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Abstract In planning for placement of dental implants in edentulous mandibles, the accuracy of the linear
measurements of the cone beam computed tomography (CBCT) has been questioned. This study used a digital
caliper as the gold standard to which linear measurements taken from CBCT were compared. Customized aluminum
screws, 2.8 mm in diameter and 11-12 mm in length, were used as dental implant analogues in the canine, premolar,
and molar regions in completely edentulous synthetic polyurethane mandibles. A 2 mm aluminum wire was used as
the mandibular canal. A total of 240 readings by the digital caliper and the CBCT were recorded for the screws
length and diameter, mandibular canal wire diameter, and the distance from the apices of the screws to the superior
border of the mandibular canal wire. The statistical analysis was performed using the paired sample T test, with a p
value of .05 considered statistically significant. Statistically significant differences between the digital caliper
readings and those of the CBCT were recorded in the canine, premolar and molar regions where all the
over-and under-estimations did not exceed half a millimeter. The statistically significant discrepancies found in the
linear measurements of the CBCT were less than 1 mm, and therefore did not exclude the CBCT from being a
beneficial tool in the planning for dental implant placement. However, it is important to note that the results of this
study and cannot be generalized to all CBCT machines as they are not created equal by different manufacturers.

Keywords: cone beam computed tomography, linear measurements, completely edentulous mandibles
Cite This Article: Mohamed Ahmed Alkhodary, Abd Elaleem Hassan Elsantawy, and Abeer Mohamed
Ettesh, “A Robust Model to Test the Accuracy of Cone Beam Computed Tomography Linear Measurements.”
International Journal of Dental Sciences and Research, vol. 6, no. 6 (2018): 159-162. doi: 10.12691/ijdsr-6-6-4.

1. Introduction
Accuracy of the linear measurements provided by
radiographs are major contributors in the success of dental
implant treatment. [1,2] After the extraction of teeth, the
alveolar process resorption becomes a continuous process
until almost all of it is lost, and presurgical planning
becomes crucial for evaluation of the remaining bone
width and height, and for proximity to the adjacent
mandibular canal or the sinus floor in the maxilla. [3-9].
Orthopantomography is a valuable diagnostic imaging
modality, however, its two dimensionality renders the
reconstruction of cross sectional images impossible.
Tomograms on the other hand provide three dimensional
visualizations with the possibility of reconstruction
of axial and para-axial images. An example of such
tomograms is the computed tomography (CT), and its
more recent form adopted for dentistry that is the cone
beam computed tomography (CBCT) which provides
accurate imaging and lower radiation doses than the CT.
[3,10-24].

Nevertheless, several studies have doubted the accuracy
of the CBCT images in the determination of the actual
sizes during the assessment of the implant site, accordingly,
the accuracy of the CBCT data obtained related to distance
measurements needed further investigation [8,25-29].
Meanwhile, Industrial calipers provide direct measurements
of linear distances and are considered the gold standard to
which virtual measurements can be compared. [6,8,10,23]
This study aimed to compare the CBCT linear
measurements to digital caliper readings in a custom
developed model made up of an artificial mandible,
customized screws used as implant analogues, and a metal
wire representing the mandibular canal.

2. Materials and Methods
Forty aluminum threaded screws, 2.8 mm in diameter,
cut to an approximate length of 11-12 mm, were used as
implant analogues in the locations of the canines,
premolars, and the first and second mandibular molars
in three completely edentulous synthetic polyurethane
mandibles. To simulate the mandibular canal, a trough
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was drilled near the inferior end of the mandibles and a
2mm aluminum wire was placed in it, and secured at both
end with white epoxy resin. Finally, vertical sluts were
drilled from the created mandibular canal toward the
alveolar process to expose the inferior ends of the
implants analogs as seen in Figure 1.
A plastic tube of 150 cm length and 20 cm diameter,
with one of its ends covered with a transparent plastic
sheet, was used as a stand for the artificial mandibles. The
occlusal planes of the mandibles were made parallel to the
floor, while the midsagittal plane was perpendicular to the
floor. The CBCT unit GALILEOS Comfort Plus (Sirona,
Germany) was used to scan the artificial mandibles. The
CBCT unit operated at 98 kV, 3-6 mA, a focal spot size of
0.5 mm, and reconstructed the cross sectional images with
the software SIDEXIS XG (Sirona, Germany) which was
used for acquisition and processing of the images, and for
measurement of the linear distances specified as seen in
Figure 2, and Figure 3.

Figure 1. The polyurethane synthetic mandible with the implant
analogues and the wire representing the mandibular canal

A total of 120 digital caliper readings and 120 CBCT
readings were recorded. The implant analogues length and
diameter, the mandibular canal wire diameter, and the
distance from the apices of the implant analogues to the
superior border of the wire in the mandibular canal in a
vertical direction through the vertical sluts. The direct
caliper measurements were considered as the control values
to which the CBCT linear measurements were compared.
In order to avoid intra-examiner bias and inter-examiner
variability, the digital caliper and the CBCT readings were
recorded twice, in a two-week interval, with the examiners
repeating each other’s readings. The readings of the linear
measurements were collected, tabulated and statistically
analyzed using the paired sample T test, with a level of
significance of p≤0.5.

3. Results
The caliper and the CBCT measurements were considered
for the region rather than individual tooth site. The
measurements in each region were statistically analyzed
using the paired T test. In the canine region, there were no
significant differences between the recorded linear
measurements except for the overestimation in the CBCT
reading by 0.033 mm in the distance from the apices of the
implant analogues to the top of the wire as seen in Table 1.
In the premolar region, there was also an overestimation in
CBCT measurements of the screw length by 0.47 mm, and
an underestimation in the wire diameter by 0.31 mm as
seen in Table 2. However, the rest of the readings did not
show any statistically significant differences.
In the molar region, there was a significant underestimation
in the CBCT readings, by 0.09 mm, in the screw diameter as
compared to the digital caliper measurement as seen in
Table 3.
Table 1. Caliper and CBCT measurements in the canine region
Measured
item
Screw
length
Screw
diameter
Wire
diameter

Figure 2. The mandible mounted in the focal trough of the CBCT unit
GALILEOS Comfort Plus

Distance
from screw
to wire

Measurement
tool
Caliper
CBCT
Caliper
CBCT
Caliper
CBCT
Caliper

11.8600
11.8933
2.0000
1.9000
4.8983
5.3533
2.8600

Std.
Deviation
0.00000
0.10875
0.00000
0.28858
0.50980
0.38224
0.00000

CBCT

2.8933

0.10875

Mean

t

p

0.122

0.908

-0.751

0.487

0.849

0.435

-2.911

0.033*

*Paired t test, p≤.05 is considered significant.
Table 2. Caliper and CBCT measurements in the premolar region
Measured
item
Screw
length

Figure 3. The occlusal plane of the mandible mounted parallel to the
floor and their midsagittal plane perpendicular to the floor

Measurement
Mean
tool
Caliper
11.4067

Std.
Deviation
0.67590

CBCT

11.8767

0.48775

Screw
diameter

Caliper

2.8450

0.05196

CBCT

2.8683

0.03215

Wire
diameter

Caliper

2.0000

0.00000

CBCT
Caliper

1.7133
6.6058

0.08038
0.97064

CBCT

6.1108

0.41456

Distance
from screw
to wire

*Paired t test, p≤.05 is considered significant.

t

p

-3.127

0.010*

-1.260

0.234

12.355

P<0.001*

2.016

0.069
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Table 3. Caliper and CBCT measurements in the molar region
Measured
item
Screw
length
Screw
diameter
Wire
diameter
Distance
from screw
to wire

Measurement
tool
Caliper
CBCT
Caliper
CBCT
Caliper
CBCT
Caliper

11.6783
11.8958
2.8600
2.7733
2.0000
2.0467
5.8967

Std.
Deviation
0.78365
0.72883
0.00000
0.08958
0.00000
0.23546
1.29223

CBCT

6.2125

0.50554

Mean

t

p

-2.144

0.055

3.352

0.006*

-0.687

0.507

-0.786

0.448

*Paired t test, p≤.05 is considered significant.

4. Discussion
This study was conducted to test the accuracy of the
CBCT linear measurements, especially in completely
edentulous mandibles, where alveolar bone resorption
brings the implants to the near vicinity of the inferior
alveolar nerve canal. The study used artificial polyurethane
mandibles, basically used for training on placement of
dental implants, and the implant analogues were not
placed in the inter-mental foramen region since this region
has no intervening anatomic structures, and represent a
region where the CBCT readings are considered most
accurate as proved by Antar et al. [30].
The digital caliper used in this study, to measure direct
readings of length, was considered a gold standard of a
high accuracy and precision up to 0.01 mm as shown by
Shaibah et al. [10].
In this study, the CBCT readings in the canine region
have shown an overestimation of 0.033 mm in the length
of the space between the apices of the implant analogues
to the top of the wire representing the mandibular canal,
this discrepancy was consistent with the findings of Antar
et al [30] who found deviations in the CBCT linear
measurements in the same region.
In the mandibular premolar region, this study has found
an over estimation of 0.47 mm in the implant analogues
length as recorded by the CBCT, and an underestimation
in the diameter of the wire representing the mandibular
canal by 0.31 mm. The overestimations in the implant
analogues length came in contrast to the findings of
Lascala et al, [8] Stratemann et al, [25] Lagravère et al,
[26] and Da Silva NC et al [29] on human adult skulls and
synthetic mandibles that recorded an underestimation with
CBCT images with respect to the reference caliper
measurements, and to the findings of Salem et al [3] who
did not find any significant difference between the caliper
and the CBCT measurements in the mandibular premolar
region.
In the molar region, there was an underestimation in
CBCT measurement of the implant analogues width by
0.09 mm, this came in contrast to the findings of
Amarnath et al [7] who found an overestimation in the
width measured in the same region by 0.5 mm. However,
the results of this study, and those of Amarnath et al, [7]
found that the vertical measurements of the CBCT and
caliper were not statistically different.
Considering these contradicting results of the different
studies about the accuracy of the CBCT linear measurements,
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errors in the readings that did not exceed one millimeter
were considered accurate and reliable by Da Silva NC et
al, [29] Ganguly R et al, [21,34] and Torres MG et al [35].
The minor errors in the linear measurements of the
CBCT were attributed to the fact that movement of the
patient head exceeding a one voxel can lead to errors in
the image reconstruction as have been shown by
Brüllmann et al, [16] who also showed that an accuracy
greater than a half millimeter cannot be guaranteed due to
the slow movement of the image detector in some CBCT
units. Based on such explanations, these minor discrepancies
do not represent a violation to the validity of the CBCT
measurements, which are further proven to be reliable by
the work of Gonzalez Cortes et al, [6] Tarazona-Álvarez et
al, [23] and Tang et al [24].
Other factors in favor for the CBCT are the low radiation
dose, the short scanning time and the appropriate image
quality make the CBCT a helpful tool for presurgical
planning prior to dental implant insertion.
Finally, the last thing to consider is whether all CBCT
scanners are created equal as far as accuracy, and whether
the CBCT scanner used in this research is a more accurate
or less accurate scanner than those used in the other
commercially available CBCT machines, a question which
would require further investigation as also has been shown
by Abboud et al [36].

5. Conclusions
Within the limitations of this study, and from a clinical
perspective, the followings can be concluded:
1. The discrepancies found the in the linear
measurements obtained from the CBCT machine
used in this study were in the range of a less than
one millimeter and can easily be avoided once are
known and taken into consideration.
2. The benefits of the CBCT 3 dimensional visualization,
and presurgical navigation in dental implant computer
guided surgery, make it an indispensable tool,
especially with its low radiation dose compared to
the medical grade computed tomography.
3. The results of this study cannot be generalized to all
CBCT machines, and further investigations are required.
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