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PART [LSTUDY OVERVIEW

CHAPTER 1 |

Dental implant therapy isnaincreasingly populahighly successfutlental treatment
that aims to replace missing te¢koraschini et al., 2015; Tyndall & Brooks, 2000)
Dental radiologyis consideredo bea coreelementfor the assessment apthnning
of manyphases of dentanplanttherapy(DIT) (Harris et al., 2002)

Although the panoramic angeriapical radiographs remain popular radiographic
techniques during severalages of dentalimplant therapy,development and
integration oiconebeamcomputedomography (CBCT) into dental practieehanced
the diagnostic capabilities of dentisé®d beameanincreasingly accepted modality
during implant therapgTyndallet al., 2012; Benavides et al., 20123eof panoramic
radiographs igpopular inroutinedaily dental practiceas it offers advantagesich as
simplicity of procedure, availability, lower costand lower radiation dose compared
to Computed TomographyC({T) or CBCT (Vazquez eal., 2008; Assaf & Gharbyah,
2014; Kim et al., 2011 oneBeamComputedTomographyobviatesdeficienciesof
two-dimensional modalitiesncluding the ability to provideathreedimensional view
of the potential implant sites that is accurate fed of superimposition@enavdes

et al., 2012)

Despite the advantages offered by the CBCT examinations, concerns regarding the
increased radiation exposure to patients Heaanraised especiallyastheincreasing
popularity of CBCThasturnedit into a routine procedur@Noffke et al., 2011; Li,

2013) The evaluation of the indications, advantages, and drawbacks of each
radiographic modalitys essential to achieve optimal treatment outcomes. For the
purpose of implant therapy plannirtgere is dack of a perfect singleradiographic

examinationTyndall et al., 2012)

Several stages of implant therapy nemedappropriate imagingnodality, which
highlightthe need to develggelection criteria that will ensure clinicdfieiency, and,

at the same timeave paents from unnecessargdiation(Tyndall et al., 2012)
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Many radographic and dental implant regulatory authorities/organisationg hav
published guidelines/advisory recommendations for the geographic region of practice
is (e.g. the American Academy of Oral and Maxillofacial Radiology, the European
Association for Ossepiegration, the European Commission, and the International
Congressof Oral Implantologists)lt is worth notingthat most of the available
recommendations are mainly advisory, consetsised and ascertained from clinical
opinions or inconsistent publist review reportgTyndall et al., 2012; Ahmad &
Chapokas, 2019; Harris et al., 2012; Bornstein et al., 2014; European Commission,
2004)

Eachregionof the world may vary inerms ofpracticesexperiences, development
andsocioeconomic statu$heuse of CBCT in South Afric6SA) was reported tbe
becomng increasingly populaior even a routine procedure in some practi@edthat

it wasbeing misused for screening purpogisffke etal., 2011) To thebest of the
aut hor 6s knowl efdogatimagihghudeliregprotmcolsavallable féar
useduring dental implant therapyp SA. In addition, no information was available
which described the curremadiographic prescription trends among South African

dental clinicians.
Project Development

This researclwasdeveloped in order to address the deficiencies described above in the

South African context. In its entirety, the project consisted of didestudies which

were designed to inforrthe various treatmerdspectshat influence the choice of

radiographic rodality during dental implant therapyThe findings of these

investigations wer&urtherconsolidated in orddp suggestecommendations thaim

atachievngi | @lw s e0 i magi ng pr ot mcegidonal develoingSo ut h Al

countries.

Each substuly has its uniqueaims, methodologies, and research outauntd are
therefore, presented and discussed in separate parts with individual relevant chapters.
A detailedmethodologyeach sukstudy is provided by the authiotentionallyin order
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to allow regoducibility of the resultdy independent researchgfsnecessaryFor the

sake of clarity, th@arious aspects of the study &mbulated Tablel1.1) and each sub

study isrepresented ifigurel-1.

Table 1.1. PhD study at a glance

1

Study overview

A review of recently published global
guidelines andrecommendations on
imaging during implant therapy

Reviewof the radiographic modalities
used during dental implant therapy: A
narrative

Radiographic prescription trends
among South African dentists during
dental implant therapy

The dimensionalaccuracy of various
radiographic modalities used during
implant therapy

Radiation doses received by patients
during dental implant therapy

Radiation protection

Discussion and conclusion

Recommendations {Vorking Draft)

N/A

Narrative
reviews

Narrative
reviews

Survey (cross
sectional
study)

In-vitro
experimental
study

In-vitro
experimental
study

In-vitro
experimental
study

Consensus
basedcglinical
opinion

To introduce and provide an
overview of the project

To review the recent internation:
implant imaging
protocolgguidelines.

To review the most commonly
used radiographic techniques
during implant therapy.

To report the current
radiographic practices during
dental implant therapy in SA.

To asess the clinical accuracy ¢
measurements obtained from
different radigraphic modalities.

To calculate the radiation doses
received by dental implant
patients during the radiographic
examinations.

To investigate the effect of a
head and upper face shield
designed by the author
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Narrative reviews

| Provides information and a

of the local and international

available guidelines and

Tae dations published

by the organizational bodies
ing different aspect:

of implant imaging.

| Provides information regarding
the radiographic modalities used
during the implant therapy.

Current Radiographic
Practices in South Africa (SA)

| Provides information about the
current radiographic prescription
practices in SA.

| To survey the most important
clinical factors that may alter the
radiographic prescriptions in SA.

| To inform the clinical needs,
peri ,and p

the clinicians in SA.

Tools : Questionnaire.

of

Radiation Dose assessment

| Estimation and comp of the effective doses
received from various radiographic modalities during
implant therapy.

| Check the accuracy of the Monte-Carlo simulation
software for effective dose calculations.

Tools : head: dosi
simuation software.

Monte-Carlo

Establishment of framework that
leads to recommendations for a
“low-dose” radiographic assessment

PART 1| STUDY OVERVIEW

Measurement Accuracy

| Assessment of the accuracy of
linear and angular measurements
of different radiographic
modalities.

Tools : Skulls, X-ray units,
radiomarkers, and caliber.

Radiation protection

| To evaluate the impact of a
novel modified head cap and eye
shield on the radiation doses
received during implant therapy.

Tools : locally-modified radiation
shields, phantom-heads simulators,
and dosimeters.

Figure 1-1. Diagrammatic representation of the various facets of this research

KEYWORDS:

accuracy, guidelines.

implant, imaging, protocols, CBCT, ledose, measurement
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CHAPTER 2 |

2.1 AIM

To provide a framework that informs recommendations that aid in the development of
a radiography protocol, in wtt patients receive the least amount of radiation exposure

during dental implant therapy in the SA.

22 OBJECTIVES

1. To provide narrative reviewsegarding recent imaging protocols worldwide and

the most commonly used radiographic technidgaesnplant therapy.

2. To wrvey the current radiographic prescriptions during implant thera@puth

African private, public, anédcademic dental institutions

3. To assess the accuracy of linear and angular measurements of the different

radiographic modalities that are used during implant therapy.

4. To aalculate theradiationdoses receiveduring radiographic examinati@with
regard tamplant therapy.

5. To invesigatethe impact of a novalesign of docally modified heaatapshield

on radiation dose=duction

23 THE RATIONALE OF THE STUDY

1. The published national and international guidelines on implhetapy have the
following shortcomings:
- Lackof fievidencebasd actionstatements(Bornstein et al., 2014; European
Commission, 2004)
- Recommendationguidelineson CBCT use arat besticonensusbased or
derived from a limited methodological approa¢Bornstein et al., 2014)
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- There isambiguity in published &udies on the clinical efficacy of cress
sectional imagingTyndall et al., 2012; Bornstein et a2014)

2. The type and frequency of radiographsedin implant treatment vgrand are
dependent orprofessional judgmenand the treatment phasewhich change
depending on the skill, competence, and experience of the clirfityaudlall &
Brooks, 2000; Tyndall et al., 2012; European Commission, 2004)

- Standardzationis required

3. South Africahas nocomprehensivemplant imagingguidelines Possible misuse

of threedimensional modalities has been repoffddffke et al., 2011)

4. Although limited guidelines regarding implant imaging protocols have been
published worldwide, these guidelines are genand the selection of the imaging
modality depenslon clinical judgment of the practitioner

- Radiographic practices vary among cliniciawhich may lead to misuse of the
radiographic modalitiesespecially te 3D ones Consequentlyresulting in
hazardous exposure to patientdoreover, dental xay units \ary in their

radiation output and the technology can be upgraded constantly

Thereforeguidelinesneed to be reviewed frequently.

5. This analysisevaluatesvarious pieces ofevidencerequired tosuggestimaging
recommendationd he findings andonclusions of this researphojectareaimed
at contribuing to the pool of evidence on implant imagimgtionally and
internationally They can be utised by localdental regulatoryauthorities and

dental scientific societia@a order toformulatelocal or regional guidelire
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CHAPTER 3 |

This PhD study hagive componentgFigurel-1) tha arenecessary in order to achieve
the collective aim (Table 1.1). Detailed information regarding each swudy is
provided in the relevant parts.

3.1 EXPECTED OUTCOMESESTABLISHMENT OF
RECOMMENDATIONS

Theevidenceobtained fromvarioussub-studesinclude:

1 Updated narrative reviews about thernational/regional implant imaging
guidelines and the most used radiographic techniques during implant therapy.

T A platform to inform daales,clsmarcd alndsalr a
experiences, and report the current imaging prescripgémasrin South Africa.

1 Information about the radiation doses atichensionalaccuracyof various
radiographic modalitiessed during implant therapy

1 Information aboutdose reductioreffectivenessusing anewly designed and

locally modifiedhead and eye shield.

Based on the findings of these investigationsctusiors aredrawnandworking draft
recommendatiorguidelinedor South Africa are providedhat represertheinformed
clinical opiniors of the investigatarThe recommendations and/or evidence collected
might be further explorédsedduring targetedworkshops, conferences, and other
academic meetingdNeverthelessthe findings of eachpiece of original researh
conducted can be used to enrich the available eviggEmaieaimedatestablising local
imagingguidelines by relevant authorities.

32 FUNDING

This research was fundégt Senate Researdhinds University of the Western Cape.
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The researctvassubmitted to the Senate Research Ethics Committee of the University
of the Western Cape for approvand pemissionwas granted§M19/1/20) All the
information obtained during this studyas kept confidentigl and no personal
identificationof the patierd (if any) or participantsvasdisclosedAll the radiographs
included in the study were obtained from the Faculty of Dentistry (UWC) with
informed consentAll investigationswerecarried out according to thaeclaration of
Helsinki and the Hippocrati®ath.

The researchehas noconflict of interest in any bramsdr producs that were used

duringthe study.
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CHAPTER 1 |

ABSTRACT

Radiographicexaminationis an essential facet of dental implant therappd the

success of this #rapy depergion a suitable treatment based on adequate clinical and
radiographic information. International orgsational bodies have published
guidelines on the use of radiographic imaging during implant thelajysince the

cone beam computed tomogray modality became available, a need for the
development of comprehensive imaging guidelines to limit the misuse of this modality
becamenecessaryThere is adck of stringencyregarding the recommendations and
guidelines aradiographic imaging modal@susedduring implant therapyThisis due

to variations in practice, experience, and socioeconomic factors. The most recent
published global guidelines and recommendations and their relevance to dental implant

therapy are described in trdkapter.

Keywords: CBCT, dental implants, imaginguidelines panoramic radiograph
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LIST OF ABBREVIATIONS AND ACRONYMS

AAOMR American Academy of Oral and Maxillofacial Radiology
ACP The American College of Prosthodontics

AO Academy ofOsseointegration

CBCT Cone beam computed tomography

Ceph. Lateral cephalometric radiograph

CT Computed Tomography

Cs Crosssectional

DGl German Association of Oral Implantology

EAO European Association for Osseointegration

EC European Commission

ICOI The International Congress of Oral Implantologists
ocCcC Occlusal radiograph

PA Periapical radiograph

PAN Panoramic radiograph

N/A Not applicable
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The published materials guiding radiographymplant cases wreobtainedusingan
electronic search of several research databaselkiding MEDLINE (PubMed),
EBSCOhostScienceDirectandWiley. The search included these keywdresearch
stringsbut not limited to[ diental implan or Aimplant planning or fiplanning phase
or fAmplant treatmemt or fAdental implant theramy] and fAguideline® or
frecommendatiorisor fiposition papey hnd[ donebeam computed tomographgr
ACBCTO or fipanoramiaadiography or fAperiapical radiography.]Further there was

a direct exploration of the official websites of the related spigial
bodies/orgarsations/societies for any position statements afot
recommendations/guidelines on implant imaging. Guidslarel recommendations on
implant imaging published by affiliated orgsational bodies/authorities and scientific
societies were include&elected systemiand narrativeaviews werancludedbased
on therelevanceof the contents. The main focus wadital recommendations on all
types of radiographic examinations, but also guidelines concerning only single
radiographic examinations (e.g. CBCT) were included (where apfgica

Currently, radiographic examination is deemed to be an indispensableaispettal
implant therapy(Tyndall & Brooks, 2000; Harris et al., 2012; Dattatreya e28l16)
The success of implant therapy depefadgelyon the quality and quantity of the pre
operative information obtained to establish a treatment, @lad thus appropriate
imaging modalities are paramount during this initial phase of managé¢nyewmtall et
al., 2012; Tyndall & Brooks, 2000)

Several internationargangationalbodies, such as the Americanadiemy of Oral and
Maxillofacial RadiologytheEuropearAssociation for OsseointegratidhgeEuropean
Commissionthe International Congress of Oral Implantologists, and the American
College of Prosthodonticdhave released guidelines on implant imagihgt tare
periodically reviewed and updatédiyndall et al., 2012; Tyndall & Brooks, 2000;
Harris et al., 2002; Harris et.a2012; Ahmad & Chapokas, 2019; Benavides et al.
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2012; European Commission, 2012; European Commission, .Z0Bd)introduction

of the relatively recent coneeam computed tomography (CBCT) modality offers
promising dental applicationgarticularly dumg implant therapywhile offering
lower-dose adiographic acquisitions compared to computed tomography (CT scans)
(Harris et al., 2012)The availability and relatively low price of the units and the higher
diagnostiocvaluehave resulted in the increased use of this technology ialdaarctice
(Harris et al., 2012 This hasresulted in the need for the development of

comprehensive imaging guidelinés order to limit the misuse of the modality.

Guidelinesenablethe clinicianto make informed choices regarding neghnologies

or techniques and to minis& biasin a healthrelatedsituation(Horner et al., 2015;

Field & Lohr, 1992) The opinions of experts in the field and an evidelnaged
approach are necessary to establish credible guidelines, each of which may have
advantages and disadvanta@idsrner et al.2015) The evidencéased approach is
considered superior ansesa defined approach thatgsidedby a systematic review

of the literaturealong with grading and assessment of the available evid&moe&
Grimshaw, 2003; Horner et al., 2015)

Published reports regarding the clinical efficiency of using esestional modalities
during implant planning provide ambiguous and inconclusive evid@yeelall et al.,

2012; Jacobs et al., 1999; Schropp et al., 2001; Diniz et al., 2008; Frei et al., 2004;
Vazquez et al., 2008; Schropp et al., 20JA)ddiciency was noted with regard to
evidencebased guidelinesand available imaging strategies are mainly ascertained
from clinical opinions or published review reports that are not always consistent
(European Commission, 2004; Bornstein et al., 2014; Horner et al., 2015; Ahmad &
Chapokas, 2019)

The deelopment of a coherent and thoroughesgon criterion for radiographic
examinations during implant therapy is vitalorderto reduce radiation hazards and
at the same time achieve the treatment g@aledall & Brooks, 2000; Tyndall et al.,
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2012) In this reviewthemost important available published guideliaes highlighted

(Table2.1).

Table 2.1. Selectedrelevant publications concerning implant imaging protocols

and guidelines

ORGANI SATION/ AUTHOR/S

REGULATORY BODIES

Method

American Academy of Oral (Tyndall & Brooks,
and Maxillofacial Radiology 2000; Tyndall et aJ

(AAOMR) 2012)
European Association for (Harris et al., 2002;
Osseointegraton (EAO) Harris et al., 2012)

European Commission (EC) = (European

Commission, 2004)

Academy of Osseointegration (Academy of
Osseointegration,
2010)

Superior Health Council, (Superior Health

Belgium i Report No 8705 Council, 2011)

DGI i German Association of = (Nitsche et al.,

Oral Implantology 2011)
SEDENTEXCT project (European
(European Commission) Commission, 2012)

The International Congress of | (Benavides et al.,
Oral Implantologists (ICOI) 2012)

International (Bornstein et al.,
Team for Implantology 2014)

Consensus

Consensus

Unspecified

Adopts EAO
guidelines and
SEDENTEXCT
project (for imaging

section)

Experts opinions Advisory report

(working group) for Belgium

Systematic review = Three
supplemented by | dimensionalCT,
consensudased CBCT

expert opinion

Evidence Only CBCT

Consensus

Systematic review Only CBCT
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The American College of
Prosthodontics (ACP)

The Korean Academy of Oral
and Maxillofacial Radiology
& National Evidence-based
Healthcare Collaborating

Agency

N/A

N/A

N/A

N/A

N/A

(Ahmad &
Chapokas, 2019)

(Kim etal., 2020)

(Bornstein ¢al.,
2017)

(Jacobs, Salmon et
al., 2018)

(Horner & Shelley,
2016)

(Jacobs, Vranckx et

al., 2018)

(Noffke et al., 2011)
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Consensus

Evidence,

systematic review

Narrative review

Narrative review

Systematic review

Systematic review

Expert opinion

Only CBCT

Only CBCT

Only the post

operativephase

Recommendations
for South Africa

16| Page



PART 2| NARRATIVE REVIEWS

1.2.1 AMERICAN ACADEMY OF ORAL AND MAXILLOFACIAL
RADIOLOGY (AAOMR) i 2000, 2012

Two-position papers were published in 2000 and 2012 by the American Academy of
Oral and Maxillofacial Radiology (AAOMR) as advisory recommendatmnisnplant
therapy imagingTyndall et al., 2012; Tyndall & Brooks, 2000 2000, the AAOMR
indicated thatthere wasa deficiency in comprehensive dental implant imaging
guidelines which are crucial in assisting the ¢timan to select the most appropriate
imaging modality to be used during various stages of implant theiamdall &
Brooks, 2000)The AAOMR was also awa of the ambiguity of published evidence
concerning the need for cresectional imaging during implant plannif@yndall et

al., 2012)

In 2000, the AAOMR assessed all the current modalities used at the time, which
included intraoral, panoramic, cephalometric, tomographic, and computed
tomographyputnot CBCTi in order to proide direction on dicient implant imaging
strategiegTyndall & Brooks, 2000)The AAOMR stated that anatomical information

of bone architecture may not adequately be acquired thredghehsional extraand
intraoral radiographic modalitiesand that crosssectional modalities suclas
conventional tomography were recommended for the evaluation of any potential
implant site(Tyndall & Brooks, 2000Q)

The subcommittee of the American Academy of Oral and Maxillofacial Radiology
(AAOMR) reviewed the current advandagadiographic modalities angidence and
published an updated report in 2012 after the initial one published in(2900al et

al., 2012)In this second position paper, the CBCT modality was included and their
recommendation was thasssectional imaging be used and that the imaging method
of choice was the CBCT for all potential implanes(Tyndall et al., 2012)

Usually, the selection of a certain radiographic modality is a result of the proféssiona

judgmaent of the clinicianwho then decides if the information yielded from the clinical
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examination is insufficient or if further radiographic examinations are necessary to
prepare a comprehensive treatment gleyndall et al., 2012)These decisions vary
among clinicians andepend on skill, clinical competence, experience, and knowledge
(Tyndall et al., 2012)

The AAOMR subsequently made advisory recommendations for each irtipdasypy

stage the initial, presurgical, and postperative phases. During the initial
examination stage, the aim is to use radiographs to provide details about the patient's
dental status, such as areas of missing teeth, pathology, and possible irregular anatomy
(Tyndall et al., 2012) The Academy suggested that a panoramic radiograph
supplemented with intraal periapicalx-rays is adequate fohe initial assessment
stage(Tyndall et al., 2012)Presurgical imaging is considered a prexuisite for

guided implant surgery procedures. During the-qangical stage of therapy, the
radiographic assessment will help charastethe alveolar ridge at the candidate
implant site in terms of morphology, quéty, and quality of the bon@l'yndall et al.,

2012) The academy recommends the ustneCBCT modality due to the satisfactory
radation exposure and decisive information it providegich are vital for the success

of the treatment. ThAcademy reaffirms that choosimg use CBCT should only be

done if it is clinically justified and whents useprovidesadded evidence to improve

the prosthetics, surgical procedusad implant choicéTyndall et al., 2012)

During the possurgical stage, imaging is necessary to ensure the accurately planned
placement of the implarfTyndall et al., 2012)Images during the followp stages,
which vary from 35 years, are indicated to assess the status of osteointegratisn stat

and to assess marginal bone he{@yndall et al., 2012)

The various clinical stages of implant therapyand the AAOMR 2012
recommendationgrepresentedn Table2.2.
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Table 2.2. Clinical situationsand the AAOMR recommendations 201ZTyndall et

al., 2012)

Initial
examination
stage

Pre-surgical
stage

Postoperative
and follow-
ups

Asymptomatic

Symptomatic

= =

=a =4

Panoramic radiography. C
Periapical radiographs C
(supplementary). in

Crosssectional imaging to be used
in any candidate implant site.

CBCT is the best crossectional
imaging modality to be chosen.
CBCT is recommended specifically

in these clinical situations:

1- Bone augmentation and grafting
are needd.

2 - Evaluation of impacted dentition

in the area of interest.

3 - If there is a previous trauma in

the area of interest. 1
4 - Sinus augmentation.

5 - Evaluation of ridges after bone
grafting/ridge preservation

procedure.

Periapical radiographs. 1
CBCT is not indicated fothe

periodic assessment offnically
asymptomatic imiants. 1

Postoperatively it is advised to use
CBCT (preferably CBCT, but any
crosssectional imaging can also be
used if CBCT is not available) in
theseclinical situations:

1 - Mobility in the implant.

2 - Impairment of the patient's
sensation (particularly when the
implant site is at a vicinity of vital
structure).

rosssectional imaging (e.g. CT,
BCT) is not indicated in the
itial stage.

Althoughconventional
tomography yields cross
sectional information, it has
several drawbacks (techniqu
sensitive and interpretation
difficulties).

Appropriate selection of the
exposure parameters and fie
of view (limited to the area of
interest) to ensure minium
radiation eposure.

If CBCT is not availableCT
scan to be considergout

i d ospaging protocols must
be usedo.

Panoramic can be usedthe
case of extensive implant
therapy.

Intraoral radiography is
superior to assess
asymptomatic implastas the
CBCT/CT modalities may
showartefacs that hinder the
proper assessment due to th
metallic structure of the
implant (bearhardening
artefacs).

CBCT (preferably) or any
crosssectional modality to be
considered when an implant
needs to be retrieved.
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1.2.2 EUROPEAN ASSOCIATION FOR OSSEOINTEGRATION AD) i
2002, 2012

In 2002, followinga consensus workshop orgagd by the European Association for
Osseointegration in Dublin, a repdtat demonstrated the need for conducting a
detailed clinical examination combined with conventionali@ensional radiogphs

as a standard approackas pulished (Harris et al., 2002)Crosssectional imaging
was only to be considered in certainrgtial situationsand their recommendations
(2002) are summased inTable2.3.

Table 2.3. European Association for Osseointegration recommendatior{siarris et
al., 2002)

Clinical situation Recommendations

Single-tooth implant sites 1 If theinformation revealed regarding the bony structure o
the implant site (height, width) is adequate from a thorou
dental and clinial examination and conventional 2
dimensional radiographs, cresectional radiography is not
indicated.

I Crosssectional radigraphy may be indicated where
proximity to neurovascular structures (particularly in the
posterior mandible and in the maxillargrdral incisor area)
and alveolar bone defectre suspected.

1 In most cases, a thoroughnical assessment of the implan
sites combined with conventionat@mensional
radiographsare adequate.

Edentulous Maxilla 1 Crosssectional imaging may be iicéted in the case of
deficiency in the bone volume and the need for bone
grafting. Additionally, it can be indated to improve the
prosthetic outcome, and in the case of zygomatic implant

1 Athorough clinical assessmerittbe implant sites
combined with conventional@mensional radiographare
the standard approach. Afterwardeficiency in the
information concerning the bone volume, anatomical
positions of important adjacent structures, and informatio
needed for pysthetic and restorative planning (particularly
in the esthetic zonginay justify proceeding to cross
sectionaimaging.

Partially edentulous
maxilla
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1 A thorough clinical assessment of the implant sites
combined with conventional@mensional radiographs are
thestandard approach. If the information gathered throug
the previous approach indicated unusual alveart@tomy
and severe deficiency of the bony structure, eeessional
imaging is indicated.
A thorough clinical asses@nt of the implant sites
combined with conventional@mensional radiographare
the standard approach
9 If the implant is to be placed close to the inferior dental
canal, crossectional imaging is indicated.

Edentulous mandible

Partially edentulous Il
mandible

The EAO in 2012 stated thatbsenceof guidelinesof when and how Computed
Tomography (CT) images should be used instead of conventional radiographic

investigationswas of concerifHarris et al., 2012)

The recommendations released after the consensus workshopsexigangi the
European Association for Osseointegration in 20dke similar to those published in
2002 but included the CBCT modality with guidelines of its usage in implant dentistry
(Harris et al., 2012)This report reaffirms that clinical examination combined with
suitable conventional radiographs are adequate in the initial and treatmm@mnhgl
phase and camsuallyprovide an overview about the density and basic structure of the
alveolar bongas well as any possible pathologies in the jaiie advantages and
disadvantages of each radiographic modality have been comaadadesummarsed

in Table2.4.

Table 2.4. Diagnostic properties of radiographic modalitieqHarris et al., 2012)

Periapical Panorama Lateral CBCT

Dental pathology ++ + = +/+++ +
Jawbone pathology + ++ - +++ 4+
Structure and density ++ ++ - 4+ +
Bone shape and contour - - -+ +++ +++
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Anatomical boundaries + + - +++ +++
Measurements ACCURACY

Vertical dimension ++ ++ - 4+ 4+

Horizontal dimension ++ - - T+ e+

Buccolingual direction - - - +++ 4+

Key:

f0 indicatespoor valuediagnostic value.

fi + , : indicateintermediate rangof useful diagnostic values

fi+ + +iddicateshe highestiagnostic value

The EAO advocates that cressctional modalities are not necessary for dihic
situations where-Blimensional modalities clearly show the anatomical boundases

well as necessary structural information ofiklde bone(Harris et al.2012) They
suggest that patients with prosthetic considerations may be candidates fer cross
sectional imaging, as this wiinhance the outcome of the treatmgarris et al.,
2012) Other clinical situations that may require crgsstional imaging include bone
defects, maxillarysinus augmentation, int@al bone donor sites, the proximity of
vital structures, special techniques such as zygomatic imspland osteogenic
distraction, computeassisted planning and placement, and where complications have
ariseni e.g. nerve damage postoperative infectiongHarris et al., 2012)This report

also emphased that practitioners need to exercise interpretational caution when cross
sectional modalities are used, and therefore adequate safety margins should be applied
"as a rule" in all situation§Harris et al., 2012)A possible error is the @tcurate
transfer of information gathered from radiographic volumes into the actual surgical site
(Harris et al., 2012)

During and after the surgery, the EA@commends the use of conventional
radiographs to confirm the optimum implant placemand crossectional imaging is
not indicated for followupsi unless postoperative complications exisarris et al.,
2012) Harriset al.(2012)also reported that socioeconomic and availakiiéittors be

considered when crosectional imaging is requested.
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1.2.3 EUROPEAN COMMISSION' 2004, 2012

The DirectorateGeneral for Energy inthEur opean Commin®@#4 onds r
(Radiation Protection 8l136) provided guidance for dental and associatedHoeae

practitioners in terms of radiation protection measures during dental radiographic
proceduregEuropean Commission, 2004)

The authors fathe report reaffirm the importance of radiologieabhmination in dental
implant therapyfEuropean Commission, 2004)he phase of treatment and the number
and location of the implant sites playvital role in the selection of the appropriate
imagng modality (European Commission, 2004Recommended radiographic
modalities during various treatment stages are documeniabla2.5.

In 2012, The DirectorateGeneral for Energy in thEuropean Commission released a
report (RadiatiorProtection M 172), which aimed to provide the medical and dental
fraternity with scientifiebased guidelines and recommendations regarding thesafe

of CBCT (European Commission, 2012ZJhis report describes ghlatest available
information available at the time of publication concerning applications, advantages,

and disadvantageegading the use of CBCTEuropean Commission, 2012)

Central tothe clinical assessment of a patient during the implant planning s&ge
determine the need for cressctional imaging espedally giventhat the decision to
request crossectional imaging for a given patient is usually a matter of subjectivity
(European Commission, 2012lhe dimensional accuracy of an imaging mdgas

vital (particularly during dental implant therapy). Convincing evidence from published
reports suppostthe role thaCBCT provide with regard to dimensional accuracy and
lower radiation dos¢European Commission, 2012Vhen crossectional views are
required during implant placement, the use of CBCT iscatdd (European
Commission, 2012)The use of CBCT with the adjustalilddd of view, is an advantage

when only the field of interest can be imagEBdropean Commission, 2012)
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Table 2.5. European guidelines on radiation protection in dental radiology (Issue
No 136) (European Commission, 2004)

Anterior regions
1 Irregular size of

One implant the incisi
g e incisive
paralleling f Considerable
techniques) alveolar bone
resorption
Mandible PA (using Exaggerated Crosssectional
paralleling lingual fossa and imaging
techniques) buccal concavity
Premolar - molar regions
Maxilla PA + PAN T C_Iose vicinity to the Cross-sectional
smus_floor imaging
1 Considerable
alveolar resorption
Mandble PA + PAN+ OCC i Close vicinity to the Crosssectional
neurovascular imaging
bundles
§ Considerable
alveolar resorption
Multiple Cross-sectionalimaging
implants
PA
Healing phase PA, only if symptomatic

12-month follow- = PA (parallel technique)
up

Annual reviews to = PA (parallel technique)
once every three
years

Key| PAN: panoramic radiograph, PA: periapical radiograph, Ceph.: Lateral cephalometric radiograph,
OCC:occlusal radiograplCrosssectionaimagingincludes CT and conventional tomography.
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1.2.4 ACADEMY OF OSSEOINTEGRATION (AO) 2010

The AO published guidelines dime provision of dental implants and associated patient
care in 2008. An update to this publication was published in,2@flDthe addion of

further information(Academy of Osseointegration, 2010)

The AO challenges the practitioners to review the SEDENTEX guicdaiméCBCT.
The indications of Computed Tomography (CT) for use during implant plaméng
adopted from E.A.O. guidelines in 200®cademy of Osseointegration, 2010)

The AO(Academy ofOsseointegration, 201@)rther recommends:

Justification of each single CBCT awaation is mandatory.

- The CBCT examinations have to add a new piece of information that was not
acquired using conventional approaches.

- A thorough patient examination and review of the dental and medical history
have to be performed prior to CBCT acdposs. If the patient was referred for
CBCT examination aanother radiographic practice, the information gathered
from clinical examinationand patient history has to be provided for
justification.

- Routine use of CBCT techniques is not recommended.

- TheCBCT report is requiredegardless of the provided field of view (FOV).

The small FOVup to the region of interess preferred for CBCT@uisitions.

1.2.5 SUPERIOR HEALTH COUNCIL BELGIUM T 2011

Multi-disciplinary exped in a working group organsed by the Superior Health
Council, Belgium published an advisory repditl: 8705) on CBCT{Superior Health
Council, 2011) The repordistinguishedetween low dose specifically manufactured
CBCT dev\ces for dental use and those thatédndentalexposurgprogranmes, as the

earlierprovides loweradiation doses.
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During implant planning and bone grafting procedures, the recommendation is to
prescribe dental CBCT only in cases where the conventiopaditwensional imaging

proved insufficient.

1.2.6 GERMAN ASSOCIATION OF ORAL IMPLANTOLOGY(DGI} 2011

A systemic reviewwhich includes consensus statements and recommendations on the
indication of 3D examinations during implant therapgs published subsequeatthe
first DGI consensus conference held in 2010, Gerngiitgche et al., 2011)

This report concluded that:

- The superiority of thredimensional imaging in terms of the quality of surgical
outcome and potential reduction @dmplications is not confirmed on human
beings by randorsed or controlled studies.

- Stress on practitioners concerning the yielded radiation dgsasicularly fa
moreradio-sensitive younger patients.

- Adhering to theALARA principle (as low as reasably achievable), and
reducing the field of view should be done.

- Crosssectional (3D) views were foundo be beneficiain providing a mult
dimensional and superpositionfree analysis of the region of interest,
allowing for metric analysisand helpngin complicated surgical produces and

bone grafting procedures.
* 3D crosssectional views include (CT and CBCT).
Consensusbased recommendations:

1- Imaging is mandary prior to dental implant treatmerits orderto check the
guality and quantity of the region of interest.

2- A review of the dental and clinical history followed by thorough clinical
examination and cast analysis (if necessary) must be blefore conveional

radiographic examinations. dfmarked abnormality or deviation from normal
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valueswere found a 3D examination may be indicated direclyg bypassing
conventional imaging.
3- The indicatiorfor using crosssectional imaging include

- Abnormal jaw aatomy (e.g. severe undercut, irregular architecture,
insufficient bone volume, maxillary septations).

- Presence of pathologies noted on conventional radiographs.

- Uncertain proximity and ambiguous demarcation of vital anatomical
structures (e.g. mandibulaamal) if noted in conventional imaging
modalities (2D).

- After bone augmentation of uncertain outcomes.

- Previous history of surgical intervention of the maxillaipuses.

- Special treatment techniques (e.g. compgteded surgery)

- Postoperative complicabns (e.g. alteration of sensation due to nerve

injury, jeopardsing roots)

1.2.7 INTERNATIONAL CONGRESS OF ORAL IMPLANTOLOGISTS

(ICOI) T 2012
A consensuseport(Benavides et al., 201®%)as published with the support of the ICOI
following a systematic reviewof the literature regarding the use of CBCT during
implant therapyThe authors found a strong trendsupporif the use of CBCT during
the treatment planningn particular when alveolar ridge morphology need be
assessedIn addition, CBCT was alsoutilized when computerguided surgery is
planned, and when the implant was to be placed in the vicinity of vital structures
(Benavides et al., 2012k was also highlighted that it was impossible to envisage
which patientamay or may not benefit from the additional radiographic information
that aCBCT provides before theBCT is performedBenavides et al., 2012)

The ICOI further recommends thtte CBCT procedure must be justified and the
benefits of the examination must outweigh the possible figspecially in instances
where the conventional radiographic modalities efdilto provide the needed
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information for that particular clinical situatidBenavideset al., 2012) It was also
emphasedthat no CBCT examination should be performed without a prior thorough
medical history and a detailed dental and clinical examinéenavides et al., 2012)

In the instancevhenthe CBCT examination is justified, the opgor wasadvised to
choose the smallest applicable field of view that covers the region of interest
(Benavides et al., 2012)

Compelling evidence for the use of CBCT is provided by K&®I in clinical
circumstances such as atypical alveolar bone anataesthetic zones, bone grafting
cases, guidedmplant surgery and instances of pestrgical complicationi in
particular infetions, neural deficiencgnd sinonasal symptor{Bornstein et al., 2014;
Benavides et al., 2012)

1.2.8 INTERNATIONAL TEAM FOR IMPLANTOLOGY 1 2014

A rigorous systemtic review identified the available guidelines and imdiiens of
CBCT use during implant theragiornstein et al., 2014)The analysis indicated a
paucity of evidencéased guidelinestljat arederived from rigorous systeatic
reviews) with the available guidelinesostlybeingconsensudased or retrieved from

a limited review of literature contadimg ambiguous evidend@ornstein et al., 2014)
Although compelling eviderecon the clinical benefit of crosectional imagingin
particula CBCT, was difficult to prove, indications of CBCT use include anatomic
consideration, the need of extensive proceslufe.g. bone grafting), employing

computerguided surgeries, and pegterative complicationfBornstein et al., 2014)

Guidelines The 3" consensus conference in Bern, in 20@8)ernational team for

implantology, 2014)

1- The most updated imaging guidelines should be followedrdegp CBCT

examinations.
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2- A comprehensive clinical examination is a prerequisite before prescribing the
CBCT examination. If clinical examination and conventional imagiregnot
sufficient, CBCTis preferred over computed tomography (CT).

3- Radiographic gules (templates) are of benefithen used during CBCT
acquisitions. Additionally, a limited field of vie@xposuregup to the region
of interest)should be usedndpersonal radiatioprotection measureshould

be implemented

1.2.9 THE AMERICAN COLLEGE OF P®OSTHODONTICS (ACP) 2016

A report byACP (2016 statedthat prior to any radiographic examination a thorough
clinical assessment of the patentalhigtodys or al
must be performe@Ahmad & Chapokas, 2019Though the college giifies the use

of crosssectional imaging during the planning phase, in partic@BCT modalityi

the college reaffirms that the use@BCT must be based on clinical evaluation and

that the imaging should be confined only to the region of intédbshad & Chapkas,

2019) These opinions are tabulatddhble?2.6).

Table 2.6. Position statementof The American College ofProsthodontics (Ahmad
& Chapokas, 2019)

Stage of treatment Radiographic modality recommended

Initial examination PAN +/or PA
CBCT is not indicated
Pre-surgical site CBCT (or any other type of CS imagirtgut CBCT is recommended).

examination - The particular clinical situations for which CBCT is
recommended include:
1- When implants need to be placed in #esthetic zone,
pterygoid plate, and zygomatione.
2- Bone grafting, sinus augmentation procedures needed.
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Postoperative and -PAN +/or PA
follow-ups CBCT is only indicated ithecase of posbperative complications and
(3t0 5 years and when symptoms exisas follows:
beyond) 1- Disturbance/loss afensation.
2- Antrum/nasalrelated complications (e.g. infections).
3- Site/bone infections.
4- Pain, discomfort, and mobility dhe fixture.

5- Retrieval of the fixture.

Key| PAN: panoramic radiograph, PA: periapical radiograph, CBCT: beaen computd
tomography CS: crosssectional.

1.2.10 AMERICAN ACADEMY OF PERIODONTOLOGY AND
EUROPEAN FEDERATION OF PERIODONTOLOGY2018

A report(2018)was published@ftera consensus workshop that was held jointlyhay

American Academy of Periodontology and the EusewpeFederation of
Periodontologon At he Cl assi fication of Periodont
Con di tBerglimdhoet al., 20180ne of therecommendations was to acquire a
Abaselined radiograph directl yAddifionatr t he
radiographs should beadqu ed aft er fAa | @aeférencegforiporer i odo t

level subsequent to bone rembig (Berglundh et al., 2018)

1.2.11 THE KOREAN ACADEMY OF ORAL AND MAXILLOFACIAL
RADIOLOGY & NATIONAL EVIDENCE-BASED HEALTHCARE
COLLABORATING AGENCY'T 2020

Joint research was conducted in South Korea (20@)een The Korean Academy of
Oral and Maxillofacial Radiologyand the National Evidencdased Healthcare

Collaborating Agency to devel@videncebased guidelines on imaging during implant
planning(Kim et al., 2020) A systenatic review was conducted through the national
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and intenational databases to ansdythe available evideraconsidering the clinical

efficiency, diagnostic benefits, and the potential hazards of radiographic modalities

(Kim et al., 2020)

Panoramic radiographs are recommended in the initial examination in order to decide

the need fosucceedingrosssectional imaging. If the collectedformation after the
conventional imaging (i.e. paramic and intraoral radiograph@pvedinsufficient or
there was alinical suspicion of abnormalities/pathologies in the jaw and maxillary
sinus, the patient ihena candidate for crossectional imagingwith CBCT being the

modality recommende(Kim et al., 2020)

Clinical situations that may benefit from cressctional imagig include proximate
maxillary sinuses and presence of sinus septuegular alveolar ridge architecture,
insufficient alveolar bone quality, the proximity of vital strucgireoted on
conventional images (e.g. incisive canal, inferior alveolar canalnamdal foramen),

and the presence of patholog{&sm et al., 2020)

1.2.12 UNAFFILIATED PUBLICATIONS (BY REGULATORY BODIES OR
ORGANISATIONS)

Multiple publications wer@btainedthat reviewedthe availableecommendations on
implant imaging or the use of CBCih particular duringhe therapy

The recommendations to use CBCT during @mmplplanning is not unanimous
articles reviewed bBornstein et al(2017) It is mentionedBornstein et al., 201 7hat
some reports clearly recommend the use of CBRZRIl pre-surgical planningases
(Drago & Carpentieri, 2011; Noffke et al., 2011; Tyndall et al., 20Mile other
reports recommenpradisngai s el ect i ve a pgilisatien¢Benavideso r
et al., 2012Harris et al., 2012)

In South Africa, CBCTusewas suggested as the radiograpxamination of choice
during implant planning for all casékloffke et &, 2011) This was recommended
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since theusual candidate patients areasfolder age rangand the accurate spatial
dimensional assessment offered by the modathgy savethe patient from any

potential posbperative complications (e.g. nerve anaesit).

The use of CBCT duringmplant planning is justified according dacobs, Salmon, et
al. (2018) CBCT is mentioned to exhib# great potential to enhance surgical and
prosthetic outcomesneverthelessstrict dose optingation measures should be
followed (Jacobs, Salon, et al., 2018)

Limited evidence was found in a systematic review to support the efficacy of using
crosssectional techniques for the planning of a @nglssing tootliHorner & Shelley,
2016) Within the inconsistency noted ifng existing guidelines on pmplant
imaging of a single tooth, it can be concluded that in simpkes, crossectional
imaging may notbe required (Horner & Shelley, 2016)Costs also influence the

justification ofthe use otertain radiographic technigsifHorner & Shelley, 2016)

In a recent systeatic review (Jacobs, Vranckx, et al., 2018he rde of CBCT
compared with conventional examinations during the -ppstative phase was
assessed. Lack of compelling evidence for CBGE,asa standard approactvas
foundwhen assessintpe marginal bone in the pamplant regioni especially wih
theconcurrence oértefacs that hinder accurate assessment of the surrounding tissues.
ConverselyCBCT wasfoundto beof value inpostoperativepathologies (e.g. peri

implantitis).
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Variations were found betwedhe recommendations andidelines of radiographic
imaging modalities during implant therapy particularly using threeimensional
images as a standard approach (e.g. CBCT)s is partially due to variations in
practice, eperience, and socioeconomic factors. Nevertheless,othansations
presentedh this review agree that the use of thdmensional radiographic modalities
such as CT and CBCT should be clinically justified in all cases. The variations in
clinical judgment among clinicians may account for inconsistenciesadiographic
practices. These factors accentuate the neeifmmousguidelines ana@ standardied
protocol. Theresearcheconcludeshat such a protocol should integrate the current
regional practies, the socioeconomic factpend the most recent eedce in the
implant and radiography fields. These recommendations and guidelines should be
updated periodicallyn order to achieve ideal treatment approathatwill invariably

result in optimalreatment management and clinical outcome.

- Studies published in any language other than English were not included.

Grey literature was not considered.
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CHAPTER 2 |

Abstract

A significant radiographic development wae introduction of digitak-ray receptors
that have replaced conventional filrtteat are now commonly used in daily dental

practice

Dental implant therapy (DIT) is sought after dental therapeutic intervention and
together with dental radiographyags an essential role in the success of the treatment
of edentulous spaces. Dental radiographs taken in daily practice are convewional t
dimensional images and/or thrdenensional images. The choice of radiographic
technique should be determined aftar thorough clinical examination and
consideration of the advantages, indications, and drawbacks. Digitatlirrersional
modalities thahave emerged over the last decduere been incorporated into DIT
with the assumption that treatment outcomes veliioproved. These modalities are
constantly being reassessed and imprplbatresearch concerned with the assessment
of all the variable such as dosages and dimensional accuracy of the emengipg
technologiesstill needs to be carried qurt orderto obtain evidencéased information

thatmay influence future radiographic practices.

In this narrative, the author presgtiie most commonlytilised dental radiographic
modalities currently used in DIT.

Keywords: CBCT, dental implantpanoramic radiogph, periapical radiograph
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LIST OF ABBREVIATIONS AND ACRONYMS

AAOMR American Academy oDral and Maxillofacial Radiology
CBCT Cone beam computed tomography

CT Computed Tomography

DIT Dental implant treatment

E Effectivedose

HU Hounsfield units

IPR Intraoral periapical radiography

MRI Magnetic resonance imaging
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Since itsimplementationin 1895 by Wilhelm RoéntgeShah et al., 2014)medical
radiology has undergonsignificant growth A compelling advancememnwas the
introduction of digitalx-ray receptorsthat havelargely replaced conventional films.
These digitareceptorswere first introduced byRadiovisiography (RVG, Frangén

1987(Shahet al., 2014)and are now commonly used in daily dental practice

The transition into digital imaging offers many advantages for clinicians, including the
instant acquisition of dental radiographic images, interagtiveessingf the image
characterigcs (e.g. contrast), reduced clinical time, no darkrooms or processing
procedureor chemistryneeded, and reduced radiation daseatients(Shah et al.,
2014; Nair & Nair, 2007; Bansal, 2006; Jayachandran, 26&¢jors such as increased
cost reduced patient comfort (in the case of wdral lid-state sensors), and
maintenanceare the most important drawbacKSair & Nair, 200/; lannucci &
Howerton,2017)

Dental implant therapy (DIT) is a sougditer dental therapeutic intervention designed
to replace missing teetfMoraschini et al., 2015; Tyndall & Brooks, 2000)he
number of new dental implant manufactsréncreases each yeavith millions of
dental implants being placed and restofBdyce & Klemons, 2015; Popelut et al.,
2010) Dental radiography plays an essential role in implant the(@ggpdall &
Brooks, 2000; Nagarajan et al., 2014; Gupta et al., 2Gi%) various radiographic
modalities have been incorporated into Dlin the hope that treatment outcomes will
be improved.The author presemtthe most commonly used dentadiographic

modalities currently used in DIT.

Dental radiographs taken in daily practice are conventionaldimensional (e.g.
periapical, panoramic, cephalometric radiographs) and/or-tineensional images

(e.g.computedomography(CT) and onebeam computed tomography (CBCT)).
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Table 2.7. Radiographic modalities used during implant therapy

Radiographic modality

Intra -oral periapical radiographs
Panoramic radiography

Cephalometric radiography

Computed tomography (CT)

Conebeam computed bmography (CBCT)

Magnetic resonance imaging (MRI)

2.2.1 CONVENTIONAL TWO -DIMENSIONAL TECHNIQUES:

2.2.1.1 INTRAORAL PERIAPICAL RADIOGRAPHY

Intraoral periapical radiography (IPR) is a technique that depicts a limited number of
teethi revealing their position, outlinenesiodistal boundaries, and the periapical
region (Gupta et al., 2014)This is one of the most popular modalitieedign daily
practice, especially for potential implant site assessment and the-fgilglase after

the placement of the ingnt (Figure 2-1) (Deshpande & Bhargava, 2014; Tyndall et
al., 2012)

Figure 2-1. A periapical radiograph showing two implants in the 3637 region.
Note the proximity of the implant (lower part) to the apex of tooth #35.
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Two techniquesthe bisecting angle and parallel techniques, have been usdxdaio

IPR (Gupta et al., 2014; White & Pharoah, 201B) thebisecting angle technique

which is based on Cieszynskids rule of 1 s
share one compl ete si d@hita&@Bhartah 2@E3)thevo e qu a
centralx-ray beam perpendicularly crosses an imaginary line that bisects the angle

betweea the long axis of the tooth and the fi{@upta et al., 2014 Conversely, in the

parallel technique, the-ray beamcrosses the teeth and treseptorat right angles

(Gupta et al., 2014)The parallel technique is preferable to thgebting angle in

clinical practice since it produces less image diston and limits the xay beam to

the area of interegGupta et al., 2014; White & Pharoah, 2013)

The IPR is an efficient tool to assess the periodontal statiapical and interproximal
bone, and the detection of periapicalhmdogies(Gupta et al., 2014)he indicatios,
advantages, and disadvantages during dental implant themegayymmaised inTable
2.8.

Besides the immediate attainment of radiographic images, digital IPR may reduce the
radiation dosage by 780% compared with analogue modalitjagrawal & al., 2014)

The received effective dogE) depends o the type ok-ray reaptorand collimation

used, for example, rectangular or roundlegith the rectangular collimation reducing

the dose up to 5 fol@White & Pharoah, 2013The estimated effective doé€) for a

full mouth survey (180 radiographs)s 17 uSv (using a CCD sensofyVhite &
Pharoah, 2013)

2.2.1.2 CEPHALOMETRIC RADIOGRAPHY

This lateral radiograph is a twdimensional view that shows the ant@sterior
aspect of the upper and lower jajs/ndall et al., 2012)Information about teeth
position and inclination, the soft tissue profile of the patibetarchitecture of the hard
tissue, and the occlus@lationship between the jaws provided Table2.8) (Agrawal
et al., 2014) The use of this modality during implant treatmenhaveverlimited
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(Tyndall et al., 2012) Nevertheless, when the midline region is edentulous, the
cephalometricadiograplcanshow a crossectionaimageallowing the assessment of
the bucceingual and the vertical bone quargs of the anterior alveolar ridges
(Tyndall et al., 2012)The estimate(E) is 2i 6 uSv (White & Pharoah, 2013)

2.2.1.3 ORTHOPANTOMOGRAPHY OR PANORAMIC
RADIOGRAPHY

OrthopantomographyFgure2-2) i also referred to as panoramic radiographyg a
technique that shows a panoramic view of the jaws, part of the maxillary sinuses, and
the temporomandibular joini8hite & Pharoah, 20130nly the structures that lie
inside a curved zone called the focal trough will be clearly represented on the
radiograph(White & Pharoah, 2013)This modality is one of the most often used
radiographs in dental practi@nd in particular during implant therapgTyndall et al.,

2012) It is used for the initial assessment of the implant site and the surrounding
structure (Tyndall et al., 2012; Lingam et al., 201Bhis radiographic modality is also
commonly prescribed directly after the placement of several implants and during
follow-up (Tyndall et al., 2012; Harris et al., 2012)

Figure 2-2. A panoramic radiograph acquired with a surgical guide in place for
intended implant planning in the 36¢ area. Note the mild smile line exaggeration
and chin cut due to positioning errors.
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Panoramic radiography is technigsensitive and decidedly influenced by the pafiest
heal position and sometimescan result inclinically significantmagnification (15

22%) and image distortiofGupta et al., 2015; Karjodkar, 2009he magnification
factor can be determined by dividing the physical diameter of an object by the
radiographically measured of@upta et al., 2015; Lingam et al., 201B)e(E) ranges

from 9i 24 uSv (White & Pharoah, 2013)

Further information regarding the indications, advantages and drawbacks of the use of

panoramic radiography during implant therapy is preseitakle2.8).

2.22 THREE-DIMENSIONAL RADIOGRAPHIC TECHNIQUES

2.2.2.1 MAGNETIC RESONANCE IMAGING (MRI)

Magnetic resonance imaging (MRI) is a Fionising radiographic modality thatses
a magnetic field and radio waves to generate esestoral imagegNagarajan et al.,
2014; Gray et al., 2003\Ithough crosssectional imaging produced Ibhis modality
can be used during implant planning, itseuis limited due to substantive costs,
relatively longacquisition time, and interpretation challeng&€gndall et al., 2012)

Further advantages and disadvgetare illustrated inmrable2.8.

2.2.2.2 COMPUTED TOMOGRAPHY (CT)

Since its conception by Hounsfield (1972)(Hounsfield, 1973) CT technology
underwent substantial development and is critical in the diagnostic processes essential
in medicine and dentistry. The CT modaligesa fanshapé x-ray beam with
detectors that measure the intensity of the remaining beam to be usetiematécal
algorithms for the reconstruction of cressctional imagefNhite & Pharoah, 2013)

This modality provides higiiesolution threedimensional views of the anatomical

structuresi whereby both hard and soft tissue densities can be appreciated.
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Reformatted CT slies in various planes can be generated as well as panoramic views
(Nagarajan et al., 2014Multiple generations of CT modality have evolved over the
years with specific develoments in the xay emission and acquisition methodologies
(Tyndall et al., 2012)The never gererationsuse multiple detector arrays that receive
fan-shaped xay beamgqTyndall et al., 201 The volumes are reconstructed using
mathematical formuale integrated within the manufacturer's softwakdultiplanar
slices andhicknesscan be reconstructed and presented from the main vdiiyndall

et al., 2012) Although the modality producdsgher radiation dosedyndall et al.,
2012) it offers an advantageoascurateéhreedimensional assessment of the potential
implant sitesincludingbone qualitywhich is vital for the sumess of DIT Table2.8)
(Tyndall et al., 2012; Gupta et al., 2015; Seeram, 200@) estimatedE) ranges from
280 to 1410 uSyEuropean Commission, 2012; Harris et al., 2012)

2.2.2.3 CONE BEAM COMPUTHE> TOMOGRAPHY (CBCT)

The CBCT technologysesa coneshaped xay beam with ax-ray detectorflat-panel
or image intensifier, to produce a thdienensional volume using special

reconstruction algorithm@igure2-3) (Tyndall et al., 2012)

Figure 2-3. CBCT scan. Reformatted panoramic view (top) and crossectional
slices (bottom) were obtainedThe measurement of the vertical dimension of a
mandibular bone section (area 086 #) wasinvestigated.
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