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prevalent. CBCT offers cross-sectional imaging 
at potentially high geometric accuracy, a feature 
of particular interest to practitioners planning 
dental implant treatment. Its use has, however, 
expanded to potential applications in many 
branches of dentistry.2 Because of the typically 
higher radiation doses compared with traditional 
dental radiography, there have been concerns 
expressed about proliferation of its use, particu-
larly with regard to paediatric applications.

Unlike some other countries, there is no 
legal requirement for national registration 
of dental CBCT equipment in the UK. The 
evidence for the growth of CBCT in UK 
primary dental care facilities is therefore 
largely indirect, obtained from anecdotal 
information from manufacturers and dental 
equipment installers. There is little independ-
ent evidence for numbers of CBCT equipment 
in dental practices or, in the context of justi-
fication, the clinical purposes for which it is 
being used. Although guidelines highlight the 
need for optimisation of exposures when using 
CBCT,2,3 the literature in this area is small 
and is hard to translate beyond the context 

Introduction

Cone beam computed tomography (CBCT) 
has been commercially available to dentists 
since the start of the century. Initially, there 
were only a small number of CBCT machines 
on the market, but by 2013 this had risen to 43.1 
Today it is likely that many more systems are 
available, particularly as hybrid panoramic/
cephalometric/CBCT units have become more 
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CBCT in UK dental practices. The typical reported use was of small field of view scans for implant dentistry. Only 8.4% of practices 

performed examinations on children and young people. Some concerns were raised regarding respondents’ knowledge about 

exposure factors and the clinical evaluation of images.

in which the research was carried out. Only 
two surveys are available from the UK.4,5 One 
of these looked only at paediatric use and the 
other was made up predominantly of children 
and younger adults; both were NHS-hospital 
based. They each highlighted deficiencies in 
information regarding justification and opti-
misation of CBCT in clinical practice. Their 
findings are, however, of limited relevance to 
‘high street’ dental practices, many of which 
are independent of the NHS. Dentists in UK 
primary care ‘self-refer’ their X-ray examina-
tions, meaning that the referral, justification 
and authorisation components of undertak-
ing X-ray examinations are usually performed 
by the same person. Unlike hospitals, dental 
practices have limited access to medical 
physics support and rarely employ radiog-
raphers to undertake the examinations. Two 
detailed survey reports exist from Norway and 
Sweden6,7 and two very limited surveys from 
Turkey,8,9 but the practice of dentistry varies 
internationally and the findings are not trans-
ferable to the UK. It is clear that the evidence 
for use of CBCT in primary dental care is 
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Presents an overview of the current use of cone 
beam computed tomography (CBCT) in UK dental 
practices.

Suggests that most CBCT examinations are small 
field of view scans for adult patients in the context of 
implant dentistry.

Raises some questions about knowledge of exposure 
factors and the training for clinical evaluation of 
CBCT images.

Key points
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extremely limited internationally and none is 
available for the UK. There would, therefore, 
be value in obtaining information about CBCT 
use in UK dental practice related to aspects of 
justification, optimisation and training.

The research question underlying this 
survey was therefore ‘What is the profile of use 
of CBCT in primary care dental practices in 
the UK, with regard to justification, optimisa-
tion and training?’. The objective was to obtain 
an overview of the use of CBCT in primary 
care dentistry in the UK, by means of a survey, 
taking special note of paediatric use.

Materials and methods

This study was a collaboration between the 
University of Manchester and Dental X-ray 
Protection Services (DXPS) of Public Health 
England (PHE; https://www.phe-protec-
tionservices.org.uk/dxps). DXPS agreed to 
collaborate as the study would provide them 
with information about the clinical uses of 
dental CBCT that is not collected as part of 
their Radiation Protection Adviser/Medical 
Physics Expert (RPA/MPE) role for dentists. 
DXPS acted as the ‘middle man’ for the survey, 
sending out emails and posts to the dental 
practices on behalf of the university-based 
researchers to ensure the anonymity of their 
customers to the academic researchers.

Research tool
A mixed-mode survey was used, offering 
surveyed dental practices a choice of respond-
ing on paper or online. The survey question-
naire content was new, but included some 
questions inspired by previously published 
surveys.6,7 The content was developed after two 
iterations of a pilot survey, each conducted on 
ten dental practices selected randomly from 
the sample frame by DXPS.

The definitive survey consisted of 28 items 
(23 main items, four follow-up questions and 
one optional item at the end), listed in Table 1.

Sample selection
DXPS provides a Radiation Protection Adviser/
Medical Physics Expert (RPA/MPE) service 
for dental practices, including for those with 
CBCT equipment. At the time of conducting 
the survey, 145 dental practices with CBCT 
equipment were contracted with DXPS and 
formed the sample frame for the survey. The 
total number of primary care dental practices 
in the UK with CBCT is unknown but has 
been estimated at around 950 by one of the 

authors (JH). Multiple other providers of RPA/
MPE services exist, including local hospital 
Medical Physics departments and independent 
radiation protection companies, but numbers 
of dental practices using their services and 
their identities are often commercially confi-
dential. As it was impractical to determine an 
exact potential sample frame for the survey, a 
decision was taken to conduct the survey on 
all 145 dental practices registered with DXPS.

Survey administration
The anonymity of the dental practices surveyed 
in the study was maintained by allocation to 
each practice of a study number by DXPS and 
by all communications to the practices coming 
from or via DXPS. Invitations to participate in 
the survey were sent at the same time in two 
ways. First, DXPS sent an invitation email to 
the contact person in each dental practice, con-
taining the link to the online survey. Secondly, 
DXPS sent a package by post containing an 
invitation letter, a paper version of the survey, 
a pre-paid envelope for returning the question-
naire and also a £20 gift voucher. The invitation 
email and letter were signed by all the authors 
and included their job titles. As most dental 
practices were likely to have multiple dentists 
and possibly multiple operators of CBCT 
equipment, the email/postal recipient was 
asked to select the most appropriate person 
to respond to the questionnaire. Respondents 
were told to use whichever format, online 
or paper, to complete the survey that they 
preferred.

Responses to the online survey were 
monitored by an IT specialist at the University 
of Manchester. Responses to the paper survey 
were monitored by the first author. The survey 
was started on 5 December 2017. Two email 
reminders about the survey were sent. The first 
reminder was sent to non-responders one week 
after the start of survey, and a second reminder 
was sent after one further week. The closure 
date for the definitive survey was set at 31 
January 2018.

This study did not constitute research 
as defined by the NHS using the Health 
Research Authority Decision Tool (http://
www.hra-decisiontools.org.uk/research/); this 
indicated that NHS ethical approval was not 
required. Direct email contact with the HRA 
Queries Line Advisers confirmed that the 
survey was classifiable as a service evaluation 
and that NHS ethics approval was not needed. 
University advice was also sought regarding 
the need for ethical approval for the study at 

the protocol writing stage. The guidance was 
that research involving interviews or surveys 
with participants on subjects deemed to be 
within their professional competence, in which 
the researcher is not asking the participant 
to reveal personal, confidential or sensitive 
information and the subject matter is well 
within the professional competence of the 
interviewee, does not usually require ethical 
review. Specific confirmation was received 
from the University’s Research Governance, 
Ethics and Integrity Officer (Ethics).

Analysis
Survey responses were entered into a Microsoft 
Excel 2016 worksheet to calculate frequen-
cies of responses to each question. Statistical 
analysis was performed by using the Statistical 
Package for the Social Sciences (SPSS) version 
23 (2015) (SPSS IBM Corporation, Armonk, 
New York, USA). A two-sided chi-squared test 
was used to examine the significance of any 
association between the dichotomised answers 
to the questions regarding the most commonly 
used Field of View (FOV) and reporting being 
performed by the dentist rather than involving 
a radiologist at least in some cases. For this, 
the FOV answers were dichotomised into 
‘smallest + medium’ and ‘large + full head’ and 
the reporting operator identity answers dichot-
omised into ‘always the dentist who requested 
the scan’ and all other combinations combined.

An assessment of non-response bias was 
carried out by comparing the responses to 
main survey questions, excluding the four 
follow-up questions and two optional items 
at the end, made by ‘early responders’ (those 
who responded to the first notification of 
the survey) and ‘late responders’ (those who 
responded after reminder communications), 
as described by Groves.10 The null hypothesis 
was that there would be no significant differ-
ences between the two groups in responses 
to the 23 main item questions (Table  1). 
Two-sided chi-square tests were planned to 
be performed for each main question to assess 
any association between responder group 
(early or late) and the dichotomised answers 
to each of these questions except question 
three. Dichotomisation of answers to all 
except question three was carried out at a level 
closest to the median point of the distribution 
of answers. For question three, answers were 
grouped into four sub-groups according to the 
CBCT equipment manufacturers.

For all statistical analyses, an alpha of 
0.05 was used as the cut-off for significance.
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Results

Of the 145 dental practices in the sample frame, 
74 responses were received. One of these was 
a university dental clinic and, although a 
completed questionnaire was received, it was 
in retrospect considered by the researchers as 
ineligible as the context was not in line with 
a general dental practice. Two respondents 
returned blank paper questionnaires, declining 
to participate in the survey as they thought 
that the survey was not anonymous. Thus, the 
total number of eligible participating dental 
practices was 144 and the number providing 
eligible completed surveys was 71, giving 
a response rate of 49%. Of these, 54 (76%) 
returned questionnaires in paper format. One 
mobile dental CBCT clinic participated in 
this survey, so some categories of questions 
in the survey were not applicable for them. 
Consequently, the total number of responses to 
each main questionnaire item varied between 
70 and 71.

Responses to survey items are presented 
below, in the order of the questions asked in 
the survey (Table 1). The number of dentists 
working in each dental practice ranged from 
one to 26 with a modal number of four dentists 
(Table 2). Fewer dentists in the same practices 
were reported as using CBCT frequently, with 
52 dental practices (73.2%) reporting only one 
or two dentists in response to this question.

Twenty-six different CBCT scanner models 
from eight manufacturers were used in the 
dental practices (Fig.1). No respondents had 
more than one CBCT scanner in their dental 
practice. Sirona and Carestream (including 
Kodak) were most commonly represented 
manufacturers, each seen in 19 (26.7%) 
dental practices, followed by Vatech (including 
E-Woo) in 16 (22.5%) dental practices. The 
Sirona Orthophos XG3D was the most fre-
quently used CBCT model (14 dental practices, 
19.7%), followed by the Carestream CS8100 
3D (seven dental practices, 9.9%). It should 
be noted that the Carestream CS 9000, Kodak 
9000–3D and Kodak k9000 C 3D are essen-
tially the same machine carrying a different 
model name.

Table  3 shows that the great majority of 
respondents (54 dental practices, 76%) had a 
CBCT scanner in their practices for less than 
five years. Notably, one third of the dental 
practices had acquired their CBCT machine 
within the last year. While 16 (22.5%) of dental 
practices used the CBCT machine only for 
their own patients, the remainder accepted 

external referrals. The mobile CBCT provider 
was an exception for this question as they only 
accept external referrals.

As shown in Figure 2, a small FOV, defined 
as having a size sufficient to image one tooth 
or a few teeth and their supporting bone, and 
medium FOV (one jaw or a full quadrant) were 
the most commonly used FOVs (51 clinics, 
71.8%). Conventional radiographs (intra-oral 
and/or panoramic) of patients were always 
available to dentists at some point before 
deciding to perform CBCT examinations 
in 26 (36.6%) of dental practices and for the 
majority of patients in 34 (47.9%) of practices. 
Six respondents (8.4%) said that they never had 
them available and five (7%) reported that they 
had them only in a minority of cases.

A majority of the clinics estimated that they 
scanned 1–10 adult patients per month. Only 
11.2% of responders scanned more than 20 
adult patients per month (Table 4).

The commonest single reason for CBCT 
examinations in adult patients among the 
responses was implant planning (62 responses). 
Only one responder answered endodontic 
assessment. Despite asking for the commonest 
reason (singular), eight respondents answered 
with combinations of reasons. It is noteworthy 
that for these, implant planning was part of the 
answer for all. The indications cited in combi-
nation were impacted teeth assessment (four 
responses), endodontic assessment (three), 
and orthodontic diagnosis in one response. 
So the number of responses citing implant 
planning, either alone or in combination, as 
the commonest reason for the scans in adult 
patients was 70 out of the 71 completed and 
eligible surveys.

The overwhelming majority of respondents 
could not provide the detailed exposure factor 
settings for adult patients. Most (51, 71.8%) 
reported that they used pre-programmed 
settings. Fourteen (19.7%) provided the 
exposure details. Of the remaining survey 
responses, five answered that they had an 
automatic exposure control (AEC), while 
one respondent left the answer to this 
question blank.

The majority of dental practices (61 
responses, 91.6%) did not perform CBCT 
on children. Of the six respondents who did 
use CBCT in this age group, the commonest 
reasons given were impacted tooth localisa-
tion (two responses), orthodontic diagnosis 
(two responses), and one response each for 
‘implant planning’ and ‘use as panorama 
for diagnosis when patient cannot tolerate 

bite-wings’. Only one of the six dental practices 
specified exact exposure values, showing a 
reduction in exposure time and tube current 
for children compared with the values they 
had specified for adult patients. The other five 
practices simply reported that they used pre-
programmed settings.

Answers to the request for details of the 
underlying clinical reason for carrying out 
CBCT examination for each of the last five 
patients scanned in the dental practice are 
given in Table  5. Implant planning and 
other implant-related purposes dominated 
the responses, being the primary reason for 
84.7% of scans. For 15 patients, combinations 
of clinical reasons were cited. If endodontic 
diagnosis, root resorption and periapical 
pathosis diagnosis are combined into one 
broad ‘endodontic’ category, these were given 
as a reason, either primary or secondary, for 
the scan for 30 patients (8.5%).

The overwhelming majority of dental 
practices (68 responses, 96%) did not use a 
lead or lead-equivalent thyroid shield. This 
question was unanswered by one respondent. 
Two dental practices reported that they used 
thyroid shields, with one of these saying that 
they used it ‘sometimes’, explaining that this 
referred to mandible exposures which could 
include the thyroid and if the shielding would 
not interfere with the image. For lead or lead-
equivalent aprons, an identical proportion of 
respondents reported that they did not use 
them (68 responses, 96%) and there was 
one missing response. Of the remaining two 
dental practices who answered the question, 
one confirmed that they used a lead apron 
and the other responded that they used 
one ‘sometimes’ but without specifying the 
situations.

Table 6 shows the responses to the question 
about who reports the CBCT scans. By 
combining categories in the Table, it can be seen 
that the dentist always or mainly performed 
the CBCT reporting in 63 dental practices 
(88.7%). The majority (57.5%) of responders 
who had stated that larger fields of view were 
the most commonly used also reported that the 
dentist always reported the scans, whereas 53% 
of those who most commonly used smaller 
FOVs responded in this way. There was no 
significant difference in these proportions of 
larger and smaller FOVs interpreted always by 
the dentist (p = 0.81). In terms of training for 
the task of reporting (Table 7), nobody stated 
solely that the dentist had enough information 
to report CBCT images without additional 
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Table 1  The survey questionnaire, consisting of 28 items (23 main items, four follow-up questions and one optional item at the end). 
For the online version of the survey, some answers could be inserted using drop-down lists (eg numbers) (cont. on page 5)

Question Answer format

1 How many dentists work in your practice? Number

2 Number of these who use the CBCT scanner regularly? Number

3 What CBCT machine do you have? Free text boxes for manufacturer and model

4 If you have a second CBCT machine, or more, then please give details below, but for the 
remainder of the survey give your answers for the machine that you use the most frequently.

Free text box

5 For how many years has CBCT been available in practice? Number

6 Do you accept external referrals to your dental practice for CBCT? Choice: Yes or No

7 CBCT machines sometimes give the option of changing the ‘field of view’ (FOV). For 
example, you may have options to scan a single jaw, both jaws, or a small field of 
view localised to a few teeth. Which is the most commonly used FOV in your clinic?

Multiple choice answer:

‘Full head’: (craniofacial)

Large: (e.g. both jaws at the same time)

Medium: (e.g. one jaw or a full quadrant)

Smallest: (one tooth or a few teeth and their supporting bone)

I don’t know

8 Do you always have conventional radiographs (intraoral and/or panoramic radio-
graphs) of patients available before you decide to perform CBCT?

Multiple choice answer:

Yes, Always

Yes, for the majority of my patients

Yes, but only for the minority of my patients

No

9 Can you make an estimate of the number of adult patients (18 years of age or older) 
that you scan in your practice using CBCT in a typical month?

Multiple choice answer:

1-10

11-20

21-30

31-40

41+

10 What, in your opinion, is the commonest reason for using CBCT for adult patients (18 
years of age or older) in your practice?

Free text box

11 What exposure factors would you set for the commonest use of CBCT for adult 
patients (18 years of age or older) in your practice?

Multiple choice plus free text boxes for third option

We do not know. The CBCT machine offers preprogramed settings for  
different patient groups (eg large, medium, small, man, woman, or similar)

We do not know. The CBCT machine has an automatic exposure control.

The exposure factors (eg kV, mA, exposure time, field of view, voxel size) 
we typically use are… kV, mA, Time, voxel size, field of view

12 Can you make an estimate of the number of patients per month that you have 
scanned in your practice using CBCT who were children or young people (less than 
18 years of age)?

Multiple choice answer:

• 1-10
• 11-20
• 21-30
• 31-40
• 41+

13 What is the commonest reason for using CBCT for patients who are children or 
young people (less than 18 years of age) in your practice?

Free text box

14 What exposure factors would you set for the commonest use of CBCT for patients 
who are children or young people (less than 18 years of age) in your practice?

Multiple choice plus free text boxes for third option

• We do not know. The CBCT machine offers preprogramed settings for 
different patient groups (eg large, medium, small, man, woman, or similar)

• We do not know. The CBCT machine has an automatic exposure control
• The exposure factors (eg kV, mA, exposure time, field of view, voxel 

size) we typically use are… kV, mA, Time, voxel size, field of view

15 
to
19

Now we would like you to tell us the underlying clinical reason for carrying out CBCT 
examination for the last five patients you have scanned. Please tick one option (or 
more if applicable) for each patient as required.

Multiple choice plus free text box for ‘other’

Implant planning

Other implant-related purpose (eg graft/ sinus augmentation)

Endodontic diagnosis

Periapical inflammatory pathosis diagnosis

Root resorption

Unerupted tooth localisation (eg third molar; maxillary canine)

Other
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training, although one included that statement 
in a combined reply.

Assessment of non-response bias planned 
for the 23 main survey questions (Table  1) 

was not possible because of low numbers 
responding to the question, notably for pae-
diatric-related questions (12 to14) or because 
of answers being overwhelmingly the same 

(for example, in relation to lead shielding 
(questions 20 and 22). For all the questions 
for which a statistical comparison was feasible, 
there were no significant differences between 
early and late responders except in the case of 
question five (‘For how many years has CBCT 
been available in practice?’). For this question, 
if the dichotomisation of answers was made 
at the <3 years/ >3 years level there was a sig-
nificantly greater proportion of late responders 
in the group who had had CBCT available for 
more than three years (p = 0.016). It should 
be noted, however, that changing the level for 
dichotomisation to the <2 years/ >2 years gave 
a non-significant result.

Discussion

When conducting surveys, it is important to 
consider the four main sources of potential 
error: coverage error, sampling error, non-
response error and measurement  error.10,11 
In terms of coverage, an accurate knowledge 
about the numbers of dentists in the UK with 
CBCT equipment is not obtainable due to 
the absence of any information source. This 
is in contrast with the comparable studies 

Table 1  The survey questionnaire, consisting of 28 items (23 main items, four follow-up questions and one optional item at the end). 
For the online version of the survey, some answers could be inserted using drop-down lists (eg numbers) (cont. from page 4)

20 Do you use a lead (or lead equivalent) thyroid shield for your patients? Multiple choice: yes, no or sometimes

21 If you answered ‘sometimes’, please tell us in what situations you would use the 
protection measure in the free text box below

Free text box

22 Do you use a lead (or lead equivalent) apron on your patients? Multiple choice: yes, no or sometimes

23 If you answered ‘sometimes’, please tell us in what situations you would use the 
protection measure in the free text box below

Free text box

24 Who undertakes the reporting of the CBCT scan? Multiple choice:

Always the dentist who requested the scan

Normally the dentist who requested the scan, but sometimes a specialist 
radiologist (dental and maxillofacial radiology or a medical radiologist)

Normally a specialist radiologist (dental and maxillofacial radiology or a 
medical radiologist), but sometimes the dentist who requested the scan

A specialist radiologist (dental and maxillofacial radiology or a medical 
radiologist) always reports the scan

Other

25 If you answered ‘other’, please give details in the free text box below Free text box

26 If the dentist within the practice reports the CBCT images, how was s/he trained? Multiple choice:

By the company who installed the CBCT device

By attending an independent training course on CBCT (e.g. by an academic  
or specialist society/ organisation)

The dentist had enough information to report CBCT images without 
training courses

Other

27 If you answered ‘other’, please give details in the free text box below Free text box

28 If you have any thoughts that you would like to bring to our attention about the use of 
CBCT in your practice, or about the survey, then please use the free text box below.

Free text box

Table 2  The numbers (and proportions of survey responses) of dental practices according 
to the number of dentists working in the practice and the number of dentists using  
CBCT regularly

Number of 
dentists

Survey responses for number of  
dentists working in the dental practice

Survey responses for number of 
dentists using CBCT regularly

1 2 (2.8%) 26 (36.6%)

2 9 (12.7% 26 (36.6%)

3 15 (21.7%) 11 (15.5%)

4 12 (16.9%) 2 (2.8%)

5 9 (12.7%) 2 (2.8%)

6 8 (11.3%) 1 (1.4%)

7 8 (11.3%) 1 (1.4%

8 3 (4.2%) –

>9 4 (5.6%) –

n/a 1 (1.4%) 1 (1.4%)

Excluded – 1 (1.4%)

Total 71 (100%)
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in Scandinavia6,7 as, unlike in the UK, there 
is a requirement to register the use of CBCT 
equipment in Sweden and Norway. Public 
Health England DXPS is probably the largest 
supplier of RPA/MPE services to dentists in 
the UK but there are others, including local 
hospital medical physics departments, which 
individually may only advise a handful of 
dental practices. In retrospect it would have 
been useful to involve all identifiable suppliers, 
although there is no obvious reason why 
dental practices using DXPS would give a 
biased sample relative to the larger potential 
sample frame of practices using all RPA/MPE 
providers. Indeed, as a national provider, 
DXPS probably provides a better geographical 
coverage to alternative providers. The current 
survey certainly is superior in coverage to the 
two Turkish studies8,9 which used convenience 
samples of conference attenders, a strategy 
which has been strongly criticised because 
conference attenders may not be representative 
of the wider population. We chose to survey 
the complete number of dental practices using 
the services of DXPS rather than a random 
sample of these. Although surveying the 
entire available population has been criticised 
in the past on the basis that sampling of the 
population can be more cost-effective, such 
criticisms tend to be aimed at very large studies 
in which a smaller sample might be easier to 
achieve a high response rate by a more per-
sonalised approach. In our case, the 145 dental 
practices using DXPS was already small and we 
felt that this was manageable. Furthermore, the 
option of a personalised attempt at obtaining 
responses from dental practices, for example, 
using telephone contact, was impossible 
because of the requirement for anonymity of 
the dental practices.

Despite considerable time and effort 
expended in developing the survey, including 
piloting, offering a choice of formats for 
responses and a financial incentive, the 
response rate was very disappointing. There 
are numerous possible reasons for poor 
response that are common to all surveys, but 
in this particular case it is possible that dentists 
might be unsure on the governance, regula-
tion and legal implications relating to this 
relatively new imaging modality and be a little 
hesitant in providing information. The concern 
must always be that a low response rate leads 
to non-response error, that is, that the non-
responders are different to responders in terms 
of the items investigated by the survey. As this 
is an unknown which cannot be answered with 

certainty, strategies have been suggested to 
measure the risk of non-response bias. Groves 
described some methods of assessing the pos-
sibility of non-response bias, but only one of 
these was practicable in our case.10 The method 
chosen to assess non-response bias risk is 
based on the assumption that late responders 
to a survey are likely to be similar to non-
responders.10 Our assessment of this showed 
no significant differences in question responses 
except for one, the length of time for which 

the CBCT scanner had been available in the 
practice. It is possible to suggest an explanation 
for this; newer users of the CBCT technology 
might well have a greater interest in it than 
those who are accustomed to it and keener 
to take part in a survey. While this finding is 
interesting, the lack of a significant difference 
in the answers to other questions between 
early and late responders provides some reas-
surance about non-response bias. Overall, 
however, the possibility of non-response bias 
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Fig. 1  Types of CBCT scanner used by the 71 respondents to the survey. No respondent 
had more than one scanner in their dental practice. The colour of the bars represents 
individual manufacturers

Table 3  Length of time for which CBCT scanners had been available in each dental 
practice. One survey respondent did not answer this question

Years Number (percentage)

< 1 4 (5.6%)

1 17 (23.9%)

2 9 (12.7%)

3 10 (14.1%)

4 6 (8.5%)

5 8 (11.3%)

6 2 (2.8%)

7 4 (5.6%)

8 8 (11.3%)

9 0

10 1 (1.4%)

11 1 (1.4%)

No response 1 (1.4%)
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cannot be confidently excluded by any method, 
including this one, and our requirement for 
an anonymous survey prevented alternative 
efforts at improving response and investigating 
the risk of non-responder bias. Nonetheless, it 
is important to note that a low response rate 
does not mean a high risk of non-response 
bias; similarly, a high response rate does not 
exclude significant non-response bias.11

Recent data12 on the numbers of dentists 
in the UK and the total number of dental 
practices (as determined by VAT and/or 
PAYE registration in Standard Industrial 
Classification 8623) gives a crude estimated 
average of three to four dentists per dental 
practice, a figure which is broadly in keeping 
with the survey results (Table  2). Dentists 
regularly using CBCT in the dental practices 
were typically fewer, probably because only 
a proportion of dentists would undertake 
implant dentistry, the predominant clinical 
task for which CBCT was being used.

In 2013, one international review of CBCT 
found 43 CBCT scanners were available on the 
market,1 differing remarkably in their technical 
specifications. This figure is likely to be greater 
now, as new models have been launched but 
old scanners continue to be used. Our survey 
identified 26 scanner models in the respond-
ing dental practices, with three manufacturers 
featuring prominently. A survey in Norway 
and  Sweden7 also reported a wide range in 
equipment manufacturers, although it is 
notable that the dominant manufacturer in 
Sweden hardly featured in our UK survey. Such 
differences reflect multiple factors, purchase 
cost, manufacturers’ marketing efforts in 
different countries, along with servicing and 
maintenance support. The view of the authors, 
based on wide reading of the research literature 
related to diagnostic efficacy, is that the profile 
of CBCT scanners identified in our survey is 
very different to those commonly used in 
research studies and which inform guidelines 

on diagnostic usefulness. As the technical 
specifications of CBCT equipment are very 
variable, it is interesting to hypothesise that the 
evidence for diagnostic efficacy using CBCT 
on which current guidelines are based may not 
be applicable to the equipment commonly used 
in UK dental practices.

The data in Table  3 suggest that rate of 
acquisition of CBCT equipment is increasing 
annually. This would not be surprising when a 
successful new technology is introduced, but 
it is likely to continue as several manufacturers 
now offer ‘hybrid’ panoramic/cephalometric/
CBCT equipment at relatively low costs 
compared with dedicated CBCT scanners. As 
old panoramic equipment requires replace-
ment, it is likely that many dental practices 
will use the opportunity to upgrade to a one 
that includes a CBCT option. One interest-
ing finding was that about three quarters 
of dental practices were open to external 
referrals for CBCT. As CBCT equipment can 
be very expensive, it seems reasonable to try 
to generate additional income in this way, 
although this does incur legal responsibilities 
related to referral, justification of examina-
tions and reporting for the dental practice.13 
In particular, the practice receiving referrals 
from others must ensure that the referrer 
has provided adequate clinical informa-
tion to permit the justification process to be 
performed properly. It might also be helpful 
(although not absolutely required) for the 
practice receiving referrals to provide referral 
guidelines to potential referrers. The dentist 
receiving the referral must justify the exami-
nation and authorisation must also be carried 
out. Clinical evaluation of the images needs 
to be performed and the responsibility lies in 
the first instance with the practice undertaking 
the CBCT examination, although it is common 
for this responsibility to be transferred to the 
referring practice by a formal service level 
agreement.

The FOV is a major determinant of radiation 
dose in CBCT2,3 and guidelines emphasise the 
importance of using the smallest FOV compat-
ible with the clinical task. It was therefore reas-
suring to find that the ‘smallest’ or the ‘medium’ 
FOVs were the most commonly used. This was 
also the finding of the Scandinavian study7 and 
could indicate that guidelines on good practice 
might have been effective. Reducing the FOV 
not only reduces radiation dose, but may also 
improve image quality through reduction in 
X-ray scatter and limit the volume of informa-
tion to be reported. A less reassuring finding 
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Fig. 2  The number of responses received in the survey regarding the most commonly 
used field of view in the dental practice

Table 4  Estimated numbers of adult patients (>18 years) scanned each month in the 
dental practices

Numbers scanned per month Number of dental practices

1 to 10 42 (59.2%)

11 to 20 21 (29.6%)

21 to 30 3 (4.2%)

31 to 40 3 (4.2%)

41 and over 2 (2.8%)
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from the responding dental practices was that 
conventional radiographs were not always 
available to dentists before deciding to perform 
CBCT examinations. Almost all guidelines, 
reviewed by Horner et al.,14 are agreed on a 
fundamental principle that CBCT could be 
justified when conventional radiographs do 
not answer the diagnostic question for which 
imaging is required. There are, however, some 
reasons why the results in the survey are not 
in keeping with this. For referred patients, it 
is unlikely that the referring dental practice 
would send their conventional radiographs 
to the practice undertaking the scan; instead, 
necessary information about conventional 
radiographic results might have been sent with 
the referral. Secondly, for implant planning, 
which was reported as being the main reason 
for performing CBCT, there is perhaps 
some argument for going straight for cross-
sectional imaging, a position recognised by 
German guidelines.14 However, this view can 
be countered by recognising that initial con-
ventional radiography of a proposed implant 
site might reveal an abnormality (for example, 
retained root or unerupted tooth) that would 
contraindicate an implant until after it had 
been treated; this might avoid the need for a 
second scan.

One finding of particular note is the small 
number of patients reported as being scanned 
in the dental practices. Most respondents 
said that they scanned no more than ten 

adult patients per month and only 11.2% 
reported scanning more than 20 adults each 
month. Although three quarters of respond-
ing practices were open to external referrals, 
it was not leading to high levels of patient 
throughput. This raises questions over the 
cost effectiveness of having a CBCT scanning 

facility within a dental practice, although it is 
important to note that some of the equipment 
used is of the ‘hybrid’ type and would also be 
used for panoramic and possibly cephalomet-
ric radiography. The low level of use seen in 
our study agrees with the situation reported 
in a Norwegian survey, in which 72% of clinics 

Table 5  The underlying clinical reasons for the CBCT examination of the last five patients in the dental practices. The first column shows 
the primary (first stated) reason, in the format listed on the survey. The second column shows the additional reasons when these were 
given by the respondents. The total number is below the maximum 355 possible answers as two responders only provided four answers

Primary clinical reason for CBCT Number of 
responses

Other clinical reasons given for CBCT when 
combinations of reasons stated

Number of 
responses

Combined number 
of responses

Implant planning 235 Endodontic diagnosis; Root resorption 5 243

Unerupted tooth localisation 3

Implant planning; Other implant-related 
purpose

52 Periapical inflammatory pathosis diagnosis 1 56

Unerupted tooth localisation 1

Endodontic diagnosis 2

Other implant-related purpose 12 12

Endodontic diagnosis 16 Root resorption 2 19

Periapical inflammatory pathosis diagnosis 1

Unerupted tooth localisation 17 17

Periapical inflammatory pathosis diagnosis 3 3

Other 3 Orthodontic diagnosis 2 3

Periodontal defect imaging prior to surgery 1

Totals 335 353

Table 6  Responses to the question about who did the reporting of CBCT scans. The ‘other’ 
category was used by respondents to denote dentists who had attended training courses

Number (%)

Always the dentist who requested the scan 37 (52.1%)

Normally the dentist who requested the scan, but sometimes a specialist 24 (33.8%)

Normally a specialist radiologist, but sometimes the dentist who requested the scan 6 (8.5%)

Always a specialist radiologist (always) 2 (2.8%)

Other 2 (2.8%)

Table 7  Responses to the question asking for the training undertaken by the dentist if 
they carried out reporting of CBCT images

Number (%)

By the company who installed the CBCT device 9 (12.7%)

By attending an independent training course on CBCT (eg by an academic or specialist 
society/organisation)

32 (45.1%)

By the company who installed the CBCT device plus By attending an independent training 
course on CBCT

26 (36.6%)

The dentist had enough information to perform CBCT examination without training courses 0

Combinations of answers 2 (2.8%)

No response to this question 2 (2.8%)
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performed an average of four or fewer CBCT 
examinations per week, with specialist clinics 
averaging five to ten per week.6 In terms of 
economic effectiveness, referral for CBCT to 
specialised centres or the innovative provision 
of a mobile CBCT service, as is the case for one 
of the responders to the survey, may be a more 
sensible way of delivering this service.

Previous surveys in Sweden, Norway and 
Turkey have reported that implant treatment 
planning was the most common indication 
for CBCT examination.6–8 Our survey also 
found this to be the case for adult patients, 
but overwhelmingly so. Horner et al. reported 
that although the majority of guidelines state 
that cross-sectional imaging is indicated 
in selected cases as part of planning dental 
implants, a few guidelines propose that it is 
always essential.14 CBCT for implant planning 
is probably the most straightforward of indi-
cations to justify, particularly as it would 
be unusual to perform implant dentistry in 
those under 18 years, when radiation risk is 
higher and justification a more exacting task. 
Uses of CBCT for other diagnostic purposes 
were few. This is unlike the findings in the 
surveys from other countries, where impacted 
tooth assessment, ‘jaw pathology’ and pain-
related problems each contributed substantial 
proportions of the reasons for using CBCT.7 
In the Turkish survey by Dölekoğlu et al.,8 
diagnosis of cysts/tumours was second to 
implant planning as the commonest reason for 
prescribing CBCT. The other Turkish survey, 
which was solely of endodontists, found that 
‘cysts/tumours’ was the most common reason 
for CBCT being used.9

An important part of the objective of the 
survey was to take special note of paediatric 
use of CBCT, bearing in mind the radiation 
dose of CBCT and the greater risk of sto-
chastic effects in children and young people. 
If our survey is representative of the national 
picture, then it is evident that there is very 
limited use in this age group and suggests 
that concerns over excessive use in children 
may not be real, although isolated exceptions 
could easily exist. In fact, the reported use 
was so low that no other useful information 
can be gleaned from the results. It is likely, 
however, that specialist orthodontic practices 
with CBCT equipment might behave differ-
ently and it would be valuable in the future 
to look specifically at such practices. In UK 
dental hospital-based practice, Hidalgo-
Rivas et  al. found that 13.7% of all CBCT 
examinations over a 24-month period were 

conducted on children and young people, 
most commonly for localisation of unerupted 
teeth in the anterior maxilla and particularly 
in the context of detection of root resorption 
of adjacent teeth.5 Even this is still a modest 
level of use compared with adults. One answer 
included as a commonest reason for perform-
ing CBCT in this age group, ‘use as panorama 
for diagnosis when patient cannot tolerate 
bite-wings’, does, however, cause concern as 
all current guidelines that consider the use of 
CBCT in caries diagnosis state that it should 
not be used for this purpose.14

Apart from FOV, the main determinant 
of radiation dose to the patients undergoing 
CBCT are the exposure settings (kV, mAs). 
It was apparent that most responders could 
not provide this information, with just under 
20% able to a give detailed response. The ‘pre-
programmed settings’ used by the majority 
presumably represent a ‘standard male’, 
‘standard female’ type of setting. How many 
settings of this kind are available on a scanner 
and how they are used by the operator will vary 
widely, but they may not offer the opportunity 
for individualised exposures to be set as when 
specific exposure settings can be altered. The 
lack of awareness of the exposure settings may 
also indicate that the pre-programmed settings 
may not be appropriate for the relevant patient 
size if the practice has not undertaken any 
optimisation work to review ‘factory default’ 
exposure settings. Interestingly, none of the five 
respondents who specified that they used an 
AEC had CBCT equipment with that speci-
fication. In these cases, the best that can be 
assumed is that the term AEC was confused 
with pre-programmed settings. We had hoped 
to identify whether exposure parameters were 
reduced for CBCT examinations of children 
and young people, but the limited number of 
dental practices performing scans in this age 
group means that no generalisable findings 
can be identified. Overall, the findings in 
this survey showed a lack of awareness of 
the exposures used and a reliance on pre-
programmed settings. This appears to be in 
contrast to previous survey in Sweden and 
Norway, where the majority of respondents 
were able to specify the technical parameters 
they could alter.7

Almost all dental practices complied with 
current guidelines in the UK3 on use of CBCT 
equipment, which state that there is no need 
on radiation protection grounds for patients 
to wear lead aprons for CBCT examinations. 
The UK guidance on thyroid shielding is 

less definitive, recommending a case-by-case 
approach with advice from the MPE based 
on evidence that thyroid shielding can lower 
effective dose to patients when larger FOVs 
are used or when the FOV is close to the neck. 
Since the UK guidance was written, evidence 
for the efficacy of thyroid shielding has accu-
mulated and it may be appropriate to suggest 
that it is used for CBCT, although artefacts 
will be produced when the shield overlaps the 
primary beam and potential problems exist for 
AEC operation. MPE advice is therefore still 
appropriate.

According to dentists in a previous survey 
in Norway,6 the biggest challenges when 
acquiring CBCT in dental practice is learning 
how to use the equipment and interpret the 
images. A curriculum for additional training 
has been defined in the UK and also at a 
European level.3,15 The UK curriculum specifies 
that the training described was intended to 
equip the dentist for interpretation of scans 
of the dento-alveolar region only and did 
not include interpretation of the skull base, 
temporal bones, neck and spine that might be 
partially included on larger FOV scans.3 It is 
pertinent to note that there is a requirement 
for a specialist radiologist’s report in Sweden 
and Norway for scans not limited to the 
dento-alveolar region.6,7 In our survey, a large 
majority of respondents stated that in their 
practices the dentists reported all or most of 
the CBCT examinations and the data suggest 
that this was the case regardless of FOV size. 
Although respondents had undergone training 
(Table 7) our survey did not explore the nature 
of it in sufficient detail for any assessment of 
its adequacy. However, the Ionising Radiation 
(Medical Exposure) Regulations13 require that 
those with an operator role (including clinical 
evaluation) are adequately trained. It is notable 
that 12.7% of respondents stated that they only 
had training from the installers of the X-ray 
equipment; it is to be hoped that the installers 
employed a suitably trained clinician to train 
the dentists.

The relationship with the NHS of the dental 
practices surveyed in this study is unknown. 
Some may have been independent while some 
may be providing a mix of NHS and private 
dentistry. It is very unlikely that any practice 
only provided NHS treatment, bearing in 
mind that the overwhelming use of the CBCT 
scanners was for implant dentistry. A question 
was not included in the survey on this as it was 
not of primary interest and would have unnec-
essarily lengthened the content. The regulations 
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relating to the use of ionising radiation13,16 
apply equally to independent practices and 
those providing NHS commissioned services. 
The organisations in the four home nations 
that monitor, inspect and regulate services 
with regard to the use of ionising radiation 
are the same for independent practices. It 
seems unlikely to us that there would be 
any significant difference in study findings 
according to whether practices performed 
NHS-commissioned services or not.

Conclusions

This survey provides new information about 
the use of CBCT in UK dental practices.

It was reassuring to find that there was no 
evidence to suggest excessive use of CBCT 
and, if anything, equipment typically appears 
to be only lightly used and its cost-effectiveness 
could be questioned. If a typical CBCT exami-
nation in UK dental practice can be described, 
it would be a small or medium FOV scan in 
an adult patient taken for implant dentistry. 
Some concerns, however, arise from the survey 
regarding the knowledge about exposure 
factors used for CBCT and in relation to 
aspects of interpretation of images. There is 
no suggestion of frequent use in children and 

young people, with a reported frequency in 
the survey that was too low to analyse. Future 
surveys might usefully be focused on special-
ist practices which see a proportionally greater 
number of children and young people, bearing 
in mind the importance of radiation protection 
in these age groups.

Acknowledgments
Thanks are due to all the respondents to the survey for 
their time.

Conflict of interests
Dental X-ray Protection Services (Public Health 
England) received funding from the University of 
Manchester to cover administration costs associated 
with their participation in the study. The authors 
declare no conflicts of interest.

1. Nemtoi A, Czink C, Haba D, Gahleitner A. Cone beam 
CT: a current overview of devices. Dentomaxillofac Radiol 
2013; 42: 20120443.

2. European Commission. Radiation protection No 172. 
Cone beam CT for dental and maxillofacial radiology 
(evidence based guidelines). Luxembourg: European 
Commission Directorate-General for Energy, 2012. 
Available at https://ec.europa.eu/energy/sites/ener/files/
documents/172.pdf (accessed March 2018).

3. HPA Working party on Dental Cone Beam CT Equip-
ment. Guidance on the safe use of dental cone beam 
CT (computed tomography) equipment. Chilton: 
Health Protection Agency, 2010, publication no. 
HPA-CRCE-010.

4. Dobbyn L M, Morrison J F, Brocklebank L M, Chung L L. 
A survey of the first 6 years of experience with cone 
beam CT scanning in a teaching hospital orthodontic 
department. J Orthod 2013; 40: 14–21.

5. Hidalgo-Rivas J A, Theodorakou C, Carmichael F, Murray 
B, Payne M, Horner K. Use of cone beam CT in children 
and young people in three United Kingdom dental 
hospitals. Int J Paediatr Dent 2014; 24: 336–348.

6. Hol C, Hellén-Halme K, Torgersen G, Nilsson M, Møystad 
A. How do dentists use CBCT in dental clinics? A Norwe-
gian nationwide survey. Acta Odontol Scand 2015; 73: 
195–201.

7. Strindberg J E, Hol C, Torgersen G et al. Comparison of 
Swedish and Norwegian Use of Cone-Beam Computed 
Tomography: a Questionnaire Study. J Oral Maxillofac Res 
2015; 6: e2.

8. Dölekoğlu S, Fişekçioğlu E, İlgüy M, İlgüy D. The usage 
of digital radiography and cone beam computed tomog-
raphy among Turkish dentists. Dentomaxillofac Radiol 
2011; 40: 379–384.

9. Yalcinkaya S E, Berker Y G, Peker S, Basturk F B. Knowl-
edge and attitudes of Turkish endodontists towards 
digital radiology and cone beam computed tomography. 
Niger J Clin Pract 2014; 17: 471–478.

10. Groves R M. Survey errors and survey costs. 2nd ed. 
Hoboken, NJ: John Wiley & Sons, 2004.

11. Shelley A M, Brunton P, Horner K. Questionnaire surveys 
of dentists on radiology. Dentomaxillofac Radiol 2012; 
41: 267–275.

12. Office for National Statistics. Freedom of information request 
FOI 3748. Available at https://www.ons.gov.uk/aboutus/
transparencyandgovernance/freedomofinformationfoi/
numberofdentistsanddentalpracticesintheuk (accessed May 
2018).

13. HMSO. The Ionising Radiation (Medical Exposure) Regula-
tions. Statutory Instrument no. 1322. London: HMSO, 2017.

14. Horner K, O’Malley L, Taylor K, Glenny A M. Guidelines 
for clinical use of CBCT: a review. Dentomaxillofac Radiol 
2015; 44: 20140225.

15. Brown J, Jacobs R, Levring Jäghagen E et al. Basic train-
ing requirements for the use of dental CBCT by dentists: 
a position paper prepared by the European Academy of 
DentoMaxilloFacial Radiology. Dentomaxillofac Radiol 
2014; 43: 20130291.

16. HMSO. The Ionising Radiations Regulations. Statutory 
Instrument no. 1075. London: HMSO, 2017.

RESEARCH

124 BRITISH DENTAL JOURNAL  |  VOLUME 226  NO. 2  |  JANUARY 25 2019

Official
 
journal

 
of

 
the

 
British

 
Dental

 
Association.


	Current practice in the use of cone beam computed tomography: a survey of UK dental practices
	Abstract
	Introduction
	Materials and methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Research tool
	Sample selection
	Survey administration
	Analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


