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Abstract

Introduction

CBCT imaging is a well-established radiographic modality in treatment planning for dental implants, becoming increasingly popular
and globally used in oral health care. This is partially due to new insights into anatomic landmarks, and structures at risk during implant
placement such as neurovascular structures. Another reason for the growing use of CBCT scanning is the increasing popularity of
computer-guided surgery that relies on digital planning based on high-quality CBCT images but may also include the superimposition

of intraoral scans and extraoral face scans to create a 3D virtual dental patient.

Material and Methods
In order to find the relevant literature included in this article, an electronic search of MEDLINE (PubMed) database was performed.

This literature search included studies published in English language published prior to December 2022.

Results

CBCT imaging is a well-established radiographic modality in treatment planning for dental implants, becoming increasingly popular
and globally used in oral health care. This is partially due to new insights into anatomic landmarks, and structures at risk during
implant placement such as neurovascular structures. Another reason for the growing use of CBCT scanning is the increasing popularity
of computer-guided surgery that relies on digital planning based on high-quality CBCT images but may also include the

superimposition of intraoral scans and extraoral face scans to create a 3D virtual dental patient.
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Conclusion
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CBCT imaging is a well-established radiographic modality in treatment planning for dental implants, which is due to new insights into

anatomic landmarks, and structures at risk during implant placement. Another reason for the growing use of CBCT scanning is the

increasing popularity of computer-guided surgery that relies on digital planning based on high-quality CBCT images but may also

include the superimposition of intraoral and extraoral face scans to create a 3D virtual patient. The use of CBCT imaging following

insertion of dental implants should be restricted to specific post-operative complications (such as iatrogenic neurovascular trauma),

required implant retrieval and follow-up of complex surgical procedures.

Keywords: Cone beam computed tomography, Dental implants, Presurgical planning, Guidelines, Radiation dose, Virtual patient.

Introduction

Since the first CBCT device was introduced in the late
nineties (NewTom 9000, QR, Verona) with the initial scientific
reports dating back from 1998 (2, 20), CBCT has become popular
for a wide range of applications in recent years. Although the
areas of application are limited to hard tissue diagnostics, CBCT
is well established in the entire dental, oral - and maxillofacial
specialties. With more than 40 device types from 20
manufacturers, produced in seven countries (10) the term CBCT
describes very different devices. They are very inhomogeneous
in terms of their technical structure, which also applies to the
objective image quality of the different devices applies (26). The
smallest imaging volumes (Field of View: FOV) are 4 cm in
diameter and 3.7 cm in height, the largest at 24 cm in diameter
and 23 cm in height (21;10). With regard to the radiation exposure,
CBCT devices are also very different; so, in regard to this feature,

they can hardly be regarded as a device class (27).

Three-dimensional X-ray imaging compared to traditional,
two-dimensional methods offers the fundamental advantage of
the naturally occurring three-dimensionality to reproduce
anatomical structures without loss of dimensions. Contrary to
two-dimensional X-ray, where the information in the direction of
the beam path (only as a summation image pictured) is greatly
reduced, enabling three-dimensional X-rays, e.g. CBCT, the
representation of the depicted anatomical structures in all spatial
directions. This leads to an increased directional information
content of three-dimensional images. The spatial allocation of
anatomical structures is often only possible in three dimensions.
For many clinical issues, however, there is still no evidence as to
the extent to which these additional information leads to an
increased diagnostic benefit or a clinical advantage for the

patients.

Compared to adults, children and adolescents have a

disproportionately high inherent risk of radiation damage
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(3,12,19). Because of their lower height and volume children
receive a higher dose with the same exposure parameters (16,17).
These reasons implicate particularly strict indication for this
group of people. Research results in terms of indications for
CBCT in children are limited. So far, no indication-oriented and
patient-specific protocols for CBCT have been developed. In the
available publications often inconsistent and inadequate
recommendations for reducing radiation doses in children and

young people have been published (1, 15, 22).

Obijective

The aim of the present state-of-the-art paper is to present a
narrative review providing support for the hypothesis on using
CBCT for oral implant planning and to attempt formulating
recommendations for justified and optimized CBCT imaging in
order to integrate the evidence found in the literature with the

needs of the clinician.

Material and Methods

In order to find the relevant literature included in this article,
an electronic search of MEDLINE (PubMed) database was
performed. This literature search included studies published in

English language or with an English language abstract published.

Review, Results and Discussion

Before each implant insertion, a clinical and radiological
diagnosis of the implant bed is required. This should enable a
qualitative and quantitative assessment of the bone supply as well
as the adjacent anatomical structures, which in all spatial
directions without dimension loss can be mapped and analyzed

(14:37).
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Three-dimensional imaging techniques are used in complex
surgical Interventions superior to two-dimensional methods (35).
An indication for three-dimensional imaging procedures can
already primarily exist after anamnesis and clinical examination,
under the condition that there is a significant anatomical
deviation from the norm. Further indications can occur if after
orienting two-dimensional diagnostics a detailed spatial
assessment of the anatomical structures and the pathological
changes in the tooth, mouth and jaw area (e.g. cysts, neoplasia,
odontogenic processes, osteopathies) is necessary. If the
necessary diagnostic information for therapy decision and in
special cases for follow-up controls cannot be obtained from the
classic two-dimensional imaging, three-dimensional diagnostics

is clearly indicated.

Three-dimensional imaging offers advantages in avoiding
injuries to important anatomical structures, such as the nerve
canals of the incisive nerve (38) and in the mandible those of the
inferior alveolar nerve and its anterior loop (8, 23). Since the
representation in CBCT is as good as in the medical grade CT
(21), therefore, for implant planning, CBCT should be used

instead of medical grade CT scans (6).

Due to the lower average exposure to radiation, CBCT is
given the preference in implant planning. Under an evidence-
based assessment, that the clinical benefit through the three-
dimensional imaging obtains additional information, the overall

outcome of the implant treatment is unclear.

Currently, in terms of image quality, any imaging methods
should be given general preference. A superiority of one of the
two procedure (2D- vs 3D) in the context of implantology has not
yet been proven. There are currently no randomized or controlled
patient trials demonstrating the usefulness of a three-dimensional
diagnostics regarding the quality of the surgical result and/or the
frequency of complications in implant dentistry. The
implantologist should be aware of the CBCT related increased
radiation exposure versus the two-dimensional imaging. This
applies in particular to young patients. Possibilities of limiting the
FOV and thus the radiation exposure should be explored when

used. Technical limitations can lead to a restricted indication.

To what extent a CBCT scan can be used for the peri-
implantitis diagnostics, against the background of the immediate
vicinity of the implant image in the light of well-known existing
imaging errors, based on the current scientific data, cannot be
clarified with certainty. Therefore, the diagnosis of the immediate

peri-implant osseous environment (e.g osseointegration of a
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dental implant) is only possible to a limited extent due to artefacts
in the CBCT and the CT (9,30).

Linear measurement sections, as typically performed in
implant treatment planning, show maximum relative errors
between 3% and 8% in the CBCT (31, 32, 36). This means for
measuring distance of a typical implant length of 10 mm there is

a possible inaccuracy of approximately 0.3-0.8mm.

For virtual surgical implant planning and also for
intraoperative supportive procedures or as part of the
prefabrication of abutments and superstructures, a three-
dimensional X-ray diagnosis is required. Computer-aided (static)
implantation with the help of surgical templates represents an
additional option for prosthetic oriented implantation, especially

in complex cases and with minimally invasive procedures (6).

In a systematic review (33) for computer-assisted
implantation in an evaluation of a total of 1465 implants revealed
a mean deviation of the implant apex position from the planned
position of 1.3 mm and a maximum deviation of 7.1 mm.
Regarding the angular deviations a total of 1845 implants had an
average deviation of 3.9° and a maximum deviation calculated

from the planning position of 21.1° (33, 34).

The gray values shown in CBCT scans are not standardized,
which is different from the standardization when using the
Hounsfield scale values in a medial grade CT. Therefore, between
different devices a quantitative use of the gray values in CBCT
recordings, for example for bone density estimation, is not
possible (7). However, there is evidence that instead of a purely
density-based bone density estimate, a structural analysis of the
bone based on a CBCT is possible (24 25). The integration of all
3D information (model surface scans, implant models, CBCT
data sets, etc.) in the planning and therapy of dental implants in
the sense of a virtual patients represent a current goal to improve
patient-specific implant rehabilitation (18). The CBCT is also
suitable for the planning of other, image-based manufactured,

patient-specific implants and CAD-CAM titanium-meshes (28).

Conclusion

Before inserting an implant, a clinical examination and
adequate radiological diagnosis of the implant bed is required. If
the information required for diagnostics, treatment decisions and
implementation, and in special cases for follow-up checks, cannot
be obtained from the clinical examination and/or two-

dimensional imaging, three-dimensional diagnostics should be
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carried out. This also recommended if the success after an

augmentation procedure is uncertain.

A CBCT may also be indicated in the case of clear
anatomical peculiarities in the implantation area, such as severely
undercut alveolar processes, severe alveolar process atrophy or
maxillary sinus septa recognizable in a panoramic image. A
CBCT may also be indicated for specific surgical and/or
prosthetic therapy concepts such as immediate implantation,
immediate restoration, navigation-assisted implantology,
complex interdisciplinary therapy concepts. The CBCT should be,
due to very variable and by different parameters influenced, non-
standardized gray values, not used for quantitative determination

of the bone density based on the gray values.

References

1. JK Aps. “Cone beam computed tomography
in paediatric dentistry: overview of recent
literature”. In: Eur Arch Paediatr Dent 14
(2013), S. 131-140.

2. Y. Arai et al. “Development of a compact
computed tomographic apparatus for dental
use”. In: Dentomaxillofac Radiol 28.4 (1999),
S. 245-248.d0i:10.1038/sj/dmfr/4600448.

3. D. J. Brenner and E. J. Hall. “Computed
tomography—an  increasing source  of
radiation exposure”. In: The New England
Journal of Medicine 357.22 (2007), S. 2277—
2284. doi: 10 .1056//NEJMra072149.

4. Deutsche Gesellschaft fiir Implantologie.
S2k-Leitlinie: Indikationen zur

implantologischen =~ 3DRontgendiagnostik

und navigationsgestiitzte Implantologie.

Hrsg. von  Arbeitsgemeinschaft  der

Wissenschaftlichen Medizinischen

Fachgesellschaften (AWMF). 2011.

Gesellschaft fiir

Funktionsdiagnostik und -therapie (DGFDT),

5. Deutsche

Deutsche S2k-Leitlinie ,,Dentale digitale
Volumentomographie* Langfassung Stand
Dezember 2022

6. MM Bornstein, B Al-Nawas et al “Consensus

statements and recommended clinical

Clin Oral Sci Dent, an open access journal

10.

11.

12.

13.

Page |4

procedures regarding contemporary surgical
and radiographic techniques in implant
dentistry”. In: Int J Oral Maxillofac Implants
29 (2014), Suppl:78-82.

MM Bornstein, WC Scarfe et al. “Cone
Beam Computed Tomography in Implant
Dentistry: A Systematic Review Focusing on
Guidelines, Indications, and Radiation Dose
Risks”. In: Int J Oral & Maxillofac Impl 29
(2014), S. 55-77. 52 (2014), S. 76-80.

AC de Brito et al. “Panoramic radiographs
underestimate extensions of the anterior loop
and mandibular incisive canal”. In: Imaging
Sci Dent 46 (2016), S. 159-165.

F. G. Draenert et al. “Beam hardening
artefacts occur in dental implant scans with
the NewTom cone beam CT but not with the
dental 4-row multidetector CT”. In:
Dentomaxillofac Radiol 36.4 (2007), S. 198—
203. url: doi:10.1259/dmfr/32579161.
Efomp-estro-iaca. Quality control in cone-
beam  computed tomography  (cbct)
efompestro- iaea protocol.
http://www.efomp.org/uploads/2017-06-02-
CBCT_EFOMP-ESTROIAEA protocol.pdf.
Protocol. 2017.

European Commission. Radiation Protection
No 172: Cone beam ct for dental and
Maxillofacial radiology. Evidence based
guidelines. A report prepared by the
SEDENTEXCT project. Hrsg. von European
Commission. 2012.

European-Commission. Radiation Protection
No 136: European guidelines on radiation
protection in dental radiology. The safe use
of radiographs in dental practice. Hrsg. von
Directorate H — Nuclear Safety and
Safeguards und Unit H.4 — Radiation
Protection. 2004.
S.D. Ganz. “Computer-aided
Design/Computer-aided Manufacturing

Applications Using CT and Cone Beam CT

Volume 6 ¢ Issue 1 » 2023



Wiedemann, T.G. Clin Oral Sci Dent (2023), 6:1

14.

15.

16.

17.

18.

19.

20.

21.

Scanning Technology”. In: Dent Clin North
Am 52.4 (2008), S. 777-808.

U. Hassfeld , S. Rother. “Rontgendiagnostik
in der Mund-, Kiefer- und Gesichtschirurgie.
Diagnose, Rontgenbefund, abgestuftes
rontgendiagnostisches
Untersuchungsspektrum,
Schnittbilddiagnostik”. In: MKG-Chirurg
1.1 (2008), S. 137-147.

JA Hidalgo-Rivas et al. “Use of cone beam
CT in children and young people in three
United Kingdom dental hospitals”. In: Int J
Paediatr Dent 24 (2014), S. 336-348.
International Commission on Radiological

Protection ICRP. “Radiological Protection in

Cone Beam Computed Tomography (CBCT).

ICRP Publication 129”. In: Ann ICRP 44
(2007), S. 1-121.

International Commission on Radiological
Protection ICRP. “The 2007
Recommendations of the International
Commission on Radiological Protection”. In:
Ann ICRP 37 (2007), S. 1-332.

R Jacobs . “Cone beam computed
tomography in implant dentistry:
recommendations for clinical use”. In: BMC
Oral Health 18 (2018), S. 88.

G.A. Hoffmann, F. Salfner und M. Malek.
UNSCEAR 2013 Report. Volume II,
SCIENTIFIC ANNEX B: Effects of
radiation exposure of children. research
report. New York, USA: United Nations,
2013.

P. Mozzo . “A new volumetric CT machine
for dental imaging based on the cone-beam
technique: preliminary results”. In: Eur
Radiol 8 (1998), S. 1558-1564.

M. Naitoh . “Comparison between cone-
beam and multislice computed tomography
depicting mandibular neurovascular canal
structures”. In: Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 109 (2010), e25—

Clin Oral Sci Dent, an open access journal

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Page |5

31.

A Nemtoi . “Cone beam CT: a current
overview of devices”. In: Dentomaxillofac
Radiol 42 (2013), S. 20120443.

AC Oenning et al. “Cone-beam CT in
paediatric  dentistry: DIMITRA project
position statement”. In:

23 C. de Oliveira-Santos et al. “Assessment
of variations of the mandibular canal through
cone beam computed tomography”. In: Clin
Oral Invest 16 (2012), S. 387-393.

MA de Oliveira et al. “The effects of
zoledronic acid and dexamethasone on
osseointegration of endosseous implants:
histological and  histomorphometrical
evaluation in rats”. In: Clin Oral Implants
Res 26 (2015), el 7—e21.

R Pauwels, R Jacobs et al . “CBCT-based
bone quality assessment: are Hounsfield
units applicable?” In: Dentomaxillofac
Radiol 44 (2015), S. 20140238.

R Pauwels, H Stamatakis et al;
“Development and applicability of a quality
control phantom for dental cone-beam CT”.
In: J Appl Clin Med Phys 12 (2011), S. 3478.
Ruben Pauwels et al. “Effective dose range
for dental cone beam computed tomography
scanners”. In: Eur J Radiol 81 (2012), S.
267-271.: doi:10.1016/j.ejrad.2010.11.028.
K Sagheb et al. “Clinical outcome of alveolar
ridge augmentation with individualized
CAD-CAM- produced titanium mesh”. In:
Int J Implant Dent 3 (2017), S. 36.

R. Schulze et al. “Artefacts in CBCT: a
review”. In: Dentomaxillofac Radiol 40.5
(2011), S. 265-273.
doi:10.1259/dmfr/30642039.

R. K. W. Schulze, D. Berndt und B. d’Hoedt.
“On Cone-Beam Computed Tomography
artifacts induced by titanium implants.” In:
Clin Oral Impl Res 21 (2010), S. 100-107.

A. Suomalainen, T. Kiljunen et al.

Volume 6 ¢ Issue 1 » 2023



Wiedemann, T.G. Clin Oral Sci Dent (2023), 6:1

Page |6

“Dosimetry and image quality of four dental 36. Z Tang, X Liu und K Chen. “Comparison of
cone beam computed tomography scanners digital panoramic radiography versus cone
compared with multislice computed beam computerized tomography for
tomography scanners”. In: Dentomaxillofac measuring alveolar bone”. In: Head Face
Radiol 38.6  (2009), S. 367-378. Med 13 (2017), S.2.
doi:10.1259/dmfr/15779208. 37. Sophie Veyre-Goulet, Thomas Fortin und
33. A. Suomalainen, T. Vehmas et al. “Accuracy Anthony Thierry. “Accuracy of Linear
of linear measurements using dental cone Measurement Provided by Cone Beam
beam and conventional multislice computed Computed Tomography to Assess Bone
tomography.” In: Dentomaxillofac Radiol Quantity in the Posterior Maxilla: A Human
37.1 (2008), S. 10-17. url: Cadaver Study”. In: Clin Impl Dent Rel Res
doi:10.1259/dmfr/14140281. 104 (2008), S.  226-230. url
34. A Tahmaseb, D Wismeijer u. a. “Computer doi:10.1111/5.1708- 8208.2008.00083.x.
technology applications in surgical implant 38. R. Mengel, B. Kruse, L. Flores-de-Jacoby.
dentistry: a systematic review”. In: Int J Oral “Digital volume tomography in the diagnosis
Maxillofac Implants 29 (2014), S. 25-42. of periimplant defects: an in vitro study on
35. A Tahmaseb, V Wu u. a. “The accuracy of native pig mandibles.” In: J Periodontol 77
static computer-aided implant surgery: A (2006), S. 1234— 1241.
systematic review and meta-analysis”. In: 39. CA Pires et al. “Mandibular incisive canal:

Clin Oral Implants Res 29 (2018), S. 416—
43s.

cone beam computed tomography”. In: Clin

Implant Dent Relat Res 14 (2012), S. 67-73.

© The Author(s) 2023. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License

(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,

0

provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,

RESEARCH
NOVELTY

IO e

pulitianing graug

and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/

publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Clin Oral Sci Dent, an open access journal Volume 6 ¢ Issue 1 ¢ 2023



Wiedemann, T.G. Clin Oral Sci Dent (2023), 6:1
Page |7

Ready to submit your research? Choose RN and benefit from:

Fast, convenient online submission.

Thorough peer review by experienced researchers in your field.
Rapid publication on acceptance.

Support for research data, including large and complex data types.
Global attainment for your research.

At RN, research is always in progress.

FOEOFEOF FOFF

Learn more: researchnovelty.com/submission.php

R/

RESEARCH
INCVELTY

Clin Oral Sci Dent, an open access journal Volume 6 ¢ Issue 1 ¢ 2023



