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 الخالصة:

الطبقي المخروطي باستخدام عدة أنماط تصوير لتقيم  الشعاعيالعالقة بين الجرعة اإلشعاعية وجودة الصورة في جهاز التصوير 

 طرابلس.تم دراستها في مصحة الالمعة لطب األسنان في منطقة  اللثة،

الطبقي المخروطي  الشعاعيجهاز التصوير  باستخدام SedentexCT IQ)تم إجراء التصوير الخلفي لمنطقة شيح جمجمة نوع )

 وتيار تعريضي kV 80 , 70 ,65 ,60جهد  وفرق سم( 4x سم (3 يشعاعاعند حقل  (3D PLANMECA prom ax)نوع 

17, 50, 80 , 100 mAs 360 - °180بين زاوية دوران و° . 

الني و (OSL)الالمعة المحفزة بصريا نظام بلورات الجرعة  الجرعة اإلشعاعية الفعالة تم حسابها عند تلك المتغيرات باستخدام

حقل تصوير. تم  وتقيمها لكلللفك عرض الصور المقطعية  الكربون. تمالمطعم بذرات  األلومنيومتحتوي بلوراتها على مركب أكسيد 

 37.5شعاعية فعاله على صور جيده عند معدل جرعة إ وتم الحصوللجودة الصور من قبل أخصائيين  التقييم الشخصي

عند التوصية باستخدام  بناءا على ذلك يجب اتخاذ الحذر و الحيطة .4.2 (CNR)كانت نسبة التباين إلى الضجيج ميكروسيفرت و

 ميكروسيفرت  80.4مقابلة لقيمة الجرعة الفعالة السريرية،( للتنفيذ في الممارسة kV ،80 mAs 70) نمط تصوير منخفض الجرعة

 . 5.2   (CNR)التي لها نسبة التباين إلى الضجيج

 مقارنة %46الجرعة إلى  يستطيع خفضبروتوكول جرعة إشعاعية منخفض لهذا الجهاز  نستطيع إنشاءنستنج من الدراسة إننا 

   .(100mAs and 90kVp) المصنعة.بإعدادات توصية الشركة 

 

ABSTRACT: 

In this study the relationship between dose and 

image quality for dental CBCT scanner using 

different scanning protocols for assessment of 

periodontal structures was investigated. This 

study was conducted at AL-Lammaha Dental 

Clinic at Tripoli. 

Examinations were performed in posterior part 

of the jaws on a skull phantom (SedentexCT 

IQ) with 3D PLANMECA (Prom ax) (FOV           

3cm×4cm). All combinations of   60,65,70,80 

kV and 17,50,80, 100 mAs with a rotation of 

180° and 360° were used.  

The effective doses were determined for each 

combination by using Optical Stimulated 

Luminescence Dosimeter(OSL) (Al2O3: C), 

The images were presented, displaying the 

object in axial, cross-sectional and sagittal 

views, without scanning data in      a random 

order for each FOV and jaw. 
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Acceptable image quality using subjective 

judgments by the clinicians of the skull 

phantom images, was achievable with effective 

dose values of 37.5 µSv for poly tetra fluoro 

ethylene (PTFE) and contrast-to-noise ratio 

(CNR) of 4.2. A cautious choice was made to 

recommend               a low-dose protocol of 

70 kV and 80 mAs for implementation into 

clinical practice, corresponding to a effective 

dose value of 80.4µSv and a PTFE CNR of 5.2. 

In conclusion, a low-dose protocol for this 

particular CBCT machine was established 

which represents as much as a 46% reduction 

compared with manufacturer's 

recommendations setting (100mAs and 

90kVp).  

INTRODUCTION: 

Dental cone beam CT(CBCT) is 

usually associated with higher 

levels of dose than conventional 

dental radiography [1].  

Risk from X-ray exposure is higher 

for younger individuals, so it is 

particularly important that a priority 

is given to optimization of X-ray 

exposures for CBCT examinations 

particularly for children [2].  

A recent hospital-based survey in 

the UK found that the most 

commonly performed dental CBCT 

examination in this age group was 

a localized examination of the 

anterior maxilla [3]. This was 

usually for assessment of impacted 

canine teeth in the context of 

possible resorption of incisors. 

Although field-of-view (FOV) 

dimensions are important in 

determining patient dose in dental 

CBCT, a key factor is that exposure 

factors (X-ray tube voltage and 

tube current–exposure time 

product) should be adjusted to give 

acceptable image quality for the 

diagnostic task in question.           

[4-6].  Although some dental CBCT 

equipment uses automatic 

exposure control, most require the 

operator to set exposure factors 

manually [7].  

This is carried out using the 

manufacturers' suggested 

protocols, with the help of expert 

advice from a medical physicist and 

by the professional judgment of the 

operator. There are, however, 

limited objective data on the image 

quality requirements for dental 

CBCT. Lofthag-Hansen et al [8].  

demonstrated that requirements 

depended on the diagnostic task 

and anatomical location (upper or 

lower jaw). Others have found that 

there is scope for reducing 

exposure factors without loss of 

adequate image quality in various 

clinical contexts [9-20]. Low-dose 

protocols are a familiar optimization 

strategy for “medical” CT [21], but 
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there is almost no comparable 

literature related to dental CBCT.  

The impact of low-dose scanning 

protocols on objective 

measurements of image quality, 

available on one CBCT machine, 

has been assessed [22]. 

A strategy for using a low-dose 

protocol has been presented for 

CBCT in the context of dental 

implant imaging but this did not 

provide any objective guidance on 

image quality requirements [23].  

There is clearly a need to increase 

understanding of the relationship 

between objective image quality 

measures and clinicians' subjective 

image quality needs for specific 

clinical indications in dental CBCT. 

Therefore, the overall aim of our 

study was to develop a low dose 

protocol and good image quality 

suitable for CBCT examination of 

impacted maxillary canines. The 

specific objectives were: 

1. to measure for a broad range of 

X-ray tube voltage and tube 

current–exposure time product 

(mAs) combinations, objective 

image quality using the relationship 

between contrast-to-noise ratio 

(CNR), subjective image quality 

using a skull phantom and radiation 

dose. 

2. to investigate the relationships 

between radiation dose, objective 

and subjective image quality. 

3. Based on above mentioned 

results (radiation dose and image 

quality) we will identify                     

a practicable low-dose protocol for 

CBCT of impacted maxillary 

canines. 

METHODS AND MATERIALS 

All CBCT examinations were 

performed in posterior part of the 

jaws on a skull phantom                   

(SedentexCT IQ) with 3D 

PLANMECA (Promax) (FOV           

3cm×4cm). All combinations of    

70, 75, 90 kV and 2, 4, 6, 8mA with 

a rotation of 180° and 360° were 

used.  

These combinations represent        

a wide range of exposures, 

including those recommended by 

the manufacturer for use in 

everyday clinical practice         

(90 kV and 4–6 mA) but extending 

well beyond this range. A full 

rotation scan (360o) with a 

cylindrical field-of-view (FOV) of 

4 cm in diameter and 4 cm in height 
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and an 80-μm voxel size were used 

at all times. 

The effective doses were 

determined for each combination 

by using Optical Stimulated 

Luminescence Dosimeter (OSL) 

(Al2O3:C), The images were 

presented, displaying the object in 

axial, cross-sectional and sagittal 

views, without scanning data in a 

random order for each FOV and 

jaw. 

Objective Measurement of 

Image Quality: 

The Sedentex CT IQ cylindrical 

phantom a dedicated dental CBCT 

phantom, was used (fig-1), along 

with three of the cylindrical (35 mm 

diameter, 20 mm height) contrast 

resolution test inserts supplied with 

it. The three inserts were poly tetra 

fluoro ethylene (PTFE), low-density 

polyethylene(LDPE) and air.  

These were chosen as being 

representative of the tissues found 

in dental imaging: air inserts 

representing air cavities, PTFE 

representing dense bone and 

LDPE representing soft tissues. 

 

 

 

Each insert contains five rods of 

the specified material with different 

diameters (1,2,3,4 and 5 mm) 

encased in a background of 

homogeneous poly methylm 

ethacrylate (PMMA). 

Each test insert was scanned 

individually to avoid possible 

interferences by adjacent inserts. 

The inserts were placed into the 

phantom in a peripheral location 

and approximately midway in the 

vertical plane to ensure full 

containment of the primary beam in 

the phantom.  

The Isocentre of the FOV was 

positioned at the center of the test 

insert, with the test insert placed 

anteriorly and the bulk of the 

phantom placed posteriorly, to best 

reproduce the location of the 

anterior maxilla in a patient's head. 

The 5 mm diameter rod of the test 

insert was always located anteriorly 

to ensure consistency. All empty 

locations in the phantom were filled 

with homogeneous PMMA inserts 

of the same dimensions as the test 

inserts. 
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CBCT examination was performed 

by positioning the Sedentex CT IQ 

phantom in the 3D PLANMECA 

(Promax) scanner in the position 

used for patient examinations.     

The phantom was exposed once 

for each insert, using each of the 

35 combinations of X-ray tube 

voltage and tube current described 

above. 

CBCT data sets were exported as 

DICOM files into Matlab software. 

Axial images were analyzed at     

16-bit scale. On these images, a 

circular region of interest of 

approximately 12 mm2 was drawn 

within the 5 mm diameter rod of 

each material and another in the 

central area of PMMA as the 

background, allowing measurement 

of the pixel values of each material. 

For all data sets, measurements 

were performed on five consecutive 

axial images, starting from the 

centre of the 5 mm diameter rod in 

an upwards direction. For each test 

insert and exposure parameter 

combination, the mean and 

standard deviation of the pixel 

values from the five slices were 

recorded.  

 

For each test insert image, the 

coefficient of variation was used as 

a measure of consistency, 

calculated as the standard 

deviation/mean of the five 

measurements at all combinations 

and materials.  

Contrast-to-noise ratio (CNR) for 

each combination was then 

calculated relating the mean pixel 

value from the rod and the 

background with the following 

formula [24]. 

𝐶𝑁𝑅

=
𝑀𝑃𝑉𝑖𝑛𝑠𝑟𝑡 −   𝑀𝑃𝑉𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑

√(𝑠𝑑2(𝑖𝑛𝑠𝑒𝑟𝑡) −  𝑠𝑑2(𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑)/2
 

Where MPV represents the mean 

pixel value. Thus, CNR values 

were obtained for each of the test 

insert materials and at each X-ray 

tube voltage/tube current–exposure 

time product combination. 

 

Figure-1: The Sedentex CT IQ 

cylindrical phantom 
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Subjective Measurement of 

Image Quality: 

In order to produce suitable CBCT 

images of the anterior maxilla, as 

close in appearance to clinical 

images as possible, an 

anthropomorphic phantom was 

used. This was the design 

developed in a previous study 

[25]. Briefly, the phantom consists 

of a hollow container made of high 

impact polystyrene shaped to the 

morphology of the head and neck. 

Into this, a skull or mandible can be 

positioned and the container filled 

with water to simulate soft-tissue 

density.  

The polystyrene container can be 

fixed to a photographic tripod for 

stability during use. 

The phantom was exposed to the 

same exposure parameters as 

used previously. In addition, scans 

were performed using the highest 

and the lowest possible exposure 

(highest: 90 kV, 8.0 mA, 30.5 s, full 

rotation: 360°; lowest: 60 kV, 

1.0 mA, 4.4 s, partial rotation: 

180°). These two scans were 

performed to obtain reference 

image data sets of the highest and 

the lowest image quality possible 

with the CBCT device being used. 

The highest exposure settings 

produced an image with the highest 

image contrast and spatial 

resolution and the lowest noise 

available by the machine.  

However, the lowest exposure 

settings resulted in an 

underexposed image with poor 

contrast, compromised spatial 

resolution and high-noise levels. All 

exposures were taken in one 

session to avoid the introduction of 

differences in positioning between 

examinations. 

Seven CBCT data sets were 

chosen randomly within the study 

sample to allow assessment of 

observer repeatability. Thus, there 

were 22 CBCT image data sets 

available for observations and 22 

CBCT image data sets available for 

reference. The 22 CBCT image 

data sets were allocated random 

numbers. Figure-2 shows an 

example scan from the study. 
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Figure-2 Screenshot of a cone 

beam CT scan of the skull phantom 

used in the study 

Three observers were recruited, 

consisting of two dental and 

maxillofacial radiologists and one 

orthodontists. They were requested 

to evaluate the 22 CBCT data sets 

in turn and to answer                       

a questionnaire on each. All 

observers had previous experience 

in the use of the viewing software. 

The observers were informed about 

the goal of the study and the 

method of evaluation regarding to 

image quality in terms of low 

radiation dose to the patients 

immediately before the beginning 

of the scoring session.  

Observers were informed that the 

clinical scenario for all the CBCT 

data sets was the evaluation of the 

position and morphology of the 

right maxillary canine and possible 

root resorption of the adjacent 

teeth. Each observer completed a 

five-point questionnaire for each 

CBCT data set.  

This was composed of six 

statements regarding the 

identification and visibility of 

anatomical features, two about the 

usefulness of the CBCT images for 

the specific diagnostic task and one 

directly addressing the acceptability 

of the overall image quality: 

1. A clear delineation of the cortical 

bone plates can be seen. 

2. A clear trabecular bone pattern 

can be seen. 

3. A clear differentiation between 

enamel and dentine can be seen. 

4. A clear image of the pulp 

chamber and root canal can be 

seen. 

5. A clear image of the periodontal 

ligament space can be seen. 

For image assessment by the 

observers these, a five-point rating 

scale of agreement were available 

for answering by them:  
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1. Strongly disagree. 

2. Disagree. 

3. Neither agree nor disagree. 

4. Agree. 

5. Strongly agree. 

In making their responses, 

observers were encouraged to 

refer frequently to the reference 

“best” and “worst” quality CBCT 

data sets. 

With regard to the subjective 

assessment of image quality 

recorded using the questionnaire, 

responses to the five questions 

were dichotomized, with values        

4(+) and 5(+) considered as              

a positive result (response in 

agreement with the statement) 

while ++, and +++ were considered 

as negative (disagreement). 

RESULTS: 

Dose measurements 

Dose measurements for each 

combination of X-ray tube voltage 

and tube current are shown 

in Table-1. The data show the 

expected trends in effective dose 

according to exposure settings. 

 

 

Table-1 Effective dose at different 

setting of mAs and Kvp 

 Tube Kv Tube 

Exposure 

80 70 65 60 mAs 

32.4 

µSv 

30.4 

µSv 

30.4 

µSv 

30.2 

µSv 

17 

36.2 

µSv 

34.8 

µSv 

34.6 

µSv 

34.5 

µSv 

50 

38.1 

µSv 

37.6 

µSv 

37.5 

µSv 

37.5 

µSv 

80 

80.2 

µSv 

81.2 

µSv 

80.7 

µSv 

80.4 

µSv 

100 

 

Table1Objective measurement of 

image quality 

For The polytetrafluoroethylene 

(PTFE) phantom was scanned at 

different set of mAs (17,50,80 and 

100) and fixed kVp (60). Contrast-

to-noise ratio (CNR) and effective 

dose were calculated at these 

different parameters as shown in 

Fig-3- 5. and objective image 

quality was assessed based on the 

values of CNR for different images.   
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Figure-3 The relationship between 

CNR, Effective dose and different 

sets of mAs at fixed 60 Kvp . 

 

Figure-4 The relationship between 

CNR, Effective dose and different 

sets of mAs at fixed 65 Kvp . 

 

 

Figure-5 The relationship between 

CNR, Effective dose and different 

sets of mAs at fixed 70 Kvp . 

 

 

Figure-6 The relationship between 

CNR, Effective dose and different 

sets of mAs at fixed 80 Kvp . 
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Subjective Evaluation of Image 

Quality: 

A diagrammatic representation of 

the questionnaire responses of 

these three observers. As can be 

seen in Table-2, the responses 

formed a complex picture, but the 

definition of integrated image 

quality provided a clear threshold, 

as shown by the number of stars 

(+). There were 16 possible 

combinations of X-ray tube voltage 

and tube current which were 

consistent with acceptable 

integrated image quality. By 

comparing this with Table-1, it can 

be seen that acceptable integrated 

image quality was obtained with 

effective dose value values of 37.5 

µSv (70 kV and 80 mAs) or greater. 

Tabe-2 shows the effects of 

different exposure current (mAs) 

and Kvp on image quality as 

evaluated by the different 

radiologists observers. 

Table2 Objective measurement of  

image quality 

                  Tube Kv Image quality 

assessment  

80 70 65 60 mAs 

+ ++ ++ ++ 17 

++ +++ +++ ++ 50 

++ ++++ ++++ ++++ 80 

++ ++++ ++++ ++++ 100 

DISCUSSION: 

The results allowed us to identify     

a threshold for effective dose and 

CNR which provided acceptable 

integrated image quality for the 

skull phantom in this study.   

Bearing in mind that clinical CBCT 

examinations may be faced by 

factors which can reduce image 

quality, such as metal-related 

artefacts and minor patient 

movement, a cautious approach 

was agreed by us when defining     

a combination of X-ray tube voltage 

and tube current–exposure time 

product suitable for introduction 

into clinical practice. 

 

A decision was made to select        

a tube voltage of 70 kV and a tube 

current of 80 mAs for the low-dose 

protocol, while giving the operator 

freedom to adjust the latter by 

+0.5 mAs on the basis of their 

judgement of patient size.  

This decision was made taking into 

consideration the objective and 

subjective image quality results 

The skull used in the phantom was 

estimated as being at the younger 

end of the likely age group for 

CBCT examinations, meaning that 
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subjects requiring slightly higher 

exposures would be anticipated in 

clinical practice. Consequently, this 

led to the cautious consensus 

decision not to reduce the tube 

voltage to 65 kV but to use 70 kV 

without risk of compromising image 

quality.  

The 70 kV and 80 mAs combination 

corresponded to a effective dose 

37.5 µSv and a CNR of 4.2, 

corresponding to approximately a 

46% reduction compared with the 

midpoint of the exposure range 

recommended by the 

manufacturers. 

 

  

CONCLUSION: 

The present study demonstrated 

that the radiation dose can be 

decreased while maintaining the 

image quality as an adequate level 

for the studied diagnostic task. The 

standard clinical protocol was 

reduced from 90 kV to 70 kV and 

from 100 to 80 mAs with some 

flexibility in tube current–exposure 

time product according to the 

radiographer's judgment.  

This decision was made after 

careful consideration of both 

objective and subjective image 

quality results, which were taken 

into consideration by the Medical 

Physics Expert for the Hospital, 

along with the oral radiologists and 

radiographers. CNR values were 

shown to be reduced slightly when 

reducing tube voltage, while dose 

reduction observed was 

considerable.  

This change allowed a dose 

reduction of approximately 46% 

when considering the 

manufacturer's recommended 

protocols.  
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