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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

5|Page



PART 1| STUDY OVERVIEW

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
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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

31| Page

CBCT



PART 2| NARRATIVE REVIEWS

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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The t ec hstedmmergiabirgrodiiatian for use in the maxillofacial area was in
1999 in Europe(Tyndall etal., 2012) There is an exponential growth in the use of
CBCT during implant therapf§dacobs, Salmon, et al., 2018his broadens the scope

of use of the radiographic modality from just diagnostic purposes to tkapprative
planning of dental implant treatmer(icobs, Salmon, et al., 2018he volumetric
anatomical detail provided for the region of interesg. the potential implant site,
allows the clinician to accurately plan the surgical phase of dental implants with the
opportunity to integate it with guided surgical techniqué¥acobs, Salmon, et al.,
2018) Comparedo CT scans, the CBCT is more accessible for dental use, produces
lower radiation doses, and the software is-fisendly and dentallyoriented(Tyndall

et al., 2012) Although this modality offers many advantages dubm@ (Table2.8),

it is vital to note that some of these advantages may vary among different CBCT
machinegJacobs, Salmon, et al., 2018ariations inthe resultant volume qualities

and dose quantities of different machines and acquisition protbewis beeneported
(Jacobs, Salmon, et al., 2018he estimatedE) ranges froml9i 1,073 uSv and is

inffluenced by the field of view (damidetalpndi vi du

2012; White & Pharoah, 2013)

42| Page



PART 2| NARRATIVE REVIEWS

Table 2.8. Indications, advantages, and disadvantages of radiographic modalities
used in implant therapy consolidated by the author(Tyndall et al., 2012; Harris et

al., 2012; Nagarajan et al., 2014; Gupta et al., 2015; Agrawal et al., 2014; Manisundar
et al., 2014; Lingam et al., 2013; Sahai, 2015; Gray et al., 2003; Fokas e18)., 20

- Initial dental -Nominal geometrical -Geometrical accuracy hinges on
radiographic distortion. the experiencefdhe operator and
examination for “High spatial and contrast ~ Ncessitates considerable
implantsite el compliance from the patients.
& assegsment. -Assessment of theertical -Wide edentulousness ia.W
S - During and post o : segments may comprorgishe
< o F and mesiodistal boundaries ) ,
= operative implant t the RO dimensions.
g assessment. it ' .
K - Follow-up. -Economical and broadly .'Lka OIL'CTOSSSGCUOHGN
c_: available. information.
2 -The supporting bony structure
© quality and quantity may not be
E adequately ssessed using
periapical radiographs.
- The relation with the vital
structures in the vicinity may not
be properlyappreciated.
-Limited field of view.
- Useful for initial - Widely available. - Possible distortion and inherent
implant site - Broadcoverage. maghnifications.
ass.e.ssmen.t. - Costeffectiveness. - Challenges irthereproducibility
- Initial vertical bone _ . of the radiographs.
height asessment. - Detection of any - :
s ouingandpost PGS thejawsang - Eror s bone dery and
S g ar ﬁ surrounding structures. :
g operative implant - Lack of crosssectional
ks) assessment. information.
E - Follow-up. - Lower image resolution
o compared with intraoral
% periapical modalities.
é - Technique sensitive as minor
s patient positioning error can resulf

in radiographic distortion and
maghnification.

- Poor presentatioaf spatial
relationshipsn-between
structures of the jaws.
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Magnetic resonance

Computed tomography

Conebeam computed tomography (CBCT)

imaging (MRI) Cephalometric

(CT)

- DIT Planning of
edentulous regions in
the midline.

- Assessmentfo
dent al
occlusal
relationships.

ar c

- Despite its limited
use, the MRI cross
sectional slices can
be utilized duringhe
implant planning
phase.

- Implant planning.
- Computerguided
surgery.

‘Sinus and ridge
augmentation
procedures.

-Postoperative
complications.

- Implant planning.
- Computerguided
surgery.

~Sinus and ridge
augmentation
procedures.

- Postoperative
complications.

- Constant magnification
ratios.

- Availability of the modality
and the ease of use.

- Shows bone quantity and
the angulation of the anterior
dentoalveolar ridge.

- Crosssectional information
at the midline area of the
jaws and face.

- Nort+ionising radiation.

- Appreciation of
neurovascular structures.

- Allows distinction between
the oral mucosa/gingiva and
the cortical bone ahe
alveolar bone.

- High softtissue contrast.

- Low incidence of image
artefacs.

- Assessment of bone
quantitatively and
qualitatively.

- Undistorted reconstructed
volumes.

- High dimensional accuracy.

- High soft and hard tissue
contrast.

- Easy to use and operate.
- Allows limiting the field of
view to depict only the
region of interest.

- High spatial resolution.

- Cheaper than CT units.

- Reduced radiation doses
conpared with CT in most
cases.

- Fast acquisibns (16805s).

- Provides volumes with
highly accurate and reliable
dimensions.

- Ability to merge the
radiographic information
with an optical scan of the
patient or a model to create a
surgical guide.
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- The crosssectional view is at
the midline of the jaws.

- Superimpositin of the dental
and bony structures from the
opposite side of the jaw.

- Not practical in terms of bone
quality assessment.

-Proper positioning is a
prerequsite for distortionfree
radiographs.

- Prolonged acquisition time.

- Costrelated factors.

- Interpretation challenges.

- Ferromagnetimetal®artefacs.
- Poor bone mineral
charactesing.

- Contraindicated with a patient
who has a cardiac pacemaker,
surgical clips in situ, and a patient
who had shrapnel wounds.

- Higher radiation dose.

- Not readily available.

- Higher costs of the unitsnd
acquisitions.

- Volumeartefacs due to errors
during the acquisition, patient
movement, and metallic objects.

- Beam lardeningartefacs,
scatteredradiation, and image
noise.

- Poor softtissue contrast.

- The small variation in
radiodensities is not adequately
detected in the CBCT volumes.
- Extra costs compared with
conventional radiographic
modalities.

- Radiation doss are relatively
higher tharthe conventional
radiographic modalities.
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23 PHASES OF DENTAL IMPLANT THERAPY WHERE

RADIOGRAPHIC MODALITIES ARE INDICATED (TABLE 2.9)

The success of DIT depends on the quality and quantity of the information available of
the implantsupporting structures, with dental radiography being a fundamental factor

in its acquisition of this informatio(iTyndall & Brooks, 200Q)These radiographs are
necessary to assess the patientds crani of ¢
anatomy of the potential implant site, detection of any possible pathologies, and
identification ofthe boundaries and extents of vital structures in the surgical site
(Nagarajan et al., 2014; Gupta et al., 2015; Karjod@09; Lingam et al., 2013The
selection of an appropriate radiographic modality is dependent on several, factors
including the anatomical information needed, the adequacy of the information acquired
from clinical examination, clinical judgment, the ieat's clinical andaesthetic
requirements, complications and risks assessment, and radiation dose considerations
(Agrawal et al., 2014; Bornstein et &0Q14)

Table 2.9. The radiographic indication of eachtreatment phase during dental
implantology (Nagarajan et al., 2014; Gupta et al., 2015)

Pre-operative phase (planning - Assessment of bone qualiéypdquantity.
phase) - Dimensional analysis and demarcation of vital structul
in vicinity of the surgical site.

- Analysis of prosthetic and surgical requirements.

Surgical phase - To confirm the optimum insertion (location and

alignment) of the fixture

Postoperative phase - Assessmemf healingprocess and osteointegration.
- Maintenancef implant
- Detection of any posbperative changes in bony structt

and implant surfags.
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2.3.1 RADIOGRAPHIC EXAMINATION: PLANNING PHASE

Comprehensive planning is required to opsEntreatment results and to reduce
potential complications. His phase allowthe clinician to gather atlecessary clinical
information about the implant site prido the surgery. Radiographs provide
information that allows the clinician to visusdiavailable bone dimensions, assess th
osseous quality, demarcaeatomical boundarieg.g. proximity of vital structures,
determine the number of ingits requiredand ewaluate prosthetic requirements
(Nagarajan et al., 2014; Gupta et al., 2015)

Radiographic techniques, ranging from conventional to ttmreensional views, are

used to assimilate this informati¢ghyndall & Brooks, 2000) b u tfectfimaaginmg e
examination for dental mp | an't treat ment pTindatl etialh, g does
2012) The selection of a certain modality is usually subjective and dependent on the
judgment of the clinician(Tyndall et al., 2012) Additionally, factors like the

availability of a certain modality, ctss and radiation dose concerosntribute to the

type of radiograph selecté@Gupta et al., 2015)

The intraoralperiapicalradiographgIPR) are used to assess potential implant sites,
detection of patholog and identification of the vital anatomical structures in the
vicinity of the surgical sit¢Nagarajan et al., 2014; Gupta et al., 20E)en though
periapical radiographs can lisedas initial implantsite radiographic exaimation,
planning a surgical procedupasednly onthis view is risky, as geometrical accuracy
is inconsistent and influenced by operator skill and patient compliatendall et

al., 2012) It is recommended tause radiographic markers fazalibration of
measurementss it can Bhance the accuracy of assessment of thecakedimension
(Tyndall et al., 2012)

Several reprts highlight the usefulness of panoramadiographs during DIT
(Vazquez et al., 2008; Kim et al., 2011; Assaf & Gharbyah, 28id)some clinicians
prefer to prescribe only panoramic radiographs during @&vlin & Yuan, 2013)

Factors like simplicity, availability, lower costs, and lower radiation dose compared
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with CT or CBCT, contributetb itspopularity(Vazquez et al., 2008; Kim et al., 2011,
Assaf & Gharbyah, 20145e\eral studies have reported the common and dominant
prescription of twedimensional panoramic radiographs during implant therapy
compared to other radiograpimodalitieg(Sakakura et al., 2003; Ramakrishnan et al.,
2014; Alnahwi et al., 2017; Majid et al.024; Rabi et al., 2017Dn the contrary,
several report¢Pertl & al., 2013; Lindh et al., 1995; Riecke et al., 2016) not
recommend relyig on panoramic radiographs alone for the assessment of vertical
dimensions as measurement inaccuracies have been noted. Malposition of the patient
during panoramic radiograplegan have a substantial impact on the accuracy of implant
planning as the meagements on panoramic radiography might not be rel{&bézke

et al., 2015) Inconsistencies in the vertical and horizontal magnification factors in
different jawsegments of the same panoramic radiograph were regBitszke et al.,
2015; GomezRoman et al., 1999} was also noted thatistortionfree zones within

the domain of the focal trough can be fount{yan certain point¢Riecke et al., 2015)

The use of MRI during the implant planning phase is limited in daily dental practice

due to cost issues, longer acquisition time, andpné¢ation complexities of these
imageqTyndall et al., 2012)When MRI is used for implant planning,fhel wei ght e d
sequences are advis@@ray et al., 2003)In this sequence, the cortical bone shows a

low signal due to the deficiency of water and lipid protcarsd appears black in

contrast to the inside spongy boméich appears bright since it contains fatty bone
marrow(Gray et al., 2003Moreover, in Tiweightedmagesplood vessels and nerve

bundles inside their canafgve low signals and appear as dark areas within the bright

surrounding bone marro¢Gray et al., 2008

CBCT has gained popularity during the last decade, in particular for implant therapy
(Deeb et al., 2017; Noffke et aRPp11; Jacobs, Salmon, et al., 2018pmpared to
conventional CT scans, CBCT exposes the patient to lower radiation ((irses &

Fung, 2009)In a relatively recent survey in the United States (2008BCT was
commonly prescribedn the academic and private secto#9.6% and 59.1%
respectively,during the implant plannop phase(Carter et al., 2016)The CBCT
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modality offers a valuable diagnostic tool for several dental proceduresuding
dental implants(Tyndall et al., 2012; Ganz, 2011yhe multiplanar images are
distortion and superimpositiofree and allow the clinian to accurately locate and
measure the dimensions of the anatomical stresttequired for successful implant
planning (Agrawal et al., 2014)Assessment of patiespecific andregionspecific
anatomy prior to wgical intervention should be performed to avoid harm to the
structures that aneearthe implant site. Various complications such as cortical border
perforation, sinus wall perforation, and injury to neural structures can be avdtues

improvingtreament outcomégTyndall et al., 2012; Kraut, 1998; Hatcher et al., 2003)

In a relatively recent syamic review(Fokas et al., 2018)atsummarsed evidence on
the accuracy of CBCT measuremertke authors concluded that the CBCT is highly
accurate and reliable for linear measurements during implantiptaithoughmost

of the included studies reported smillimetre differences (using CBCT wide range

of over and underestimation was ateported, which lead to the implementation of a

2 mm safety margiifFokas et al., 2018)

When computeguided surgery is planned, a thidienensional radiographic
assessment is imperatiyEliggeet al., 2017) Computerguided planning llows a
virtual simulation of the surgical and prosthetic stages using computer software
(Colombo et al., 2017)This modality offers an interactive virtual implant planning
which adapts to the available bone dimensions, avoidsavitgbmical structures, and
provides a corehensive overview of prosthetic as$thetic requiremen{€olombo

et al., 2017; Grunder et al.,, 200%ometimes extensive procedures like bone
augmentation can be avodigoarticularly when precise digital planning is performed
(Colombo et al., 2017; Fortin et al., 2009
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2.3.1.1 ASSESSMENT OF BONE QUALITY

The bone density at the implant site is an important factor that influences the success

of dental implant therapg#Wood et al., 2004; Drage et al., 2007; Lindh et al., 2004)

At times, the terms Obone qualityd and 6bo
but gqbahetydé is a broader c¢on deboriesuthhat enc
as alignmenof the trabeculae, skeletal size, and matetated properties in addition

to mineral conten{Sahai, 2015; Lindh et al., 2004)

The threedimensional mdalities such as CT and CBCT, construct virtualume
elementscalledfivoxels (hat represent the assembly elements of the overall volume
(Sahai, 2015; White & Pharoah, 201Bpch voxel is assigned a value referred to as an
attenuation coefficierit consequent to the reconstruction proce§skd et al., 2010;
White & Pharoah, 2013)The Hounsfield units (HU) in CT modalities represent a
standardscaling systenfor the linear attenuation coefficients that were previously
reconstructedMah et al., 2010and represent the density of a specific site in contrast
with the density of air (Casdetta®Oad 20d4hg and pu
value assigned to each voxel is a reflection of the density of the specifid.sit¢he
degree of attenuation at that anatomical p(#athai, P15). The resultant densities on
the multiplanar CT slices, presented in HU units, provide a reliable bone density
assesmeni{Nagarajan et al., 2014; mdh et al., 1996; Turkyilmaz et al., 2007; Aksoy

et al., 2009)An example of different bone types and their corresponding Houwhsfiel
units are tabulateh Table2.10.

Table 2.10. Estimated Hounsfield units for various bone typeGupta et al., 2015)

D1 1250
D2 8501 1250
D3 350 850
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D4 1501 350
D5 <150

1 D1: dense cortical bone.

1 D2: porous cortical and coarse trabecular bone

1 D3: porous cortical bone (thin) and fine trabecular bo
9 D4: fine trabecular bone

The gey values of the CBCT voxels are not absolute, as compared to thédQT's
values(Sahai, 2015; Cassetta et al., 2014; Arisan et al., 20h&se gay values are
arbitrary andarepredetermined by the manufactur@fassetta et al., 2014; Mah et al.,
2010) A standard scaling system of the CBC®&gvalues is absent among the CBCT
manufacturerswhich further complicas the interpretation and comparison adygr
values read from different CBCT uniiSahai, 2015; Mah et al., 2010)he exposure
and unit parameters, in addition to modificaiam the positioning of the object within
the unit, may influence the gy values obtaine@Nackaerts et al., 2011)

Some reports show an inconsistency between the CT's HU values and CBgT's gr
values(Katsumata et al., 2007; Armstrong, 2006; Miles & Danforth, 2008; Nackaerts
et al., 2011)while other reportgNaitoh et al., 2009; Nomura et al., 20Kjggest the
contrary. Other authors reported the usefulness of using special conversios tact
convert the gy values into HU valuegReeves et al., 2012; Mah et al., 2010;
Lagravere et al., 2006; Cassetta et al., 2014)

2.3.2 RADIOGRAPHIC EXAMINATIONS: SURGICAL PHASE (INTRA
OPERATIVE)

Radiographic evaluation during and directly after surgery is necessary to ensure the
correct positioningd orientation of the fixture and to confirm the optimum prosthetic
position(Nagarajan et al., 2014; Gupta et al., 2015)
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Periapical, panoramic, and thrdenensional radiographs can be used during this
phasehowever, periaigal radiographs are sufficient for this ph&Seipta et al., 2015;
Harris et al.2012) The use of thredimensional radiographs, i.e. CBCT, directly after
implant placementis only justified in certain clinical scenarios according to the
American Academy of Oral and Maxillofacial RadiologyAOMR) 1 such aswvhere

the fixture is mobe or the patient has neurosensory alteration related to the procedure
(Tyndall et al., 2012)

2.3.3 RADIOGRAPHIC EXAMINATIONS: RESTORATIVE PHASE

Procedures during this phaselude the fabrication of a functional restoration on the
implant. Intraoral periapical radiographs are commonly used to confirm the optimum
mechanical integrity of various impla componentfWadhwani et al., 2012)In
addition, intraoral radiogrdys helpin the assessment of the status of osteointegration
following the healing period, act as a baseline radiograph for future compammbn

to ersure the complete removal @cessementéion materials remaining in the peri
implant region that lead to pertimplant complications(Wadhwani et al., 2012;
Pauletto et al., 1999)

Digital periapcal radiographs are consideredbe superior to analogue en in the
detection of implanabutmentmisfits (Oliveira et al., 2016)It is relevant, however,
that the vertical anglof thex-ray beam can also affect the radiographic assessment of
the fitting of implant componen{®adhwani et al., 2012; Begofia Ormaechea et al.,
1999) The useof anx-ray film holder is recommendedince this would ensure that

an orthogonal relation is attained in order to achievel@al parallel relationship with

the implant axis and not the occlusal surfacas this may alter the angle between the
film and the actual long axis of the implagk¥adhwani et al., 2012)
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2.3.4 RADIOGRAPHIC EXAMINATIONS: MAINTENANCE PHASE
(POST-PROSTHETIC)

The maintenance phase of implant thereginsfrom the time of the mrsthetic
restoration and continues throughout lifgovided the implant remains in place
(Nagagjan et al., 2014; Gupta et al., 201%he radiographic evaluation consists
mainly of the tracing of bone remdtieg and osteoir@gration around the implant,
assessment of bone loss, avdrall status of the fixture and surrounding periodontium
(Tyndall et al., 2012; Nagarajan et al., 2014)

The AAOMR advises taking periapical or panoramic radiographs in cases of extensive
implant therapy and does necommend the use of CBCT for periodic asymptomatic
cases(Tyndall et al., 2012) Conventionalperiapical radiographsre considered
superior toCBCT in the assessment of the panplant osseous structyrsince the
composition of the implant material may caasefacs such as beatmardening in the
CBCT volumesthat may hindepptimal evaluatiorof the region of interegiTyndall

et al., 2012)

The European Association for Osseointegratlvised that in the presence of post
implant therapy syptoms including neurosensory deficiency and infections in the
maxillary antrumi crosssectional modalities such as the CBCT are justifidalris

et al., 2012) Nevertheless, in most cases, camvonal modalities provideaseine

information that is usually sufficient for the assessn{atris et al., 2012)

During the first year postnplant restoration, a radiographic marginal bone loss ef 0.9
1.6 mm around the implant and less than 0.2 mm in the following successive years is
considered a marker ofiscesful treatmen{Cassetta et al., 2018; Albrektset al.,

1986; Smith & Zarb, 1989However, several factors may influence the radiographic
perception of the marginal bone levels on a periapical radiograph the angulation

of the xray beam, film position, buccolingual position of the implant, r@adibgraphic
distortion that may occur in the interproximal buccal/lingual bony ma(guasihwani

et al., 2012; Cassetta et,&018; Sewerin, 1990Dptimum parallelism between the x
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ray receptorand the implant axis is necessé@adhwani et al., 201X assetta et al.,
2018) It is imperative to understand and appreciate thedwmnsional limitations of
intraoral radiographsas these images do not allow the assessment of buccal and
lingual bone structures adjacent to the implévtadhwani et al., 2012; Cassetta et al.,
2018)

GUIDED IMPLANT SURGERY

Guided implant surgery is a relatively modenmpeach that allows clinicians to
virtually plan and which simulates implant placement using virtual computer software
(Fligge et al., 2017; Flugge et al., 20IR)ereatfter, the virtual plan can be transferred
tothe patient's mouth using a surgical template that can be printed with the use-of three
dimensonal printergFlugge et al., 2017; Fligge et al. 130 The attainment of three
dimensional images i.e. CT or CBCi§ a crucial prerequisite to the commencement

of virtual planning(Fliigge et al., 2017; Fligge et al., 201B)e 3D volumes are then
aligned with a intra-oral or a stone model surface scan. These scans present the teeth
surface more accurdyevhen compared to the CBCT or CT volumes, since these may
have streak agfacts often caused by densely radiopaque matéRé&isij et al., 2011,
Fliigge et al., 2017)

Several reports confirm the effectiveness of compgitéded surgery to accuedy

plan and place dental implari&hen et al., 2015; Filius et al., 2017; Platzer et al., 2012;
Vercruyssen et al., 201Behneke et al., 2012)but a precise transfer from the virtual
software to the patientés mouth has to be
planned measuremer(fslligge et al., 20170ptimal alignment between radiographic

volumes and intr@ral or model scans is mandatory in order ¥oié any inherent

inaccuracies in the surgical guide and planned sulgiigge et al., 2017)
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The choice ofadiographic technique should be determined after a thorough clinical
examination justifies the use of that particutaodality, and with the advantages,
indications, and drawbacks notédthough threedimensional modalities offer various
advantages, theesearchenlso endeawsred to provide an informed gestalt of each

modality.

Since the introduction of the CBCT motalinto the various specialist fields of
dentistry, it has become a widely used radiographic modality and the need to implement

dose optinsation procedures in daily clinical practice has become obligatory.

Despite the relatively reduced radiation dosdgea the CBCT compared with the CT
scans, CBCT imaging yields greater radiation dosages when compared with
conventional Adlimensional radiographic modalities such as panoramic radiographs
(Davies et al., 2012; Ludlow et al., 2003; Ludl& Ivanovic, 2008) The radiation

dose from CBCT examinations is one of the main con¢simee this has become a

routine procedure imanyregions(Noffke et al., 2011; Li, 2013)

The developments of the various aspects involved in different radiographic modalities
are still onging. These include characteristics related to dose reduction and image
quality improvenents. It is imperative that research concerned with the assessment of
all of these variables such as dosages and dimensional accuracy of the eme&rging
ray unitsi shaild be performed in order to provide evidem@sed information that

would direct dedionmakers in their development of future radiographic practices.
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Aim: To report the radiographic prescriptioocsmmorty used in South Africa (SA)
during implant therapy

Material and methods: Electronic questionnaires wedestributedduring local dental
conferencesthroughpersonal interviews, electronic channels (email lists) of several
educational institutiongnddental and scientific societies in SBeventeemultiple-
answer questions weformulatedn order to investigate thadiographic presqstions

during various treatment phases and clinical scenarios.

Results: 142 dentistsand dental specialistigractising invarious provinces in SA
completed theelectronic questionnaire®©n averge, during the implant planning
phasepanoramiaadiograpls combined withconebeamcomputedomography (PAN
+ CBCT) werethe mostprefered modality (39%), followed by CBCT(29%) as a
single examinatiofASE). Periapical radiograph&SE, were most prefered during
and directly after the surger§7% and 65%, respectively

Conclusion: Panoramic radiographs combined with CBCT examinations were the
most preferred examinations during dental implant planning. During, directly after the
surgical placement oheimplants,and during the followup of asymptomatic patients,

the vast majority mferred periapical radiographs as single examinatBysontrast,
CBCT, ASE, was preferred in the follow up of symptomatic patieRrectorsrelated

to the extra anatoma informationand superior dimensional accurgasovided by
threedimensional/olumes(e.g. CBCTvolumeg, werethe most influencing facteon

the radiographiprescriptiongduring implant planning.

CBCT, Dental implantyadiographic trendsadiographical survey.
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LIST OF ABBREVIATIONS AND ACRONYMS

ASE As a single examination

CBCT Cone beam computed tomography

CT Computed Tomography

GP General practitioner

OMFR Oral and Maxillofacial radiologist

OMFS Oral andMaxillofacial surgeon

PA Periapical radiograph

PAN Panoramic radiograph

SA South Africa

SADA South African Dental Association

SASMFOS The South African Society of Maxillofacial and Oral
Surgeons

SASPIO The South African Society for Periodontojog
Implantology, and Oral Medicine
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CHAPTER 1 |

Radiographic assessment is considered vital dadirdental implant treatment phases
(Tyndall & Brooks, 2000; European Commission, 200&eamount ad the precision

of information gathered during the planning phase from appropriate radiographic
assessmentsighly influence the success of the therapyyndall & Brooks, 2000;
Tyndall et al., 2012)

The radiographic examination is necessary
candidate implant site anatomy, bone quality and quardiyection ofpossible

pathologies, anddentification of the boundaries and extents of vital structures in the

surgical sitg Tyndall & Brooks, 2000; Tyndll et al., 2012)

Panoramic radiography is a very common radiograph prescribed in daily practice
(Tyndall et al., 2012)Multiple reports indicated the beneficial use of panoramic
radiographs during implant trepy(Vazquez et al., 2008; Kim et al., 2011; Assaf &
Gharbyah, 2014)Moreover, some practitioners prefer prescribe panoramic as a
single examinatiofDevlin & Yuan, 2013) Factors likehesimplicity of the procedure,
availability, lesser costs, and minor radiation dgemerateccompared with CT or
CBCT, havemotivated its popularityVazquez et al., 2008; Kim et al., 2011; Assaf &
Gharbyah, 2014)

Cone beamcomputedtomography (CBCT) is an increasingly popular and promising
imaging technique thahas benefited multiple dental field$ including dental
implantology. One of thehief advantages ithe crosssectional imagegenerated for
the regioms of interesti while exposing the patiemd lower radiation doses compdre

to computed tomography (CT scafBprnstein et al., 2017)

The evidence of the clinical efficiency of cressctional modalitiesused during
implant planningis inconclusivgTyndall et al., 2012)Despite the scangvailability
of rigorous dental implant imaging protocols in variougyi@s around the world
(including South Africa) regulatory bodieshave published guidelines/advisory
recommendationspecific for particular geographical region®.g. the American
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Academy of Oral and Maxillofacial Radiologythe European Association for
Osseointegrationthe European Commissiorthe International Congress of Oral
Implantologsts) (Tyndall et al., 2012; Harris et al., 2012; European Commission, 2012;

European Commission, 2004; Benavides et al., 2012)

In South Africa, the use of CBCT has become popular or aveutine procedre in
some practices for screening purpogbleffke et al., 2011) The lack of local
guidelines tausethese modalities could lead to misuaed consequentlyhe patient
may be haphazardly exposed to higher radiation doses unnecessarily.

Eachtreatment phase during dental implant therapy necessappeopriate imaging
techniqus to fulfil the treatment objectives. In thekapter, the imagingreferences
and clinical opinions of clinicians who perform implant therapy in South Afnaae

been reported.
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CHAPTER 2 |

2.1 DENTAL IMPLANT RADIOGRAPHIC PRESCRIPTION
PRACTICES WORLDWIDE

A survey was conducteth Brazil (Sakakura et al., 2003p assessadiographic
prescriptiontrends during implant therapyA questionnaire was providet 69
practitionersinvestigatingthe modality of choiceluring pre-operative planning and
follow-ups. The results showed thahost participants prescribed panoramic
radiographsas single examinationd he prescription patternare shown in detail in
Table(3.1).

The authors considered the factors that may alter the radiographic prescription during
thetreatment e.g. cost factors, radiation exposure levels, and the area covered by the
radiograph. Most participans chose the panoramic modality forwide anatomic

coverage and cost purpos&akakura et al., 2003)

Table 3.1. Summary of aurvey results (Sakakura et al., 2003)

63.8% Panoramic radiograph®AN) as a single examination

28.9% Panoramic radiogragh* Periapical radiograph(PA) and/or
ConventionalTomography and/o€omputedTomography (CT)

7.2% CT as a single examination

Anaothersurvey was conducted in Brazil (200@yestigatingthe personakonfidence

level duringthe performance ofmeasuremeston radiographs during dental implant
therapy(De Morais et al., 2007)The authors fand thatmostinterviewed participants
weremore confident about the accuracy of measurements estimated on CT during the

pre-operative dental implant assessmenmpared t@anoramic radiographs
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A similar study was conducted in IndjRamakrishnan et al.,024). Threehundred
dentists were interviewed and asked about themliographic prescriptions during

implantsiteassessment he results arpresentedn detail in Tablg3.2).

Table 3.2. Survey results(Ramakrishnan et al., 2014)

Percentage = Radiographic modality

87.3% Panoramic radiograples a single examination

4.6% Panoramic radiogragt{PAN) + Periapical radiograph(PA).
4.3% Panoramiaadiografs (PAN) + CT.

0.02% CT as a single examination

0.066% Periapical radiograpfPA) as a single examination

0% Cone Beam Computed Tomograpi@BCT).

A study in Saudi Arabia in 2017 showed tkating thepre-operativeassessmeruf
implant sitesmostof the 120 dentists interviewed use panoramic radiograhle/to
availability andbroad coveragéAlnahwi et al., 2017)Details regardinghe type of
radiographs prescribet each treatmentagearedocumented ifable (33).

Table 3.3. Survey results(Alnahwi et al., 2017)

PA (ASE) 4.2% 37% 27.1% 39.5%
PAN + PA 18.5% 25.2% 44.9% 31.9%
CT (ASE) 9.2% 12.6% 3.4% 2.5%
PAN (ASE) 13.4% 9.2% 16.1 21%
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PAN + CT 19.3% 5% 4.2% 3.4%
PAN + CT + PA 20.2% 3.5% 4.2% 0.8%

1 ASE: as a single examination

In 2017, a study was conducted in Palestine to survey the current local radiographic
prescription trends(Rabi et al., 2017)0One hundred aniurteendentists participated

and the results showed that most of thé€s8%) prefered to prescrile panoramic
radiographsfor implant assessmeiit mainly due to availability(Table 34). The
remaining participants prefered a combination ofpanoramic radiographs and

computed tomography (CT)

Table 3.4. Factors influencing radiographic prescriptions(Rabi et al., 2017)

FACTOR PERCENTAGE

Availability 42.99%
Availability + cost 17.53%
Cost + measurement precision 3.51%

Cost + radiation dose 10.53%
Measurement precision 25.44%

22 RADIOGRAPHIC PRESCRIPTIONS IN AFRICA

In Libya (Majid et al., 2014) a study was dont® assess the current radiographic
prescriptions during the pmperaive implant site assessmefur 80 participants
Similar to the previous studigsostparticipantsusedpanoramic radiographs for the
assessment (Table53, mainly for factors related to coverage and cost efficiency
(Table 36).
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Table 3.5. Survey resultsof prescription trends (Majid et al., 2014)

PAN (ASE) 70%
PAN + PA 15%
CT with other conventional radiographs 8.75%
CT (ASE) 6.25%

Table 3.6. Factorsinfluencing radiographic prescriptions (Majid et al., 2014)

Factor Percentage

Broad coverage of face and teeth 32.5%
Measurement accuracy 17.5%
Cost 11.25%
Availability 10%
Radiation dose 2.5%

Tothebest of t he g thdrehacemdpmblidhadpovidoreratiggeaphic
prescription during dental implant therapySouth Africa (SA)Neverthelesd\offke

et al.(2011)mentionedhat inSA theuse ofCBCT is becomingincreasingly popular
andin some instances routine procedure. The misuse of this modality includes its

use nbnsmpeci fic screening purposesao.

There is a paucityof literature regarding the current radiographic prescriptiends
among South African dentists. Thisequiresinvestigaion through multiplefuture
surveyswith representive samples.Such information mayhelp decisionmakers
understand the specific needficliniciansin SA, and to establish suitable imaging
protocolsfor implant therapy.
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CHAPTER 3 |

3.1 AIM

To reportthe current radiographic practices during dental implant therapy in SA.

32  OBJECTIVES \

1- Identify the current radiographiorescription trend®f clinicians during implant
therapy in SA.

2- Investigate e factorsnfluencingradiographic prescriptions.

3- Report the clinical preferences, opinions, and experiences of academics and

clinicians placing implants in SA.

33 RATIONALE

1- This study addresss the current radiographic prescription trends in several
nationwide facilities in SA and highlights factors influencing radiographic

prescriptionghat are specific to the local working environment in SA.

2- Allows the local practitioners and academics to participate and share their
experiences, thoughts, andnatal preferences for possible future guidetirte be

establishedby organsational autorities in SA.

3- Highlights thevalueand increases the awareness of local practiticc@serning
the establishment amplant imagingguidelines that help savethe patients from

unnecessary exposuaad at the same timensure clinical efficiency.
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ing different aspects
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 pr i
practices in SA.

| To survey the most important
clinical factors that may alter the
p [ intions in SA.

grap [ >

| To inform the clinical needs,
P and prefi of
the clinicians in SA.

Tools : Questionnaire.
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CHAPTER 4 |

| Estimation and parison 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 : heads si i Monte-Carlo
simuation software.

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

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 3-1. Diagrammatic representation of the main research project The
current sub-study is highlighted.

41  TOOLS AND METHODS |

1 Questionnaire@1/201§.
1 Consent form: participation in the studyR1/201§.
1 Information sheefiINF1/2018§.

4.1.1

OVERVIEW

Seventeen opeended multiplechoice questions were delivered using an electronic
questionnaireAn electronic information she@NF1/201§ was attached to the survey
form ard explained all the aspects of the reseakatonsent formr(CF1/2018 was also

embedded in thguestionnaireand was collected electronicallfas theparticipants
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acceptedo proceecand answer the questi). No names nor personal informatiwas
requiredor collected The questionnaire was published online using GSogtems.

4.1.2 SURVEY STRUCTURE

The questions were scenabased, anonymous, and cos@mll the needed facets
required to accomplish the aiofi this study. Two questions were enabled for multiple
answers. Information was collected mainly concerning the most used radiographic
modalities, personal experiences, clinical preferences, and thiblpdactors that may

influence radiographic presctipns.

The radiographic modalitiéspreferences were assessed during different clinical
situations, various anatomical regions, and cedexll dental implant therapy phases
(planning, intraoperative,and followup phases). The anatomical regions thatewer
assessed during the planning phase incymesterior mandible (unilateral, distal to
first premolar region), anterior region of the maxilla/mandible (canine to canine
region), posterior maxilla regmo (unilateral: distal to the first premolar), one jaw
(mandible/maxilla) or both jaws (full mouth), and the mental foramen region

(uni/bilateral).

The options of the radiographic modalities were: Periapical radiograph/s (PA) only,
Panoramic radiograph (PAMNNly, PAN + PA, PA + CBCT, RN + CBCT, CBCT

only, ard no radiographg~actors including cost, availability, radiation dose concerns,
broad coverage, dimensional accuracy (3D volumes), additional anatomical
information (3D volumes), and specmbcedures (e.g. 3D volumes for guided implant
surgery) were ingired as motivating factors for the selection of radiographic

examinations. For detailed informatigiease see the questionnaige(2018.

The level of formal training received (e.general dentist, pogtaduate student,
specialist) and the provinces where participants praciieee captured. Age and

gendemwerenot collectedn thesurvey.
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INCLUSION CRITERIA

Practitionergspecialists/academitsgnior residentsat the departments of
Periodontology, Oifdamaxillofacial surgery, Prosthodonticgand Oral and
Maxillofacial Radiology who are enrolled in implant therapy in dental schools
in South Africa.

Specialists who perforrmplant therapyn private practice

Privatepractitioners with dental implant perienceof not less thathreeyears.

EXCLUSION CRITERIA

Dental facilities (private/public/academic) that do not offer dental implant

therapies.

SURVEY DISSEMINATION

Electronic mailing lists of the South African Dental Association (SADA), the
South Arican Society for Periodontology, Implantology, and Oral Medicine
(SASPIO), and the South African Society of Maxillofacial and Oral Surgeons
(SASMFOS).

Per®nal surveyl/interviews of clinicians duringpnferences held in South
Africa, including the ITI implant Congress (Cape Town, S3uly 2019) and

the SADA congress (held in Durban, S8eptember 2019).

InterviewsAn online survey population by academics in the departments of
periodontology, maxillofacial surgerprosthodontics, oral and maxillofacial
radology, andthe senior registraat the University of the Witwatersranthe

University of Pretoriaandthe Univesity of the Western Cape.
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The participants had the choice to be either interviewed or provided with an electronic
survey link (Googl@ Forms ®). A hardcopy format of the questionnaire was also
offered upon t he par t The interaiewerd Gvhene applicabke)t were
trained and calibrated to the format and questions of the questionnBire.
interviewers were available to answer aueries about the survey itseffut did not

makesuggestionsrorecommendations.

4.1.6  SAMPLE SIZE AND SELECTION PROCESS:

The representative number of participants was advised by the statistician. The

participants were selected according to the inclusiberiar (section 41.3).

All data points were captured from multipleSGoogle forms and exported to Exgel
(Microsoft®, WA, USA) softwarefor statistical analysis
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CHAPTER 5 |

Onehundred andiorty-two responsewere captured anahalysed (Table3.7).

Table 3.7. Distribution of the surveyees

Survey platform Number of participants

Conferences 40
Online population 71
Academic institutions 31
Total 142

Thehighest percentage of participa(€hart3-1) werepractsing implantology inthe
Western Cap®rovince(excluding 47 participantthatfailed to capture their place of

practice)

m Eastern Cape

= Free State

= Gauteng
KwaZulu-Natal

H Limpopo

® Mpumalanga

m Northern Cape

m North West

m Western Cape

Chart 3-1. The province of the dental practice of thosesurveyed.
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Sixty-threeparticipantg44%)were general dentists with implant experience (3 years
min.), followed by 28 periodontists 20%), 16 registrars (11%)15 maxillofacial
surgeong11%), 12 prosthodontists8%), and8 maxillofacial radiologsts(6%), further
illustration in Chart3-2).

m General dentist with implant
experience (3 Years Min.)

= Periodontist

= Prosthodontist
Oral and Maxillofacial
radiology

m Oral and Maxillofacial surgeon

m Registrar (Perio., Prosth.,
OMFS)

Chart 3-2. Distribution of the formal training received by participants.

Onaverageduringtheimplant planning phase (for all anatomical regions in the jaws)
thepanoramic radiographs wittonebeamcomputedomography (PAN + CBCT) was
the most prefeed modality (39%), followed by CBCT (as a single examination)
(29%), periapicalradiograph (PA) with CBCT1©%), PAN + PA 8%), PAN only
(2%), other (2%),and PA only (1%). Detailed radiographic pferences in various
specificanatomical regions adepictedn Table3.8 andChart3-3 (A-E).

70| Page



PART 3| RADIOGRAPHIC PRESCRIPTION SURVEY

Table 3.8. Radiographic modalities preferred in various anatomical regions
during the implant planning phase.

2 0 0 1

PA only 0

PAN only 4 4 4 2 2
PAN + PA only 10 10 12 14 10
PA + CBCT 26 40 29 14 28
Pan + CBCT 60 46 56 69 48
CBCT only 39 38 38 40 50
No Radiographs 0 1 0 0 0
Other modalities 3 1 3 3 3

1 Region 1:Posterior mandible (Unilateral, distal to first premolar region)
Region 2: Anterior region of the Maxilla/Mandible (Canine to Canine region)
Region 3: Posterior maxilla region (Unilateral: distal to the first premolar)
Region 4: One jaw (Mandible/Maxilla) or both jaws (Full mouth)

Region 5: Mental foramen region (Uni/bilateral).

= =4 =4 A A

PA: Periapical radiograph, PAN: Panoramic radiograph, CBCT: Cone beam

computed tomography.

A| Posterior mandible
(Unilateral, distal to first premolar region )

m Periapical radiograph/s (PA) only
u Panoramic radiograph (PAN) only
u PAN + PA only

P.A+ CBCT
®Pan + CBCT
u CBCT only

m No Radiographs

B Others

Chart 3-3. Radiographic modalities prescribed during the planning phase (AE).
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B| Anterior region of the maxilla/mandible
(Canine to Canine region)

= Periapical radiograph/s (P.A) only
m Panoramic radiograph (PAN) only
= PAN + P.A only

=“P.A+CBCT

mPan + CBCT

mCBCT only

m No Radiographs

m Others

C| Posterior maxilla region
(Unilateral: distal to the first premolar)

m Periapical radiograph/s (P.A) only
m Panoramic radiograph (PAN) only
= PAN + P.A only

=P.A+CBCT

mPan + CBCT

u CBCT only

m No Radiographs

m Others

Chart 3-3. (Cont.)
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D| One jaw (Mandible/Maxilla) or both
jaws (Full mouth)

m Periapical radiograph/s (P.A) only
= Panoramic radiograph (PAN) only
®PAN + P.A only

P.A+ CBCT
mPan + CBCT
u CBCT only

m No Radiographs

m Others

E| Mental foramen region (Uni/bilateral)

m Periapical radiograph/s (P.A) only
m Panoramic radiograph (PAN) onl
= PAN + P.A only

P.A+ CBCT
mPan + CBCT
uCBCT only
m No Radiographs

m Others

Chart 3-3. (Cont.)
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Factorsthat mostly influenced selection of a certain radiographic modalgg/during
the implant planning phasare shown inTable 3.9 and Chart 3-4. Generally, the
influencingfactormosty s e | e ¢ t €hdeedimnarsionél modalities provide more
anatomical information necessary for the success of the tliefafpgwed bynBetter
dimensional aagracy (if threedimensional modalitiese.g. CBCT were selected
previouslyp , f o | | readv@vkrade pf the designated anatomical area.

Table 3.9. Factors that influence radiographic preference during the implant
planning phase.

Factors (Multiple answers were allowed): Participantgn=

142)

Lower costs for the patientsif the conventional modalities PAN and/or PA 12

were preferred previously)

Availability and ease ofaccess of the radiographic modaty (if the 18

conventional modalities PAN and/or PA were preferred previously)

Radiation dose concerns of threglimensional modalities (if the 7

conventional modalities PAN and/or PA were preferred previously)

Broad coverage of the designated anatomicarea (If PAN and/or CBCT 71

were preferred previously)

Better dimensional accuracy (if threedimensional modalities e.g. CBCT, 87

were selected previously)

Three-dimensional modalities provide more anatomicainformation 110

necessary for the success of thberapy

Only three-dimensional modalities (e.g. CBCT,)if guided implant surgery is 29
considered
Other reasons 5
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m Cost

information

surgery
m Other reasons

m Broad coverage

= Dimensional accuracy

u Availability and accessability

® Radiation dose concerns
m 3D scans provide more anatomical

m 3D scans for Guided implant

Chart 3-4. Factors influencing radiographic preference during the implant

planning phase.

During and directly after surgergeriapical radiographs (@single examination) ere

the most preferred (87#nNd65%, respectively andfurther details ardocumentedn

Table3.10andChart3-5 (A&B) .

Table 3.10. Radiographic modalities preferred during and directly after the

surgery.

Periapical radiograph 123 92
Panoramic radiograph 2 26
CBCT only 7 18
No radiographs 10 6
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A| During the surgery

= PA
m PAN
u CBCT only

®m No Radiographs

B| Directly after the surgery

= PA
= PAN
u CBCT only

= No Radiographs

Chart 3-5. The radiographic modalities prescribed during and directly after
surgery (A&B).
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Periapical radiographsgaingle examinatios) werealsothe most preferrethodality
for thefollow-up of asymptomatic patiea{46%), while CBCT (a single examination)
was the most selectedexaminationin the case of any posiperative complications
(32%); further details aréabulated Table3.11) andChart3-6 (A&B) .

Table 3.11. The radiographic modalities preferred during follow-ups for
symptomatic and asymptomatic patients

Periapical radiograph/s (PA) only 66 11
Panoramic radiograph (PAN) only 20 5
PAN + PA only 25 21
PA + CBCT 1 37
Pan + CBCT 8 17
CBCT only 12 46
No Radiographs

Others

Al Follow-up

(Asymptomatic patient)

m Periapical radiograph/s (P.A) only
= Panoramic radiograph (PAN) only
= PAN + P.A only

P.A+ CBCT
mPan + CBCT
uCBCT only
m No Radiographs

m Others

Chart 3-6. The radiographic modalities prescribed during the followup of
A/symptomatic patients (A&B).
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B| Follow-up
(Symptomatic patient)

m Periapical radiograph/s (P.A) only
® Panoramic radiograph (PAN) only
mPAN + P.A only
P.A+ CBCT
mPan + CBCT
mCBCT only
m No Radiographs
m Others

Chart 3-6. (Cont.)

Factorsthat mostlyinfluenced radiographic preferensealuring the follow-up phase
werefiCBCT provides more information regardless of the litrotes of possible beam
radiographic artefacs caused by, follomed by romadacoverage,
availability and ease of accemsdlimitations of CBCT (beam hardening and scattering
artefacs), andother reasonglable3.12).

Table 3.12. Factors that influence the radiographic preference during followup.

Factors (Multiple answers were allowed): # Participants

(out of 142)

Conventional radiographs (especially PApre preferred, as the CBCT is of 37
limited value if radiographic artefacts (caused by implants e.g. beam
hardening and scattering) are evident in the volume.

CBCT provides more information regardless of the limitations of possible 67
beam radiographic artefacts caused by the implants

Availability and ease of access of the radiographic modality 37
Broad coverage of the designated anatomical area 40
Other reasons 8
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Most participants (56%)ndicated thatradiographic followup frequency (after the
delivery of the prosthesisyasi Af t er the first 6 mont hs, 1:
yearforally e ar [GhartB-9.d 0

m After the first 6 months, 12
months, and then every year fo
a 10 year period.

= Every year for a 10 year period.

m After 6 months, 12 months and
then every year for a 3 year
period.

= Every three years for ten years

m other

Chart 3-7. Frequency of radiographic followrup (after the delivery of the
prosthesis).

Comparisons between the level of forntiaining and the modrequently selected
radiographic examination during various treatment phadesg with the motivating
factors fortheir choicearenoted(Table3.13, Table3.14, andTable3.15).
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Table 3.13. The mostfrequently selected radiographic examinationsluring planning phaseby various

dental specialties.

GP (63)

Periodontists Prosthodontist

OMFS (15)

OMFR (8)

Registrars (16

Region 1 Overall

% CBCT*

Region 2 Overall

% CBCT*

Regon 3 Overall

% CBCT*
Overall

Planning phase

Region 4

% CBCT*

Region 5 Overall

% CBCT*

PAN +CBCT
(43%)

51(80.95%)

PA+CBCT
(35%)

50 (79.36%)

PAN+CBCT
(35%)

49 (77.77%)

PAN+CBCT
(52%)

51(80.95%)

PAN+CBCT
(36%)

52 (82.53%)

(28)

CBCT
(43%)

27 (96.42%)

CBCT
(50%)

26 (92.85%)

CBCT
(39%)

27 (96.42%)

CBCT
(53%)

26 (92,85%)
CBCT
(57%)

26 (92,85%)

s (12)

PAN +CBCT
(59%)

10 (83.33%)

PAN +CBCT
(67%)

10(83.33%)

PAN +CBCT
(67%)

10 (83.33%)

PAN +CBCT
(67%)

9 (75%)
PAN +CBCT
(50%)

11(91.66%)

CBCT
(46%)

14 (93.33%)

CBCT
(53%)

14(93.33%)

CBCT
(60%)

14 (93.33%)

CBCT
(53%)

14 (93.33%)

CBCT
(67%)

14(93.33%)

PAN +CBCT

(62%)
8 (100%)

CBCT (38%)

8 (100%)

PAN +CBCT

(50%)
8 (100%)

PAN +CBCT

(62%)
8 (100%)

PAN+CBCT
& CBCT only

(50%)
8 (100%)

PAN +CBCT
(56%)

15 (93.75%)

PAN +CBCT
(50%)

16 (100%)

PAN +CBCT
(63%)

15 (93.75%)

PAN +CBCT
(62%)

15 (93.75%)

PAN +CBCT
(50%)

15 (93.75%)

Percentage of selections included CBCT (as a single examination or combined with other techniques)

Region 1: Posterior mandible (Unilateral, distal to first premolar region)

Region 2: Anterior region of the Mald@/Mandible (Canine to Canine region)

Regim 3: Posterior maxilla region (Unilateral: distal to the first premolar)

Region 4: One jaw (Mandible/Maxilla) or both jaws (Full mouth)

Region 5: Mental foramen region (Uni/bilateral).

GP: General practitioners MOFS, OMFR: Oral and/axillofacial Surgeons and radiologists, respectively.

=4 —a —a _a _a_29

Table 3.14. The most frequently selected radiographic examinations during surgical and posurgical
phases by various dental speaiities.

GP (63) Periodontist Prosthodont OMFS (15) OMFR (8) Registrars GP (63)

s (28) ists (12) (16)
During the Overall PA (90%) PA (96%) PA (83%) PA (67% PA (75%) PA (81%9
surgery % CBCT*  3(4.76%)  1(3.57%) 0 1(6.66%)  1(12.5%) 1 (6.25%)
Directly after Overall PA (70%)  PA(64%)  PA(50%)  PA(40%)  PA (62%) PA (81%)
iz Sz % CBCT* 8 (12.69%) 6 (21.42% 0 2(13.33% 2 (25% 0

( ) ( ) ( ) (25%)
Follow-up overall PA (59%) PA(50%) PAN (25%) PAN (53%)  PA (62%) PA (44%)
g;?g:t';’t"ma“c % CBCT* 8(12.69%) 3(10.71%) 2(16.66%) 2(13.33%)  1(12.5%) 5 (31.25%)
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Follow-up Overall PA+CBCT PA+CBCT CBCT (41%) CBCT CBCT (43%) CBCT (50%)
(symptomatic (32%) and CBCT (40%)
patient) only (39%)

% CBCT* | 38 (60.31%) 23 (82.14%) 9 (75%) 10(66.66%) 6 (75%) 14(87.5%)

* Percentage of selections included CBCT (as a single examination or combined with other techniques)

Table 3.15. The number of participants vs factors chosen by various dentapecialties.

Motivating factor GP Periodontists Prosthodontists OMFS OMFR  Registrars

% of 63 % of 28 % of 12 % of 15 % of 8 % of 16

Lower costs for the patients$ the 10 0 (0%) 1(8.3%) 0 (0%) 0 (0%) 0 (0%)
conventional modalities PAN and/or PA (15.9%)
were preferred previously)

Availability and ease of access of the 15 0 (0%) 0 (0%) 2 0 (0%) 2 (12.5%)
radiographic modality (if the conventional = (23.8%) (13,3%)

modalities PAN and/or ®were preferred

previously)

Radiation dose concerns of three 2 (3.2%) 2 (7.1%) 0 (0%) 1 (6.7%) 1 1 (6.25%)
dimensional modalities (if the conventiona (12.5%)

modalities PAN and/or PA were preferred

previously)

Broad coverage of the designated anatom 29 (46%) 12 (42.9%) 7 (58.3%) 7 6 (75%) 8 (50%)
area (If PAN and/or CBCT were preferred (46.7%)

previously)

Better dimensional accuracy (if three 37 13 (46.4%) 10 (83.3%) 11 7 8 (50%)
dimensional modalitie®.g. CBCT were (58.7%) (733%) (87.5%)

selected previasly)

Threedimensional modalities provide more 41 24 (85.7%) 10 (83.3%) 13 6 (75%) 14(87.5%)
anatomical information necessary for the = (65.1%) (86.7%)

success of the therapy

Only threedimensgonal modalities (e.g. 11 4 (14.3%) 1(8.3%) 5 5 2 (125%)
CBCT) if guided implant surgery is (17.5%) (333%) (625%)

considered

Other reasons 3 (4.8%) 0 (0%) 1(8,3%) 1(6,7%) 0(0%) 0 (0%)

1 Multiple answers were allowed.
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CHAPTER 6 |

Although theprefared radiographic modalitiegere not consisteifior all the anatomic
regionsinvestigatedthe panoramic radiograph combined wita CBCT was the most
chosen modality during implant plannif@uring implant planning in all ggonsof the
jaws, the rangeof selectionsthat contain CBCT (either in combinatianith other
modalities or as a single examinatiovgs 75 - 100%with anaverageof 91%. This
provides compelling evidence that the CBCT examination is very popular and
preferable duringmplant treatmet planning. Slight variations between the most
selected radiographic examinatsoturing the therapy are noted between different
dental speciglies and in differentanatomical regions and treatment phagesing
theimplant planning phasé¢he OMFS ad periodontists preferred CBCT (as a single
examination) predominantly in all the anatomical regiavisle prosthodontistand
registrars predominantly selected pamai@ radiograph combined with CBCT
examinationGeneral practitionenmost ofterselectedAN + CBCTandPA + CBCT

(in one region)while OMFR selections were a combination of PAN+CBCT and CBCT

(as a single examination).

During and directly after surgergnostparticipants chose periapical radiographs (PA)
as a single examination. Duritigefollow-up of asymptomatic patientsostpreferred
examinations were PAnly (Periodontists, GP, registrars, and OMBRY) PAN only
(Prosthodontists and OMFESBy contrast during the followup of symptomatic
patientsthe prosthodontists, OMFS, OMFR, argbistrars agreed on CBCT (only) as
the examination of the choicewhile most GPs preferred a combination of PA and
CBCT examinatioa Moreover, PA and CBCT volumes and CBCT (as single
examination) were preferred Iperiodontists (39%39%, respectively) ding the
follow-up of symptomatic patient$he range of selections that contain CBCT (either
in combination with other modalities or as a single examination) wa&5% with an
average of 8.85%uring and after the surger¥0.71%-31.2%% duringthe follow-up

of asymptomatic patient@verage of 16.19%and 60.31% 87.5%range withan

average of 74.43%or symptomatic ones.
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Most participants (56%) believe that the follawp frequency should be afterx
months, 12 months and annually for 10 years

For implant planning,most participants(in all specialties) indicated that the 3D
examinations provide extra anatomical details @ineparamount for the success of the
therapy in addition tothe bettedimensional accuracy provided with these techesqu
Broadradiographicoverageof a certain radiographic modaljyroviding a wide field

of view, was alsca nonnegligible factor in the selection of the radiographic modality
during the therapy. Cost factors and radiation dose concerns were the &dfest the
examination selection accorditgthe participantsDuring follow-up of symptomatic
patients, 47% of participants indicated that even within the possible radiographic
artefacs caused by thstructure of the dental implafite. beam hardeningrtefac),
CBCT still can provide more information needed to optimally assess the occurred
complication. Nevertheles26% of participants indicated the ppsite with superior

diagnosticvalue of conventional modalitieglvocatedn these instances.

Threestudies conducted in India [8ingh et al(2019) Shewale et a[2017) andMall
andPritam(2017)surveyng the radiographic trends during implant plaxgfor 160

175, and 176 participants respectively The three studiesreportedthat the majority
prescribepanoramic radiographs as a single examination due to factors related to
availability and broad coveragalso, Singh et al(2019)andMall andPritam(2017)
reportedthat 8% and 5.3% (respectively)of the specialistrescribe Computed
Tomography examinations (CT) as single examination

A surveywasconductedn Italy (Di Murro et al., 2020)o assess the prescription trends
of practitioners during the followp phase.Five hundred amh sixteen clinicias
participated,and of them 84% indicated the use of intraoral periapical radiographs,

8.8% preferred panoramiadiographsard 6.9% preferred CBCT.

Surveys conducted iBrazil (Sakakura et al., 200&)nd India (Ramakrishnan et al.,
2014)and Libya(Majid et al., 2014)of 69, 300, and80 practitioners, respectively,
showed that the panoramic radiographs (as a single examination) were the most
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preferred modality for the surveyed clinicians during implassessmentThe
effectiveness fothe cost and broad coverageere the main influencing factors
mentioned(Majid et al., 2014; Sakakura et al., 200B) Palestine (2017} study
reportedthat the majority ol 14dentists prefeed to prescribe panoramic radiographs
mainly due to availability factordRabi et al., 2017)n a 2017 study irbaudi Arabia,
mostof the 120 dentists interviewed preferqgahoramic radiography during various
dental implant phasedue tocosteffectiveness and coverage of the area of interest.
During the preoperative phase, the stutgportedthat the combination of PAN, PA.
and T was the largest selected option (20.2%nahwi et al., 2017)In Turkey
(2011),383dentists were surveyed witlb6indicatingvariable CBCT experience. The
study reported that implant planning was the most common reason for CBCT

prescriptionf D° |l ekoj |l u et al ., 2011)

Inconsistent radiographic prescriptions were foatttie international level, whigln
certaininstanceswas foundtobei ndependent of the social we
levels(Horner et al., 2015Multiple elementsmpactedthe radiographic prescription
Theseinclude the infomation and treatnme patterns inherited from educators (in all

dental educational levelsds well astte economic strain of the clinician that may prefer

a certain type of radiography (e.g. CBCT) to increase the profit range of treaiment
addition,thelimited trainingand knowledge on CBCT use and interpretation by some

cliniciansalso play a rol¢Horner et al., 2015)
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CHAPTER 7 |

Within the limitatiors of this study, the panoramic radiograph comeloi with CBCT
werethe preferred examinations during dental implant planning ammmsgsurveyed
practitioners inSouth Africa. During and directly after the surgical placement of
implants the vast majority pferred intraoral periapical radiographs asgks
examinations.Intraoral periapical radiographs (as single examina}iavere also
preferred for the followup of asymptomatic patients, whi€BCT (asa single
examination) wapreferredn symptomatic pagnts.The factor which most influenced
the raliographic prescription wakhe superior anatomical information provided by
threedimensionaimodalities €.g. CBCT) followed by better dimensional accuracy.
The most preferred radiographic follayp frequency was after 6 and 12 months and

then every yeafor a10-year period.

The pandemic novel aronavirus(in South Africad limited the ability to conduct the
survey physically in various other SA provinces (other than the Western, @age)
online channels wengsedinstead. Thisnfluencel the motivation time,and the ability
of several clinicians to participate.
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Aim: To assess the clinical accuracy of measurements obtained from different
radiographic modalities.

Materials and Methods: Physical and virtualimear distances in three dimensipns
were assessdd tenanatomicategionsonsix dried, edentulousuman skullsMetallic
balls were used as radiographic markarthree radiographic modalitiesone beam
computed tomography (CBCTpanoramic (RN), and periapical radiographs (PA).
The anglar distances aloniipe curved arches of both jagetween the uppenetallic
balls) were measured using cords. Statistaradlysisof the mean differences between
physical measurements and the tested radiographic modalities was done oiseng
way ANOVA (p-value < 0.05)The ntraclass correlation coefficient (IC@asused
to analyse the level of consistenayf observers

Results: The overall mean difference between physaral radiographic (CBCT, PAN
and PA)measurements for all the studigdnensonsshowed statistical significance.
CBCT revealedthe least discrepancwith anoverall submillimete underestimation
in maxilla (M.D =-0.638 mm, SB= 0.203) and overestimation in the mandible (M.D
=0.326 mm, SBx 0.23). The panoramic measurernseshoved overestimation in both
the maxilla (M.D =2.229 mm, SD= 0.856) and mandible (M.D 3.832 mm, SD=
1.272). Periapical radiographs showed overall underestimation (MBO&7 mm, SD

= 1.31) in the maxilla and overestimation (M.[L849 mm, SB= 0.875)in mandible.

Conclusion: Measurements obtained from the CBCT were the most accurate (i.e.
submillimetre overall accuracy) when compared with panoramic and periapical
radiographsAlthough panoramic and periapical studies showed individoalirate
reading (submillimete), thar overall measuremendifferences indicate an inferior
dimensional accuracy compared with CBQhe author confirmghe precision of the

CBCT modality and recommesd for implant planningourposes

87| Page



PART 4| DIMENSIONAL ACCURACY

= elsEEl measuement accuracyGBCT accuracy, panoramic accuracy, linear

measurements, angular measurements

LIST OF ABBREVIATIONS AND ACRONYMS

Abbreviation Description

A-segment Anterior segment.

CT Computedomography.

CBCT Cone Beam Computefomography.
DH Horizontal distance.

DLA Distance lower anterior.

DLP Distance lower posterior.

DUA Distance upper anterior.

DUP Distance upper posterior.

DV Vertical distance.

ICC Intra-class correlation coefficient
LHS Left-hand side

M.D Mean measurement difference

M/C - segment

P- segment
PA

PAN

RHS

SA

SD

TBH

M: mental foramen in the mandible.
C: canine segment in the maxilla.
Posterior segment.

Periapical radiograph.

Panoramic radiograph.

Righthand side

South Africa.

Standard deviatian

Tygerberg Hospital.
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Dental radiology remains a core component in the diagnosis and planning of several
dental therapies. In recent years, the development and integration of affordable cone
beam computetbmography (CBCT) into dental practice introduced a new dimension

to the diagnostic capabilities of denti@®rnstein etl, 2017) Besidesffering multk

planar images that are reconstructed with highly reproducible dimer{sMostfeghi

et al., 2012; Stratemann et al., 2008; Luangchana et al., ,2@J@lows a three
dimensional perspective to surgical plamgnand the use afomputeraided surgical

procedure¢Fligge et al., 2017)

Despite all the advantages offered by thid@mensional modalities, ocwentional

modalities likepanoramic radiographs are still the most comiyparsed radiographs
during various dental treatmeritsincluding dental implant therap{fyndall et al.,

2012; Vazquez et al., 2008; Assaf & Gharbyah, 20Edytors like simplicity, cost

effectiveness, lower radiation doses, and wide availapiktyntribute to this
widespread of modalitfVazquez et al., 2008; Assaf & Gharbyah, 2014)

One of the most importamequirements of a specific radiogtac modality is the
ability to provide accurate dimensions and reproducible measurements of the
anatomical structurgdlagalaxmi et al., 2015; Ozalp et al., 20\)iltiple reportshave

stated that duringmplant therapy, the tolerable measment error obtained from
different radiographic modalities need to ibhethe submillimetre range(Ganguly et

al., 2011; Nikneshan et al., 2014)

To date there isconflicting evidence concerning the optim radiographic modality
to use for implant planning purposes (particuladgncerningthe accuracy of
measurements of various techniqu@salp et al., 2018)Somestudies advocate the
possibility of using 2dimensional panoramic radiographs for implant planning (in non
complex cases)i particularly when used for vertical dimensiassessment in the
mandible(Assaf & Gharbyah, 2014; Ozalp et al., 2018; Amarnath et al., 2016h Za

89| Page



PART 4| DIMENSIONAL ACCURACY

et al., 2011; Hu et al., 2012; Pertl et al., 2013; Kim et al., 2011; Vazquez et al., 2013)
On the contrary, other authdiBou Serhal et al., 2002; Correa et al., 2014; Bertram et
al., 2018; Haghnegahdar & Bronoosh, 2013; Dudhial.et2011)ound that using
panoramic radiographs provilenaccurate dimensional readingghich impose

possible riskgespecially if no magnification factovgereconsidered).

The jaw archarchitecture is cued resembling ahorseshoe like conformatiomand
does not k& in a single curved plariebut many.This must be considered during the
planning of various procedures especially with two-dimensional radiographic
modalities.The practicality of applying angular measureisen certain anatomical
regionsis thus highighted The authohypothesisgthatthe reproduction o¥irtually
planned measurements from tdimensional measurements into multidimensional
physical structures (i.e. jaws) mapt be accuratéAn assessment of the accuracy of
linear andphysicalangubar measurements (for implant planning purposes) in various

radiographic modalitiesvascarried out by the author
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The CBCT isconsidered one of the best curtgravailable imaging modalitgefor the
accurate assessment of the location, anat@myboundaries of the mental foramen
(Aminoshariae et al., 2014)

The iadiographicgeometrical analysis wasonducted on dry human skulls by
Moshfeghi et al(2012) The authors meased thephysicaldistances between specific
landmarks on the skulls using dlgzer, and then compared them with measurements
obtained from the corresponding CB volumes They found thatCBCT was very
accurate(in the axial and coronal planeahd couldpreciselyreproduce the linear
measurements. The authossggestedthe use oflarge voxel sizeduring CBCT
acquisitions,as the voxel size does nioifluencethe measuremeraccuracy while

reducingthe received radiation dose and accelerating the vol@piettbntime.

A studyin Japan to compare the CBCT virtual measurements with their corresponding
physicalones(Stratemann et al., 2008pund that CBCT showedhighly accurate
measurementsvhen compared with the corresponding physical lindigtances

revealinglessthan a 1% relative error.

Somestudies reportedlight underestimation in CBCT measuremearampared with
physical measurement¢Baumgaertel et al., 2009; Luangchana et al., 2014y
underestimation from a clinicglerspectivas considered safer thawverestimationn
terms of thegprotectian of vital anatomicaktructures duringhe surgical placement of

implantsin the vicinity (Luangchana et al., 2015)

The dimensions o060 implant sites on CBCT and panoramic radiographwere
investigatedand compared witktheir correspondinghysicalmeasurementssing six
human driedskulls (Luangchana etla 2015) The CBCTdemonstrate@ccurateand
reproducible vertical dimensienThe position of the head during radiograplisis

found not to influence the accuracy dfie measurementsy CBCT. By contrastin
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panoramicexaminations accuratelinear measwementswere only obtained from

correctly positioned patients

The accuracy of measurements of plosition of themental foramemising panoramic
radiographyandcomputed tomography (CTyas assessd@ou Serhal et al., 2002)

The corresponding physical measurements were compared in vivo during the implant
surgery. Regarding the vertical dimsion, the parmamic measurementsvere
significantly different compared toperioperative measurements and computed
tomography (CT). On the other hand, Qiroduced negligible submillimete
differences. An average of +0.6 mmverestimatioh of the distancegn panoramic
images and0.3 mm in computed tomographyean errorsvere found. The negative
mean error found in (CTi¥ arguedo be due to the lack of magnification and superior
control overthepat i ent 6 s posi t iboverestimdtionein papeamis ur e me n t
radiographssuggestedt was highly influenced by errors ithe patiend positioning

(Bou Serhal et al., 2002)

Zarch et al.(2011) assessd the vertical dimension measurements of the jaws on
panoramic radiographdried human skulls with metal markers were used and
different head paBons were assesserthe authors concludegtat measurements done
on panoramic radiographs were underestimated in 83% of the samiphean only
8.5% overestimation, and 8.5% showed no difference. The sardjudedhat more

reliable linear measuremesiwereobtained inthe posterior segment of the mandible.

In a relevant study (2012) done to assess the vertical and horizontal accuracy of the
panoramic crossectional tomograph®ehra & Pai, 2012)the measurements were
found to be accurate in the horizontal and vertical dimensidasnce this can be
considered aeliable modality for implant size estimatiomhile considerig the

appropriate magnification factors.
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In Austria (Pertl et al., 203), a studyinvestigatedthe accuracy of measurements
obtained from panoramic, CT scan, and CBCT radiogrape gold standard was
physical anatomical measuremedtse on 10 human heads (cadaveAn inaccuracy

of panoramic radiographsoncerning the assessment of vertical distances (especially
in the anterior regions compared to the posterior regions of the mandisie¢ported

The authors alsmoted the accuracyof CT and CBCT measurementBhe study
confirmed the usefulness of ugisteel ballsnarkersfor the calibration of panoramic

measurements.

Assesment ofthe accuracy of the vertical measuremeintghe posterior mandible
regions using digital panoramicdiagraphsvas done byAssafandGharbyah(2014).

The study indicated a reliablevertical dimensionassessmentn the posterior
mandibular segmentconsidering that the x-ray unit is calibrated and the

manufactured software is used.

Investigation of the panoramic and CBCT accuracy of vertical horizontal
dimensions s conducted byTang et al.(2017) Although there were inconsistent
magnification rates on panoramic radiographs, the CBCT and panoramic

measurements wesggnificantly correlated.
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3.1 AIM

To assess the clral accuracy of measurements obtained from different radiographic

modalitiesused for dental implant therapy.

3.2 OBJECTIVES
1-

2-

3.3
1-

2-

To measure the physical linear distances (width, leragttd height)n-between
designatedeferencepointsin the maxilla and mandile.

To measure thecorresponihg virtual distanceson CBCT, periapica) and
panoramiaadiographs

To compare each radiographic modality with its correspandhysical
measuremest

To compare the accuracyf measurementshbbained fromthree radiographic
modalities.

To compare thehysical linear and angular distances.

RATIONALE

As the measurement accuracy is an important clinical fadtoencingthe choice

of a certain radiographic modality, the assessment of the dimensional accuracy of
the xray unts (at Tygerberg Hospital) becomes vital.

To provide evidencebased iformation on the dimensional accuracy of various
radiographic techniques andaohines.
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Radiation Dose assessment
Narrative reviews Measurement Accuracy

parison of the effective doses
| ProvIdLos lntormoﬁon and a di hic modalities during

grap

4 implant therapy. A t of the y of
:::.:::: : du::'.d'::::'::"m' | Check the accuracy of the Monte-Carlo simulation ll,,.q, and angular measurements
g":ﬂk:ms d ity for effective dose calculati of different radiographic

by the organizational bodies =ity = s i = - modalities.
i g nt P ts simuation software.
of implant imaging. Tools : Skulls, :(:: units, )

the radiographic modu“ll.os us:tl

during the implant therapy.

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

Current Radiographic
Practices in South Africa (SA) Backatiof peosction
| Provides information about the
et hi rioti | To evaluate the impact of a
practices inSA. = novel modified head cap and eye
shield on the radiation doses
| To survey the most important received during implant therapy.

clinical factors that may alter the
di hi in SA.

graphic p P
| To inform the clinical needs,
peri and pref of
the clinicians in SA.
Tools : Questionnaire.

Figure 4-1. Diagrammatic representation of the main research project. The
current sub-study is highlighted

4.1 STUDY DESIGN

This studyis experimentain vitro study.

4.2 METHODOLOGY

Edentulousdried skull/s.

Panoramic x-ray unit (Sirona® Orthophos® XG3).
CBCT unit (NewTom® VGi).

Periapical radiographs (PSP:phosphor storageplates).

Tools

Digital calliper.
Radio-markers: (4.5 mm ball bearings).

> > > > P> D>
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4.2.1 OVERVIEW

Six dried human skulls (gender and ethnicity neglected) were collected from the
Division of Clinical Anatomy, Faculty oMedicine, Stellenbosch University (Cape
Town, South Africa) The skulls were fully edentuloy®ith evident alvetar bone)
adultsize, and with the calvarium cut off. Metallic bearing balls of known diameter
(4.5 mm) were fixed directly on the mandilar and maxillay bonesurfaces using

rigid, sticky wax. Five regions (segments) in each jaw were selectesgent
(anterior), M/G segment (M: mental foramen in the mandible and C: canine segment
in the maxilla),and R segment (posterior). In the mandible, each segment has three
metallic ball markers placed in a triangular pattern-i§#ll- placed on the top of the
alveolar ridge, and two parallel balls with one on the buccdigl and the other on

the lingual/@latal surfaces @Dall)). In the maxilla, only two metallic balls (X and Y)
were paced. X, Y, and Z balls were aligned on the same cofbpakontal)level with

the X and Z balls aligned at the same aguatltical)level. The vertical distans€DV)
between X and Y ballsas well as the horizontal distance (DH) between X and Z, balls
weremeasured physically and compared with the corresponding virtual radiographic
measurements. Additionallyglveolar arc lengthsbetween Y balls(namely DLA:
Distance laver anterior, DLP: Distance lower posterior, DUP: Distance upper
posterior, and DUA Distance upper anterior) in botirches were also measured
(Figure4-2).
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Figure 4-2. Diagram showing thereference points and distancemeasured.
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422 PHYSICAL MEASUREMENTS:

The physical measurements wemenductedusing a digital cdiper (Mastercratft,
South Africa) with the following specifications: measure rang®0 mm, resolutio:
0,01 mm, accuracy: 0,03 mm, and repeatability: 0,01 Wmacdliper readings were
reconfirmed manually using a rujgrior to the analysis of every skull.

For panoramic and intraoral acquisitions, the mandibles were placed on a uniform table
(rectanglar wood 15x 15 cm, fixed on a movable tripod). The mandibles were
supported with uniformhsized sponges placed und#ne mandibular angles
(bilaterally), simulatinganideal radiographic positioff.he wniform level between the

left and right sides of .hamandible was ensured for each mandible using a combination
square with a spirit level (ROSSMitco®, Ching. During he analysisa spirit level

was placed on theppermost surfacaf eachY - ball, establishing levéledupper limit
(tangent) for vertial measurement$he vertical distances (DV) between the level and
the uppermost tangent of X balls were measusaagthe digital cHiper (the clipe r 0 s
inside jawswereused). The horizontal distances (DH) between the outermost borders

of Y and Z bdk were measuredirectly using the digital dhpe r 6 s out si de | aws

The maxilla (with the attached skull base) wasunted upside down (to provide
parallelism of Frankfort line with the floor, and was checked each time), and the
distances were measuree ttame way as in the mandibles.

The alveolararc lengtls between segments in each jéae. A, C/M, and P)wvere
measired(i.e. DLA, DLP, DUP, and DUA)etween the outmost points on the mesial
and distal surfaces of the balls and following the curvatuteedrchesby the digital
cdliper(i.e. shortest linear distanceprangulararc lengthsneasurementhin nylon
cords were fixed directly on the uppsurfaceof the ridge between the Y balls
(conforming to the anatomy of the bone) and then meabyréd cdliperd miler. The

resultant physical linear and angular alvealarlengthsvere then compade

98| Page



PART 4| DIMENSIONAL ACCURACY

423 CONEBEAM COMPUTED TOMOGRAPHY (CBCT)

AFul I modeod scans we P¥Gi GBECT enit (QRLS,vgronai,he Ne w
Italy). The ideal radiographicposion was ensured with the aid

laser beamdHigure4-3, A).

The virtual measurements were carried out using the manufactsoéiware (NN,

2.6.7). The crossectional slices were generated in both sagittal and coronal directions
for each segmenand following the curvature. The slisethickness was mm (@nd
0.3-0.5 mm each step) to ensure the depiction of the entire dimensions of the
radiographic markersn the slices. Coronal (or oblique coronal) cresstional slices
were used to measure Dand DH distances. THBV was attainedy measuring the
distance between two linear horizontal tangential lines that were drawn virtually on the
X &Y bal |l ¢surfacepRigare4m,oA$. The horizontal distances (DH) were
measured between two straight vertical tangential lines that were drawn virtually on
the X (lateral surface) and Z balls (medial surface). The distances DLA, DLP, DUP,
and DUA were measured by generating cresstional imagesetween the Yballson

the ridge Figure 4-4, B). Table 4.1 shows the technical specifications with the

distances measured.

424 INTRAORAL RADIOGRAPHSOMEASUREMENT?*

The periapical radiograph@A) were taken usinghe parallel technique on the
mounted skulls (maxilla and mandible) and with the ailfidfn -holder to expose each

jaw segmentKigure4-3, C). Phosphor ptas (PSPs) were used and scanned using
SOREDEX DIGORAE Optime (Kavo/Sorede%, Helsinki, Finland)scanne(Table

4.1). The parallelism between the phosphor plates and the ridge axis was checked
before each exposgl to ensureanideal acquisitiorsetting. The corresponding virtual
measurements were carried out virtually using the manufadtsftware (Digord,

version 36.6) Figure4-4, D).

9| Page



PART 4| DIMENSIONAL ACCURACY

4.2.5 PANORAMIC RADIOGRAPHS(PAN)*

The panoramic machine Sirdh#@rthopho€ XG 3 (Dentsply Sirona, Bernsheim,

Germany was usedKigure4-3, B). The skulls were mounted with compliance to the

ideal radiographic position (the midsagittal plasmeentred and a virtualine from the

tragus(ea to theeye canthus is parallel with he poor ) . The corresp
measurements were carried out virtually using the manufadts@ftware (Siron§,

version 36.6) Figure 4-4, C). Table4.1 shows the technical specifications with the

distances measured.

*The Z metallic balls were removed from the lingual surfatesgthe intraoral and

panoramic radiographic acquisans.

A

Figure 4-3. CBCT (A), panoramic (B), and intraoral (C) machines
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Figure 4-4. Virtual measurements done on CBCT volumegA&B), Panoramic
(C), and Periapical (D) radiographs.
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A

Table 4.1. Exposure parameters, x ay uni t 6s , ag distandes cat i on
measured.

Manufacturer Exposure Specifications Distances

Parameters measured

X-mind Intraoral xray. 70 kVp Pixel Size (selectable):30 = Upper and

] SOREDEX®D| GORAE 8mA pm (Super Resolution) and  lower jaw
) 60 um (High Resolution), segments

Optime (Phosphor plates 0.25 S i
= Resolution: 17 Ip/mm.

Periapical
[PPSPN HP PR Y

using parallel technique)
Desktopmonitor DV

Siron&® Orthophos XG3 62-64 kVp X-ray generator: 6@0 kV; = Panoramic

6-8 8 MA 3-16 mA, Focal spot size: view
< 0.5 mm, Sensor Digital (Upper and
3 . A
§ CCD Sensor, Pixel size: 2i lower jaw
-(,E e m, Fsensas distance: points)
o 530 mm
'% Desktopmonitor DV
= DLA,

- DLP,
DUP, and
DUA
Newton® VGi fi F wlcla n X-ray Source :110 kV;-20 Cross
mode mMA (pulsed mode), Focal sectional
90-110 kVp spot: 0,3 mm, scan time: 1¢ (Upper and
120 mA X-ray Emission Time: 3.6s, lower jaw
Voxel size: 0.3 mrfyimage points)
pixels: 512x512 Pixels,
. . DV
5 Pixel depth: 16 bits.
aa}
O DH
DLA,
Barcd®, Eonis 22" medical Resolution: 2MP (1920x -
. . . DUP, and
monitor. 1080 pixels), Bit depth: 30 an
DUA

bit, DICOM calibrated
luminance:180 cd/m
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A oneway ANOVA test was used to determine if there wastatistically significant
difference between the physical aratliographic CBCT, PAN, and PA) distances.
Pairwise comparisons with Bonferroni correctiorraused to determine how large
those differences were amdsoto determine where those differesceere. If there
were no statistically significant differences between the different modalities, then the
two differences were deemed similar, as phealue wa greater than 0.05 and the
confidence interval included zero. If the confidence interval iredugkro, this implied

that at some stage the difference was zero and thus there was no difference in the
estimation of the distance of the points between tlysipal point or any of the three
modalities (CBCT, PAN, or PA). Thenean measurement differen¢®l.D) was
calculated in millimetes and usinghe following equation:

M.D = mean radiographic measurement$ mean physical measurements

The intraclass correlan coefficient (ICC)was used to anale the level of
consistency of the results between the tbservers. Althe physical measurements

were repeated a week after the primary analysis (except for the angular measurements)
by the first and second obserseThe first observer repeated all the measurements in

all the radiographic modalities a wedfker the primary analysis. The second observer
was requestefby the statisticiando repeat the measurements for only three skulls in

eachradiographic modality
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CHAPTER 5 |

The overall mean differences between physical measurements and the CBCT, PAN,
and PAexaminationdor all the studied dimensions in maxilla and mandiklere
statistically significant(Table 4.2) Nevertheless, the CBCT showed the least
discrepancy with overaubmillimete underestimation ithe maxilla (M.D =-0.638

mm, SD= 0.203) andsubmillimete overestimation in the mandible (M.D = 0.326 mm,

SD = 0.23). The panoramic measurements shoemdverestimation in both the
maxilla (M.D =2.229 mm, SB= 0.856) and mandible (M.D 3832 mm, SB= 1.272).
Periapical radiographs showad overall underestimation (M.D =3.707 mm, SD=

1.31) in the maxilla ashoverestimation (M.D =1.849 mm, SD= 0.875) in mandible.

Individual anatomicakegmentgpointg analysis showed no statistically significant
difference using pairwise comparisonsitfwBonferroni correction) between the
studied radiographic modalities (i.e. CB@¥ physical readings, AN vs physical
readings, and PAs physical readings). Howevedhere was a statistically significant
difference betweethe periapical and physical rmeurements in the distance vertical
(DV) of point P in the right maxilla. The lack of statistical significamcéicates
similarity, and thus accuracy, between the mitieal CBCT, AN, and PA compared

with the physical measurements.

In all 23 points (iMaxilla and mandible), the smallest absolute difference was always
between CBCT scans and the physical measuremignthe maximum absolute mean
difference (M.D) bein@.047 mm §D = 3.036) for the DV of point Adente) of the
mandible. The smallest aldate mean difference (M.D) between CBCT and the
physical measurement was found in the distance horizontal (DH) of point M the right
mandible, 0.127 mmSD = 0.536). The statistical analysis is further demonstrated in
Table4.2 andTable4.3.

To provide clarity in the interpretation of Table 4.2 reference to Figure 2 is

advised.
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Table 4.2. Statistical overview showing the mean ah standard deviation (SD) of the

measured distances in various modalitiesThe mean difference (mm) between the

radiographic modality and the corresponding physical measurements with the standard
deviation (SD), and theP-valueis also tabulated

Mean value CBCTvs. | Panvs. PA Vs Mean value CBCTvs. Pan vs. PAVs.
(SD) Physical | Physical | Physical (SD) Physical Physical | Physical
Physical] 15.02 (3.4) M.D 1.18 4.87 2.252 Physical |17.67 (1.6) M.D |.0.671 1.155 -3.786
DV CBCT 16.2 (3.1) SD -2.02 -2.02 2.02 DV CBCT |17 (2.0) SD |1.07 1.07 1.07
PAN 19.89 (3.9) P.V 1 0.154 1 PAN ]18.83 (2.4) PV |1 1 0,012*
PA 17.27 (3.6) PA  [13.89 (1.2)
a Physical] 18.59 (1.9) | M.D 0.362 o
E| oH [ Tceer [ 189521 | sD 117 £
= P.V 0.764 a
Physical| 23.19 (3.9) M.D -0.738 1.63 Physical| 22.29 (3.3) M.D |-.698 1.55
DLP | CBCT | 22.45(3.8) SD 2.21 2.21 DUP CBCT 21.6 (3.2) SD |1.99 1.99
PAN 2482 (3.7) | PV 1 1 PAN 23.85(3.8) | PV |1 1
2 2
o Physical 17.22 (4.2) M.D 1.582 6.692 2 o Physical 24.25 (4.1) {[M.D -0.15 3.97 -4.57
DV CBCT 18.8 (4.4) SD -2.64 -2.64 -2.64 DV CBCT 24.1(3.9) |SD 241 2.41 2.41
PAN 23.91(53) [ P.V 1 0.118 1 PAN 2822 (48) [pv 1 0.689 0.436
PA 19.22 (4.2) PA 19.69 (3.8)
% Physicall 19.02 (0.9) | M.D 0.127 ‘\E’
z CBCT | 19.15 (0.9) SD 0538 z
S oH PV 0.819 S
Physical 18.63 (3.8) M.D -0.927 0.907 Physical 16.68 (3.9) M.D |-0.73 1.32
DLA [T CBCT 17.7 (3.8) SD 2.3 2.3 DUA CBCT 15.95(3.9) [ SD [2.39 2.39
PAN 1053 (4.4) | P.V 1 1 PAN 18 (4.6) PV |1 1
Physicalf 16.05(4.41) | M.D 2.047 7.56 2.15 Physical| 24.92(2.5) | M.D ]0.227 6.055 -0.8357
ov CBCT 18.1(5.50) SD -3,036 -3,036 -3,036 oV CBCT 25.15(2.6) | SD |2.07 2.07 2.07
PAN 23.61(6.5) P.V 1 013 1 PAN 3097 (41) | PV |1 0.05 1
3 = PA 18.2(4.27) s|s|S PA 24.09 (4.7)
T|S|<E =|51]|<
cl@|s s|3|o
s|lo]|c - slo|c
= DH Physical| 21.44 (1.6) M.D 0.31
CBCT 21.75 (1.5) SD -0.91
P.V 0.74
Physical]  15.5 (3.4) M.D 0.7 5.238 1.56 Physical| 21.34(2.4) | M.D ].0.293 3.801 -3.775
DV CBCT 16.2 (3.6) SD -2.29 -2.29 -2.29 DV CBCT 21.05 (2.5) SD |1.56 1.56 1.56
PAN 20.74 (4.8) P.V 1 0.199 1 PAN 25.15 (3.1) PV |1 0.147 0.153
PA 17.06 (3.9) PA 17.57 (2.8)
o " (8}
S |DH Physical 19.46 (0.7) M.D 0.242 s
= CBCT 19.7 (0.9) SD -0.46 £
& PV 0611 5
Physical 17.05 (4.2) M.D -0.698 1.31 Physical 16.59 (3.9) [M.D -0.988 1.465
DLA |"CBCT [ 16.35(4.0) SD -2.31 2.31 DUA |""cBCT 15.6 (3.7) |[SD 2.313 2.313
PAN 18.36 (3.8) P.V 1 1 PAN 18.05 (4.3) |P.V 1 1
Physical] 13.41(2.92) | M.D 0.49 3.94 128 Physical| 15.36 (3.2) [M.D |.1g807 0.777 5578
DV CBCT 13.9(2.68) SD -1.83 -1.83 -1.83 DV CBCT 13.55(3.1) |SD 2.08 2.08 2.08
PAN 17.35(3.52) P.V 1 0.259 1 PAN 14.58 (3.7) |P.V 1 1 0.086
PA 14.68(3.435) PA 9.78 (4.3)
o Physicall 19.56 (2.2) M.D 0.34 o
S| PH [ceer [ 19922 ) 127 £
“ PV | 0795 &
Physical 21.5(5.1) M.D -0.452 2.33 Physical| 21.73(2.9) |[M.D -0.633 1.522
DLP [ CBCT 21.1(5.2) SD -3.25 -3.25 bup CBCT 21.1(2.7) |SD 1.895 1.895
PAN 23.83(6.5) | P.V 1 1 PAN 23.26 (4.0) [Pv |1 1
Overall 0.326* 3.832* 1.849* Overall -0.638* 2.229* -3.707*
(0.23) (1.272) (0.875) (0.203) (0.856) (1.31)
*Satstically significant difference, p < 0.05 , Negative values indicate underestimation while positive ones indicate overestimation
M.D: measurement discrepancy, SD: standard deviation, P.V:p -value ,RHS:right hand side, LHS: left hand side
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Table 4.3. An overview of the number of readings that showed differencesdtained
by each radiographic modality, in both jaws.

PA (10 readings) Pan (18 readings) | CBCT (23 readings)

Discrepancy over 1 9/10 16/18 4/23

mm limit

(Overor

underestimation)

Overestimation (> 0 5/10 17/18 11/23

mm)
Maxilla | O 8| R*[1.156.05mm] 1|M* (0.22mm)

Mandible 5 |R*[1.272.52mm] 9| R*[0.97.56 mm] 10| R* [0.3:2.04mm]

Underestimation (< 5/10 1/18 12/23
0 mm)
Maxilla 5| R*[-0.83-5.57mm] 1|M* (-0.77) 8| R* [-0.15(-1.8) mm]
Mandible 0 0 4] R* [-0.4-(-0.92) mm]

|R*: Range, M*: Maximum

The difference between tiphysicallinear and angular measurements of the distances
(alveolararc lengths DUP/DLP, DUA/DLA wasalso compared andocumentedn
Table4.4.

Thirty-six readings were obtaine@iwenty-one readings of those showed ovanth
difference betweetinear measurements and angular measurenfehtther over or
underestimating)Nevertheless, lathe 21 readingsshowednegativevalues which

means that the angular measurements were more than the values of the linear ones. In
other termsthe linear measurements underestadatngular distance. he other 15
readings were a combination of positive and negative differénbes all indicating

submillimete discrepancy.

106| Page



PART 4| DIMENSIONAL ACCURACY

Table 4.4. Differences betweenphysical linear and angular distances(linear 1

angular, mm).

DUP/DLP ‘ DUA/DLA ‘ DUP/DLP ‘ DUA/DLA

1 Maxilla 0.36 -5.04 0.95 -2.42
Mandible 0.78 -3.48 -1.58 -3.88
2 Mandible 0.25 0.84 0.04 -1.81
3 Mandible -0.78 -3.3 -3.08 -1.65
4 Maxilla -1.58 -0.44 -3.09 0.9
Mandible -4.03 0.54 -0.33 -1.08
5 Mandible -2.61 -2.55 -0.05 -4.64
6 Maxilla 0.34 -4.9 -0,8 -6.41
Mandible -4.01 -2.8 -2.08 -0.24

- Positive values indicée that the linear measurements were bigger than
angular ones and vice versa.

- Values in color: >1 or-1 mm difference (21 readings/36)

- Values in Black: -1>0<1 difference (15 readings/36)

The ntraclass correlation coefficient (ICC) test wased to asss inter and intra
examiner reliability Table 4.5). All the reading showed excelleninter-examiner
reliability exceptthe left side horizontal distance (DH) in M/@oint, which showed
poor reliability during CET assessmernitikewise, all the readings showed excellent
intra-examinersreliability except theright-side P point (DUP/DLP), which showed
moderate reliability during PAN measurements, and the left side DH poiimtgd
physical and CBCT measurements, ethshowed good reliability.
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Table 4.5. Inter-examiner and intra-examiner intraclass correlation coefficient.
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CHAPTER 6 |

Although the overall statistical analysishows statistical significance in the
measurement differences for all modalitiesnly panorami and periapical
measurements (and not CBCTHre clinically significant Variable ranges of
measurementliscrepancy were found in the different individual points/segments

assessed in the maxilla and mandible.

The ability to get reliable data wasted to le dependent othe positionof the skull
duringpanoramic and periapical acquisitiofibe current assesnens wereconducted
with ideal radiographic positions and within simulated laboratory sett{iags

applicable)i which may not be the casedayto-day clinical setting.

In a systematic revieFokas et al., 2018portedthat several autho(J orres et al.,
2012; Kobayashi et al.,0B4)consider an error of less than amélimetre obtained
from the radiographic analysis of CBCT volumes to be clinically negligilhie.author

of the currenstudyacknowledges the negligible clinia&levance of theserrors but,
surmiseghatit is reliant on the clinical contekt which thesedata will be utilizedFor
instanceit may be influenced by the intended procedure, the vicinity of vital structures,
and the quantity of remaining bone structure.

Conebeam computed toography

Many repots confirmedthe accuracy of measurements obtained from CBCT volumes
conducted using different methodologies (e.gwviuo, exvivo, ridge mapping,
sectioning(Moshfeghi et al., 2012; Stratemann et al., 2008; Luangchana et al., 2015;
Fokas et al., 2018; Ganguly et al., 2016; De Andrade et al.,.2016)

Although indicating overall accuracy, some studies reported both slight
underestimatio (Sheikhi et al 2015; Luangchana et al., 2015; Baumgaertel et al.,
2009; Lascala et al., 200d4hd overestimatio(Al-Ekrish & Ekram, 2011; Luk et al.,

2011; Kobayashi et al., 2004n CBCT measurements compared to physical

measurements with mostshowing submillimet error rangegFokas et al., 2018
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Hence, a safety distance of 2 mm is still recommended while planning procedures on
CBCT (Fokas et al., 2018Measurement underestimation from a clinipalspective
is considered to bgafer tharoverestimation in terms afafeguardingvital structures

during dental treatmenis their vicinity (Luangchana et al., 2015)

In our study, we repothatthe overall mean distance differesder all the measured
dimensions wre -0.638 and 0.326 for the maxilla and mandiblerespetively.
Although these ranges are submillinestnd indicate overall superior accuracy, CBCT
exceeded the submillinmetdiscrepancy rangduring the vertical distance (DM
three mandibular sites [1.18m - 2.04mm (overestimation)] and one in the méxit

1.8mm (underestimation)).

The interradicudr spacewvas found to be underestimated on panoramic radiographs
compared to CBCTTepedino et al., 2018According toBeshtawi et al(2020), non
statistically significant differences were found in the vertical and horizontal dimensions
of the mental foramen position compared between digital and CBCT reformatted
panoramic views. Nonetheless, significant discrepancies were fwbadcompaing

the vertical dimensions between the panoramic views (digital and CBCT) and the

corresponding CBCT coronal views.
Factors affectingmeasurement accuracyf CBCT volumes
- Metallic artefacts

In the current studythe radiographic artefacts from the iatharkers (metallic balls)

were minimal and did not affect the accuracy of the measurements; particularly that the
references were the balls themselves and not the Gom@onini et al.(2011)reported

that dental metallic artefacts did not affect the aaguie linear measurementsut

influenced the dearcation of the alveolar bone crest.
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- Head position

Head position does not appear to impact the accuracy of acquired CBCT volumes
(Adibi et al., 2017; EBeialy et al., 2011 however, other factors are reported to affect
the accuracyf measurements on CBCT volumdacluding the exposure parameters
used CBCT artefact(e.g.beam hardening @motionartefacs), andthe softwaraised
(Fokas et al., 2018)

Duringthe physical measurementstbé vertical distances, the sagittal tilt of the skull
affectedthe perception of the viizal measurement limitarticularly that the two
radiographic marker§.e. X & Y) were notalignedon theexacthorizontallevel (on
the samdine, Figure4-2). Subsequentlystandardsation of the sagittal tilting ofhe
skull was attempted to achieve an orthogonal positicdheafalliper, while measuring

betweerthe two radiographic markers.

With regards tovirtual measurements on CBCT, the influendenon-ideal head
positionand/orsagittal tilting was mentiongdlora et al., 2014)he naccurate virtual
orientation of the volume (especially sagittal tilt) may lemdninaccurate perception

of the reconstructed cresgctional imagessincethis affects the height of subsequent
crosssections and thusmay lead toa discrepancy when these measurements are
transferred to the patightsouth(Mora et al., 2014)

Angular vs linear measurements

Tothebestofthe@ ut h or 6 s ,thene is adaity gheblishedeportsconcerned
with the clinical accuracy opanoramic/sagittal viewneasurements for the angular
distancegarc length)between various segments of the jaMsverthelesitai et al.
(2013)foundno significant diffeenceq+5%) betweerthe arc length accuraand the
phantom measurementsn the panoramic x-ray machins with tomosynthesis

technologyandinvar i ous head posimtfonwaf(dxpepitian:

The authopostulatsthat the transfer of the virtually plann@tearmeasurements into

a 3dimensional physical structure that curves in two dimensimaybe asource of
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dimensionabliscrepancy when these measurements are physically reproéhignec (
4-5). As the jaw bone cunsejoining anterior and posterior regions of the maxilla and
mandible the alveolar bone Isanconsistent verticaboneheight along itstrajectory
(Figure4-5, B).

Axial view ( IS Lateral view

L Mandible ,/0

M <7 M
/////
.

A

——— Shortest linear distance
——— Angular distance

Al Bl

Figure 4-5. Demonstration of the curved distancegarc lengths)between jaw
segmentqA&B) .

Interestingly,the inaccuracies of radiographic measurements from -sexg®nal
slices may occur from the erroneous transferhoké dimensions into the surgical
setting(Harris et al., 2012)

Comparing the linear measuremeatghe arc length between different segments of
the maxilla and the mandible betwe®BCT and panoramicadiographsto their
correspondingohysical oneswe demonstratethat CBCT underdgsnated all these
measurements withmaximumsubmillimetre difference 0f0.988mm found in arch
length (left side DUA distance). In panoramic radiographs, allinlear arch lengths
wereoverestimatedwith mostbeing greater thathe submillimetre di#rence [0.907

mm1i 2.33mm], while thehighestdifference wadound intheleft side DLP distance.

Comparing these arc lengths acquired in liremad angulafashiors in the physical
setting(using the cord)we demonstratethat 58% of the measurementsssed the 1
mm difference barrieand all of them were negative values (linear measurements

underestimated the angular ondd)e linear shortest distance between two points if
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the surface was natthogonal(in the verticaland horizontal levelstanbeless than
the distance measured directly on the alveolar suifag® was noted in this study

(Figure 4-5). This could manifestlinically when performing freehand technique

implant surgery, and using a cord/wire to reproduce the planned distance on the CBCT

from an identified reference point to the drilling poiDuring implant planning, the
clinician should also note thahé crosssectional slices germted from the CBCT
volumes allow the measurement of bone heights represented on that exashgtice
may be inconsistenalong the reconstructed part of the jaw. These esesgons are
being recostructed in specific thicknees and stepsvhich mustalsobe appreciated
during virtual pl anning and physical

Panoramic radiographs

Panoramic radiographs are a commonly prescribed radiograph in dental prastices

they offer various advantageShah et al., 2014; Tyndall et al., 201R)sadwantages
includemagniication and inherent distortigfthah et al., 2034T'yndall et al., 2012)

While multiple papergonfirm the reliability of measurements taken on panoramic

radiographsparticularly in the posterior segmeiifsssaf & Gharbyah, 2014; Ozalp et
al., 2018; Amarnath et al., 2015; Hu et aD12; Pertl et al., 2013; Kayal, 2016; Kim
et al.,, 2011; Vazquez et al., 2013; Zarch et al., 20ddposing evidence was also

trans

reported (Bou Serhal et al.,, 2002; Correa et al.,, 2014; Bertram et al., 2018;

Haghnegahdar & Bronoosh, 2013; Dudhia et al., 2011)

In this study,the overall mean distance differesder all the measured dimensions
were2.229and3.832 mm for maxilla and mandiblespectively. The maximum mean

difference was found in the vertical distance DV in mandibular pointvigh an

overestimation of 7.561m. Of 18 panoramic readings, the mean difference was over

1 mmin 16 locations in maxilla and mandiblevas overestimated (>0nm) in 17

readingqd1.157 7.56mm], and underestimatgetO mm)in one reading-0.77mm).
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The influence of the magnification ratios due toaffs angle (negative angle) of the
incident xray beamn panoramic radiography is more prominenth@maxillary jaw
comparedo themandibulajaw, as the former will be exposed to a more angulated x

ray beam compardd the mandiblgYassaei et al., 2010)

Periapical radiographs

Compared toperiapical radiograph$or which only vertical distances (DV) were
analysed,the overall mean distance differences w&&07and1.849 mm for maxilla

and mandiblerespectively. In PA, mandibular values showed less mean difference
comparedo the maxilla (1.89 mm)however,it is still not clinically tolerable. The
author noted that irthe maxilla, even conducted with simulatedeal settings,
distortion can be edgiencountered due to anatomical challenges countegattte

ideal parallelism between the axis of @ieeolar ridgeand thex-ray receptor. In the
mandible, without any muscular interfererniceras easier to achieweich parallelism
which manifested with fewer mean differen¢gslividual and overall) compared to
the maxillary counterpartd hestandardiationin panoramic and periapical techniques

is challengingand may account fahe inconsistency of measuremsnirhough PA
radiographsdisplayed accurate individual dimensions in various anatomical locations,
theinconsistency of the resultsalsoapparentPrecise reproduction of the anatomical
structurescannot be guaranteed in all the clinical settingsainy due to anatomical

limitations, as noted during this assessment
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CHAPTER 7 |

CBCT showed aubmillimete overall accuracyvhencompared with the panoramic
and periapical radiographs. The panoramic modality showed more precidioa in
maxillary archcompared to lower arch with the highest discrepancy in the anterior
region. Mandibular periapical measurements showgreéater accuacy than the
maxillary, but, the mean difference watill clinically intolerable. Although panoramic
and periapical studseshowed individual accurate readings, the overall difference
indicates inferior dimensional accuraeshiencompared with CBCTAlthough CBCT
was superior irthe linear measurement of arc length in the jaws (compared to),PAN
linearfashioned acquisition arc lengths on radiographic and physical settings may
vary from the angular physical counterpamsd this necessitates attention when
reproducing these radiographic measurements intpatit month.In this analysis,

the autlor confirmsthesuperiodimensional stabilitypf the CBCT modalityandhence

this can beecommenddfor implant planning.

Limitations

Angular measurements were not repedfedinter and intrao b s e ragreement

analysis)
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PART 5| RADIATION DOSES

Aim: To report the effective doses of multiple radiographic modalities used during
implant planning andto compare them tthose generated by a compugsamulation

software.

Materials and Methods: Twenty-four thermoluminescent chips (TLB00) were used

to capture the absorbed doses of twdaty anatomical sites in the head and neck
region usingan anthropomorphic phantom cugiCBCT and panoramic examinations.
A panoramicx-ray machine(Siron& Orthopho€ XG3) and two CBCT xray
machinesj.e. NewTon® 5GXL (field of view selected5l 12, § 8, and8 x 8 cm
(HiRes.) and Carestreafn8100 30 wereused. The equivalent and effeetidoses
retrieved fromNewTon 5GXL examinations were compared to their counterparts

simulated on the Mont€arlo based dose simulation software (PCXMC).

Results: Theresultanteffective dosesH) ranged from [75.3 Siv194.1¢ S]wuring
exposures performed usitige NewTon® 5GXL with variousfields of view selected
(15112 and 88) and exposure protocols (standavd high resolution). The
corresponding PCXMC simulation ranged fr¢i®.12e Sv 173.46 ¢ S]vThe CS
8100° 3D (81 9 cm) exposure resulteth an effective dose of 101.8Sv, while the
panoramic examination usir@jron& Orthopho§ XG3 revealed an effective dose of
21.1e Sv .

Conclusion: The effective doses revealed from CBCT and panoramic examinations
were wthin theacceptableanges of a dental CBCT and panoramic exposure values.
Limiting the field of view and choosing the low exposure protq&sfiently reduce
theeffective dosexComparable PCXMC effective doses to their counterparts retrieved
usingthe TLDs.Accurate xray exposure characterizing parameters is key to obtaining

accurate computer simulations.

CBCT, low-dose effective dose, radiatioiPCXMC.
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LIST OF ABBRE VIATIONS AND ACRONYMS

Abbreviation Description

°C Degrees Celsius

pum Micrometre

uSv Micro Sieverts

A Angstrém

AP Anteroposterior skull view

CT Computed tomography

CBCT Cone beam computed tomography
cm Centimetre

Co Cobalt

Cs Carestrearh

D Average absorbed dose

DAP Dose area product

E Effective dose

f The fracton of tissue irradiated
FOV Field of view

Gy Gray

HxDxW Height x Depth x Width

Ht The equivalent dose

ICRP The International Commission dradiological Protection
keV Kilo-electronvolt

kv Kilovolt

kVp Kilo-voltage peak

Lat. Lateral skullview

LiF Lithium fluoride

mAs Milliampere-second

Mg Magnesium

mm Millimetre

MOSFET Metal oxide semiconductor fieldffect
S Second

SA South Africa

Sl The International System of Units
Sv Sieverts

TBH Tygerberg Hospital
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Titanium

Thermduminescent dosimeter
Technical specifications
Radiation weighting factor
Tissue weighting factors

RELEVANT DEFINITION S(WHITE & PHAROAH, 2013) :

Absorbed dose(in Gray) The amount of absorbed energy by varimunzing
radiation per unit mass

Equivalent dose(in Sievert) A dose quantity that considers the various types
of radiation by multiplyingthe averaged absorbed doses by the radiation
weighting factor (WM).

Effective dose(in Sievert): A dose quantitythat is used to estimate risks in
human beings.
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CHAPTER 1 |

Currently, cone beam computed tomography is a very popular moeethat has
benefied multiple dental specidles. The number of CBCT machines offered
commerciallyis increasing offering models with different specifications and output
qualities (Pauwels et al., 2012Different CBCT devices with variablexposure
parameters (e.g. kVp, mpsfields of view, and filtration,may result in a wide
spectrum of radiation outmindimage qualitiegPauwels et al., 2012)

Effective dose (Ejs a numerical value that allows the risk estimation of possible
biological detrimentswhen human tissues are being radiate@Shin et al., 2014,
McCollough & Schueler, 2000)The effective dose allows the risk estimation (i.e.
stochastic effectsyot only for partiatbody irradiation but also for the equivalent
whole-body dos€McCollough & Schuele 2000) This value can bebtainedhrough
experimentamethodse.g.radiationdosimetersuch agthermduminescent dosimeter
(TLD) embedded inthe anthropomorphic phantoesn In addition, nonlaborious
methodsincluding mathematical calculationsased a specific conversion factors
(previouslyderived from previougxperimentalapproacks, and the use of Monte

Carlo simulation softwarean beutilised (Kim et al., 2018 Batista, 2016)

CBCT wasfound to yield lower doses compared to CT acquisitikudiow, 2011)
Moreover,different CBCT devicesandacquisition protocols/exposure parameteis
the same machifenay expose the patient to variablesegLudlow, 2011; Pauwels
et al., 2012)

Although offering fewer diagnostic advantages compared with CBCT, panoramic
radiographs expose the patie to lower radiatiordose(3-7 times)compared with
CBCT acquisitiongTsiklakis et al., 2005; Granlund et al., 201B)e to their anatomic
location, the thyroid and salivary gland are included in the exposure domain of the
primaryx-ray beam, putting them at risk during panoramic and periapical examinations

(Granlund et al., 2016Puring the panoramic and fulmouth periapical examinations,
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the salivary glands and the oral mucoseeivedthe highest dosagé&ranlund et al.,
2016)

The estimation of the radiath doses yielded from various radiographiodaliies
would help clinicians optimally weigh the benefits and risks o&ah radiographic
examination The findings of thisstudy provide evidence to clinicianggardingthe
estimated doses thatould be received by patients during various radiographic
examinationsA comparison between tisgmulated effective doses usiktpnte-Carlo
simulation software and the conventional dosimetry methodghi{eanoluminescent

dosimeers) wasalsoconducted
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CHAPTER 2 |

The absorbed dose is the primalyse physical quantity represetithe amount of
energy that imbsorbedy a tissue per unit magguropean Commission, 2012)he
International System of Ursit(SI)unit used for this quantity is Gray (Joule per kg).
While this quantity forms the bases of the calculation of other radiation dose quantities
(like equivalent dose), on its owibh does not indicate the biological damage of certain
radiation(European Commission, 2012)Once radiation weighting factors are applied

to these absorbed doses the Equivalent dosey ¢an be reieved (European
Commission, 2012)These radiatioweightingfactors ae meant to indicate the variant
biological effectiveness of different kinds of radiation (e.g. gamma, alpha,-emd X
radiation). The equivalent doses are more indicative of individual organ radiation risk
than the absorbed doses amndrepresented by éunit Sievert (Sv). Interestingly, the
equivalent and the absorbed doses foay radiation is numerically the sameths

tissue weighting factor for theray is ong European Commission, 2P)1L

2.2.1 OVERVIEW

The dfective dose(E) is an acceptable approach to evaluate the biological risk of
certain examinatia(Pauwels et al., 2012) his valueconsiderghe radiation typehe
receiveddosedvy individual organsandthe corresponding tisstweeightingfactor that

is based on the rad®ensitivity of that tissuergan (Shin et al., 2014; White &
Pharoah, 2013)Theseweighting factors are related to thadio-sensitivity of that
specific tissue and demonstrate the relative contribution of that organ to the entire
possible detrimeniObed et al., 2015)

TheInternational Commission on Radiological Protection (ICRP) publismgtiple,

periodically updatedecommendationgnthe tissue weighting factorg\ ) to be used
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duringthe calculation of effective dogei.e. ICRP 26 (in 197), ICRP 60(in 1991),

and the latest ICRP 103 (in 2007Obed et al., 2015)In 2007, the ICRP
recommendatiofn(ICRP 103)consderthebrainas fii ndependentl y wei (
for the effective dosealculationwith the addition of salivary gland/, moreoverthe

oral mucosavas added t o t heSchilling &@eaibal,d2613)Thei s sues o
latest ICRR103) weightingfactors are listed ifable5.1.

Table 5.1. Tissue weighting factor (ICRP 103 in 2007)SCENIHR, 2012)

Tissue /organ Tissueweighting The Total of Tissue
factor (W, for each

mentioned
Bonemarrow, Breast, Stomach,
Colon, and Lungs.

tissue/organ
Remaining tissues: Adrenals, extra

weighting 1f a

thoracic region, gall bladder, heart,
kidneys, lymphatic nodes, muscle,

oral mucosa, pancreas, prostate,

small intestine, spleen, thymus, and

uterus/cervix.

The thyroid gland, Bladder, Liver,

and Oesophagus.

Skin, Brain, Salivary glands, and 0.01

Bone surface.

The effective dose can be calculated using the followmgation(Obed et al., 2015)
E= W& I Hr, (WhereWr: tissueweighting factor andHr the equivalent dose of that
each tissu@tgan)
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Although this calculation is not specific foryamdividual personthe numerical value
of the effective dose estimates tiek of the occurrence of stochastic effecfKim et

al., 2018; McCollough & Schueler, 200This is particularly due to aitiple factors
thatinfluence the radiation risk among individuaixludingthe gender and age of the
patient when exposé@CENIHR, 2012)lt is feasible to use the effective dose quantity
to report the accumulative amduof radiation received by a given patient during a
period of timeg(Obed et al., 2015; Wadit al., 1988)

222 CALCULATION OF THE EFFECTIVE DOSAGESE)

Estimating the effective dosef different radiographic examinations can be done
indirectly, as it isunreasonabl& be carried out in the clinical setti(gliasgharzadeh
et al., 2015)Theproces of effective dos€E) calculation commences with tieapture

of the absorbed dosé eachorgantissue postradiographic examinatiofMcCollough

& Schueler, 2000)

While it requires considerable time and effamanthropomorphic phantom simulator
thataccommodateradiation dosimeters (e.g.Thermoluminescent dosime}das an
experimental methodsedto recordindividual absorbedrgan dose¢Batista, 2016;
Shin et al.2014; Lee et al., 2016)

Absorbed organ doses and effective dasasalsde estimatedy a simpler method
using special software based Monte Carlo simulations of photon interactiomigh
thehumantissuegKim et al., 2018; McCollough & Sweler, 2000; Batista, 2016)

Panoramic and CBCT modalities have unique beam gegnetaddition to the
rotational movement of the-pay generating gantry. This maynpose certain
challengesinduncertaintiesvhen using Monte&Carlo based computer softvesior (E)
estimationcomparedo the virtualsimulation ofconventional radiographic modalities
(Batista, 2016; Lee et al., 2016)

The Radiation and Nuclear Safety Authority in Finland developed a Monte aséal
software called PCXM@Batista, 2016)This software is used to estimate the received
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organ and fective doses using thECRP 103 (2007weighting tissue factorsAn
upgradewas attachedo the softwargand simulation modules for rotatiorahsed
radiography techniques were add@slatista, 2016) This supplemental program
estimates doseaa the xray units thathave a cente of rotationwherethe axis of the

incident beantrosses thisente from multiple angleg¢Kim et al., 2018)

This software can be efficiently used to estin{g)dfrom CBCT examinationsnstead

of conventional method¥im et al., 2018)Leeetal. (201§ comparedhe estimated

(E) obtained fronthermoluminescentlosimetergTLD) and computerbased Monte

Carlo (PCXMC) softwareuring panoramiexaminationsBy contrastthey found that

the simulation software overestimated the doses obtained from the TLD detectors by
9.55% to 51.24%They added that the accuracy of the estimation obtainetiglay

i nf |l ue mpuevdluebfpdosed et er mi ni(legetél.a2016)o r s 0

Koivisto et al.(2012)compared E) obtainedusingmetal oxide semiconductor field
effect transisto(MOSFET) dosimeterse(nbedded imran anthropomorphic RANDO
phantom) with PCXMC simulationsThe results showed relativelgomparable
effective dose$MOSFET (E): 153uSvvs PCXMC (E): 136 uSv).

Further details regarding the most recent reports compariagiraythe Monte-Carlo
simulation programife. PCXMC) are furthetistedin Table5.2.

Table 5.2. Published reports on the use of Monte-Carlo software for E
calculations.

(Kim etal., 2018) 1 TLD- PCXMC20 Rotation fiThe use o
thermoluminescent software could be an
dosimeters. alternative to the TLD

1 CBCT: The Alphard measurement method
VEGA (Asahi for effective

dose estimation in

125| Page



(Lee et al., 2016)

(Koivisto et al.,
2012)

(Aps & Scott, 2014)

(Yeh & Chen, 2018)

Roentgen Ind. Co.,
Kyoto CBCT Japan)

1 TLD-
thermoluminescent
dosimeters.

1 Panoramic xay unit;
OP-100
(Instrumentarium
Dental, Tuusula,
Finland)

1 Anthropomorphic
phantom+
MOSFET.

1 CBCT:Promax 3D

(Planmeca, Helsinki

Finland)

1 Conventional
bitewing
radiographs.

1 Oblique lateral

radiographs

CBCT:i- CAT®
(Imaging Sciences
Internatianal Inc., PA,
US.A)
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PCXMC20 Rotation
(STUK, Helsinki,
Finland)

PCXMCv. 2.0

software

PCXMCwv. 2.0

software

CBCT withlarge and
medi um FOV

A T heféective dose
calculated with
PCXMCwas
generally higher than
the dose measured by

using TLDO

AMOSFET do
placed in a head
phantom gaveesults
similar to Monte
S i

Carl o mu

No comparison

PCXMC 2.0 Rotation No comparison

Mathematical calculations based oertain exposure charagrzing quantities(e.qg.
dose area product @P), Air kerma) and sing conversion factors ianother simpler
method that can be used foetlkstimation ofE (Batista, 2016; Walker & van der
Putten, 2@2; Lee et al., 2016)These conversn factors are based on previously
collected dose values (using detectors e.g. an ion charReéyantreported effective
doses ar¢gabulatedn Table5.3 andTable5.4.
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Table 5.3. Reported (E) for selectedCBCT machines.

Model Manufacturer

CEFLA s.c.
(Imola, Italy)

NewTom
VGi

NewTom
VG

NewTom 3G

NewTom 5G

Galileos
Comfort
Plus

Dentsply Sirona
(Bensheim,
Germany)

Orthophos
XG

Orthophos
XG

Galileos
Comfort

Galileos
Comfort

The
Alphard
VEGA

Asahi Roentgen
Ind. Co.(Kyoto,

Jgpan)

FOV (cm)
151 15
15115

12 x 15
6l 6
(Posterior)
6l 6
(Anterior)*
6l 6

8l 8+

10 x 15
19 x 19
6l 6

8.51 15

51 5.5
(Anterior)*

515.5

(Posterior)
81 8*

151 15

15 15

10.2 x10.2
cm

kVp mAs

110 7.8

98

85

85

85

85

80

8.8
6.2
70.1
65

421,
29

6.3,
38.7

10.4
8.1
72

8, 10,

20, 25,
30

36, 51,
66,72,
86,
101

36, 51,
66,72,
86,
101

21, 42

21,42

136
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Effective  Reference

dose( € Sv

97 (Ludlow et al.,
2015)

194 (Pauwels et al.,
2012)

103 (Ludlow et al.,
2015)

140 (Ludlow et al.,
2015)

131 (Ludlow et al.,
2015)

191,130  (Ludlow et al.,
2015)

61,206 (Ludlow et al.,
2015)

83 (Pauwels et al.,
2012)

68 (Ludlow &
Ivanovic, 2008)

172 (Kadesjo et al.,
2018

27,34,41 (Ludlow et al.,

84,103, 2015)

122

21, 30, (Ludlow et al.,

39,45, 53, 2015)

60

25, 36, 47,

58, 70, 81

48, 67,91, (Ludlow et al.,

117,144, 2015)

166

70, 128 (Ludlow &

51,

187

Ivanovic, 2008)

95 (Rottke et al.,
2013)

(Kim et al.,
2018)
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3D
Accuitomo
170

3D
Accuitomo
170

3D
Accuitomo
170

CS 9300

CS 9300

CS 9300

CS 9300

CS 9300

CS 9000

CS 9000

CS 9000

CS 9000

ProMax
Mid

ProMax
3D*

ProMax
3D*

ProMax 3D

ProMax
3D*

J. MORITA

Corp. (Osaka,

Japan)

Carestream
Dental
(Atlanta, GA)

Planmeca
(Helsinki,
Finland)

10x10

10x14

41 4
(Anterior)*

10 x 10

11 x 17

13.5%x 17

515
(Anterior)™*
515
(Posteriory*
415
(Anterior)*
45
(Posterior)
415
(Anterior)™
415
(Posteriory*

16 x 16

415
(Anterior)*
5 8+

8l 8+

51 8+*

90

90

90

90

90

90

84

70

70

70

70

90

84

84

84

84
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45,79, 132, 232,

87.5, | 257,453
154
45,79, 138, 242,
87.5, 269,473
154
87.5 32
25 76
25.6 101, 204
51.5
45.2 184
60, 66, 127
100

48, 81
107 5
107 10
107 38
107 22
108, 95, 112,
127, 128, 223,
145, 283
271,
325
120 10
192 131
19.6, 28,122
169
192 171

(Ludlow et al.,
2015)

(Ludlow et al.,
2015)

(Theodorakou et
al., 2012)

(Ludlow et al.,
2015)

(Ludlow et al,
2015)

(Ludlow et al.,
2015)

(Ludlow et al.,
2015)
(Ludlow et al.,
2015)

(Ludlow et al.,
2015)

(Ludlow et al.,
2015)

(Ludlow et al.,
2015)

(Ludlow et al.,
2015)

(Ludlow et al.,
2015)

(Al-Okshi et al.,
2013)

(Qu et al., 2010)
(Pauwels et al.,

2012)
(Qu et al., 2010)
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ProMax3D 45 90 109 88 (Kadesijo et al.,
2018)
DCT PRO VATECH 10 x 16 90 105 249 (Qu, Li, Zhang,
(Seoul, et al., 2012)
PicassaTrio Korea) 7112 85 91 81 (Pauwels et al.,
2012)
PaX-Uni3D 55 85 120 44 (Pauwels et al.,
(Anterior)* 2012)
i-CAT Imaging Sciences 13 x 16 120 185 69 (Ludlow &
Classic International Ivanovic, 2008)

LLC (PA, USA)
* FOV including the maxilla, ** FOV including the mandible, * additional fil tration was added

Table 5.4. Reported (E) for selectedpanoramic x-ray machines

Model Brand kVp mAs(mAls) Effective Reference
dose( € Sv)
Orthophos XG 5 Dentsply Sirona 69 211.5(@5 27.1 (Chinem et al.,
(Bensheim, 14.7) 2016)
Orthophos XG  G€rmany) 64 11288 1 142 (Ludlow et al.,
14.1) 2008)
Orthophos XG 64 112 13 (Qiang et al.,
2019)
Orthophos DS 70 140@0(14) 10 (Silva et al.,
2008)
Orthophos 69 2115 50 (Carrafiello et
XGplus DS (151 14.7) al., 2010)
ProMax Planmeca 68 208 (131 16) 24.3 Ludlow et al.,
(Helsinki, 2008)
ProMax Finland) 70 160 (10 16)  37.8 (Lee et al., 2013)
ProMax 62 42 4.1 (Kadesjo et al.,
2018)
ProlineXC 70 21602118 27.6 (Lee et al., 2013)
OP-100 Instrumentarium 73 176 (OT 7.153 (Lee et al., 2016)
Dental 17.6)
(Tuusula,
Finland)
Kodak 9000 3D  Carestream 70 143 0T 14.7 (Ludlow, 2009)
Dental(Atlanta, 14.3
GA)
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CHAPTER 3 |

3.1 AIM

To determinethe radiation doseseceived by patientsundergoingradiographic

examinationgor dental implantreatments

32  OBJECTIVES \

1

1-

To capturethereceivedabsorbed organ dosasingananthropomorphiphanbm-

head simulatoand TLDs for two CBCT and one panoramicay machine.

To capture the absorbed organ doses received during different exposure protocols
and fields of view.

To calculate thequivalentdose received from each radiographic modalitygt fidd

of view.

To calculate and comparehe effective dose received from each radiographic
modalityand field of view

To obtain anccomparehe correspondingimulatedeffectivedosesobtainedusing
Monte-Carlo software.

33 RATIONALE \

The provided comprehens radiationdosechartsby the autho(whether tested
during this investigation or trenesreported in the literatureim to alertclinicians

tothe level of riskarisng duringvarious radiographic examinationsedn implant

therapy

Confirming the clinical efficacy of usingsimpler, accessible, and caxftective

Monte-Carlo software for radiation dose assessnuamt helpto amelioratethe

radiation protection measures in several facilities¢hahotemploythe traditional

methods (which require time, effort, and need sophisticated machinery).
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CHAPTER 4 |

Narrative reviews
| Provides information and a

of the local and international
available guidelines and
recommendations published
by the organizational bodies

ing different aspects
of implant imaging.

Brrchiiins Sl rmmnn s i
F

the radiographic modnllll'n uu.d
during the implant therapy.

Current Radiographic
Practices in South Africa (SA)

| Provides information about the

{ P

practices in SA. "

| To survey the most important
clinical factors that may alter the
& e ioHons i SA.

b P L

| To inform the clinical needs,

Xp and pref of
the clinicians in SA.
Tools : Questionnaire.

Radiation Dose assessment

P

ived from varis diographic modalities during

implant therapy.
| Check the accuracy of the Monte-Carlo simulation
o A A

| Estimation and i of the effective doses

Tools : i Monte-Carlo
simuation software.

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

Measurement Accuracy

| A t of the y 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

ived during Implant therapy

Figure 5-1. Diagrammatic representation of the main research project. The
current sub-study is highlighted

41 STUDY PHASES \

Thisanalysiswas conducted in two phases

- The first phasewas laboratorybasedto measure the radiation desesing an

anthropomorphic phanto(with embedded LD chips)

- The secongphase was conducted virtually estimatethe radiation doses using
Monte-Carlo simulation computer softwaféor the samesxperimentalsettings

testedn phase 1

Both phases werexecutedvia collaborationwith the Medical PhysicdDepartment,

Faculty of HealtiSciencesStellenbosch UniversitySA.

Research design

Experimental in vitro study
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4.1.1 PHASE & TLD DOSES

In this phase, théndividual organ absorbed doses were recordéggusn average
adultsize, female RAND® phantom head (Alderson Research Laboratories,
Stamford, CT). Thermoluminescent dosiméetén (TLD-700) chips (Thermo Electron
Cor., Oakwood Village, OH, USA) were ustxcapture the absorbed organ doses at
differert selected anatomical sites in the head and.ffdektechnical specifications of
these TLDsre listed Table5.5).

Tools - Simulation phantom-heads (RANDC).
- Thermoluminescent dosimeters (TLDB700).
- TLD reader (REXON® UL-320)
- PTW®FREIBURG TLDO ® annealing oven.
- PTW® NOMEX® Dosemeter

4.1.1.1 PREPARATIONOF THETHERMOLUMINESCENT CHIPS

The chips were annealed before eraffiation exposure and following the annealing
protocols implemented at the Medical Physics Department, Groote Schuur Hospital
(Cape Town, South Africa). The TLD chips were aled using the PTW
FREIBURG TLDC annealing ovefFreiburg, Germany}hetechical specifications
(TS) of the overare shown imable5.6. The annealing protocol stepgreas follows
(Figure5-2):

- Annealed 6r 1 hour at 400C.

- At 100°C for two hours

- Finally, the chips wereooled to ambient temperature

The calibration of the TLDs was derusing a conventionatray tube Figure 5-3)
against a calibrated PT'"NOMEX® Dosemeter connected to NOMEXultimeter®
(TS are shown iTable5.7). A total dose of 200 @y was delivered to the chips over
two x-ray pulses, each had a 110 kVp, 320 mAs, 2 seconds exposure tinaes@nd
mGy/s dose ratd-{gure5-3). The chips were reaaut (Figure5-4) on the same day
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using the REXORN UL-320 TLD reader@hio, USA), and unique calibration profiles
(files) were created for each TLD chip to serve the subsequent readigd (he
reader aren detail in Table5.8). The exposed TLD chips (during the primary analysis)
were read on the same readareither the same day or early the next day after each
exposure. The nitrogen gas levels of the Tigader were monitored at all timas

order toensure qualjt readingsNo discolared or damaged chips were used.

4.1.1.2 PHANTOM HEAD PREPARATION:

The phantom heaithat was usedontairedeleven slabs, each wid2.5 cmthickness
(Figure5-5). Twentyfour sites were selected ¢apture various organs absorbed doses

at different regions in the head and neElg(re5-6) adopted from(Ludlow, 2011)

One precalibrated TLD700 chip was inserted into each of thestgs [Table5.9).

The chisd vertical level inside their sockets (in each slalassometimes radified

using the manufacturesocket plugs of various heights (same surrounding tissue
density)to accurately correspond to the spatial location of designated orga/tissu
sincesome tisges/organs can be located at different vertical levels in the same slab.
The identification of each chip socket on the slab was done after careful analysis of
each slap and spatial location of the designated organ/tissue by two oral and

maxillofacial radologistsand the medical physicist.

Table 5.5. Technical specifications of the TLDB700 chips.

Specifications Value

Measurement Ranges = 10pGy to 10Gy

Emission Spectra 3500 to 6000A (4000 maximum)
Energy Response 1.25 keV/60Co

Material Lithium Fluoride (7Li isotope) LiF:Mg, Ti
Sensitivity 1.0 at 60Co relative to LiF

Dimensions 3.2x3.2x0.89 mm
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Table 5.6. Technical specifications of thennealing oven.

Specifications Value
Model/brand PTW®- TLDO
Max 400°C

Temperature (Highest)

Capacity (one cycle) 360 elements (in standard trays)

Insulation Ceramic fiber

Chamber size 10 mmx 16.5 mmx 15.5 mm HxDxW)

Table 5.7. Technical specifications of the doseeasuring device.

Specifications Value

Model/brand NOMEX® Multimeter®

Air kerma rate 40 nGyl/s ... 460 mGy/s

Air kerma 40 nGy ... 4.6 kGy

Resolution 0.4 nGy/s

Energy dependence ON 5%

kV R/F (40 ... 150) kV, £ 1.5 % or = 1 kV (typically £ 0.75 % or £ 0.5 kV)
Dose per pulse 50 nGy ... 500 Gy, * 3.5 % (typically + 1.5 %)

Table 5.8. Technical specifications of th&' LD chipséreader.

Specifications Value
Model/brand REXON® UL-320
Cycle Time Variable: 0 to 3 min.
Test Light: Stable LED reference light
Dosimeter Heating 1 Direct contact heating with linear Time/Temp. profile (TTP)
System: Temperaturesetpoint resolution: 1C Range: RT to 450
I Temperature control: ten points
1 Accuracy: +4°C
Reported TLD Data: i TL Digitization (digital glowcurve) period resolution: 100 m:
I TL signal data: integrated TL signal
I Temperature reportingesolution, 1°C

Programmable Heating = Usercontrolled, up to 1&ode programmable temperature cycle
Cycle:
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Table 5.9. TLDsOlocation in the phantomhead @dopted fron{Ludlow, 2011)).

Site Anatomical site Slab TLD
number level number
1 Calvarium (anterior) 3 1
2 Calvarium (left side) 3 2
3 Calvarium (posterior) 3 3
4 Midbrain region 3 4
5 Pituitary gland 4 5
6 Orbit (right side) 3 6
7 Orhit (left side) 3 7
8 Eye lendright side) 4 8
9 Eye lens (left side) 4 9
10 Cheek (left side) 6 10
11 Parotid gland (right side) 7 11
12 Parotid gland (left side) 7 12
13 Ramus (right side) 7 13
14 Ramus (left side) 7 14
15 Center C spine 6 15
16 Back of the neck (right s&) 8 16
17 Mandibular body region (right side) 8 17
18 Mandibular body region (left side) 8 18
19 Submandibular gland (right side) 8 19
20 Submandibular gland (left side) 8 20
21 Centre sublingual gland 8 21
22 Thyroid gland (midline) 10 22
23 Thyroid gland surface (left side) 10 23
24 Oesophageal tube 11 24

4.1.1.3RADIOGRAPHIC EXAMINATIONS

The doses delivered frommay exposures using two CBCT and one panoranrnayx

machines were captured in this analysis. Tiayxmachines used are:

1- NewTon® 5GXL CBCT unit CEFLA s.c, Imola, Italy). TS are found iffable
5.10. Three fields of vievscan modes were tested (152 cm, 81 8 cm, and 8§
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8 cm (HiRes)), Figure5-7). The exposure parameters including the kVp and mAs

were automatically sdvasedon the scouting expoees executed prior to the

primary acquisition.

2- Carestreati 8100 3D CBCT unit (Carestream Dental, Atlanta, GA, USsxl

further TS are found iable5.11. One field of view 8 B cm was tested~{gure

5-8).

3- Siron&® Orthophos XG3 Kigure 5-9) panoramic xay unit (DentsplySirona,

Bernsheim, Germanyandfurther TS are found ifiable5.12.

The information regardingexposures during the radiographic acquisitions using the

three radiographic modalitiesfisundin Table5.13. The phantom was statsdid on a

medical trolley, andan ideal radiographigosition was achieved with the aid of

positioning laser light (where availabl€nly the NewTorfi 5GXL executed scouting

examsbefore the primary acquisitiong=igure 5-10). The xray exposures were

repeated fiveitnes during CBCT acquisitions and ten times dudigital panoranc

examinationto ensure thattainmentof a good signaby the TLDs Three unexposed

TLD chips were used for background radiation for each exaramati

Table 5.10. Technical specifications of the first CBCT unit used.

Parameter Description

Brand/model
X-ray source
Focal spot
Exposure Control
Sensor
Greyscale

3D scan time

3D emission time

Selectable voxel size
(Standard)

Selectable voxel size
(HiRes)

NewTon® 5GXL

High-frequency generator, a rotatiagode Xray tube

0.3 mm

Saf e Be amE exposure acabndiogeo patient build
Amorphous silicon flat panel

16-bit

18- 36s

0.9s- 9.0s (single scan)

200- 300 pm

100- 150 pym
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Table 5.11. Technical specifications of the second CBCT unit used.

Parameter Description

Brand/model Carestrea®8100 3D

Tube voltage 60- 90 kV

Tube current 2-15mA

Tube focal spot 0.7 mm

Field of View 41 4/51 5/81 5/81 8/81 9cm

Radiological exams Full, upper or lower jaw Full, upper or lower molar
Occlusioni Teeth

Grayscale 16384-14 bits

Voxel size (um) 75 pm minimum

Exposure time 7 to 15 sec

Table 5.12. Technical specifications of the panoramicxay machine used.

Parameter Description

Brand/model Siron&® Orthopho8 XG 3
X-ray generator 60-90 kV; 316 mA
Focal spot size 0.5 mm

Total filtration > 2.5 mm Al

Sensor Digital CCDline sensor
Active sensor area 138 x 6.48 mm

Pixel size 27 &m

Focussensor distance 530 mm

137| Page



PART 5| RADIATION DOSES

Table 5.13. Exposureinformation during the radiographic examinations.

NewTom® 5GXL CS® 8100 3D Orthophos®
XG 3

FOV / MODE

FOV / MODE FOV / MODE

15%x 12 8x8 8x8 8x9
(Stardard) | (Standard)| (HiRes)
Scan mode / Regular Regular Regular § Adult (medium T Pl
program (18s) (18s) (20s) sized) patient. (IR,
1 Full jaw (both Ad“g.
upper and lower (r_nedlum
jaw) program. sZt(iaeth
1 Fast scan. P '
kVp 110 110 110 90 69
mAs 37.50 45.78 113.39 22.4 (3.20mA X7  208.95 (15
S) mA x 13.9s)
Exposure time | 3.6 3.6 5.4 7 13.9
(s)
Air Kerma 5 5.84 12.81 - -
(mGy)
DAP 1120.05 520.64 1141.25 512 101
(mGy.cm2)
Voxel size (um) 250 200 125 300 -
Scoutimages 2 2 2 0 -

4.1.1.4 EQUIVALENT AND EFFECTIVE DOSE MEASUREMENTS:

The average background dose was obtainedsabttacted from each irradiated TLD

chip reading.The captured absorbed doses from the TLD chips were divided by 5
(CBCT acquisitionspr 10(panoramic}o get the absbed dose per scan for each site.
The individual absorbed doses retrieved from variduBslrepresenting a tissue or an
organ(Table5.14), were averaged and used to calculate the equivalentld@se (

Using the averaged organ dose, the following equatibty) (was used:

Hr =Wk 1  E DWhére WR (radiation weighting factor) is one for theay, D:
average absorbed dose, f: the fraction of tissue irradiated. The fractions of the tissue
irradiatedmentioned by(Ludlow, 2011; Roberts et al., 200@)ere adapted by the
authorto the field of view useth this substudy(Table5.14). The resultant equivalent

dose§fmi cr o Sieverts (&€Sv)) were used for
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Theequivalent dose for the bone surface was calculated by multiplying theaksnti
dose of bone marrow by a correction factor (Banescle attenuation ratioyvhich
was 2.4 for 110 k¥, 4.09 for 69 kVp, and 3.23 for 90 kVp (calculated using the
following equation:=0.0618 x 2/3 kVp + 6.9406National Bureau of Standards, 1964;
Ludlow, 2011).

Theeffective dose) wasthen calculated via the following equatidh= EWr 1 Hr
Where Hr: the equivalent dose, anlr: the tissueweighting factor The tissue
weighting factorsICRP 2007)were usedT{able5.1). From the rerainder tissues, only
the lymphatic nodes, muscles, extinaracic airway, and oral mucosa were considered.

Table 5.14. The fractions of tissue irradiatedadapted by the author to measure
FOV relevant to the study(Ludlow, 2011; Roberts et al., 2009)

Organ / Tissue Fraction of irradiated tissue

Field of view (cm x cm)

15%x 12 8x8, 8x9, PAN

Bone 16.5 10,00

marrow Mandible 13 1,3 13,14, 17, 18
Calvaria 11,8 5.3 1,2, 3
Cervical spine 3,4 3,4 15

Thyroid 100 100 22,23

Esophagus 10 10 24

Skin 5 4 8,9, 10, 16

Bone 16.5 10,00

surface Mandible 13 13 13,14, 17,18
Calvaria 11,8 5.3 1,2,3
Cervical spine 3,4 3,4 15

Salivary 100 100

Glands Parotid 100 100 11,12
Submandibular 100 100 19, 20
Sublingual 100 100 21

Brain 100 60 4,5

Remainder = Lymphatic nodes 5 5 11715, 1722, 24
Muscle 5 5 11715, 1722, 24
Extrathoract airway 100 100 6,7,1115, 17122, 24
Oral mucosa 100 100 117114, 1721
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Program THELDO Version 1.1

Figure 5-2. Annealing of the TLD chips using the PTW TLDO ® annealing oven
at Groote Schuur hospital, Cape Towntpp and bottom).
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Figure 5-3. Calibration of the TLD-700 chipsat Tygerberg Hospital, Cape Town
(top and bottom).
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Figure 5-4. Read-out of the TLD chips using the REXON’ UL-320 reader at
Groote Schuur hospital, Cape Town {op & bottom).
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Figure 5-5. Preparation of the RANDO® phantom (exterior view).
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Figure 5-6. Preparation of the RANDQO® phantom slabs {nterior view).
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Figure 5-7. CBCT acquisition using NewTon? 5GXL at Groote Schuur hospital,
Cape Town.
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Figure 5-8. CBCT acquisition using Carestrean? 8100 3Dat private practice,
Cape Town (A&B).
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Figure 5-9. Conventional panoramic acquisitionusing Sirona® Orthophos® XG3
at Tygerberg Hospital, Cape Town.
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Figure 5-10. Scouting xray image during the CBCT acquisition using the
NewTom® 5GXL.

4.1.2 PHASE II: MONTE CARLO BASED SOFTWARE.

PCXMC20Rotation (Radiation and Nuclear Safety Authority, Helsinki, Finland) was
used to conducthe virtual calculatios of the received doses during CBCT
examinationsThis software simulagseveal tissue interactions to incidewnirtual x-

ray beans by which predicting thereceivedorgars doses (Lee et al., 2016)The
softwarealsoexecutes equations talculate the effective doses usithg ICRP 103
(2007)andICRP60weightingtissue factors.

The software can be utilized using the usmndly graphical mterface Figure5-11)
or the supplemeaty Exce ap p| i datt icdin Fijure 21®). The latter is
linked with the mairsoftwareand allows fothebatch simulation o&large number of
projectionsat onceleach can be with different input values). FwNewTon® 5GXL
received doses simulation, thatch mode was usesdmulatinga bulky number of
projection anglesxecuted in eactotational acquisition.
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File
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Figure5-11 A screenshot of the fAuser i(Thet erf aceo
field size at therotation axis was calculated usindghe calculator shown.
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Figure 5-12. A screenshot of the Excel spreadsheet application provided with the
PCXMC software allowing the simulation of large number projectiors at once
(batch mode).
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Several valaswere insertedinto the software tacommencehe simulationsThese
input values usedre furthedetailedn Table5.15. Theinputinformation was acquired

fromthemanufactue r rhasualandthe local authorized supplier of theay machine

Table 5.15. Dosedetermining parameters that were used for the MonteCarlo
simulations.

Parameter NewTom® 5GXL

15 x12 8x8 8x8
(Standard) (Standard) (HiRes)

30
X-ray voltage (kVp 110

1.4 mm Al(Inherent filtration) + 9.5 mm Al
(Supplementary filtration)
Number of projection angles 400 400 360
Number of photons 20000

The obligue angle of the central ray ) -1.5 -1.5 -1.5

The focusto-reference point distance (FRD) 66.9
in cm

The x-ray beam size at the reference point 15,04x%12,69 8,14 x 8,28 8,14 x 8,28

The reference points on the X Y-, and Z- (0,-5, 84) (0,-5, 84) (0,-5, 84)
axes

Dose Area Product (DAP) reading 1120.05 (2.8 52064 (1.3 per 1141.25
(mGy.cm?) perprojection)  projection) (3.17 per
projection)

The xray beam size (height and width) at the reference ptnet ¢entre of the

rotational axis of the xay unit)for each field of viewvas calculated using thHield

size calculator provided by the softwa(Eigure 5-11) and basedon the following

parameters:

1 Focusreference point distance (FRD): the distance betweefota spot of

the x-ray tube and the reference point (the centre of the rotationdl Bris
comparison sake, the effective doses usiegaom difference of the primary
used FRD value were simulat@tith all other input values remained constant)
Changing the FRD values will change the beam size at the reference point,

150| Page



PART 5| RADIATION DOSES

which was recalculated dhes o f t wa r e @aculdtoraediusing th neav e
values(Table5.16).

1 Focusimage receptodistancethe distance between the focal spbthex-ray
tube and the sensor.

1 X-ray beam height and width at the receptor

Different input dose quantities can lkeenployedfor the simulation including Air

Kerma, Doseaarea poduct (DAP), Currentime product (mAs). For this analystbe

machin® BAP reading was used as an input dose quantityxirag machiné BAP

out put was indicated 0 pycensobtestreportrcontdubted | at e s
by the local compay responsible forthe Quality Assurance @A's) and
acceptancéests.The DAP reading of each examination was divided by the number of
projections (i.e. DAP/400 or 360). A variationx#0% of the machin®AP readings

of each examination was also testedirtwestigate their impacts on the resultant

effective doses while all other factors remained constaatilé5.16).

Table 5.16. Modified input values used to compae their effects on the total
effective dose

Y, Z coordinates

-2 Primary value +2
Reference points Yaxes -3 -5 -7
82 84 86

Reference pointsZ-axes

Dose Area Product (DAP, in mGy.cr)

-20% Primary value +20%

896.04 (2.24 per 1120.6 (2.8 per 1344.06 (3.36 pel

projection) projection) projection)

DAP

Focusreference point distance (FRD, in cm)

-2cm Primary value +2 cm
FRD (beam size width ~ ©4° 66.9 68.9
(14.59 x12.31) (15.04 x 12.69) (15.48 x 13.07)

x height):
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The pojection angle representthe angls where the xay beamsproject to the

phantom during theotation of the gantryTapiovaara & Siiskonen, 2008 he

rotational radiographic techniques expose the patisorh dfferent angles (projection

angle$, and sahe number of these projectiomsa full rotation angle of the machine

is a requiredpiece of inform&ion. The NewTorff 5GXL CBCTmanuf act ur er 0

softwareshows the number of projectioimsthe 360° rotation angld éble5.15).

The X, Y, Zreference points ararbitraily-defined and represent the direct@ain

coordinates of the central axis of theay beanprojecting tathe phantonfTapiovaara

& Siiskonen, 2008)The software coordinatésive theiorigins setatthe cente of the

bottom trunk of thevirtual phantomwhere the positive values tife X,Y, Z-axes are

directed to the left, back, angbwards respectively(Tapiovaara & Siiskonen, 2008)

further illustrationis in Figure5-13. Accordingto the produdh asergui de A Ch oo s i n¢
any point along the intended beam cefiitre will givethes ame cal cul ati on
(Tapiovaara & Siiskonen, 20Q8)he values werarbitrarily chosen by the investigator

and mapped by thsoftwareinteractive viewethatsimulaesthe virtual phantom and

theposition of the projected radiation figldigure5-14). This was also conducted with

reference to the actual exposed anatamiegion demarcated on the previously

acquired CBCT scouting views. For comparisdake5.16), an additional value of

+2 of the input values of Y and Z was also simulated (with all other factors being

constant).
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Figure 5-13. The Z and Y reference coordinategor the direction of the central
axis of the xray beam. Note that the ruler in the figure is only for explanation
purposes and doesnot represent the actualscale.

@ Salivary glands
@ Extrathoracic airways
@ Oral mucosa

Figure 5-14. Interactive field viewer (in the PCXMC) showing the primary beam
direction and the covered anatomical region.
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The software inthe batch mode (Exc®lapplication) calculates the eftae doses

including those organs that are outside the main radiation domain and iaciedals,

breasts colon, gall bladder,heart, liver, kidneys,lungs,ovaries, pancreasprostate,

skeleton, spleen, stomach, testicks, thymus, urinary bladder,and uterus As these
organs/tissues were deemed to receive no dose (particularly when shielding aprons are
used)the effective doses excluding the absorbed doses of these organs were calculated
separately to facilitate the caarison with their counterpartstaimed from the TLDs.

I n the excel sheet macros (application), t
which was modified to Al50, and the second
(Cu) element which waaso changed tAluminum (Al) with theatomic numbefi 1 3 0 .

The NewTonf 5GXL executstwo obligatory scouting viewsdencetheir dosesieed

to be considereth addition to the primary exposure dpgarticularly if it would be
compared with the TLDs doses that captured the scouting amdithary acquisitions
togetherThe scouting viewexecuted by the CBCT machiaee anteroposterigAP)

and lateral skull viewgLat.). The available exposumgaranetersduring these two
exposuresvere thekVp and mAs, while the Air kerma and DAP readirage assigned

n/a in the softwarémost probably due to the extremely low exposure outputs for these
exposures)Theaverages ahAs(over five exposuresdr the frst scouing view(Lat.)

were 0,05778, 0,05391, and 0,09504 and the secondrepoetv (AP) were 0,12798,
0,17739, an@,288 for the fields of vied5x 12, 8x 8, and 8x 8 (HiRes), respectively

The PCXMC (main software and not the rotational module) was used to simulate the
doses of these scouting viewhe software alerts the usdcspassible inconsistent
accuracy when choosing a currdimie product (mAs) as dose input quantity
Nevertheles, it was used to simulate these scouting images due to the absence of DAP

readings, and the originally extremely low radiation output of such scpetiposures.

All datawerecaptured in Excé&l(Microsoft®, WA, USA). Themathematical equations

were implemented in the software for the equivalent and effective dose calculations.
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CHAPTER 5 |

5.1 PHASE I TLD RECEIVED DOSES

Thecalculations oEquivalent doséHt) based on the average organ doses for various
x-ray machines ardepictedin Tables 517, 518, and 519. A total effective dose of
75.3, 124194.1microsieverts were obtainddbm CBCT exams using the NewT8m
5GXL with various FOV 8 x 8, 15x 12, 8x 8ires), respectively Table5.17). The
total effective dose revealed from t88CT exams using the CS 808D was101.8

eSv (Table5.18), while the mnoramic examination was 21eBv using theSiron&
Orthophos XG3Table5.19).

Table 5.17. Equivalent doseHTt (¢Sv) of individual organs/tissues and the total
Effective dose E) obtained from CBCT exams (using the NewTorfi 5GXL).

Equivalent doséit (in € S)v
Field of view (FOV)

8%X8 15X 12 8 X 8 (HiRes)
Bone marrow 253 96.6 57.3
Thyroid 300 560 1180
Oesophagus 16 28 68
Skin 328 125 75.6
Bone surfece 60.6 2319 1375
Salivary Glands 22333 25467 51067
Brain 240 1640 372
Remainder 2831 3627 669.9
Total Effective dose E) 75.3¢ Sv 124 Sv 194.1¢ Sv

Table 5.18. Equivalent doseHr (¢Sv) of individual organs/tissues and the total
Effective dose E) obtained from CBCT exams (using theCS 810@ 3D).

Equivalent doseHr (ine SV
8 X 9cm (FOV)

Bone marrow 35.14
Thyroid 340
Oesophagus 16
Skin 356
Bone surface 83.6
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Salivary Glands 29267
Brain 204
Remainder 4211

Total Effective dose (E) 101.8¢ Sv

Table 5.19. Equivalent doseHr (¢Sv) of individual organs/tissues and the total
Effective dose E) obtained from panoramic exams (using theSirona® XG3).

EquivalentdoseHr (in € S)v

Bone marrow 7.3
Thyroid 60
Oesophagus 2
Skin 5
Bone surface 29.7
Salivary Glands 560
Brain 12
Remainder 98

Total Effective dose (E) 21.1¢ Sv

The overall contribution for each organ /tissue includebe effective dose calculation
for CBCT exposurg is shown inChart 5-1 (A-D), and conventional panoramic
radiograph irChart5-2.

A) CBCT| NewTom® 5GXL| FOV: 15 12 cm

= Bone marrow

= Thyroid gland

m Oesophagus
Skin

m Bone surface

m Salivary glands

= Brain

m Remainder tissues

Chart 5-1. (A-D) The contribution of various organs/tissues to the overall effective
dose exposed using different CBCT and fields of view.
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B) CBCT| NewTom® 5GXL| FOV: & 8 cm

H Bone marrow

m Thyroid gland

m Oesophagus
Skin

m Bone surface

m Salivary glands

m Brain

® Remainder tissues

C) CBCT| NewTom® 5GXL| FOV: 8 8 cm (HiRes)

H Bone marrow

m Thyroid gland

u Oesophagus
Skin

m Bone surface

u Salivary glands

m Brain

m Remainder tissues

Chart 5-1. (Cont.)
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D) CBCT| CS® 8100 3D | FOV: 89 cm

= Bone marrow

= Thyroid

m Oesophagus
Skin

H Bone surface

m Salivary Glands

m Brain

® Remainder

Chart 5-1. (Cont.)

Panoramic radiography |Sirona® OrthophosXG 3

= Bone marrow

= Thyroid gland

m Oesophagus
Skin

m Bone surface

m Salivary glands

m Brain

m Remainder tissues

Chart 5-2. The contribution of various organs/tissues to the overall effective dose
exposed during the panoramic examination.

The reconstructed CBCT volumes using the NewT&@XL areillustratedin Figure
5-157 Figure5-20. Figure5-21 andFigure5-22 show the resultant reconstructed views
on the C8 8100 3D. Moreover, the acquired panoramic vigdemonstrated iRigure
5-23.
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Figure 5-15. Anteroposterior (top) and lateral cephalometric (bottom)
radiographic views of the acquired CBCT volume (NewTorfi 5GXL, FOV 15 x
12 cm, regular scan, and standard dose).
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Figure 5-16. Axial slice (top left), sagittal slice (top right), coronal slice (bottom
left), and 3D view (bottom right) reconstructed from the aquired CBCT volume
(NewTom® 5GXL, FOV 15 x 12 cm, regular scan, and standard dose).
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Figure 5-17. AP (top) and lateral cephalometric (bottom) radiographic views of
the acquired CBCT volume (NewTon? 5GXL, FOV 8 x 8 cm, regular scan, and
standard dose).
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Figure 5-18. Axial slice (top left), sagittal slice (top right), coronal slice (bottom
left), and 3D view (bottom right) reconstructed from the acquired CBCT volume
(NewTom® 5GXL, FOV 8 x 8 cm, regular scan, and stndard dose).
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Figure 5-19. AP (top) and lateral cephalometric (bottom) radiographic views of
the acquired CBCT volume (NewTon? 5GXL, FOV 8 x 8 cm (HiRes.), regular
scan, and standard dose).
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Figure 5-20. Axial slice (top left), sagittal slice (top right), coronal slice (bottom
left), and 3D view (bottom right) reconstructed fran the acquired CBCT volume
(NewTom® 5GXL, 8 x 8 cm (HRes.), regularscan, and standard dose).
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Figure 5-21. Axial (top), coronal (bottom left), sagittal (bottom right) slices
reconstructed from the aguired CBCT volume (CS® 8100 3D, 8 x &m, Full jaw
program, fast scan).

Figure 5-22. 3D reconstructions (side and front views) from the acquired CBCT
volume (CS 8108 3D, 8 x 9 cm Full jaw program, fast scar).
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Figure 5-23. The resultant panoramic radiograph (using Siron& XG3, 69 kVp, 15
mA, 13.9s).
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52 PHASE II: COMPUTER SIMULATIONS ‘

The computer simulations conducted using the PCXMC saodtaad according to the
input valuegeportedearlier inTable5.15, showed very close total effective doses
their counterparts attained from the TLO®ble5.20, Table5.21, andTable5.22).

Table 5.20. The equivalent doseldr) of multiple organs/ tissues and total effective
dose E) obtained from TLD and PCXMC simulations of the NewTon® 5GXL
exposuregFOV: 15 x 12 cm).

EquivalentdoseHt (i n € Sv)

FOV: 15 x 12 cm
PCXMC TLD Difference* %
Bone marrow 37.70 96.62 -58.93 -60.99
Thyroid 28848 56000 -27152 -48.49
Oesophagus 1.36 2800 -26.64 -95.14
Skin 1000 12500 -11500 -92.00
Bone surface 9047 23189 -14142 -60.99
Salivary Glands 370299 254667 115632 4541
Brain 116716 164000 -47284 -28.83
Remainder tissues 45238 36275 89.63 2471 ‘
Effectvedose®A 121
(Effectivedose @AA  g06 124 34 274
*Difference: Hr (PCXMC)i Hr (TLD). Negative values indicate underestimation of Th® ‘
valuesby the PCXMC %Diff . =Hr (PCXMC)1 Hr (TLD) / Hr (TLD) x 100%
Awithout scouting views.A Awith scouting views ircluded

Table 5.21. The equivalent dos€HT) of multiple organs/ tissues and total effective
dose E) obtained from TLD and PCXMC simulations of the NewTon® 5GXL
exposures (FOV:8 x 8 cm).

EquivalentdoseHt (i n € Sv )

FOV: 8 x 8 cm
PCXMC TLD Difference* %
Bone marrow 14.16 25.27 -11.10 -43.94
Thyroid 13042 30000 -16958 -56.53
Oesophagus 0.60 16.00 -15.40 -96.26
Skin 3.24 32.80 -29.56 -90.11
Bone surface 33.99 60.64 -26.64 -43.94
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Salivary Glands 214089 223333 -92.44 -4.14
Brain 26809 2400 28.09 11.70
Remainder tissues 39595 | 28308 11287 39.87

*Difference: Hr (PCXMC) T Hy (TLD). Negative values indicate undstienation of theTLD
valuesby the PCXMC %Diff . =Hr (PCXMC)i Hr (TLD) / Hr (TLD) x 100%
Awithout scouting views.A Awith scouting views included

Table 5.22. The equivalent dos€HT) of multiple organs/ tissues and total effective
dose E) obtained from TLD and PCXMC simulations of the NewTon® 5GXL
exposures FOV: 8 x 8 cm (HiRes.)).

EquivalentdoseHt (i n € Sv)

FOV: 8 x 8cm (HiRes.)
PCXMC TLD Difference* %
Bone marrow 31.08 57.31 -26.23 -45.77
Thyroid 28504 118000 -89496 -75.84
Oesophagus 1.31 68.00 -66.69 -98.07
Skin 7.13 75.60 6847 -90.57
Bone surface 7459 13755 -62.96 -45.77
Salivary Glands 470184 510667 -404.82 -7.93
Brain 58848 37200 21648 58.19
~Remainder tissues ~ gggy7 669.99 19828 29.59
*Difference: Hr (PCXMC) i Hr (TLD). Negative values indicate underesdiion of theTLD
valuesby the PCXMC %Diff . = Hr (PCXMC)i Hr (TLD) / Hr (TLD) x 100%
Awithout scouting views.A Awith scouting views included

The resultant PCXMC simulations of the scouting views werdeldw one micro
Sievert. When the TLD values &re considered as the referendse PCXMC
underestimatedt by -3.4 ¢ S ¢ 2.74 % of the Eq.p) during thel5 x 12 cm FOV
acquisition, overestimadedt by 3.82¢ S (6.07 % of the Eqwp)) during the8 x 8 cm
FOV exam, and underestimated it{20.64¢ S {* 10.63% of the Ep)) during the8

x 8 cm (HiRes.) acquisition.
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The individual organ effective dose was also captured and shown in defaible
5.23. The overall contribution for each organ/tissue included irP@XMC effective

dose calculatiamis shown inChart5-3 (A-C).

Table 5.23. Individual organ and total (net) PCXMC effective dosesk, in € Sv)

Effective organ doselE, i n

Field of view (FOV)

€ Sv)

8l 8 151 12 8l 8 (HiRes.)
Bone marrow 1.70 452 3.73
Thyroid 5.22 1154 11.40
Oesophagus 0.02 0.05 0.05
Skin 0.03 0.10 0.07
Bone surface 0.34 0.90 0.75
Salivary Glands 2141 37.03 47.02
Brain 2.68 11.67 5.88
Remainder 4751 54,29 104.19
Total Effective dose (E)A 789 12010 1731
Total Effective dose (E)A A 79 12 120.6 173.46
Awi t hout scouting views. AA: with scoutin

Thetotal effective dose resulted using the primary input valliable5.15) was used
for comparisonsvhenmodifying the Y & Z reference coordinates and FRD by +2 and
the DAP reading by + 20% (each tested separately while the other femtmased
constangs the primary analy9isThe net effective doses of these modifrgzlitvalues

are shown imable5.24.
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Table 5.24. The resultant PCXMC effective dossin € Svcomparison when
different input values were employed

Y, Z coordinates

2 points less Primary value* 2 points more
Reference points Yaxes -3 -5 -7
Effective doseE 127.41 (7.31, 120.1 11050 (-9.6,-7.99%)
(Difference, %) SIEY)
Referencepoints Z-axes 82 84 86
Effective doseE 127.61 (7.51, 120.1 11213 (-7.97,-6.6%%)
(Difference, %) 6.26%)

-20% Primary value* +20%
DAP 896.04 (2.24 per 1120.05 (2.8 per 1344.06 (3.36 per
projection) projection) projection)
Effective doseE 96.20 (:23.9,- 1280 1443 (24.2,20.15%)
19.90%)

(Difference, %)

-2 cm Primary value* +2 cm
FRD (beam size: width 64.9 s 68.9
x height): (14.591 12.31) (15.041 12.69) (15.481 13.07)
Effective doseE 12328 (3.18, 1280 117.08 (-3.02,-2.52%)

(Difference, %) 2.65%)

* The Epcxmcy (Using primary value) is the total effective dose excluding the scouting views.

Difference: Epcxmc) (Uusingmodified input value) Epecxwvc)(using primary input values)
%Diff. = Difference/ Epcxmc)(Using primaryinputvalug) x 100%
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Al NewTont® 5GXL (FOV :15 X 12)

® Bone marrow

® Thyroid

m Oesophagus
Skin

m Bone surface

m Salivary Glands

H Brain

m Remainder tissues

B| NewTon® 5GXL (FOV :8 X 8)

m Bone marrow

u Thyroid

m Oesophagus
Skin

B Bone surface

m Salivary Glands

m Brain

m Remainder tissues

Chart 5-3. (A-C) The contribution of various organs/tissues to the overall
effective doseevealed from PCXMC simulations.
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CHAPTER 6 |

Multiple factorsmustbe considered when interpreting the doses yielded from a CBCT
acquisition In particular the resultant image quality, tokoserfield of view, exposure

parameters, and the diagnostic gosgndedirom an individual exposure

When @mparing dosesepated fromvariouspublishedsourcesit is imperative to
consider thapossible variation in tleevaluescould exist. These variations could be
contribued by dissimilaities in the constructionmaterialof the phantom (since they
can bemade of humatissues or stimulatory material of the same den3jtibg soft
tissue architecture, the sizetb& phantom head, and the variable location of the TLDs
used during the exposuré®u et al.,, 2010)Moreover,asthe absorbed dose is an
average dosdlauwels et al(2012)suggested that the dosimeters (i.e. TLDs) should
be ofgreater numberand cover multiple locations for the same org@mmachieveas
accuratevaluesas possibleThe authorslsoindicated that published doses amaty
using different numbers of TLD chipsute t be compared with Acaut
the quatity of TLDs usedwassmaller A deviation by 188% can be encountered
when a limited quantity of TLD chips are used for the estimation of organ /tissue
absorbed doggrauwels et al., 2012)ncreased filtration and kVp of the primary beam
were found to decrease the possibility of the absorption obt@rgyx-ray and thus
decrease the dos@sudlow, 2011)

Thermoluminescent dosimetry

In all the radiographicacquisitionsin this investigation (CBCTand panoramic
radiograph), theemainingtissues (mainly the oral mucosa and exir@racic airway)
ranging from 35%6%, followed by the salivary glands (ranging frora3ZL6) were the
major ontributors to the total effective dos€bart5-1 (A-D) andChart5-2. In the

field of view of 15«12 cm (using the NewTom5GXL), the third most contributing
effective organ dose to the overall effective dose was the thyroid gland by 18% and
followed by thebrain by 13%. These organ effective doses were reda¢bdsmaller

FOV (8x8cm) on the same machine with the thyradtcibuted by 16% antthe brain
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by only 3%. By contrast, using the same FO¥8@n) but with HiRes exposure mode,
increased the thyroicontribution to 246, where the braidose waseduced to 2%. In

8x9 cm (FOV) using the C58100 3D, the thyroid gland fettive dose contribution

was 13% and the brain 2%. During the panoramic examination, the thyroid contributed

11%of the total effectivelose, andhe brain byonly 1%.

For implant planning purposes and while significantly reducing the dose, reducing the
exposure parameters (e.g. scanning time, mA, rotation degreer(B80)) was shown

not to significantly alter the diagnostic qual{fpawood et al., 2012)pne exception
being if, higher quality datas needed for computeguided surgeries (and 3D model

reconstruction).

The investigator presuntethat the resultant total effective dosasthe CBCT and
panoramic examinations studiedvere within the acceptable ranges of dental
radiographic machines dosekaple5.3 andTable5.4).

While the image quality is highly influenced by the voxel size and radiation dose (e.g.
the smaller the chosen voxel size is, the higher the resultant quality and dose), the
identification d the diagnostic object of acquisition should be done on an individual
basis The diagnostic benefits versus the imposed risksst be consideredyhile
attempting to maintain as low a radiation level as poséWidtrick et al., 2013)

Using the NewTorfi 5G (FOV: 8x 8 cm, mAs: 6.76)Nikneshan et al., 2016pund
theindividual organ effective dosef thethyroid, red bone meow, and the salivary
glandsto be 15, 2247, 295¢ S wespectively compared to 12, 3, 22.8 Sv ,
respectivelyfound inthis study (using NewTofM5GXL, FOV: 8x 8 cm).

Computer simulations: PCMXC

The use of PCXMC software offea convenient and possibly efficient alternative
method to the convention&LD dosimetry(Kim et al., 2018)In conventional medical

radiology, several reports found promising and reliable results when PCMXC
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simulations were use@ai et al., 2013; KhelasSioutaoui et al., 2008; Aps & Scott,
2014)

In the current investigation, it was found that the PCXMC underestimatetbtak
TLD effective dses by 2.741 10.63% (of the ELp)) for various FOV tested.
Comparison with results from the literature shoodtlone with consideration of the
various experimerl settingge.g.x-ray machines usedOV), percentage difference
calculationg(based on PCMXC or TLD valuggnd the input values used. Nevertheless,
Kim et al.,(2018)found that the?CXMC effective doses were comparable but slightly
underestimating the TLDs doses by 1i®% during CBCT MonteCarlo simulations

for differentfields of view.Similarresults were also found between PCMXC and doses
captured using MOSFET dosimeters during CBCT exda¥% and 153¢ S,v
respectively) byoivisto et al.,(2012)

During thel5 x 12 cm (FOV) virtual dose simulation, the PCXMC resukauivalent
dosesflt) were underestimatintpeir TLDscounterparts alhebone marrow, thyroid,
oesophaguysskin, and brainTable5.20) while overestimating the salivary glands and
remainder tissuesHr differencerange2 6 . 6-1%56.3¢ S]vThe mosnotable(HT)
differences were -95.14% and-92% (of the Hr (r.0)), which were obtainedfrom the
oesophagus and skinespectively A possiblereasonfor the severeesophagus$ir
rcvxg underestimation ishe variations between the actual location of the dosimeter
capturing the absorbed dasigheoesophagus and tRECXMCO kcation in the model
under the shoulder lingoivisto et al., 2012)

For 8 x 8 cm (FOV) exposure simulation, PF@€MXC and TLD equivalent dosé€blt)

of the salivary glands were very clos#ffi -4.14% (of the Ht (r.p))) compared with
45.4%26 difference foundluring 15 x 12 cm (FOV) simulation. Yethe @sophagus
and skin showd -96.26% and-90.120%6 (of the Hr () differences, respectivelyA
comparable finding of higiPCXMC underestimation of individual organ effective
dose(compared to MOSFET dosimeters)) the oesophaguwas alsoreportedby
Koivisto et al.,(2012)duringi8x8 cmo CBCT exam E: 2.9 mSvmosren & 0.4 mSv

175| Page



PART 5| RADIATION DOSES

rcxme), Diff. :600 %). The absoluteHt differencesin the current analysi@®@CXMC
vs. TLDs) ranged fronl1.10 to16958 andthe difference naged from 414% i
96.626. In the 8 x 8 cmuires.)€Xposure simulations significantunderestimation of
the oesophaguBLD equivalent dose-98.07%) was notedMoreover, heabsoluteHr
differences (PCXMC vs. TLDs) ranged from 26.23v to 894.96¢ S wand the
percentages of difference ranged fréi®3% - 98.07%.

Multiple factors contribute to the variation between the virtual and the physically
acquired dosesThese &ctorsare related to variations in the methodology of the
orgartissue dosemeasurementvariations between thphysical phantom and the
virtual stimulatory model, the limited number of dosimeters to represent relatively
large tissues, and variations in the fracticof each tissue irradiateced in theE
calculationin each metho@oivisto et al., 2012)

Similar to resultsobtainedfrom the TLDs, the reminder tissues followed by the
salivary glandsontributed the mogb the PCXMC totakffective doseK) in all the
field of views tested Table 5.25 and Chart 5-3 (A-C)). In addition PCXMC
underestimatkthe TLD individual effective dose of the thyroid regardless of the field

size.

Table 5.25. The contribution (%) of selected organs/tissues to the overall effective
dose revealed from PCXMC simulations and TLDs.

NewTom?® 5GXL
Fields of view (cm)

151 12 88 81 8 (HiRes.)

PCXMC TLD PCXMC TLD PCXMC TLD

Thyroid 9% 18% 7% 16% 7% 24%
Salivary Glands 31% 21% 27% 30% 27% 26%
Brain 10% 13% 3% 3% 3% 2%

Remainder tissues 45% 35% 60% 45% 60% 42%

For the simulation of panoramic radiography (although not conducted in the current

study), multiple challengdsave been reported. These includgeut values influaced
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by the complicated machine geometry (as it entails tomography and scanography), the
fluctuatinglocation of the rotation axis during the examination, and the uncertain
resultant beam size at the rotation axiee et al.,, 2016)During panoramic
radiography higher effective dose®9.65%- 51.24%) were obtained from PCXMC

simulations when compared with TLDs counterpfres et al., 208).
The impact of different input values on PCMXC simulations

A study(Aps & Scott, 2014assessing the effea$ various beam characterizing input
values on the PCXMCO0s results (e.g. hori zc
distance (FSD), exposure time, and collimation) duritgwiings and oblique lateral

radiography. Tts studyfounda significant inflence of these factors on the resultant

effective dosesin the currentPCMXC study a rotational radiographic modality
(CBCT)wasinvestigatedand hencgan exact comparison taofindings might not be
accurateNonethelessvariationsin the DAPreading predominantlympacedthe €)

valuesin this study

Changing theY () coordinate by subtracting 2 0  the absolute numerical value
resulted in an increase of the totaleetive dose measured in PCXMC using primary
input values by7.31¢ S (6.09% of Eprimaryrcxmc). Whena d d i n, the dpjfaosite
ensud (the E difference was-9,6 € S,+7.990). The Zen coordinate showed
comparable findings to ¢¢n modified coordinateby overestimating the primary
rcxme) value by6.268% whentheil 2 cassubtracted, and underestinmgtit by -6.64%
when t hasddéd?2 the awveradibsolutesffective dose difference rangg (%6

- 7.99%] is not substantial wheh 2 of the primary Yer, Zref identified coordinates
were usedln comparisorto our study, changing the Z reference point from 83 to 82
and 87 cm showed an effective dose difference: B$% compared to the MOSFET
readinggKoivisto et al., 2012)The authorgLee et al., 2016ndicated that achieving
reliable software readingsehighly dependent on the input values. Y and Z reference
coordinates influenakthe effective dose during PCXMC simulationspainoramic

examination(where the Y is the highesy contrast, changing FRD alone showed

1771 Page



PART 5| RADIATION DOSES

limited effect(Lee et al., 2016) Similarly, modifying the primary FRD value by 2
cm in this study didnot reveal a significanE differencewhen comparedwith the
primary E (pcxmc) [2.52 - 2.63%0]. It is worth noting that adding 2 cm to the FRD
resulted in dower effective dose-2.52%). Changing the DAP reading Ry 20%
impacted therimary E (pcxmc) by 20.13%6 when 20% was added artB.96 when
20% of the DAP reading was subtracted. Further investigatibtiee factorswhich
dictaiedthe software outputs were not investigatsthis was not an objectiva this

substudy.
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CHAPTER 7 |

According to our findingsthe effective dose<E] received for thdNewTon? 5GXL

exposures deperd on the field of view selectedl®l 12 and 88), the exposure

protocols (Standard vs. high resoluticemd ranged from [75.8 Siv194.1e S WVe.
concludedthat i mi ti ng t he beam sdiozsee 0a nedk pcohsouorsei mpg
markedlyreduces the effective doses. Tféective dosebtainedfrom theCS 8106

3D (8x9 cm)was101.8¢ S, while panoramic examination usi®jron& Orthophos

XG3resulted iman effective dose oR1.1¢ Sv .

Comparison ofthe radiation dosesreported in the current investigation samilar
publishedstudies’ which might be conducted withifferent clinical and experimental
settings should be conducted with cautiomhe doses shouldebinterpreted with
attentionto the exposure factors used, tbe&gnostic objectiveand theoutputquality

requiredfor a certain examination to achieve thest treatment outcomes

The primary results of the virtual dose simulations are promighitnough the
individual equivalent doses showedj@eaterrange of variability with the TLDs (as
considered as a gold standarte total effective dosewere similar. Changing the
input values i.e. Z &Y coordinates, focus to reference distance (FRD), andwdase
product (DAP) arableto influence the total effective dosegth the latter being the
most influential factorHence, poper identification of each value isfandamental

importance in order tobtaincomparable and reliabtesults.

The investigatodeclareshat there is no conflict of intereahdthere is no relevant

financial nor nodfinancial competingnterest in any of the products/items used.
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Aim: To investigate the effectiveness of dose reduction of a novel heaacanshield
(designed by the authoduring various radiographic examinations taken during

implant planning.

Materials and Methods: An anthropomorphic phantom head with 24 TFIZDO chips

was used to record the absorbed doses in 24 anatomical sites. A desadjged and
modified shield was placed on the phantom, and multiple radiographic examinations
were recorded including two CBCT exams (15 x 12 and 8 x 9 cm FOV) and a
panoramic examation. Absorbed and effective doses obtained from this analysis were
cafdured and compared with doses attained without the shield.

Results: A reduction of the absorbed dosesngng from 0.36 mGy (20.9%) to 2.4
mGy (81.3%)was observed when the shield was used during the 15 x 12 cm CBCT
exam Using the same FOV, the overaffective dose was reduced by 4.94% (6.12

¢ S WYhen the 8 x 9 cm FOV was capturatconsistent differences tiie absorbed
doses weregecorded with the overall effective dose higher by . 3  £.23500). (
During panoramic examinatiojthe absorbed doses of the tissues covered by the shield
were often0 mGy, with and without the shieldnd he overall effective ase was higher

by 0. B3Ev (

Conclusion: A substantial dose reduction was achieved using the novel shield design
for various critical organs/tissues, including the eye lens andrdin. This suggests

the beneficial use of the shield finvefield of view of 15 x 12 cmThere wasimmited

to no effect on the absorbed doses using the shield Bi@n field of view and during
panoramic examinations. Naffects wereotedontheimg e s 6 qual i ty (i

in the region of interesturingall the radiographic examgerformed

dosimetry effective dose, protection shield.
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LIST OF ABBREVIATIONS AND ACRONYMS

(S) Shielded

(US) Unshielded

pum Micrometre

USv Micro Sieverts

CT Computed tomography

CBCT Conebeam computed tomography
cm Centimetre

Cs Carestrearh

DAP Dose area product

E Effective dose

FOV Field of view

H+ The equivalent dose

kVp Kilo-voltage peak

mAs Milliampere-second

MGy Milligray

MOSFET Metal oxide semiconductor fieldffect
SA South Africa

TBH Tygerberg Hospital

TG Thyroid gland

TLD Thermoluminescent dosimeter
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CHAPTER 1 |

Despite the reduced doses of CBCT acquisitions comparte medical CT sca
these acquisitions still yield greater radiation doses comparéide conventional
radiographic modalities e.g.panoramic radiograph@®avies et al., 2012; Ludlow et
al., 2003; Ludlow & Ivanovic, 2008)

The radiation dose yielded from CBCT examinations is considered a major concern
worldwide, especially giventhat it has becomeén some instances popular or even
routine proceduréLi, 2013; Noffke et al.2011)

The interaction ofonising radiation with biological human tissue can induce two risk
types i.e.stochastic (e.g. malignancies, inheritable mutations) and tissue reactions
(previously known as deterministic effeatsy. eye cataract, xerostom{edarris et al.,
2012) Fortunaely, these deterministic effects areery unlikely to take placduring

dental exposured&Jnfortunatly, stochastic effectmayoccur at any level afadiation
exposurgHarris et al., 2012; White & Pharoah, 2013)

There is no agreement on ttieeshold of safe radiation doses any dose Isahe
potential to induce stochastic effe¢tdalboub et al., 2015; Abbott, 2000or this
reason, clinicians have an ethical responsibility to reduce the radiation exposure to the
minimum, while justifying each raggraphic acquisitiomvith strict employment athe
ALARA (as low as reasonably achievable) princigligbbott, 2000)

Brain, oesophagusandsalivary glands are mentioned as orgaith possiblerisk for
cancerdevelopmeniAttaia & al., 2020) In addition the eye ishighly sensitive to
radiation, and various detrimental effectsuch ascataractswhich can arise after
exposurego doses ranging from 0.5 to 2 Gy in adults and almost half this range in
young childrefMukundan et al., 2007)-ortunately dental radiology yieldslose far
lower than these detniental rangesionethelessvery effort should bmadeto protect

these organsvhichmight unnecessarilgeexposed during radiographegaminations.
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In this chapteranovelshield desigad and developed by the author wheettloseshe
orbits and theupper part of the heasdlastested foits ability to reduce radiation dose
The effect of using suchshield on absorbed doses of various anatorhycsgnsitive
sites was tested using different fields of view and radiographic modaliteesCBCT
and paoramic radiography. Moreover, the radiographic imagbesined were
analysedor any possible radiographatefacs (e.g. metalliartefacy which would

haveinterferedwith the analysis of the region of interest intended for implant planning.
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CHAPTER 2 |

The deterministic effect®r tissue reactionjan lead to cellular death and alterations
in the structure and functions of organelles inside theldaliris et al., 2012; Whe &
Pharoah, 2013)his type of radiation effect is degependentwvith the severity of the
impactincreagswith the dose delivere@Harris et al., 2012; White & Pharoah, 2013)
Examples of deterministic effects include xerostomia, cellular death,
osteoradionecrosisye cataract, effects on fetldvelopmentanderythema omhe skin
(Harris et al., 2012; White & Pharoah, 2013)

Stochastic effects are caused by an irreparable defect in the genetic deposition of a cell
whichleads to the formation of cancensheritable mutatiof\White & Pharoah, 2013)

Unlike the determinigt effects, these effects have moinimum dose limits to be
induced but the risk of its occurrence is proportional to the dose deligétadis et

al., 2012; Lin, 201Q)

The estimation of relative biological damage/riskg( stochastic effects) after
exposure to radiation nébe presented numerically bye effective dosevalue(E, in
Sieverts)European Commissip 2012; Harris et al., 2012; White & Pharoah, 2013)
This valuedetermina the possiblebiological risk to theequivalent wholéody dose
(European Commission, 2018everal factors are codsred during the calculation
of this value and include the type of radiation, ttgans radiated, the doses delivered,
and the radigsensitivity of each tissuaiging a uniqueéissueweigh factor)(Harris et
al., 2a2; Shin et al., 2014)Although ths valuedoesnot necessarily reflect the
radiation risk ofindividual patients gince variation in age, gender, and genetic
radiation sensitivityplay an influential rolg it is considered a reliablmeasureo

compae various radiographic modalities aexposure protocolKim etal., 2018)

Fortunately, the dosedhdt dental units operate in afar too small to induce

deterministic effectsbut not stochastic effec{slarris et al., 2012; White & Pharoah,
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2013). Typicaly, a personis already exposed taverage background radiatioh2.4
mSv (Harris et al., 2012) 3.1 mSv (White & Pharoah, 2013)er yeay particularly
from radon gasndterrestrial and space radiatidviedicalexposure averag@about 3
mSv per yeawith dental exposure contribog as little as 0.26% (0.007 mS@WVhite
& Pharoah, 2013)

2.1.1 CANCER RISKFORMATION

The data acquired on cancer formation induced by radiagoemainly attained from
the survivors of thdapanese atomic bon(imain sourcé and fromgroups introduced
to radiation due to medicagnvironmentaland occupational reasofkittle et al.,
2009)

Biological harmbeginsafter he creation ofhydroxyl radicals subsequetad ionising

the cellular water atoms by-say radiation These radicalsnight engage with the
deoxyribonucleic acid (DNA) of the cell resulting in impairments in its ssantases.
On the other handhe xray radiation camct instantly on the DNA (direct iosgition)
(Lin, 2010) While mostpostradiation cellular injuries are counteracted by the cellular
reparativemechanismsan incompetent repair caresut in mutationin the cellular
DNA, gene fusion, andhromosomal translocatipthusinducing cance(Brenner &
Hall, 2007) The effects of these cellular damages (i.e. cancarsinanifestfrom 5,

10 and20 or more years &t the radiation exposufBerringtonDe Gonzalez et al.,
2009; Amis et al., 2007)

Radiation doses higher thab0O0 millisieverts provides compelling evidence of

increasingthe risk ofcancerdevelopmen(Lin, 2010; Council 2006; Tubiana et al.,

2009) while being contentious in the dose rangebldib 100millisieverts(Lin, 2010).

Although thereisalackofidi r ect epi de mi ol oigcreasadriskd at a o i
of cancer development atdoses less tma 10 millisieverts (due to statistical
insufficiency) thisdoesnot signify the lack of riskVerdun et al., 2008)
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2.1.1.1 THE LINEAR NO-THRESHOLD (LNT)

LNT is amodel usedy radiation protection authorities to evaluate the rkiow

dose radiation exposures based on risk levels establishedaisgiplevel of radiation
doses(Tharmalingam et al., 2019)he excessancer riskis thenproportional to the
delivereddosg including low and high dose exposuiscording to te LNT theory

(Lin, 2010) Though controversial, due to the absence of any other theory which proves
the risk of low dose radiation, @hLNT is nevertheless, even in the absence of any

actual data to support it, widely used (by extrapolatibim), 2010)

While in this model (LNT) every exposureincluding minute dosesare deemed
detrimental i e. no safe dose), researchnmdern radiation and molecular biology
indicates opposing evidence on the accurate risk estimation usinghh¥e health
effectsof low-dose radiatiofiTharmalingam et al., 2019ccording toTharmalingam

et al.(2019) the evidenc@rovidedon cancer formation due to low radiation doses is

minuscule

Spreadingpanicin respect otcarcer formation due to diagnostic radiation based on
disputablenypotheses s fun et hi c .a@hriculalysthcethisisinotbasedo
onanyscientific backgroundandthatcancer formatiomisk isclinically negligible (if

it occurg based on established carcinogenesis dose thregfokiana et al., 2009)

Albeit the contrgersy in the literature regarding the carcinogenic thresbfdtalv dose
exposures t he Ari sk of excess cancer martality
proven(Lin, 2010)

A bismuthimpregnated latex oafoam pad was used as an eye shield in a study by
Mukundan et al(2007) Theauthors (2007assessed the effect of this shield on dose
reduction during CT using a metal oxide semiconductoffield-effect transistor
(MOSFET) The shieldcoveredthe outer side of the orbits and redditiee absorbed
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dose to the obits from 46 to 28 mGy and 29 to 21 e eye lens. Moreover,
radiographicartefacs induced by the shield were not found to ddgrtne diagnostic

quality of the region of interest.

McLaughlinandMooney (2004) ases®d the effect of a commercially available eye
and thyroid shield on dose reduction during CT scansvia (on 40 patients). The
mean absorbed dose reduction was from 6 to 4.9 mGy to the eye and from 16.4 to 7.1

mGy to the thyroid gland.

In the same wg bismuth-based eye and thyroid shields were use&313k0.32 cm
and 1%8.5x0.48 cm)during CT scansn phantomgLee et al., 2010)The absorbed
dose to the eye was 16.91 mGy without the shieldrasiteduced to 12.44 mGy with
the shieldon, while the absorbed dose to the thyroid was 17.81 mGy andedasel
to 13.69 mGy.

The effective dose is influenced by the doses received by the thyroid ¢l@ys
though it is minimal compared with salivary glands and the brain. Proper positioning
of the patient during CBCT acquisitions should expose tBetd ory scattered

radiation and hence reduce the daseeivedHidalgo et al., 2015)

Hidalgo et al.(2015) examined the effect ai TG shield during CBCT acquisitions
using a pedi@ic anthropomorphic phantom head. The researchers also assessed the
effect of different shield designs on the doses receiveithéyG. It was found that

those shields significantly reduced the received dosgaced to without shielding.

No significant dfference was evident between various shield design&. similar
conclusionconcerning effective dose reduction usthg TG shield were reported by
Tsiklakis et al(2005)

Qu, G Li, et al(2012)tested thempact of thyroid shields on the individuaverage
tissueabsorbed dosand the overaleffective dose. The doses were tested m th

following scenarios

- No shield.
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- One shield placed loosely anibr to the neck,
- Two shields placed loosely anterior and posterior to the neck,
- One shield tightly fitted anterior to the neck.

- Two shields tightly fitted anterior and posteriothe neck.

The results showed that the examination where the shieldstightly placed (one or
two shields)revealedthe most significantdosereduction. Thdooselyfitted thyroid

shieldsresultedn comparablaloses received without the shield.
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CHAPTER 3 |

3.1

AIM

To investigate thedose reductio effect of anovel design of modified head shield

which can be useduring CBCT and panoramic radiographic examination.

3.2 OBJECTIVES

1-

3.3

1-

To capturethe absorbed organ deseeceivedwith the shield in place using
different CBCT units (with different fields ofiew) and a panoramic-ray
machine.

To compare the absorbed doses with the shiet counterparts withow shield.

To obtain and comparihe effective dosebetween the radiographic acquisitions
with and without shields

To evaluate the effect dhe shield on the quality of the rendered radiographic

images.

RATIONALE

To the best of titisehought thdsurhardbexacthieldbdedige d g e

has not beereported in the literature.

2- The impact of thismodified shield orthe radiation dses received durinthe

radiographic examinatiaperformed during implant therapsil be of significant

benefit if it proved efficient:

- It may protect the patients from unnecessary radiation, particularly\itnase
undergo radiographic acquisition whengposure to the orbit and cranium is
unavoidable.

- It can be manufacturédbricatedatreasonable costghencompared to other

measures
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CHAPTER 4 |

Radiation Dose
Narrative reviews Measurement Accuracy
| Estimation and pari of the effective doses
| Provides information and a ived from varl a1 hic modalities during
L implant therapy. Assessment of the accuracy of
of "I:.:I, cal ::';::“‘m":"m' | Check the accuracy of the Monte-Carlo simulation ln“.a' and angular moasun:'lems
available gui es an G aliaele dese caievion otd nt radh phic
recommendations published odaliti ogra
by the organizational bodies Tools ¢ head i Monte-Carlo m Lo
ing different aspects simuation software.

of mplan imaging. s i e

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

Establish t of fr b that
leads to recommendations for a
“low-dose” radiographic assessment

Current Radiographic
Practices in South Africa (SA) RNt ottt

| Provides information about the
S = s | To evaluate the impact of a
o B novel modified head cap and eye

practices in S'A. :
shield on the radiation doses
ived during implant therapy

| To survey the most important
clinical factors that may alter the
di hi iptions in SA. Tools : locally-modified radiation
shields, phantom-heads simulators,
and dosimeters.

grap P

| To inform the clinical needs,
peri and prefi of

the clinicians in SA.

Tools : Questionnaire.

Figure 6-1. Diagrammatic representation of the main research project. The
current sub-study is highlighted

41 METHODOLOGY: \

Tools - Anthropomorphic phantom-heads
- Thermoluminescent dosimetergTLD -700).

- The modified headshield
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4.1.1 MODIFIED HEAD AND EYE SHIELD: NOVEL DESIGN

A 0.35 mm leaded surgical head cap (Radghi South Africa) was modifiedo
accommodate #cally fabricated eye masifigure 6-2). A 0.5 mm thickess lead

sheet was cut ianeye masloutline coveringthe orbis anda wideperiorbital region

The lead sheetof the eye masks fairly flexible and adjustableto patientspecific
anatomy. The shees laminated bymultiple layers ofplastic materialcoveringits
bordergo provide comfort and remove sharp edgése sheet wakenembedded ito
the eye mask and tailored. VELCRO sheets were also stitched on the right and left sides
of the eye mask and the counterpart head cap in an oblique patterder tobe

adjustable

I leaded head cap |
| (pb 0.35mm) !

I leaded eye mask |
1 (pb 0.5 mm) !
>

Figure 6-2. Diagram showing thearchitecture/designof the shield.
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4.1.2 PHANTOM HEAD PREPARATION

The exact procedures mentioned in sectfisl1 and4.11.2 were reproduced ithe
analysisregardingTLD chips and phantom head slab preparati®ert5, Chapter 4)
The phantom heads wenreaded for any subsequeeixposuregfter proper attachment
of the modifiedshield(Figure6-3).

>

Figure 6-3. During the phantom-head preparation, with the modified head shield
attached.
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4.1.3 RADIATION EXAMINATION

X-ray examinations using two CBCT and one panorami@yx machine were
performed(Figure 6-4, Figure 6-5, and Figure 6-6). The xray machineswith the
exposure parametetsedand the fields of view tested during thisvestgationare
tabulatedn Table6.1. The same procedures mentioned in section 4.1.1.3 (irbPart
Chapter 4)ere followed The xray exposures were repeated five times during CBCT

and ten times during conventionarmramicacquisitions

Table 6.1. Exposure information during the radiographic examinationswith the
shield in place.

NewTom® 5GXL CS 810% 3D Orthophos® XG 3
FOV (cm) FOV (cm) FOV (cm)
15%12 ‘ 8x9 -
San Regular scan (18s), T Adult (medium T Pl pmgra”f‘-
mode/program Standard dose. sized) patient. Il A.dUIt (me(_j|um
1 Full jaw (both sized) patient.

upper and lower
jaw) program.

1 Fast scan.
kVp 110 90 69
mAs 45.79 22.4 (3.20mAx7s)  208.95 (15 mAx 13.9s)
Exposure time (s) 3.6 7 13.9
Air Kerma (mGy) 5.85
DAP (mGy.cn?) 1311.25 512 101
Voxel size (um) 250 300
Scout images 2 0

414 EFFECTIVE DOSE MEASUREMENT

The exact procedures mentioned in section 4.1.1.4 (in5P&hapter 4wereonce
againfollowedin order to calculate thequivalent and effective dosesth the shield
attached. Thalifferencepercentage of absorbed dose between the shi¢®)ednd
unshielded (US) was calculated using the following formiiaDifference = (UST
S) / US x 100
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Figure 6-4. During the CBCT acquisition (NewTon® 5GXL), with the modified
head shieldattached in place.
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Figure 6-5. During the CBCT acquisition (CS810¢ 3D), with the modified head
shield attached in place

Figure 6-6. During the panoramic acquisition with the modified head shield
attached in place.
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CHAPTER 5 |

The overall and individual organ/tissue effective dosesepertedin detail (Table
6.2).

Table 6.2. Organ and total Effective dosesK) captured with shields on.

Effective organ doseE,i n &€ Sv)

15/ 12 cm (FOV) 81 9 cm (FOV) -
Bone marrow 7.58 4.40 0.88
Thyroid 20.80 14.40 2.80
Oesophagus 1.28 0.64 0.00
Skin 0.70 0.44 0.05
Bone surface 1.52 1.17 0.30
Salivary Glands 290.20 30.40 5.80
Brain 11.20 1.80 0.12
Remainder 4561 50.86 11.85
Total Effective dose E) 11788 10411 21.80

The absorbed dose§eachchip inthe24 anatomical sites were captured and compared
with their counterpartwherethemodified head shielid in place Only nine anatomical
sites(including the brain rgion, part of the pituitary gland, and orbit regiongre
expected to be influenced by theeohaying shield (site numbers9 presented in red

in Table6.3, Table6.4, ard Table6.5).

During the CBCT acquisitisusing the NewTor? 5XL (FOV: 15x12 cm), the
difference between the doses without sh{gl®) and with the shieldS) for the nine
sites of interest showed a maximum dodéeence of 2.4 mGy (left eye lens) and a
minimum of 0.36 mGy ituitary gland) This constitutesa dose differencef 20.9-
81.3 % of the doses captured without shields for the same($abée6.3). The overall
effective dose ) was reducetly 6.12( ¢ S 4.9%%) (ising the shield.
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Table 6.3. A comparison between absorbed doses with/without using the shield
NewTom®5GXL.

Anatomical site TLD Without  With

number shield shield Difference Difference
(mMGy)  (mGy)  (MGy)* (%)

1 Calvarium (anterior) 1 1.76 0.36 1.4 79.5
2 Calvarium (left side) 2 1.68 1.08 0.6 35.7
3 Calvarium (posterior) 3 1.2 0.56 0.64 58,3
4 Midbrain region 4 1.56 0.88 0.68 43.6
5 Pituitary gland 5 1.72 1.36 0.36 20.9
6 Orbit (right side) 6 1.52 0.56 0.96 63.2
7 Orbit (left side) 7 1.8 0.44 1.36 75.6
8 Eye lens (right side) 8 2.92 0.56 2.36 80.8
9 Eye lens (left side) 9 3 0.56 2.44 81.3
10 Cheek (left side) 10 3.2 3.72 -0.52 -16.3
11 Parotid glandright side) 11 2.4 2.92 -0.52 -21.7
12 Parotid gland (left side) 12 2.32 2.88 -0.56 -24.1
13 Ramus (right side) 13 2.16 2.36 -0.2 -9.3
14 Ramus (left side) 14 2.32 2.2 0.12 5.2
15 Center C spine 15 2.24 2.32 -0.08 -3.6
16 Back d the neck(right side) 16 0.88 0.72 0.16 18.2
17 Mandibular body region (right 17

side) 2.6 2.64 -0.04 -1.5
18 Mandibular body region (left 18

side) 2.52 2.64 -0.12 -4.8
19 Submandibular gland (right 19

side) 2.84 2.64 0.2 7.0
20 Submandibular glanfleft 20

side) 2.28 2.68 -0.4 -17.5
21 Centre sublingual gland 21 2.72 3.2 -0.48 -17.6
22 Thyroid gland (midline) 22 0.6 0.6 0 0.0
23 Thyroid gland surface (left 23

side) 0.52 0.44 0.08 15.4

Oesopha@al tube 0.28 0.32 -0.04 -14.3

S = e T T YR AT

* Represerdthe difference between the dose (without shiel@jose with shield). Positive values
represent a reduction of the dose using the shield and vice ¥eBifference = (US S) / US x 100
A The dose ahtage {oktheeosevathopt shield).

-Anatomical sites presented in red font colarethe organissuescovered by the overlaying shield
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Although the TLD readingsf the nine sitesvere minimal even without the shield
usingCS® 8100 3D(FOV: 8x9 cm), the readings showed variable values with two of
these siteseceiMng more doses compared to itheounterparts without shields (ste

1 and 6 by-0.04mGy and-0.12 mGy, respectively). The maximum reduction was in
the calvarium (left) and orbit (leftegions with the difference being 50%wer of the
dose withoutheshield(Table6.4). The difference between the overall effective dose
(E) was-2.3 ( € S2.25%) using the shield, which indicates that the effectiose
was higher by.3e¢Svwhenthe shieldvas in placdTable6.4).

Table 6.4. A comparison between absorbed doses with/without using the shield
CS® 8100 3D

Site Anatomical site TLD Without  With

number number  shield shield Difference Difference
mG mG mGy)* %

1 Calvarium (anterior) 1 0.08 0.12 -0.04 -50
2 Calvarium (left side) 2 0.08 0.04 0.04 50
3 Calvarium (posterior) 3 0.04 0.04 0 0
4 Midbrain region 4 0.24 0.2 0.04 16.7
5| Pituitary gland 5 0.44 0.4 0.04 9.1
6 Orbit (right side) 6 0.16 0.28 -0.12 -75
7 Orbit (left side) 7 0.16 0.08 0.08 50
8 Eye lens (right side) 8 0.2 0.2 0 0
9 Eye lens (left side) 9 0.2 0.2 0 0
10 Cheek (left side) 10 132 2.08 -0.76 -57.6
11 Parotid gland (right side) 11 3.16 3.68 -0.52 -16.5
12 Parotid gland (lefside) 12 2.8 24 04 14.3
13 Ramus (right side) 13 3.04 3.04 0 0
14 Ramus (left side) 14 272 3 -0.28 -10.3
15 Center C spine 15 1.8 1.92 -0.12 -6.7
16 Back of the neck (right 16
side) 1.84 192 -0.08 -4.3
17 Mandibular body region 17
(right side) 344 348 -0.04 -1.2
18 Mandibular body region 18
(left side) 3.32 312 0.2 6
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19 Submandibular gland (right 19

side) 292 272 0.2 6.8
20 Submandibular ignd (left 20

side) 3.64 3.04 0.6 165
21 Centre sublingual gland 21 252 3.2 -0.68 -27
22 Thyroid gland (midline) 22 0.44 0.44 0 0
23 Thyroid gland surface (left 23

side) 0.24 0.28 -0.04 -16.7

Oesopha@al tube 0.16 0.16

[GertEtedtie ae a5yl nmp

* Represents the difference between the dodout shield)i (dose with shield). Positive values
represent a reduction of the dose using the shield and vice versa
A The dose difference peldhcentage (of the

During the panoramic examination, the doses of the ninevgérs 0 mGy with and
without the shieldAn excepion wasthe pituitary gland which showed 0.04 mGy with
and withoutthe shield (the difference is 0 mGy, 0%8)nd the left side eye lenshigh
was 0.02 mGy without shield and the shield was ahledoce the&loseto 0 mGy (100

% dose difference). The difference between the overall effective &pseat-0.7

( € SAB.B1%] using the shield, which indicates that the effective dose was higher
0 . Bv using the shiel@lable6.5).

Table 6.5. A comparison betwea absorbed doses with/without using the shield
Sirona® Orthophos XG3.

Site Anatomical site TLD Without  With

number number shield shield  Difference Difference
(MGy) _ (mGY) _(mGy)* (%) A

1 Calvarium (anterior) 1 0 0 0 0

2 Calvarium (left side) 2 0 0 0 0

3 Calvarium (posterior) 3 0 0 0 0

4 Midbrain region 4 0 0 0 0

5 Pituitary gland 5 0.04 0.04 0 0

6 Orbit (right side) 6 0 0 0 0

7 Orbit (left side) 7 0 0 0 0

8 Eye lens (right side) 8 0 0 0 0

9 Eye lens (left side) 9 0.02 0 0.02 100
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10 Cheek (leftside) 10 0 0.02 -0.02 -100
11 Parotid gland (right side) 11 0.64 0.8 -0.16 -25
12 Parotid gland (left side) 12 0.7 0.82 -0.12 -171
13 Ramus (right side) 13 1.08 1.24 -0.16 -14.8
14 Ramus (left side) 14 152 1.38 0.14 9.2
15 Center C spine 15 0.32 0.34 -0.02 -6.3
16 Back of the neck (right 16

side) 0.48 0.5 -0.02 -4.2
17 Mandibular body region 17

(right side) 0.44 0.34 0.1 22.7
18 Mandibular body region 18

(left side) 0.32 0.26 0.06 188
19 Submandibular gland (right 19

side) 0.78 0.78 0 0
20 Submandibular gland (left | 20

side) 0.8 0.76 0.04 5
21 Centre sublingual gland 21 0.22 0.16 0.06 27.3
22 Thyroid gland (midline) 22 0.08 0.1 -0.02 -25
23 Thyroid gland surface (left 23

side) 0.04 0.04 0 0

Oesqnhagaal tube 0.02 0.02

* Represent the difference between the dose (without shiigttyse with shield). Positive values
represent a reduction of the dose using the shield and vice ¥ebsierence = (US S)/ US x 100.

A The dose dtage fofehe dosecwathoghield).c e

The CBCT volume reconstructed using the NewP&®XL are illustrated irFigure

6-7, Figure 6-8, Figure 6-9, and Figure 6-10. A series of axial slices captured at
different vertical levels covering the upper part of the head ragicgpresentedn
Figure6-11. Noeffects (i.eartefacs) on the adjacent anatomical region other than the
anatomical areaovered by the shield were notedcomparison between axial slices
captured at the same levelstiire maxilla and mandible is furthdiustratedin Figure
6-12 andFigure6-13. The resultant CBCT volume using the %00 3Dshowedno
effects of the shield on the rendered field of vi@wgure 6-14). The resultant

panoramicoview is alsallustratedin Figure6-15.
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Figure 6-7. Anteroposterior (top) and lateral cephalometric (bottom)
radiographic views of the CBCT volume with the attahed modified shield
(NewTom® 5GXL, FOV 15 x 12 cm, regular scan, and standard dose).
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Figure 6-8. Axial slice (top left),coronal slice (top right), sagittal slice (bottom left),

and 3D view (bottomright), reconstructed from CBCT volume with the attached
modified shield (NewTon® 5GXL, FOV 15 x 12 cm, regular scan, and standard
dose).
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Figure 6-9. Front view (top left), posterior view (top right), and right side (bottom)
3D models reconstructed using the NewTofh5GXL (FOV: 15 x 12 cm) with the
shield attached.
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Figure 6-10. 3D reconstiuction with different filters (MIP and transparent bone)
using the NewTon® 5GXL (FOV: 15 x 12 cm) with the shield attached.
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