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ABSTRACT 
 
Aim:  To develop an imaging strategy by evaluating image quality of three different CBCT 
scanners using a quantitative approach.  Method: Hitachi CB MercuRay,  iCAT Platinum and 
NewTom Vgi were selected. Density, water, and wire phantoms were scanned with multiple 
protocols from each CBCT. Image quality was assessed based on signal quality, noise level, and 
resolution by measuring voxel value stability, signal-to-noise ratio (SNR), noise, and modulation 
transfer function (MTF).  A custom program was developed in Matlab to calculate MTF.  Result: 
All three systems had Hounsfield (HU) values within the acceptable range for all four density 
inserts with Hitachi MercuRay had the highest variation in HU values due to consistently larger 
standard deviation.  The SNR for NewTom, iCAT and Hitachi were 45.1, 27.9 and 11.7 
respectively (P < 0.001).  Hitachi had twice as much noise compare to that of NewTom Vgi and 
iCAT Platinum scanner (P < 0.001).  Uniformity of signal within the volume from the most 
favorable to least were NewTom Vgi, Hitachi and iCAT Platinum.  The approach used in this 
study to measure uniformity had some limitations.  MTF were measured for each protocol to 
investigate the resolution of each system.  The range of spatial frequency at MTF = 0.5 for 
Hitachi, iCAT and NewTom were 1.39-5.72, 2.95-7.13 and 6.05-7.01 respectively.  Overall, 
NewTom Vgi and iCAT Platinum can resolve higher spatial frequency than Hitachi MercuRay.  
Conclusion: This project demonstrated that it is feasible to evaluate image quality with a 
quantitative approach and the objective assessment can aid in development of case-specific 
imaging strategy.   
 
 
Keywords: cone beam computed tomography (CBCT), image quality, signal-to-noise ratio 
(SNR), modulation transfer function (MTF) 
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INTRODUCTION 
 

 Cone beam computerized tomography (CBCT) was first developed in the 1980s to visualize 

the vasculature and circulation functions of the heart (1).   A decade later, dedicated CBCT 

systems for the head and neck regions were prototyped independently by Arai et al. in Japan and 

by Mozzo et al. in Italy (2,3).   The developers saw the potential of this compact imaging 

modality for dental applications in providing 3D volumetric information with a significant 

reduction in radiation compared to that of a medical CT (3).     

 

 With the introduction of CBCT in dentistry, a paradigm shift was created – visualizing tissues 

and structures in three-dimensions.  The new paradigm has stimulated numerous studies and new 

applications CBCT in dentistry.  DeVos et al., showed in his review article that the number of 

publications on CBCT doubled almost every year since the year of 2000 (Figure 1) (4).  Some 

examples of CBCT applications included visualization of impacted teeth, airway analyses, virtual 

planning of implant placement, simulation of orthognathic surgery, assessment of periodontal 

bone loss, as well as detection of root fracture.  Utilization of 3D radiographs has not been limited 

to the research and academic settings.   There has also been a steady adaptation of CBCT usage in 

the private practice sectors due to recent graduates who had exposure to CBCT during their 

training, experienced clinicians who learned about it through continued education, and 

community-based imaging centers that provided access to the scanners.   
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Figure 1: Distribution of published articles on CBCT in the head and neck regions based 
on PubMed research (4).   

 

 

 CBCT offeres many clinical advantages that drive the steady adaptation of this new 

technology.  For example, Haney et al., showed that in orthodontic cases involving impacted 

canines, 3D radiographs provided advantages in locating the precise position of the impacted 

tooth more accurately and evaluating any potential root resorption in adjacent teeth.  With the 

comprehensive information that was not available with 2D radiograph, these data facilitated both 

surgical and orthodontic management of impacted teeth (5,6).  Oberoi et al assessed the reliability 

of position of impacted canines with CBCT .  The study found that about 18.2 % of the adjacent 

lateral showed moderate to severe root resorption.  The information on the location and presence 

of root resorption facilitated both surgical and orthodontic management of the impaction (5).  

Another clinical scenario to utilize 3D volumetric data was to visualize transposed teeth and 

verify any signs of root resorption (7).  To illustrate the advantage of using CBCT in visualizing 

transposition, the example below demonstrated the critical information obtained from 3D 

radiographs on both the transposed tooth and the adjacent teeth in directing appropriate diagnosis 



 3 

and treatment planning.  The patient presented to the UCSF Orthodontic Clinic with transposed 

upper left lateral and canine.  In addition to the transposition, clinical examination revealed that 

there was also severe crowding and a retained primary canine.  The panoramic radiograph 

showed the transposition and possible signs of root resorption on the central incisor.  With the 

cross-sectional views generated from the CBCT data, the severe root resorption on the central 

incisors became quite evident (Figure 2).  This example is one of many clinical scenarios in 

which clinicians made informed decision based on the valuable observations from 3D volumetric 

data.   

 

Figure 2: Clinical photos, panoramic and cross-sectional slices generated from CBCT 
data showing severe root resorption on upper left maxillary central.  



 4 

 

 While many embraced this new imaging modality by investigating novel approaches with 

CBCT and incorporating 3D radiographs into their diagnostic work-up, others raised the 

questions about appropriate indications for use of CBCT and how to use it.  These questions were 

not simple to answer and continue to be debated among researchers and clinicians.  With an 

increasing awareness of the issues on when and how to use CBCT, studies have begun to assess 

the risks and benefits of using CBCT as well as address the technical aspects of imaging strategy.   

 

 One fundamental principle of imaging strategy is to obtain optimal diagnostic image quality 

while following the principle of radiation dosage “as low as reasonably achievable” (ALARA).  

In the world of 2D radiographs, the image quality and radiation dosage are well studied.  

Clinicians have developed a robust strategy in selecting the types of 2D radiographs with the 

corresponding clinical scenarios.  The choices between a localized field of view like a bitewing to 

examine for caries versus a generalized field of view like a panoramic radiograph to check for 

eruption of third molars and morphology of condyles are well understood.  The knowledge on 

radiation dosage is readily available (8).  While the parameters for the 2D radiographs are well 

understood and applied to the appropriate clinical scenarios, the parameters for 3D volumetric 

information are still in the developmental stage.   

 

 Image quality and dosage are two key criteria to assess the risks and benefits of obtaining a 

CBCT scan.  To delve into the subject in depth, the scope of this research focused on evaluating 

image quality utilizing a quantitative approach.   
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Background – Current Literature on CBCT Image Quality  
 

 Current literature on evaluation of image quality of CBCT can be subdivided into 6 categories 

based on the number of CBCT scanners and type of assessment – subjective or objective 

evaluation (Figure 3).  

 

Table 1: Six categories of current literature on image quality  

References in selected categories:  
(a) (9,10); (b) (11-13); (c) (14-17); (d) (17,18); (e) (19,20); (f) (21) 
 

 The initial introduction of CBCT into the field of dentistry began with research on 

performance characterization of the CBCT scanners.  In 2004, Araki et al investigated system 

configurations of the newly developed Hitachi CB MercuRay by evaluating noise, resolution and 

image distortion.  This study confirmed that the newly developed Hitachi CBCT provided high 

resolution and acceptable noise level for application as a dentomaxillofacial CBCT scanner (13).  

A similar study that focused on technical properties of  CBCT was conducted to verify 

performance of a CBCT scanner prototype with a flat panel detector (12).   These earlier studies 

verified the application of CBCT by demonstrating desirable technical properties such as high 

resolution and acceptable noise that drove further interests and adaptations.   
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 As the initial studies focused on technical properties to characterize performances and 

confirmed the application of CBCT, studies began to investigate image quality with a subjective 

approach.  Recognizing the image quality varied based on the system configurations, Kwong et al 

conducted a study to evaluate image quality associated different CBCT settings and field of view 

using a Hitachi CB MercuRay (10).  Scans were taken with cadaver head and dry skull to 

simulate clinical applications.  The images were ranked by a group of judges chosen from faculty 

and residents at the School of Dental Medicine at Case Western Reserve University.  The study 

found that there were no clinically significant differences in terms of image quality between the 

9- and 12-in field of view images.  In addition, the presence or absence of a filter and the voltage 

setting did not affect overall image quality.  While image quality for the 6-in field of view images 

were more sensitive to choice of the milliamperage, images taken at a lower milliampere settings 

showed good diagnostic quality.  Kwong et al’s study explored the potential variation in image 

quality based on different CBCT settings.  At the same time, others also saw the differences in 

image requirement based on clinical scenarios.  Lofhag-Hansen et al evaluated image quality for 

two diagnostic tasks: periapical diagnosis and implant planning using a skull phantom. The 

images were captured by 3D Accuitomo (9).  The study found that periapical diagnosis required 

higher resolution, thus higher exposure parameters compared to that of implant planning.  In 

addition, implant planning in the lower jaw required higher exposure parameters compared to the 

upper jaw.  These subjective studies brought up two key criteria in image quality research: 1) 

image quality varied based on different CBCT settings and 2) image quality requirement differed 

based on diagnostic tasks.   

 One approach to verify the performance of a new technology is to compare to a gold standard.  

In the realm of 3-dimensional diagnostic imaging, the gold standard at the time was medical CT.  

Several studies have taken this approach and compared the newly developed CBCT with multi-

slices CT (MSCT) both subjectively and objectively.  Carafiello et al concluded that image 

quality for CBCT was equivalent for dental and bony tissues to that of MSCT, but inferior for soft 
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tissue visualization (14).  Liang et al compared image quality and visibility of anatomical 

structures in the mandible among five different CBCTs and one MSCT.  Five independent 

observers assessed the image quality on a scale subjectively.  The study found overall image 

quality for CBCT scanners was comparable to MSCT with variability among different CBCT 

systems.   In particular, when visualizing fine structures such as trabecular bone and periodontal 

ligament, some images were significantly less visible in a few of the systems.  On the other hand, 

visibility of larger anatomical structures such as mental foramen or mandibular canals, all the 

devices demonstrated acceptable image quality. Liang et al’s findings supported the results from 

Lofghag-Hansen et al’s study that image quality requirement varied based on diagnostic tasks as 

well as size of anatomical structures.  Furthermore, several studies employed an objective 

approach to compare between CBCT and MSCT Suomalainen et al and Watanabe et al confirmed 

through evaluation of quantitative measurements that CBCT has adequate resolution and 

satisfactory image quality when visualizing hard tissue (17,18).  Objective parameters such as 

contrast-to-noise ratio, modulation transfer function and noise level were utilized to evaluate 

quality of signal, resolution and noise.  In summary, the results which demonstrated that CBCT 

systems provided comparable image quality to the gold standard like MSCT studies further 

solidified the usage of CBCT scanner in the realm of 3-dimensional diagnostic imaging.   

 As the researchers gained more knowledge about the performance characterizations and 

studies confirmed that the new technology was on-par with the gold standard in image quality, the 

research interests began to shift to comparison of different CBCT scanners.  Given the rapid 

increase in the number of models available in the market for dentomaxillofacial CBCT scanners, 

it was the logical next step to explore how the different CBCT scanners compare to each other.  

While this n question sparked interests to conduct studies examining multiple scanners, the two 

key issues: variation in image quality based on CBCT settings and variable image quality 

requirements based on diagnostic tasks continued to remain relevant in many studies.  For 

example, Alqerban et al compared the image quality of 6 CBCT systems to detect simulated 
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canine impaction induced root resorption (19).  The authors concluded that there were no 

significant differences in the detection of the severity of root resorption.  On the other hand, 

Shelley et al found significant difference in image quality in the symphyseal region of the 

mandible prior to implant placement among the CBCT systems evaluated in their study (20).  The 

diverse results found in the subjective studies comparing CBCT systems were to be expected due 

to differences in CBCT selections in the studies and clinical scenarios conducted.  In order to 

develop imaging strategy using a subjective approach, it would require a comprehensive and 

systematic study to evaluate all clinical scenarios and iterate through all CBCT settings for each 

of the CBCT unit available in the market.  The scope of the project would be too daunting to 

manage.   

 One alternative approach to increase reliability and repeatability in evaluating image quality 

was to take an objective approach.  Limited studies were available in the literature to employ an 

objective approach in evaluating image quality of different CBCT.  Loulebe et al examined four 

CBCT systems using the skull and the contrast phantoms to measure accuracy and contrast (21).  

The study found that iCAT has a better image quality compared to the other three units evaluated.   

 While it was tempting to draw a quick conclusion that one CBCT scanner performed better 

than the others, the long-term goal of the studies was to help develop appropriate imaging 

strategy for the clinician rather than advocate for any particular system.  Given the sheer number 

of available maxillofacial CBCTs on the market and the complexity of the protocols available, it 

would be advantageous to simplify the complexity by approaching the experiment in a 

quantitative approach and consolidating clinical scenarios into smaller groups of similar 

resolution and noise requirements.  

Given the limited number of research in the quantitative evaluation of CBCT systems, the 

scope of this study encompassed evaluation of multiple CBCT scanners with a quantitative 

approach to add knowledge to development of an imaging strategy. 
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  Aims 
 

 The aim of this study was to develop an imaging strategy by evaluating image quality of three 

different CBCT scanners using a quantitative approach.  Specifically, the first part of the project 

was to identify a set of objective goals and measurements to evaluate image quality.  Image 

quality was assessed based on goals such as accuracy, contrast, noise and resolution (22).  

Appropriate phantoms were acquired for each specific goal.  The second part of the project was to 

compare image quality of three CBCT scanners based on a set of objective measurements.  Scans 

of the phantoms were obtained with image acquisition protocols available for each CBCT 

scanner.  By utilizing various image acquisition protocols, the process helped to gain knowledge 

on how the CBCT system parameters such as field of view, voxel size, current, and voltage affect 

the image quality.  

 

SPECIFIC AIMS 

 

(1) Compile a set of objective goals and measurements to evaluate image quality 

(2) Acquire appropriate phantoms  

(3) Scan the phantoms with selected CBCT scanners 

(4) Utilize image processing software and write programming scripts to analyze DICOM files 

(5) Evaluate image quality based on quantitative criteria 

 

Hypothesis 
 

It is feasible to develop a quantitative approach to evaluate image quality of various 

imaging acquisition protocols from different CBCT scanners.   
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Significance 
 

 As the adaptation of CBCT technology increased in private practice settings, the issue of 

how and when to use CBCT is no longer just a research topic, but a question that is critical and 

relevant to clinicians.  The significance of the study was to provide critical knowledge on 

technical parameters of CBCTs and goals of optimal image quality for clinicians in decision 

making.  As Hatcher recommended in his JADA article, acquiring a CBCT image is a process 

that should be focused on the end goal: what is the specific clinical questions or information to be 

extracted from the image.  With the end goal in mind, a case-specific image protocol should be 

utilized to obtain the optimal image (23).  Figure 3 demonstrates different level of involvement 

and responsibility by the clinicians, technicians and engineers to achieve optimal image quality.  

The figure demonstrates the collaboration among different levels with the consideration of the 

clinical scenario at the top level .  For example, based on the clinical scenarios and the anatomical 

structures of interest, the clinicians determined the appropriate level of image quality and then 

guided the technician to set appropriate CBCT settings according to the requirements of image 

quality.  At the same time, in order for the technician to set appropriate CBCT settings, the 

system engineers would provide protocols developed based on relations of system level 

parameters and CBCT settings.  

With the knowledge of how different technical parameters affect image quality as well as 

appropriate level of image quality based on clinical scenarios, the clinicians would be able to 

make informed decisions on how to use CBCT.  
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Figure 3: Different parties involved in achieving optimal image quality and least amount 
of dosage to acquire CBCT scans.  

 
  



 12

MATERIAL AND METHODS 
 

CBCT scanners 
 

 Three CBCT scanners, Hitachi MercuRay (Hitachi Medical Systems, Tokyo, Japan), iCAT 

Platinum (Image Sciences International, Hatfield, PA, USA) and NewTom vgi Flex 

(ImageWorks, Verona Italy) were selected for image acquisition.  Table 2 compares the technical 

specifications of the CBCT units.  Multiple protocols from each scanner with various field of 

view (FOV), voxel size, time, current and voltage settings were selected for the experiment. The 

selected protocols encompassed the range of available settings for each scanner.  Figure 4 

illustrates the setup for Hitachi MercuRay.  Table 3-5 summarizes the configurations used to 

acquire the images.  Prior to the image acquisition, each scanner was calibrated.   

 

Figure 4: Hitachi MercuRay setup.  Phantoms were propped up with support to the level 
of where the level of a patient’s head would normally be located.   
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CBCT Technical Specification and Protocols 
 

Table 2: Specifications for selected CBCT scanners 

Company 

Hitachi Medical 
System 

 
(Tokyo, Japan) 

Imaging Sciences 
International 

 
(Hatfield, PA, USA) 

ImageWorks 
 
 

(Verona, Italy) 

CBCT models 
 

CB MercuRay 
 
 

iCAT Platinum 
 

 

NewTom Vgi Flex 
 

 

Image Detector 
Image intensifier / 

CCD 
Amorphous Silicon 

Flat panel 
Amorphous Silicon  

Flat panel 

Grayscale 12 bit 14 bit 14 bit 

FOV shape Sphere Cylinder Cylinder 

Field of view 
(FOV) 

 
h – height 

d – diameter 

inch 
 

6, 9, 12 (d) 

cm 
 

16 (d) x 4, 6, 8, 10, 13 
(h)  

 
cm 

 
6 (d) x 6 (h) 

8, 12 (d) x 8 (h) 
15 (d) x 12, 15 (h) 

 

Voxel size (µm) 200 – 400 µm 125 – 400 µm 75 – 300 µm 

Current (mA) 2, 15 mA 5 mA 1 mA 

Voltage (kVp) 100, 120 kVp 120 kVp 110 kVp 

Signal Continuous Pulsed Pulsed 

Scan time (sec) 10 sec 2.5 – 7.2 sec 3.6 – 5.4 sec 

Patient position Seated Seated Standing 

Website www.hitachimed.com/ www.imagingsciences.com/ 
www.imageworkscorporation.co

m/ 
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Table 3: Hitachi MercuRay Protocols (12 protocols) 

FOV (inch) Voxel Size (µm) Time (sec) Current (mA) Voltage (kVp) 

6 200 10 15 120 

6 200 10 15 100 

6 200 10 2 120 

6 200 10 2 100 

9 290 10 15 120 

9 290 10 15 100 

9 290 10 2 120 

9 290 10 2 100 

12 370 10 15 120 

12 370 10 15 100 

12 370 10 2 120 

12 370 10 2 100 

 

Table 4: iCAT Platinum Protocols (16 protocols) 
 

FOV (cm) 
Height 

FOV (cm) 
Diameter 

Voxel Size 
(µm) 

Time (sec) Current 
(mA) 

Voltage 
(kVp) 

4 16 125 7.2 5 120 

4 16 200 7.2 5 120 

4 16 250 7.2 5 120 

4 16 300 2.5 5 120 

4 16 400 2.5 5 120 

6 16 200 7.2 5 120 

6 16 250 7.2 5 120 

6 16 300 2.5 5 120 

6 16 400 2.5 5 120 

8 16 200 7.2 5 120 

8 16 250 7.2 5 120 

8 16 300 2.5 5 120 

8 16 400 2.5 5 120 

13 16 250 7.2 5 120 

13 16 300 2.5 5 120 

13 16 400 2.5 5 120 
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Table 5: NewTom vgi Flex Protocols (19 protocols) 

FOV (cm) 
Height 

FOV (cm) 
Diameter 

Voxel Size 
(µm) 

Time (sec) 
Current 
(mA) 

Voltage (kVp) 

6 6 100 5.4 1 110 

6 6 125 5.4 1 110 

6 6 150 5.4 1 110 

8 8 125 HR 5.4 1 110 

8 8 150 HR 5.4 1 110 

8 8 150 3.6 1 110 

8 8 250 3.6 1 110 

8 8 300 3.6 1 110 

8 12 125 HR 3.6 1 110 

8 12 150 HR 3.6 1 110 

8 12 150 3.6 1 110 

8 12 200 3.6 1 110 

8 12 250 3.6 1 110 

8 12 300 3.6 1 110  

12 15 200 3.6 1 110  

12 15 250 3.6 1 110  

12 15 300 3.6 1 110  

15 15 250 3.6 1 110  

15 15 300 3.6 1 110  
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Phantoms & Statistical Analysis 
 

 Three phantoms were acquired to obtain objective measurements.  The phantoms included 

density, water and wire phantoms (Figure 5).  The density phantom (The Phantom Laboratory, 

Greenwich NY) contained four different material inserts: air, Teflon, acrylic and low density 

polyethylene (LDPE).  50 consecutive slices of each insert were analyzed with a Matlab script 

(The Mathworks Inc, Natick, MA) to obtain mean and standard deviation of the Hounsfield (HU) 

value for each material.  The mean was compared with the medical CT Hounsfield scale.  

ANOVA and pair-wise student’s t-test were utilized to compare the differences among the 

measured HU values generated by the various protocols.  The water phantom was made from a 

clear plastic container (dimension 3.5’’x 3.5’’x 2.5’’, purchased from TAP Plastics) filled with 

water.  20 consecutive slices of the water phantom were analyzed to investigate both the baseline 

noise level and uniformity across the peripheral and central region of the phantom.  ANOVA and 

pair-wise student’s t-test were used to compare the level of noise among different protocols.  

Lastly, the wire phantom was made from a clear plastic container (dimension 2.5’’ x 2.5’’x 5’’, 

purchased from TAP Plastics, San Francisco, CA) and 0.010 inch round stainless steel wire (3M 

Unitek, St. Paul, MN).  The stainless steel wire was embedded in dental putty at an angle < 5 º 

and securely attached to the cap of the plastic container.  The container was then filled with 

water.  100 consecutive slides of the wire phantom were analyzed with a Matlab script to 

calculate modulation transfer function (MTF) of each protocol.   
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Figure 5: Phantoms – (a) density phantom with four density inserts (b) wire phantom, (c) water 
phantom 

 
(a)                                            (b) 

 

 

(c) 

 

Figure 6: Samples of scanned images of the phantoms; (a) top: scanned image of water phantom, 
bottom: scanned image of density phantoms.  (b) scanned image of wire phantom 

(a) 

 

(b) 
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Figure 7: Number of protocols selected with each CBCT system and number of cross-sections 
captured with each corresponding phantoms.   
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Imaging processing software 
  

 Osirix (The Osirix Foundation, Geneva, Switzerland) and Matlab (The Mathworks, 

Massachusetts, USA) software programs were selected to process the DICOM files.  Osirix is an 

image processing software for DICOM files with the capability of visualizing user specified 

region of interest (ROI), processing data to isolate ROIs and creating new DICOM files.  Please 

see Appendix A for step-by-step guide of using Osirix to process the raw DICOM files.  After 

processing the data using Osirix, Matlab scripts were used to perform the appropriate analysis on 

the DICOM files to generate objective data.  The Matlab scripts automated the data analysis 

process by loading consecutive slices, calculating mean and standard deviation of different 

inserts, and tabulating output data.  Several Matlab scripts were created to process DICOM files 

(Appendix B for Matlab scripts).   

 

Summary of data acquisition and analysis 
 

 In summary, three CBCT scanners were utilized to scan the phantoms to generate DICOM 

files.  The DICOM files were processed with Osirix and analyzed with Matlab scripts to produce 

the results.  Figure 8 and 9 summarize the workflow of the experiment.   
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Figure 8: Data acquisition flowchart 

 

Figure 9: Data processing and analysis flowchart 
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Image quality goals with Objective measurements  
 

i. Stability/Accuracy – measured with stability of Hounsfield unit 

 

 Intensity values in CBCT are represented as Hounsfield units (HU).  During processing of the 

raw data in image acquisition, the internal algorithm of the CBCT converts the raw data to the 

corresponding HU values.   To measure the HU stability, the density phantom was used to obtain 

measurements of the HU value associated with each insert.  Fifty consecutive slices were used to 

measure the stability.   

 The density phantom used in this experiment contained four inserts: Teflon, acrylic, LDPE and 

air.  Each material corresponded to a nominal CT number (Table 6).    

 

Table 6: Nominal CT number associated with the known density and water 
 
 

 
 

ii. Contrast – measured with signal to noise ratio (SNR) 

 Signal to noise ratio is utilized to measure the quality of signal by comparing the level of 

desired signal to the level of the background noise.  A ratio greater than one is preferred and the 

higher the SNR is, the greater the strength of the signal and the lesser the noise in the radiograph.  

In this study, one of the inserts, Teflon was chosen as the desired signal to compare with the 

background noise.   

  

Inserts Nominal CT # Upper Limit Lower Limit 

Teflon 870 1160 580 

Acrylic 75 200 -50 

LDPE -150 -50 -250 

Air -990 -980 -1000 
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iii.  Noise – measured with noise characteristics of water  

 Noise characteristics were assessed by examining the amount of variation in the signal within 

a body of uniform water.  By definition, water has a HU of 0.  The noise characteristics can be 

measured with two approaches: 1) assessment of the variation by looking at the average and the 

range of the 3D data set and 2) assessment of  the uniformity by comparing the signal in the 

peripheral versus the center of the field of the view.  The noise characteristics were obtained by 

analyzing twenty consecutive slices of the 3D data set.  While assessing the uniformity between 

the peripheral versus the center of the field of the view, it was determined that if the peripheral 

voxels have greater values than those in the center, the non-uniformity was characterized as the 

cupping effect.  On the other hand, if the voxels in the center have greater values, the non-

uniformity was characterized as the capping effect.   

Figure 10: Illustration of noise presented in a sample of an iCAT scan.  Panel A shows the cross-
sectional view of the scanned phantom.  Panel B demonstrates a plot of the voxel value.  The 
voxel values were represented with a gradient of color to show the non-uniformity within the 
body of water.  Panel C illustrates the noise characteristics in 3D and the pattern shows a capping 
effect since the peripheral voxel values were less than the central voxel values.   
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iv. Resolution – measured with modulation transfer function (MTF) 

 Modulation transfer function has been utilized in previous studies to quantitatively 

evaluate the resolution of an imaging system and Jaffray et al also used MTF to characterize 

the resolution for a flat panel CBCT prototype (12,24-26).  MTF represented the quality of 

signal with respect to the complexity of the image.  The quality of the signal is expressed as a 

unit-less number ranging from 0 to 1 with 1 being the best quality and 0 being the worst.  The 

complexity of the image is expressed as number of line pairs per centimeter.  The more 

complex the image is, the higher the number of line pairs per centimeter.  The complexity of 

the image was defined as spatial frequency.  Figure 11 illustrates the definition of MTF and 

spatial frequency.   

Figure 11: Panel A illustrated an increase in spatial frequency as the number of line pairs 
increased per centimeter.  Greater number of line pairs represented more complex images.  Panel 
B is an excerpt image from Watanabe et al to illustrate and plot of MTF vs spatial frequency (24).  
A high resolution MTF curve corresponded to greater frequency with higher MTF values whereas 
a low resolution MTF curve corresponded with smaller frequency with lower MTF.  Panel C 
demonstrated the range of MTF from 0 to 1 with respect to the image quality.   

 

(a) 

 

(b)                         (c) 
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 This project utilized the oversampling method for calculating MTF outlined by Watanabe 

et al (24).  The wire was positioned with < 2 degree angle to obtain oversampled images.  See 

below for step by step description on how to calculate MTF.   

1) Identify area of interest (see green box) 

Figure 12: Green box enclosed region of interest (30x30 pixel) 

 
2) Calculate line spread function (LSF) by summing up the pixel values within the area of 

interest for each of the 2D slices.  100 consecutive slices were analyzed to obtain 100 

LSFs.   

Figure 13: Line spread function of a single slice (left) and line spread function of slices 
(right).  The offset of the peaks were due to the slight angle of the wire for oversampling.   
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3) Calculate center of mass for each slice to identify the peak of the LSF curve 

Figure 14: Interpolated center of mass for all 100 slices.  The slope and y-intercept were 
used for estimating and realigning all LSF.   

 
4) Realign the LSFs by coincide the LSFs based on the peak of the curves 

Figure 15: LSF prior to realignment (left) and LSF after realignment (right) 

 
5) Oversampling was achieved by averaging the realigned LSFs.   

Figure 16: Original LSF of one single slice with 30 samples (left) and oversampled LSF 
of 100 slices with new sampling number of 300 samples (right).   
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6) Baseline nose was present in the oversampled LSF.  Noise was removed by filtering.   

Figure 17: Oversampled LSF with noise (left) and after noise removal (right) 

 
7) MTF is calculated by taking the fast fourier transform (fft) of oversampled LSF. 

Figure 18: MTF curve 
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RESULTS 

 

HU Stability 
 
 Table 7 summarized the mean and standard deviation of the HU values for the four density 

inserts.  ANOVA tests were conducted to test if the means were statistically significantly 

different.  Table 8 shows the results of the statistical analysis.   The appendix A contained the 

complete data set for HU values for each of the CBCT systems.   

 

Table 7: Mean and standard deviation of HU values for Teflon, air, acrylic and LDPE

 

Table 8: ANOVA and pair-wise student’s t-test for HU values for Teflon, air, acrylic and LDPE

 

* denotes statistical significant difference 

 

 

 

 

  

 

 

 



 28

Signal to Noise Ratio (SNR) 
 

 
 The SNR for NewTom, iCAT and Hitachi were 45.1, 27.9 and 11.7 respectively.  The 

ANOVA test showed that the differences among all three scanners were statistically significant 

(P<0.001).  The overall quality of signal from the best to the worst in terms of SNR was in the 

order of NewTom, iCAT and Hitachi.   

 

Table 9: Mean and standard deviation for signal to noise ratio of Teflon 

 
Table 10: ANOVA and pair-wise student’s t-test for SNR

 

* denotes statistical significant difference 

 

Figure 19: Signal to noise ratio: Hitachi MercuRay vs. iCAT Platinum vs NewTom vgi 
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Noise  
 

 
 The noise level for Hitachi, iCAT and NewTom were 175.7, 63.2 and 67.2 for respectively.  

The ANOVA test showed that the differences were statistically significant (P<0.001) and the 

pair-wise t-test revealed that the noise level for Hitachi is significantly higher than that of 

NewTom and iCAT.  There is no statistically significant difference between the noise for iCAT 

and NewTom.   

 

Table 11: Mean and standard deviation of baseline noise level of water  

 
 
Table 12: ANOVA and Student’s t-test of noise level of water 

 
• denotes statistical significant difference 

 

Figure 20: Noise level of water: Hitachi MercuRay vs. iCAT Platinum vs NewTom vgi 
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Uniformity Index 
 

 
  The uniformity index for iCAT, Hitachi and NewTom were 43.5, 30.1 and 16.9 respectively.  

The ANOVA test showed that the differences were statistically significant (P<0.001). The results 

showed that all of the Hitachi scans demonstrated a cupping effect whereas those of the iCAT 

showed a capping effect.  For NewTom, depending on the field of view, the uniformity index for 

the 6 cm field of view displayed a capping effect while the remaining protocols showed a cupping 

effect.  From the best to the worst in terms of uniformity index, the three scanners performed in 

the order of NewTom, Hitachi and iCAT.   

 

Table 13: Mean and standard deviation of uniformity index 

 
 
Table 14: ANOVA and Student’s t-test of uniformity index 

* denotes statistical significant difference 

Figure 21: Uniformity Index: Hitachi MercuRay vs. iCAT Platinum vs NewTom vgi 
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Modulation Transfer Function (MTF)  
 

Table 15 summarized the corresponding spatial frequency for MTF values at 0.5 and 0.1 

respectively. The table subdivided the results into three groups of voxel size: voxel <= 200 µm,  

200 µm  < voxel <= 300 µm, and 300 µm < voxel <= 400 µm.  At both MTF of 0.5 and 0.1, 

iCAT and NewTom can resolve tissues with higher spatial frequency, hence performed better 

than Hitachi in resolution.  At MTF of 0.5, iCAT and NewTom resolved frequency within a 

similar range whereas at MTF of 0.1, iCAT performed at a higher frequency of at least 1 to 2 

more line pair per cm than NewTom.   

 

Table 15: MTF Summary 
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Figure 22: MTF Plots: iCAT Platinum 

 
 
 

Figure 23: MTF Plots: Hitachi MercuRay  
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DISCUSSION 
 

HU Stability of Four Density Inserts  
 
 
 The data for the Teflon insert showed that the HU values for the three CBCT scanners were 

statistically different (P<0.001).  Specifically, the measured Teflon HU values from the greatest 

to the least were in the order from iCAT, NewTom and then Hitachi.  The means for all three 

systems were within the acceptable range given in Table 6 while the standard deviation of the HU 

values for the Hitachi systems was much greater compared to those of iCAT and NewTom.  

Figure 19 illustrates the 95% confidence interval of the measured Teflon HU values.   

 The data for the air insert showed that the HU values for the Hitachi and NewTom were 

statistically different from those of iCAT (P<0.001).  All three CBCT systems were out of the 

acceptable range with iCAT being the closest to the range.  The acceptable range of HU error for 

air was within 20 HU whereas for the other three inserts, the range of HU error was within 200 to 

580 HU.  Due to the relatively narrow range of acceptable HU values for air, a slight variation in 

CT number would lead to a reading which deviated outside the nominal range of HU values for 

air.  Another observation was that the measured HU values for iCAT scans were all at the values 

of -974 with a standard deviation of 0.  It was a result of the clipping algorithm used in processing 

raw data in image processing.  This example demonstrated that it is not only the raw data 

generated from the source and receiver of the x-ray that could affect the image quality, but also 

the post imaging processing algorithm as well.  Figure 20 illustrates the 95% confidence interval 

of the measured air HU values.    

 The data for the acrylic insert showed that the HU values for the iCAT and NewTom were 

statistically different from those of Hitachi (P<0.001).  The means for all three systems were 

within the acceptable range of acrylic HU values while the iCAT and NewTom values were 
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closer to the upper limit of the range and the Hitachi values were closer to the lower limit of the 

range.  Figure 21 illustrates the 95% confidence interval of the measured acrylic HU values.    

  The data for the LDPE insert showed that the HU values for the three CBCT scanners 

were statistically different (P<0.001).  Specifically, the measured Teflon HU values from the 

greatest to the least were in the order from NewTom, iCAT and then Hitachi.  The means for all 

three systems were within the acceptable range given in Table 6.  Figure 22 illustrates the 95% 

confidence interval of the measured LDPE HU values.    

 Lastly, when comparing the stability of HU among all three systems, it was noted in this study 

that Hitachi consistently had greater standard deviations than iCAT and NewTom.  As a result, 

the 95 confidence interval of the measured HU values for the density inserts spanned a much 

larger range, thus indicating  less stable HU values within the 3D volume.   

 

 
Figure 24: HU stability of Teflon with upper and lower limits of HU range 
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Figure 25: HU stability of air with upper and lower limits of HU range 

 

Figure 26: HU stability of acrylic with upper and lower limits of HU range 

 

Figure 27: : HU stability of LDPE with upper and lower limits of HU range 
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Noise – Bias Introduced to the Image 
 

The positive and negative signs of noise denote the direction of the deviation.  The CT 

numbers represented shades of gray on a gray scale values.  With a noise greater than zero, such 

as that of iCAT Platinum, the noise altered the image to a lighter shade on a gray scale where as a 

noise less than zero, such as that of Hitachi MercuRay, the noise altered the image to a darker 

shade.  It was observed in this study that the direction of the noise level was consistent throughout 

all protocols for iCAT and Hitachi.  iCAT consistently introduced approximately 63 HU of noise, 

biasing the value toward a lighter shade of gray.  On the other hand, Hitachi presented a 

consistent -176 HU of noise toward the darker shade of gray.  The noise observed for NewTom 

contained both positive and negative values.  The noise varied as either negative or positive 

depending on the field of the view.  In the case of 6 cm field of view, the noise biased toward 

darker shade of gray whereas the remaining protocols introduced a noise biased toward lighter 

shade of gray.  Overall, iCAT and NewTom had similar level of noise while Hitachi had 

significantly more noise than both other systems.   

Clinically, all objects were represented in different shades of gray.  When noise is 

present, the values representing the object are altered.  Depending on goal of the image, the noise 

may impact the diagnostic quality of the task.  For example, minimal noise has less impact on 

evaluating the position of an impacted canine whereas minimal noise could potentially negate the 

diagnostic quality when evaluating the amount of thin buccal bone remaining around the lower 

incisors.  Further studies are required to evaluate the window of tolerance for the amount of 

acceptable noise for different clinical scenarios.   
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Uniformity Index Measurement Limitations 
 

Uniformity index measured the variation in noise from the peripheral to the central region 

in the field of view.  The results showed that the uniformity from best to worst was NewTom, 

Hitachi and iCAT.  The findings were inconsistent with the noise level found earlier.  Upon 

review of the protocol, the authors believed that the instrumentation of the water phantom should 

be altered to capture a more accurate uniformity index.  Currently, the size of the water phantom 

was 3.5’’x 3.5’’x 2.5’’.  To capture  more accurate data that reflects the condition at the edge of 

the volume, the water phantom should be increased to cover the largest FOV.  The current 

dimension of the water phantom could capture uniformity index with FOV of 3.5” (8.89 cm) or 

less.   With the current setup, the authors suspected that some measured uniformity index may be 

underrepresented, in particular, those protocols that the FOVs were greater than the size of water 

phantom.  The noise near the edge was not accounted for in the data due to the limitation in size 

of the water phantom.  To improve the accuracy, a lager water phantom which is sufficient to 

cover the largest field of view should be used.   
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MTF - Potential Applications as a Standard for Image Quality 
 

This study utilized MTF to evaluate spatial resolution of the three CBCT scanners.  MTF 

represented the image quality at a given image complexity, known as lines pairs per unit length.  

The MTF findings for this study were divided into three groups based on voxel size: small, 

medium and large with respective measurements as voxel <= 200 µm, 200 µm < voxel <= 300 

µm, and 300 µm < voxel <= 400 µm.  In the small voxel size group, iCAT and NewTom both 

were able to resolve an image at a high spatial frequency, hence have better resolution compared 

to Hitachi.  Similarly, iCAT also provided higher resolution in the large voxel size group 

compared to Hitachi.   NewTom CBCT scanner does not have acquisition protocols in the range 

of > 300 µm.   

In addition to providing information on spatial resolution, MTF graphs have the potential 

to be applied as a key step to develop case-specific imaging strategy.  Figure 30 to 33 illustrates 

an example of utilizing MTF to investigate appropriate image acquisition protocol in different 

clinical scenarios.  Figure 29 showed several potential targets in an acquired image: root position, 

PDL space, root canal or crest of alveolar bone.  Resolution requirements for these potential 

objects of interests vary greatly.  A separate study will be required to determine the appropriate 

line pairs per unit length to visualize various different sizes of target objects.  For the purpose of 

demonstrating applications of MTF to establish imaging strategy, we would need to make a few 

assumptions.  In the order of smallest to largest object size, the image complexity for Figure 29 

below would be: PDL space, crest of alveolar bone, root resorption and root position.  Assuming 

the corresponding numbers of line pairs per cm for PDL space, crest of alveolar bone, root 

resorption and root position are 20 lp/cm, 15 lp/cm, 5 lp/cm and 3 lp/cm respectively.  Figure 29 

to 33 illustrated an example of using MTF chart to determine appropriate image acquisition 

protocols. 
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Figure 28: Potential object of interest: root position, root resorption, PDL and crest of 
alveolar bone 

 

 
 

  
 

 

 
Figure 29: Illustrates that 
visualization of root position requires 
3 line pairs per cm and a minimal 
MTF of 0.4.  All four protocols 
would yield an acceptable image 
quality to see root position. 

 

Figure 30: Illustrates that when 
visualization of root resorption 
requires 5 line pairs per cm and a 
minimal MTF of 0.4, two of the 
protocols (200 µm and 250 µm) 
would yield an acceptable image 
quality to see root position.  The 300 
and 400 µm protocols would not 
provide adequate image quality.  The 
MTF dropped significantly to around 
0.2.   
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With the example of utilizing MTF graphs to develop imaging strategy outline above, this 

approach can be applied to explain the findings from several subjective studies.  Kwong et al 

evaluated image quality of Hitachi MercuRay and concluded that diagnostic quality of  6, 9 and 

12-inch FOV were 56%, 99% and 99%.  Bitewing radiographs were generated from 6-inch FOV 

DICOM files, panoramic films were generated from 9-inch FOV and lateral cephalograms were 

generated from 12-inch FOV.  With the type of radiographs generated from the corresponding 

FOV, the type of the target subjects on a bitewing radiographs, panoramic and lateral 

cephalograms were different.  In the case of the bitewing radiographs, the potential objects of 

 
Figure 31: Illustrates that when 
visualization of crest of alveolar 
bone requires 9 line pairs per cm and 
a minimal MTF of 0.4, one of the 
protocols (200 µm) would yield an 
acceptable image quality to see root 
position.  The remaining protocols 
would not provide adequate image 
quality.  The MTF dropped 
significantly to around 0.2 to 0.1.   

 

 
Figure 32: Illustrates that if 
visualization of PDL were to require 
15 line pairs per cm and a minimal 
MTF of 0.4, none of the protocols 
would yield an acceptable image 
quality to see root position.  
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interest were higher in spatial frequency.    With the higher spatial frequency, the potential 

differential in MTF was greater (Figure 34, Frequency 2).  On the other hand, those in a 

panoramic or lateral cephalometric radiograph were lower in spatial frequency and the differences 

in image quality or MTF is much less (Figure 34, Frequency 1).    As a result, there was more 

significant differences in diagnostic quality between 6-in from the other 2 FOVs and no 

difference between the 9-in and 12-in FOV.  Therefore, selection of the object of interests in a 

subjective study is critical in detecting the MTF differential.  Differences in image quality could 

be masked by conducting the experiments with objects of a lower frequency.  

 

Figure 33: Differential in MTF based on frequency 
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CONCLUSION 
 

 

This study evaluated image quality of three CBCT systems using a quantitative approach.  

Differences in image quality were observed among the three CBCT scanners.  All three systems 

had HU values within the acceptable range for all four density inserts with Hitachi MercuRay had 

the highest variation in HU values due to consistently larger standard deviation.  Signal to noise 

ratio from the most favorable to the least was: NewTom Vgi, iCAT Platinum and Hitachi 

MercuRay.  Hitachi had significantly higher noise compare to that of NewTom Vgi and iCAT 

Platinum scanner.  Uniformity of signal within the volume from the most favorable to least were 

NewTom Vgi, Hitachi and iCAT Platinum.  The approach used in this study to measure 

uniformity had some limitations.  MTF were measured for each protocol to investigate the 

resolution of each system. Overall, NewTom Vgi and iCAT Platinum can resolve higher spatial 

frequency than Hitachi MercuRay.   

 This project demonstrated that a quantitative approach is feasible to evaluate image 

quality of CBCT scanners.  The hypothesis could therefore not be rejected. The overall goal of 

the project was not to advocate any CBCT systems, but to encourage more studies on quantitative 

evaluation of image quality as well as development of case-specific imaging strategy.   
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APPENDIX 
 

A. HU Stability Data 

B. Osirix Data Pre-Processing Protocols – Density Volumes 

C. Matlab Program for Calculating Maximum/Minimum/Average/Standard Deviation of HU 

for Each Density.    Matlab script: density.m 
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A. HU Stability Data 

 

HU STABILITY – AVERAGED HU OF 50 CONSECUTIVE SLICES 

CBCT 
Scanner 

FOV 
Voxel 
Size 

Time 
Curre

nt 
Voltage 

Teflon 
HU 

Acryli
c HU 

LDPE 
HU 

Air 
HU 

Hitachi 6 200 10 15 120 744.3 -6.8 -200.1 -977.3 
Hitachi 6 200 10 15 100 806.7 14.6 -182.8 -986.4 
Hitachi 6 200 10 2 120 770.3 10.7 -186.5 -975.8 
Hitachi 6 200 10 2 100 810.6 28.9 -170.5 -975.6 
Hitachi 9 290 10 15 120 645.5 -38.6 -217.9 -941.1 
Hitachi 9 290 10 15 100 716.3 -14.1 -208.7 -951.5 
Hitachi 9 290 10 2 120 675.5 -17.2 -200.0 -936.9 
Hitachi 9 290 10 2 100 704.0 -8.0 -199.6 -941.6 
Hitachi 12 370 10 15 120 519.9 -90.0 -253.6 -920.3 
Hitachi 12 370 10 15 100 613.7 -42.3 -221.1 -906.0 
Hitachi 12 370 10 2 120 565.5 -62.9 -231.9 -918.1 
Hitachi 12 370 10 2 100 663.5 23.8 -152.1 -838.3 
iCAT 4 125 7.2 5 120 1165.4 166.4 -101.1 -974.0 
iCAT 4 200 7.2 5 120 1174.2 163.7 -106.2 -974.0 
iCAT 4 250 7.2 5 120 1184.8 165.9 -93.9 -974.0 
iCAT 4 300 2.5 5 120 1218.8 189.9 -75.9 -974.0 
iCAT 4 400 2.5 5 120 1229.1 195.5 -72.8 -974.0 
iCAT 6 200 7.2 5 120 1122.6 138.3 -112.8 -974.0 
iCAT 6 250 7.2 5 120 1023.0 99.2 -141.6 -974.0 
iCAT 6 300 2.5 5 120 1153.1 170.4 -93.8 -974.0 
iCAT 6 400 2.5 5 120 1158.8 164.7 -95.6 -974.0 
iCAT 8 200 7.2 5 120 1076.6 121.2 -133.5 -974.0 
iCAT 8 250 7.2 5 120 1085.6 120.5 -130.2 -974.0 
iCAT 8 300 2.5 5 120 1121.4 154.9 -110.1 -974.0 
iCAT 8 400 2.5 5 120 1123.9 150.9 -113.0 -974.0 
iCAT 13 250 7.2 5 120 1068.6 127.2 -133.5 -974.0 
iCAT 13 300 2.5 5 120 1074.6 129.5 -129.8 -974.1 
iCAT 13 400 2.5 5 120 1034.0 101.0 -151.6 -974.0 

NewTom 6/6 100 5.4 1 110 898.6 35.6 -191.1 -977.7 
NewTom 6/6 125 5.4 1 110 893.0 34.2 -197.1 -986.7 
NewTom 6/6 150 5.4 1 110 892.2 32.6 -199.9 -988.6 

NewTom 8/8 
125 

HR 
5.4 

1 110 

1028.3 148.6 -73.4 -955.4 

NewTom 8/8 
150 

HR 
5.4 

1 110 

1028.9 148.9 -74.2 -956.3 
NewTom 8/8 150 3.6 1 110 1023.1 140.0 -81.9 -967.3 
NewTom 8/8 250 3.6 1 110 1051.6 195.7 -23.7 -905.6 
NewTom 8/8 300 3.6 1 110 1085.5 209.8 -2.0 -903.4 

NewTom 8/12 
125 

HR 
3.6 

1 110 

1051.1 161.5 -65.5 -959.5 
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NewTom 8/12 
150 

HR 
3.6 

1 110 

1043.8 158.9 -68.0 -958.2 
NewTom 8/12 150 3.6 1 110 1084.8 198.5 -17.6 -903.1 
NewTom 8/12 200 3.6 1 110 1082.2 197.5 -19.1 -903.4 
NewTom 8/12 250 3.6 1 110 1085.4 198.5 -18.8 -905.3 
NewTom 8/12 300 3.6 1 110 1082.0 197.4 -20.1 -905.3 
NewTom 12/15 200 3.6 1 110 1048.6 177.9 -36.4 -909.6 
NewTom 12/15 250 3.6 1 110 1048.5 177.8 -36.8 -909.9 
NewTom 12/15 300 3.6 1 110 1049.3 178.5 -36.2 -909.3 
NewTom 15/15 250 3.6 1 110 1072.2 192.4 -24.6 -908.7 
NewTom 15/15 300 3.6 1 110 1067.5 189.0 -28.7 -912.0 
 

HU STABILITY – STANDARD DEVIATION OF HU OF 50 CONSECUTIVE SLICES 

CBCT 
Scanner 

FOV 
Voxel 
Size 

Time Current Voltage 
Teflon 

HU 
Acrylic 

HU 
LDPE 
HU 

Air 
HU 

Hitachi 6 200 10 15 120 54.7 51.3 52.7 48.8 

Hitachi 6 200 10 15 100 76.2 69.4 68.1 64.5 

Hitachi 6 200 10 2 120 98.3 89.7 88.4 82.9 

Hitachi 6 200 10 2 100 175.3 154.0 147.2 135.3 

Hitachi 9 290 10 15 120 35.0 30.1 29.3 28.6 

Hitachi 9 290 10 15 100 48.3 42.0 41.7 39.6 

Hitachi 9 290 10 2 120 59.3 53.5 52.5 50.4 

Hitachi 9 290 10 2 100 107.5 94.1 91.3 83.7 

Hitachi 12 370 10 15 120 27.9 20.3 18.6 18.9 

Hitachi 12 370 10 15 100 52.5 41.7 39.4 41.3 

Hitachi 12 370 10 2 120 39.3 31.4 29.7 28.4 

Hitachi 12 370 10 2 100 83.9 66.7 61.5 61.1 

iCAT 4 125 7.2 5 120 56.0 43.1 41.5 0.0 

iCAT 4 200 7.2 5 120 54.2 43.4 40.9 0.0 

iCAT 4 250 7.2 5 120 52.6 42.3 37.9 0.2 

iCAT 4 300 2.5 5 120 35.2 28.9 26.8 0.0 

iCAT 4 400 2.5 5 120 36.7 30.0 28.0 0.8 

iCAT 6 200 7.2 5 120 50.3 41.4 38.9 0.0 

iCAT 6 250 7.2 5 120 43.8 37.3 35.5 0.0 

iCAT 6 300 2.5 5 120 34.3 25.5 25.7 0.0 

iCAT 6 400 2.5 5 120 32.1 27.7 25.3 0.0 

iCAT 8 200 7.2 5 120 50.4 41.3 38.1 0.0 

iCAT 8 250 7.2 5 120 47.7 39.0 35.6 0.0 

iCAT 8 300 2.5 5 120 34.9 25.7 24.0 0.5 

iCAT 8 400 2.5 5 120 32.6 26.4 24.3 1.3 

iCAT 13 250 7.2 5 120 33.6 24.6 23.4 1.9 

iCAT 13 300 2.5 5 120 32.3 25.2 23.7 0.7 

iCAT 13 400 2.5 5 120 47.9 38.0 35.7 0.0 

NewTom 6/6 100 5.4 1 110 67.8 55.5 51.8 26.7 

NewTom 6/6 125 5.4 1 110 22.4 21.8 27.4 12.0 
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NewTom 6/6 150 5.4 1 110 29.9 27.6 30.1 15.0 

NewTom 8/8 125 HR 5.4 1 110 31.4 26.2 23.9 21.4 

NewTom 8/8 150 HR 5.4 1 110 32.7 26.1 24.8 20.0 

NewTom 8/8 150 3.6 1 110 30.5 25.5 23.9 20.5 

NewTom 8/8 250 3.6 1 110 32.3 25.9 24.2 20.9 

NewTom 8/8 300 3.6 1 110 22.6 18.5 17.3 16.4 

NewTom 8/12 125 HR 3.6 1 110 23.2 17.5 17.3 14.8 

NewTom 8/12 150 HR 3.6 1 110 31.9 25.7 23.8 21.5 

NewTom 8/12 150 3.6 1 110 17.2 13.1 12.1 10.3 

NewTom 8/12 200 3.6 1 110 14.7 9.3 9.1 9.4 

NewTom 8/12 250 3.6 1 110 34.7 27.9 26.2 22.1 

NewTom 8/12 300 3.6 1 110 25.4 19.8 18.1 16.5 

NewTom 12/1

5 

200 
3.6 

1 110 
23.5 17.8 16.4 14.5 

NewTom 12/1

5 

250 
3.6 

1 110 
18.4 13.3 11.6 10.7 

NewTom 12/1

5 

300 
3.6 

1 110 
14.8 10.1 9.6 9.1 

NewTom 15/1

5 

250 
3.6 

1 110 
14.6 9.9 9.1 9.0 

NewTom 15/1

5 

300 
3.6 

1 110 
17.6 12.5 11.5 11.0 
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B. Osirix Data Processing Protocols – Density Volumes 

 

1. Import DICOM files into Osirix.  

2. Osirix displayed imported DICOM as 2-D slices.  Each slices contained 4 densities: 

LDPE, air, teflon and acrylic.  The uniform material which encased the 4 density is also 

shown as below.   

 

3. To simplify the processing in Matlab, Osirix is used to isolated area of interests.   Figure 

below showed the post-processing output from Osirix.   

 

4. Draw region of interest (ROI) by select “oval shape”.   
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5. Within the 4 densities, draw 1 cm2 ROI.   

  

 

6. Once all 4 ROIs are drawn and selected, use “propagated selected ROIs” under “ROI”.   

7. Enter the # of slices desired propagation of ROIs.   

 

8. Scroll through the slices to ensure all ROIs are properly drawn.   

9. To select all the current ROIs, go to “ROI” menu and choose “select all ROIs in this 

series”.   

10. To remove all pixels outside of ROIs, go to “ROI” menu and choose “Set pixel values”.   

11. First set all pixels outside of ROIs to 0.   
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12. Restore pixels inside ROIs by go to “ROI” menu again and choose “Set pixel values to”.   

 

13. Each slice that contains selected ROIs screen should look like the one below after 

restoring the pixel values inside of ROIs to original values.   

 

14. To only save information on slices containing ROIs, go to “plugins” menu and select 

“Reduce Series”.   

 

15. A new series of slices is then created.  To save the new series as a separate DICOM file, 

go to menu “File” and “Export”.  Choose “Export to DICOM files”.   
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16. To locate the DICOM file in Osirix database, go back to Osirix database screen.  Select 

file of interest under patient name.  Right click on DICOM thumbnails to be located.   

 

 

17. Select “Reveal in Finder” to show the initial DICOM file in the series.  The initial 

DICOM file will be an input to the Matlab program.   
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C. Matlab Program for Calculating Maximum/Minimum/Average/Standard Deviation of HU 

for Each Density.     
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