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Abstract 

Patient contact shielding has been in use for many years in radiology departments in order to reduce the effects 
and risks of ionising radiation on certain organs. New technologies in projection imaging and CT scanning such as 
digital receptors and automatic exposure control systems have reduced doses and improved image consistency. 
These changes and a greater understanding of both the benefits and the risks from the use of shielding have led to a 
review of shielding use in radiology. A number of professional bodies have already issued guidance in this regard. This 
paper represents the current consensus view of the main bodies involved in radiation safety and imaging in Europe: 
European Federation of Organisations for Medical Physics, European Federation of Radiographer Societies, European 
Society of Radiology, European Society of Paediatric Radiology, EuroSafe Imaging, European Radiation Dosimetry 
Group (EURADOS), and European Academy of DentoMaxilloFacial Radiology (EADMFR). It is based on the expert rec‑
ommendations of the Gonad and Patient Shielding (GAPS) Group formed with the purpose of developing consensus 
in this area. The recommendations are intended to be clear and easy to use. They are intended as guidance, and they 
are developed using a multidisciplinary team approach. It is recognised that regulations, custom and practice vary 
widely on the use of patient shielding in Europe and it is hoped that these recommendations will inform a change 
management program that will benefit patients and staff.
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Key points

•	 Shielding use in radiology has been re-evaluated.
•	 Major European bodies involved in imaging radiation 

safety have issued consensus-based recommenda-
tions.

•	 This paper represents multidisciplinary based recom-
mendations for shielding use.

•	 In the majority of cases patient contact shielding use 
is not recommended.

Patient summary
Radiation used in radiology carries small risks of radia-
tion damage. To minimise this damage to sensitive 
organs, contact shielding was used for many years. In 
contact shielding a shielding object (blanket, rubber 
mat…) with radiation absorbing material is used and 
placed in contact with the surface to be shielded. Recent 
technological advances in equipment and recent scien-
tific knowledge, have led to new guidelines and they show 
that there is rarely a need for shielding, although it can 
sometimes be allowed. In some cases, shielding can even 
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lessen the quality of imaging or increase radiation dose. 
However, in case the patient has any doubts this should 
be discussed with the radiographer or other imaging 
professional.

Introduction
In the healthcare sector, radiation protection devices 
are frequently placed in contact with the human body to 
reduce the radiation exposure to radiosensitive organs of 
patients undergoing diagnostic and interventional X-ray 
examinations. Such patient contact shielding has been in 
widespread use for the last seventy years, aiming to pro-
tect against genetic effects, cancer and other detriment 
[1].

However, an increasing number of studies, position 
statements and recommendations have raised concerns 
regarding the utility and effectiveness of such shield-
ing [2–5]. This has added to an unhelpful and undesir-
able inconsistency in regulation and recommendations of 
shielding use across Europe [6].

The growing need for a European consensus statement 
on patient contact shielding has been highlighted by Gil-
ligan and Damilakis [7], with the main objective of sup-
porting and promoting effective and harmonised clinical 
practice.

Representatives of the European Federation of Medi-
cal Physicists (EFOMP), European Federation of Radiog-
rapher Societies (EFRS), European Society of Radiology 
(ESR), European Society of Paediatric Radiology (ESPR), 
EuroSafe Imaging (ESI), European Radiation Dosimetry 
Group (EURADOS) and European Academy of Den-
toMaxilloFacial Radiology (EADMFR), as well as a rep-
resentative from the Patient Advisory Group of ESR, 
founded the GAPS (Gonad and Patient Shielding) group 
(chair: P Gilligan) with the purpose to propose a Euro-
pean recommendation on the use of contact shielding.

Evidence review criteria
This consensus statement has involved examining the 
evidence-base provided in published data and guid-
ance. The system of ranking the evidence is based on a 

user-friendly system developed by the European Heart 
Rhythm Association, EHRA [8] and here uses ‘coloured 
shields’ that provide an indication of the current status of 
the evidence and consequent guidance (see Table 1).

Thus, a green shield indicates a ‘should do this’ con-
sensus statement or indicated risk assessment strategy 
based on strong evidence that it is beneficial and effec-
tive. An amber shield indicates general agreement and/
or scientific evidence favouring a ‘may do this’ statement 
or the usefulness/efficacy of a risk assessment strategy or 
procedure. Risk assessment strategies for which there is 
scientific evidence of little or no benefit or even potential 
harm and should not be used (‘Not recommended to do 
this’) are indicated by a red-striped shield.

Guidelines for clinical practice
Research has previously reported dose reductions of 
30–95% to individual organs using shielding [9–11]. 
However, there has been a growing body of evidence that 
patient contact shielding is ineffective in most situations 
and at times potentially hazardous. The use of contact 
shielding can provide false reassurance (to patients and 
staff) and continued use can overemphasise the hazards 
of ionising radiation in the public mind.

This has led to an inconsistency of application of shield-
ing. In some cases it has also led to conflict between 
patient expectations that shielding would be used and 
professionals judging it as unnecessary or even harmful.

The main aim of this consensus statement is to encour-
age and support good clinical practice by promoting 
harmonisation of application of patient contact shield-
ing. This statement should be seen as a tool for making 
decisions in healthcare more rational and for improving 
the quality of healthcare delivery. However, it should not 
serve as a substitute for sound clinical judgement nor 
replace professional responsibility of providers.

This consensus statement is intended to help in the 
development of local policies and procedures by high-
lighting the reported limited utility and potential draw-
backs of patient contact shielding.

Table 1  Rationale for consensus statements

Rationale Consensus Recommendation Symbol

Evidence that using patient contact shielding is beneficial and effective ‘Should use shielding’

General agreement favours usefulness of patient contact shielding in some circum‑
stances

‘May use shielding’

Evidence or general agreement not to use patient contact shielding ‘Not recommended to use shielding’
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Section  “Issues when using contact shielding” also 
considers scenarios and approaches where individual 
circumstances such as high cumulative dose, anxious or 
radiosensitive patients may indicate that the radiology 
professional chooses to use shielding.

Evidence for change

Decrease in patient doses
While the number of X-ray imaging examinations has 
increased during the last decades, individual patient 
doses have decreased significantly since patient contact 
shielding was first introduced [12], limiting the potential 
benefit of this shielding in most cases. Although some 
patients may be exposed to high cumulative radiation 
doses due to multiple examinations [13], or in complex 
interventional procedures [14], the highest doses are 
absorbed by organs and tissues being imaged, which can-
not generally be shielded (see Section  “Shielding within 
the imaging field of view (FOV)”). Therefore, currently, 
only a minor number of patients might experience a real 
benefit from using contact shielding, which also comes 
with a risk, as discussed next.

Past practice in radiation protection has been based on 
the dose range and associated risk estimates prevalent 
at the time. However, the levels of dose and the organs- 
and age-risks estimates have changed over the years (see 
Section “Patient radiation risk from imaging”), requiring 
continuous revision of local practice in line with current 
knowledge and advice [4].

Shielding within the imaging field of view (FOV)
There are several factors to be considered when applying 
patient contact shielding within the imaging FOV. These 
include:

•	 Incorrect placement of shielding by the operator or 
unintended movement of the shield during the exam-
ination can obscure important pathologies in the 
image, requiring repeat exposure [15].

•	 The operator may encounter difficulties in correct 
placement of shielding to cover intended radiosensi-
tive organs due to variation in patients’ anatomy [16]. 
This may only be apparent after the image has been 
taken and can give rise to ineffective shielding.

•	 The highly attenuating material of the shielding may 
interfere with automatic exposure control systems 
and can lead to an increase rather than a decrease in 
patient dose [3, 17].

•	 Beam hardening or streak artefacts caused by the 
applied shielding can reduce the image quality and may 
lead to the requirement to repeat the exposure [18].

Shielding outside the imaging FOV
The majority of scatter is internal and therefore cannot 
be shielded externally. Scatter doses are considerably 
smaller than the dose to anatomy within the area of inter-
est or imaging FOV. As the patient doses have decreased 
over the years so too has the dose due to scattered radia-
tion, which has now reduced to negligible levels in many 
cases. The probable benefits from the very small dose 
reduction due to contact shielding may not outweigh the 
potential risks of artefacts, infection and patient discom-
fort, as referenced below.

The placing of out of beam protection beyond the irra-
diated volume is not necessarily a simple, error free, task. 
For example, in helical CT scanning, there is a require-
ment to ‘overscan’ beyond the first and last image posi-
tion in order to provide enough data to interpolate for 
those images. Since even a small amount of ‘overscan’ can 
extend a considerable distance beyond the image volume, 
placing a patient contact shielding adjacent to the scan 
volume can interfere with the image reconstruction lead-
ing to artefacts in the image [4].

Patient radiation risk from imaging
The primary concern when justifying a medical exposure 
is the risk–benefit balance. Therefore, the approach to 
deciding on adopting or avoiding patient contact shield-
ing should centre on the change in radiation dose and 
risk. For example, in some cases the application of con-
tact shielding is reported to show a large relative dose 
reduction to a specific organ, giving the impression of a 
significant improvement, whereas the absolute benefit 
may be small or non-existent [2].

In addition, the focus of patient radiation safety should 
be upon those organs deemed to be at risk from cancer 
induction due to radiation exposure.

However, when reviewing the need to protect a specific 
organ, it is important to take into account the fact that 
the radiation risk actually varies with age and sex of the 
patient, as illustrated in Fig.  1. This highlights the fact 
that paediatric patients can be at high risk and that the 
organ at highest risk can change with age.

Recommendations
These recommendations are divided into areas of the 
body where patient shielding may be used and assume 
that all other applicable justification and optimisation 
strategies have been employed before patient contact 
shielding is considered.

For example, in general radiography, with good colli-
mation and using posterior anterior (PA) positioning for 
skull, spinal and chest X-rays, patient contact shielding is 
likely to have a negligible benefit and, in many instances, 
may obscure diagnostic information or lead to an overall 
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increase in patient dose. A summary of the recommen-
dations in this consensus document is provided as an 
appendix (Additional file 1).

Gonad shielding
Protection of the gonads is the longest-standing use of 
patient contact shielding due to the perception of the 
risk and the relative ease of use. However, genetic effects 
from radiation have not been observed in human stud-
ies despite the public perception otherwise. Indeed ICRP 
103 [21] reduced the tissue weighting factor for the 
gonads to less than half its previous figure (0.2 to 0.08). 
Therefore, gonad shielding is perhaps the least useful 
in terms of reducing the radiation risk for the patient. 
Hereditable effects associated with typical dose ranges 
are likely to be negligible.

Within the FOV, there is a general consensus that it is 
difficult to position the shielding for female patients to 
ensure coverage of the ovaries, as well as avoiding inter-
ference with the anatomy of interest and the automatic 
exposure control system. Current published evidence has 
shown inconsistent results and disappointing impact on 
accuracy of shield application following audit and train-
ing’ [16].

Outside the FOV the reduction in radiation risk for 
both male and female patients by using shielding is negli-
gible, regardless of age [2].

For CT scanning of the abdomen, several papers have 
shown a range of measured testicular dose reductions 
(58% to 95%) through the use of outside field of view wrap-
around and testicular shields in male adults and phantoms 
[10, 20]. In terms of absolute risk reduction based on a 
LNT model (given the limitations of uncertainty), this is of 
the order of 0.5 in 10,000 [22]. The benefit is small com-
pared to other optimisation techniques such as limiting 
scan range in the area of the more radiosensitive organs as 
defined by the ICRP [21], and also comes with some risks. 
Yu et al. [23] showed that such shields provided little ben-
efit in paediatric chest CT too as one got further from the 
field of view. There are risks of interfering with the auto-
matic exposure control when using shielding outside the 
field of view such as those found in embryo shielding [24].

Fig. 1  Female lifetime risks of cancer incidence by organ and age for a composite Euro-American population (% per Gy), based on data from 
reference [19]
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Application Imaging 
modality

Inside or 
outside 
FOV

Recommendation Symbol

Male and 
female 
gonad 
contact 
shielding

All X-ray Both ‘Not recommended 
to use shielding’

Thyroid shielding
The thyroid gland has been highlighted as a radiosensitive 
organ. Since the relative sensitivity of the thyroid gland 
to radiation-induced cancer is strongly biased towards 
children and there is a longer time for any induced can-
cer to manifest itself, it is particularly important to con-
sider this age group when deciding if thyroid protection 
is required, particularly when high cumulative radiation 
doses are expected due, for example, to multiple head CT 
examinations.

Since the shield should cover the front half of the neck, 
it can readily interfere with the imaging process within 
the FOV (see Section “Shielding within the imaging field 
of view (FOV)”). Outside the FOV, the effectiveness in 
reducing patient stochastic risk is minimal.

Whilst it is generally considered that patient contact 
shielding should not be used, exceptions may exist in the 
field of dental X-ray imaging due to the proximity of the 
thyroid to the FOV and the high percentage of paediatric 
patients examined [25–27].

In cephalometric radiography, a conventional thyroid 
collar can partially overlap with the FOV. However, thy-
roid shielding can be applied, if evaluation of the cervical 
spine is not needed [28, 29] or custom protective devices 
that do not overlap with relevant anatomical regions are 
used [30].

If shielding were to be used, it is strongly recommended 
that a Medical Physics Expert (MPE) is consulted first, as 
there is the potential to introduce artefacts to the image 
should a thyroid collar enter the useful imaging volume. 
In addition, increased patient doses can arise from sys-
tems (e.g. CBCT) that incorporate an automatic exposure 
system [27].

Application Imaging 
modality

Inside or 
outside 
FOV

Recommendation Symbol

Thyroid 
contact 
shielding

All X-ray 
(except 
Ceph.)

Inside ‘Not recommended 
to use shielding’

Thyroid 
contact 
shielding

Cepha‑
lometric 
radiography

Inside ‘May use shielding’

Application Imaging 
modality

Inside or 
outside 
FOV

Recommendation Symbol

Thyroid 
contact 
shielding

Radiogra‑
phy, Mam‑
mography, 
Fluoroscopy, 
CT

Outside ‘Not recommended 
to use shielding’

Thyroid 
contact 
shielding

Dental 
intraoral and 
cephalomet‑
ric radiogra‑
phy

Outside ‘May use shielding’

Thyroid 
contact 
shielding

CBCT Outside ‘May use shielding’

Breast shielding
In a similar manner to the thyroid gland, breast tissue is 
highly sensitive to radiation, particularly for those less 
than 30 years of age.

Since the shield should cover the anterior surface of 
the chest, if it is within the FOV it could compromise the 
X-ray examination and give rise to an increased radia-
tion dose to neighbouring organs and tissues. For exam-
ple, in CT chest examinations of patients over 30  years 
old, the lung is the most radiosensitive organ (see Sec-
tion  “Patient radiation risk from imaging”) and using 
breast contact shielding could lead to an increased lung 
dose, thus increasing, rather than decreasing, the overall 
risk to the patient.

Outside the FOV, the effectiveness in reducing patient 
stochastic risk is generally reported to be minimal [2].

Application Imaging 
modality

Inside or 
outside 
FOV

Recommendation Symbol

Breast 
contact 
shielding

All X-ray Both ‘Not recommended 
to use shielding’

Eye lens shielding
The lens of the eye is considered one of the most radio-
sensitive tissues in the body, with the primary concern 
being the development of cataracts and lens opacities fol-
lowing radiation exposure. However, in the case of CT, 
most recent studies suggest that dose reduction strate-
gies are more effective than eye shielding (e.g., [31]). Due 
to the level of eye dose for some fluoroscopically guided 
cerebral interventional procedures [32, 33], the consulta-
tion of a Medical Physics Expert is advised on a case-by-
case basis.
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Application Imaging 
modality

Inside or 
outside 
FOV

Recommendation Symbol

Eye lens 
contact 
shielding

All X-ray Both ‘Not recommended 
to use shielding’

Embryo/Fetal shielding
Studies have shown that radiation protection shields have 
limited value for the protection of the unborn child from 
examinations performed on pregnant patients because 
most of the embryo/fetal exposure results from internal 
scatter in the tissues of the mother [34, 35]. In addition, 
if suitable optimisation strategies are adopted, the impact 
of patient contact shielding on the fetal dose is minimal 
[36].

Any discussion around this may require sensitive han-
dling. Pregnant patients undergoing diagnostic radiology 
examinations may request abdominal protection, includ-
ing situations where the examination is outside the pel-
vic region. In these cases, whether or not to provide extra 
shielding, usually in the form of lead/lead-equivalent 
material draped over the abdomen, should be in accord-
ance with written procedures and at the discretion of the 
operator performing the imaging. If a decision is made to 
use contact shielding, then it is important that accurate 
collimation is used, and the shielding must not encroach 
on the automatic exposure control system. This includes 
taking account of any ‘overscan’ (see Section  “Shield-
ing outside the imaging FOV”) beyond the first and last 
image position.

Application Imaging 
modality

Inside or 
outside 
FOV

Recommendation Symbol

Embryo 
/ Fetal 
contact 
shielding

All X-ray Inside ‘Not recommended 
to use shielding’

Embryo 
/ Fetal 
contact 
shielding

Radiogra‑
phy, Mam‑
mography, 
Fluoroscopy, 
Dental Radi‑
ography, CT

Outside ‘Not recommended 
to use shielding’

Issues when using contact shielding
It is not unreasonable to consider scenarios and 
approaches where individual circumstances such as high 
cumulative dose, anxious or radiosensitive patients may 
indicate to the radiology professional that the benefit of 
shielding could outweigh any risk associated with its use. 
While not generally advised, any use of contact shielding 

should be considered carefully by a multi-disciplinary 
team, with the advice of a MPE, and should be written 
into examination protocols ahead of use.

Its selection simply to reassure the apprehensive patient 
should be discouraged as this promotes mixed messages 
and an exaggeration of radiation risk to the patient and 
wider community. Instead, efforts should concentrate on 
explaining the risks from the use of contact shields to the 
patient [4].

Besides the risks of artefacts and interference with 
the AEC system, a disadvantage to using shielding is the 
potential discomfort experienced by the patient and the 
manual handling issues for the staff [9], as well as poten-
tial infection control issues [37, 38]. Furthermore, the use 
of shielding may not be advisable for emergency patients, 
paediatrics or individuals with disabilities who are unable 
to tolerate the use of the shield (e.g., eye lens shielding).

Where it is agreed that shielding should be used, then 
staff should be trained in:

•	 The selection of appropriate shielding, including 
how to prevent shielding moving during a procedure 
due to patient or equipment movement (e.g., during 
dynamic imaging)

•	 The selection of appropriate radiographic techniques, 
including how to avoid interference with automatic 
exposure control systems

•	 How to perform quality control checks on patient 
contact shielding

•	 How to store shielding appropriately
•	 How to clean and disinfect shielding
•	 How to comply with local policies regarding patient 

dignity (e.g., transgender patients [39])
•	 Communication skills specific to discussions with 

patients, parents or caretakers of children undergo-
ing radiological examinations and healthcare profes-
sionals on the use of patient contact shielding.

•	 How to communicate benefit risk to pregnant 
patients

Next steps
For some users of radiation, the implementation of this 
guidance and recommendations may represent a signifi-
cant cultural change in practice and require development 
of a change management program, with stakeholder 
consultation.

Following the adoption of this consensus statement, 
there will be a need to review current practice and pro-
vide suitable information and education material for 
health professionals and the public.

The European Society of Radiology through Euro-
safe Imaging, with the assistance of the GAPS group 
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(see introduction), are currently planning the first step, 
through a web-based survey of Radiology departments to 
evaluate the current practice of contact shielding within 
Europe.

A concerted effort will be required by the relevant pro-
fessional bodies to ensure the next steps of education 
and training to explain the changes in guidance are made 
readily available to European users. Some useful infor-
mation on patient shielding is already available online, 
including the British Institute of Radiology (https://​www.​
bir.​org.​uk/​educa​tion-​and-​events/​patie​nt-​shiel​ding-​guida​
nce.​aspx) and the American Association of Physicists in 
Medicine CARES (Communicating Advances in Radia-
tion Education for Shielding) group (https://​w3.​aapm.​
org/​cares/).

Review of current guidelines
The technology used in X-ray imaging, the level of radia-
tion doses absorbed by the patients and the knowledge 
on radiation dose effects due to ionising radiation may 
vary over time. Therefore, it is deemed necessary to 
review these guidelines periodically. In principle, these 
will be reviewed after a period of five years or sooner if 
new evidence or changes recommend so.

Abbreviations
CT: Computed tomography; FOV: Field of view; MPE: Medical physics expert.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13244-​021-​01085-4.

Additional file 1. Appendix 1 Summary of recommendations

Acknowledgements
This paper has been endorsed by the European Federation of Organisations 
for Medical Physics (EFOMP), European Federation of Radiographer Societies 
(EFRS), European Society of Radiology (ESR), European Society of Paediatric 
Radiology (ESPR), European Radiation Dosimetry Group (EURADOS), and Euro‑
pean Academy of DentoMaxilloFacial Radiology (EADMFR). Ruben Pauwels 
is supported by the European Union Horizon 2020 Research and Innovation 
Programme under the Marie Skłodowska-Curie Grant agreement number 
754513 and by Aarhus University Research Foundation (AIAS-COFUND). The 
authors would like to acknowledge the contribution from Isabelle Thierry-
Chef, on the shielding of gonads (ISGlobal), as well as the contribution from 
Alistair Campbell (ESR Office). This paper will be simultaneously published in 
Insights into Imaging, Physica Medica: European Journal of Medical Physics and 
Radiography.

Authors’ contributions
All authors read and approved the final manuscript. PH contributed the bulk 
of the initial drafting.

Funding
No sources of funding were received in the production of this statement.

Availability of data and materials
All relevant data is included in this publication.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
RP: is supported by the European Union Horizon 2020 Research and Innova‑
tion Programme under the Marie Skłodowska-Curie Grant agreement number 
754513 and by Aarhus University Research Foundation (AIAS-COFUND). All 
remaining authors declare that they have no competing interests.

Author details
1 Glan Clwyd Hospital, Bodelwyddan, Denbighshire, UK. 2 European Federa‑
tion of Organizations for Medical Physics, Utrecht, The Netherlands. 3 Mater 
Private Hospital, Eccles St., Dublin, Ireland. 4 European Society of Radiology - 
EuroSafe Imaging, Vienna, Austria. 5 University of Crete, Iraklion, Crete, Greece. 
6 Member ESR‑Patient Advisory Group, Patient Advocate, Hasselt, Belgium. 
7 Centro Nacional de Dosimetría (CND), Instituto Nacional de Gestión Sanitaria, 
Valencia, Spain. 8 European Radiation Dosimetry Group, Neuherberg, Germany. 
9 Faculty of Dental Medicine and Health, Osijek, Croatia. 10 European Federation 
of Radiographer Societies, Utrecht, Belgium. 11 Radiography and Diagnostic 
Imaging, University College Dublin, Dublin, Ireland. 12 Université de Paris, Paris, 
France. 13 European Society of Paediatric Radiology, Le Kremlin‑Bicêtre, France. 
14 Institute for Maternal and Child Health, IRCCS “Burlo Garofolo”, Trieste, Italy. 
15 Federal Office for Radiation Protection, Oberschleißheim, Germany. 16 Aarhus 
Institute of Advanced Studies, Aarhus University, Aarhus, Denmark. 17 Geneva 
University Hospitals, Geneva, Switzerland. 18 Greek Atomic Energy Commis‑
sion, Agia Paraskevi, Athens, Greece. 19 Radiology Department, Complutense 
University, Madrid, Spain. 

Received: 24 June 2021   Accepted: 19 August 2021

References
	1.	 (1955) Recommendations of the International Commission on Radiologi‑

cal Protection; revised December 1, 1954. Br J Radiol Suppl. 6:1–92
	2.	 SSK 2018. Use of patient radiation protection equipment in the diagnos‑

tic application of X-rays on humans. Recommendation by the German 
Commission on Radiological Protection. Adopted at the 297th meeting 
of the German Commission on Radiological Protection on 13. and 14. 
December 2018. Available from: https://​www.​ssk.​de/​Share​dDocs/​Berat​
ungse​rgebn​isse_E/​2018/​2018-​12-​13_​Patie​nt_E.​html. Accessed Novem‑
ber 2021

	3.	 AAPM 2019. American Association of Physicists in Medicine. Position 
statement on the use of patient gonadal and fetal shielding. AAPM Policy 
number PP 32-A (2019). Available from: https://​www.​aapm.​org/​org/​polic​
ies/​detai​ls.​asp?​id=​468&​type=​PP. Accessed November 2021

	4.	 Hiles P, Benson E, Hughes H et al (2020) Guidance on using shielding 
on patients for diagnostic radiology applications. A joint report of the 
British Institute of Radiology (BIR), Institute of Physics and Engineering in 
Medicine (IPEM), Public Health England (PHE), Royal College of Radiolo‑
gists (RCR), Society and College of Radiographers (SCoR) and the Society 
for Radiological Protection (SRP) (2020). Available from: https://​www.​bir.​
org.​uk/​media/​416143/​final_​patie​nt_​shiel​ding_​guida​nce.​r1.​pdf. Accessed 
November 2021

	5.	 Marsh RM, Silosky MS (2019) Patient shielding in diagnostic imaging: 
Discontinuing a Legacy Practice. AJR Am J Roentgenol 212(4):755–757. 
https://​doi.​org/​10.​2214/​AJR.​18.​20508

	6.	 Candela-Juan C, Ciraj-Bjelac O, Sans Merce M et al (2021) Use of out-
of-field contact shielding on patients in medical imaging: a review of 
current guidelines, recommendations and legislative documents. Phys 
Med 86:44–56. https://​doi.​org/​10.​1016/j.​ejmp.​2021.​05.​017

	7.	 Gilligan P, Damilakis J (2021) Patient shielding: the need for a European 
consensus statement. Phys Med 82:266–268.

https://www.bir.org.uk/education-and-events/patient-shielding-guidance.aspx
https://www.bir.org.uk/education-and-events/patient-shielding-guidance.aspx
https://www.bir.org.uk/education-and-events/patient-shielding-guidance.aspx
https://w3.aapm.org/cares/
https://w3.aapm.org/cares/
https://doi.org/10.1186/s13244-021-01085-4
https://doi.org/10.1186/s13244-021-01085-4
https://www.ssk.de/SharedDocs/Beratungsergebnisse_E/2018/2018-12-13_Patient_E.html
https://www.ssk.de/SharedDocs/Beratungsergebnisse_E/2018/2018-12-13_Patient_E.html
https://www.aapm.org/org/policies/details.asp?id=468&type=PP
https://www.aapm.org/org/policies/details.asp?id=468&type=PP
https://www.bir.org.uk/media/416143/final_patient_shielding_guidance.r1.pdf
https://www.bir.org.uk/media/416143/final_patient_shielding_guidance.r1.pdf
https://doi.org/10.2214/AJR.18.20508
https://doi.org/10.1016/j.ejmp.2021.05.017


Page 8 of 8Hiles et al. Insights into Imaging          (2021) 12:194 

	8.	 Nielsen JC, Lin YJ, de Oliveira Figueiredo MJ et al (2020) European Heart 
Rhythm Association (EHRA)/Heart Rhythm Society (HRS)/Asia Pacific 
Heart Rhythm Society (APHRS)/Latin American Heart Rhythm Society 
(LAHRS) expert consensus on risk assessment in cardiac arrhythmias: use 
the right tool for the right outcome, in the right population. Europace 
22:1147–1148. https://​doi.​org/​10.​1093/​europ​ace/​euaa0​65

	9.	 Iball GR, Brettle DS (2011) Use of lead shielding on pregnant patients 
undergoing CT scans: results of an international survey. Radiography 
17(2):102–108. https://​doi.​org/​10.​1016/j.​radi.​2010.​12.​005

	10.	 Hohl C, Mahnken AH, Klotz E et al (2005) Radiation dose reduction to the 
male gonads during MDCT: the effectiveness of a lead shield. AJR Am J 
Roentgenol 184(1):128–130. https://​doi.​org/​10.​2214/​ajr.​184.1.​01840​128

	11.	 Zalokar N, Mekis N (2020) Efficacy of breast shielding during head com‑
puted tomography examination. Radiol Oncol 55(1):116–120. https://​doi.​
org/​10.​2478/​raon-​2020-​0044

	12.	 Kemerink GJ, Kütterer G, Kicken PJ et al (2019) The skin dose of pelvic 
radiographs since 1896. Insights Imaging 10:39. https://​doi.​org/​10.​1186/​
s13244-​019-​0710-1

	13.	 Rehani MM, Hauptmann M (2020) Estimates of the number of patients 
with high cumulative doses through recurrent CT exams in 35 OECD 
countries. Phys Med 76:173–176. https://​doi.​org/​10.​1016/j.​ejmp.​2020.​07.​
014

	14.	 Li X, Hirsch JA, Rehani MM, Ganguli S, Yang K, Liu B (2020) Radiation 
effective dose above 100 mSv from fluoroscopically guided interven‑
tion: frequency and patient medical condition. AJR Am J Roentgenol 
215(2):433–440. https://​doi.​org/​10.​2214/​AJR.​19.​22227

	15.	 Frantzen MJ, Robben S, Postma AA, Zoetelief J, Wildberger JE, Kemerink 
GJ (2012) Gonad shielding in paediatric pelvic radiography: disadvan‑
tages prevail over benefit. Insights Imaging 3(1):23–32. https://​doi.​org/​10.​
1007/​s13244-​011-​0130-3

	16.	 Fawcett SL, Gomez AC, Barter SJ, Ditchfield M, Set P (2012) More harm 
than good? The anatomy of misguided shielding of the ovaries. Br J 
Radiol 85(1016):e442–e447. https://​doi.​org/​10.​1259/​bjr/​25742​247

	17.	 Kaplan SL, Magill D, Felice MA, Xiao R, Ali S, Zhu X (2018) Female gonadal 
shielding with automatic exposure control increases radiation risks. 
Pediatr Radiol 48(2):227–234. https://​doi.​org/​10.​1007/​s00247-​017-​3996-5

	18.	 Gürsu S, Gürsu T, Çamurcu Y, Yıldırım T, Gürsu A, Şahin V (2013) Efficacy 
of gonadal shielding in pediatric pelvis X-rays. Eklem Hastalik Cerrahisi 
24:87–90. https://​doi.​org/​10.​5606/​ehc.​2013.​20

	19.	 HPA 2011. Health Protection Agency. Radiation risks from medical X-ray 
examinations as a function of the age and sex of the patient. HPA CRCE 
028 (2011). Available from: https://​www.​gov.​uk/​gover​nment/​publi​catio​
ns/​medic​al-x-​rays-​radia​tion-​risks-​by-​age-​and-​sex-​of-​patie​nt. Accessed 
November 2021

	20.	 Dauer LT, Casciotta KA, Erdi YE, Rothenberg LN (2007) Radiation dose 
reduction at a price: the effectiveness of a male gonadal shield dur‑
ing helical CT scans. BMC Med Imaging 7:5. https://​doi.​org/​10.​1186/​
1471-​2342-7-5

	21.	 ICRP (2007). The 2007 Recommendations of the International Commis‑
sion on Radiological Protection. ICRP Publication 103. Ann. ICRP 37

	22.	 NVMBR. 2017. Richtlijn Gonadenafscherming voor conventionele radiolo‑
gie en CT. Utrecht. Available via https://​www.​nvmbr.​nl/​publi​catie​besta​
nden/​NVMBR%​20Ric​htlijn%​20Gon​adena​fsche​rming%​20mei%​202017.​pdf

	23.	 Yu L, Bruesewitz MR, Vrieze TJ, McCollough CH (2019) Lead shielding in 
pediatric chest CT: effect of apron placement outside the scan volume 
on radiation dose reduction. AJR Am J Roentgenol 212(1):151–156. 
https://​doi.​org/​10.​2214/​AJR.​17.​19405

	24.	 Begano D, Söderberg M, Bolejko A (2020) To use or not use patient 
shielding on pregnant women undergoing CT pulmonary angiography: 
a phantom study. Radiat Prot Dosimetry 189(4):458–465. https://​doi.​org/​
10.​1093/​rpd/​ncaa0​59

	25.	 NCRP (2019). Radiation protection in dentistry and oral and maxillofacial 
imaging. National Council on Radiation Protection ad Measurements 
Report No. 177.

	26.	 Johnson KB, Ludlow JB (2020) Intraoral radiographs: a comparison of 
dose and risk reduction with collimation and thyroid shielding. J Am 
Dent Assoc 151(10):726–734. https://​doi.​org/​10.​1016/j.​adaj.​2020.​06.​019

	27.	 Pauwels R, Horner K, Vassileva J, Rehani MM (2019) Thyroid shielding in 
cone beam computed tomography: recommendations towards appro‑
priate use. Dentomaxillofac Radiol 48(7):20190014. https://​doi.​org/​10.​
1259/​dmfr.​20190​014

	28.	 Wiechmann D, Decker A, Hohoff A, Kleinheinz J, Stamm T (2007) The 
influence of lead thyroid collars on cephalometric landmark identifica‑
tion. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 104(4):560–568. 
https://​doi.​org/​10.​1016/j.​tripl​eo.​2006.​09.​012

	29.	 Sansare KP, Khanna V, Karjodkar F (2011) Utility of thyroid collars in cepha‑
lometric radiography. Dentomaxillofac Radiol 40(8):471–475. https://​doi.​
org/​10.​1259/​dmfr/​25040​799

	30.	 Hoogeveen RC, Rottke D, van der Stelt PF, Berkhout WE (2015) Dose 
reduction in orthodontic lateral cephalography: dosimetric evaluation of 
a novel cephalographic thyroid protector (CTP) and anatomical cranial 
collimation (ACC). Dentomaxillofac Radiol 44:20140260. https://​doi.​org/​
10.​1259/​dmfr.​20140​260

	31.	 Poon R, Badawy MK (2019) Radiation dose and risk to the lens of the 
eye during CT examinations of the brain. J Med Imaging Radiat Oncol 
63(6):786–794. https://​doi.​org/​10.​1111/​1754-​9485.​12950

	32.	 Safari MJ, Wong JH, Kadir KA et al (2016) Real-time eye lens dose monitor‑
ing during cerebral angiography procedures. Eur Radiol 26(1):79–86. 
https://​doi.​org/​10.​1007/​s00330-​015-​3818-9

	33.	 Sánchez RM, Vañó E, Fernández JM, Rosati S, López-Ibor L (2016) Radia‑
tion doses in patient eye lenses during interventional neuroradiology 
procedures. AJNR Am J Neuroradiol 37(3):402–407. https://​doi.​org/​10.​
3174/​ajnr.​A4549

	34.	 Damilakis J, Perisinakis K, Vrahoriti H, Kontakis G, Varveris H, Gourtsoyian‑
nis N (2002) Embryo/fetus radiation dose and risk for dual X-ray absorpti‑
ometry examinations. Osteoporos Int 13(9):716–722. https://​doi.​org/​10.​
1007/​s0019​80200​098

	35.	 Damilakis J, Perisinakis K, Prassopoulos P, Dimovasili E, Varveris H, 
Gourtsoyiannis N (2003) Conceptus radiation dose and risk from chest 
screen-film radiography. Eur Radiol 13(2):406–412. https://​doi.​org/​10.​
1007/​s00330-​002-​1352-z

	36.	 Ryckx N, Sans-Merce M, Schmidt S, Poletti P-A, Verdun FR (2018) The 
use of out-of-plane high Z patient shielding for fetal dose reduction in 
computed tomography: Literature review and comparison with Monte-
Carlo calculations of an alternative optimisation technique. Phys Med 
2018(48):156–161. https://​doi.​org/​10.​1016/j.​ejmp.​2018.​03.​017

	37.	 Jaber M, Harvill M, Qiao E (2014) Lead aprons worn by interventional 
radiologists contain pathogenic organisms including MRSA and tinea 
species. J Vasc Interv Radiol 25(3):S99–S100. https://​doi.​org/​10.​1016/j.​jvir.​
2013.​12.​279

	38.	 Balter S, Rodriguez MA, Pike JA, Kleiman NJ (2021) Microbial contamina‑
tion risk and disinfection of radiation protective garments. Health Phys 
120(2):123–130. https://​doi.​org/​10.​1097/​HP.​00000​00000​001387

	39.	 Sowinski JS, Gunderman RB (2018) Transgender patients: what radiolo‑
gists need to know. AJR Am J Roentgenol 210:1106–1110. https://​doi.​
org/​10.​2214/​AJR.​17.​18904

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1093/europace/euaa065
https://doi.org/10.1016/j.radi.2010.12.005
https://doi.org/10.2214/ajr.184.1.01840128
https://doi.org/10.2478/raon-2020-0044
https://doi.org/10.2478/raon-2020-0044
https://doi.org/10.1186/s13244-019-0710-1
https://doi.org/10.1186/s13244-019-0710-1
https://doi.org/10.1016/j.ejmp.2020.07.014
https://doi.org/10.1016/j.ejmp.2020.07.014
https://doi.org/10.2214/AJR.19.22227
https://doi.org/10.1007/s13244-011-0130-3
https://doi.org/10.1007/s13244-011-0130-3
https://doi.org/10.1259/bjr/25742247
https://doi.org/10.1007/s00247-017-3996-5
https://doi.org/10.5606/ehc.2013.20
https://www.gov.uk/government/publications/medical-x-rays-radiation-risks-by-age-and-sex-of-patient
https://www.gov.uk/government/publications/medical-x-rays-radiation-risks-by-age-and-sex-of-patient
https://doi.org/10.1186/1471-2342-7-5
https://doi.org/10.1186/1471-2342-7-5
https://www.nvmbr.nl/publicatiebestanden/NVMBR%20Richtlijn%20Gonadenafscherming%20mei%202017.pdf
https://www.nvmbr.nl/publicatiebestanden/NVMBR%20Richtlijn%20Gonadenafscherming%20mei%202017.pdf
https://doi.org/10.2214/AJR.17.19405
https://doi.org/10.1093/rpd/ncaa059
https://doi.org/10.1093/rpd/ncaa059
https://doi.org/10.1016/j.adaj.2020.06.019
https://doi.org/10.1259/dmfr.20190014
https://doi.org/10.1259/dmfr.20190014
https://doi.org/10.1016/j.tripleo.2006.09.012
https://doi.org/10.1259/dmfr/25040799
https://doi.org/10.1259/dmfr/25040799
https://doi.org/10.1259/dmfr.20140260
https://doi.org/10.1259/dmfr.20140260
https://doi.org/10.1111/1754-9485.12950
https://doi.org/10.1007/s00330-015-3818-9
https://doi.org/10.3174/ajnr.A4549
https://doi.org/10.3174/ajnr.A4549
https://doi.org/10.1007/s001980200098
https://doi.org/10.1007/s001980200098
https://doi.org/10.1007/s00330-002-1352-z
https://doi.org/10.1007/s00330-002-1352-z
https://doi.org/10.1016/j.ejmp.2018.03.017
https://doi.org/10.1016/j.jvir.2013.12.279
https://doi.org/10.1016/j.jvir.2013.12.279
https://doi.org/10.1097/HP.0000000000001387
https://doi.org/10.2214/AJR.17.18904
https://doi.org/10.2214/AJR.17.18904

	European consensus on patient contact shielding
	Abstract 
	Key points
	Patient summary
	Introduction
	Evidence review criteria
	Guidelines for clinical practice
	Evidence for change
	Decrease in patient doses
	Shielding within the imaging field of view (FOV)
	Shielding outside the imaging FOV
	Patient radiation risk from imaging

	Recommendations
	Gonad shielding
	Thyroid shielding
	Breast shielding
	Eye lens shielding
	EmbryoFetal shielding

	Issues when using contact shielding
	Next steps
	Review of current guidelines
	Acknowledgements
	References


