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ABSTRACT 

Objectives: This study assessed the effect of head position on the accuracy of linear measurements of implants at the sites of 

maxillary lateral incisors and first molars using cone-beam computed tomography (CBCT). Materials and Methods: This in vitro study 

evaluated seven dry human skulls. Four titanium implants were bilaterally placed at the sites of maxillary lateral incisors and first 

molars. CBCT scans were obtained following tipping of the skulls by +20°, +10°, 0°, -10°, and -20°. The change in height of implants 

visualized on each CBCT scan was calculated compared with their actual height measured by a caliper. Data were analyzed using 

ANCOVA and Wilcoxon test. Results: On CBCT scans, the height of posterior implants in +20° (P=0.032) and +10° (P=0.017) tipping 

positions was significantly higher than the actual value; but no significant difference was noted in other positions. The mean height 

of anterior implants in the right side on CBCT scans was significantly higher than the left side in -10° (P=0.025) tipping position. The 

mean implant height in the right side was significantly lower than the left side in +10° (P=0.017) and 0° (P=0.041) tipping positions. 

In the posterior region, the mean implant height in the right side was significantly lower than the left side in -20° (P=0.025) and +10° 

(P=0.017) tipping positions. Conclusion: Backward tipping of the head by 20° and 10° affects the implant height on CBCT scans. The 

possibility of change in linear measurements in the posterior implants is higher than in the anterior implants. 

 

Keywords: Dimensional Measurement Accuracy; Cone-Beam Computed Tomography; Dental Implants; Patient Positioning 

 

 

1. INTRODUCTION 

Imaging is a necessary diagnostic tool for many dental procedures particularly implants placement, and serves as an adjunct to 

clinical examination. Dental radiography can be performed intraorally orextraorally. In both panoramic radiography and CBCT, 

images are potentially influenced by a number of factors such as the characteristics of the radiographic system, interpretation of 

radiographs by the clinician, and patient movement during scanning (Halperin-Sternfeld et al., 2016). An ideal radiograph may be 

obtained if all the aforementioned conditions are ideally met, which may not be feasible in some cases. Thus, the size or visualization 

of objects on radiographs may undergo some changes, which are referred to as distortion. The patient’s head position and the 

exposure settings are the two main factors responsible for distortion of extraoral radiographs (Shokri et al., 2016). The likelihood of 

incorrect positioning is high in extraoral radiographic modalities. Image distortion easily occurs in panoramic radiography due to 

patient positioning errors (Shahidi & Feiz, 2013). Such images cannot provide adequate 3D information about the target site for 

ideal treatment planning (Suomalainen et al., 2008). Compared with 2D radiography, CBCT enables the assessment of facial 

structures in three dimensions (Shokri et al., 2016; Shahidi & Feiz, 2013). 

The accuracy and reliability of images are highly important in interpretation of measurements because knowledge about the 

accurate dimensions of critical structures is imperative prior to most surgical procedures (Halperin-Sternfeld et al., 2016; 

Suomalainen et al., 2008; Sharifi et al., 2013). Considering the advantages of CBCT and its ability for volumetric facial reconstruction, 

it is important to find out to what extent the dimensional accuracy of CBCT images is influenced by the changes in patient’s head 

position. Accordingly, this study sought to assess the accuracy of linear measurements of implants placed at the approximate sites 

of maxillary lateral incisors and first molars in dry human skulls tipped forward and backward by +10°,+20°, -10° and -20° on CBCT 

scans. 

 

2. MATERIALS AND METHODS 

This study was done in 2019-2020 years. The study protocol was approved by the Medical Ethics Committee of Ahwaz Jundi 

Shapour University of Medical Sciences (ethical approval code: IR.AJUMS.REC.1398.267). Seven dry human skulls were used in this in 

vitro study. No information was available regarding the age or gender of the skulls. Dry human skulls were obtained from the Oral 

and Maxillofacial Radiology Department of Ahwaz Jundi Shapour University (Sabban et al., 2015). The selected skulls had an 

edentulous ridge and unbroken buccal and palatal cortices. The implant height prior to placement in the maxilla was measured by a 

digital caliper with 0.150 mm accuracy (Guanglu Digital Caliper Manufacturer Co., Ltd., China). This measurement served as the gold 

standard. Two implants were placed in the wax rim bilaterally at the sites of maxillary lateral incisors along the buccal cortical plate. 

The implant placed in the right side had 11.91 mm height and 3.80 mm diameter. The implant placed in the left side had 11.90mm 

height and 3.79 mm diameter. Two other implants were placed bilaterally in the wax rim at the sites of maxillary first molars. The one 

in the right side had 12.99 mm height and 4.27 mm diameter and the left one had 11.50 mm height and 4.29 mm diameter. A total 

of four implants were used for seven dry human skulls. They were fixed to the edentulous ridge by sticky wax. 

For the purpose of reproducibility of different centric and eccentric tipping positions, the skull without the mandibular bone was 

placed on a sponge measuring 25 x 25 x 15 cm3, and outlined. Next, the sponge was cut by approximate depth of 4.5 cm in the 
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occipital region and 5 cm in the maxilla such that when the skull was placed in the sponge, its Frankfurt plane was parallel to the 

horizon and its midsagittal plane was perpendicular to the ground (Figure 1a, 1b). The sponge containing the skull was placed on a 

wooden board. This position served as the centric position. Other positions were created as follows: 

Forward and backward tipping is by 10° and 20°. A wooden wedge was fabricated measuring 25 x 5 x 5 cm3 with 10° and 20° 

angles and placed on the wooden board. Next, the sponge containing the skull was placed over it such that the skull had 10° and 

20° forward (Figure 1c, 1d) and backward (Figure 1e,1f) tipping. Next, the sponge containing the skull and the wooden board 

beneath it were placed in the CBCT scanner (New Tom VGi; QR srl, Verona, Italy) and scanned with the exposure settings of 110 kVp, 

2.04 mA, 3.6 s and 12 x 8-inch field of view in the abovementioned five positions. The images were reconstructed using NNT Viewer 

software. 

 

 

 

Figure 1 Skull placement in sponge (a and b), Forward tipping position by -10° (c) and -20° (d), Backward tipping position by +10° 

(e) and +20° (f). 

 

 

 

 

Figure 2 In -20° positions, image was reconstructed in the anterior region (a) and the posterior region (b). 
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In 0° position, the image was reconstructed almost parallel to the longitudinal axis of the canine tooth (between the longitudinal 

axis of the anterior and posterior implants since the jaw was edentulous). In +20°, +10°, -20° and -10° positions, a separate image 

was reconstructed at each angulation parallel to the longitudinal axis of the anterior implant in the anterior region (Figure 2a) and 

parallel to the longitudinal axis of posterior implants in the posterior region (Figure 2b). Next, in the middle third of the implants, a 

linear curve was drawn to create cross-sectional slices. The cross-sectional slices were created with 1 mm thickness and 1 mm step, 

and maximum implant height was calculated (Figure 3). 

 

 

 

Figure 3 Linear measurements of maximum implant height were calculated in the right side of Maxilla; anterior implant and 

posterior implant in 0° position (a and b), in -10° position (c and d), in +20° position (e and f). 

 

Linear measurements of implant height were made by a postgraduate student of oral and maxillofacial radiology. The difference 

between the measured value and the actual height of implant measured by a caliper was calculated. The collected data were 

analyzed using SPSS version 16 (SPSS Inc., IL, USA) via ANCOVA and Wilcoxon test at 0.05 level of significance. 

 

3. RESULTS  

Table 1 shows the mean anterior and posterior height of implants measured on CBCT scans compared with the mean actual height 

of anterior and posterior implants measured by a caliper. 

 

Table 1 Baseline measurements 

 

Right side Left side 

Mean Standard Deviation Mean 
Standard 

Deviation 

CBCT 
Anterior 12.548 0.183 12.514 0.191 

Posterior 13.597 0.282 12.325 0.216 

Caliper 
Anterior 11.91 - 11.90 - 

Posterior 12.99 - 11.50 - 

 

Anterior implants 

The height of anterior implants in the right and left sides on CBCT scans had significant differences in 0° head position (Table 2). 

 

Posterior implants 

The height of posterior implants in the right and left sides on CBCT scans had significant differences in 0° head position (Table 3). 
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Table 2 Mean height of anterior implants in head tipping by +20°, +10°, -20°, and -10° compared with 0° on CBCT scans 

Anterior Head position (degrees) Number Mean±SD P value* 

Right side 

-20 7 0.732±0.214 0.018 

-10 7 0.790±0.141 0.003 

+10 7 0.561±0.138 0.619 

+20 7 0.590±0.129 0.410 

0 7 0.518±0.160 - 

Total 35 0.638±0.183 - 

Left side 

-20 7 0.585±0.146 0.414 

-10 7 0.528±0.236 0.178 

+10 7 0.685±0.134 0.891 

+20 7 0.600±0.223 0.496 

0 7 0.671±0.205 - 

Total 35 0.614±0.191 - 

Total 

-20 7 0.659±0.134 0.428 

-10 7 0.659±0.170 0.428 

+10 7 0.623±0.128 0.723 

+20 7 0.595±0.152 1.000 

0 7 0.595±0.158 - 

Total 35 0.626±0.143 - 

*P value of each group compared with 0° position using ANCOVA 

 

 

Table 3 Mean height of posterior implants in head tipping by +20°, +10°, -20°, and -10° compared with 0° on CBCT scans 

Posterior Head position (degrees) Number Mean±SD P value* 

Right side 

-20 7 0.567±0.214 0.192 

-10 7 0.610±0.200 0.111 

+10 7 0.667±0.139 0.049 

+20 7 0.810±0.163 0.004 

0 7 0.381±0.453 - 

Total 35 0.607±0.282 - 

Left side 

-20 7 0.857±0.161 0.264 

-10 7 0.800±0.282 0.532 

+10 7 0.971±0.111 0.040 

+20 7 0.771±0.138 0.707 

0 7 0.728±0.292 - 

Total 35 0.825±0.216 - 

Total 

-20 7 0.71±0.159 0.145 

-10 7 0.705±0.212 0.164 

+10 7 0.819±0.085 0.017 

+20 7 0.790±0.110 0.032 

0 7 0.555±0.321 - 

Total 35 0.716±0.206 - 

*P value of each group compared with 0° position using ANCOVA 

 

The mean height of anterior implants in the right side was significantly higher than the mean height of posterior implants on 

CBCT scans in -20° (P=0.016) and -10° (P=0.017) tipping positions. However, the mean posterior implant height was significantly 

higher than the mean anterior implant height on CBCT scans in +20° (P=0.017) tipping position. The mean height of posterior 

implants in the left side was significantly higher than the mean height of anterior implants in -20° (P=0.018), -10° (P=0.04) and +10 
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(P=0.018) tipping positions. In general, the mean height of posterior implants was significantly higher than the mean height of 

anterior implants on CBCT scans in -20° (P=0.017), +10° (P=0.018) and +20° (P=0.018) tipping positions. 

The mean height of anterior implants in the right side was significantly higher than the mean height of anterior implants in the 

left side on CBCT scans in -10° (P=0.025) tipping position. However, the mean height of anterior implants in the right side was 

significantly lower than the mean height of anterior implants in the left side in +10° (P=0.017) and 0° (P=0.041) tipping positions. 

The mean height of posterior implants in the right side was significantly lower than the mean height of posterior implants in the left 

side in -20° (P=0.025) and +10° (P=0.017) tipping positions. 

 

4. DISCUSSION 

Osseo integrated implants are increasingly used for replacement of the lost teeth in completely or partially edentulous patients. 

General use of dental implants indicates that dental surgeons require a suitable program to accurately measure the height and width 

of bone (Visconti et al., 2013). This study aimed to assess the effects of changes in head position (forward and backward tipping) on 

the accuracy of linear measurements of implants placed at the approximate sites of maxillary lateral incisors and first molars on 

CBCT scans; the results showed that the height of implants measured on CBCT scans was different in different head positions. 

In this study, a sponge was used for centric positioning of the skull such that the depth of the anterior region was shallower than 

the posterior region. The skull and the sponge on a wooden board were transferred to the CBCT scanner and fixed to it with a plastic 

tape during imaging. Shokri et al. (2016) used a Styrofoam for this purpose. Cheung et al. (2013) used a screw and a spring for 

fixation of skull position; the screw and spring had not been placed in anatomical regions. However, the artifacts generated by the 

screw and spring decreased the measurement accuracy (Shokri et al., 2016). In this study, after determining the centric position 

using a wooden wedge, which was placed on the wooden board, head positions with -10°, +10°, -20°, +20° and 0° forward and 

backward tipping were simulated, and CBCT scans were obtained of each position. The height of implants was measured at different 

positions. Due to the difference in actual size of anterior and posterior implants bilaterally and to minimize the measurement errors, 

the difference between the actual implant height and the value measured on CBCT scans was calculated and compared in different 

positions. In this study, the mean height of anterior and posterior implants measured on CBCT scans was higher than the actual 

mean height of anterior and posterior implants measured by a caliper. Fokas et al. (2018) reported that there is no specific trend 

regarding underestimation or overestimation of distances measured on CBCT scans. Some researchers (Lascala et al., 2004; 

Moshfeghi et al., 2012) reported that the actual values were greater than the measured values on CBCT scans while others (Visconti 

et al., 2013; El-Beialy et al., 2011; Lagravere et al., 2008) found no significant difference. Method of image reconstruction, type of 

CBCT system, and use of different landmarks can be the possible reasons for this controversy in the literature. 

In the present study, in general, the mean difference in the measured height of anterior and posterior implants on CBCT images 

compared with the values measured by a caliper was less than 1 mm (0.673 mm), and was therefore acceptable. Sabban et al. (2015) 

evaluated the effects of different head positions in CBCT and reported that the range of difference (error) in horizontal 

measurements in most areas was less than 1 mm except for the posterior maxilla in extension position, which was not significant. 

Their results were in agreement with the current findings. Fokas et al. (2018) the error range in some studies was 1 mm higher than 

the clinically acceptable threshold. Clinically, these values should be taken into account in implant treatment planning considering 

the significance of minimum difference in measurements (Visconti et al., 2013). Difference between the results of studies and the 

current study can be due to the use of different CBCT systems, software programs, markers used for identification of landmarks, and 

resolution of the scans (Berco et al., 2009).  

The current results revealed that the height of anterior implants in +20°, +10°, -10° and -20° tipping positions and height of 

posterior implants in -20° and -10° tipping positions had no significant difference with 0° position on CBCT scans. Absence of spatial 

distortion in different head orientations may be due to the isotropic nature of voxels in CBCT images (Adibi et al., 2017). Similar to 

our study, Shokri and colleagues (2016) reported that for the majority of landmarks, the transverse distances measured in tilting, 

rotation and tipping positions had no significant difference with the actual position. However, Shokri et al. (2016) assessed 10° and 

20° angles from the original position and used anatomical landmarks. Also, due to the differences between the right and left 

structures, only structures in the right side were evaluated in their study, which was different from the current study.  

In this study, the mean height of posterior implants in +20° and +10° tipping positions relative to 0° was significantly higher on 

CBCT scans (P<0.05), which indicated that tipping of the head by +20° and +10° would affect the accuracy of implant linear 

measurements in the posterior maxilla. For implant treatment planning, over estimation of values is more harmful because it may 

lead to bone perforation and traumatization of nerves. Underestimation of values can prevent these complications (Visconti et al., 

2013). Shokri et al. (2017) reported that changing the head position would affect the CBCT measurements, and the tipping position 

of the head was highly close to the centric position. Also, the values measured in tipping position were higher than the 
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corresponding values in centric position because tipping would affect the landmark relations in vertical (and not horizontal) 

dimension because the landmarks at the two sides of the skull move by the same magnitude, which was in agreement with the 

current results. In this study, linear distances of the landmarks in seven different positions including the centric position, 10° and 20° 

rotations, 10° and 20° lateral tipping, and 10° and 20° forward tipping were compared with centric position of the skull using New 

Tom 3G. Hassan et al. (2009) reported that patient’s head position affected the accuracy of linear measurements made on CBCT 

scans.  

According to the current results, the mean height of anterior implants in the right side in head tipping by -10° was significantly 

higher than the mean height of anterior implants in the left side on CBCT scans (P<0.05). The mean implant height in the right side 

in +10° and 0° tipping was significantly lower than the mean height of implants in the left side on CBCT scans (P<0.05). The mean 

height of posterior implants in the right side was significantly lower than the mean height of implants in the left side on CBCT scans 

obtained at -20° and +10° tipping positions (P<0.05). Lee et al. (2016) the left side structures showed greater error rates in 

horizontal rotation. The CBCT scanner starts scanning from the right side and the anterior region, moving to the left and then 

completes a 360° rotation around the object. Moreover, head rotation towards the left, which is opposite to the direction of 

movement of scanner may cause more distortion of data compared with head rotation towards the right side. In the clinical setting, 

dental clinicians should prevent patient movement, especially to the left side. However, Lee et al. (2016) evaluated four types of head 

movements (two horizontal rotations with 10° angle towards the right and left, upward, and downward) using a remote controller 

during scanning. They used Alphard Vega scanner and reconstructed the images by a software program, which was different from 

our study. Ludlow et al. (2007) reported that the accuracy of linear CBCT measurements did not change by shifting the head to the 

right and left, which was different from our study. They used New Tom 9000 CBCT scanner and reconstructed the images by New 

Tom 3G software.  

On the other hand, the measurement errors in this study can be due to a number of reasons. The CBCT scanner is slightly rotated 

during scanning. The distortion is first corrected by the correction algorithm and then the image is reconstructed. Any change in the 

algorithm may lead to residual distortion. Other reasons that may explain the difference in accuracy of measurements include the 

dominant artifacts of CBCT images such as scatter, noise, beam hardening, and ring artifacts (Schulze et al., 2011), which may 

compromise the correct detection of implant position on CBCT images, and would lead to inaccurate measurements. The possible 

reasons for the controversy in the results of studies can be the magnitude of head deviation, number of measurements, the 

magnitude of measured difference, and the variability in scanning protocols and CBCT systems (Adibi et al., 2017). Moreover, the 

structures in the right and left sides are different (Shokri et al., 2016; Shokri et al., 2017).  

 

5. CONCLUSION 

The current results showed that tipping of the head by +20° and +10° significantly increased the mean height of posterior implants 

compared with 0° position. Also, the mean height of posterior implants in head tipping by -20°, +10° and +20° was significantly 

higher than the mean height of anterior implants on CBCT images. 
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