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ABSTRACT 

Radiobiological and epidemiological studies have provided evidence of risk of salivary and thyroid glands 

tumors incidence associated with oral radiology. Based on these studies, the tissue weighting factors were 

reviewed by the International Commission on Radiological Protection (ICRP) in 2007. The main objective of 

the present work is to estimate the absorbed dose on thyroid and salivary glands (parotid, submandibular and 

sublingual), during a complete periapical examination. The complete periapical examination was simulated 

using a Spectro 70X Seletronic X-ray dental equipment on an Alderson Rando phantom with Harshaw 

LiF:Mg,Ti thermoluminescent dosemeters (TLD100). A PTW DIADOS dosimetric system was used for 

calibration. The TLD100 were inserted into the phantom slices corresponding to the organs of interest. During a 

complete periapical examination, the highest evaluated mean absorbed dose was 4.9 mGy in the right 

submandibular gland and the lowest one of 1.5 mGy in the left thyroid lobe. Entrance surface doses ranged from 

2.1 to 2.6 mGy, measured, respectively, for the techniques of upper left molar and lower right molar. When 

compared with the diagnostic reference levels (DRL), the entrance surface doses values were  lower than the 

DRLs recommended in Brazilian current legislation. However, the dosimetric results show the need of 

optimization for complete periapical examination to minimize patient exposure. Measurements were performed 

without the use of thyroid protectors. The use of this device is certainly an easy and simple method of dose 

reduction.  

 

1. INTRODUCTION 

The recent publication number 103 of the ICRP established risk factors associated with 

certain organs that were not considered for calculating the value of the effective dose, which 

is the quantity used to estimate the risk of stochastic effects to a person exposed to ionizing 

radiation [1]. This new document, based on epidemiological and radiobiological studies, 
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assign a weight factor for thyroid, which is one hundredth less than the one referenced in 

publication ICRP 60 and include the weight factors of 0.01 for the salivary glands and brain, 

that were not accounted for previously [2-4]. 

Although cancer of salivary gland is a rare disease when compared with other existing 

cancers, its incidence increases each year [5,6]. Research related the appearance of these 

tumors to several factors such as: the intense use of cellular, ultraviolet radiation type B, HIV, 

among others, but studies have confirmed the association of malignant tumors in the salivary 

glands to dental radiology [2,6,7]. 

The technique evaluated in this study is the complete examination periapical, because this is 

one of the most requested radiological dental examinations. Through this technique it is 

possible to meet a variety of clinical indications [8]. However, as it is constituted by at least 

14 radiographs, it offers the patient a higher dose of radiation than a single periapical 

radiography. 

The main objective of this study is to estimate the mean absorbed dose to thyroid and to the 

three pairs of salivary glands (parotid, submandibular and sublingual) of male 

patients submitted to intraoral radiographic examination. The male patient was represented by 

the Alderson Rando phantom. 

 

 

2.  MATERIALS AND METHODS 

2.1 Dental equipment 

The dental X-ray equipment used was the model Seletronic Spectro 70X, Dabi Atlante of the 

Dental Radiology Laboratory of Instituto de Radioproteção e Dosimetria (IRD). Table 1 

shows the main specifications from the X-ray equipment employed. To ensure that the dental 

equipment used had a good performance, constancy tests, recommended by quality assurance 

programs and required by law [9-11], were performed. The performed tests were: calculation 

of half-value layer (HVL), evaluation of the irradiation field size, and verification of the 

exposure time accuracy of the rated voltage and of the air kerma rate reproducibility. 

 

 

 

Table 1. Description of the x-ray equipment employed. 

 

Equipment Specification 

X-ray equipment 

 

 

 

 

Seletronic Spectro 70X - Dabi Atlante 

Tube voltage: 70 kVp ± 10% 

Current: 8 mA ± 20% 

Single phase 

Filtration: 2.86 mm Al 
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2.2. Complete periapical examination  

Complete periapical examination consists of 14 periapical radiographs (7 maxillary and 7 

mandibular). For correct exposures, the following parameters were defined: vertical angle of 

the tube, focus-patient distance (phantom), time and selection of film type. For all 

radiographic techniques used, it was used: a focus-skin distance of 27 cm, film type E, adult 

patient. The other parameters were selected according to the recommendations of a manual of 

dental radiographic techniques [8]. Table 2 show all the techniques used in X-ray radiographs 

of the upper jaw (maxilla) and lower jaw (mandible). 

 

Table 2: Techniques for radiographs of the upper (maxilla) and lower jaws (mandibular). 

 

 

 

 

 

 

2.3. Alderson-Rando Phantom and dosimetric system 

 
The arrangement of Rando Alderson male phantom head-neck used during the complete 

periapical examination is composed of 10 slices, each one with 2.5 cm  thickness of 2.5 cm 

and several circular cavities where thermoluminescent dosemeters (TLD)  can be inserted. 

Parotid glands are located in slice nº 6 at, both submandibular and sublingual glands in slice 

nº 7 and the right and left lobes of the thyroid in slice nº 9. The simulator is shown in Figure 

1. The PTW DIADOS meter, type 11003, PTW-Freiburg manufacturer was used to measure 

values of air kerma and exposure time, using the solid state (semiconductor) connected to the 

meter. The uncertainties reported by the manufacturer for the reproducibility of 

measurements are lower than 0.5% and the dependence of the direction of the incoming beam 

lower than 3% [12]. 
 

 

Projection of the exam  Exposure time (s)  

upper/lower central incisor  

0,50/0,45 upper/lower  right canine  

upper/lower left  canine  

upper/lower left   premolar  
0,55/0,50 

upper/lower right  premolar   

upper/lower right   molar  
0,60/0,50 

upper/lower left molar  
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Figure 1: Alderson-Rando phantom. 

 

2.4. Selection of thermoluminescent detectors 

First, a group of 327 Harshaw TLD chips of LiF: Mg, Ti, commercially known as TLD-100 

was used for homogeneity selection. They were submitted to expositions of 0.5, 1.0, 1.5, 2.0, 

2.5 and 3.0 mGy in free air kerma in a standardized field of a 
137

Cs source. Their response 

readings were obtained using a manual Harshaw 3500 TLD reader. These readings were used 

to plot a calibration curve for each TLD (air kerma in mGy versus TLD reading in nC). Each 

curve was fitted as a straight line and its angular and linear coefficients were compared. 

TLDs with angular or linear coefficients more than its mean value plus or minus twice its 

standard deviation were discarded.  170 TLDs met this requirement, forming a batch with 

response homogeneity better   than 3% for doses above 1.0 mGy. 

 

 

2.5. Determination of the entrance surface dose 

Measurements of  the entrance surface dose on the phantom were performed with the aid of 

the PTW DIADOS meter, TLDs and a tape to measure the distance between the focal point 

and center of the detector. Ten consecutive measurements were made for each radiographic 

technique using  this PTW detector. After this, a set with five TLDs were put at the same 

place and irradiated also with 10 exposures using the same parameters provided by the 

equipment for all techniques. These sequences of exposures were aimed to reduce the 

uncertainties associated with measurements. 

The response of the semiconductor detector DIADOS for the entrance surface dose was 

measured directly on its display. The TLD response, in air kerma for a 
137

Cs source, was 

obtained by averaging the readings of the TLDs that were exposed on the surface of phantom 

minus the average of the readings of the non-irradiated TLDs used to measure the 

background radiation (BG) multiplied by the batch’s angular coefficient – (FN) in mGy/nC, 

using the equation below: 

      (              )                     (1) 
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where:  

         is the average reading (nC) of five TLDs placed on the surface of the phantom; 

      is the average reading (nC) of the background of the five non-irradiated TLDs. 

 

The calibration factor (k) to convert the TLD response in air kerma for a 
137

Cs source to the 

entrance surface dose for the periapical radiographic techniques were calculated by the 

following equation. 

 

  
    

     
       (2) 

 

where: 

     is the average reading in air kerma (mGy) of ten expositions performed with PTW 

DIADOS. 

 

 

2.6. Estimation of absorbed dose to organs 
 

The calculation of the absorbed dose in the organs of interest for each radiographic technique 

was determined from Equation 3, considering the same k calibration factor, that all organs are 

water equivalent bodies and that the effective beam energy is 60 keV. The coefficients of 

mass energy absorption (μen/) used were obtained from the book of ATTIX [13]. 

 

          (        )      
(
   
 

)
           

(
   
 

)
         

     (3) 

 

where Li is reading in nC of the TLD placed in the cavity corresponding to the organ of  

interest. 
 

 

 

3. RESULTS 

Tests for quality control has been established that: 

• X-ray equipment has a CSR 53.3% higher than recommended; 

• the size of the irradiation field is 5.80 ± 0.05 cm; 

• for the three exposure times (0.2, 0.5 and 1.2 s) used in the technique of upper left molar 

deviations lower than 10% were found; 

• an acceptable performance for accuracy of the voltage for all the evaluated times (0.2 to 

1.2 s) in two selected periapical techniques were found ; 

• the reproducibility test for the entrance surface dose did not show above the recommended. 

Maximum deviation was 4.1% for a nominal exposure time of 0.5 s in the upper left molar 

technique and minimum of 0.2% for the technique of maxillary central incisors during 1.0 s. 
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The values obtained for the entrance surface dose when the PTW DIADOS dosimeter was 

used are show in Table 3. Maximum and minimum values measured are in bold. 
 

Table 3: Results of dose and time measured by PTW DIADOS for each incidence of 

complete periapical examination. 

Incidence LPTW(mGy) Nominal time (s) Average real time (s) 

upper right molar  

upper left molar   

2,39  

2,14 
0,60 0,72  

lower right molar 

lower left molar 
2,61  

2,57  
0,50 

0,61  

0,63  

upper right premolar 

upper left premolar 

2,36  

2,47 
0,55 

0,68  

0,66  

lower right premolar 

lower left premolar 

2,38  

2,46  
0,50 

0,61  

0,62  

upper central incisor 

lower central incisor 

2,28  

2,21  

0,50 

0,45 

0,60 

0,56  

upper right canine   

upper left canine   

2,31 

2,28  
0,50 

0,57  

0,60  

lower right canine   

lower left canine   

2,30  

2,19  
0,45 

0,55  

0,56  

 

 

The values of LPTW available are shown in Table 3 below the reference level established by 

legislation, which establishes a dose skin entry maximum of 3.5 mGy by radiography. These 

data reinforce the good performance of dental equipment used. The data presented in Table 4 

were obtained by adding the mean absorbed doses received in each incidence of a complete 

periapical examination by each organ. The calculated absorbed doses for each organ from a 

single incidence were given by equation 3. For the complete periapical examination, the 

maximum organ dose evaluated was 4.9 mGy for the right submandibular gland and the 

minimum one of 1.5 mGy for the left lobe of the thyroid. 
 

Table 4: Absorbed dose in critical organs due to a complete periapical examination. 

Organ 
Mean absorbed dose for a complete   

periapical examination  (mGy) 

Right Thyroid 2.3 

Left Thyroid 1.5 

Right Submandibular 4.9 

Left Submandibular  2.9 

Right Sublingual 3.3 

Left Sublingual  2.8 

Right Parotid 2.4 

Left Parotid 1.5 



 

INAC 2011, Belo Horizonte, MG, Brazil. 

 

The average absorbed dose to all glands can be evaluated by the average value between its 

left and right pats. Table 5 presents these results. 

 

Table 5: Average absorbed dose to the salivary glands and thyroid for a complete 

periapical examination. 

Gland 
Average absorbed dose for a 

complete  periapical  examination (mGy) 

Thyroid 1.9 

Submandibular 3.9 

Sublingual 3.1 

Parotid 2.0 

From the absorbed doses found in Table 5, we can say that both the submandibular and 

sublingual glands present similar doses when subjected to 14 incidences of an examination 

periapical complete, this fact can be associated with the positioning of these anatomical 

glands that are relatively close. However, the thyroid and parotid gland showed similar doses 

and are not anatomically next, it is believed that this occurred because during the inclinations 

of the tube in the performance of radiographic techniques these glands are located within the 

radiation field. 

 

4. CONCLUSIONS 

The dental equipment used is in accordance with the current recommendations for a dental X-

ray equipment good performance. It was possible to estimate the absorbed doses in the 

thyroid and the salivary glands with the use of TLD-100 type detectors. To achieve this goal, 

it is essential to select a set of dosimeters with a high degree of homogeneity and 

reproducibility. From the analysis of the results it was concluded that the perform an 

examination periapical complete the thyroid gland would receive a lower dose absorbed, 1.8 

mGy, while the submandibular gland the maximum dose, 3.9 mGy. It should be noted that 

the doses were determined internally to phantom and which were not considered repetition of 

exhibitions, in addition to the 14 radiographs that make up the exam periapical complete 

routine. If these repetitions were considered, there would be a significant increase in the 

doses received by each. Many studies assess internal organ doses, as the thyroid, using just 

detectors on the surface of phantoms, not with TLDs within the slices of the simulator in 

anatomical regions of interest [14-15]. Although the doses obtained can be considered low 

compared to other medical modalities that use ionizing radiation, it is necessary to highlight 

the increasing number of dental radiographs. In order to minimize the dose received by the 

patient, it is strongly recommended the use of thyroid shield on the patients during the dental 

radiological examinations provided that it does not harm the image. 
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