	7:
	STAFF PROTECTION


The general comments on protection of staff made in the European Guidelines No 136 (European Commission 2004) are equally applicable to dental CBCT. However, as dose levels and beam energies are generally higher compared to conventional dental radiology, extra practical protection measures are required for dental CBCT. It is essential that an appropriate Qualified Expert is consulted both prior to installation and on an on-going basis. 
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7.1 Classification of areas

The European Guidelines No 136 (European Commission 2004) recommended that the use of distance to reduce dose was normally the only measure required for conventional dental radiography. Data on dose rates around CBCT units are not available in the literature, but doses measured in the field and information available from manufacturers indicate that the maximum dose at 1 metre due to scattered radiation varies between 2 to 47 (Sv per scan, compared with intraoral and panoramic radiography scatter doses of less than 1 (Sv per exposure.

In addition, tube voltage can be as high as 120kVp, leading to scattered radiation being significantly more penetrating. This is much higher than conventional dental radiography and the increased penetration through protective shielding must also be borne in mind.

Consequently, it is recommended that CBCT equipment be installed in a purpose-built enclosure providing adequate protection to adjacent areas and the operator and that the whole of this enclosure be designated a controlled area.
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7.2 Design of the CBCT room

7.2.1 Protection for adjacent areas

It is essential that shielding be provided to control dose in areas adjacent to the CBCT room. This is recognised in national guidance (HPA 2010a; HPA 2010b; Advies van de Hoge Gezondheidsraad, 2011; Statens strålevern 2010). Advice on the design of CBCT facilities has been published by the UK Health Protection Agency (HPA 2010a, HPA 2010b) and provides guidance for the Qualified Expert on aspects that must be considered when designing a dental CBCT facility.

The amount of scattered radiation per scan depends on a number of factors, and neither kV nor maximum FOV are good predictors of this.  Furthermore, the dose distribution may not be uniform in all directions around the CBCT equipment.  The HPA (HPA 2010a) report that the maximum scatter dose at a distance of 1m can range from 2 to 40 (Gy per scan. Measurements carried out by SEDENTEXCT partners confirmed this range, although the majority of units gave readings between 6 to 12 (Gy per scan. Detailed information, e.g. in the form of stray radiation plots, should be sought from the supplier or manufacturer to allow the calculation of appropriate levels of shielding.

In calculating shielding, the workload of the unit also needs to be taken into consideration.  For dental practice, the HPA (HPA 2010a) suggest that a workload of 20 scans per week be assumed, while for a hospital department the figure would be 50 scans per week. A review of workload within the SEDENTEXCT partners again confirms these assumptions as reasonable for current practice, although it must be born in mind that the clinical use of dental CBCT is still developing and workload assumptions should be kept under review.

Working to a dose constraint of 0.3 mSv per year to staff in adjacent areas, shielding up to 1.5mm lead equivalence will be required in the walls provided that the unit is positioned so that the distance to staff in the adjacent area is 1m or greater. However, due to the significant differences in maximum operating potential and levels of scattered radiation, many installations may be satisfactorily shielded with lower requirements.  It is likely that doors, which will normally be further away from the unit, could contain less protection. In addition, floor and ceiling protection needs to be considered and it is likely that ground floor windows will need blocking up. A dose constraint of 0.3 mSv per year is in accord with Danish requirements (Sundhedsstyrelsen, 2009). Alternative national guidance exists but is in broad agreement with this. In Norway, a dose constraint of 0.25mSv per year is established, with shielding equivalent to 1mm lead considered satisfactory where equipment operates below 100kV. Where equipment operates at higher kiloVoltage, the Norwegian guidance recommends that it may be necessary to increase the protection to 3mm lead equivalent, depending on workload, room size and design and the frequency of use of neighbouring rooms. The input of the Qualified Expert in determining protection needs is advised (Statens strålevern, 2010).

The data in the table (7.1) below may be used for the purposes of initial cost estimates; however, each installation should be assessed on a case by case basis with the input of a Qualified Expert and in the context of national guidelines and regulations.

Table 7.1:  Summary of shielding requirements at 1 m for dose constraint of 0.3 mSv per annum

	 
	
	Patients per week

	 
	
	5
	10
	25
	50

	Scatter per scan (µSv)
	4
	0.5 mm
	0.5 mm
	1.0 mm
	1.0 mm

	
	8
	0.5 mm
	0.5 mm
	1.0 mm
	1.5 mm

	
	12
	0.5 mm
	1.0 mm
	1.0 mm
	1.5 mm

	
	16
	0.5 mm
	1.0 mm
	1.5 mm
	1.5 mm


7.2.2 Room layout

The operator position should be either outside the room or be provided with additional shielding in the form of a protective cubicle to stand behind. The position of the operator must always be such that they can clearly see the patient and the room entrance(s) and be able to interrupt the scan using the emergency stop, if required. This might be via a protected viewing window, a strategically positioned mirror or with the use of a CCTV camera. The emergency stop should be located adjacent to the operator, positioned so that the operator does not need to enter the room unprotected in order to activate it (HPA 2010 a, HPA 2010b).

For units requiring authorisation of the exposure from the computer software prior to exposure, it is essential that the computer should be located close to the X-ray unit rather than over a network to reduce the likelihood of the exposure being authorised without the operator at the CBCT control.

CBCT units usually require that the mains power supply be left on, to obviate the need for a lengthy warm up procedure before each exposure. If another unit is located in the same room, the layout should be arranged to reduce the likelihood of the wrong unit being initiated; for example, by providing exposure switches in separate locations or by placing the exposure switches in lockable boxes. Safeguards should also be incorporated into the exposure initiation systems to ensure that the equipment cannot be operated by people not authorised to do so. This can be achieved by the use of password or key control (HPA 2010a).

A system of warning lights is recommended for dental CBCT units, in line with local regulatory requirements for X-ray rooms; ideally providing a two stage indication: stage 1 to indicate readiness to expose (i.e. when the power is switched on to the unit) and stage 2 when X-rays are about to be or are being generated (HPA 2101b). 

7.3 Personal Monitoring

Routine personal dosimetry for dental radiographic staff is generally considered desirable but not universally necessary across all European countries. (European Commission 2004). Given the higher dose levels when using dental CBCT units, the need for personal monitoring should be carefully considered, seeking the advice of a Qualified Expert if available. 

Recent Belgian guidance recommends the routine use of personal dosimetry with dental CBCT (Advies van de Hoge Gezondheidsraad, 2011), while in Norway personal dosimetry is not required if the operator is always adequately protected by shielding (Statens strålevern, 2010). In the UK, the recommendation is for monitoring for an initial trial period and repeat one-off monitoring if the facilities, workload or techniques change, assuming that adequate protection is available for the operator. However, if the room design is such as to allow operation of the unit without being adequately shielded, continuous monitoring is advised. (HPA 2010a, HPA 2010b). The provision of monitoring for reassurance of pregnant staff should also be considered, although the dose to the foetus is likely to be significantly lower than the dose constraint of 1mSv during the term of pregnancy stated in the European Basic Safety Standards Directive (European Commission 1996).

 SHAPE  \* MERGEFORMAT 



7.4 References

Advies van de Hoge Gezondheidsraad nr. 8705. Dentale Cone Beam Computed Tomography. Brussel: Hoge Gezondheidsraad, 2011. www.hgr-css.be
European Commission 2004. Radiation Protection 136. European Guidelines on Radiation Protection in Dental Radiology. Luxembourg: Office for Official Publications of the European Communities,. Available from: http://ec.europa.eu/energy/nuclear/radioprotection/publication/doc/136_en.pdf
European Commission 1996 Council Directive 96/29/Euratom of 13 May 1996 laying down basic safety standards for the protection of the health of workers and the general public against the dangers arising from ionizing radiation  Official Journal of the European Communities L 159/1 

HPA 2010 a Recommendations for the design of X-ray facilities and quality assurance of dental Cone Beam CT (Computed tomography) systems HPA-RPD-065 JR Holroyd and A Walker Health Protection Agency 

HPA 2010 b Guidance on the safe use of dental cone beam CT (computed tomography) Equipment HPA-CRCE-010

Statens strålevern. Stråleverninfo 8:2010. Krav for bruk av Cone Beam CT ved odontologiske virksomheter. Østerås: Statens strålevern, 2010.

Sundhedsstyrelsen. Statens Institut for Strålebeskyttelse. Krav til 3D dental. Herlev: Statens Institut for Strålebeskyttelse, 2009.
It is essential that a Qualified Expert is consulted over the installation and use of CBCT to ensure that staff dose is as low as reasonably achievable and that all relevant national requirements are met
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CBCT equipment should be installed in a protected enclosure and the whole of the enclosure designated a Controlled Area
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Detailed information on the dose due to scattered radiation should be obtained to inform decisions about shielding requirements
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The provision of Personal Monitoring should be considered
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