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Objective:  This article aims to appraise how scientific evidence related to CBCT has changed 
over the years, based on levels of evidence and diagnostic efficacy.
Methods:  A general search strategy was used in different databases (Pubmed, Embase, and 
Web of Science) to identify systematic reviews (SRs) on CBCT until November of 2020. The 
SRs included were divided according to different specialties of dentistry. A critical review of 
the articles was made, describing the level of evidence and efficacy.
Results:  In total, 75 articles were selected. There was an increase in the number of SRs on 
CBCT from 2014 onwards, as 83% of the SRs on this topic were published after 2013, and 
72% between 2016 and to date. Twenty SRs (27%) performed meta-analysis. Only 28% of the 
SRs provided a detailed description of CBCT protocols. According to SR evidence, almost 
all specialties of dentistry have advanced concomitantly with the introduction of CBCT. The 
majority of SRs were related to clinical applications (level 2 of efficacy), followed by technical 
parameters (level 1 of efficacy). Only some CBCT models were mentioned in the SRs selected.
Conclusion:  Over the course of 20 years, SRs related to CBCT applications for a broad range 
of dental specialties have been published, with the vast majority of studies at levels 1 and 
2 of diagnostic efficacy. Not all CBCT models available on the market have been scientifi-
cally validated. At all times, one should remain cautious as such not to simply extrapolate in 
vitro results to the clinical setting. Also, considering the wide variety of CBCT devices and 
protocols, reported results should not be overstated or generalized, as outcomes often refer to 
specific CBCT devices and protocols.
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Introduction

Since the development of the first cone-beam CT 
(CBCT) device dedicated to dentomaxillofacial imaging 
in 1998,1 a remarkable increase in the availability of 
models occurred, particularly in the last 10 years. In 
2008, 23 models were available1 and in 2013, there were 
43.2 Recently, 279 models were catalogued, in spite of 

CBCT being considered a generic term that covers a 
wide variety of technical specifications and models.3 
Over the course of these years, an increasing number of 
articles scrutinizing aspects related to CBCT have also 
been verified. However, the dissemination and growth 
of CBCT technology may have moved faster than the 
methods for acquisition of evidence related to their 
application.4
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An advanced search in Pubmed database on 
September 2020 using the terms “Cone-beam computed 
tomography AND (dental OR oral)” enabled the 
retrieval of 8,731 publications, with an exponen-
tial increase on publication from 2012 onwards. This 
extremely high number of articles reinforces the need 
for an evidence-based method for analysing published 
data regarding CBCT.

Thus, it is of  paramount importance to obtain 
evidence-based guidelines for CBCT imaging. There 
are important publications available for the guidance 
of  clinicians, based on position papers prepared by 
internationally recognized associations and consensus 
group statements.5–10 In 2012, the SEDENTEXCT 
project published evidence-based indications for 
CBCT used in the different clinical fields.11 Their 
recommendations were and are still used worldwide. 
However, an update of  these recommendations is 
needed, considering the advances in research in the 
last 10 years.

It is important to mention that radiological studies 
are graded according to varying levels of  efficacy 
evidence,12 hence a six-tiered hierarchical model of 
the efficacy of  diagnostic imaging was introduced in 
1991.13 These levels comprise technical aspects of  the 
new technologies (level 1), diagnostic accuracy (level 
2), diagnostic thinking (level 3), treatment choice and 
outcome (levels 4 and 5, respectively), and a cost/
benefit analysis of  its value to society at large scale 
(level 6).

The levels of evidence may vary according to the 
type of study and can provide a way to visualize both 
the quality of evidence and the amount of evidence 
available. Traditionally, as a type of study that criti-
cally appraises and synthesizes the findings of primary 
studies, the systematic review (SR) is considered to be 
at the top of the pyramid of evidence.14 Thus, SRs can 
be a good source of information when endeavoring to 
analyze the knowledge generated over the years with 
regard to a specific topic. Smith et al. (2011)15 proposed 
a methodology for conducting an SR of previously 
published SRs. This methodology unites the evidence 
relative to a topic and may be useful to clinicians in the 
decision-making process. However, when working with 
broad themes, this type of methodology may not be 
feasible.

Although a recent publication presented an inven-
tory of all CBCT units available worldwide and listed 
their technical features,3 it is of paramount importance 
to look for the evidence concerning this imaging tech-
nique. Therefore, the aim of the present article was to 
appraise how scientific evidence related to CBCT has 
changed over the last two decades by analyzing SRs. 
Secondary objectives were to critically analyze all SRs, 
and to assess their level of evidence and diagnostic effi-
cacy, for diagnostic and treatment planning applications 
in various dental specialties and a wide variety of CBCT 
devices available on the market.

Methods

A general search strategy was used in different databases 
(Pubmed, Embase, and Web of Science), to identify 
SRs on CBCT up to September 2020. For this purpose, 
the keywords “cone-beam computed tomography”, 
“CBCT”, and “systematic review” were used. The search 
results were exported to a reference manager (Mendeley 
Desktop, version 1.19.4, Mendeley Ltd., London, 
UK), and all duplicates were manually removed by one 
observer (HGA). A second exclusion process, based on 
the title and abstract of the studies, was performed by 
three observers (HGA, AFL, KFV). In consensus, they 
removed the articles that addressed radiotherapy, CBCT 
applications in body parts other than the dentomaxil-
lofacial complex, studies that were not specifically SRs 
(i.e., narrative reviews), those that used CBCT solely as 
reference-standard to assess different outcomes (e.g., 
alveolar bone changes caused by orthodontic treat-
ment), and articles published in languages other than 
English.

After the exclusion process, the remaining articles 
were divided according to the following specialties of 
dentistry: Endodontics, Implant Dentistry, Ortho-
dontics, Oral and Maxillofacial Surgery (including 
Orthognathic Surgery), Pathology, Pediatric Dentistry, 
Periodontology, Radiology, and Temporomandibular 
Joint (TMJ) Imaging. The same three observers inde-
pendently analyzed the SRs included, and extracted 
information such as the year of publication, main 
objective of the SR, types of CBCT units reported and 
description of CBCT protocols, conclusions, and level 
of evidence based on the six-tiered hierarchical model 
introduced by Fryback and Thornbury.13 The findings 
were descriptively expressed in a chronological sequence 
within each specialty.

Results

A total of 484 articles were retrieved during the initial 
screening. Two hundred and fifty-nine duplicates were 
removed, resulting in 225 articles. After further analysis, 
49 were excluded because they were related to CBCT by 
on board imager in radiotherapy equipment, 39 studies 
were not SRs, 56 studies used CBCT as a reference stan-
dard to assess different outcomes, three studies were in 
German, and three studies were not related to the dento-
maxillofacial complex. In total, 75 articles were selected 
(Figure 1). The articles included were divided according 
to the specialty: Endodontics (n = 16), Implant Dentistry 
(n = 7), Orthodontics (n = 15), Oral and Maxillofacial 
Surgery (n = 10), Pathology (n = 3), Paediatric Dentistry 
(n = 1), Periodontology (n = 10), Radiology (n = 9), and 
TMJ Imaging (n = 4).

The first SR included in the present study dated back 
to 2008. There was a more significant increase in the 
number of SRs on CBCT from 2014 onwards. In other 
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words, 84% of the SRs on CBCT were published after 
2013, and 72% between 2016 and 2020 (Figure 2). Out 
of all the SRs selected, only 20 SRs (27%) performed 
meta-analysis. Considering the period since the first 
published SR on CBCT, it could be noted that the 
majority of SRs were related to clinical applications 
and diagnostic accuracy, followed by technical param-
eters (levels 2 and 1 of the six-tiered hierarchical model, 
respectively). Only 21 SRs (28%), provided a detailed 
description of CBCT protocols. Furthermore, 25 SRs 
provided a partial description of the protocols, mainly 

CBCT voxel size. As regards the CBCT units reported 
in the SRs, 52 models made by 20 manufacturers were 
identified, as described in Table 1. The majority of the 
CBCT models were reported in radiology SRs (30%), 
followed by endodontics (21%). The CBCT units manu-
factured by KaVo/Imaging Science International (i-CAT 
models, USA), Quantitative Radiology, Cefla Dental 
Group (NewTom models, Italy), and J. Morita (Accu-
itomo models, Japan) were the predominant types.

Findings regarding specific specialties

Endodontics
Sixteen of the SRs concerned endodontic applica-
tions of CBCT, mostly related to root fracture detec-
tion,16,35,36,41,47,56,57 and periapical lesions or periapical 
tissue evaluation.29,48,49,64,65 Other subjects of study were 
the value of CBCT for root canal morphology,30 estab-
lishing the working length,66 detection of external root 
resorption,67 and one SR focused on the overall diag-
nostic efficacy of CBCT in Endodontics.68

Relative to periapical lesion detection, in 2012 one SR 
concluded that CBCT was more sensitive for this task 
when compared with periapical radiography.48 In 2015, 
a six-level efficacy model showed that the majority of 
studies on this subject were in vitro studies on the diag-
nostic accuracy level (level 2 of efficacy).29 The following 
SRs (from 2018 and 2020) showed higher accuracy for 
CBCT when compared with 2D methods in both in vitro 
and in vivo studies.49,64,65

Several SRs addressed CBCT indication for root 
fracture detection.16,35,36,41,47,56,57 All of them pointed out 
the higher accuracy of CBCT for this diagnostic task, 
however, with limited diagnostic value in the presence of 
high-density materials.16,35,36,47,56,57 The heterogeneity and 

Figure 1  Diagram flowchart of the selection of the included studies.

Figure 2  Number of systematic reviews included for analysis per year.
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low number of in vivo primary studies were also consid-
ered limitations.

One SR showed a higher diagnostic accuracy of 
CBCT in detecting external root resorptions when 
compared with conventional radiographic methods.67 
In 2019, CBCT was indicated as being a reliable tool, 
at least as accurate as an electronic apex locator, for 
determining the working length.66 Recently, CBCT 
was described as being as accurate as micro-computed 
tomography for in vitro root canal morphology assess-
ment.30 Once again, the inclusion of in vitro studies for 
all the aforementioned tasks limited the possibility of 
drawing clinical inferences with regard to the results.

The accuracy of CBCT imaging for endodontic 
purposes was clearly extracted from the selected 16 
SRs. However, the heterogeneity of primary studies 
related to different study designs and CBCT models 
should be emphasized. Although several models were 
tested (Table 1), the performance of one CBCT cannot 
be extrapolated to another. Moreover, CBCT accuracy 
may be directly jeopardized in the presence of artefacts.

Implant dentistry
Seven SRs were identified in the implant dentistry field. 
An overview of guidelines, indications, and radiation 
dose risks related to CBCT use was published in 2014.69 
At that time, the majority of the guidelines did not 
offer strong evidence-based statements to support the 
recommendations, indications, and contraindications 
of CBCT for this purpose. The development of patient-
oriented CBCT protocols was recommended in order to 
reduce the radiation dose whenever possible.

In 2018, a SR demonstrated high accuracy and reli-
ability of CBCT for linear measurement of bone, even 
when a lower resolution was selected, and therefore it 
was recommended for preoperative planning of implant 
placement.17

The usefulness of CBCT for post-operative eval-
uation of peri-implant bone was investigated by 3 
SRs.40,50,55 One SR showed a similar accuracy between 
intraoral radiographs and CBCT for peri-implant 
bone defect assessments.50 The other SRs focused on 
CBCT peri-implant bone loss analyses compared to 
direct measurements40 and 2D images.55 Despite CBCT 
presenting good accuracy for fenestration-type and 
circumferential infra bony peri-implant defects, the last 
two SRs reported a low level of evidence to support the 
use of CBCT as a standard method for peri-implant 
bone level assessment, mainly due to the presence of 
metal-related artefacts. Moreover, the lack of clinical 
studies was reported in these SRs.

The same aforementioned limitations were reported 
in two evidence-based guidelines published in 2020, 
addressing the contribution of CBCT to implant plan-
ning70 and treatment outcomes.71 They stated that CBCT 
was of paramount importance for preoperative assess-
ment.70 Nevertheless, due to artefacts arising from the 
implant, for postoperative assessment, CBCT should 

be used for some specific cases, such as in patients with 
postoperative sensory abnormalities.71

The accuracy of CBCT for preoperative implant 
assessment is well established in the literature (level 2 of 
efficacy). However, further investigations are required in 
order to assess whether this 3D imaging method would 
significantly impact the decision-making process and 
level of confidence during patient treatment. Consid-
ering the broad variety of CBCT models available on 
the market3 there were reports on only a few devices in 
the SRs related to implant dentistry (Table 1). Although 
CBCT imaging appears to be of limited use for postop-
erative planning due to artefacts, this effect may vary 
according to each CBCT device.

Orthodontics
Fifteen SRs were found related to the applicability of 
CBCT in orthodontics.18,24,27,37,43,44,58,72–79 In 2012, one SR 
showed no high-quality evidence regarding the benefits 
of CBCT used in this field, in spite of observing the 
potential of CBCT in treatment planning.74

Assessment of the upper airway using CBCT and 
its validation were considered research questions in 
a few SRs. While one SR considered CBCT an accu-
rate and reliable tool when compared with 2D evalu-
ation,18 the other found a divergent result.43 However, 
it is important to highlight that most of the selected 
studies differed in acquisition parameters and these 
were not fully described. More recently, CBCT demon-
strated moderate-to-excellent intra- and interobserver 
reliability for volume and minimum cross-sectional 
area assessment, but the findings should be interpreted 
with caution, as most studies included in this SR were 
conducted under artificially controlled conditions.27 
Furthermore, two SRs showed the applicability of 
CBCT for predicting airway volume77 and assessing 
patients that had undergone rapid maxillary expan-
sion.76 When considering CBCT imaging for orthodontic 
and orthognathic treatment planning and follow-up, the 
assessment of the soft tissues is of vital importance. 
It is generally recommended to have the patient in an 
upright position as such to allow accurate appraisal of 
the soft tissues in a natural head position.76,77 In a supine 
position, facial contour and airway dimensions may 
indeed change. Fortunately, most CBCT devices allow 
for upright patient positioning.3 Although, lesser move-
ment artifacts may be expected in patients laying down 
during scanning.

The diagnostic efficacy of (3D) cephalometric land-
marks was the topic of 3 SRs73,75,79 The majority of 
the studies included had a moderate level of evidence 
according to the Quality Assessment of Diagnostic 
Accuracy Studies (QUADAS) tool. The authors high-
lighted the need for standardized methodology79 and 
improvement in the reliability of landmarks.75 Digital 
linear dental measurements performed on models gener-
ated from CBCT images were shown to be accurate and 
reliable in two SRs.37,58
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Due to the lack of diagnostic studies, one SR did 
not find sufficient accuracy and reliability of CBCT 
for diagnosing transverse deficiencies of the maxilla,44 
whereas CBCT has proven to be reliable for comparing 
hard tissue changes by image superimposition,24 and 
accurate for detecting alveolar bone alterations caused 
by orthodontic tooth movement.78

In 2019, one SR recognized CBCT as a remarkable 
tool for some orthodontic tasks in a pediatric popula-
tion. However, this study pointed out a lack of evidence 
for both CBCT optimization and justification in this 
population.72

CBCT imaging has been demonstrated to be a reli-
able, reproductible and accurate tool for a few ortho-
dontic applications. Further studies reporting levels 3 
to 6 of efficacy are still lacking. Moreover, there is not 
enough research-based evidence on 3D cephalometric 
analyses for clinical use. The limited number of tested 
CBCT models (Table 1) may be related to the need for 
using a large FOV for many orthodontic purposes.

Oral and maxillofacial surgery (including orthognathic 
surgery)
Ten SRs were related to orthognathic and oral maxil-
lofacial surgery.28,45,59–62,80–83 In 2011, a scarcity of diag-
nostic accuracy studies was verified, specifically for the 
purpose of evaluating impacted third molars by using 
CBCT.61 Furthermore, in 2011, two other SRs were 
retrieved. One demonstrated the influence of various 
parameters, such as windowing settings, plane defini-
tion, number and thickness of cross-sections in bone 
grafts measurements.28 While the other SR showed 
the accuracy of CBCT-based fusion models used for 
orthodontic and orthognathic treatment planning and 
follow-up.83

In 2014, the applicability of 3D imaging was demon-
strated for assessing hard and soft tissues in patients 
with cleft-lip and/or palate.82 Three years later, one 
SR showed that CBCT could be considered an accu-
rate and reliable tool to assess anatomical changes, 
followed by surgically assisted rapid palatal expansion. 
However, there was no consensus on dental and skeletal 
landmarks.60

In 2019, one SR concluded that additional analysis 
of CBCT images did not have the potential to change 
preoperative planning and the surgical approach to 
mandibular third molar extraction.59 In line with this 
previous study, another SR that included randomized 
clinical trials, showed that CBCT evaluation had no 
impact on the reduction of temporary paresthesia after 
third molar extraction or preventing inferior alveolar 
nerve injury, and therefore, should not be considered 
as a routine imaging method for this task considering 
the higher radiation dose compared to panoramic 
imaging.80 Nevertheless, the cited SR highlighted that 
the potential benefit of CBCT over panoramic radio-
graph was assessed for only one of the possible post-
operative complications, and no inferences could be 

drawn about the other types (e.g., trismus). Based on the 
6-level efficacy model, another SR demonstrated that 
the localization of impacted maxillary canines was more 
reliable and accurate when CBCT images are used (level 
2 of efficacy).45

In regards to the use of CBCT for condyle assess-
ment, two SRs were retrieved, both dated 2020.62,81 
In one SR, different methods for assessing condylar 
remodeling (i.e., image registration, condyle segmenta-
tion, and analysis protocols) were discussed,62 whereas 
another SR showed that each method had its advantages 
and disadvantages, especially as regards the question of 
being time-consuming. Although the semi-automatic 
segmentation method was shown to be highly reliable, 
there were few studies to allow conclusive statements to 
be made on its accuracy.81

Therefore, CBCT has been demonstrated to be a reli-
able and accurate tool for several surgical procedures. 
Nevertheless, there is still not enough evidence to allow 
the indication of CBCT for all surgical cases; and there 
is a scarcity of evidence of the benefits of CBCT at the 
last levels (patient outcome and societal efficacy levels). 
In addition, based on the selected SRs, only 10 CBCT 
models were investigated (Table 1).

Pathology
Three SRs with an approach to the field of pathology 
were identified.23,84,85 One review indicated that radio-
morphometric indices and CBCT-derived radiographic 
density should be promising tools for differentiating 
individuals with osteoporosis from individuals with 
normal bone mineral density, however, the review also 
pointed out the scarcity of studies on this topic.23

Considering the inconsistency of  imaging tech-
niques in the detection of  bone invasion in oral cancer 
patients, the aim of  two SRs (from 2018 and 2019) 
was to quantify CBCT accuracy for this purpose.84,85 
Both SRs demonstrated high diagnostic accuracy of 
CBCT in detecting bone invasion in patients with oral 
cancer. However, there is still a lack of  studies on the 
detection of  bone marrow invasion in patients with 
oral cancer.85

Paediatric dentistry
One SR was dedicated to the application of CBCT in 
paediatric dentistry, with an overall focus on indica-
tions and contra indications of CBCT relative to its 
diagnostic efficacy.31 In general, CBCT could be advan-
tageous for the localization of dental structures and 
surgical planning in the paediatric population. A rele-
vant limitation was the almost complete absence of in 
vivo studies of the paediatric population to be included 
for analysis, and therefore, it was necessary to include ex 
vivo studies as well. Moreover, considering the six-level 
model of efficacy, no studies were found for assessing 
patient outcome efficacy.
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Periodontology
Ten SR were found related to the applicability of 
CBCT in periodontology.25,26,32,33,42,51–53,86,87 In 2016, a 
low level of evidence was found regarding the accuracy 
and precision of CBCT for the measurement of peri-
odontal defects.86 In the same year, another SR revealed 
that there was no scientific evidence to justify the use 
of CBCT for the diagnosis and/or treatment planning 
of infrabony and furcation defects.42 Furthermore, no 
studies were found to address the therapeutic and patient 
outcome efficacy data (levels 4 and 5). Another SR from 
2016 that included few studies, showed limited evidence 
for CBCT assessment of horizontal and angular bone 
loss, and furcation involvement.51 In 2017, another SR 
reinforced this limitation.26

Two years later, an SR showed the superiority of 
CBCT images for assessing periodontal structures and 
pathologies when compared with other imaging modali-
ties 87 while another showed no difference between in situ 
and CBCT measurements of periodontal bone defects.52 
In the same year, an SR demonstrated that CBCT was 
a valuable tool in periodontal surgery, especially consid-
ering regenerative surgeries and maxillary molar furca-
tion therapy, with the studies included presenting a low 
risk of bias.32

Recently, one SR and meta-analysis stated that 
measurements of bone height and thickness made on 
CBCT images did not differ from gold-standard refer-
ences found in both in vivo and in vitro studies.53 In 2020, 
two SRs were published showing an increased level of 
evidence for the use of CBCT in the detection of peri-
odontal defects25 and the benefits of CBCT in peri-
odontal therapy.33

Therefore, there is scientific evidence for the use of 
CBCT for some periodontal procedures, including bone 
measurement and periodontal surgical planning. There 
are a few studies in the highest levels of efficacy that 
have been published in the field of periodontology, 
nevertheless, further studies are recommended.33

TMJ imaging
Four SRs related to CBCT and TMJ imaging were 
found.19,20,38,46 In 2008, an SR pointed out the potential 
benefits of CBCT when compared with other imaging 
modalities (e.g., helical CT) for assessing TMJ and diag-
nosis of erosions and osteophytes.88 In 2016, another 
SR (with meta-analysis) confirmed the high diagnostic 
accuracy of CBCT for the detection of bony changes in 
the TMJ.20

In the same year, a SR with only three studies, 
including 12 patients, verified the applicability of image 
registration (using MRI, CT, and CBCT) for TMJ 
assessment.19 The small amount of data precluded 
robust conclusions, but a tendency towards a higher 
degree of accuracy could be noted, for diagnosing 
erosions and osteophytes in the TMJ when different 
imaging techniques were combined.19

A more recent study indicated CBCT for the diag-
nosis of degenerative disorders, with an emphasis on 
progression of the disease over time. However, CBCT 
may not be used as a screening method, due to its low 
specificity.38 The low number of studies and CBCT 
models tested (Table  1) suggested limited evidence for 
CBCT use in TMJ assessment.

Radiology – Technical parameters
Nine SRs were dedicated to oral radiology and the 
technical parameters of CBCT.4,21,22,34,39,54,63,88,89 In 
2009, a review of the general literature on CBCT was 
performed.34 Out of the 176 articles initially selected, 86 
dealt with clinical applications of CBCT imaging in the 
oral and maxillofacial field, 65 were related to technique, 
16 articles were related to radiation dose, and 26 were 
article summaries. At that time, the evidence-based use 
of CBCT was not possible. There was a lack of evidence 
regarding radiation dose, inconsistencies related to the 
terminology, settings, and technical properties of the 
devices.

In 2013, an SR with ex vivo studies noted a tendency 
towards the appearance of more accurate results for 
diagnosis when smaller voxel sizes were selected (i.e., 
higher resolution), however no general protocol for 
CBCT examination could be defined.89

Three SRs were performed with regard to radiation 
dose.21,22,88 The first dated from 2015, in which a broader 
variety of effective dose data among CBCT devices were 
described, considering different measurement methods 
and scanning protocols.21 A poor description of scan-
ning protocols throughout the studies included was 
highlighted as being a limitation. Later on, one study 
showed that it was possible to optimize CBCT imaging 
by reducing kilovoltage, tube current, and/or exposure 
time product without a negative impact on diagnostic 
accuracy.88 Nonetheless, these results may differ among 
CBCT devices and diagnostic tasks. The third SR 
demonstrated that patient-related factors and technical 
parameters could reduce effective doses in CBCT.22

The increasing use of CBCT in parallel with the 
growing amount of published data on this topic has 
allowed the development of evidence-based guidelines 
over the course of the years. In 2015, an SR identified all 
published guidelines for clinical use of CBCT and objec-
tively appraised their quality by using the Appraisal of 
Guidelines for Research and Evaluation (AGREE) II 
instrument. The quality of publications was frequently 
low and lacked evidence of adequate methodology. 
There was broad agreement between publications on 
clinical use of CBCT.4

Motion artifacts in CBCT images were the aim 
of one SR in 2016.63 The average incidence of patient 
movement and the pattern of the artifacts generated 
were described in in vivo studies. However, the character-
istics of patient movements and their prevalence could 
not be specified.
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In the following year, an SR was conducted on quality 
assurance phantoms for CBCT imaging.54 Twenty-five 
phantoms were described in the literature, of which 
only two fulfilled the possibility of evaluating the most 
relevant parameters. The authors recommended the 
development of a phantom capable of measuring all 
parameters, with one exposure, and selecting a small 
field of view.

Recently an SR assessed superimposition techniques 
of 3D volumes with the purpose of evaluating morpho-
logical changes in the craniofacial skeletal structures.39 
Landmark-based superimposition seems to be infe-
rior to the voxel-based and surface-based techniques. 
However, due to the lack of studies and high heteroge-
neity among them, no clear recommendations could be 
given.

Considering the number of technical studies in 
dentomaxillofacial radiology, this was the specialty with 
the highest number of CBCT models tested (Table 1). 
However, it must be emphasized that only few devices 
were mentioned in the SRs selected, when compared 
with the huge number and variety of models available 
on the market,3 and the fact that technical outcomes are 
CBCT model dependent.

Discussion

An appraisal of the scientific evidence of CBCT 
was performed, based on a critical review of the SRs 
published on this topic. In total, 75 SRs were selected 
for this purpose. Although this article demonstrated 
the contribution of CBCT to several specialties of 
dentistry, the majority of studies addressed the clinical 
applicability and diagnostic accuracy of this imaging 
modality, level 2 of efficacy according to Fryback and 
Thornbury.13 A significant number of SR articles were 
observed from 2014 onwards, probably related to the 
increasing number of new CBCT models and data 
provided by primary studies. However, only few models 
were mentioned in the selected SRs. Within the limita-
tions of our method, it would appear that some models 
available on the market have not been sufficiently, or 
even ever been investigated for many tasks. Therefore, 
studies with the aim of achieving higher levels of diag-
nostic efficacy and including a higher number of CBCT 
models are highly recommended.

This approach to appraise scientific evidence was 
adopted in order to limit the number of studies selected, 
and at the same time, provide a high level of evidence on 
this topic. Some of the steps proposed by Smith et al. 
(2011)15 for compiling an SR of SRs could be followed in 
the present appraisal, however, in order to strictly follow 
their methodology, the authors would have needed to 
narrow the research question to include only one clin-
ical application, or assessed one outcome. However, 
given the broad scope of the theme and heterogeneity of 
SRs with regard to CBCT, the authors opted to perform 
an appraisal of the scientific evidence on CBCT that 

covered all aspects related to this imaging modality in 
the different specialties of dentistry.

The primary studies included in the SRs reviewed in 
the present study, had heterogeneous methodological 
designs and focused mainly on levels 1 and 2 of the six-
tiered efficacy-model.13 In line with this model, CBCT 
should be further investigated, not only to confirm its 
contribution to diagnosis, but also to assess its capacity 
to influence decisions on patient therapy, increase the 
chance of favorable treatment outcomes, and maintain 
a beneficial cost/benefit ratio to society as a whole.12 
In addition, the limitations associated with metal and 
patient-related artefacts should be critically consid-
ered, because the primary studies included in these SRs 
usually were ex vivo studies.

The high and increasing number of level two articles 
may be related to the enormous challenges involved in 
designing studies comprising levels 3 to 6. Furthermore, 
level two studies are of more interest, as they provide 
guidelines on protocols for the use of CBCT. In 2015, 
an SR was performed to objectively assess the quality 
of available guidelines on the clinical use of CBCT.4 
Although the development of guidelines should be 
defined on evidence-based methods, the reporting of 
CBCT guidelines was often poorly presented at that 
time. The authors stated that objective methods based 
upon SRs of the literature were promoted, based on the 
premise that they had the best chance of avoiding the 
influence of individual opinion and bias. As this afore-
mentioned study followed the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
statement for SR and meta-analysis, it was included 
in the present appraisal of CBCT scientific evidence. 
However, an update of the clinical guidelines for the use 
of CBCT is needed, considering the evidence published 
since 2015.

Another common limitation of primary studies 
pointed out by the SRs was the poor reporting of the 
CBCT protocols used. As previously demonstrated,3 
CBCT devices have a wide range of technical parameters 
that affect image quality, and scientific evidence cannot 
simply be extrapolated from one CBCT to another. 
Therefore, in future studies, an effort should be made to 
describe the full protocol used. This would allow profes-
sionals to make more conclusive statements about the 
benefits of using different protocols for image acquisi-
tion in the different tasks and strengthen future guide-
lines on the use of CBCT. Although the aim of several 
primary studies was to study the technical parameters 
of CBCT, this aim was not constantly the motivation for 
performing the SRs.

Although this strategy was successful for limiting the 
amount of data analysed, the selection of only SRs had 
limitations. SRs have the primary function of system-
atically synthesizing the data present in the literature. 
Although traditionally present at the top of the pyramid 
of evidence, this classification can be questioned, and 
this type of study may have its own level depending on 
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the inclusion criterion. It could be argued that syntheses 
are too varied to be confined to only one level. Syntheses 
of observational studies are unlikely to be equivalent to 
syntheses of randomized clinical trials or syntheses of 
multiple guidelines on the same topic.90

Some relevant topics within the specialties of dentistry 
may not have been covered in our review, as they have 
not yet been addressed in SRs. Moreover, the applica-
tions of CBCT are not restricted to oral health care; for 
example, applications such as radiation biology, ears, 
nose and throat, and ophthalmology were excluded. 
Furthermore, CBCT was used in many reviews as a tool 
for measuring or achieving different purposes, and was 
considered the gold/reference-standard. However, as 
these SRs did not exactly evaluate the scientific evidence 
of the imaging method itself  (i.e., CBCT), they were not 
included in the present SR.

In conclusion, over the course of 20 years, SRs 
related to CBCT for all the specialties of dentistry have 
been published, with a vast majority of studies at levels 
1 and 2 of diagnostic efficacy. Not all models available 
on the market were mentioned in the SRs. Therefore, 
studies with the aim of achieving the top levels of diag-
nostic as well as treatment efficacy are recommended. In 
any case, one cannot simply extrapolate in vitro results 
to the clinical setting. Also, considering the wide variety 
of CBCT devices and protocols, reported results should 
not be overstated or generalized, as outcomes may often 
refer to specific CBCT devices and protocols.
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