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Abstract 

The Cone Beam Computed Tomography (CBCT) is presented as a useful test method 

for the evaluation of craniofacial structures. Among them stands the 

temporomandibular joint (TMJ) imaging as complementary to clinical evaluation. It 

must be considered that there is no reference levels established for diagnosis of this 

imaging modality. In this same context, recently the limit for crystalline lens was 

reviewed by ICRP which set new values to the equivalent dose. The aim of this study 

was to evaluate the kerma at the surface of the crystalline lens in TMJ CBCT and 

derive the equivalent dose. It was used an anthropomorphic phantom of the head and 

neck (manufactured by: Radiation Support Devices, model; RS-230) containing 

equivalent tissue with dimensions of a typical patient. The dosimetric measurements 

were obtained by using seven pairs of thermoluminescent dosimetry (TLD) dosimeters 

(LiF: Mg, Ti) positioned on the surface of the crystalline lens, divided into two pairs 

(one pair for each eye) per scanner evaluated. The tomographic images were obtained 

in three CBCT equipments (Kodak 9000, Gendex GXCB 500 and i-CAT). Values of 

equivalent dose obtained were: 5.82 mSv (Kodak 9000); 5.38 mSv (Gendex GXCB 

500) and 7.98 mSv  (i-CAT). These results demonstrate that for this type of procedure 

the doses are below the annual limit but may vary in accordance with the scanner and 

the exposure factors used in the image acquisition. The Gendex GXCB500 uses larger 

FOV and higher kV. It  results in levels close to those obtained on Kodak 9000. Larger 

doses are associated with the i-CAT. Another factor that rises is the repetition of 

examinations due to positioning errors and / or patient movement, which may exceed 

the annual limit established by ICRP. Although the ICRP limits are not applied to 

medical exposures, it is advisable to consider the sensitivity of the organ. For this 

reason, it is concluded that doses per TMJ procedure on CBCT are below the annual 

limit and may vary according to each manufacturer, approaching the value of 20 mSv. 
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1.- INTRODUCTION 

 

The cone beam computed tomography (CBCT) is presented as a useful method for 

evaluation of craniofacial structures, including the temporomandibular joint (TMJ). The 

changes that occur in the auxiliary and muscle structures of this joint affect 33 % of the 

population resulting in limitations and discomfort when chewing and speaking 

(PALCONET, 2010). 

The radiological protection guide for CBCT developed by Safety and Efficacy of 

a New Emerging Dental X- Ray (SEDENTEXCT) project, aiming to establish care for 

the justification and rational use of indications of dental and maxillofacial radiology, 

presents criteria related to the possibility of diagnosis and imaging method available. 

Thus, the knowledge of the values of radiation doses to which patients who undergo 

CBCT scans are being subjected is crucial, especially because of the lack of uniformity 

in configuration of CBCT equipments, which have different voltages, variable field of 

view (FOV) and devices that provide spin of 180°, 210° and 360°. (BATISTA, 

NAVARRO, MAIA, 2013) 

The European Guidelines on Radiation Protection in Dental Radiology (EC, 

2004), recommends the quality of the image and the reference doses in dental radiology, 

but this guide does not mention the CBCT. Some studies have shown ways to reduce 

radiation dose in CBCT, like reducing the size of the FOV or using lower kV and mAs 

(PALOMO; RAO, HANS, 2008; QU et al, 2010; LUDLOW et al, 2006). 

Currently the international community has revised the radiation dose limits for 

certain radiation-sensitive organs, such as the crystalline lens. The limit for the 

crystalline lens was 150 mSv dose equivalent per year and it was reviewed by ICRP in 

2012. The new value of 20 mSv was established as an average over five years, 

indicating that this structure is more sensitive than previously thought.  Assuming that 

no reference levels are described in the literature for this type of diagnosis modality, this 

study evaluates kerma at crystalline lens in examinations of the TMJ in CBCT and 

derives the equivalent dose. 
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2- MATERIALS AND METHODS 

 

2.1- Image Acquisition 

 

This study was conducted based on the acquisition of images of the TMJ in an 

anthropomorphic phantom of the head containing equivalent tissue, model RS -230, 

manufactured by Radiation Support Devices (California, USA) which reproduces the 

same density of a patient of average size. The images were obtained in three CBCT 

equipments:  Kodak 9000 3D (Carestream Health, New York, New York); Gendex CB-

500 (Gendex Dental Systems, Pennsylvania, USA) and i-CAT classic (Imaging 

International Sciences, Hatfield, Pennsylvania, USA), as shown in Figure 1. 

   

 

Figure 1. – Equipaments of CBCT: a) Kodak 9000 3D, b) Gendex CB 500 and c) 

i-CAT classic 

 

The images were obtained with the TMJ standard protocols defined by the 

manufacturer. For the Kodak 9000, because it is a device with limited FOV (50 mm x 

37 mm), only one TMJ was obtained by exposure. For the Gendex CB 500 and i-CAT, 

two joints were included in one exposure. Table 01 presents the protocols performed in 

the three devices. The TMJ evaluation routine is made by an exposure with open mouth 

and one with closed mouth. Therefore, two exhibitions were held for i-CAT and Gendex 

and four for Kodak 9000. The joint was centralized with the support of a positioning 
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laser point. The anthropomorphic phantom was centered with mediossagial plan over 

the isocenter of the CT scanner.  

 

Table 1- Exposure protocols on CBCT for TMJ 

CBCT Equipment kVp mAs 
HVL 

[mmAl 

Voxel 

[mm] 

FOV 

 [mm] 

Kodak 9000 70 108 2.6 0.1 50x37 

i-CAT 120 36 9.4 0.25 140x80 

Gendex CB500 120 30 9.3 0.25 140x80 

 

2.2- Dosimetric Measurements 

 

It was used seven pairs of thermoluminescent dosimeters (TLD) (LiF: Mg, Ti) 

positioned on the surface of the crystalline lens, divided into two pairs (one for each 

eye) per scanner. One of those pairs was separated to evaluate the background radiation. 

The dosimeters were calibrated according to the photons energy levels emitted by the 

CBCT scanner. After the exposure, the TLDs were sent to the reader Victoreen 2800. 

The TLD’s were exposed twice assuring greater reliability of dose readings in the 

protocols used. With these data, the equivalent dose was estimated using the equation: 

 

 (1) 

 

Where: HT  is the equivalent dose (mSv).  Dabs is the absorbed dose e WR =1, once it is 

related to X rays. 

 

The uncertainties of the measurements did not exceed 8%. 

 

3- RESULTS 

 

From the three devices, the Kodak 9000 stands out because it uses exposure 

protocols with lower voltages (70 kV) and high electric current (100 mAs), while the 

Gendex CB 500 uses 120 kV, 30 mAs and the  i-CAT uses 120 kV, 36 mAs. 
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The kerma on the surface of the crystalline lens for the right and left side is 

shown in Table 2. The i-CAT presented higher doses (approximately 30%) compared to 

other equipments. Even Kodak 9000 that works with lower voltages (70 kV), had the 

same dose as the Gendex CB 500 using 120 kV. 

 

Table 2.-Equivalent doses on crystalline lens of three CBCT equipments   

CBCT  

Equipment 

Surface Kerma on crystalline lens  

[mGy] 

Equivalent Doses 

[mSv] 

 Right Left average  

Kodak 9000 5.15 6.49 5.82 5.82 

i-CAT 6.8 9.14 7.98 7.98 

Gendex CB500 4.9 

 

5.88 5.38 5.38 

 

4- DISCUSSION 

 

Radiation doses in crystalline lens and its evaluation are essential. Recently, the 

International Commission on Radiological Protection (ICRP) reviewed epidemiological 

evidences suggesting that the dose profile for cataract should be below 0.5 Gy instead of 

2 Gy and the occupational exposure limit began to be 20 mSv per year (ICRP, 2011), 

which shows the need for optimization of protocols aiming the reduction of the risks for 

this organ. This shows the care that must be taken with exposure repetition on the same 

patient, mainly related to poor positioning of the patient.  

It was possible to notice the discrepancy in the equivalent doses for the scanners 

evaluated. This was also noticeable in the work of Ludlow, 2008. The i-CAT classic 

presented higher doses for the crystalline lens compared to the other two scanners. Even 

using high voltage and FOV, the Gendex CB500 presented similar doses to the Kodak 

9000. Thus, even the Kodak 9000 having limited FOV it does not result in reduced 

doses. Also, the increase in the number of repetitions by positioning error becomes 

more evident due to the fact the Kodak 9000 has limited FOV, which makes the correct 

positioning of centralized structure with the isocenter more difficult. It is worth 
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mentioning the need for constant training of professionals who perform the procedures 

so that repetitions of examinations caused by positioning error can be avoided. 

In a study using CBCT equipment NewTom 9000, the images were obtained in 

an anthropomorphic phantom of head and neck, in which TLDs were inserted to 

evaluate the dosimetric measurements, the dose to the crystalline lens was 4.63 mGy. 

This result is approximated to this work although it is only one exposure of the maxilla 

and mandible (Schulze et al, 2004). Palomo, Rao and Hans (2008) evaluated the 

influence of exposure conditions on radiation dose on a CBCT scanner MercuRay and 

found out that using the protocol for 15 mAs, 120 kVp and FOV of 12 inches, the dose 

to the crystalline lens were 11.3 mGy. In another study using the same equipment, it 

was obtained 16.53 mGy for the crystalline lens (LUDLOW et al., 2006). This is 

because MercuRay uses FOV’s that are considered large while in the present study the 

maximum FOV was 140mm x 85mm.  

Two previous studies showed the use of lead glasses as a way of significantly 

reduce the doses in the crystalline lens, providing risk reduction of cataract. The lead 

glasses are useful because they have low cost and they can be used in both procedures 

with limited to total face FOV’s (Goren et al, 2013; Prins et al 2011). Considering TMJ 

image acquisition, the lead glasses become a valuable tool to reduce radiation doses 

because the joint lies in the same horizontal plane of the crystalline lens which allows 

the structure to be within the primary beam.  

  

5- CONCLUSIONS 

 

In conclusion, the equivalent doses obtained in this study were below  

the 20 mSv/year established by the ICRP. However it should be avoided the increasing 

number of repetitions because of positioning error. Equivalent doses in the crystalline 

lens were not reduced when using equipment with limited FOV; however doses can be 

reduced by using lower exposure factors. 
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