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ABSTRACT 
Objectives Analyze the errors in the process of inspection and measurement of submilimetric osseous 

thickness. Methods The reliability from independent and predetermined participation of seven trained 

operators were tested. iCAT
®

 computed tomography, with the parameters: 120KVp, 37.7 mA and 26.9s, 

FOV of 13 cm, 512x512 pixel matrix and 0.25 mm voxel size was used with an specific AutoCAD
®

 operating 

method. Variance Components Analysis (VCA) was used to assess variation patterns among hierarchically 

related groups. Values of p<0,05 indicated statistical significance. Results Repetitiveness Condition 

(internal reliability): only 0.24% of the total maxillary variability and 0.53% of the total mandibular 

variability were attributable to a single operator. Intermediate Precision Condition (external initial 

reliability): only 1.52% of the total mandibular variability and 0.25% of the total maxillary variability were 

attributable to several operators. Conclusions The method proved to be sufficiently reliable for the quality 

of measurements determined in this experiment. 

 
Keywords: CBCT; bone thickness; orthodontic diagnosis; periodontology; computed tomographic; 
osteometry 
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RELIABILITY OF A NEW TOMOGRAPHIC METHOD FOR VISUALIZING, RECORDING AND 
MEASURING ALVEOLAR BONE THICKNESS FROM CBCT CROSS-SECTIONAL SLICES 
AND WITH AN AUTOCAD® OPERATING  SYSTEM 

 
Currently, one of the principal complementary assessment ways and analysis of alveolar bone 

conditions depends on the selection of appropriate cone-beam computerized tomographic (CBCT) features 
(Baumgaertel, 2011; Chilvarquer, Hayek & Azevedo, 2008; Shiratori, Marotti, Chilvarquer, Contin & 
Tortamano-Neto, 2011, Suomalainen, Salo, Robinson & Peltola, 2007; Swasty, Lee, Huang, Maki, Gansky 
& Hatcher, 2011; Timock, Cook, McDonald, Leo & Crowe, 2011; Tsutsumi, Chikui, Okamura &Yoshiura, 
2011). Nevertheless, the experience of the operator (Ballrick, Palomo & Ruch, 2008; Hulley, Cummings & 
Browner, 2008), the method of recording the tomographic measurement (Baumgaertel, 2011; Honda, Arai, 
Takano, Sawada, Egima & Iwai, 2004; Kajan & Taromsari, 2012; Kamburoglu, Killiç, Ozen & Horasan, 
2010; Kapila, Conley &Harrel, 2011; Özer, 2011; Sherrard, Rossouw, Benson, Carrilho & Buschang, 2010; 
Sun, Smith, Kortam, Kim, Tee & Fieldse, 2011; Timock et al., 2011) and, essentially, the final metrological 
reliability, documented and associated with the method of recording and measuring used, considering 
primarily the amount of sub-millimetric resolution, are factors which can determine very meaningful 
participation regarding random (probabilistic) error. Thus, depending on the interval of variation, could 
influence the value of interpretation and application of the measurements obtained (INMETRO/Brazil, 2009; 
Vuolo, 1996). 

Descriptive and analytical studies have been presented in order to supply information about the mode 
by which the combination of tomography, software, methods, purposes, and also the human participation in 
the process, determine the final quality of the results (Mileman & Hout, 2009; Sherrard et al., 2010; 
Shiratori et al., 2011; Suomalainen et al., 2007; Swasty et al., 2011; Timock et al., 2011). Nevertheless, 
many undesirable methodological conditions have also been recorded (Leung, Palomo, Griffith & Hansd, 
2010; Nowzari, Molayem, Chiu & Rich, 2010). Recent studies provide information that the specific quality 
of the operationalization of the software, as well as types of participation of the operators, present the 
greatest challenges to the standardization and methodological control of design in scientific research. 

Therefore, this study intends to present justifications, tested according to metrological protocols, 
previously defined, delineated and tested experimentally, for the use of a new tomographic method for 
visualizing, recording, and measuring the thicknesses of alveolar bones from the use of the computational 
features of an independent software. 

 
MATERIAL AND METHODS 
 
Using one tomographic record, cone-beam (CBCT) system of one individual (volunteer).  
The following inclusion criteria were established: complete permanent teeth; age between 18 and 45 

years; and occlusion, whether treated orthodontically or not, considered clinically satisfactory (according to 
the morphological criteria for evaluation). Criteria for exclusion included: presence of periodontal disease 
and/or history of this condition, independent of the type; history of recent hormonal disturbance; special 
needs associated with restrictions for receiving the dose of ionizing radiation indicated for the experiment; 
presence of extensive metallic restorations in the areas of the intended trans-axial slices. The volunteer 
selected to participate in this study, or C.A.P. (female, 29 years 07 months), met the requirements and was 
instructed regarding general and specific conditions associated with her participation in the experiment; and, 
the research was approved by the opinion of the Committee for Ethics in Research (doc. # 102/11 CAAE 
0120.0.017.000-11). 
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Participants 
For the Intermediate Precision Condition tests (inter-operator variation), in addition to the principal 

operator of the study, referred to as Operator Zero (main operator - Op.0), there were six external 
operators/examiners selected (Op.1, Op.2, Op.3,...Op.6) who were selected systematically and instructed 
properly to meet the requirements of the experiment. In addition to the operators having specialized training 
in Orthodontics, and being accustomed (without specific indications) to the computational requirements 
necessary for the operationalization of volumetric tomography, there were no other demands for prior, 
specific technical abilities associated with the relevant tomographic modality (CBCT), or even with the 
computational program selected for the purposes of the experiment. Of the six participants, five hold 
Masters degrees in Dentistry – Orthodontics, all were also specialized in Orthodontics, and one holds a 
doctorate in Oral Diagnosis, specialized in Dental Radiology, who was responsible for the operationalization 
of all tomographic slices and adjustments. 

 
MATERIAL 
In order to obtain volumetric tomographic records (CBCT), the following materials were used: iCAT®

 

Cone Beam 3D iS (Imaging Sciences International, Hatfield, Pasadena, E.U.A.) tomograph, with flat panel 
detection panel, 14-bit gray-scale, iCAT®

workstation: a) CPU (Intel
®

 Core 2 Duo Processor, 2.13 GHz and 
3.25 GB RAM memory); b) 24-inch flat screen monitor (Dell); and c) computer programs: iCAT

®
 

Calibration Software / Imaging Sciences International, iCAT
®

 Vision (version 2001-2008) and iCAT
®

Xoran 

(version 3.1.62). Computer program to access and adjust images – PS - Adobe
®

 Photoshop
®

 CS5 Extended 
(12.1x64/Adobe Systems Incorporated, version 1990-2011). Computer program for the development and 
application of the measurement method – AutoCAD

®
 Autodesk, versions E.49.H.62 - 2011 for Mac, and 

2010, for PC. Personal computer brand: Macintosh
®, series n°: C02G53QKDJWV, model MacBookAir; 

Mac OS® X Lion, version 10.7.2 (11C74); processor: 1.7 GHz Intel
®

 Core i5, 256 GB hard disk / 1333 MHz 
DDR3; RAM memory: 4 GB, Intel HD Graphics 3000-384 MB; 13-inch LCD matte / color Monitor with 
1440x900 resolution / 32-bit color pixel depth (ARGB8888), series n˚: C02G53QKDJWV. USB Wireless 

Optical Mouse 4000 D5d-00003 – Microsoft
®. Mouse Pad for optical mouse (brand: Clone®; diameter: 

180mm; made of thermoplastic film). 
 
METHOD 
Phase I  Obtaining the tomographic slices. Calibration – Calibration of the tomograph was done 

immediately before recording any images in order to adjust the air temperature in front of the flat panel 
detector. The calibration was accomplished by the operational sequence determined by the calibration 
computer program: iCAT®

 Calibration Software (Imaging Sciences International). Aquisition – based on 
the automatic sequence determined by the computer program iCAT

®
 Vision (version 2001-2008) and 

according to acquisition protocol described below, all images were obtained, inspected, adjusted and 
recorded from the workstation of the same tomographic equipment (iCAT®). The dose of ionizing radiation 
received by the patient ranged between 50 and 130 µSv. The exposure parameters used were: 120KVp, 
37.7mA, 26.9s, with 13cm cylindrical field-of-view (FOV), 14-bit gray-scale, 512x512 pixel matrix and 
0.25mm voxel resolution (volume element). A total of 512 raw data were generated from a single 360˚ 
rotation. Once the area of interest was defined, the final, definitive scan (acquisition) was performed. 
Operationalization of the tomographic record: The final visualization, recordings and necessary 
adjustments were performed by the image-management program, iCAT®

Xoran. Next, the Xoran files were 
imported into the iCAT®

Xoran program where the volumetric construction was then performed 
automatically. The tomographic slices were 1mm thick, as was the interval space between them, according 
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to maximum limit of precision of the device for the field of vision (FOV) and voxels used. The slices were 
kept in 1:1 proportion (exactitude/accuracy). The sharpen mild image filter was applied to maintain the 
normal preliminary image evaluation protocol. At this time, a (preliminary) arc reference line was 
established and drawn on the image of the maxillary and mandibular areas of occlusion of the axial slice, to 
obtain the definitive trans-axial (oblique) slices for carrying out the experiment of measuring alveolar bone 
thickness. Measurement Locations: the sectors of interest for indirect measurement (tomographic) of 
alveolar, cortical and trabecular bone thicknesses were those relative to the first molars, canines and central 
incisors of both arches, maxillary and mandibular. Therefore, the tomographic slices subjected to analysis 
were all selected from the maxilla from quadrants 1 (teeth 1, 3 and 6to 2 (teeth 1, 3 and 6); as well as the 
mandible, from quadrants 3 (teeth 1, 3 and 6) to 4 (teeth 1, 3 and 6). This pre-selection of locations was due 
to the perception that, from the occlusal view (axial), these would be some of the critical areas for 
subsequent orthodontic evaluation when considering the need for defining the sizes and shapes of the most 
therapeutically appropriate orthodontic arch in each case, observed in its morphogenetic uniqueness. So, 
twelve locations, six maxillary and six mandibular were then qualitatively defined for trans-axial (oblique) 
tomographic slices in such a way that they could serve as subsequent verification and confirmation of the 
criteria/pattern for the two arches. Trans-axial (oblique) slice: To obtain an image pattern that was 
proportional to the location of the most central (mesial-distal direction) tomographic slice possible in 
relation to the target teeth, thereby obtaining a reference measure intentionally proportional in terms of 
tendency to the dental proximity (root) of the external alveolar bone limits (lateral) of each arch, in every 
one of the selected teeth. This is with the exception of the molars, where trans-axial tomographic slices were 
obtained corresponding to the vestibular-lingual dental dimensions defined from the mesial root (lateral 
reference: mesio-vestibular cusp). The trans-axial (oblique) images, unlike the axial images, show the 
patterns of vertical continuity of the alveolar, vestibular and palatal/lingual bone thicknesses in the same 
slice or view. This can eventually be used as an operational reference location for some repairs difficult to 
inspect, whether due to conditions unique to the individual local anatomic variation, or to limitations 
associated with the knowledge and ability of the operator, or also due to technical limitations of the 
equipment itself, or even to a combination of these factors. This possibility favors the standardization of 
inspection, and minimizes possible biases. Files: After selecting and obtaining the records, they were 
exported (JPEG format) to a unique file-folder (external to the Xoran

® program). Next, with the help of the 
Adobe Photoshop

®
 (PS) program, they were converted into image files with resolutions of 300 and 600 dpi, 

maintaining the original scale, which were first tested for subjective quality of the pattern of detail without 
magnification or even filter adjustments and post-processing contrast. The final resolution of 600 dpi was 
then confirmed by conducting tests associated with the proposed methodology, as it presented better 
definition of the detail. The average final size of each file generated was approximately 6MB. Also, with the 
help of Adobe Photoshop

®
 PS, conversion of units from inches (in) to millimeters (mm) was done regarding 

the original dimensions for each one of the twelve images of trans-axial slices. This action was necessary 
due to the need to compare the values of the SI units. All original tomographic sequences were produced and 
operationalized with direct technical and operational assistance of an operator holding a Doctor Degree of 
Oral Diagnosis. 

Phase II. AutoCAD®Programand SOP. Based on a proper sequence, described, justified and associated 
with the steps constituting a Standard Operating Procedure (SOP) for the proposed computational conduct 
of this experiment and with the help of the AutoCAD® program, the following were obtained: Standard 

Configuration: From the decision to operationalize the images with the computational features of the 
AutoCAD® program (Phase II), it became necessary to define the specific operational sequence which could 
guarantee the maintenance of both the established dimensional attributes of the images (guarantee the 
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maintenance of the original scale with respect to the dimensions) as well as the original characteristics of the 
images (guarantee the original / primary spatial resolution). The adjustments were all of a simple and 
intuitive nature, once defined, remained stable during and after the tests. The measurement scale was preset 
and adjusted automatically using the optional and automatic standard configuration of the AutoCAD® 
software. The standard precision of measurement was adjusted to millimeters, in a specific window of the 
AutoCAD® program. The cross-sectional images, which were previously saved with the JPEG extension and 
automatically converted from their original scales remained in folders outside the AutoCAD® program. This 
action would ensure that the images were imported (raster image), in millimeters, with their original 
standards. These images, once imported into AutoCAD®, were compared qualitatively (main operator – 
Op.0) to those in the original JPEG files. Then, maintenance of quality in terms of visualization, including 
follow-up, random testing of magnification (zoom), could be confirmed. This way, and at least for 
conventional optical ability, there was no damage associated with the use of the JPEG images in the 
AutoCAD® program. Also, a complementary test was performed by the same operator to confirm the 
original accuracy of the tomographic images after transfer to AutoCAD®. This test of equivalency was based 
on the comparison (linear, in millimeter scale, with precision to one-hundredth of a millimeter) between the 
original tomographic amounts, from the definitive record (“native tomographic reference ruler”) and the 
amounts marked by test-lines (AutoCAD®), constructed from prior magnifications of the images (standard 
zoomat 0.70). Considering the technical specifications of the AutoCAD® program, the magnifications on the 
screen did not interfere with the configured dimensional scale (Autodesk®, 2009). The decision for 
magnification (approximation/zoom) at 0.70 was due to the (expected) need to amplify the images, in order 
to make the measurements, inasmuch as zoom was greater than others used by the operators during testing in 
order to create visual (test) conditions supposedly more extreme. It was intended to show the dimensional 
error, eventually associated with the limits of the quality of visualization, from pre-established 
magnifications. The test-lines (AutoCAD®) were all done over one of the available trans-axial images 
(slices), which was selected randomly. The measurements were made at two intervals of one week, two 
measurements during each session, in different areas of the “tomographic ruler” of that particular location 
(of the same image); and, they were made by the main operator (Op.0) at the start of the study using the 
AutoCAD® program. This preliminary analysis indicates that the errors associated with the magnification 
mode (zoom), described in this experiment, were technically negligible. Magnification (zoom). The 
magnification of the work screen represents one of the most important features for obtaining tomographic 
information, qualitative as well as quantitative, considering that the use of magnified images can both 
promote the inspection of references previously undetected as well as, if excessive, damage them due to the 
progressive technical failure to maintain the quality of the original resolution of the image. Therefore, in 
order to promote the Standard Operating Procedure (SOP) of this experiment, four pre-established modes 
of programmed, local magnification (zoom) were defined (AutoCAD®

zoom modes: 0.23 / 0.30 / 0.70 / 
1.30).Computed tomography-generated template for osseous inspection, demarcation and measuring 
(CTT/OIDM). An auxiliary geometric computational model (CTT/OIDM) (figure 03) was developed 
especially to serve as a local and objective geometric reference during the conduct of the experiment for 
recording (inspection and identification) and, consequently, for the suggested measurement of the alveolar 
bone thicknesses. Anatomic Points (figure 01): The points selected were: vestibular cementum-enamel 

junction (CEJ-v); lingual cementum-enamel junction (CEJ-l); apical limit (AL). In the special case of two or 
more root images appearing, in situations of sharp vestibular-lingual divergence, it is suggested that a 
“geometric AL point” (GAL) be identified (figure 02), corresponding to the local mean for inspection 
obtained among the divergent roots, such that the CTT/OIDM references may be obtained in a more an 
atomically proportional way. 
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Figure 01 
 
 
 
 

 
 
 
 
 

 
 
 
Figure 02 

 
Levels of evaluation. Due to the fact that there naturally exist different dental conditions (anatomical) 

relative to the type, position, and also the number of variables of surrounding bone, it was decided to define 
a proportional standard for the amount (levels) of evaluations of alveolar bone thicknesses (CTT/OIDM). 
Thus, if the tooth were short, the orthogonal reference lines of the evaluated thickness levels would also be 
automatically adjusted in proportion. Three levels of evaluation were defined, that is, three geometrically 
pre-defined qualities of alveolar bone thicknesses which eventually link the two faces, vestibular and 
lingual/palatal, of every tooth considered, whether maxillary or mandibular, in a single, fixed direction of 
evaluation, thus generating the following references (figure 03).  
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was always initiated by the main operator (Op.0), who was responsible for defining the automation steps in 
the process; b) Free Action: from this step on, the participant was allowed to act freely in order to execute 
and qualify the inspection process, gaining complete control of cursor movement in all directions on the 
work screen. The aim was for the participant to use the cursor both as a resource to assist during the 
inspection of the demarcation points as well as to get hands-on knowledge regarding the mouse sensitivity; 
and, how to apply the fine movement to the definitive location of the demarcation point, identifying each 
required point with a single click of the left mouse button. Operators used only the vertical direction of 
inspection, occasionally and preliminarily to the final demarcation (tomographic identification) of points 
along the three vertical evaluation lines, when there was a need (circumstantial) to evaluate the quality of the 
longitudinal regularity of the tomographic outlines (anatomic) of the tissues being evaluated. This was 
regarded as an intuitive and helpful resource for finding the correct locations of the horizontal points of 
interest, which delimit the bone distances or thicknesses analyzed. This can be recognized as one of the 
advantages of having selected trans-axial images, in view of the difficulty of identifying the boundaries 
between the tissues evaluated. Measurement. In the layer named quotas, and with on-screen magnification 
set at 1.30, the participant operators measured the distances between the demarcated points, The 0.70 
magnification was used for preliminary verification of the quality of automatic recognition using the 
AutoSnap

® function. The dimension aligned function (in home – annotation – aligned) was selected in order 
to measure with freedom of control (non-orthogonal), since this function is able freely to determine the 
linear measure between two marked points (command dimaligned�  orhome – annotation - aligned). All 
measurements were automatically (computational precision at one-hundredth of a millimeter) recorded by 
the main operator (Op.0); and, all the geometric references necessary for the fulfillment of the precision of 
the action of the AutoSnap

® feature were checked, as described earlier, regarding their quality before the 
respective linear measures of alveolar bone thickness were definitively and finally recorded. 

 
 
 
 
 
 
 
 

Figure 04  
 
 
 
 
 
 
 
 
Figure 05 
 

Results 
The measured values were entered into Excel

® spreadsheets, and the rounding rule was applied for the 
significant digits. The Variance Component Model was used to evaluate the error associated with the 
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proposed method. Sources of variation (factors) were considered to be: measures carried out by the same 
operator or by different operators, the face (vestibular or lingual/palatal) used, the locations (three levels of 
alveolar bone thickness) on each of the faces, and the different teeth included in the study. This analysis was 
carried out separately for the mandible and maxilla. The data were also analyzed in an Excel

® spreadsheet 
(Microsoft®), and values of p<0.05 indicated statistical significance. The statistical method used, one of the 
ways of analyzing variances with intraclass correlation coefficients (ICC) of several associated groups, 
determines an estimate of variability of the measurements, taking into consideration the repetition of 
measurements by the operators. Thus, this general measure of reliability among repetitions by the same 
operator with standard repetition intervals, and of several operators (seven) considering a continuous 
variable and represented here by the linear distance between tomographic points (millimeter scale), was 
estimated in a general way using this specific method of measurement. Repeatability of Measurements 
and Repetitiveness Condition (INMETRO/Brazil, 2009). In order to evaluate the repetitiveness of 
measures of distances in the different teeth, and sites related to them, three measurements were performed 
by the same operator (Op.0). These evaluations were made in six mandibular teeth and six maxillary teeth. 
Following are the results of the statistical analysis. Mandible. Table 01 shows the results of means and 
standard deviations of the three repetitions for the three levels of alveolar, vestibular and lingual bone 
thickness, and for each of the mandibular teeth. The means for the measurements obtained for each face 
(vestibular and lingual) and for each tooth are also shown. 
 
Table 01 

Tooth Face Level 
Meanof 3 
measurements 

SD of 3 
measurements 

B/L Mean Tooth’smean 

31 Buccal V1 0,076 0,132  
 

 
 V2 0,110 0,191  

 
 

 V3 0,332 0,062 0,173 
 

 
Lingual L1 0,191 0,167  

 
 

 L2 0,352 0,060  
 

 
 L3 0,387 0,046 0,310 0,241 

33 Buccal V1 0,000 0,000  
 

 
 V2 0,000 0,000  

 
 

 V3 0,537 0,037 0,179 
 

 
Lingual L1 1,151 0,010  

 
 

 L2 1,212 0,086  
 

 
 L3 1,198 0,061 1,187 0,683 

36 Buccal V1 0,329 0,065  
 

 
 V2 0,610 0,092  

 
 

 V3 1,405 0,024 0,782 
 

 
Lingual L1 1,961 0,035  

 
 

 L2 3,099 0,047  
 

 
 L3 3,660 0,097 2,907 1,844 

41 Buccal V1 0,065 0,112  
 

 
 V2 0,062 0,107  

 
 

 V3 0,334 0,048 0,154 
 

 
Lingual L1 0,384 0,090  

 
 

 L2 0,339 0,098  
 

 
 L3 0,435 0,090 0,386 0,270 

43 Buccal V1 0,000 0,000  
 

 
 V2 0,000 0,000  

 
 

 V3 0,720 0,123 0,240 
 

 
Lingual L1 0,618 0,063  

 
 

 L2 0,444 0,051  
 

 
 L3 0,492 0,088 0,518 0,379 
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46 Buccal V1 0,597 0,154  
 

 
 V2 0,471 0,125  

 
 

 V3 0,797 0,078 0,621 
 

 
Lingual L1 2,540 0,088  

 
 

 L2 3,643 0,088  
 

 
 L3 5,086 0,150 3,756 2,189 

 
Initially, the null hypothesis (H0) of equal means was tested for the six teeth, versus the alternative 

hypothesis (H1) of at least one tooth with a mean different from the others. The statistical test result led to 
the non-rejection of the null hypothesis (p=0.430), indicating no significant difference among the teeth 
regarding this measurement. The null hypothesis (H0) of equal means was also tested for the two faces 
(vestibular and lingual), versus the alternative hypothesis (H1) of unequal means. The statistical test result 
led to the rejection of the nullhypothesis (p<0,001), indicating a significant difference between the faces 
regarding this measure. In order to evaluate the factors that influence the measurements, the sources of 
variation regarding the teeth (1, 3 and 6), the face of the local bone of the vestibular and lingual (V and L) 
measurements, the level of evaluation of alveolar bone thickness (1- Cervical, 2-Intermediate and 3-Apical), 
as well as the operator (Op.0) were taken into consideration. This last source of variation corresponds to the 
intrinsic error of the method. In general, measurement of error due to repetitions by the operator (Op.0) on 
any given face, at a specific location (thickness level) and of a specific tooth, corresponded to 0.091 mm. 
This source of variation (operator variability) represented 0.53% (random error) of the total variability. 
77.40% of the total variability was due to variations between the faces (vestibular and lingual), considering 
each tooth separately. The variation percentage due to the levels of evaluation of thickness in the vestibular 
and lingual faces (V1, V2, V3 and L1, L2 and L3) corresponded to 16.13%. The percentage regarding the 
teeth factor corresponded to 5.94% of the total variation. 

It can be concluded that a large part of the total variability (99.47%-0.994 ICC) was due to the following 
factors: tooth, face and evaluation of bone thickness. These variations are known to be biological or inherent 
to the anatomic/ tomographic characteristics of the individual. Only 0.53% was due to the role of the 
operator, thus showing a significant degree of consistency in terms of the Repetitiveness Condition 
associated with the SOP of the proposed method, and for applications to the mandible. Maxilla. Table 02 
shows the results of means and standard deviations of the three repetitions for the three levels of alveolar, 
vestibular and palatal bone thickness, and for each of the maxillary teeth. The means for the measurements 
obtained for each face (vestibular and palatal) and for each tooth are also shown. 
 
Table 02 

Tooth      Face Level 
Meanof 3  
measurements 

SD of 3 
measurements 

B/L Mean Tooth’smean 

11 Buccal V1 0,950 0,035  

 
 V2 0,841 0,078  

 
 V3 0,441 0,087 0,744 

 
Lingual P1 1,188 0,047  

 
 P2 1,456 0,059  

 
 P3 3,058 0,054 1,901 1,322 

13 Buccal V1 0,333 0,295  

 
 V2 0,307 0,271  

 
 V3 0,216 0,190 0,285 

 
Lingual P1 0,460 0,399  

 
 P2 1,237 0,128  

 
 P3 2,536 0,067 1,411 0,848 

16 Buccal V1 0,000 0,000  

 
 V2 0,560 0,038  
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 V3 0,323 0,018 0,294 

 
Lingual P1 0,000 0,000  

 
 P2 7,153 0,265  

 
 P3 10,555 0,215 5,903 3,098 

21 Buccal V1 0,873 0,085  

 
 V2 0,694 0,054  

 
 V3 0,424 0,060 0,664 

 
Lingual P1 1,082 0,014  

 
 P2 1,550 0,052  

 
 P3 3,771 0,118 2,135 1,399 

23 Buccal V1 0,908 0,114  

 
 V2 0,689 0,213  

 
 V3 0,431 0,104 0,676 

 
Lingual P1 1,039 0,162  

 
 P2 1,432 0,045  

 
 P3 3,068 0,153 1,846 1,261 

26 Buccal V1 0,000 0,000  

 
 V2 0,668 0,250  

 
 V3 0,463 0,336 0,377 

 
Lingual P1 5,354 0,089  

 
 P2 7,699 0,113  

 
 P3 10,490 0,120 7,848 4,112 

 
Initially, the null hypothesis (H0) of equal means was tested for the six (6) teeth, versus the alternative 

hypothesis (H1) of at least one (01) tooth with a mean different from the others. The statistical test result led 
to the non-rejection of the null hypothesis (p=0.814), indicating no significant difference between the teeth 
regarding this measurement. The null hypothesis of equal means was also tested for the two faces (vestibular 
and palatal), versus the alternative hypothesis (H1) of unequal means. The statistical test result led to the 
rejection of the null hypothesis (p<0,001), indicating a significant difference between the faces regarding 
this measure. In order to evaluate the factors that influence the measurements, the sources of variation 
regarding the tooth (1, 3 and 6), the face of the local bone of the vestibular and palatal (V and P) 
measurements, the level of evaluation of alveolar bone thickness (1- Cervical, 2-Intermediate and 3-Apical), 
as well as the operator (Op.0) were taken into consideration. This last source of variation corresponds to the 
intrinsic error of the method. In general, measurement of error due to repetitions by the operator (Op.0) on 
any given face, at a specific location (thickness level) and of a specific tooth, corresponded to 0.156mm. 
This source of variation (operator – random - variability) represented 0.24% of the total variability. Sixty-
five percent point seventy-one (65.71%) of the total variability was due to variations between the sides 
(vestibular and palatal), considering each tooth separately. The variation percentage due to the levels 
evaluation of thickness in the vestibular and palatal faces (V1, V2, V3 and P1, P2 and P3) corresponded to 
34.05%. Due to the high variability between the sides, as well as the locations (levels) of each face, the 
estimate of the percentage of variation due to the teeth factor was zero. 

It can be concluded that a significant part of the total variability (99.76%- 0.997 ICC) was due to the 
following factors: tooth, face and assessment of thickness. These variations are known to be biological or 
inherent to the anatomic/tomographic characteristics of the individual. Only 0.24% was due to the 
involvement of the operator, thus showing a significant degree of consistency in terms of the Repetitiveness 

Condition associated to the SOP (Hulley, Cummings & Browner, 2008) of the proposed method, and for 
applications to the maxilla. Precision of measurements, Reproducibility of measures and Intermediate 
Precision Condition (INMETRO/Brazil, 2009). The measurements taken by seven independent operators 
were considered in this review, and one of the operators (Op.0) was the one who made the measurements for 
the evaluation of measurement repeatability. For this operator (Op.0), then, his first set of measurement (in 
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the series of measurements) was considered to be the reference as compared with the series of the other 
operators (Op.1, Op.2, Op.3 ...Op.6), given the need for the same probabilistic chances to be contemplated. 
Each operator evaluated the six mandibular teeth and the six maxillary teeth just one time. 

 
Statistical Analysis 
Mandible. Table 03 shows the results of means and standard deviations of the seven repetitions for the 

three levels of alveolar, vestibular and lingual bone thickness, and for each of the mandibular teeth. The 
means for the measurements obtained for each face (vestibular and lingual) and for each tooth are also 
shown. 
 
Table 03 

Tooth    Face Level 
Meanof 7  
measurements 

 SD of 7 
measurements 

B/L 
Mean 

Tooth’smean 

31 Buccal V1 0,000 0,000  

 
 V2 0,000 0,000  

 
 V3 0,303 0,237 0,101 

 
Lingual L1 0,080 0,147  

 
 L2 0,267 0,145  

 
 L3 0,466 0,140 0,271 0,186 

33 Buccal V1 0,000 0,000  

 
 V2 0,000 0,000  

 
 V3 0,458 0,100 0,153 

 
Lingual L1 1,068 0,091  

 
 L2 1,184 0,107  

 
 L3 1,076 0,112 1,109 0,631 

36 Buccal V1 0,405 0,286  

 
 V2 0,814 0,231  

 
 V3 1,410 0,117 0,876 

 
Lingual L1 1,896 0,100  

 
 L2 3,056 0,064  

 
 L3 3,579 0,055 2,844 1,860 

41 Buccal V1 0,032 0,085  

 
 V2 0,116 0,207  

 
 V3 0,335 0,188 0,161 

 
Lingual L1 0,490 0,274  

 
 L2 0,322 0,198  

 
 L3 0,470 0,137 0,427 0,294 

43 Buccal V1 0,000 0,000  

 
 V2 0,000 0,000  

 
 V3 0,645 0,130 0,215 

 
Lingual L1 0,756 0,231  

 
 L2 0,531 0,142  

 
 L3 0,452 0,083 0,580 0,397 

46 Buccal V1 0,667 0,152  

 
 V2 0,658 0,265  

 
 V3 0,901 0,123 0,742 

 
Lingual L1 2,428 0,102  

 
 L2 3,556 0,054  

 
 L3 4,798 0,193 3,594 2,168 

 
          Initially, the null hypothesis (H0) of equal means was tested for the six teeth, versus the alternative 

hypothesis (H1) of at least one tooth with a mean different from the others. The statistical test result led to 
the non-rejection of the null hypothesis (p=0.355), indicating no significant difference between the teeth 
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regarding this measurement. The null hypothesis of equal means was also tested for the two faces (vestibular 
and lingual), versus the alternative hypothesis of unequal means. The statistical test result led to the 
rejection of the null hypothesis (p<0,001), indicating a significant difference between the faces regarding 
this measure. In order to evaluate the factors that influence the measurements, the sources of variation 
regarding the teeth, the face (vestibular or lingual), the level of evaluation of bone thickness in each of the 
faces (V1, V2, V3, and L1, L2, L3) as well as the operators (Op. 0, Op1, Op. 2, Op. 3, .....Op. 6) were taken 
into consideration. This last source corresponds to the intrinsic error of the method. In general, assessment 
of measurement error (repetitions) of operators on any given face, at a specific location (thickness level) and 
of a specific tooth, corresponded to 0.149 mm. This source of variation (operator variability) represented 
1.52% (random error) of the total variability. 69.53% (0.695 ICC) of the total variability was due to 
variations between the faces (vestibular and lingual), considering each tooth separately. The variation 
percentage due to the levels of assessment of thicknesses in the vestibular and lingual faces (V1, V2, V3 and 
L1, L2 and L3) corresponded to 15.47%. The variation percentage regarding the teeth factor corresponded to 
the 13.48% of the total variation. 

It can be concluded that a significant part of the total variability (98.48%- 0.984 ICC) wasdue to the 
following factors: tooth, face and assessment of thickness. These variations are known to be biological or 
inherent to the anatomic/tomographic characteristics of the individual. Only 1.52% was due to the 
involvement of the operators, thus showing a significant degree of consistency in terms of Intermediate 

Precision Condition ("initial reproducibility") associated with the proposed method, and for applications in 
the mandible. Maxilla. Table 04 shows the results of means and standard deviations of the seven repetitions 
for the three alveolar, vestibular and palatal bone thickness and for each of the maxillary teeth. The 
measurements means obtained for each face (vestibular and palatal) and for each tooth are also shown. 
 
Table 04 
 

Tooth    Face Level 
Meanof 7  
measurements 

 SD of 7 
measurements 

B/L Mean Tooth’smean 

11 Buccal V1 0,975 0,096  

 
 V2 0,806 0,123  

 
 V3 0,382 0,094 0,721 

 
Lingual P1 1,253 0,046  

 
 P2 1,512 0,142  

 
 P3 3,016 0,055 1,927 1,324 

13 Buccal V1 0,424 0,115  

 
 V2 0,544 0,152  

 
 V3 0,313 0,169 0,427 

 
Lingual P1 0,599 0,278  

 
 P2 1,201 0,118  

 
 P3 2,563 0,096 1,454 0,941 

16 Buccal V1 0,015 0,041  

 
 V2 0,572 0,158  

 
 V3 0,386 0,124 0,324 

 
Lingual P1 0,000 0,000  

 
 P2 7,325 0,314  

 
 P3 10,589 0,145 5,971 3,148 

21 Buccal V1 0,780 0,089  

 
 V2 0,619 0,108  

 
 V3 0,343 0,109 0,581 

 
Lingual P1 1,075 0,099  

 
 P2 1,566 0,026  

 
 P3 3,876 0,130 2,172 1,377 
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23 Buccal V1 0,944 0,11  

 
 V2 0,600 0,169  

 
 V3 0,359 0,107 0,634 

 
Lingual P1 1,019 0,060  

 
 P2 1,376 0,100  

 
 P3 2,988 0,111 1,794 1,214 

26 Buccal V1 0,000 0,000  

 
 V2 0,763 0,255  

 
 V3 0,565 0,348 0,443 

 
Lingual P1 5,284 0,213  

 
 P2 7,686 0,299  

 
 P3 10,349 0,218 7,773 4,108 

 
Initially, the null hypothesis (H0) of equal means was tested for the six teeth, versus the alternative 

hypothesis (H1) of at least one tooth with a mean different from the others. The statistical test result led to 
the non-rejection of the null hypothesis (p=0.810), indicating no significant difference among the teeth in 
relation to this measurement. The null hypothesis (H0) of equal means for the two faces (vestibular and 
palatal) was also tested, versus the alternative hypothesis (H1) of different means. The statistical test result 
led to the rejection of the null hypothesis (p<0.001), indicating a significant difference between the faces 
regarding this measurement. In order to evaluate the factors that influence the measurement, the sources of 
variation regarding the tooth, the face (vestibular or palatal), and the level of evaluation of bone thickness in 
each of the faces (V1, V2, V3, and L1, L2, L3), as well as the operators (Op. 0, Op1, Op. 2, Op. 3, .....Op. 
6), were taken into consideration. This last source of variation corresponds to the intrinsic error of the 
method. In general, evaluation of measurement error (repetitions) of operators on any given face, at a 
specific location (thickness level) and of a specific tooth, corresponded to 0.158 mm. This source of 
variation (operator variability) represented 0.25% (random error) of the total variability. 65.14% (0.651-
ICC) of the total variability was due to variations between the faces (vestibular and palatal), considering 
each tooth separately. The percentage variation due to levels of assessment of thicknesses in the vestibular 
and palatal faces (V1, V2, V3 and P1, P2 and P3) corresponded to 34.61%. Due to the high variability 
between the sides, as well as the locations (levels) of each face, the estimated percentage of variation due to 
the teeth factor was zero. 

It can be concluded that a significant part of the total variability (99.75%-0.997 ICC) was due to the 
following factors: tooth, face and level of assessment of thicknesses. These variations are known to be 
biological or inherent to the anatomic/tomographic characteristics of the individual. Only 0.25% was due to 
the involvement of the operators, thus showing a significant degree of consistency in terms of Intermediate 

Precision Condition ("initial Reproducibility") associated with the proposed method, and for applications to 
the maxilla. 

 
Discussion 

Tomographic studies (CBCT) about exactitude (accuracy) have reported varying intervals of errors 
associated with the inferential application of the local bone distances studied (Leung et al., 2010; Patcas et 
al., 2012; Razavi, Palmer, Davies, Wilson & Paul, 2010; Sun et al., 2011;Swasty et al., 2011; Timock et al., 
2011) which were evaluated by applying distinct protocols of tomographic acquisition (kilovoltage, 
miliamperage, exposure time and voxel size) with different analysis, distinct modes of specific display and, 
basically, with partially described measurement procedures. Thus, in a strict sense, it is not possible to test 
levels of accuracy if the resources and/or measuring instruments selected for the task cannot be tested 
adequately. Therefore, there comes a demand for methodological definitions which are reproducible, 
reliable, and easy to apply, as scientific methods of recording (inspection and identification) and 
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tomographic measuring. Sun et al. (2011) combined the intra and inter-operators evaluation in a different 
way from that set forth by Patcas, Müller, Ulrich & Peltomäki (2012), which was also quite different from 
those proposed by Razavi et al. (2010) and Leung et al. (2010). Also, in Sun et al. (2011) and Timock et al. 
(2011), whose methodological design was little appreciated because of the participation of the "external" 
operators, or even without their inclusion (Sun et al., 2011 – two examiners; Timock et al., 2011 – only one 
operator), the "reliability" of the method used was affirmed; but, neither the specific criteria for obtaining 
the measurements nor even the details of the participation of the operators, were described. Even so, they 
showed the advantages of using the 0.25 mm voxel size, although they said there were no differences 
between the selection of the 0.25 mm and 0.4 mm voxel sizes for making alveolar bone measurements, 
speculating that there may still have been some bias associated with the tomographic inspection method, 
although this condition had not been better investigated by them. 

Methodological errors of repeatability and reproducibility make up the gradient of random (casual) error 
in the process of obtaining and using numeric quantification (INMETRO/Brazil, 2009; Slezák & 
Waczulíková, 2011), and one of their functions is to define the ultimate precision of the method being tested 
(Vuolo, 1996). 

While Sun et al. (2011) recorded linear tomographic underestimation of the gold-standard (ex vivo – pigs) 
when the size of the measurement studied approached the threshold value of the voxel (0.4 mm); and, even 
when it strayed from this reference there was overestimation of linear vertical bone loss, Timock et al. 
(2011) claimed that there was no significant overestimation or underestimation of the gold-standard (ex vivo 
- preserved human corpses), recording an absolute difference of 0.30 mm for bone heights and 0.13 mm for 
thicknesses, although they verified greater detection reliability for heights than for alveolar bone 
thicknesses. On the other hand, Patcas et al. (2012) achieved absolute values of high accuracy (between -
0.13 mm and +0.13 mm), but with significant variation of agreement (2.1 mm), which they said was 
dependent both on the type of measure as well as the spatial resolution used. It is noteworthy that these 
authors announced the intention to resolve the shortcomings of previous experimental designs. However, 
they used only one operator for the analyses, voxels of different equipment for making the direct 
comparison, repeated the measurements only once and, also, used measurement procedures which were not 
described and studied in detail. Razavi et al. (2010) described the criteria adopted to obtain the measures in 
more detail, and also involved ten examiners to obtain the parameters for methodological reliability 
associated with random error; the measures of accuracy of cortical bone (ex vivo – bovine ribs) which is 
quite slender, with 0.125 mm voxel from the Accuitomo

® system, were more reliable than those obtained 
with voxel of 0.3 mm using the iCAT NG

® system, although the radiation dose was larger with the 
Accuitomo

® system. These authors concluded that both tomographic systems underestimated the measures 
of bone thickness (larger measures had smaller errors), and overestimated the measures of height. Therefore, 
based on these few examples, it seems reasonable to say that there is considerable experimental 
methodological variability (Leung et al., 2010; Nowzari et al., 2010), which probably determines the 
metrological inconsistency verified and associated with preliminary methodological criteria for tomographic 
visualization, recording and measurement. 

Trans-axial tomographic slices were the prevailing option in studies evaluating alveolar bone thickness, 
whether these were based on proposals for several tomographic evaluations (Nowzari et al., 2010; Özer, 
2011; Sherrardet al., 2010) or, for bone detection with the purpose of making dental implants (Naitoh, 
Hayashi, Tsukamoto & Ariji, 2011; Razavi et al., 2010) or even, for the selection of locations to place mini-
implants (Baumgaertel & Hans, 2009; Farnsworth, Rossouw, Ceen & Buschang, 2011) and also, for 
experiments tomographic accuracy where the measures were compared to real measures of similar 
conditions (Patcas et al., 2012; Sun et al., 2011;Vasconcelos, Evangelista, Rodrigues, Estrela, Souza & 
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Silva, 2012). Thus, there was favorable indication for using this modality derived from volumetric image, 
especially considering bone evaluations of specific periodontal defects (Patcas et al., 2012; Sun et al., 2011; 
Timock et al., 2011), whether these were quantitative (primarily) or qualitative. 

Although the loss of detail relative to the outlines may in fact influence the quality of the intended levels 
of accuracy (Loubele, Maes, Schutyser, Marchal, Jacobs & Suetens, 2006), this variable, in addition to 
others macroscopically considered in this research, was unable to influence negatively the precision results 
based on the method proposed. Based on the recorded evidence, there were no methodological 
inconsistencies of the examiners’ participation observed, as there was universal agreement on what would be 
the appearance standards related to tomographic (two-dimensional) profiles representing alveolar bone and 
cementum tissues. However, four conditions, aside from the operator’s participation, were present and could 
result in damage to the final capacity for accuracy inherent in tomographic images (Loubele et al., 2006): a) 
partial volume effect - where there is computational weighting between patterns of gray of structures which 
are smaller than the voxel size selected, which makes tomographic detection of the selected object 
technically impossible (Romans, 2011; Schulze, Heil, Grob, Bruellman, Draniscnikow & Schwanecke, 
2011); b) high contrast resolution, or when two structures truly separated from each other can indeed be 
recognized tomographically as separate entities; c) incapacity for spatial resolution due to the likelihood of 
inaccurate representation of the object in positional relation to the matrix of pixels (NYQUIST’s Sampling 

Theorem), indicating that the pixel should be at least half the size of the object to be imaged, and (d) 
limitations associated with the detectability of contrast (low contrast resolution) when objects in close 
proximity, and with little difference between their densities, are shown as a single structure (Kapila et al., 
2011; Loubele et al., 2006; Romans, 2011; Scarfe & Farman, 2008; Timock et al., 2011). 

Based on this discussion, when considering the characteristics of bone tissue (alveolar bone thickness) 
analyzed, and probably due to the frequent methodological variation seen in the literature (Leung et al., 
2010; Nowzari et al., 2010), including combinations of different equipment with native and generic 
(Nowzari et al., 2010) software aggregates offering several operational capacities, and with very diverse 
human participation (Ballrick et al., 2008; Suomalainen et al., 2007), it was not possible to obtain an average 
standard which was both apparent and sufficiently reliable for the general applications of a given linear 
range of error. This showed, thus, that the likely estimates of accuracy relating to alveolar bone thickness 
should be regarded with caution, always associating the error sources established individually. The objective 
of this analysis was not to compare specific groups. Therefore, the tests of hypotheses were conducted only 
to provide aids for the participation of each source of variation on the gradient of total variability. When 
tests indicated the rejection of the null hypothesis, of equality of the two sides considered, this result finally 
justified the significant percentage of total variability explained by the difference (anatomic) between the 
faces evaluated. This factor is regarded as constant, considering the goals specifically tested and the 
established SOP for the method being proposed. To evaluate the quality in terms of methodological 
reliability, most collected studies developed statistical analysis centered on the Intraclass Correlation 

Coefficients (ICC) which relate the amount of variance based on compared groups of measures. 
Concordance coefficients were eventually preferred (Kappa method, Özer, 2011; Lin method, when using 
data in category form, aiming at dichotomic evaluation, Swasty et al., 2011). This option was not used in this 
research as it was not necessary to define qualitative groups of quantitative ranges which could reduce the 
detection power of the selected statistical analysis, as well as generate a final standard of information 
distinct from the main objectives of discussion of the study. So, to comply with the statistical analysis of the 
data obtained in this research, the Intraclass Correlation Coefficients (ICC) was preferred for the 
calculations. However, given the randomization and organization of the experimental design defined at the 
beginning of the research, and considering the various classes (groups) generated by the experiment in terms 
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of levels or degrees of association between them, as well as the amount of data available, analysis according 
to a Variance Component Model (Multilevel/ Hierarchical Model) was selected to obtain the intensities of 
variation. This considered both the precision of measurement associated with repeatability of measurement 
(for the Repetitiveness Condition – comprehensive quality of intra-operator variation) as well as the quality 
of the data associated with the intermediate precision of measurement (for the Intermediate Precision 

Condition - comprehensive quality of inter-operator variation) associated with the method and with the 
systematic involvement of participating examiners considering each group of resulting measures. 

The preference for the use of this analysis (Variance Component Model) assumes that the data-set to be 
analyzed consists of a given hierarchy of different populations whose differences are related directly to this 
hierarchy. This option seems to be able to provide better detection of any differences between various 
groups being analyzed.  

In order to learn about any losses incurred as a result of orthodontic actions associated with the selection 
and use of a variety of shapes and sizes of arch, as well as the combined expression of these with the 
straight-wire (SW) requirements available, it is necessary to understand the qualitative patterns (Mileman & 
Hout, 2009; Romans, 2011; Scarfe & Farman, 2008; Sun et al., 2011) and the correspondent bone quantities 
(Damstra, Fourier, Slater &Ren, 2010; Farnsworth et al., 2011; Özer, 2011; Sun et al., 2011; Suomalainen et 
al., 2007; Swasty et al., 2011; Timock et al., 2011; Tomasi, Bressan, Corazza, Mazzoleni, Stellini & Lith, 
2011). Thus, knowing the reaction of the bone tissue to the numerous effects of the application of 
orthodontic force is essential to the correct definition of specialized diagnosis and treatment. From the 
information available in the specialized literature, it could be seen that there is, on average and generally, 
slight underestimation of linear tomographic measurements produced by the CBCT system (Lascala, Panella 
& Marques, 2004; Patcas et al., 2012; Sun et al., 2011). Thus, considering the established SOP in the present 
investigation, it was found that actual dimensions smaller than 0.25 mm - corresponding to the size of the 
voxel/pixel used, even though quite favorable relative errors (random error) had been found (RE/intra-
operator: 0.53%/mandible and 0.24%/maxilla; RE/Inter-operators: 1.52%/mandible and 0.25%/maxilla), 

which translates into tomographic-detection precision (excellent) - would not be effectively detectable by 
the tomographic system used as a consequence of the maximum limit of spatial resolution of the imaging 
generating system (Loubele et al., 2006; Romans, 2011; Scarfe and Farman, 2008; Schulze et al., 2011). 

Considering the general and variable relationship of linear tomographic underestimation (sometimes of 
underestimation and sometimes of overestimation, as if it were a random error when, in fact, it must be 
systematic) as well as the participation of the four inaccuracy factors already mentioned, and also the 
information about the variation ranges related to the precision obtained in this research, real measures, 
which are located in the range of 0.25 to 0.5/0.6 mm, may be detectable tomographically; however, with 
critical reliability.  

It is assumed, therefore, that tomographic measures of live humans, based on the error ranges verified 
with this experiment and which are larger and larger than the quantitative range 0.5/0.6 mm, can be 
estimated with excellent reliability based on the established SOP. However, the final value of accuracy 
obtained with this experiment should, naturally, only be considered effectively in its clinical relevance when 
it is directly involved with the needs for precision and accuracy of measurement required by those contexts 
(consider the condition of the clinically significant). However, and considering the intention of experimental 
research, this method has broad potential for use, based on its relevance. 

For those areas, in this experiment, where absences of alveolar bone was found (agreed) (e.g. V1 and V2 
of teeth 31 and 33), and always considering the thickness of the native slice by the equipment as one of the 
limitations to qualitative inference of fenestrations and/or dehiscences (Patcas et al., 2012), then it seems 
correct to affirm the trend that there is probably no bone in the places evaluated or, if there is, it must be 
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such a thin and irregular layer that in terms of orthodontic practice there would be two possibilities of equal 
importance regarding the adoption of preventive measures associated with the investigation of the 
corresponding alveolar bone limits. When operators identify absence of bone, a single and qualitative 
(dichotomous) criterion is followed because of the visual perception of differences between densities of 
bone parts and corresponding cementum. As the intention of this study was not to test experimentally the 
quality of two or more methods (systems) of representation of the real (accuracy), nor the sensitivity and/or 
specificity of simulated or naturally occurring types of bone defects, the inferential limitation regarding the 
representational fidelity of what would be the actual bone structures related to extremes of dichotomic 
tomographic detection in addition to the actual dimensions of the objects evaluated is hereby established. 
Thus, categorical assertions are not possible in that order of interest; and, this would then be the final quality 
of the inferential range of clinical significance suggested. 

According to the criteria established by the SOP in this experiment, and considering the quality of the 
information obtained from critical analysis of the specialized literature, it was concluded that: 

- The results, considering the Repetitiveness Condition, indicated significant overall reliability 
of the proposed method, with only 0.24% of total maxillary variability, and 0.53% of total 
mandibular variability, attributable to a single operator; and, with expressive values related to the 
uncertainties of maxillary (0.156 mm) and mandibular (0.091mm) measurement, thus validating 
the significant internal consistency (repetitiveness) of the method proposed. 

- The tests of the Intermediate Precision Condition indicated significant overall reliability of 
the proposed method, with only 1.52% of total mandibular variability, and 0.25% of total 
maxillary variability, attributable to the participation of several operators; and, with expressive 
values which were also related to uncertainties of mandibular (0.149 mm) and maxillary 
(0.158mm) measurement, thereby attesting to the final, significant Intermediate Precision 

Condition ("initial reproducibility"). 
- The use of images from iCAT® tomography, according to the parameters defined in this 

research and an indication of 0.25 mm voxel resolution, using humans and trans-axial slices 
operationalized systematically with the aid of the AutoCAD® program, can provide the 
methodological conditions which are sufficiently favorable for obtaining linear quantitative bone 
mapping in a sub-millimetric scale, of alveolar, vestibular and/ or palatal/ lingual  bone 
thicknesses, for both the maxilla and the mandible;  

- Based on the evidence obtained from the analysis of error, as well as from the evaluation of 
the conditions associated with the experimental design described, full reliability of the proposed 
method of obtaining tomographic alveolar bone thicknesses was attested. A Standard Operating 
Procedure (SOP) was also defined, which included the definition of an Operator Participation 
Protocol (OPP) as well as the use of a computational aid for recording (inspection and 
identification) and measurement, called Computed tomography-generated template for osseous 

inspection, demarcation and measuring (CTT/OIDM).The method developed, has proved to be 
scientifically reliable, versatile and especially interesting for the performance of osteometric 
tomographic analyses under submillimetric variation. 
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