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A questionnaire study to investigate custom and practice
of imaging methods for the anterior region of the mandible prior
to dental implant placement
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Objectives: To investigate the custom and practice of private dental implant practitioners in
the north-west of England when planning imaging methods prior to implant placement in the
symphyseal region of the edentulous mandible. To gain an understanding of decision-making
when prescribing imaging methods.
Methods: A web-based questionnaire presented two realistic clinical scenarios. Both were of
edentulous patients for whom implant-retained lower complete dentures were planned. A
mixed mode survey methodology was employed.
Results: 169 dentists were surveyed with an 80% response rate. The results showed no
agreement on prescription of imaging methods. Those in the 0–10 years qualified group were
significantly associated with the prescription of three-dimensional (3D) imaging. Implant
practitioners who place more than 100 implants per year were significantly associated with the
non-use of imaging guides and prescription of the same view for both cases. The sample as a whole,
however, changed their prescription according to the case difficulty. Those who have a cone beam
CT machine available were more likely to use 3D imaging regardless of the difficulty of the case.
Conclusions: Existing guidelines are open to interpretation and could be construed to
support a range of imaging choices. Training in dental implantology may leave dentists to
make their own judgements about selection criteria. The idiosyncratic nature of independent
dental practice may be an important factor in the chaotic pattern of prescriptions. There is
a need for widely disseminated, evidence-based selection criteria for imaging prior to dental
implantology which are clear and specific.
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Introduction

Implant-supported overdentures in the edentulous an-
terior mandible are considered the treatment of choice
in many cases of severe or moderate alveolar re-
sorption.1 For example, the provision of two implants
in the lower canine regions with stud attachments can
be a relatively simple way of addressing otherwise

insoluble denture problems. The form of the anterior
mandible varies greatly according to the degree and
pattern of resorption. This can result in narrow, shallow
or knife edge ridges which can complicate implant
placement.2 Perforation of the lingual cortical plate
during preparation for placement of dental implants
has the potential to cause severe bleeding and a life-
threatening upper airway obstruction.3 An apprecia-
tion of the form of the anterior mandible is required in
order to avoid such complications.4
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Guideline documents on selection criteria for imag-
ing prior to implant placement have been issued by
several authorities.5-9 Notwithstanding, guidelines on
selection of images for dental implantology are often
non-specific, stated in vague terms and open to wide
interpretation. For example, available guidelines state,
“Cross-sectional imaging is often beneficial”,5 “selec-
tion criteria…must be used in the light of each patient’s
individual needs”,6 “Clinical judgment as to need for
and type of radiographic images for evaluation”,7 “The
decision to proceed to cross-sectional imaging should
be based on clearly identified needs and the clinical
and surgical requirements of the clinicians involved”9

and “the information provided by cross-sectional im-
aging may be of more importance to some practitioners
than to others”.8 Therefore, the available guidelines
could be interpreted to support a wide range of
prescriptions.
A review of the literature revealed no questionnaire

studies which investigate custom and practice when
planning imaging methods prior to implant placement
in the symphyseal region of the edentulous mandible.
The aim of this study was to investigate the custom
and practice of private dental implant practitioners in
the north-west of England when planning imaging
methods prior to implant placement in the symphyseal
region of the edentulous mandible and to gain an un-
derstanding of decision-making when prescribing im-
aging methods.

Materials and methods

A questionnaire study was planned employing the prin-
ciples described previously.10 A web-based questionnaire
was developed to present two fictional, but realistic,
clinical scenarios to respondents. Both scenarios were of
edentulous patients for whom implant-retained lower
complete dentures were planned. Implants were to be
placed in both lower canine regions. One case had an
atrophic lower edentulous alveolar ridge (Case 1). The
other had a well-formed lower edentulous alveolar ridge
(Case 2). For each scenario, there was a clinical de-
scription, a clinical photograph and a choice of 11 ra-
diographic images. Table 1 lists the images available for
selection, the equipment used to produce the images and
the presentation in each case. The respondents would
assess each scenario and make their first image selec-
tion. The image would then be shown to them. They
were then asked if they would like to prescribe a further
image. If so, the second choice of image would be
shown and they would be asked again if they wished to
prescribe a further image. This process was repeated
until the respondent had completed their prescription.
In this way, the sequence of imaging decisions could be
recorded for each respondent. The respondents were
also allowed a free text box to describe any imaging
methods that were not offered. Pages from the web-
based questionnaire are presented in Figure 1.

To acquire the images, two mandibles were obtained
from private historical collections. These were used in
X-ray phantoms to allow repeated exposures for the
11 different views. The patients for the clinical pho-
tographs were chosen so that their photographs rep-
resented a realistic match to the two mandibles. The
X-ray phantoms consisted of containers in the stylized
form of the lower half of the head and the neck and
contained water as a soft-tissue equivalent. They allowed
a human spine and mandible to be positioned within
them. Details of the X-ray phantom have been previously
published.11

Web developers were engaged to produce a web-based
questionnaire. The questionnaire included presentation
of the two clinical cases and requests for additional
information as follows: “Male/female”, “Your age in
years?”, “Where did you qualify?”, “What year did you
qualify?”, “Approximately how many implants do you
place each year?”, “What was your main training in
dental implantology?”, “Do you have post-graduate
qualifications?”, and “What X-ray equipment do you
have at your usual place of work?”. A data file was
compiled on a remote server as responses were received.
The responses were recorded anonymously, using only
access codes that had been allocated to the respondents.
The data file was checked periodically for responses
and finally downloaded onto a personal computer for
analysis.

The population was defined as practice-based dental
implant practitioners in the north-west of England. A
strategy was devised to compile a sample frame which
was as close as reasonably possible to the real population
of practitioners who surgically place dental implants. This
involved a number of overlapping searches from different
sources such as business directories, web sites and pub-
lished membership lists of dental societies. This process
was repeated with different sources until no further ad-
ditional implant practitioners were found and it was felt
that the list was as complete as it could reasonably be.
This method produced a sample frame size of 208.

The sample size was calculated using the equation of
Dillman et al.12 Precision was selected as 65% and the
confidence level as 95%. The most conservative as-
sumption for response distribution is 50% and this was
also selected. This calculation yielded a sample size of
135. A previous study suggested that a realistic response
rate for a sample of this size would be some 80%.10

Therefore, the target sample size was adjusted to allow
for an 80% response rate giving a final sample size of
169. This sample was selected from the sample frame
using a random number generator.

The survey was conducted using a mixed mode
methodology. The survey was open for 36 days. On
10 November 2011 an initial letter was posted which
contained a £5 incentive. Reminder e-mails followed
on 20 November 2011 and 27 November 2011. A re-
minder letter was posted on 30 November 2011 and final
telephone reminders were made on 6 December 2011.
The survey was closed on 15 December 2011.
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Table 1 The images available for selection, the equipment used to produce the images and the presentation in each case

Imaging technique Machine Presentation Images Case 1 Images Case 2
Panoramic

radiograph
CRANEX® 3 Ceph
(Soredex, Tuusula,
Finland)

Single, digital
panoramic
image

Panoramic
radiograph with
an imaging
guide using
5 mm ball
bearings at the
lower canine
regions

CRANEX 3 Ceph Single, digital
panoramic
image

Lateral
cephalometric
view

CRANEX 3 Ceph Single digital
image

Transymphyseal
view23

Trophy Atlantis
X-ray set

Digital scan
of single
conventional
image

Conventional
tomograms at
the lower
canine regions

Scanora (Soredex) Digital scans of
conventional
cross-sectional
images at
the lower canine
regions

Conventional
periapical views
of the lower
canine regions

Trophy Atlantis
X-ray set [Trophy
Radiologie (UK)
Ltd, Kent, UK]

Digital scans of
conventional
periapical
images at the
lower canine
regions

Conventional
periapical views
with an imaging
guide using
5 mm ball
bearings at the
lower canine
regions

Trophy Atlantis
X-ray set

Digital scans of
conventional
periapical
images at the
lower canine
regions
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A post-survey telephone questionnaire of non-
responders was carried out to assess the direction and
magnitude of any non-response bias using a protocol
described by Locker.13 An attempt was made to contact
all of the non-responders. Those who responded were
asked to describe their imaging protocol for an eden-
tulous patient, with good alveolar ridges, prior to im-
plant placement in the anterior edentulous mandible.
This was the same question as that asked for the sec-
ond case on the web-based questionnaire. This enabled
a comparison of the responses by the “response”
group and the “non-response” group and, therefore,
an assessment of the direction and magnitude of non-
response bias.
Prior to full implementation of the study, a pilot

study was conducted to evaluate the online question-
naire and the associated questionnaire procedures. A
convenience sample of 12 practitioners was drawn from
parts of England other than the north-west in order to
avoid possible future bias in the main study.
Ethics approval for this study was given by the Uni-

versity of Leeds Dental Research Ethics Committee.

Written, informed consent was kindly given by the patients
whose photographs were used in the questionnaire.

Data were inputted into Predictive Analytics Software
(PASW) statistics v. 18.0 (formerly SPSS®; SPSS Inc.,
Chicago, IL). Descriptive statistics were prepared. Anal-
ysis was carried out using confidence intervals (CIs) for
the differences between proportions. Association between
variables was examined by cross-tabulations, and their
significance determined by analysis with Pearson’s x2

test. Null hypotheses were tested as follows: there is no
significant difference in the imaging strategy of dentists
in relation to case difficulty, there are no significant
differences in the use of three-dimensional (3D) imaging
and conventional radiography in relation to the de-
mographic variables, there is no significant difference
in the use of initial conventional radiography prior
to 3D imaging in relation to the demographic varia-
bles and, finally, there is no significant difference
in the use of imaging guides in relation to the de-
mographic variables. Statistical significance was set
at a p-value less than 0.05. Where multiple variables
were found to be significant, logistic regression was

Table 1 Continued

Imaging technique Machine Presentation Images Case 1 Images Case 2
Cone beam CT
examination

3D Accuitomo
(J. Morita
Corporation,
Tokyo, Japan)

Panoramic
reconstruction,
cross-sections at
lower canine
regions and 3D
reconstruction
of mandible

Cone beam CT
examination
with an imaging
guide using
radio-opaque
markers at the
lower canine
regions

3D Accuitomo Panoramic
reconstruction,
cross-sections at
lower canine
regions and 3D
reconstruction
of mandible
(Figure 1)

Medical
(multislice) CT
examination

GE LightSpeed (GE
Healthcare,
Waukesha, WI)

Panoramic
reconstruction,
cross-sections at
lower canine
regions and 3D
reconstruction
of mandible

Medical
(multislice) CT
examination
with an imaging
guide using
radio-opaque
markers at the
lower canine
regions

GE LightSpeed Panoramic
reconstruction,
cross-sections at
lower canine
regions and 3D
reconstruction
of mandible

3D, three dimensional.
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used as a secondary analysis to identify the strongest
predictors.

Results

There were 138 responses from a total of 169 in the
sample. There were, however, three ineligible responses.
These members of the sample had been incorrectly
identified as surgically placing dental implants. Re-
sponse rate calculations are presented in Table 2. There
were no instances of “item non-response”13 because the
website would not allow the survey to be completed
unless all questions were answered.

A graph of response over each of the 36 days of
implementation of the survey is presented in Figure 2. It
can be seen how each new contact was timed to coincide
with declining response. The demographic data of the
responders are presented in Table 3. Their image pre-
scriptions are presented in Table 4 (Case 1, atrophic
edentulous ridge) and Table 5 (Case 2, well-formed
edentulous ridge).

An analysis was carried out to compare the use of 3D
imaging for Case 1, the atrophic edentulous ridge, and
Case 2, the well-formed ridge. The use of 3D imaging

was defined as the use of either cone beam CT (CBCT)
or medical CT (multislice CT) at any stage of the pre-
scription. 75 dentists prescribed 3D imaging for Case 1
(proportion of sample5 0.55, 95% CI 0.47–0.64). 53
dentists prescribed 3D imaging for Case 2 (proportion
of sample5 0.39, 95% CI 0.31–0.48). The difference in
proportion of those prescribing 3D imaging for Case 1
and Case 2 was 0.16 with a 95% CI from 0.04 to 0.28.14

This difference was significant at the level of the 95% CI
and, therefore, these results favour rejection of the null
hypothesis that there is no significant difference in the
imaging strategy of dentists in relation to case difficulty.

74 respondents prescribed the same view, or a com-
bination of views in the same sequence, for both cases.
Further investigation was of interest. A x2 analysis was
carried out to identify the demographic variables which
were associated with the prescription of the same view
for both cases. Significant positive associations were
found with the following demographic variables: placed
more than 100 implants per year [x2(1)5 9.878, p5
0.002], CBCT machine available [x2(1)5 6.021, p5
0.014], training—FGDP(UK) course [x2(1)5 4.325,
p5 0.038]. FGDP(UK) is the Faculty of General Dental
Practice of the Royal College of Surgeons of England. As
a secondary analysis, a logistic regression suggested

Figure 1 Pages from the web-based questionnaire
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that placing more than 100 implants per year was the
only significant predictor for making the same pre-
scription for both cases [p5 0.016, odds ratio (OR)5
3.436, 95% CI 1.256–9.400].
A x2 analysis was carried out to test for associations

between the demographic variables listed in Table 6 and
the use or non-use of 3D imaging. For Case 1, signifi-
cant positive associations were found with the following
demographic variables: 0–10 years since dental quali-
fication [x2(1)5 8.244, p5 0.004], CBCT machine
available [x2(1)5 5.754, p5 0.016], has a post-graduate
qualification [x2(1)5 5.910, p5 0.015]. A significant
negative association was found between prescription of
3D imaging and training by an independently run
course [x2(1)5 9.763, p5 0.002]. For Case 2, significant
positive associations were found with the same de-
mographic variables: 0–10 years since dental qualifica-
tion [x2(1)5 6.524, p5 0.011], CBCT machine available
[x2(1)5 10.123, p5 0.001], has a post-graduate qual-
ification [x2(1)5 4.222, p5 0.040]. A significant nega-
tive association was found between prescription of 3D
imaging and training by an independently run course
[x2(1)5 9.519, p5 0.002]. In addition, a significant
positive association was found between the use of 3D

imaging for Case 2 and training by the FGDP(UK)
course (p5 0.012). In this last case, Fisher’s exact test
was used because the cross-tabulation contained one cell
with a count less than five.15 These results favour re-
jection of the null hypothesis that there are no significant
differences in the use of 3D and conventional radiogra-
phy in relation to the demographic variables. As sec-
ondary analyses, logistic regressions showed that being
qualified for 0–10 years was the only significant predictor
for prescribing 3D imaging for Case 1 (p5 0.043, OR5
3.976, 95% CI 1.047–15.093). For Case 2, the only sig-
nificant predictor was the availability of a CBCT ma-
chine (p5 0.024, OR 5 5.131, 95% CI 1.246–21.136).

Those respondents who had prescribed conventional
radiographs prior to prescription of 3D imaging were
selected. 21 dentists (15.5%) followed this protocol for
Case 1, and 7 (5.2%) for Case 2. x2 analyses were car-
ried out to identify if the demographic variables listed in
Table 6 were associated with the prescription of con-
ventional radiography before 3D imaging. No signifi-
cant associations were found. These results favour
acceptance of the null hypothesis that there is no sig-
nificant difference in the use of initial conventional ra-
diography prior to 3D imaging in relation to the
demographic variables.

x2 analyses were carried out to test for associations
between the demographic variables listed in Table 6 and
the use or non-use of imaging guides. For Cases 1 and 2,
a significant negative association was found between
prescription of imaging guides and placing more than
100 implants per year [Case 1, x2(1)5 9.446, p 5 0.002;
Case 2, x2(1)5 5.934, p5 0.015]. That is, those who
place more than 100 dental implants per year were less
likely to use imaging guides. These results favour re-
jection of the null hypothesis that there is no significant
difference in the use of imaging guides in relation to the
demographic variables.

There were 31 non-responders. Of these, 12 responded
to the post-survey questionnaire, a response of 38.7%.
The data from these 12 individuals were assumed to

Table 2 Response and response rate calculation

Sample frame 208
Sample size calculation according to
Dillman et al12

135

Invitations to participate sent out to
account for an 80% response rate

169

Responses received 138
Number of ineligible responses 3
Response rate according to Kviz24 81.3%
(Number of completed questionnaires/
number of eligible sample members)

(138 – 3/169 – 3)

Completion rate according to Kviz24 79.9%
(Number of completed questionnaires/
sample size)

(138 – 3/169)

Response rate according to Asch et al25 81.7%
(Number of surveys returned/number of
surveys distributed)

138/169

Figure 2 Bar chart to show daily response for the period of the survey

Imaging questionnaire
6 of 11 AM Shelley et al

Dentomaxillofac Radiol, 42, 20120179



represent all the non-responders. These were added to
the data from the responders to create a nominal data
set for the whole of the eligible sample. New percentage
totals for each view were then calculated and compared
with those for the responders alone. The greatest dif-
ference between the actual and the adjusted figures was
4.1%, which was for the use of periapical radiographs.
Other differences were typically around 1% or less. The
sample size was, a priori, calculated for a precision of
65%. Because the difference between the actual and
adjusted percentages was within the intended precision
of the survey, it was concluded that non-response bias
was not significant and that post-survey adjustment of
data was not required.

Discussion

The overwhelming majority of research into dental
implantology is carried out in the university or hos-
pital environment. The intention of this study was to
investigate the practices of dentists in the practice

Table 3 Demographic data

Gender
Male 89.6% n5 121
Female 10.4% n5 14
Age
Mean age 46.1 years SD 9.2
Range 26–66 years
Number of years qualified
Mean 22.2 years SD 9.7
Range 3–44 years
Years qualified groups
0–10 years 14.8% n5 20
11–20 years 28.1% n5 38
21–30 years 36.3% n5 49
31–40 years 18.5% n5 25
41–50 years 2.2% n5 3
Dental school of first qualification as a dentist
Manchester 30.4% n5 41
Liverpool 23.0% n5 31
Sheffield 6.7% n5 9
Leeds 5.9% n5 8
Birmingham 5.9% n5 8
Newcastle 4.4% n5 6
London 4.4% n5 6
Dundee 4.4% n5 6
Other UK schools 6.7% n5 9
Non-UK schools 8.1% n5 11
Number of implants placed per year
1–20 34.8% n5 47
20–50 25.2% n5 34
50–100 17.8% n5 24
.100 22.2% n5 30
Main training in dental implantology
Independently run course 46.7% n5 63
University course 33.3% n5 45
FGDP(UK) 8.9% n5 12
Manufacturer’s course 5.2% n5 7
Mentoring by a colleague 3.0% n5 4
Other 3.0% n5 4
Imaging equipment available
Intraoral set 79.3% n5 107
Panoramic machine 67.4% n5 91
CBCT machine 10.4% n5 14
Panoramic machine with

cross-sectional imaging 7.4% n5 10
Lateral cephalostat 6.7% n5 9
Medical CT machine 1.5% n5 2
Has post-graduate qualifications
Yes 63.0% n5 85
No 37.0% n5 50

CBCT, cone beam CT; FGDP(UK), Faculty of General Dental Practice
of the Royal Collage of Surgeons of England; SD, standard deviation.

Table 4 Image prescriptions for Case 1, the atrophic edentulous ridge

1st selection 2nd selection 3rd selection 4th selection
PAN1 n5 45 CBCT1 n5 9
33.33% 6.7%

PA1 n5 8 PA n5 1
6.0% 0.7%

TS n5 1
0.7%

PA n5 2 PA1 n1
1.5% 0.7%
CBCT n5 2
1.5%
LCeph n5 1
0.7%
TS n5 1
0.7%

PAN n5 29 PA1 n5 2 TS n5 1 CBCT n5 1
21.48% 1.5% 0.7% 0.7%

PA n5 2 CBCT1 n5 1
1.5% 0.7%
PAN1 n5 3
2.2%
SCAN n5 1
0.7%
MCT1 n5 1
0.7%
CBCT n5 1
0.7%
CBCT1 n5 4
0.7%

CBCT1 n5 36 PA1 n5 4 Scanora n5 1 OCC n5 1
26.7% 3.0% 0.7% 0.7%
CBCT n5 12
8.9%
MCT1 n5 5
3.7%
NoRad n5 2
1.5%
PA1 n5 2 PAN1 n5 2
1.5% 1.5%
LCeph n5 1 PAN n5 1
0.7% 0.7%
MCT n5 1
0.7%
SCAN n5 1 MCT1 n5 1
0.7% 0.7%
TS n5 1 PAN1 n5 1 CBCT1 n5 1
0.7% 0.7% 0.7%

CBCT, cone beam CT examination; CBCT1, cone beam CT
examination with a radiographic guide using radio-opaque markers
at the proposed implant sites; LCeph, lateral cephalometric view;
MCT, medical (multislice) CT examination; MCT1, medical CT
examination with a radiographic guide using radio-opaque markers at
the proposed implant sites; NoRad, no image was prescribed; OCC,
an occlusal radiograph selected by respondents in the free text
section; PA, conventional periapical views of the proposed implant
sites; PA1, conventional periapical views with a radiographic guide
using 5 mm ball bearings at the proposed implant sites; PAN,
panoramic radiograph; PAN1, panoramic radiograph with a radio-
graphic guide using 5 mm ball bearings at the proposed implant sites;
SCAN, conventional tomograms at the proposed implant sites; TS,
transymphyseal view.
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environment, where the majority of dental implants are
placed. An attempt was made to reproduce realistic
clinical decision-making as far as possible. A web-based
questionnaire was chosen so that plausible clinical
scenarios could easily be presented to respondents. The
photographs were of real patients and the available
images were of real mandibles in realistic radiographic
phantoms. By being web based, the questionnaire could

be interactive. Respondents were shown each image that
they had chosen. In this way they would be able to make
a decision on whether further images were necessary
based on the results of the first and subsequent selec-
tions. This also enabled the progression of prescribed
images to be recorded. Analysis of the sequence was
therefore possible. For example, those respondents who
prescribed conventional radiography before making a
decision to prescribe 3D imaging could be identified.

The effectiveness of multiple contacts can clearly be
seen in Figure 2. Every contact was different. For ex-
ample, the letters and e-mails each had different word-
ing and took a different approach. Several response
enhancement measures were employed. Dillman et al12

view survey response as a social exchange and consider
response enhancement under four headings: person-
alization, increasing the benefits of participation, de-
creasing the costs of participation and establishing trust.
In this study, commercially available mail merge soft-
ware was used to produce personalized letters and
e-mails. Every letter was personally signed by hand by
the lead researcher. The use of the internet allows a very
visual approach. The intention was that a visually based
questionnaire which presented realistic dental implant
cases would be an interesting one to the population of
implant practitioners, thereby increasing the benefit of
participation. The approach of asking for help was also
felt to be valuable. People feel a sense of reward in
helping others and this approach was taken in the
contacts with respondents. The costs of participation
were decreased by developing a questionnaire which
was easy to complete with simple navigation and clear
instructions. The audiovisual capabilities of the internet
were used minimally and only if they led to simpler
operation. The survey was kept as short as reasonably
practical and was restricted to two cases. It was felt that
a well-formed ridge case and an atrophic case would
be sufficient variation in order to investigate implant

Table 5 Image prescriptions for Case 2, the well-formed edentulous
ridge

1st selection 2nd selection 3rd selection
PAN1 n5 52 PA1 n5 7 TS n5 1 0.7%
38.52% 5.2%

CBCT1 n5 3
2.2%
TS n5 2
1.5%
LCeph n5 1
0.7%
PA n5 1
0.7%
SCAN n5 1
0.7%
OCC n5 1
0.7%
MCT n5 1
0.7%

PAN n5 30 CBCT1 n5 3
22.22% 2.2%

PAN1 n5 3
2.2%
LCeph n5 1
0.7%
PA1 n5 1
0.7%
PA n5 1
0.7%

CBCT1 n5 29 PA1 n5 2
21.48% 1.5%

PAN n5 1
0.7%

CBCT n5 11
8.1%
MCT1 n5 5
3.7%
PA1 n5 3 PAN1 n5 1
2.2% 0.7%
NoRad n5 3
2.2%
MCT n5 1
0.7%
SCAN n5 1
0.7%

CBCT, cone beam CT examination; CBCT1, cone beam CT
examination with a radiographic guide using radio-opaque markers
at the proposed implant sites; LCeph, lateral cephalometric view;
MCT, medical (multislice) CT examination; MCT1, medical CT
examination with a radiographic guide using radio-opaque markers at
the proposed implant sites; NoRad, no image was prescribed; OCC,
an occlusal radiograph selected by respondents in the free text
section; PA, conventional periapical views of the proposed implant
sites; PA1, conventional periapical views with a radiographic guide
using 5 mm ball bearings at the proposed implant sites; PAN,
panoramic radiograph; PAN1, panoramic radiograph with a radio-
graphic guide using 5 mm ball bearings at the proposed implant sites;
SCAN, conventional tomograms at the proposed implant sites; TS,
transymphyseal view.

Table 6 Demographic variables included in the statistical analysis

Descriptive
1. Male or female
2. UK or non-UK qualified
Experience
3. Qualified from 0 to 10 years or not
4. Placed more than 100 implants per year

or not
Training
5. Independently run course or not
6. University course or not
7. FGDP(UK) course or not
8. Manufacturer’s course or not
Equipment available
9. Intraoral set or not
10. Panoramic machine or not
11. Cone beam CT machine or not
12. Medical CT machine or not
13. Lateral cephalogram or not
Qualifications
14. Has post-graduate qualifications or not

FGDP(UK), Faculty of General Dental Practice of the Royal College
of Surgeons of England.
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practitioners’ normal image prescription for lower
edentulous cases. In order to establish trust, it was made
clear that this research project was carried out under
the auspices of the University of Leeds and the names
of supervisors were clearly shown. A further way of
establishing trust was to give the respondents confidence
in their anonymity. The initial approach to participants
was by letter and this allowed a monetary incentive of
£5 to be sent in advance of completion of the ques-
tionnaire. Inclusion of the monetary incentive with the
initial approach was felt to be very important. It has
been demonstrated that promises to pay respondents on
condition that they respond has little or no effect.16,17

Further, the level of the incentive is not as important as
the gesture of trust itself.12 Therefore, an incentive of £5
was chosen as the smallest value paper banknote that
could easily be sent by post.

The practitioner who surgically places dental implants
in the north-west of England is typically male, has a post-
graduate qualification and is in the second half of his
career. He qualified at the University of Manchester and
trained for dental implantology by taking an indepen-
dently run course. He has a panoramic machine at his
practice where he places fewer than 50 implants per year.
This profile represents a snapshot in time and would be
expected to change in the future.

The results show no agreement on image prescription
prior to implant placement in the edentulous anterior
mandible. Most respondents based their prescription
around either panoramic radiography or CBCT. Sup-
plementary views were then sometimes prescribed. In
some instances, both panoramic and CBCT views were
used. These largely inconsistent results may represent
the idiosyncratic nature of independent dental practice.
It might also be speculated that training for dental
implantology, although dealing with the availability
and interpretation of imaging techniques, may not give
sufficient weight to selection criteria. In 2008, the
FGDP(UK) published Training standards in implant
dentistry.18 These standards are supported by the UK’s
General Dental Council, which expects educational
providers to refer to these as the authoritative source of
training standards for implant dentistry in the UK.
Imaging is mentioned only as follows, “the dentist
should have detailed knowledge and understanding of
radiology and radiography of the mandible and the
maxilla, and how to interpret the findings from radio-
logical examinations”. There is no specific mention of
selection criteria.

The use of 3D imaging was defined as either CBCT
or medical CT at any stage of the prescription. There
was a statistically significant difference in the pre-
scription of 3D imaging between Case 1 and Case 2,
with more respondents choosing 3D imaging for the
more surgically difficult Case 1. The explanation for this
difference is likely to be that respondents were making
a judgement about the difficulty of the case and pre-
scribing pre-operative imaging accordingly. Notwith-
standing, 54.8% of the respondents prescribed the same

view for both cases. The strongest association with this
finding was with those who place more than 100 im-
plants per year. It may be conjectured that these prac-
titioners have a well-established routine which they use
for all lower edentulous cases.

For Case 1, the atrophic mandible, the strongest as-
sociation with the use of 3D imaging was with those in
the 0–10 years qualified group. These practitioners
may, understandably, be seeking certainty that they are
aware of potential anatomical difficulties in advance of
surgery so avoiding surgical complications. Those with
more experience are perhaps more likely to rely on their
familiarity with the range of clinical circumstances that
may be presented to them at the time of surgery.

Another factor that may be relevant is the relation-
ship which younger dentists have with information and
communications technology. Dentists in this group have
been brought up with a familiarity and reliance on
computers and communications devices. Their natural
preference may, therefore, be for the computer-based
solutions. Their easy proficiency may lead them to
choose these views, perhaps in the belief that the more
technological the method, the easier and more conve-
nient it will be to use and the better it must be.

For Case 2, the well-formed mandible, the strongest
association with the use of 3D imaging was the avail-
ability of a CBCT machine. A simple explanation for
this is perhaps the financial pressure to make use of
a very expensively bought or leased piece of equipment.
Nevertheless, a more likely explanation might be that
those who have bought an expensive CBCT machine
have also committed themselves to ownership in psy-
chological terms. They may therefore believe that they
are prescribing the best possible image for their patients
and that the quality of the image outweighs concerns
about increased radiation dose regardless of the diffi-
culty of the case.

Recently produced European guidelines on the use of
CBCT state as a general principle, “CBCT should only
be used when the question for which imaging is required
cannot be answered adequately by lower dose conven-
tional (traditional) radiography”.19 These, and other
similar guidelines, could be interpreted as meaning that
conventional radiography should always be carried out
so that the decision to use higher dose 3D imaging can
be made. An investigation of dentists’ practice in this
regard was, therefore, of interest. Those dentists in the
sample who had prescribed conventional radiography
prior to 3D imaging were identified. For Case 1, 15.6%
(n5 21) prescribed conventional views prior to 3D im-
aging. For Case 2, 5.2% (n5 7) prescribed conventional
views prior to 3D imaging. The larger number of den-
tists who followed this method for Case 1 is consistent
with decision-making on conventional radiographs be-
cause this was the atrophic case. It is likely that they
felt that more information was necessary based on the
results of the conventional radiographs. Case 2 was the
well-formed mandible, and the smaller number would
again be consistent with this decision-making process
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since it is more likely that the dentists would feel that
they had sufficient information from the conventional
views. Nevertheless, these figures suggest that very few
respondents follow this protocol and no associations
were found with the demographic variables.
Imaging guides are considered good practice in

maximizing the information obtained from imaging. In
both cases, the use of guides was very high. Notwith-
standing, x2 analysis revealed a negative association
with those who place more than 100 dental implants per
year, being less likely to use an imaging guide. This
group of more experienced surgical implant practitioners
are also more likely to use the same view for both cases.
It seems reasonable conjecture that the experience of this
group of practitioners has led them to a simple, conve-
nient, uncomplicated and consistent imaging strategy
that provides enough information for planning their
surgery given their experience of the range of clinical
circumstances that may be presented to them.
14 demographic variables were included in the anal-

ysis as listed in Table 6. These were tested against each
of four null hypotheses. It could be argued that these
analyses encounter the problem of multiple compar-
isons. That is to say, one might expect that some of the
findings may be significant simply by chance because of
the large number of comparisons which were made. One
solution to this problem is to use the Bonferroni cor-
rection. This sets significance at a more demanding level
by dividing it by the number of explanatory variables.15

With 14 explanatory variables this leads to a new sig-
nificance level of 0.05/145 0.004. If this correction were
applied, it would lead to fewer significant findings. For the
imaging strategy of dentists in relation to case difficulty,
“placed more than 100 implants per year” would remain
as the only significant relationship [x2(1)5 9.878, p5
0.002]. For the use of 3D imaging and conventional ra-
diography in relation to the demographic variables, two
significant relationships would remain for Case 1. These
would be the positive relationship, “0 to 10 years since
dental qualification” [x2(1)5 8.244, p5 0.004], and the
negative relationship, “Training—Independently run
course” [x2(1)5 9.763, p5 0.002]. For Case 2, the
remaining significant relationships would be the positive
relationship, “CBCT machine available” [x2(1)5 10.123,
p5 0.001], and the negative relationship, “Training—
Independently run course” [x2(1)5 9.519, p 5 0.002].
For the use of radiographic guides in relation to the
demographic variables, one significant relationship,
“Places more than 100 implants per year”, remains for
Case 1 [x2(1)5 9.446, p5 0.002]. Adjustment for
multiple comparisons remains a matter of debate.20,21

Although this method decreases the risk of Type 1 errors,
it simultaneously increases the risk of Type 2 errors.22

One limitation of this study is that respondents did
not have to take into account the inconvenience of
selection of some views. For example, in some cases,
selection of a CBCT examination would require a re-
ferral letter to be written, inconvenience to the patient
and delay before the view is received. Equally, the

prescription of an imaging guide would often require an
impression, laboratory costs and further delay. None of
these inconveniences were encountered when simply
clicking an option from a web page. Therefore, there
was no discouragement to the selection of these views as
there would be in reality.

It is possible that those who practice in the north-west
of England, who are likely to have qualified at a north-
west dental school, may prescribe differently from those
in other areas. Nevertheless, dental implantology is
a post-graduate subject, and training is carried out
on a national and, sometimes, an international basis.
Therefore, although the study was carried out in the
north-west of England, the findings may have relevance
to a wider population of implant practitioners.

In conclusion, this study investigated image prescrip-
tion prior to dental implant placement in the anterior
edentulous mandible in order to support an over-
denture. The use of a radiographic phantom to pro-
duce a range of available images and the use of the
interactive capabilities of the internet probably went
further than any previous questionnaire studies in
attempting to reproduce clinical decision-making. An
80% response rate and a favourable assessment of re-
sponse bias suggest that these data are a reliable rep-
resentation of the image prescription pattern of this
population. Three groups of practitioners were identi-
fied that were associated with certain image choices.
First, the 0–10 years qualified respondents were sig-
nificantly associated with the prescription of 3D im-
aging. Second, the more experienced implant surgeons,
who place more than 100 implants per year, were sig-
nificantly associated with the non-use of imaging
guides and prescription of the same view for both cases
regardless of difficulty. The sample as a whole, how-
ever, changed their prescription according to the dif-
ficulty of the case. Third, those who have a CBCT
machine available were more likely to use it, regardless
of the difficulty of the case. The results show no agree-
ment on image prescription, and the idiosyncratic nature
of independent dental practice may be an important
factor in the chaotic pattern of prescriptions which was
found. Further, dental implant practitioners may be un-
aware of existing guidelines for selection of images prior
to dental implant placement. Notwithstanding, these
guidelines are open to wide interpretation and could
be construed to support a wide range of image pre-
scriptions. Further, training in dental implantology may
well leave dentists to make their own judgements about
selection criteria. There is a need for widely dissemi-
nated, evidence-based image selection criteria for
dental implantology which are clear and specific.
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