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ABSTRACT 
 
The radiological protection in medical and odontologic radiology follows The Order (Portaria) 453/98 of the 
Ministry of Health, which presents the minimum set of tests for the constancy X-ray equipment. These tests 
follow the procedures set forth in the Resolution no. 64, the National Agency for Sanitary Vigilance. This work 
aims to show a study on dental cone beam computed tomography (CBCT), evaluating the physical parameters 
that influence the performance and image quality and presenting the appropriate tests to this new system. The 
authors analyzed the tests specific for computed tomography (CT) of the Resolution no. 64, feasibility 
assessment of them and if their interpretations are compatible with CBCT. Once determined if testing is 
feasible, compare with those presented in the manual provided by the equipment manufacturer. The CT scanner 
used was the Mini-Cat Tomography Scanner Xoran Technologies of KAVO. In the study it was verified that 
four tests could be reproduced in CBCT: noise, accuracy and uniformity in the number of CT of water and 
spatial resolution. Considering experimental data, the methodology and tolerance of manufacturer for the first 
two tests were more appropriate. For the uniformity test of the CT number, we recommend using the phantom 
quality control. Three new tests were suggested to be made in the quality control of the Cone Beam: linearity, 
artifacts and alignment of the beam.  
 
 

1. INTRODUCTION 
 
A quality assurance program in Computed Tomography (CT) requires dose measurement 
procedures, quality control equipment, quality control of images and correlate them. 
Recently, a new generation of CT scanners has been developed to dental radiology. This 
system, known as CT volumetric cone beam (CBCT), is characterized by its low cost and the 
effective doses 5-80 times higher than doses from single panoramic radiograph and 1-23% of 
a comparable conventional CT [1,2,3]. CBCT is increasingly being used in the dental 
radiology practice.  
 
The radiological protection in the country follows "Guidelines on Radiological Protection in 
Medical Radiology and Dental" - Order 453/98 of the Ministry of Health[ ]5,4 , which 

presents acceptance test and regular routine tests. They follow the procedures established by 
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the Procedure Guideline for Safety and Image Quality in Medical Radiology - Res no. 64, 
April 4, 2003 [ ]6,5,4  the Ministry of Health. No standard quality control (QC) for CBCT is 

available. Therefore it arise the need to introduce evaluation of other physical parameters 
related to CBCT, as well as the most appropriate dose quantity. It is necessary a basic 
guideline for professionals involved in the exams with this new system, until the 
establishment of norms for its use. 
 
This work aims to show a study on dental cone beam computed tomography (CBCT), 
evaluating the physical parameters that influence the performance and image quality and 
presenting the appropriate tests to this new system. 
 
 

2. MATERIALS AND METHOD  
 

2.1 Method 
 
The methodology chosen was the systematic review of the literature related with this new 
equipment and, based on Res no. 64 (Document 1), to present basic tests and measurements 
to confirm the good performance of the system or indicate the need to perform corrective 
maintenance. 
 
Physical parameters presented in Document 1 were studied and as result was evaluated the 
viability of related tests. Once certain tests viable, these were compared with those presented 
in user´s manual (Document 2) and studied the compatibility of the methodologies and 
interpretations of the two documents. 
 
In order to study the methodologies of documents, measurements were carried out on CBCT 
and established the best procedure to be adopted. With the purpose of analyze the 
interpretations was made a comparison of tolerance established with experimental results. 
 
2.2 Physical parameters related to the CT 
 
Physical parameters were measured with phantoms tests supplied by the manufacturers. In 
subsections 2.1.1 and 2.1.2 describes the physical parameters of interest in CT. 

2.2.1 CT number 
 
The CT number is directly related to the linear attenuation coefficient (µ) of various materials 
viewed and when compared with the water can be calculated by equation 1: 
 

H = K ({ ) }OHOHtecido EE 22 /)()( µµµ −  (1) 

 
where H -CT number value of a certain material; 

µH2O (E) - linear attenuation coefficient for water; 
µtecido (E) - linear attenuation coefficient for the sample of the material; 
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K - 1000 when CT number is expressed at UH 

 
The most used materials for this type of testing are: Teflon, polyethylene, acrylic, water and 
air. 

2.2.2. Noise 
 
In Res no. 64 is presented a methodology to assess the level of noise percentage in 
tomographic images. This is performed with the use of a phantom filled with water, and 
obtained by the equation eq. 2: 
 

N (%) = )(({ ) } HUHU 1000100 ÷×σ  (2) 

 

where 1000 HU is the difference between the nominal values of CT number for water and air, 
and σ (HU) ROI is the standard deviation of CT numbers in the demarcated region of interest 
in the center of the image. 

2.3 Materials used for the study of image 
 
In this study, we used a CT scanner Mini-Cat Cone Beam Xoran Technologies that contains 
the following characteristics: high-frequency generator and constant potential voltage at the 
X-ray tube of 120 kV, the focal length of approximately 5 mm, filtration total to 120 kVp, 10 
mm aluminum plus additional 3 mm of the same material, current-time ranging from 16 to 80 
mAs. The images produced are: axial, coronal, sagittal and panoramic, its gray scale is 
around 256 levels and the scan time varies from 10 to 40 seconds depending on the protocol 
used[ ]7 . 

 
With the purpose of evaluate the performance of the scanner, was used the phantom of 
quality control[ ]7  provided by the manufacturer, with a diameter of 15 cm and 2,4 cm in 

height, figure 1,  which has four sections, filled with different materials, given their expected 
values of the CT number equal to: -1000, +120, +990 and -100. This phantom is 
recommended by Res no. 64 for the test of spatial resolution. It was also used a water 
phantom provided by the manufacturer, whose dimensions are: 9 cm in height, diameter of 16 
cm. The water phantom is recommended to test noise, accuracy and uniformity of CT 
number. 
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FIGURE 1: Phantom of quality control 
 
 
 

3. RESULTS AND DISCUSSION  

In evaluation of specific tests for the CT in the Res no. 64 and of the methodologies 
presented, it was observed that the tests that could be adapted to the CBCT were: noise, 
accuracy, uniformity in the number of CT and spatial resolution, as presented in table 1. 
 
 
 

Table 1.  Quality control tests performed in CBCT 
 

Resolution no. 64 
 

yes/no CBCT 

Alignment of the table in 
relation to "Gantry”. 

no The manufacturer provides a phantom for 
testing the alignment of the beam that can be 
used in an appropriate test for the CBCT. 

Displacement table no The dental chair has a vertical displacement 
device. 

Slope of the "Gantry” no Gantry does not incline. It rotates with X-ray 
source around the patient's head. 

Noise yes Modifications are necessary for the positioning 
of the phantom. 

CT Number Accuracy yes The same argument presented in the noise test. 
CT Number Uniformity yes The same argument presented in the noise test. 

Spatial Resolution yes Since the procedure used in Cone Beam 
technique. 

Slice Images no The CBCT does not produce images slice. 
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The CBCT system has one dental chair. It was necessary to put the phantom in the 
manufacturer's support, substituting the chin support. It was observed instability in 
positioning the phantom in relation to equipment. It may fall and cause damage to the 
Service. 
 
In the noise test, accuracy and uniformity of the number of CT instrumentation, presented in 
Document 1, is an appropriate acrylic cylinder filled with water, with a diameter of at least 20 
cm. The water phantom of the Service is a plastic cylinder with two marking levels of water. 
The first mark it is not completely filled, but the second yes. The Res no. 64 indicates the 
filling with water. However, due to the instability, we tested the possibility of using the first 
level for the measurements and the results are presented in table 2. The results are presented 
for regions of interest (ROI) with a diameter of 2 cm, according to Resolution and 1 cm 
according to the manufacturer's manual. 
 
 
 

Table 2.  Comparison of tests at level 1 and 2 
 

 Level 1 Level 2 
Mean CT number with 
ROI= 1cm 

-255,95 ± 47,30 -260,95 ± 48,10 

Mean CT number with 
ROI = 2 cm 

-254,32 ± 43,71 -257,74 ± 41,71 

 
 
 
The results of table 2 showed that these tests may be performed at the level one of the 
phantom, since there were no changes in mean values.  
 
Although water is used as reference material, alternative would be to use the quality control 
phantom provided by the manufacturer[ ]8 , being more adequate for routine testing. To verify 
the level of noise, the uniformity and accuracy in the mean number of CT is required uniform 
areas of the phantom. The use of water assures the uniformity of the test object, but in case of 
Cone Beam is not safe. 
 
The table 3 presents the comparison of methodologies and interpretations used in the manual 
provided by the equipment manufacturer and the Resolution. It can be seen that Res no. 64 
did not show linearity and artifacts tests.  
 
This table shows the difference in noise test methodology documents. The value of the 
diameter of the ROI for the first document is 2 cm and in the second this value is 1 cm. In 
document 1, in case of acceptance testing or information for the baseline, the interpretation of 
the results verify that the noise value is less than or equal to the value specified by the 
manufacturer. In the case of constancy test, range is 10%. 
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Table 3.  Comparison between tests of Res no. 64 and the manufacturer's manual 

 
Quality 

Control Tests 
 

Resolution no. 64 
(Document 1) 

Manufacturer's manual 
(Document 2) 

 
 

Noise 

The ROI selected in the central 
region with a diameter of 2 cm. 
Limit of acceptance specified by 
the manufacturer. In the case of 
constancy test 10% variation. 

The ROI selected in the 
central region with a diameter 
of 1 cm, and the limits 
established by the 
manufacturer of 30± 20 units 

 
CT Number 
Accuracy 

The procedures are the same in 
both cases. Here the calculation is 
given by ∆ CT = CTcentral – 
CTnominal. The resolution limit is  
± 5 HU. 

 
The mean value of the CT 
number of water should be 
0 ± 100 units. 

 
CT Number 
Uniformity 

The uniformity is given by:  
U = CT periferia – CT central ,   
Limit of acceptance of ± 5 HU. In 
constancy test ± 2 HU. 

 
This test is not presented 

 
Spatial 

Resolution 

Register the larger frequency of 
pairs of lines and compare with 
future measurements 

The larger frequency of pairs 
of lines in a slice 15 lp/cm 
axial reconstructed image. 

 
 

Linearity 
 

 
 
This test is not presented 

Calculate the correlation 
coefficient between values 
measured and values 
expected of number to CT. 
This coefficient has to be in 
the range of 0.95 and 1. 

Artifacts This test is not presented Tolerance: images are free of 
any artifact. 

 
 
 
In CT number accuracy test of document 1 is given the variation in mean value of the CT 
number of water from central region of the phantom (CTcentral ) and the nominal (CTnominal.) 
and the limit is ± 5 HU. In the document 2 the value mean of the CT number should be 
0± 100 units. 
 
In the test of uniformity in CT number is calculated the difference between the CT numbers 
of peripheral region of the image of the phantom 1 cm away from the edge and value in the 
central region of the image. The document 2 does not present this test. 
 
After examining the documents, measurements were made in order to help in the determining 
the most appropriate methods and interpretations for the CBCT system. 
 
Table 4 shows the values of CT number of water and standard deviation, corresponding to the 
noise test, using the methodologies of documents 1 and 2. The nominal value of CT in the 
water was not obtained within the limits established, although present reproducibility. The 
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noise value is less than or equal to the value specified by the manufacturer, except the value 
obtained in the third day to the diameter of the ROI of 1 cm. The found deviations between 
mean CT numbers are higher than expected. It was reported too by other authors [9].  
 
 
 
Table 4.  Values measured in the noise and accuracy tests in the CT number using water 

phantom 
 

Diameter of 
the ROI 

Measured 
1º day 

Measured 
2º day 

Measured 
3º day 

Measured 
4º day 

Measured 
5º day 

1 cm -233,83 
± 44,86 

-254,22 
± 38,98 

-255,62  
± 50,24 

-232,82 
± 45,42 

-265,36 
± 43,98 

2 cm -234,36 
± 43,70 

-251,02 
± 41,77 

-260,25 
± 45,11 

-237,25 
± 40,35 

- 263,06 
± 42,91 

 
 
 
Table 5 shows the data related measurements of uniformity test performed according with the 
methodology of Res no. 64 using the water phantom. 
 
 
 

Table 5.  Values measured in the uniformity test performed using water phantom 
 

 
Position 
(hours)  

Measured 
1º day 

Measured 
2º day 

Measured 
3º day 

Measured 
4º day 

Measured 
5º day 

3 -448,18 
± 53,02 

-483,43 
± 57,63 

-502,70 
± 58,65 

-460,12 
± 57,65 

-482,44 
± 56,34 

6 -292,78 
± 45,26 

-311,19 
± 42,99 

-466.79 
± 53,91 

-297,87 
± 43,41 

-434,36 
± 44,32 

9 -481,67 
± 56,77 

-481,64 
± 56,15 

-509,26 
± 55,74 

-477,03 
± 56,70 

-526,63 
± 65,44 

12 -503,44 
± 51,64 

-527,29 
± 56,71 

-491,30 
± 55,38 

-504,55 
± 57,56 

-533,32 
± 61,49 

 
 
 
The results for the standard deviation in Table 5 show that there is no compatibility with the 
boundary values of Res no. 64, being acceptance testing of ± 5 HU and test case of constancy 
± 2 HU. The found standard deviation in positions 3, 9 and 12 exceeds the value of 30±  20 
units stipulated by the manufacturer to the central region. The same occurred at position 6 on 
third day. In this region an artifact was noticed around the image, which can be generated by 
calibration of the system.  
 
The water phantom given by the manufacturer showed difficult to position and doubts as to 
the material used is adequate for uniformity test, which was not indicated in the document 2. 
We then used a different methodology presented by the European group SEDENTEXCT to 
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routine quality control tests [8]. This methodology suggests the selection of a uniform region 
of the quality control phantom and verification of the occurrence of the reproducibility of the 
mean number of CT. 
 
The object for the spatial resolution test is in the centre of phantom and then we selected four 
evenly spaced regions around the periphery and measured the mean value in each. The results 
are presented in Table 6. Reproducibility was observed in the mean number of CT. 
 
 
 

Table 6.  Values measured in the uniformity test performed using the quality control 
phantom  

 
Position 
(hours)  

Measured 
1º day 

Measured 
2º day 

Measured 
3º day 

Measured 
4º day 

Measured 
5º Day 

3 -193,37 
± 43,16 

-190,09 
± 42,88 

-168,47 
± 40,35 

-171,97 
± 42,04 

206,30 
± 45,70 

6 -170,90 
± 42,30 

-185,98 
± 42,61 

-165,82 
± 33,99 

-161,17 
± 39,29 

-172,95 
± 39,88 

9 -222,15 
± 50,39 

-222,37 
± 49,99 

-224,51 
± 49,38 

-194,96 
± 48,48 

-231,50 
± 48,32 

12 -145,00 
± 35,65 

-127,35 
± 34,76 

-213,77 
± 45,58 

-115,02 
± 33,38 

-153,45 
± 33,77 

 
 
 
The methodology presented in the document 1 for the spatial resolution test can be performed 
in Cone Beam. The higher frequency of pairs of lines in an axial slice of the reconstructed 
image was 7 lp/cm and is not in accordance with the limit established by the manufacturer. 
 
For the linearity test were calculated Pearson correlation coefficients using the Excel 
spreadsheet. The values of the CT number of the materials used for this calculation are 
presented in Table 7.  
 
 
 

Table 7.  Values of the CT number of the materials used for linearity test 
 

Material  Measured 
1º day 

Measured 
2º day 

Measured 
3º day 

Nominal 

A -1000± 0,00 -993,52± 38.47 -1000± 0,00 -1000 
B -326,65± 34,76 -311.51± 49,19 -326,15± 32,34 +120 
C 912,26± 38.12 920,72± 36,20 905,40± 37,20 +990 
D -114,07± 39,76 -119,55± 43,75 -114,59± 38,07 -100 

 
 
 
According to the tolerance set by the manufacturer, the calculated values must obey the range 
of 0.95 to 1. With the data obtained on the first day, the correlation coefficient was 0.98, in 



INAC 2011, Belo Horizonte, MG, Brazil. 
 

the second day was 0.96 and the same occurred with the data from the third day. Therefore, 
we conclude that the correlation coefficients are within the range stipulated by the 
manufacturer. 
 
The manufacturer provides a phantom for testing the alignment of the beam that can be used 
in an appropriate test for the CBCT. The alignment of the beam as well as information on the 
size of the field, are of fundamental importance in determining the appropriate measure of 
dose for this equipment [10].The methodology presented by Canevaro and collaborators to 
measure KAP (kerma-area product) in the Cone Beam system will be studied as a 
continuation  of this work. 
 
 

4. CONCLUSIONS 
 
In the study of the tests described in the Res no. 64 it was verified that four tests could be 
reproduced in Cone Beam, which are: noise, accuracy and uniformity in the number of CT 
and spatial resolution.  The following additional tests are recommended: linearity test, 
artifacts and alignment of the beam.  
 
The presented results of measurements helped to establish the methods and interpretations 
more appropriate for the tests in CBCT. They also showed the importance of the test object, 
such as the result of the nominal value of CT in the water failed to obey the limits, which may 
be attributed to the phantom or calibration of equipment. A more detailed study is being 
developed in the sense to repeat the test noise and accuracy in the number of CT using an 
acrylic phantom. 
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