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Conventional radiography and cross-sectional imaging when
planning dental implants in the anterior edentulous mandible to
support an overdenture: a systematic review
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The objectives for this systematic review were to determine if the pre-operative availability of
cross-sectional imaging, such as cone beam CT, has a diagnostic impact, therapeutic impact
or impact on patients’ outcome when placing two dental implants in the anterior mandible to
support an overdenture. The Cochrane Oral Health Group’s Trials Register (CENTRAL),
MEDLINE® and Embase were searched up to, and including, February 2013. Studies were
considered eligible for inclusion if they compared the impact of conventional and cross-
sectional imaging when placing dental implants in sites including the anterior mandible. An
adapted quality assessment tool was used for the assessment of the risk of bias in included
studies. Pooled quantitative analysis was not possible and, therefore, synthesis was qualitative.
Of 2374 potentially eligible papers, 5 studies were included. Little can be determined from
a synthesis of these studies because of their small number, clinical diversity and high risks of bias.
Notwithstanding, it may be tentatively inferred that cross-sectional imaging has a therapeutic
impact in the more challenging cases. In terms of impact, this review has found no evidence to
support any specific imaging modality when planning dental implant placement in any region of
the mouth. Therefore, those who argue that cross-sectional imaging should be used for the
assessment of all dental implant sites are unsupported by evidence.
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Introduction

Many edentulous patients struggle to function, leading
to a decline in their quality of life.1 This is particularly
true of lower dentures where looseness and discomfort
are common.2 The placement of two dental implants in
the anterior mandible allows methods of additional re-
tention to be used to support complete lower dentures
and is regarded by some authorities as the first choice of
treatment for the edentulous mandible.1,3

Alveolar resorption following tooth extraction can
leave the anterior mandible very shallow, narrow or
knife-edged.4 This increases the risks of perforation
of the lingual cortical plate during the preparation
for the placement of dental implants. Perforation has
the potential to traumatize lingual vessels causing
severe bleeding and a life-threatening upper airway
obstruction.5 A search of literature reveals that at
least 20 cases have been reported.6–23 Some of these
cases are reported as “potentially fatal”15 or even “near
fatal”.17 Many of the patients in these reports were
fortunate enough to be in a situation where an
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emergency tracheotomy could be performed to save
their lives.6,10,11

It has been suggested that pre-operative cross-
sectional imaging is advisable, or should be routine, to
reduce the likelihood of such an event.5,24–26 Nonethe-
less, a pre-operative appreciation of the form of the
anterior mandible may also be gained through clinical
examination and conventional radiography.27 It is,
therefore, unclear whether the pre-operative availability
of cross-sectional imaging, such as cone beam CT, has
an impact on pre-operative assessment, treatment or
outcome in such cases.
A number of authors have proposed a hierarchy on

levels of efficacy for the evaluation of diagnostic
imaging.28–30 Fryback and Thornbury31 proposed six
levels: technical efficacy, diagnostic accuracy efficacy,
diagnostic thinking efficacy, therapeutic efficacy, pa-
tient outcome efficacy and societal efficacy. These
authors further stated “A key feature of this model is
an understanding that for an imaging procedure to be
efficacious at a higher level in this hierarchy it must be
efficacious at lower levels”. Many studies have been
conducted to investigate technical efficacy and di-
agnostic accuracy efficacy of cross-sectional imaging
methods, and these have been the subject of systematic
review.32–35 With respect to dental implant planning,
a systematic review by Ribeiro-Rotta et al36 posed the
question “What is the diagnostic accuracy of the clin-
ical methods used to assess bone density, bone quantity
and bone quality prior to and during dental implant
placement?”. More recently, a study by Al-Ekrish and
Ekram37 specifically considered the accuracy and re-
liability of multidetector CT and cone beam CT in the
assessment of dental implant site dimensions. These
authors found that the mean error was 0.75 mm for
multidetector CT images and 0.49 mm for cone beam
CT images.
Nevertheless, to understand the impact of cross-

sectional imaging, investigation is necessary at the other
higher levels of efficacy.
The research question for this review was “Does the use

of cross-sectional imaging prior to dental implant place-
ment in the anterior edentulous mandible have diagnostic
thinking efficacy, therapeutic efficacy or patient outcome
efficacy comparedwith conventional imaging alone, when
placing two dental implants in the anterior mandible to
support an overdenture?”. The definitions of diagnostic
thinking efficacy, therapeutic efficacy and patient outcome
efficacy were those used by Fryback and Thornbury.31 In
the context of this review, diagnostic thinking efficacy
included, for example, studies where an assessment of
image helpfulness was made in assessing potential im-
plant sites. An example of therapeutic efficacy is an in-
vestigation into the change in an operator’s treatment
plan according to the availability of different image
types. Research into patient outcome efficacy might, for
example, include assessment of post-operative morbidity
or longevity of implants placed with the guidance of
different image types.

Methods and materials

Inclusion criteria
Inclusion criteria were set in advance of a literature
search. Studies were included where the subjects were
human, or human simulations, with complete mandibu-
lar edentulism and where implants were planned for the
interforaminal region to support a complete lower
overdenture. In vivo or in vitro studies were acceptable.
Nevertheless, the possibility was recognized that insuf-
ficient studies might be found, which investigated dental
implant placement in the anterior mandible prior to
provision of an overdenture. It was therefore agreed that,
if insufficient studies were identified, those that in-
vestigated dental implant placement anywhere in the
mouth, for any purpose, but including the anterior
mandible, would be acceptable. Studies were included
where the intervention was cross-sectional imaging, of all
types, prior to dental implant placement. This included,
for example, conventional tomography, medical (multi-
slice) CT and cone beam CT. Studies were sought where
the comparator was conventional two-dimensional ra-
diography prior to dental implant placement. The outcome
had to be diagnostic thinking, therapeutic efficacy or pa-
tient outcome as defined by Fryback and Thornbury.31 The
following study designs were considered: before–after
studies, randomized controlled studies or other obser-
vational study designs. Studies were included where the
primary purpose was cross-sectional imaging for as-
sessment prior to dental implant placement rather than
being primarily for the construction of a computer gen-
erated surgical guide. Only those studies in the English
language or with an English language abstract were
acceptable. The following publication types were con-
sidered: peer-reviewed journals, non-peer-reviewed jour-
nals, reports, book chapters, conference abstracts, theses,
informal reports and on-going studies where complete
data were available.

Search strategy
A rapid scoping exercise of bibliographic databases was
carried out, which identified 13 studies. On the basis of
titles and abstracts, six appeared to meet the inclusion
criteria38–43 and seven were “near misses”.44–50 These
studies were used to pilot and refine the search strategy of
bibliographic databases by conducting trial searches.
The aim was to return all of those studies that met the
inclusion criteria and to exclude, at least, some of those
that did not. Sensitivity in the search was favoured over
specificity to avoid missing studies that might be in-
cluded in the review. Three bibliographic databases,
PubMed/MEDLINE®,OVID/Embase and theCochrane
CENTRAL database were searched up to and including
February 2013. Each allowed different search terms. The
final OVID/Embase search is presented in Figure 1.

Additional searches were carried out. The reference
sections of relevant studies identified in the search of
bibliographic databases were hand searched, and the

Radiography when planning implants in the anterior mandible
2 of 11 A M Shelley et al

Dentomaxillofac Radiol, 43, 20130321 dmfr.birjournals.org

http://dmfr.birjournals.org


reference sections of relevant published guideline docu-
ments were similarly searched.51–61 The web of Knowl-
edge Science Citation Index was used to identify studies
that had cited the rapid scope studies. Of these six studies
identified by rapid scoping, four were from the journal
“Clinical Oral Implants Research”. The content pages of
this journal were searched to identify further studies. The
International Association of Dental Research website
publishes an online archive of its conference proceedings.
This database was searched for relevant research. Two
online resources were used to search for relevant studies.
These were CinicalTrials.gov (www.clinicaltrials.gov)
and the World Health Organization’s International
Clinical Trials Registry (www.who.int/trialsearch). Two
online resources were used to search for relevant theses.
These were “Proquest Dissertations and Theses” (www.
proquest.co.uk) and “EthOS ElectronicTheses” (www.
ethos.bl.uk). TheOpenGreywebsitewas also searched for
relevant research (www.opengrey.eu). Finally, the review
was registered with PROSPERO, the International Pro-
spective Register of Systematic Reviews. This enabled
other workers to contact the review team with further
information on any relevant studies.

Study selection
After removal of duplicates, the lead author reviewed
titles to exclude studies that were clearly irrelevant.
Abstracts were then reviewed to identify relevant articles
that would be retrieved for full text review.Where a study
narrowly failed to meet the inclusion criteria, the reason
was recorded and decisions were re-examined by a sec-
ond reviewer. Detailed assessment of full papers was
carried out independently by two reviewers. Disagree-
ments were resolved by consensus. Reviewers were not
blinded to authors, institution or study results during the
study selection process. This has been demonstrated to be
of limited value whilst considerably increasing the diffi-
culty of the process of study selection.62,63

Data extraction
A pilot study was carried out to develop a data extraction
form. At this stage, it had become clear that one of the six
original rapid scope studies, that were thought tomeet the
selection criteria, did not include implants placed in the
anterior mandible.39 This study included only implants
placed in the posterior maxilla. Therefore, five remaining
rapid scope studies were used to pilot the data extraction
form.38,40–43 The starting point was the data extraction
form used byAlbon et al64 in their neuroimaging review.
The final data extraction form was inMicrosoft® Excel�
format. Data extraction was first carried out indepen-
dently by two reviewers. All discrepancies were resolved by
discussion.

Quality assessment
All studies identified in the rapid scoping exercise were
of the before–after design. A quality assessment tool for
before–after studies has been developed by Meads and
Davenport65 and was adapted for use in this review. The

quality assessment form was used as shown in Figure 2.
Quality assessment was first carried out independently
by two reviewers. All discrepancies were resolved by
discussion.

Synthesis
A table was made of study characteristics, outcomes and
quality assessment (Table 1). Following discussion with
a second reviewer, a subjective judgment was made as to
whether each study suggested change in the treatment
plans following the availability of cross-sectional imag-
ing. From this, two graphical representations were made.
Each study was placed in a column according to whether
it suggested change after cross-sectional imaging, no
change after cross-sectional imaging or if there was no
strong suggestion. Some studies had bigger sample sizes
of implants than others. Therefore, in the first graphical
representation, each column height is proportional to the
number of implants placed (Figure 3). Some studies also
had a larger number of evaluators than others. Therefore,
a second graphical representation was made with each
column height proportional to the number of evaluators
(Figure 4).

Pooled quantitative analysis was not possible because
of the small number of studies identified, their low
quality and their heterogeneity. Analysis, therefore,
remained qualitative, and conclusions were based on
trends suggested in Table 1 and the graphical repre-
sentations in Figures 3 and 4.

Results

A Preferred Reporting Items for Systematic Reviews
and Meta-Analyses diagram of the search process, with
results and reasons for exclusion, is presented in
Figure 5. No studies were identified that related solely
to placement of implants in the anterior mandible. No
relevant systematic reviews were identified during the
search process. No randomized controlled trials were
returned, and there were no cohort or case–control
studies. All five studies, which were identified in the
search, were of the before–after design. All investigated
change in treatment plan following the availability of
cross-sectional imaging. Therefore, these studies were
relevant only to therapeutic efficacy.

Quality assessment
The included studies were generally assessed being of
low methodological quality. All discrepancies were re-
solved by discussion. A summary of this subjective
quality assessment is presented in the final column of
Table 1.

Synthesis
Study characteristics are presented in Table 1.

It was possible to separate the data for implants
placed in the anterior mandible only in the 2011 study
by Schropp et al.42 In this study, only three implants
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were placed in the anterior mandible. In all other studies,
the number of implants placed in the anterior mandible
was unclear. Therefore, further analysis of implants

placed in the anterior mandible only was not performed.
Unfortunately, in the 1994 study by Reddy et al,41 the
number of implants placed was not recorded.

Figure 1 OVID/Embase search.
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Figure 2 Quality assessment form modified from the originally published works of Meads and Davenport.65 3D, three dimensional.
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Nevertheless, the authors do report the number of
patients as being 10. Therefore, 10 implants are repre-
sented as being the minimum number placed.

No single consistent outcome measure was found. In
four of the studies, implant length was considered.38,41–43

Of these four studies, three also considered implant
width.38,42,43 In another study, the outcome measure was
simply “change” or “no change” in the treatment plan.40

In one of the studies, the necessity for bone grafting or
sinus augmentation surgery was also recorded.38 In yet
another, the authors recorded the implant selection after
the availability of two-dimensional images, after the
availability of three-dimensional images and then the se-
lection of implants at the time of surgery.43

Discussion

This systematic review evaluates diagnostic and thera-
peutic impact rather than technical or diagnostic accuracy.
The existing quality assessment tools Quality Assessment
ofDiagnosticAccuracy Studies andQualityAssessment of
Diagnostic Accuracy Studies 2 are designed for the quality
assessment of diagnostic accuracy studies and are, there-
fore, not appropriate for this review. The rapid scoping
exercise returnedonly observational studies of the “before-
after” design. In 2009, Albon et al64 carried out a similar
systematic review of the impact of structural neuroimaging
in psychosis. Similarly, the authors expected to identify
only observational before–after studies, and they found
that no validated quality assessment tool existed for sys-
tematic review of this study design. In response, two of
the authors, Meads and Davenport,65 reported the de-
velopment and validation of a quality assessment tool
for before–after studies. This was an adaptation of the
original Quality Assessment of Diagnostic Accuracy
Studies tool. The quality assessment tool of Mead and
Davenport was used as a starting point for the de-
velopment of a quality assessment tool for this review.

No randomized controlled studies were found in the
literature search. Only five studies were identified. These
were of the uncontrolled before–after design. Un-
controlled observational studies, such as these, already
have intrinsic bias. The Cochrane Effective Practice and
Organization of Care group comment, “It is difficult, if
not impossible, to attribute causation from such stud-
ies”.66 Reeves et al67 further state “Potential biases are
likely to be greater for non-randomised studies com-
pared with randomised trials, so results should always
be interpreted with caution when they are included in
reviews and meta-analyses”. Nevertheless, this should
not imply that non-randomized studies are not of value.
A systematic review of the results of randomized and
non-randomized prospective studies, evaluating 45 med-
ical interventions, showed that evidence from non-
randomized studies is important.68 The authors found
good correlation between the results of randomized and
prospective non-randomized studies, as long as the quality
of non-randomized studies was high.T
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It would have been reasonable to have excluded the
study by Reddy et al41 from this review on the basis that
the number of patients was specified but not the number
of implants which were placed. Certainly, this study
would have been excluded from a quantitative analysis
had this been possible. Nevertheless, in view of the small
number of identified studies, it was agreed to include
this investigation in a narrative synthesis. Furthermore,
although this was the oldest study, it was the only one
that investigated the impact of CT. All other studies
investigated conventional spiral tomography.
In these studies, the largest number of evaluators

was four,41 and two of the studies had only one
evaluator.40,43 Therefore, the risk of bias arising from
the possible idiosyncratic practices of individual oper-
ators is inescapable. A subjective judgment, agreed
amongst the reviewers, was that only one study sug-
gested that there was a change in the “after” part of the
studies.42 The other four studies suggested that there
was no change or that there was no strong suggestion.
Nevertheless, an interpretation of these studies might be
that pre-operative cross-sectional imaging has an im-
pact where cases are more challenging. For example, in
the study by Frei et al,40 narrow ridges were excluded
from the study and very little difference was observed
after cross-sectional imaging was introduced (4%).
Conversely, in the study of Schropp et al in 2011,42 there
were no exclusions, and patients were those who had
been referred to a university dental hospital. It is rea-
sonable to assume that these were more challenging
cases. In this study, treatment plan changes were made
in 93% of sites. Furthermore, in the study of Diniz et al,38

statistically significant changeswere observed in thosemore
difficult cases, which were considered for bone grafting or

other surgical procedures. Nonetheless, this is a very spec-
ulative conclusion given the limitations of these studies.

Only one article allowed separation of the data for
dental implant placement in the anterior mandible.42

No other authors were explicit about the number of
implants placed in the anterior mandible, and it is
possible that no other implants were placed in this re-
gion in any of the other studies. Accordingly, the find-
ings of this review should be interpreted with caution
when applied specifically to the anterior mandible or to
any area of the mouth. It must be acknowledged that,
whilst all of the identified studies assessed the impact
of imaging on selection of implant size, none evaluated
the impact on implant position. If drilling perforates
the lingual cortical plate of bone then the network of
vessels arising from the sublingual and submaxillary
arteries may be traumatized causing a potentially fatal
haematoma. It is clearly possible that osteotomy pre-
paration for the same size of implant may be placed
safely within bone or that it may perforate the lingual
cortical plate. There is a need for practical studies,
which evaluate the impact of different imaging mo-
dalities when drilling osteotomies for dental implant
placement.

In conclusion, little can be determined from a syn-
thesis of these studies because of their small number,
clinical diversity and high risks of bias. Notwithstand-
ing, it may be tentatively inferred that cross-sectional
imaging has an impact on the more challenging cases.
No studies were returned from the search that assessed
the impact of cone beam CT technology. This became
widely available around 2005 and might now be regar-
ded as having superseded conventional tomography
and, for head and neck imaging, multislice medical CT.
In that regard, these studies are only partly helpful

Figure 3 Synthesis according to number of implants placed in the
studies. Column heights are proportional to number of implants in
each study. Studies are arranged in columns according to the impact
on the treatment plan.

Figure 4 Synthesis according to number of evaluators in the studies.
Column heights are proportional to number of evaluators in each
study. Studies are arranged in columns according to the impact on the
treatment plan.

Radiography when planning implants in the anterior mandible
8 of 11 A M Shelley et al

Dentomaxillofac Radiol, 43, 20130321 dmfr.birjournals.org

http://dmfr.birjournals.org


regarding currently used technology. The higher levels
of evaluation of the efficacy of diagnostic imaging are
Levels 3–6 . These were described by Fryback and
Thornbury31 and concern the impact of diagnostic im-
aging. In terms of efficacy at these higher levels of
evaluation, this review has found no evidence to support
any specific imaging modality when planning dental
implant placement in any region of the mouth. There-
fore, those who argue that cross-sectional imaging
should be used for the assessment of all dental implant
sites are unsupported by evidence.26 This is, of course,

also true for those who argue that conventional radi-
ography is preferred.
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