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Accuracy of linear measurements made on cone beam computed
tomography scans at different magnifications
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Objective This study aimed to evaluate the accuracy of linear measurements made on cone beam computed tomography (CBCT)
(New Tom VGi) scans with different image magnifications.

Methods Forty-two titanium pins were inserted into seven dry sheep mandibles. Lengths of the pins were measured using a digital caliper
with 0.01 mm readability, and the mandibles were radiographed using a CBCT unit. After reconstruction of CBCT images, three experienced
radiologists measured the length and diameter of titanium pins at 100%, 200% and 400% magnifications. Accuracy of measurements was
analyzed using descriptive statistics and one-way analysis of variance. P < 0.05 was considered statistically significant. Interobserver
reliability was calculated using the intraclass correlation coefficient test.

Results The mean differences of linear measurements from the actual lengths of pins were 0.1960, 0.2143 and 0.2047 mm at 100%, 200%
and 400% magnifications, respectively (P > 0.05). The mean differences of linear measurements from the actual diameters of pins were
0.2206, 0.2063 and 0.1984 mm at 100%, 200% and 400% magnifications, respectively (P > 0.05). Interobserver reliability of pin length
measurements was estimated to be 0.285, 0.707 and 0.479 at 100%, 200% and 400% magnifications, respectively. Interobserver reliability
of pin diameter measurements was 0.078, 0.469 and 0.587 at 100%, 200% and 400% magnifications, respectively.

Conclusion Based on the results, image magnification does not affect the accuracy of linear measurements made on CBCT scans.
Interobserver reliability of pin length measurements was good at 200% magnification, while it was below the acceptable range at other

magnifications. For measurement of pin diameters, this index was below the acceptable range at all magnifications.
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Introduction

Before the introduction of cross-sectional imaging, intraoral
periapical and panoramic radiography were the most com-
monly used imaging techniques for implant treatment plan-
ning. These radiographic methods could only provide
two-dimensional images of three-dimensional structures. Since
1980s, multidetector computed tomography (MDCT) has been
the most accurate imaging technique for evaluation of implant
site. However, MDCT has certain limitations such as high
radiation dose, reduced image quality due to metal artifacts and
high cost. Furthermore, non-isotropic voxels could lead to
lower resolution of the reconstructed images compared with
original axial scans. In the1990s, tomography systems such as
cone beam CT (CBCT) were introduced for the head and neck
imaging to overcome the limitations of CT."

In the recent years, CBCT has been increasingly used in
different fields of dentistry*° with several applications in implant
treatment.” One of the advantages of CBCT software for dentists
is the possibility to make linear measurements between anatom-
ical locations. Normally, linear measurements reused to deter-
mine the thickness and height of the alveolar ridge for the
assessment of implant site before surgery, as well as to measure
the distances between anatomical landmarks in orthodontics
and calculate the size of pathological lesions of the jaws. Since
linear measurements are required for implant therapy, ortho-
dontic treatment and surgical management of pathological
lesions, clinicians need to be aware of the accuracy of linear
measurements made on CBCT scans, and the effects of different
enhancement features on these measurements.*”
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Similar to other digital imaging software programs, CBCT
offers various enhancement features to modify image quality
based on the preferences of the user. Primary features used to
enhance image quality are magnification (zoom, window/
level) and annotation. Moreover, cursor-driven algorithms
enable accurate real time measurements.'*"'

Several studies have evaluated the effects of parameters
such as voxel size, thickness and reconstruction angle on the
accuracy of CBCT linear measurements. The effects of magni-
fication on the diagnostic accuracy of two-dimensional digital
radiography have also been the subject of several studies.””"
According to the literature; no study has assessed the accuracy
of linear measurements made on CBCT scans with different
image magnifications. Therefore, this study aimed to assess the
effects of image magnification on the accuracy of linear meas-
urements made by New Tom VGi CBCT device (New Tom
VGi, Quantitative Radiology, Verona, Italy).

Materials and Methods

In this study, 42 titanium pins with equal dimensions were
inserted into seven dry sheep mandibles. Before the placement
of implants in the mandibles, pin lengths and diameters were
measured using a digital caliper with 0.01 mm accuracy
(Mitutoyo Corp., Kawasaki, Japan) (Figs. 1 and 2). Pin lengths
were measured from the top to the bottom. Since pin diame-
ters were not equal along the pin, square-shaped pin heads
were considered as the main indicator of the diameter.
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Fig. 1 Pinlength measurement by digital caliper.
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Fig. 3 Parallel drilling of implant holes.

Fig. 2 Pin diameter measurement by digital caliper.

To facilitate measurement in the axial plane, diameter of the
pin heads was considered as the diameter of the pins.

In order to insert the pins into the bone, first, parallel
holes were drilled in the edentulous alveolar ridge crest.
Afterward, the holes were widened to the diameters of the
pins using high-speed hand piece and a diamond fissure
bur, and the pins were finally inserted into the mandibles
(Figs. 3 and 4).

Mandibles were placed in a container filled with water to
simulate soft tissues. Afterwards, they were placed in the
holder of the CBCT device (New Tom VGi, Quantitative Radi-
ology, Verona, Italy). To standardize the position of the man-
dibles in the CBCT device, midsagittal and occlusal planes
were adjusted to the vertical and horizontal laser markers,
respectively. The mandibles were radiographed using 8 x 12 cm
field of view at 110 kVp.

After image reconstruction by NNT Viewer software,
linear measurements were made by three oral and maxillofa-
cial radiologists at 100%, 200% and 400% magnifications. The
observers were allowed to change the contrast, sharpness and
brightness of the images, which were displayed on a monitor
with 1024 x 1280 pixels resolution and 32-bit color depth.
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Fig.5 Linear measurement of pin lengths at 100%, 200%
and 400% magnifications.

To radiographically measure the lengths, overall length of
the pins was measured in the cross-sectional plane. In addi-
tion, square heads of the pins were measured in the axial plane
to estimate the pin diameters (Figs. 5 and 6).

Accuracy of linear measurements of the lengths and
diameters of the pins in the axial and cross-sectional planes was
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Fig.6 Linear measurement of pin diameters at 100%, 200% and
400% magnifications.

Table 1. Error ranges of pin length measurements at all
magnifications by the three observers

First Second Third
Error range Total
observer  observer  observer

+0.5t0 +1 0 0 0 0
+0.1to+0.5 79 15.1 0 7.7
+0.1 49.2 532 206 41
—0.1t0o—-0.5 413 30.1 78.6 50
—0.51t0 -1 1.6 1.6 0.8 13

analyzed using repeated measures analysis of variance (ANOVA).
Additionally, interobserver reliability was calculated for all mag-
nifications using intraclass correlation coefficient (ICC).

Results

In this study, 50% of the observers underestimated the pin
lengths by 0.1-0.5 mm compared with the actual size, whereas
7.7% of them overestimated the pin lengths by 0.1-0.5 mm
compared with the actual size. Errors greater than +0.5 mm
did not occur in any of the measurements. Error ranges for pin
length measurement sat all magnifications are presented
in Table 1.

On the other hand, 65% of the observers overestimated
the pin diameters by 0.1-0.5 mm compared with the actual
size, whereas 1.6% of them underestimated the pin diameters
by 0.1-0.5 mm compared with the actual size. Errors greater
than +5.0 mm or smaller than —5.0 mm did not occur in any
of the measurements. Error ranges for pin diameter measure-
ments at all magnifications are shown in Table 2.

The mean absolute values of differences between the radi-
ographic measurements of lengths and the actual lengths of
the pins at 100%, 200% and 400% magnifications were 0.2206,
0.2063, and 0.1984 mm, respectively. According to the results
of repeated measures ANOVA, there was no significant differ-
ence in the accuracy of pin length measurements at different
magnifications (P > 0.05). Minimum, maximum, mean and
standard deviation of differences of pin length measurements
at all magnifications are presented in Table 3.
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Table 2. Error ranges of pin diameter measurements at all
magnifications by the three observers

First Second Third
Error range Total
observer observer observer

+0.5t0+1 0 0 0 0
+0.1to+0.5 556 579 81.7 65
+0.1 39.7 421 183 334
—0.1t0—-0.5 4.7 0 0 16
—0.5t0—1 0 0 0 0

Table 3. Minimum, maximum, mean and SD of pin length
measurement differences at all magnifications

Magnification m;‘el::::; m:f)::::cne‘ Mean SD
100 0.00 0.60 0.2206  0.14986
200 0.00 0.50 0.2063 0.12583
400 0.00 0.50 0.1984 0.12266

Table 4. The ICCresults forth measurement
of pin lengths and pin diameters at different
magnifications

Variable 00%  200%  400%
Length 0285 0707 0479
Diameter 0078 0469 0587

The mean absolute values of differences between the radi-
ographic measurements of pin diameters and actual diameters
of the pins were 0.1960, 0.2143, and 0.2047 mm at 100%,
200%, and 400% magnifications, respectively. According to the
results of repeated measures ANOVA, there was no significant
difference in the accuracy of pin diameter measurements
using different magnifications (P > 0.05). To calculate interob-
server reliability for pin length measurements, we used the
ICC test. At all magnifications, interobserver reliability was
estimated to be <0.6. For measurement of pin diameters, inter-
observer agreement was 0.7 at 200% magnification and it was
<0.6 at other magnifications. The ICC test results regarding the
measurement of pin lengths and diameters at all magnifica-
tions are presented in Table 4.

Discussion

The CBCT enhancement software programs facilitate and
improve the diagnostic accuracy of CBCT measurements for
oral and maxillofacial radiologists. Three-dimensional image
reconstruction in different planes and enabling linear and
angular measurements are some of the features of CBCT.”
This study aimed to evaluate the accuracy of CBCT linear
measurements using New Tom VGi device at different image
magnifications. According to the obtained results, the magni-
fication level had no effect on the accuracy of linear measure-
ments. Reliability of pin diameter measurements at all
magnifications was below the acceptable range, whereas it was
good at 200% magnification for pin length measurements.
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The low interobserver reliability was not clinically significant
due to low variation among the measurements and the accept-
able accuracy of measurements at all magnifications.

According to the findings of Ganguly et al., CBCT imaging
is required to evaluate the quality and quantity of the available
bone for implant placement, and to determine the exact loca-
tion of anatomical structures. They also concluded that <1 mm
error in radiographic measurements for implant placement
was clinically acceptable.”’ Accordingly, errors in all measure-
ments in our study were within the clinically acceptable range.

In the current study, pin lengths were mostly underesti-
mated by 0.1-0.5 mm compared with the actual size, while pin
diameters were mostly overestimated by 0.1-0.5 mm com-
pared with the actual size. In a study conducted by Fatemitabar
et al.”?, the accuracy of linear measurements made by CBCT
(Planmeca) was compared with that of CT 64-channel, and the
mean difference of measurements from the actual size was
estimated to be +0.37 to +0.58 mm using CBCT, and +0.37 to
+0.72 mm using CT.

Image quality and accuracy of linear measurements
made by CBCT are affected by different factors, such as the
material of the pin (in pin length measurements), thickness
of sections, reconstruction angle and device rotation during
imaging.'>'®

The findings of the current study indicated that magnifi-
cation level had no effect on the accuracy of linear measure-
ments. Moreover, it was observed that reliability of pin
diameter measurements at all magnifications was below the
acceptable range, whereas it was good at 200% magnification
for pin length measurements. Low rate of inter observer agree-
ment was probably due to low variation among the measure-
ments. Sherrard et al.,'”” and Moshfeghi et al."” reported that
size of voxels had no significant effect on the accuracy of
CBCT linear measurements or interobserver agreement.

Although the aforementioned studies evaluated the
effects of factors other than magnification on the accuracy of
linear measurements, similar to our findings, they reported
no significant association between the studied parameters
and the accuracy of linear measurements. However, the
interobserver agreement in the above-mentioned studies was
much higher than the value in the current study; the ICC was
reported to be >0.99 in both of the aforementioned studies.
Lower interobserver agreement in our study was due to the
low variation among the measurements.

In the current study, there was no significant difference in
the accuracy of linear measurements made at different image
magnifications. In a study conducted by Hashem et al., there
was no significant difference between the radiographic meas-
urements obtained at two different device rotations and direct
measurements. Similar to our study, Hashem et al."* reported
no significant correlation between the accuracy of CBCT
linear measurements and the studied variable; however,
inter observer and intraobserver agreements were reported
to be good.

According to the results obtained by Nikneshan et al.,
changing the reconstruction angle from —12° to +12° decreased
the accuracy of CBCT linear measurements. They reported
that error rate was below 0.5 mm at all reconstruction angles,
which was clinically acceptable.” Similar to our study, tita-
nium pins were inserted into sheep mandibles in the study
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conducted by Nikneshan et al."” It is noteworthy that titanium
pins were used due to low atomic number of the metal,"
which, in turn, decreases the metal artifacts in CT. Another
similarity between their study and ours was that in both of the
studies the mandibles were immersed in water to simulate soft
tissues. However, unlike our study, researchers only measured
the length of pins for evaluating the accuracy of measurements
in the study conducted by Nikneshan et al."”

To date, no study has evaluated the effect of image magni-
fication on the accuracy of linear measurements. However,
several studies have investigated the effects of image magnifi-
cation on radiographic diagnostic accuracy.

According to the results of the current study, image mag-
nification has no effect on the accuracy of linear measure-
ments. In one research, Kositbowornchai et al. reported similar
results regarding the diagnostic accuracy of root fractures at
different image magnifications (50%, 100% and 200%). Con-
sistent with our findings, they observed no significant differ-
ence in the criteria for diagnostic accuracy namely positive
and negative predictive values, sensitivity and specificity
among three different magnifications."” Effects of magnifica-
tion on interobserver reliability were not assessed in the afore-
mentioned study.

In another study, Kositbowornchai et al. evaluated the
effects of changes in sharpness, magnification and pseudo
color on the diagnostic accuracy of digital two-dimensional
radiographs for occlusal caries. According to their results,
there was no significant relationship between these variables
and the diagnostic accuracy of radiography, which is con-
sistent with our findings.

The rate of interobserver agreement in the study by
Kositbowornchai et al.'”'® was reported to be good according
to Cohen’s kappa coeflicient. Therefore, the rate of this
parameter was higher in the study by Kositbowornchai et al.
compared with the rate in our study.

In another study, Morais et al. evaluated the effect of image
magnification (100%, 200%, and 400%) in two-dimensional
digital radiography on the accuracy of diagnosis of periodontal
bone lesions in vitro. Similar to our study, there was no signifi-
cant difference in the diagnostic accuracy at different image
magnifications.”” In addition, rate of intraobserver agreement
for each observer was reported to be moderate at 100%, 200%
and 400% magnifications.

Conclusion

In conclusion, it could be stated that the accuracy of linear
measurements made on CBCT images is not affected by image
magnification. Moreover, interobserver reliability of the meas-
urement of pin diameter was good at 200%, while it was below
the acceptable range at other magnifications. Interobserver
reliability was below the acceptable range for the measurement
of pin lengths at all magnifications. The low interobserver reli-
ability was not of clinical significance because of low variation
among the measurements and acceptable accuracy of meas-
urements at all magnifications.
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