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Abstract
Objective: The utilization of cone beam computed tomographic imaging for oral implants has increased enormously for
precise determination of anatomic dimensions. However, the impact of reorientation of data that influences the constructed
panoramic view and thus the measurements on generated cross sectional views has not been explored. This study is
undertaken to explore if differences exist in the implant height and width measurement when the whole data is reoriented
from the standard manufacturer's setting to an aligned protocol (perpendicular to the implant (XYZ) settings).
Material and Methods: Two different orientation protocols were set up, standard and aligned or perpendicular setting
(XYZ), and implant height and width measurements derived from these were compared to the original known
measurements.
Results: The range of differences between actual dimensions and measurements obtained using each orientation method
using McNemar's Change test in the four accuracy categories (exact, +0.20, +0.25, and +0.50) showed the aligned
orientation produced larger proportion of width measurements between +0.25 and +0.50 compared to standard for width
measures; however, these differences were not statistically significant. Implant length measurements varied widely and
this variability was irrespective of orientation method.
Conclusions: The aligned/perpendicular (XYZ) protocol produces implant width measurements more accurate than
length when compared to the standard protocol.
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1 Introduction
The use of dental implants has become increasingly popular in dental treatment planning. Concomitantly, specialized
radiographic imaging techniques have become more available for the preoperative planning of oral implant placement.
Many clinical situations require the use of these advanced cross-sectional three-dimensional (3D) imaging techniques for
optimal implant placement [1-3]. Cross-sectional information can be acquired with conventional medical computed
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tomography (CT) [4]. Despite the usefulness of medical CT in implant imaging [7-9], the high cost, limited availability, and
relatively high radiation exposure make its routine use impractical [5-9]. Cone Beam Computed Tomography (CBCT) is a
relatively newer 3D imaging modality specifically designed for oral and maxillofacial regions [9-11]. Unlike
two-dimensional (2D) conventional radiographs, images obtained from CBCT scans are free of geometric distortion and
superimposition [12, 13]. Previous studies have established both the accuracy of linear measurements on 3D surfacerendered images and 2D tomographic slices generated from CBCT data [5, 19-21] as well as the utility in determining
available bone height and width before implant selection [14-17].
Once volumetric data are acquired from a CBCT machine, all slices are reconstructed and are presented to the clinician in
three orthogonal planes (axial, sagittal and coronal) for viewing. The clinician has the ability to reorient the whole captured
data set [18, 19]. In this manner, patients’ anatomic features can be realigned.
Reorientation of the whole data influences the constructed and reformatted panoramic view, and the various cross sections
displayed. Though some clinicians and radiologists reorient the data for assessing bone height and width for implant
purposes, the question persists “does orientation of the volume affect calculation of the implant dimensions that are chosen
for the site?” Although the impact of CBCT imaging in preoperative implant planning has previously been investigated [11, 17, 20-29], the impact of reorientation of data on assessment of implant height and width measurement has not yet
been explored. Since data reorientation influences the constructed reformatted panoramic view and various cross-sectional
views displayed, this study was undertaken to explore if differences exist in the assessment of implant height and width
measurement when the whole data is reoriented from the conventional manufacturers setting to aligned protocol settings in
order to map the reformatted panoramic and cross-sectional views. The objective was to compare the accuracy of different
multi-projection reconstructions (MPRs) in determining implant sizes in clinical practices. It was hypothesized that
geometrical distortions caused by a specific multiplanar reconstruction (MPR) affect all visualized structures (bone, teeth,
soft tissues) and therefore, could impact the measurements of osseous dimensions at the time of implant treatment
planning. It was hypothesized that aligned protocol settings for the region of interest would give more accurate
measurements than the standard manufacturer’s protocol.

2 Material and methods
Seventeen subjects (9 males and 8 females, 35-50 years old) who wanted to have implants placed in right or left or both the
maxillary canine sites, were selected for this study. Total of thirty-one implants were placed in these patients and high
resolution CBCT scans of the implant sites were obtained. These scans were acquired as part of a clinical study on implant
loading conducted by the Graduate Periodontics Department at the UMKC School of Dentistry with approval from the
UMKC Adult Health Science’s IRB. The scans were done using an I-CAT machine (Imaging Sciences International,
Hatfield, PA) at120 kVp, 3 mA, and 0.20mm voxel size. Four implant sites showed metal artifacts on the scans, therefore,
those were discarded. CBCT scans on remaining twenty-seven implant sites comprised a convenience sample for this
study.
All CBCT scans were taken using the standard manufacturer I-CAT protocol. Once the high resolution scan of the patient
was completed, the primary reconstruction started automatically by the software. The main display appeared on the screen
showing axial, coronal and sagittal views of the skull through midline; the screen was referred as MPR (multi-projection
reconstruction). Using this MPR data, a standard and an aligned protocol was performed as described below using the
I-CAT native software.

2.1 Standard viewing protocol
The original orientation of the patient was maintained on the MPR display as shown in Figure 1. The slice in the axial view
where the coronal third of roots for most of the teeth were visible was selected for mapping the occlusal arch to reconstruct
the panoramic view. The occlusal arch was mapped by pointing, clicking and dragging the mouse around the arch in the
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axial view. The location of the implant at the two proximal ends of the implant was mapped through this method (see
Figure 2). The slice that represented the mid-tomographic slice of the implant and gave the closest representation of the
implants diameter and positioning relative to buccal and palatal buccal cortical plates was selected and saved as “single
projection” in tagged image file format (TIFF, Adobe Systems Inc., 345 Park Ave., San Jose, CA 95110) for subsequent
measurements using a specific imaging software program (Adobe Photoshop CS2).

Figure 1. Comparison of standard and aligned (perpendicular XYZ) orientation protocol. For standard protocol, the
original orientation of the implant maintained in the axial, sagittal and coronal views and implant was mapped in the
occlusal arch to reconstruct panoramic view and cross-sectional views. For aligned (perpendicular XYZ) protocol, implant
was located in the axial view, reoriented parallel to mid-sagittal axis in sagittal and coronal views and then mapped in
occlusal arch to generate panoramic view and cross-sectional views.

Figure 2. Mapping of occlusal arch in axial view
to generate and select the mid tomographic slice
for standard protocol

2.2 Aligned protocol (Perpendicular XYZ Protocol)
For the perpendicular XYZ protocol or aligned protocol setting, the implant was located on the axial view. In the sagittal
view, the volumetric data were reoriented until the implant was parallel to the mid-sagittal axis. Next, the coronal view was
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adjusted to orient the implant parallel to the mid-sagittal axis. Visualized in MPR view, the image was then lined up with
the visible dot representing the internal void of implant fixture parallel to mid-sagittal plane. The whole volumetric data
was thus reoriented to the XYZ axis. The occlusal arch was then mapped by drawing an arch line bisecting the internal
void (see Figure 1). Reformatted panoramic and cross-sectional views of the implant were also created. The midtomographic slice identified by the internal void was selected and saved as a TIFF file for subsequent measurements using
a specific imaging software program (Adobe Photoshop CS2) (see Figure 3).

Figure 3. Mapping of occlusal arch in axial
view to generate and select the mid tomographic slice for aligned protocol

Since the saved TIFF file of mid tomographic slice was very small in size, each image was magnified 200 times to improve
accuracy of measurement. The calibration tool provided in Adobe Photoshop was used to set each image size to 73.49mm
in width and 66.04mm in height with resolution of 300 pixels/inch. The numeric grid captured from the I-Cat native
software along with every cross-sectional image was matched with Adobe Photoshop measuring tool to assure proper
distance measurement for each calibrated image. The I-Cat native software was not used for the measurement purposes
due to concerns with reproducibility of measurement. Additionally, this method provided the opportunity to have raters
measure images in a randomized order.
To assess inter- and intra- rater reliability, the two board-certified and calibrated oral maxillofacial radiologists
independently obtained length and width measurements on each implant image. Two weeks later, the same examiners
viewed scans collaboratively and obtained single, agreed upon length and width measurement for each implant. Intra-rater
agreement was obtained between the initial independently obtained measure and the agreed upon measures two weeks
later. Inter-rater reliability was obtained between the two initial, independently obtained measures.
Implant lengths were measured in millimeters (mm) from the reverse platform (e.g., the notch) to the apex of the implant.
Implant width was measured in mm between mesial and distal notches (defining the reverse platform) located at the outer
edges of the implant. The difference in implant length and width measurements obtained from each of the two orientations
methods (Standard and Aligned) were then computed by subtracting the actual implant length and width dimensions from
the obtained measures, respectively. Statistical analyses were conducted to determine if the error measurements in length
and width for the two orientation protocols were different using paired t-tests. To explore the accuracy of measurements
between actual implant dimensions and measures obtained under the two imaging orientation methods, measurement
differences (in mm) of twenty-seven implants were dichotomized into four “accuracy” categories: Absolute (< 0.01);
Relative A (+0.20); Relative B (+0.25 mm); and Relative C (+0.50 mm). The frequency of implants (the number of
implants out of twenty-seven implants) in each “accuracy” category was compared using a one-tailed McNemar’s Change
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Test. As this was an exploratory attempt to capture differences in accuracy of imaging modalities on a relatively small
sample of subjects with pre-existing CBCT images we were only interested in whether the aligned protocol was more
accurate than the standard protocol; therefore utilized a one-tailed test. Additionally, as type II error was a greater concern
than type I error in the statistical analysis the decision was made, a priori, to use a critical value of alpha of 0.05 for each
statistical comparison rather than use a Bonferroni approach which would greatly reduce power. McNemar’s Change Test
was used as it assumes a lack of independence among measures.

3 Results
Intraclass correlation coefficients (ICC) were computed to assess reliability for width and length measurements. ICC ratios
for the two examiners ranged from 0.986 to 0.993 and 0.825 to 0.904 respectively. For inter-rater reliability of width and
length measures, ICC’s were ranged from 0.83 to 0.99, respectively.
The range of differences from actual measurement for implants of various dimensions for both the standard and aligned
protocols are shown in Table 1. The mean (SD) and median (IQ) errors for the two orientation techniques for length and
width are displayed in Table 2. Difference in mean error from gold standard for the two orientation techniques were not
statistically different for implant length (t = -.049, p = .961) nor width (t = -.037, p = .971). The average mean (S.D.) error
for length for standard and aligned protocols were 0.60 (1.04) and 0.64 (1.08) mms, respectively. A similar trend in mean
error was observed for width measures; however, variance estimates for aligned were somewhat smaller than that observed
for standard (0.34 versus 0.59) respectively.
Table 1. Showing actual length and width of implants and the range of differences from actual measurement for both the
standard and aligned protocols
Actual Width / Length

No. of Implants

Width /
5mm /
3.5mm /
5mm /
3.5mm /
4.0mm /
4.5mm /
5mm /
4mm /

4
3
6
1
3
3
4
3

Length
11mm
13mm
13mm
15mm
15mm
15mm
15mm
17mm

Range of difference from actual measurement as function of implant size
Standard Protocol
Aligned Protocol
Width (mm)
Length (mm)
Width (mm)
Length (mm)
-0.20 to 0.10
0.50 to 0.90
-0.60 to 0.10
0.10 to 1.0
-0.60 to -0.40
-0.10 to 0.30
-0.40 to 0.90
0.10 to 0.40
-0.40 to 0.90
-1.90 to 1.20
-0.50 to 0.30
-1.80 to 0.40
-0.80
0.40
-0.50
0.10
-1.70 to 0.10
0.50 to 0.90
-1.0 to 0.10
0.30 to 0.60
-1.30 to -0.80
-0.40 to 3.0
-1.0 to 0.10
0.20 to 3.80
-0.30 to 0.30
0.80 to 4.0
-0.20 to 0
0.60 to 3.90
-0.40 to 0.10
0.30 to 0.70
-0.30 to 0.10
0.40 to 0.80

Table 2. Descriptive statistics for errors in implant length and width measures obtained by standard and aligned
orientation protocols
Item
Standard Protocol
Length
Width
Aligned Protocol
Length
Width

Mean Error (SD)

Median (IQ)

Range of Errors

0.60 (1.04)
-0.23 (0.59)

0.60 (0.20, 0.80)
-0.20 (-0.60, 0.10)

-1.9 to 4.0
-1.7 to 0.9

0.64 (1.08)
-0.23 (0.34)

0.40 (0.20, 0.80)
-0.20 (-0.40, 0)

-1.8 to 3.9
-1.0 to 0.3

When measurements of twenty-seven implants were categorized into categories using the pre-established standards of
absolute agreement, +0.20mm, +0.25mm, and +0.50mm (see Table 3) a slightly different pattern emerged. With the
exception of absolute accuracy for length, results showed the aligned protocol orientation method produced a higher
proportion of implants in each acceptability category compared to standard orientation. Exact reproduction of implant
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width dimensions and accuracy within the + 0.20 mm range were statistically greater for the aligned protocol orientation
compared to standard orientation. Twenty-three percent of width measurements (6 of 26) were exactly replicated by
examiners using the aligned protocol orientation compared to 0% for standard protocol (p = 0.031). For accuracy within
the range of +0.20mm, 34.6% of XYZ width measurements were determined to be accurate compared to 15.4% with
standard. The trend for aligned protocol having a larger proportion of accurate width measurements in the +0.25 and +0.50
categories compared to standard persisted; however, these differences were not statistically significant.
Table 3. Percent agreement with actual length and width implant measurements using four standards for error
acceptability
Measurements

Exact N (%)

Within + 0.20N (%)

Within +0.25 N (%)

Within +0.50 N (%)

Implant Length
Standard
Aligned

2 (7.6%)
1 (3.8%)

5 (19.2%)
7 (26.9%)

5 (19.2%)
7 (26.9%)

12 (46.2%)
15 (57.7%)

Implant Width
Standard
Aligned

0 (0%)
6 (23.1%)*

4 (15.4%)
9 (34.6%) **

11 (42.3%)
15 (57.7%)

17 (65.4%)
22 (84.6%)

*Statistically significant (p=.031); ** Statistically significant (p =.062); N= number of implants out of twenty-seven implants in each “accuracy” category

4 Discussion
The results partially confirmed our hypothesis that the reorientation of data would produce more accurate measurements of
implant dimensions than the standard orientation. To our knowledge, this is the first study to report on using high
resolution CBCT images to observe the amount of error in implant length and width measurements for the two different
orientations protocols. Results showed that the standard protocol, irrespective of operational definition (absolute, +0.20,
+0.25, and +0.50) produced less accurate width and length dimensions than the reoriented images. While length
measurements were slightly less accurate than width measurements, they were slightly better than those obtained using the
standard protocol although the differences were not significant.
A possible explanation for these differences could be related to basic cone beam volume reconstruction and image
formation as well as the shape of the implant. Cone beam volume is captured during a circular scan of the subject that
enables reconstruction of the data using a Feldkamp-based cone beam reconstruction algorithm [30-32]. CBCT volume is
composed of voxels, which are purported to be isometrically proportioned [18, 19] in the reconstructed CBCT scan volume;
however, data remain to be subjectively reoriented in MPR view of the subject. Although no specific research has detailed
distortion of reformatted images of CBCT and accuracy of measurements, it is possible that geometric distortion can occur
when arbitrary planes are used to view the isotropic voxels of a volumetric scan. When the manufacturer’s software
reformats acquired voxel data into a new projection, the voxels are reprojected into the same size output data grid. The
smallest dimension that can be used in the original voxel data and a rigidly reformatted image (without sub sampling
methods) is indeed the dimension of the isotropic voxel. While it is possible to calculate distances based upon edge lengths
of the acquired isotropic voxels, this may be masked by the effects of the reformatting algorithms used in forming the
projection images of the implants. With the axial, coronal and sagittal reformatting angles, it is possible (in principle) to
pre-calculate the distances in the reformatted images. However, the uncertainty of distance measurements in each
reprojected direction depends on the reformatting algorithms used in the manufacturer-supplied reprojection software
which is generally not known to the clinician.
In addition, the cylindrical shape of implant is another factor that could influence length and width measurements. Any
change in anterior-posterior and frontal/coronal axis of the implant image could affect its reformatted long axis, creating a
longer image. In contrast, the circular diameter of the implant remains unaffected by this reformatting.
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Use of the aligned protocol could positively impact clinical decisions regarding implant diameter selection, since it is
crucial to have a minimum of 2.0 mm of bone apical and proximal to the implant and critical anatomic structures [33]. Also,
assessment of long term osseous changes that may indicate success or failure of implant may be more accurately evaluated
using this reorientation protocol. Clearly longitudinal studies are needed to validate whether this protocol would improve
diagnostic accuracy of implant success or failure.
An important drawback in this study is that only one CBCT unit has been employed with specific beam energy and field of
view (FoV) - voxel size settings. Different CBCT systems could have different measurement results because of differences
in detector type, scanning and reconstruction parameters and artifact levels. A large FoV may provide less accurate
reconstructions than a smaller FoV because of the greater beam angulation in the superior and inferior volume area, and
reduced contrast to noise ratio. The FoVs in this study had specific voxel sizes, which were not adjustable. Thus it was
difficult to evaluate the influence of this parameter individually. Also, the voxel size itself has an important influence on
the noise in the orthogonal slices: the smaller the voxel size, the greater the noise, but the better the spatial resolution. It is
therefore crucial in the future studies to investigate all parameters and their influence on the reconstruction accuracy [34-37].
Other factors that lead to potential measurement errors are streak and star artifacts in the reconstructed CT/ CBCT images
from metal implants [38-40]. In our sample, the images were prescreened to include scans which did not demonstrate large
metal artifacts. Only two observers were used in the study. Impact of increasing the number of observers on accuracy of
results can be investigated in future studies.

5 Conclusions
While many experts using implant planning software might reorient all reconstructions perpendicular to the implant, this
study provides evidence that perpendicular orientation to the region of interest provides more accurate width
measurements and therefore, could be used effectively for determining implant sizes in clinical practices. The
reproducibility of aligned protocol and its advantage in assessing long-term pathological bone lesions and bisphosphonate
related lesions using a radiographic marker could be explored in future studies.
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