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ABSTRACT
Statement of the Problem: The most important risk factor for inferior alveolar

tomography;

nerve (IAN) damage is the proximity of the mandibular root apices to the alveolar

Head;

canal. Failure to position the patient’s head at standardized orientation during cone

Inferior alveolar nerve;

beam computed tomography (CBCT) scans might adversely affect the relative posi-

Tooth apex;

tion of the alveolar canal and mandibular root apices with subsequent treatment failure.
Purpose: The purpose of the present study was to investigate the influence of the
orientations of the skull during the scanning procedure on the accuracy of CBCT
images in determining the positional relationship of the mandibular tooth apices to
the alveolar canal.
Materials and Method: CBCT scans of 7 human dry skulls were obtained by using
NewTom VGi CBCT in standard, tilt, flexion, extension and rotation positions of the
head. The shortest radiographic distance between the mandibular tooth apices and the
IAN canal of 20 points were measured on cross sectional images of CBCT in all position scans. A sample t-test was used to compare the measurements at different head
position with the standard position values.
Results: Significant differences were found in the measurements of normal and tilt
orientations. However, there was no statistically significant difference between the
measurements in standard position and other deviated positions. The mean errors in
all head positions were less than 0.5mm.
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Conclusion: Alteration of patient head positioning during CBCT scanning does not
affect the relative position of the IAN and the apices of posterior teeth.
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Introduction
Iatrogenic damage to the inferior alveolar nerve (IAN)

implant placement and orthognathic surgery. [1] The

with subsequent neurosensory disturbances is a serious

role in the occurrence of IAN damage. It has been sug-

complication associated with various dental procedures,

gested that the risk for IAN injury increases dramatical-

such as third molar extraction, endodontics treatment,

ly when the distance between the canal and root struc-
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tures becomes smaller. [2] Therefore, preoperative as-

canal were suspected based on Rood’s criteria (darken-

sessment of the relative position of the IAN and the

ing of root, deflection of root, narrowing of root, bifid

apices of posterior teeth is very crucial for minimizing

root apex, diversion of canal, narrowing of canal, inter-

the risk of nerve injury. [3]

ruption in white line of canal) were chosen. Seven

Cone beam computed tomography (CBCT) is a

blocks containing the 20 points were separated from the

new developed imaging technique that allows three-

mandibles. A human phantom skull was prepared in

dimensional (3D) reconstructions of the maxillofacial

order to place the separated blocks in its mandible. The

structures with high resolution and without any super-

phantom was placed on a holder with the ability to sim-

imposition. [4-7] Patient head positioning during CBCT

ulate all head orientations. Two lines parallel to the axi-

image acquisition is an important factor, which may

al and sagittal planes (lines a and b) were drawn on the

have a significant influence on the accuracy of CBCT

skull so that the amount of variation in head position

measurements. Previous studies have shown when pa-

could be measured (Figure 1).

tient’s head is oriented correctly; CBCT provides precise linear measurement, which is comparable to physical measurements. [8-11] Poor patient positioning during CBCT scanning procedures, as a common clinical
occurrence in everyday practice, might adversely affect
the measurement accuracy of linear distances between
the canal and root tips with subsequent treatment planning failure and IAN damage. There is an inconsistency
in the literature regarding the influence of patient positioning on the CBCT measurements accuracy. [12-17]
Some studies have reported that incorrect positioning
the patient during CBCT scanning causes measurement
errors. [12-16] However, other studies suggested that
incorrect patient head orientation during image acquisition does not affect the measurements accuracy of the

Figure 1: A phantom skull in which line a indicates axial
plane and line b indicates sagittal plane. Cavities were prepared for the mandibular blocks (white arrows).

craniofacial complex on CBCT images. [17-18] To the

Then, the radiographic scans for each skull were

best of our knowledge, there is little information in the

made by same clinician using a NewTom VGi CBCT

literature evaluating the influence of incorrectly posi-

imaging unit (QR-SRL, Verona, Italy) operated at 110

tioning the patient during CBCT image acquisition on

KVP, 2.04 mA, exposure time of 3.6 S and a field of

cross sectional reformatting used to determine the rela-

view of 8×12cm in 5 different head positions:

tion of the mandibular teeth and IAN canal. [13, 15, 17]

1. Standard position: following the manufacture’s rec-

Therefore, the aim of the present study was to evaluate

ommendations, the researchers centered the skull in

whether changes in skull orientation in the scanner af-

the focal trough with the Frankfort plane parallel to

fects the anatomical distance between IAN canal and the

the floor and the mid-sagittal plane perpendicular to

mandibular root apices.

the floor.
2. Flexion position: the skull was rotated toward the

Materials and Method
Radiographic scan

The present study was approved by the institutional

anterior side by 15-degree downward direction
compared to the ideal position. The laser line of the
device made a 15-degree angle with line a.

ethics committee. Ten randomly selected dry mandibles

3. Extension position: the skull was rotated 15 degrees

were used in this study. Lateral cephalograms were ob-

upward compared to the ideal position. Laser line

tained from each mandible (using Planmeca Proline,

of the device made a 15-degree angle with line a.

Helsinki, Finland) at 68 KV, 1.4 s and 12 mA. 20 points

4. Tilt position (to the same side where the block was

in which close relationship of tooth and mandibular

mounted): the skull was tilted laterally as much as
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15 degrees, compared to the ideal position. Laser li-

measurements obtained in the standard position; nega-

ne of the device made a 15-degree angle with line b.

tive values indicates that the tested positions underesti-

5. Rotation position (to the same side where the block

mated the values obtained in ideal position. Finally, to

was mounted): the skull was rotated 15-degree,

evaluate the influence of skull orientation during scan-

compared to the ideal position. Laser line of the de-

ning, the researchers performed measurements on the

vice made a 15-degree angle with line b.

CBCT images of different head orientations and com-

CBCT measurements

pared them with those conducted on the standard posi-

Two oral and maxillofacial radiologists evaluated the

tion, using independent sample t-test at the significance

CBCT images simultaneously. The cross sectional im-

level of 0.05.

ages of each head position scanning were reconstructed
at 0.5mm slice interval and 0.5mm slice thickness. On
these serial cross-sectional images, the shortest distance

Results
ICC showed that intra observer reliability was high (r>

from the selected root apex to the superior border of the

0.90) and there were no significant differences between

IAN was measured using NNT viewer software with the

the first and second series of measurements (p> 0.05).

accuracy rate of 0.1mm (Figure 2). All images were re-

Therefore, the average of dual measurements was used

evaluated over the two-week interval by the same ob-

for further analysis to minimize the error in the meas-

servers to assess the significance of any errors during

urements. The frequency of underestimation (the meas-

measurements.

ured distance of deviated position was smaller than that
of normal position) and overestimation for various head
orientations is presented in Figure 3.

Figure 3: The frequency of underestimation and overestimation for various head orientations
Figure 2: Cross sectional CBCT views for measurement of
the distance from the tooth apex to the mandibular canal in a
sample
Statistical analysis

All data were analyzed with the SPSS program, version
18 (SPSS Inc., Chicago, IL USA). The results of the
first and second series of measurements were compared,
using the inter class correlation coefficient (ICC) to
assess the inter-observer reliability of measurements. In
addition, a paired sample t-test was used to determine
any significant differences between dual measurements.

The mean difference ±SD of the measurements for
each head orientations are presented in Table 1.
Table 1: The mean difference ± SD of the measurements for
each head orientations
Head orientation
Tilt
Rotation
Extension
Flexion

Mean difference (mm)±SD p Value
0.19±0.35
0.02*
0.02 ±0.48
0.82
0.13±0.56
0.29
0.11±0.50
0.32

SD: standard deviation
* p Value less than 0.05 was considered statistically significant.

The measurements obtained from normal-head-position

Significant differences were found in the meas-

images were considered as the gold standard. The dif-

urements of normal and tilt orientations. However, there

ference between normal position and other head orienta-

was no statistically significant difference between the

tions measurements was assessed. Positive value repre-

measurements in standard position and other deviated

sents that the tested position overestimated the real

positions. The mean errors were smaller than 0.5mm for
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head orientations may be related to the isotropic nature
of voxels creating the CBCT images. [19] However,

Discussion
Erroneous estimation (underestimation or overestima-

other studies have reported that incorrectly positioning

tion) of the positional relationship of the IAN canal to

errors. [12-16] The variability in the results of previous

mandibular teeth can cause inadvertent injury to neuro-

studies may be due to the extent of head deviation, the

vascular bundles. Patient head positioning during CBCT

number of measurements, the length of measured dis-

image acquisition is an important factor, which may

tances, difference in the scanning protocol and the

have a significant influence on the accuracy of CBCT

CBCT machine used. In the present study, the meas-

measurements. Patient head orientation may inadvert-

urements were carried out on cross sectional images on

ently deviate from the standard head positioning which

the curve of the mandible between the points within the

may lead to changes in the image size with consequent

bone. However, several previous studies measured the

distortion of the image. In a study by Gianluigi Frongia

distance between the external points on the skull. [12,

et al., [12] the effect of skull orientation on 3D cepha-

20-25] This difference can significantly affect the accu-

lometric measurements of CBCT images was evaluated.

racy of findings. Few studies in the literature assessed

They believed that even if the statistical analysis

the effect of patient's head positioning on the accuracy

showed no significant differences, the difference found

of cross sectional CBCT measurements. Dalili et al.,

should be considered significant for a correct diagnosis

[17] found no significant differences between the height

from a clinical point of view. This issue is even more

and width measurement of mandibular bone in different

important for preoperative assessment of proximity of

head orientations compared with the standard position.

IAN canal to root apices since a quite shorter distance is

They mentioned that the difference of CBCT measure-

being measured and the submillimeter inaccuracy may

ments in various head positions, compared with actual

lead to inadvertent nerve injury. Bou Serhal et al., [18]

ones, was in the range of acceptable value (<0.5mm).

have suggested that improper patient positioning during

These results are in line with our findings. Sabban et al.,

scanning may result in measurement errors in multipla-

[15] found a statistically significant difference between

nar reformatting (MPR) cross sectional images, which

the mean errors in vertical measurements with greatest

are not fully perpendicular to the inferior border of

discrepancy of the extension head orientation, ranging

mandible, which leads to inaccurate distance measure-

between -2 to 3mm. No statistically significant differ-

ment between the apex and the mandibular canal.

ence was found between the mean errors in horizontal

the patient during CBCT scanning causes measurement

Little is known about the influence of incorrectly

measurements. Sheikhi et al., [13] showed a significant

positioning the patient during CBCT image acquisition

difference between physical measurements and radio-

on cross sectional reformatting used to determine the

graphic ones at different deviated positions. However,

relation of the mandibular teeth and IAN canal needed

the discrepancy of measurements in various head posi-

for different dental procedures. There is an inconsisten-

tions was less than 0.5mm. Visconti et al., [16] demon-

cy in the literature regarding the influence of patient

strated that head orientation could significantly affect

positioning on the CBCT measurements accuracy. In

the measurement reliability of CBCT images. Likewise,

the present study, although the mean differences be-

Nikneshan et al., [14] found that changing the slice ori-

tween tilt position measurements and standard position

entation in the range of -12 to +12˚ reduced the accura-

measurements were statistically significant, no statisti-

cy of CBCT measurements.

cally significant difference between the measurements

In the present study, the mean differences between

in standard position and other deviated positions were

various position measurements and standard position

found. This similarity supports the findings of previous

measurements were even less than voxel sizes. This

studies suggesting that incorrect patient head orientation

finding is consistent with findings of many previous

during image acquisition does not affect the measure-

studies [13-14, 19-20] showing that the mean error val-

ments accuracy of the craniofacial complex on CBCT

ue of less than 1 mm in different head positioning was

images. The absence of spatial distortion during various

considered clinically insignificant. Mean measurement
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