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ABSTRACT 

Even low doses of radiation have the potential to cause biologic harm by way of stochastic effects, 

those, like carcinogenesis, whose probability of occurrence is dependent on radiation dose. Effective 

radiation doses range from 4-16 µSv for panoramic radiographs to 33-150 µSv for a full-mouth 

intraoral series, depending on exact technique used. Effective doses from various dental X-ray units 

vary significantly, depending on the specific equipment used and the methods the technologist use.  

Methods to reduce the dose from dental x-ray examinations include the use of selection criteria to 

determine whether a radiograph is needed, the use of fast image receptors, and increased beam 

collimation, the  effects  of kV and  mAs particularly for calculations of the effective dose. The 

effective dose value of 8μSv in this study is in an agreement to the published literature. 

 

 الملخص
 

الجرعات المنخفضة من اإلشعاع لديها القدرة على التسبب في ضرر بيولوجي عن طريق التأثيرات العشوائية ، مثل تلك التي  تعتبر

 سيفيرت16إلى  4 ، والتي يعتمد احتمال حدوثها على جرعة اإلشعاع. تتراوح جرعات اإلشعاع الفعالة منالسرطان  تسبب حدوث

المستخدمة  للحصول على سلسلة داخل الفم كاملة ، اعتماًدا على التقنية ميكروسيفرت 150-33البانورامية إلى  لتصوير اإلشعاعي

بالضبط. تختلف الجرعات الفعالة من وحدات األشعة السينية المختلفة اختالفًا كبيًرا ، اعتماًدا على المعدات المحددة المستخدمة 

تخدام معايير رق التي يستخدمها الفني. تشتمل طرق تقليل الجرعة الناتجة عن فحوصات األشعة السينية على األسنان على اسوالط

ذا كانت هناك حاجة إلى تصوير إشعاعي ، واستخدام مستقبالت سريعة للصور ، وزيادة تزامن الشعاع ، وتأثيرات االختيار لتحديد ما

kV  وmAs لدراسة هي في اتفاق على في هذه ا ميكروسيفرت8. قيمة الجرعة الفعالة البالغة عة الفعالةخاصةً لحسابات الجر

 ة.المنشورالدراسات 

Key  wards: Orthopantomograms “OBG”, Thermoluminescence "TLD", kV,mAs Effective dose. 

Introduction 

Today it is unlikely that anyone would 

be exposed to large doses of radiation 

other than to localized high doses used 

in radiotherapy for cancer or in case of 

a nuclear accident. Attention now is 

focused on doses of the levels used in 

diagnostic imaging, including dental 

X-rays and  Orthopantomograms 

“OBG”. Beside the normally and 

widely used dental X-ray units, there 

are Panoramic machines which are 

routinely used in dental radiology 

applications using a thin vertical beam 

and synchronously rotating radiographic 



675 

ICTS32830112020-MD1034 

 

source and film cassette. There is only 

one operating systems at the Burn and 

Plastic Surgery Centre in Tripoli city 

dedicated to maxillofacial imaging 

which has been operating for several 

years providing different source and 

detection technologies. Conventional CT 

( Computed Tomography ) imaging is 

also used for various examination 

modalities in dental practice but was not 

considered in the current patient 

dosimetry investigations (10). 

The objective of this research project is 

to review the techniques of radiation 

measurement in general and then to 

present radiation doses for commonly 

used examinations in dentistry, 

contrasting the dose levels that can be 

obtained with optimum protocols 

levels that are frequently used in dental 

practice, and then to summarize the 

techniques which can be  used to put 

the ALARA principle into effect. 

Materials and methods  
 

One Orthobantomograms "OBG" 

dentil x-ray facilities at The Burns and 

Plastic Surgery Centre in Tripoli with 

rotating tube and detector geometries 

were investigated: a conventional 

panoramic X-ray unit (Sirona 

ORTHOPHOS Plus DS) and a new 

digital volume tomograph (Sirona 

GALILEOS). The Orthobantomograms 

“OBG” provides a 204° rotating pulsed 

beam with 200 x-ray images detected 

by an image intensifier of 21.5 cm 

diameter within about 14 seconds. A 

tungsten anode and a total equivalent 

filtration of at least 2.5 mm Al 

equivalent were stated by the 

manufacturer for both units. The 

“maximum adult” patient settings were 

used at the DVT, i.e. a tube voltage of 

85 kV and a current-time product of 

35mAs. For panoramic radiographs 

also known as OBG the maximum tube 

voltage of 90 kV was chosen with a 

resulting 130 mAs current-time 

product.  A typical facial image of the 

OBG is shown in Figure1. 

Figure 1 Shows a typical OBG 

image.   
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Thermoluminescence Detector 

chips.  

A total of 20 TLD chips of the type 

passive 3.2x3.2x0.89 mm 

LiF:Mg,Cu,P (Thermo Fisher 

Scientific TLD-100H) were available 

to be used for this research project. 

Therefore these chips were irradiated 

measured and then annealed to be 

prepared for second measurement 

conditions. These TLD chips were 

mounted on a cardboard paper at 5cm 

distance from each other and were 

placed at two positions the first being 

on the cheek’s stand exactly which is 

also called “on the Base” i.e 

approximately 2cm from the base and 

the other position is at 2.5cm from the 

cheek stand inside the scanners view 

using the exact similar dimension 

papers in order to achieve preferably 

reproducible positioning similar to a 

real patient.  A number of images were 

taken by interchanging the mAs and 

kVp parameters and taking a normal 

complete x-ray image as for the 

patient’s procedures. 

TLD Measurements at 2.5cm 

from the base. 

Using the same Panoramic dental X-

ray unit and constant potential voltage  

60 kVp while changing the exposure 

time, a number of TLD chips were 

positioned at 10cm from the base of 

the Panoramic as shown in Figure 2.  

The TLD reading are presented in 

Table1,  and a related graph was 

drawing  from these data as shown in 

Figure 6. As it can be seen from this 

graph, that as exposure time increases, 

were increased in a linear fashion. 

 

Table 1. Presents the TLD reading using 

different exposure time 

Time of exposing TLD reading 

0.032 1671 

0.04 1781 

0.05 2177 

0.063 2454 

0.08 2663 

0.1 3067 
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Figure 3. Shows the relationship 

between TLD readings and exposure 

time at 10cm from the base of the 

Panoramic unit. 
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5.3  Glow curve representations  

Using the a number of TLD glow 

curves were collected. These glow 

curves represents the total amount of 

counts collected due to exposure of the 

radiation and it’s shape  gives a 

complete  

picture of the quality of exposure 

whether it is bad curve as shown in  

Figure  4 

6 -  Data presentation from operating 

manual of the OBG System. 

Upon checking the operating manual 

of the OBG and specially the quality 

control data sheets that were 

accompanied the system, the data 

shown in Table 9 and Table 10 were 

found.  The first table presents various 

settings of tube voltage potential verses 

applied electrical currents, apparently 

these data were in close proximity of 

the collected data using the TLD chips 

and the Ionization Chamber.  It also 

showed the 

Table 2.  Presents the various setting 

values of kV and mAs and the measured 

doses in mSv for each exposure settings 

taken from operating manual. 

same trend of increasing of patient 

doses as the two variables were 

increased namely   the kV and mAs.  

However, even  though the exact 

correlation of these data with the 

measured ones cannot be carried out 

due to unknown factors of their 

measurement geometry.  It can be seen 

that there is a considerable patient 

doses from using OBG images due to 

the mechanisms of image taking for 

each view as it covers the frontal area 

of the face particularly the teeth and 

jaw area. A very good shaped glow 

curve from and OBG image is shown 

in Figure 4.  

 

Figure 4  Show the  glow curve of OBG 

from TLD reader 

Patient doses, in  mSv 

with standard 

panoramic program 

number 1 

mAs kV 

1,8 2 57 

5,5 5 63 

7,0 5 66 

8,3 5 70 

15 8 73 

11,6 5 77 
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Table 3.  Presents the patient doses 

lateral view. 

Patient doses mSv  

      with 

Cephalostat    

program, lateral 

mAs 

Time 

“ Sec 

” 

mA 
kV 

 

2,3 1.63 8 13 85 

2,9 1,30 10 13 85 

3,7 1,04 12,5 13 85 

4,6 0,81 16 13 85 

5,8 0.65 20 13 85 

 
Result Discussion 

 

A-   Dose calculations.  

Final dose calculations results were 

based on calibration factors and 

correction factors determined 

theoretically and traceable to the 

International Standards of  dosimetry 

and radiation measurement of 

Metrology and Surveying. Also for the 

Ionisation Chamber readings were 

corrected for influences of the air 

density using a mobile temperature and 

pressure detection device.  TLD glow-

curves were read out on a RADOS 

automatic reader with planchet heating 

system and WinREMS readout 

software using an optimized time-

temperature-profile. TLD dose 

calculation, air kerma free in air and 

absorbed dose to water, is based on 

summing up the whole glow curve 

signal resulting in a single TL value. 

The dosimetry model for determining 

dose Di of a single chip number “i” is 

based on a simple linear equation. 

Individual sensitivity correction factors 

and an average background signal were 

considered automatically calculated 

using the computer software that is 

imbedded in the system called 

WINREAR. The group of calibration 

TLDs were irradiated at reference 

conditions in a Cs
137

 calibration facility 

at 1 mGy air kerma free in air.  X-ray 

energy correction factors also called 

radiation quality correction factors kQ 

were determined by a diagnostic 

reference x-ray radiation quality RQR-

7 [7] with a tube voltage of 90 kV and 

a first half-value layer of 3.25 mm Al.  

B- Discussion  of  TL dosimetry 

Results  

The relative standard deviation of the 

mean of TLD dose values were 

between 1% and 2% using three TLD 

chips closely put together in the free-

air holder.  TLD calibration was 

carried out for each measurement using 

a group of about 20 TLD chips 

resulting in calibration factors N of 

about 2.1 x 10
-7

 mGy/cts (±3%).  The 

uncertainty estimate is dominated by 
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the influence of the reader stability 

over several hours of readout time. The 

radiation quality correction factors kQ 

were determined by the response 

values at 90 kV reference x-ray 

radiation.  Resulting TLD correction 

factors averaged over three 

measurements are 1.11±3% and 1.22 ± 

3% for air kerma and absorbed dose 

determination, respectively.  The 

“high” values of the correction factors 

are due to the energy dependence of 

the TLDs using a calibration at Cs
137

 

photon energy of about 662 keV. 

Details on kQ determination can be 

found elsewhere [13]. For each 

measurement a group of at least 10 

unirradiated TLDs was read-out 

resulting in an average background TL 

signal TLbg of about 2 μGy.  All 

measurements starting from TLD 

annealing to TLD read-out were 

carried out within a single week. 

Generally the influence of background 

subtraction on calculated dose values 

was negligible.  An uncertainty 

contribution due to linearity and 

coefficient of variation for low dose 

values could be neglected in this study.  

 

 

Orthopantomograms “OBG” 

Only for the OBG x-ray radiation field, 

measurements at the different positions 

within the patients were carried out. 

The maximum dose of about 5.5 mGy 

was found at the neck position. 

Differences between the available 

positions can be explained by the path 

of the x-ray tube which rotates about 

from one side to the other at the rear of 

the head with the detector at the 

opposite side close to the teeth and 

jaws of the patient. Differences 

between TLD and ionisation chamber 

results are again within several percent 

and therefore consistent within 

measurement uncertainties. 

The average relative standard deviation 

of two TLDs is about 3.5% for both 

units and for all dose levels. Generally 

absorbed dose values of the DVT 

irradiation is a factor of about 10 

higher compared to the panoramic 

irradiation at corresponding locations 

within the Alderson-Rando head 

phantom. 

 

A- Equivalent dose to organs and 

effective dose  

The quantity effective dose can be used 

for estimating nominal risk of 
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stochastic effects associated with 

radiological procedures. Effective dose 

is reported to be of value for 

comparing doses from different 

diagnostic procedures and for 

comparing the use of similar 

technologies (ICRP, 2007). Effective 

dose E can not be measured directly 

but is calculated as the sum of 

equivalent dose values of a number of 

organs and tissues HT multiplied by 

the corresponding tissue weighting 

factors wT (ICRP, 2007). Due to a 

radiation weighting factor of 1 for 

photon radiation fields, values of 

equivalent dose in tissue are equal to 

the average absorbed dose to tissue 

values. Absorbed dose to tissue DT 

was calculated by the mean value of 

TLD measured absorbed dose D and 

weighted according to the ratio of the 

organ mass in the head to the total 

organ mass in the body, see Table 4. 

Average absorbed dose values were 

calculated for four radio-sensitive 

organs, i.e. brain, salivary glands, red 

bone marrow, and thyroid. Other radio-

sensitive organs and tissues in the head 

and neck region according to (ICRP, 

2007) were neglected because of 

missing TLD positions.  

A maximum dose value of 4.1 mGy 

inside an Alderson-Rando phantom 

was published for a DVT 9000 scanner 

[13].  The maximum absorbed dose to 

water value of 5.2 mGy in this study is 

comparable to the reported dose value. 

The manufacturer of the GALILEOS 

DVT system stated an effective dose of 

90 μSv in the manual based on 

published data. The calculated 

effective dose of 81 μSv agrees with 

the published results. It has to be noted 

that the locations of the TLD sites 

within the available phantom were not 

perfectly distributed according to the 

radio-sensitive organs of [14]. 

Additionally, skin, bone surface, 

oesophagus and remainder tissues and 

organs in the head and neck region, i.e. 

muscle, oral mucosa, and lymphatic 

nodes were not included in the current 

evaluations for effective dose. 

Nevertheless their contributions are 

expected to be rather low to the 

effective dose results. MCNP Monte 

Carlo simulations were carried out to 

validate the measured dose 

distributions and resulting effective 

dose values. Currently, simplified 

simulation models were investigated 

only for planar x-ray exposure (Halda, 

2008). Future investigations are 
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concentrated on simulations of ICRP 

reference computational Voxel 

Phantoms for radiation protection 

application. 

Conclusion and 

Recommendations 

Libyan National Healthcare facilities 

that undertake diagnostic X-ray 

examinations are required to establish 

Derived Radiation Reference Levels 

Levels “DRLs” for selected procedures 

and to carry out appropriate 

investigations and corrective action 

whenever they are consistently 

exceeded. A one-size-fits-all approach 

has been adopted for adult DRLs, 

which are defined for standard-sized 

patients of roughly 70 kg in weight.  

Reasons why DRLs may be 

consistently exceeded include poor 

performance of one or more of the 

equipment components in the imaging 

chain, or the way in which the 

equipment is used. Quality Assurances 

“QA” programmes are intended to 

reduce the probability of exceeding 

DRLs. However, the dose delivered 

during an X-ray examination is in itself 

a powerful routine QA parameter, 

since it is dependent upon the 

performance of both the operator and 

the X-ray equipment.  

If patient dose assessments are to be 

effective as a QA measure, they need 

to be fully integrated into routine 

clinical practice and form part of a 

more general QA information-

gathering process. IT-driven radiation-

protection mechanisms could help to 

achieve this aim in a highly cost-

effective manner. 

Routine Quality Control “QC” tests 

should be carried out on all dental x-

ray units. Special measurements
 
using 

expanded polyurethane phantom, 

aiming to assure correct
 
operation. It is 

very important to determine the size of 

the irradiation field in dentistry, as
 
the 

thyroid gland area may lay inside the 

direct beam. Therefore,
 

calibration 

should be performed to reduce the 

radiation field to the
 
volume of interest. 

After calibration, all results should be 

verified and compared to national and 

international standards.  

If possible other research project should 

be encouraged to pursue simulations 

programme  

 

using MCNP Monte Carlo in order to 

validate the measured dose distributions 

and  

 

calculate the resulting effective dose 

values  
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Conclusions  

Resulting free in air and in-phantom 

dose values were up to several  mGy 

whereas effective dose estimates were 

about 8μSv and81 μSv for panoramic 

and DVT imaging, respectively. 

Although dose values of both x-ray 

units were directly faced in this study it 

has to be stressed that the results of the 

two units and parameter settings are 

not comparable. Maximum adjustable 

x-ray tube voltage and tube current-

exposure time product values were 

chosen for both units. The higher 

absorbed dose and effective dose 

values, in average about a factor of 10, 

of DVT irradiations as compared to 

panoramic x-ray irradiations can not be 

generally applied to other units or 

parameter settings. Especially image 

quality and clinical indications were 

not considered in this study.  

A maximum dose value of 0.65mGy 

inside was published for panoramic 

radiography [9] for an Orthophos C 

scanner model. This value is close to 

the measured value of 0.70 mGy in this 

study. An average effective dose of 

10μSv for panoramic radiography in 

the UK was reported by the Health 

Protection Agency [8] [14] reported 

effective dose values based on (ICRP, 

2007) tissue weighting factors of 6 and 

16μSv at about 80 kV for a Philips and 

a Gendex Panoramic unit, respectively. 

The effective dose value of 8μSv in 

this study is in agreement to the 

published literature.  
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