cadavers, the preoperative assessment using CBCT will
enhance and improve the clinical procedure. Thus, this
provides an in-depth information for the surgical plan
and the complications that may occur intraoperatively
during SSRO can be prevented. Nonetheless, CBCT is
a complex radiographic imaging that requires comprehension of the spatial relations of anatomic elements
and extended pathologic knowledge of numerous maxillofacial structures. Thus, it is important for clinician
to improve their knowledge and skills in interpreting
J Craniomax Res 2021; 8(2) : 51-59
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CBCT imaging, so that it can assist clinical procedure
effectively.

Conclusion

In conclusion, the high inter-reliability and strong
accuracy of direct physical and CBCT measurements
of the posterior mandible made it possible for the assessment of CBCT to be used as a pre-operative assessment tool prior to surgical procedure involving posterior mandible. Nevertheless, precaution needs to be
taken when determining the exact landmarks in CBCT
images as it still leads to minor measurement error. The
authors suggested that calibration and training prior to
making any pre-operative CBCT assessment is necessary. Ethics approval: This study was conducted upon
ethical approval by the IIUM Research Ethical Committee (IREC 2018-078).
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