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Frequency and Collective Dose for Medical and
Dental X-ray Examinations in the UK, 2008

D Hart, B F Wall, M C Hillier and P C Shrimpton

ABSTRACT

This report presents the results of a study of frequency and collective dose for medical
and dental X-ray examinations in the UK in 2008. The frequency data were collected
from the radiology information systems (RIS) at a sample of 29 NHS Trusts in England.
The total number of medical and dental X-ray examinations carried out in the UK, both
inside and outside the NHS, is estimated by extrapolation to be 46 million in 2008, a
10% rise on the number for the financial year 1997/98. Combining effective doses (2007
definition) for specific X-ray examinations with the frequency of those examinations
gives an estimate of collective dose for the UK in 2008 of 24,700 man Sv (+ 12%). A
very similar figure of 24,250 man Sv is obtained if the 1991 definition of effective dose is
used. The UK per caput dose is therefore around 04 mSv per year, which has
increased by 23% over that for 1997/98. This increase is mainly due to the greater
prevalence of computed tomography (CT) examinations, which now account for 68% of
the collective dose from all medical and dental X-ray examinations. Conventional
radiographic and fluoroscopic examinations contribute only 19% of the collective dose,
despite constituting 90% of all X-ray examinations. Angiography and interventional
procedures contribute about 5% and 8%, respectively, to the UK collective dose from all
X-ray examinations. Despite the increase in the annual UK per caput dose from 0.33 fo
0.4 mSv, it is still low in comparison with other countries having similar levels of
healthcare. This is due to both a lower frequency of X-ray examinations per head of
population and generally lower doses per examination in the UK
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Patient Exposure from Radiologic and Nuclear Medicine
Procedures in the United States: Procedure Volume and

Effective Dose for the Period 2006-2016 Radiology 2020) 29 5418—427

Fred A. Mettles, Js MD * Mahadevappa Mahesh, PhD « Mythreyi Bhargavan-Chatfield, PhD +
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Table 1: Estimated Values for Number of Procedures, Collective Effective Doses, and Average Individual Effective Doses accord-
ing to Modality for 2006 and 2016

Noncardiac  Cardiac

Interventional Interventional Nuclear
Analysis Metrics CT* Radiography Fluoroscopy = Fluoroscopy  Dental Medicine Total
Summary 2016
No. of procedures (in millions) 74 275 ! 4.1 46% 320 13.5 691
Collective effective dose (person-Sv)
With ICRP 2007 tissue-weighting factors (S ) 444000 71000 40000 42000 2% 14000 106000 717000
With ICRP 1990 tissue-weighting factors (S, ) 469000 71000 40000 42000 NA 133000 755000
Average individual effective dose (mSv)
With tissue-weighting factors from ICRP 1.37 0.22 0.12 0.13 0.04 0.32 2.2
2007 (Eyq |,)
With tissue-weighting factors from ICRP 1990 1.45 0.22 0.12 0.13 NA 0.41 2.3
(B o)
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KatevOuvtipac:

* FSD >200 mm , ,
, , * Awaotaocelc medlov <4 x5cm
e Awapetpoc medlov £6cm _—
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OpBoywvioc katsvBuvtipac:
* Meiwon tng 6oonc otov e€sTalOPEVO
* BeAtiwon mototntag sitkovacg (Alyotepn okedalopevn aktwvoPfoAia)
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Technical specifications

Generator

Working frequency
Focal spot

Total filtration
Anode current
Valtage at X-ray tube
Exposure times
Source-skin distance

Irradiated field

TECHNICAL DATA

Constant potential, microprocessor-controlled

145 - 230 KHz with self-adjustment (typically 175 KHz)
0.4 mm (IEC 336)

2.0mm Al @ 70 kv

478 mA

60/ 65/ 70KV (*)

0.020 - 1.000 seconds, R'10 and R'20 scale

20 and 30 cm

@ 55 mm and @ 60 mm round

Additional collimators

35 x 45 mm rectangular, 31 x 41 mmand 22 x 35 mm, for sensors size 2 and size 1

Power supply

Duty Cycle

50/60 Hz, 115120 V AC £10% or 230-240 V AC +10%

Continuous operation with self-adjustment up 1o 1s/80s total

Arms (for Standard version only) | Available in 3 lengths: 40 cm - 60 cm — 90 cm

Max. arm extension
Certification

Versions

230 cm, from wall
CE 0051, FDA approved

Standard (wall mounted) or Mobile (on portable cart)

(*) values depend on the country where the product is marketed.




Y€ oUYKPLON UE KL EVOOOTOUATLKN akTlvoypadia pe akTivoypadLlko pnxavnua
AC, ota 70 kV, pe kuAlvdpLko kateuBuvtnpa Stapetpou 60 mm Kot avaAoyLko
W\ Taxvtntag “E”:

Avaloylko puip taxvtntog “F” x0.75-0.8
Avaloylko pip taxvtntog “D” x1.7-2.0
Wnolakog avixveutng PSP x0.8-0.9
Wnelakog avixyveutng CCD, CMOS x0.5-0.7
OpBoywviog katevBuvtnpag (3x4cm) x 0.5
Mnxavnua DC (avti yia AC) x 0.8




* Emloyn nediov aktivofoAnong

26 X 24 CM 18 X24 CM 18 X 18 CM

For cranial exams* For standard exams To limit exposure area
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3.14 ANAITHZEIZ A KAAZZIKEZ OAONTIATPIKEZ
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3.14.9 Otav o eEetaldpevog Bpioketal oe nAkia avana-
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4.4 Use of patient contact shielding

4.4.1 Protective aprons

There is no justification for the routine use of protective aprons for patients under-
going any form of dental radiography or dental CBCT imaging as the main Xray
beam should never be directed towards the abdomen. Doses to the patient or the
foetus from scattered X-rays and leakage will then be negligible as will the associ-
ated risk. See also section 3.5.3

4.4.2 Thyroid shields
For intraoral, panoramic and cephalometric radiography, the use of appropriate
equipment, exposure factors, technique (e.g., paralleling technique as opposed to
bisecting angle technique for intra oral radiography), collimation or field limitation
Iechniques all have an equ0| or greater influence on the dose to the Thyroid than
provision of a thyroid shield. As these factors also reduce both the effective dose to
the patient and the exposure of the operator, these measures should be advocated
in preference to the use of a thyroid shield. '

Thyroid shields should, nevertheless, be used in any situation when the thyroid
gland may unavoidably be in the primary X-ray beam, based on advice from the
MPE. This may occur in some circumstances such as the following:
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Practice Guidelines

Patient shielding during dentomaxillofacial
radiography
JADA 2023:154(9):826-835  Recommendations from the American Academy of Oral
https://doi.org/10.1016/j.adaj.2023.06.015  and Maxillofacial Radiology

Erika Benavides, DDS, PhD; Avni Bhula, BDS, DDS, MSc; Anita Gohel, BDS, PhD;
Alan G. Lurie, DDS, PhD; Sanjay M. Mallya, BDS, MDS, PhD; Aruna Ramesh, BDS, MS, DMD;
Donald A. Tyndall, DDS, MSPH, PhD

RECOMMENDATIONS

Patient gonadal and fetal shielding during diagnostic intraoral, panoramic, cephalometric, and
CBCT imaging should be discontinued as routine practice. Federal, state, and local dental regu-
lations and guidance should be revised to remove any actual or implied requirement for routine
gonadal shielding for intraoral, panoramic, cephalometric, and CBCT imaging.

RECOMMENDATIONS

Patient thyroid shielding during diagnostic intraoral, panoramic, cephalometric, and CBCT im-
aging should be discontinued as routine practice. As necessary, federal, state, and local regulations
and guidance should be revised to remove any actual or implied requirement for routine thyroid
shielding for intraoral, panoramic, cephalometric, and CBCT images. ®
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Tal TOULKA TTPOOTATEVTLKO UTTOPEL vl
npokaAEoouy artifacts, ta onola va
odnynoouv og entavaAnyn tng
e€etaonc (EMUTAEOV OKTIVIKA
eniPapuvon e€etalopevou), n va
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EUROPEAN SOCIETY
OF RADIOLOGY
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Radiography 28 (2022) 353-359

Table 1
Rationale for consensus statements.

Rationale

Consensus
Recommendation

Symbol

Evidence that using patient contact
shielding is beneficial and effective.

General agreement favours usefulness
of patient contact shielding in some
circumstances

Evidence or general agreement not to
use patient contact shielding

‘Should use shielding’

‘May use shielding’

‘Not recommended to
use shielding’

Qe
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Radiography 28 (2022) 353-359

Application

Imaging modality

Inside or outside FOV

Recommendation

Thyroid contact shielding

Thyroid contact shielding

Thyroid contact shielding

Thyroid contact shielding

Thyroid contact shielding

All X-ray (except Ceph.)

Cephalometric radiography

Radiography, Mammography, Fluoroscopy, CT

Dental intraoral and cephalometric radiography

CBCT

Inside

Inside

Qutside

Qutside

Qutside

‘Not recommended to use shielding’

‘May use shielding’

‘Not recommended to use shielding’

‘May use shielding’

‘May use shielding’

CCQC S
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Radiography 28 (2022) 35!

Application Imaging Inside or Recommendation Symbol Application Imaging Inside or Recommendation Symbol
modality outside FOV modality outside FOV
Breast contact All X-ray Both ‘Not recommended Male and All X-ray Both ‘Not recommended
shielding to use shielding’ @ female gonad to use shielding’ @
contact shielding
Application Imaging Inside or Recommendation Symbol Application Imaging modality Inside or Recommendation Symbol
modality  outside FOV outside
FOV
Eye lens contact  All X-ray  Both ‘Not recommended
shielding to use shielding’ @ Embryo/Fetal All X-ray Inside ‘Not
contact recommended to @
shielding use shielding’
Embryo/Fetal Radiography, Outside  ‘Not
contact Mammography, recommended to @
shielding Fluoroscopy, Dental use shielding’

Radiography,
CT
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RESEARCH ARTICLE
Radiation exposure to foetus and breasts from dental X-ray
examinations: effect of lead shields

2 Anna Kelaranta, 3Marja Ekholm, *Paula Toroi and *“Mika Kortesniemi

Results: The upper estimates of foetal doses varied from 0.009 to 6.9 WGy, and doses at the
breast level varied from 0.602 to 75.4 wGy. With lead shields, the foetal doses varied from
0.005 to 2.1 wGy, and breast doses varied from 0.002 to 10.4 uGy.

Conclusions: The foetal dose levels without lead shielding were <19% of the annual dose limit
of 1 mSv for a member of the public. Albeit the relative shielding effect, the exposure-induced
increase in the risk of breast cancer death for the pregnant patient (based on the breast dose
only) and the exposure-induced increase in the risk of childhood cancer death for the unborn
child are minimal, and therefore, need for foetal and breast lead shielding was considered
irrelevant. Most important is that pregnancy is never a reason to avoid or to postpone
a clinically justified dental radiographic examination.
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TABLE 3.2
Typical Effective Dose From Radiographic Examinations

Examination

Median Effective Dose Equivalent Background Exposure?

Intraoral®

Rectangular collimation

Posterior bite-wings: PSP or F-speed film 5 pSv 0.6 day
Full-mouth: PSP or F-speed film 40 pSv 5 days
Full-mouth: CCD sensor (estimated) 20 pSv 2.5 days
Round collimation

Full-mouth: D-speed film 400 pSv 48 days
Full-mouth: PSP or F-speed film 200 pSv 24 days
Full-mouth: CCD sensor (estimated) 100 pSv 12 days
Extraoral

Panoramicb 20 pSv 2.5 days
Cephalometrich 5 pSv 0.6 day
Cheste 100 pSv 12 days
Cone beam CTb

Small field of view (<6 cm) 50 pSv 6 days
Medium field of view (dentoalveolar, full arch) | 100 pSv 12 days
Large field of view (craniofacial) 120 pSv 15 days
Multidetector CT

Maxillofacialb 650 pSv 2 months
Headc 2msSv 8 months
Cheste 7 mSv 2 years
Abdomen and pelvis, with and without contraste | 20 mSv 7 years




Evidence-Based Recommendations

Cover Story
Optimizing radiation safety in dentistry

Clinical recommendations and regulatory considerations
Erika Benavides, DDS, PhD; Joseph R. Krecioch, MA, MSc; Roger T. Connolly, MA;
Trishul Allareddy, BDS, MS; Allison Buchanan, DMD, MS; David Spelic, PhD;

Kelly K. O’Brien, MLIS; Martha Ann Keels, DDS, PhD;
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JADA 2024:155(4):280-293
https://doi.org/10.1016/j.adaj.2023.12.002

TYPE OF EXAMINATION

Dental Radiograph Examination Exposure

Full-mouth series—18 images, adult®*>>

PSP* or F-speed film and rectangular collimation

PSP or F-speed film and round collimation

Full-mouth series—12 images, pediatric>®

PSP or F-speed film and rectangular collimation
PSP and round collimation
Bite-wing
Digital, single®’
4 images with PSP or F-speed film and rectangular
collimation*37
Extraoral radiographs

34,37

Panoramic charge-coupled device

Panoramic PSP’

Cephalometric*3®

EFFECTIVE DOSE,
AVERAGE OR RANGE,*
uSv

34.9

170.7

44 (44-85)
89.0

0.3 (premolar), 1.4 (molar)

3.4-5.0

14.2-30.0
19.0-75.0

2.0-10.0
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TYPE OF EXAMINATION

Dental Radiograph Examination Exposure

Cone-beam computed tomography—adult™>

Small FOV*
Medium FOV

Large FOV

Cone-beam computed tomography—pediatric>'~?

Small FOV
Medium or large FOV
Comparative Effective Dose From Medical Examinations
Conventional head CT scan™*”
Low-dose protocol head CT scan®
Brain CT scan™®

Abdominal and pelvic CT*®

EFFECTIVE DOSE,
AVERAGE OR RANGE,*
uSv

19-652
45-860

68-1,073

7-521

13-769

860-1,500
180-534
1,600

7,700



AlayvwoTtikd Emimeda Avag@opdc (AEA) yia evE0OTORATIKEC 080OVTIATPIKEG
AKTWVOYPAPIKEC £EETAOELC eVNAlLKwY, o TIUEG Air Kerma oto dxpo Tovu
katevBuvtipa ¢ axtvoroyiknic Avyviag (Ki).

E¢taon Ki (mGy)

Amelkovion pe @IAp | Pn@Lakn ameltkovion
Avw yougiol 3,10 1,35
Kdtw topeig 1,80 0,81

Atayvwotikd Emimeda Avag@opds (AEA) yit TOVOpapIKEC 080VTIATPLKEC
e€eTtaoelg, oe TIUEG yvopévou Kerma - emgdveiag (KAP).

Etstaonm [IpwTtoK0AAO KAP (mGy cm?)
Kavovikog evijAkag 117

Mavopapk Mikpoowpog evijAkag 90,5
[Tottdi 62,5




AlayvwoTtikd Emimeda Avag@opdc (AEA) yia evE0OTORATIKEC 080OVTIATPIKEG
AKTWVOYPAPIKEC £EETAOELC eVNAlLKwY, o TIUEG Air Kerma oto dxpo Tovu
katevBuvtipa ¢ axtvoroyiknic Avyviag (Ki).

2013
E¢taon Ki (mGy)
Amelkovion pe @IAp | Pn@Lakn ameltkovion
Avw yougiot 3,10 3,70 1,35 1,20
Kdtw topeig 1,80 2,35 0,81 0,65

Atayvwotikd Emimeda Avag@opds (AEA) yit TOVOpapIKEC 080VTIATPLKEC
e€eTtaoelg, oe TIUEG yvopévou Kerma - emgdveiag (KAP).

Etstaonm [IpwTtoK0AAO KAP (mGy cm?)
Kavovikog evijAkag 117

Mavopapk Mikpoowpog evijAkag 90,5
[Tottdi 62,5




Alayvwotikd Emimeda Avagopds (AEA) yia odovtiatpikeg eieTaoslg
EVNALK®WV PUE VTTOAOYLOTIKO TOHOYPG@Oo KwVIKNG 8€ounc (CBCT), os Tég
ywopgvou Kerma - emupavelag (KAP).

KAwuikn €véelln KAP (mGy cm?)

[ToAAamAd eputetpata
[TaBoloyia (yevikd) 1000
Kpotagoyvabixn didpBpwon
AA

[TaBoAoyia (kVoTeC)
EyxAeiotol cwpovioTipeg 900
Kataypa

Movi)peg ep@UTELV A
‘EykAel6TOL EKTOC CWEPOVIGTIPWV 300
[TaBoAoyia (evbodovtia)
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Radiation Protection
in Dental Radiology
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2 & International Atomic Energy Agency

TABLE 8. PROPOSED DIAGNOSTIC REFERENCE LEVELS FOR
LATERAL CEPHALOMETRIC RADIOGRAPHY

Dose mndex, unit Country Protocol Diagnostic Reference
reference level

Air kerma—area Germany Adult 33 [119]*
product, mGy-cm?

Chald 26
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e Amootaon XelpLotn > 2m

* JUYKPATNON TOU aviXveutn otn B€on
TOU €lte pEow €16KOU €apTHUATOC,
elte amo tov e€etalopevo, OXI armo
Tov odovtiatpo

* Kavelic bev npemnel va Bpioketal otnv
nopeia tng mpwtoyevouc SEOUNG

e Kaveic bev mpemel va ayyilel 1o
KEALDOC TNC AuXVLiaC KATA TN
AELToupyia tng

Amoroinuévo Siaypauua
NG Katavouric G akTivoBoAi-
ag a10 XWpPo Katd t Arjyn omobo-
QATVIAKIG aKTIVoypaiag (TopTokaAl
Xxpowua). Me mpdoivo onueiwvetat
n BéAtiotn ywvia yia tn 6éon tou

XelptoTr, 6tav autég Bpioketa
uéoa atnv aibouaoa.
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Stray Radiation Map (uGy/mAs)
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MAXIMUM PROTECTION

* Backscatter shield is close to the patient.

* Shield is positioned at the outer end of the
collimator cone.

* Patient tilts head if needed to accommodate
the exposure.

S &

POOR PROTECTION

A. Device is not held close to the patient.
B. Backscatter shield is not positioned at the end of the collimator cone.
C. Shield is not parallel to the operator.
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Figure 2: Upper standard occlusal radiograph, showing tipping of the patient’s head is
required to retain the X-ray beam in the horizontal plane (copyright © Cardiff University)

)
Lx

Figure 3: Upper anterior periapical radiograph, showing tipping of the patient’s head is
required to retain the X-ray beam in the horizontal plane (copyright © Cardiff University)

Figure 4: Bitewing radiograph, showing use of image receptor holder, beam aiming
device and rectangular collimation. No changes to patient position required
(copyright @ Cardiff University)

Figure 5: Upper posterior periapical radiograph, showing tilting of the patient’s head is
required to retain the X-ray beam in the horizontal plane (copyright © Cardiff University)



Qgon unyavrparoc: oploviia
MpootatsuTik aotido: NAI

Ocon petpnth xwpou: A (BALTE oynpa)
Amootaon PeTpnTn xwpou: 25 cm
Metpoupevoc puBuoc oonc: 46 pSv/h

Ocon punxavipatoc: opllovTia
MpootatsuTik aotido: NAI

O<an petpntn xwpou: B (BAsms oxnpa)
Amootaon PeTpnTh xwpou: 50 cm
MetpoUpevoc puBpoc déonc: 30 pSv/h

. =Y 25cm 50cm
—._\ .J_.. A B

Ban unyavrpatoc: oploviia
Mpootatsutikr aomnida: OXI

Ocon petpnth xwpou: A (BAEme oxnpo)
Amootaon METPNTN XWpou: 25 cm
MetpoUpsvoc puBpoc 66onc: 53 pSv/h



O<on unxavnpatog: KAion 33° mpo¢ ta navw
Mpootatsvtiki aomida: NAI |

Ocon petpnt Xwpou: A (BAEne oxrua)
Anootaon PeTPnT) Xwpou: 50 cm
Metpoupevog puBpuoc déong: 250 pSv/h

O£on unxaviuatoc: KAion 37° mpog ta KATw
Mpootatsvtiki aomida: NAI

O<on petpnt Xxwpou: E (BAEne oxnua)
Anootacn PeTpnT Xwpou: 50 cm
Metpoupevoc puBuocg doong: 205 pSv/h

™~y

50cm



TpoxnAarto stand
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Medical Physics and Emerging Technologies:
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Celebrating innovation and impact — Advancing healthcare

through Medical Physics and Emerging Technologies.
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