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CHAPTER 1 | INTRODUCTION 

Dental implant therapy is an increasingly popular, highly successful dental treatment 

that aims to replace missing teeth (Moraschini et al., 2015; Tyndall & Brooks, 2000). 

Dental radiology is considered to be a core element for the assessment and planning 

of many phases of dental implant therapy (DIT) (Harris et al., 2002).  

Although the panoramic and periapical radiographs remain popular radiographic 

techniques during several stages of dental implant therapy, development and 

integration of cone beam computed tomography (CBCT) into dental practice enhanced 

the diagnostic capabilities of dentists, and became an increasingly accepted modality 

during implant therapy (Tyndall et al., 2012; Benavides et al., 2012). Use of panoramic 

radiographs is popular in routine daily dental practice, as it offers advantages such as 

simplicity of procedure, availability, lower costs, and lower radiation dose compared 

to Computed Tomography (CT) or CBCT (Vazquez et al., 2008; Assaf & Gharbyah, 

2014; Kim et al., 2011). Cone Beam Computed Tomography obviates deficiencies of 

two-dimensional modalities, including the ability to provide a three-dimensional view 

of the potential implant sites that is accurate and free of superimpositions (Benavides 

et al., 2012). 

Despite the advantages offered by the CBCT examinations, concerns regarding the 

increased radiation exposure to patients have been raised; especially as the increasing 

popularity of CBCT has turned it into a routine procedure (Noffke et al., 2011; Li, 

2013). The evaluation of the indications, advantages, and drawbacks of each 

radiographic modality is essential to achieve optimal treatment outcomes. For the 

purpose of implant therapy planning, there is a lack of a perfect, single radiographic 

examination (Tyndall et al., 2012). 

Several stages of implant therapy need an appropriate imaging modality, which 

highlight the need to develop selection criteria that will ensure clinical efficiency, and, 

at the same time, save patients from unnecessary radiation (Tyndall et al., 2012). 
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Many radiographic and dental implant regulatory authorities/organisations have 

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 Osseointegration, the European Commission, and the International 

Congress of Oral Implantologists). It is worth noting that most of the available 

recommendations are mainly advisory, consensus-based, and ascertained from clinical 

opinions or inconsistent published review reports (Tyndall et al., 2012; Ahmad & 

Chapokas, 2019; Harris et al., 2012; Bornstein et al., 2014; European Commission, 

2004). 

Each region of the world may vary in terms of practices, experiences, development, 

and socioeconomic status. The use of CBCT in South Africa (SA) was reported to be 

becoming increasingly popular, or even a routine procedure in some practices, and that 

it was being misused for screening purposes (Noffke et al., 2011). To the best of the 

authorôs knowledge, there is a lack of local imaging guidelines/protocols available for 

use during dental implant therapy in SA. In addition, no information was available 

which described the current radiographic prescription trends among South African 

dental clinicians. 

Project Development 

This research was developed in order to address the deficiencies described above in the 

South African context. In its entirety, the project consisted of five sub-studies which 

were designed to inform the various treatment aspects that influence the choice of 

radiographic modality during dental implant therapy. The findings of these 

investigations were further consolidated in order to suggest recommendations that aim 

at achieving ñlow-doseò imaging protocols in South Africa and in regional developing 

countries.  

Each sub-study has its unique aims, methodologies, and research outputs and are, 

therefore, presented and discussed in separate parts with individual relevant chapters. 

A detailed methodology each sub-study is provided by the author intentionally in order 
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to allow reproducibility of the results by independent researchers, if necessary. For the 

sake of clarity, the various aspects of the study are tabulated (Table 1.1) and each sub-

study is represented in Figure 1-1.  

Table 1.1. PhD study at a glance. 

Part Project/sub-study title  Study design Aim 

1 Study overview  N/A To introduce and provide an 

overview of the project. 

2 A review of recently published global 

guidelines and recommendations on 

imaging during implant therapy 

Narrative 

reviews  

 

To review the recent international 

implant imaging 

protocols/guidelines. 

Review of the radiographic modalities 

used during dental implant therapy: A 

narrative 

Narrative 

reviews  

 

To review the most commonly 

used radiographic techniques 

during implant therapy. 

3 Radiographic prescription trends 

among South African dentists during 

dental implant therapy 

Survey (cross-

sectional 

study) 

To report the current 

radiographic practices during 

dental implant therapy in SA. 

4 The dimensional accuracy of various 

radiographic modalities used during 

implant therapy 

In-vitro 

experimental 

study 

To assess the clinical accuracy of 

measurements obtained from 

different radiographic modalities. 

5 Radiation doses received by patients 

during dental implant therapy 

In-vitro 

experimental 

study 

To calculate the radiation doses 

received by dental implant 

patients during the radiographic 

examinations. 

6 Radiation protection  In-vitro 

experimental 

study 

To investigate the effect of a 

head and upper face shield 

designed by the author. 

7 Discussion and conclusion 

Recommendations (Working Draft)  Consensus-

based, clinical 

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

 

 

KEYWORDS:   implant, imaging, protocols, CBCT, low-dose, measurement 

accuracy, guidelines.  
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CHAPTER 2 | AIM, OBJECTIVES, AND RATIONALE OF THE 

MAIN STUDY  

 AIM  

To provide a framework that informs recommendations that aid in the development of 

a radiography protocol, in which patients receive the least amount of radiation exposure 

during dental implant therapy in the SA.  

 OBJECTIVES 

1. To provide narrative reviews regarding recent imaging protocols worldwide and 

the most commonly used radiographic techniques for implant therapy. 

2. To survey the current radiographic prescriptions during implant therapy in South 

African private, public, and academic 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 calculate the radiation doses received during radiographic examinations with 

regard to implant therapy. 

5. To investigate the impact of a novel design of a locally modified head cap shield 

on radiation dose reduction.  

 THE RATIONALE OF THE STUDY 

1. The published national and international guidelines on implant therapy have the 

following shortcomings:  

- Lack of ñevidence-based action-statementsò (Bornstein et al., 2014; European 

Commission, 2004).  

- Recommendations /guidelines on CBCT use are at best ñconsensus-based or 

derived from a limited methodological approachò (Bornstein et al., 2014). 
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- There is ambiguity in published studies on the clinical efficacy of cross-

sectional imaging (Tyndall et al., 2012; Bornstein et al., 2014). 

2. The type and frequency of radiographs used in implant treatment vary and are 

dependent on professional judgment and the treatment phase, which change 

depending on the skill, competence, and experience of the clinician (Tyndall & 

Brooks, 2000; Tyndall et al., 2012; European Commission, 2004). 

- Standardization is required 

3. South Africa has no comprehensive implant imaging guidelines. Possible misuse 

of three-dimensional modalities has been reported (Noffke et al., 2011). 

4. Although limited guidelines regarding implant imaging protocols have been 

published worldwide, these guidelines are generic and the selection of the imaging 

modality depends on clinical judgment of the practitioner. 

- Radiographic practices vary among clinicians, which may lead to misuse of the 

radiographic modalities, especially the 3D ones. Consequently, resulting in 

hazardous exposure to patients. Moreover, dental x-ray units vary in their 

radiation output and the technology can be upgraded constantly. 

- Therefore, guidelines need to be reviewed frequently. 

 

5. This analysis evaluates various pieces of evidence required to suggest imaging 

recommendations. The findings and conclusions of this research project are aimed 

at contributing to the pool of evidence on implant imaging nationally and 

internationally. They can be utilised by local dental regulatory authorities and 

dental scientific societies in order to formulate local or regional guidelines.   
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CHAPTER 3 | MATERIALS AND METHODS 

This PhD study has five components (Figure 1-1) that are necessary in order to achieve 

the collective aim (Table 1.1). Detailed information regarding each sub-study is 

provided in the relevant parts. 

 EXPECTED OUTCOMES: ESTABLISHMENT OF 

RECOMMENDATIONS 

The evidence obtained from various sub-studies include: 

¶ Updated narrative reviews about the international/regional implant imaging 

guidelines and the most used radiographic techniques during implant therapy. 

¶ A platform to inform the clinicianôs radiographic goals, share local cliniciansô 

experiences, and report the current imaging prescription trends in South Africa. 

¶ Information about the radiation doses and dimensional accuracy of various 

radiographic modalities used during implant therapy.  

¶ Information about dose reduction effectiveness using a newly designed and 

locally modified head and eye shield. 

Based on the findings of these investigations, conclusions are drawn and working draft 

recommendations/guidelines for South Africa are provided, that represent the informed 

clinical opinions of the investigator. The recommendations and/or evidence collected 

might be further explored/used during targeted workshops, conferences, and other 

academic meetings. Nevertheless, the findings of each piece of original research 

conducted can be used to enrich the available evidence pool, aimed at establishing local 

imaging guidelines by relevant authorities. 

 FUNDING 

This research was funded by Senate Research funds, University of the Western Cape. 
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  ETHICS  

The research was submitted to the Senate Research Ethics Committee of the University 

of the Western Cape for approval, and permission was granted (BM19/1/20). All the 

information obtained during this study was kept confidential, and no personal 

identification of the patients (if any) or participants was disclosed. All the radiographs 

included in the study were obtained from the Faculty of Dentistry (UWC) with 

informed consents. All investigations were carried out according to the declaration of 

Helsinki and the Hippocratic Oath.  

The researcher has no conflict of interest in any brands or products that were used 

during the study. 
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CHAPTER 1 |                                                                                                       

REVIEW OF RECENTLY PUBLISHED GLOBAL GUIDELINES 

AND RECOMMENDATIONS ON IMAGING DURING IMPLANT 

THERAPY 

 

ABSTRACT 

Radiographic examination is an essential facet of dental implant therapy, and the 

success of this therapy depends on a suitable treatment based on adequate clinical and 

radiographic information. International organisational bodies have published 

guidelines on the use of radiographic imaging during implant therapy, but since the 

cone beam computed tomography modality became available, a need for the 

development of comprehensive imaging guidelines to limit the misuse of this modality 

became necessary. There is a lack of stringency regarding the recommendations and 

guidelines on radiographic imaging modalities used during implant therapy. This is 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 this chapter. 

Keywords: CBCT, dental implants, imaging guidelines, panoramic radiograph. 
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LIST OF ABBREVIATIONS AND ACRONYMS  

Abbreviation  Description 

AAOMR  American Academy of Oral and Maxillofacial Radiology 

ACP The American College of Prosthodontics 

AO Academy of Osseointegration 

CBCT Cone beam computed tomography 

Ceph. Lateral cephalometric radiograph 

CT Computed Tomography 

CS Cross-sectional 

DGI  German Association of Oral Implantology 

EAO European Association for Osseointegration 

EC European Commission  

ICOI  The International Congress of Oral Implantologists 

OCC Occlusal radiograph 

PA Periapical radiograph 

PAN Panoramic radiograph 

N/A Not applicable  
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 INTRODUCTION 

The published materials guiding radiography in implant cases were obtained using an 

electronic search of several research databases, including MEDLINE (PubMed), 

EBSCOhost, ScienceDirect, and Wiley. The search included these keywords/research 

strings but not limited to [ñdental implantò or ñimplant planningò or ñplanning phaseò 

or ñimplant treatmentò or ñdental implant therapyò] and ñguidelinesò or 

ñrecommendationsò or ñposition paperò] and [ñcone beam computed tomographyò or 

ñCBCTò or ñpanoramic radiographyò or ñperiapical radiographyò]. Further, there was 

a direct exploration of the official websites of the related speciality 

bodies/organisations/societies for any position statements and/or 

recommendations/guidelines on implant imaging. Guidelines and recommendations on 

implant imaging published by affiliated organisational bodies/authorities and scientific 

societies were included. Selected systemic and narrative reviews were included based 

on the relevance of the contents. The main focus was to find recommendations on all 

types of radiographic examinations, but also guidelines concerning only single 

radiographic examinations (e.g. CBCT) were included (where applicable).  

 

Currently, radiographic examination is deemed to be an indispensable aspect of dental 

implant therapy (Tyndall & Brooks, 2000; Harris et al., 2012; Dattatreya et al., 2016). 

The success of implant therapy depends largely on the quality and quantity of the pre-

operative information obtained to establish a treatment plan, and thus appropriate 

imaging modalities are paramount during this initial phase of management (Tyndall et 

al., 2012; Tyndall & Brooks, 2000). 

Several international organisational bodies, such as the American Academy of Oral and 

Maxillofacial Radiology, the European Association for Osseointegration, the European 

Commission, the International Congress of Oral Implantologists, and the American 

College of Prosthodontics, have released guidelines on implant imaging that are 

periodically reviewed and updated (Tyndall et al., 2012; Tyndall & Brooks, 2000; 

Harris et al., 2002; Harris et al., 2012; Ahmad & Chapokas, 2019; Benavides et al., 

http://ezproxy.uwc.ac.za/login?url=http://www.sciencedirect.com/
http://ezproxy.uwc.ac.za/login?url=http://onlinelibrary.wiley.com/
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2012; European Commission, 2012; European Commission, 2004). The introduction 

of the relatively recent cone beam computed tomography (CBCT) modality offers 

promising dental applications, particularly during implant therapy, while offering 

lower-dose radiographic acquisitions compared to computed tomography (CT scans) 

(Harris et al., 2012). The availability and relatively low price of the units and the higher 

diagnostic value have resulted in the increased use of this technology in dental practice 

(Harris et al., 2012). This has resulted in the need for the development of 

comprehensive imaging guidelines, in order to limit the misuse of the modality.  

Guidelines enable the clinician to make informed choices regarding new technologies 

or techniques and to minimise bias in a health-related situation (Horner et al., 2015; 

Field & Lohr, 1992). The opinions of experts in the field and an evidence-based 

approach are necessary to establish credible guidelines, each of which may have 

advantages and disadvantages (Horner et al., 2015). The evidence-based approach is 

considered superior and uses a defined approach that is guided by a systematic review 

of the literature, along with grading and assessment of the available evidence (Grol & 

Grimshaw, 2003; Horner et al., 2015). 

Published reports regarding the clinical efficiency of using cross-sectional modalities 

during implant planning provide ambiguous and inconclusive evidence (Tyndall 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., 2011). A deficiency was noted with regard to 

evidence-based guidelines, and 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 development of a coherent and thorough selection criterion for radiographic 

examinations during implant therapy is vital in order to reduce radiation hazards and 

at the same time achieve the treatment goals (Tyndall & Brooks, 2000; Tyndall et al., 



PART 2| NARRATIVE REVIEWS 

15 | P a g e 

 

2012). In this review, the most important available published guidelines are highlighted 

(Table 2.1). 

Table 2.1. Selected relevant publications concerning implant imaging protocols 

and guidelines. 

ORGANI SATION/ 

REGULATORY BODIES  

AUTHOR /S Method  NOTES 

American Academy of Oral 

and Maxillofacial Radiology 

(AAOMR)  

(Tyndall & Brooks, 

2000; Tyndall et al., 

2012) 

Consensus   

European Association for 

Osseointegration (EAO) 

(Harris et al., 2002; 

Harris et al., 2012) 

Consensus  

European Commission (EC) (European 

Commission, 2004) 

Unspecified   

Academy of Osseointegration 

 

(Academy of 

Osseointegration, 

2010) 

Adopts EAO 

guidelines and 

SEDENTEXCT 

project (for imaging 

section) 

 

Superior Health Council, 

Belgium ï Report No 8705 

(Superior Health 

Council, 2011) 

Experts opinions 

(working group) 

Advisory report 

for Belgium  

DGI ï German Association of 

Oral Implantology  

 

(Nitsche et al., 

2011) 

Systematic review, 

supplemented by 

consensus-based 

expert opinion 

Three-

dimensional: CT, 

CBCT 

SEDENTEXCT project 

(European Commission) 

(European 

Commission, 2012) 

Evidence  Only CBCT 

The International Congress of 

Oral Implantologists (ICOI)  

(Benavides et al., 

2012) 

Consensus  

International  

Team for Implantology   

(Bornstein et al., 

2014) 

Systematic review Only CBCT 
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The American College of 

Prosthodontics (ACP) 

(Ahmad & 

Chapokas, 2019) 

Consensus  

The Korean Academy of Oral 

and Maxillofacial Radiology 

& National Evidence-based 

Healthcare Collaborating 

Agency 

(Kim et al., 2020)  Evidence, 

systematic review 

 

N/A (Bornstein et al., 

2017) 

Narrative review Only CBCT 

N/A (Jacobs, Salmon et 

al., 2018) 

Narrative review Only CBCT 

N/A (Horner & Shelley, 

2016) 

Systematic review  

N/A (Jacobs, Vranckx et 

al., 2018) 

Systematic review Only the post-

operative phase 

N/A  (Noffke et al., 2011) Expert opinion Recommendations 

for South Africa 
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 RECOMMENDATIONS BY VARIOUS ORGANISATIONAL 

BODIES  

 AMERICAN ACADEMY OF ORAL AND MAXILLOFACIAL 

RADIOLOGY (AAOMR) ï 2000, 2012 

Two-position papers were published in 2000 and 2012 by the American Academy of 

Oral and Maxillofacial Radiology (AAOMR) as advisory recommendations on implant 

therapy imaging (Tyndall et al., 2012; Tyndall & Brooks, 2000). In 2000, the AAOMR 

indicated that there was a deficiency in comprehensive dental implant imaging 

guidelines, which are crucial in assisting the clinician to select the most appropriate 

imaging modality to be used during various stages of implant therapy (Tyndall & 

Brooks, 2000). The AAOMR was also aware of the ambiguity of published evidence 

concerning the need for cross-sectional imaging during implant planning (Tyndall et 

al., 2012). 

In 2000, the AAOMR assessed all the current modalities used at the time, which 

included intraoral, panoramic, cephalometric, tomographic, and computed 

tomography, but not CBCT ï in order to provide direction on efficient implant imaging 

strategies (Tyndall & Brooks, 2000). The AAOMR stated that anatomical information 

of bone architecture may not adequately be acquired through 2-dimensional extra- and 

intraoral radiographic modalities, and that cross-sectional modalities such as 

conventional tomography were recommended for the evaluation of any potential 

implant site (Tyndall & Brooks, 2000).  

The subcommittee of the American Academy of Oral and Maxillofacial Radiology 

(AAOMR) reviewed the current advances in radiographic modalities and evidence, and 

published an updated report in 2012 after the initial one published in 2000 (Tyndall et 

al., 2012). In this second position paper, the CBCT modality was included and their 

recommendation was that cross-sectional imaging be used and that the imaging method 

of choice was the CBCT for all potential implant sites (Tyndall et al., 2012).   

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

judgment of the clinician, who 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 plan (Tyndall et al., 2012). These decisions vary 

among clinicians and depend on skill, clinical competence, experience, and knowledge 

(Tyndall et al., 2012).   

The AAOMR subsequently made advisory recommendations for each implant therapy 

stage: the initial, pre-surgical, and post-operative 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 intraoral periapical x-rays is adequate for the initial assessment 

stage  (Tyndall et al., 2012). Pre-surgical imaging is considered a pre-requisite for 

guided implant surgery procedures. During the pre-surgical stage of therapy, the 

radiographic assessment will help characterise the alveolar ridge at the candidate 

implant site, in terms of morphology, quantity, and quality of the bone (Tyndall et al., 

2012). The academy recommends the use of the CBCT modality due to the satisfactory 

radiation exposure and decisive information it provides ï which are vital for the success 

of the treatment. The Academy reaffirms that choosing to use  CBCT should only be 

done if it is clinically justified, and when its use provides added evidence to improve 

the prosthetics, surgical procedure, and implant choice (Tyndall et al., 2012). 

During the post-surgical stage, imaging is necessary to ensure the accurately planned 

placement of the implant (Tyndall et al., 2012). Images during the follow-up stages, 

which vary from 3-5 years, are indicated to assess the status of osteointegration status 

and to assess marginal bone height (Tyndall et al., 2012).  

The various clinical stages of implant therapy, and the AAOMR 2012 

recommendations, are presented in Table 2.2. 
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Table 2.2. Clinical situations and the AAOMR recommendations 2012 (Tyndall et 

al., 2012). 

TREATMENT 

STAGE  

MODALITY ADVISED  NOTES 

Initial 

examination 

stage  

¶ Panoramic radiography.  

¶ Periapical radiographs 

(supplementary). 

Cross-sectional imaging (e.g. CT, 

CBCT) is not indicated in the 

initial stage. 

Pre-surgical 

stage  

¶ Cross-sectional imaging to be used 

in any candidate implant site. 

¶ CBCT is the best cross-sectional 

imaging modality to be chosen. 

¶ CBCT is recommended specifically 

in these clinical situations: 

1 - Bone augmentation and grafting 

are needed. 

2 - Evaluation of impacted dentition 

in the area of interest. 

3 - If there is a previous trauma in 

the area of interest. 

4 - Sinus augmentation. 

5 - Evaluation of ridges after bone 

grafting/ridge preservation 

procedure. 

¶ Although conventional 

tomography yields cross-

sectional information, it has 

several drawbacks (technique 

sensitive and interpretation 

difficulties). 

¶ Appropriate selection of the 

exposure parameters and field 

of view (limited to the area of 

interest) to ensure minimum 

radiation exposure.  

¶ If CBCT is not available, CT 

scan to be considered, but 

ñdose-sparing protocols must 

be usedò. 

Post-operative 

and follow-

ups 

 

Asymptomatic  
¶ Periapical radiographs. 

¶ CBCT is not indicated for the 

periodic assessment of clinically 

asymptomatic implants. 

 

¶ Panoramic can be used in the 

case of extensive implant 

therapy. 

¶ Intraoral radiography is 

superior to assess 

asymptomatic implants, as the 

CBCT/CT modalities may 

show artefacts that hinder the 

proper assessment due to the 

metallic structure of the 

implant (beam-hardening 

artefacts).  

Symptomatic 
¶ Post-operatively it is advised to use 

CBCT (preferably CBCT, but any 

cross-sectional imaging can also be 

used if CBCT is not available) in 

these clinical 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). 

¶ CBCT (preferably) or any 

cross-sectional modality to be 

considered when an implant 

needs to be retrieved. 
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 EUROPEAN ASSOCIATION FOR OSSEOINTEGRATION (EAO) ï

2002, 2012 

In 2002, following a consensus workshop organised by the European Association for 

Osseointegration in Dublin, a report that demonstrated the need for conducting a 

detailed clinical examination combined with conventional 2-dimensional radiographs 

as a standard approach, was published (Harris et al., 2002). Cross-sectional imaging 

was only to be considered in certain clinical situations and their recommendations 

(2002) are summarised in Table 2.3.  

Table 2.3. European Association for Osseointegration recommendations (Harris et 

al., 2002). 

Clinical situation Recommendations 

Single-tooth implant sites 

 

¶ If the information revealed regarding the bony structure of 

the implant site (height, width) is adequate from a thorough 

dental and clinical examination and conventional 2-

dimensional radiographs, cross-sectional radiography is not 

indicated. 

¶ Cross-sectional radiography may be indicated where 

proximity to neurovascular structures (particularly in the 

posterior mandible and in the maxillary central incisor area) 

and alveolar bone defects, are suspected. 

 

 

Edentulous Maxilla 

 

¶ In most cases, a thorough clinical assessment of the implant 

sites, combined with conventional 2-dimensional 

radiographs, are adequate. 

¶ Cross-sectional imaging may be indicated in the case of 

deficiency in the bone volume and the need for bone 

grafting. Additionally, it can be indicated to improve the 

prosthetic outcome, and in the case of zygomatic implants. 

Partially edentulous 

maxilla  

 

¶ A thorough clinical assessment of the implant sites, 

combined with conventional 2-dimensional radiographs, are 

the standard approach. Afterwards, deficiency in the 

information concerning the bone volume, anatomical 

positions of important adjacent structures, and information 

needed for prosthetic and restorative planning (particularly 

in the esthetic zone), may justify proceeding to cross-

sectional imaging. 
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Edentulous mandible 

 

¶ A thorough clinical assessment of the implant sites 

combined with conventional 2-dimensional radiographs are 

the standard approach. If the information gathered through 

the previous approach indicated unusual alveolar anatomy 

and severe deficiency of the bony structure, cross-sectional 

imaging is indicated. 

Partially edentulous 

mandible  

 

¶ A thorough clinical assessment of the implant sites, 

combined with conventional 2-dimensional radiographs, are 

the standard approach. 

¶ If the implant is to be placed close to the inferior dental 

canal, cross-sectional imaging is indicated. 

 

The EAO in 2012 stated that absence of guidelines of when and how Computed 

Tomography (CT) images should be used instead of conventional radiographic 

investigations, was of concern (Harris et al., 2012).  

The recommendations released after the consensus workshop organised by the 

European Association for Osseointegration in 2011, were 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 treatment planning 

phase and can usually provide an overview about the density and basic structure of the 

alveolar bone, as well as any possible pathologies in the jaws. The advantages and 

disadvantages of each radiographic modality have been compared, and are summarised 

in Table 2.4. 

 

Table 2.4. Diagnostic properties of radiographic modalities (Harris et al., 2012). 

 Periapical Panorama Lateral 

cep 

CBCT CT 

Dental pathology ++ + - +/+++ + 

Jawbone pathology + ++ - +++ +++ 

Structure and density ++ ++ - +/+++ + 

Bone shape and contour - - -/+ +++ +++ 
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Anatomical boundaries + + - +++ +++ 

Measurements ACCURACY  

Vertical dimension  ++ ++ - +++ +++ 

Horizontal dimension  ++ - - +++ +++ 

Buccolingual direction  - - - +++ +++ 

Key: 

 ñ-ò: indicates poor value diagnostic value.  

ñ+, ++: indicate intermediate ranges of useful diagnostic values. 

ñ+++ò: indicates the highest diagnostic value. 

 

The EAO advocates that cross-sectional modalities are not necessary for clinical 

situations where 2-dimensional modalities clearly show the anatomical boundaries, as 

well as necessary structural information of available bone (Harris et al., 2012). They 

suggest that patients with prosthetic considerations may be candidates for cross-

sectional imaging, as this will enhance the outcome of the treatment (Harris et al., 

2012). Other clinical situations that may require cross-sectional imaging include bone 

defects, maxillary sinus augmentation, intra-oral bone donor sites, the proximity of 

vital structures, special techniques such as zygomatic implants and osteogenic 

distraction, computer-assisted planning and placement, and where complications have 

arisen ï e.g. nerve damage or post-operative infections (Harris et al., 2012). This report 

also emphasised 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 situations (Harris et al., 2012). A possible error is the inaccurate 

transfer of information gathered from radiographic volumes into the actual surgical site 

(Harris et al., 2012). 

During and after the surgery, the EAO recommends the use of conventional 

radiographs to confirm the optimum implant placement, and cross-sectional imaging is 

not indicated for follow-ups ï unless postoperative complications exist (Harris et al., 

2012). Harris et al. (2012) also reported that socioeconomic and availability factors be 

considered when cross-sectional imaging is requested.  
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 EUROPEAN COMMISSION ï 2004, 2012 

The Directorate-General for Energy in the European Commissionôs report in 2004 

(Radiation Protection No 136) provided guidance for dental and associated healthcare 

practitioners in terms of radiation protection measures during dental radiographic 

procedures (European Commission, 2004).  

The authors of the report reaffirm the importance of radiological examination in dental 

implant therapy (European Commission, 2004). The phase of treatment and the number 

and location of the implant sites play a vital role in the selection of the appropriate 

imaging modality (European Commission, 2004). Recommended radiographic 

modalities during various treatment stages are documented in Table 2.5.  

In 2012, The Directorate-General for Energy in the European Commission released a 

report (Radiation Protection No 172), which aimed to provide the medical and dental 

fraternity with scientific-based guidelines and recommendations regarding the safe use 

of CBCT (European Commission, 2012). This report describes the latest available 

information available at the time of publication concerning applications, advantages, 

and disadvantages regarding the use of CBCT (European Commission, 2012). 

Central to the clinical assessment of a patient during the implant planning stage, is to 

determine the need for cross-sectional imaging ï especially given that the decision to 

request cross-sectional imaging for a given patient is usually a matter of subjectivity 

(European Commission, 2012). The dimensional accuracy of an imaging modality is 

vital (particularly during dental implant therapy). Convincing evidence from published 

reports supports the role that CBCT provides with regard to dimensional accuracy and 

lower radiation dose (European Commission, 2012). When cross-sectional views are 

required during implant placement, the use of CBCT is indicated (European 

Commission, 2012). The use of CBCT with the adjustable field of view, is an advantage 

when only the field of interest can be imaged (European Commission, 2012). 
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Table 2.5. European guidelines on radiation protection in dental radiology (Issue 

No 136) (European Commission, 2004). 

# of implants Implant site Recommended 

Radiographic modality 

Complicating scenarios Supplementary 

radiographs 

PRE-OPERATIVE PLANNING 

 Anterior regions 

One implant  

Maxilla  

 

 

PA (using 

paralleling 

techniques) 

 

¶ Irregular size of 

the incisive 

foramen 

¶ Considerable 

alveolar bone 

resorption 

 

Pan + Ceph 

 

 

Mandible PA (using 

paralleling 

techniques) 

Exaggerated 

lingual fossa and 

buccal concavity 

Cross-sectional 

imaging 

Premolar - molar regions 

Maxilla  PA + PAN 
¶ Close vicinity to the 

sinus floor 

¶ Considerable 

alveolar resorption 

Cross-sectional 

imaging  

Mandible  PA + PAN + OCC 
¶ Close vicinity to the 

neurovascular 

bundles 

¶ Considerable 

alveolar resorption 

Cross-sectional 

imaging 

Multiple 

implants 

Cross-sectional imaging  

During Surgery  

PA 

Post-operative assessment  

Healing phase PA, only if symptomatic  

12-month follow-

up 

PA (parallel technique) 

Annual reviews to 

once every three 

years 

PA (parallel technique) 

 

 

Key| PAN: panoramic radiograph, PA: periapical radiograph, Ceph.: Lateral cephalometric radiograph, 

OCC: occlusal radiograph, Cross-sectional imaging includes CT and conventional tomography. 
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 ACADEMY OF OSSEOINTEGRATION (AO) ï 2010 

The AO published guidelines on the provision of dental implants and associated patient 

care in 2008. An update to this publication was published in 2010, with the addition of 

further information (Academy of Osseointegration, 2010).  

The AO challenges the practitioners to review the SEDENTEX guidelines on CBCT. 

The indications of Computed Tomography (CT) for use during implant planning were 

adopted from E.A.O. guidelines in 2002 (Academy of Osseointegration, 2010). 

The AO (Academy of Osseointegration, 2010) further recommends: 

- Justification of each single CBCT examination 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 acquisitions. If the patient was referred for 

CBCT examination at another radiographic practice, the information gathered 

from clinical examination and patient history has to be provided for 

justification.  

- Routine use of CBCT techniques is not recommended.  

- The CBCT report is required, regardless of the provided field of view (FOV). 

The small FOV, up to the region of interest, is preferred for CBCT acquisitions. 

 

 SUPERIOR HEALTH COUNCIL, BELGIUM ï 2011 

Multi-disciplinary experts in a working group organised by the Superior Health 

Council, Belgium, published an advisory report (N: 8705) on CBCT (Superior Health 

Council, 2011). The report distinguishes between low dose specifically manufactured 

CBCT devices for dental use and those that have dental exposure programmes, as the 

earlier provides lower radiation doses.  
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During implant planning and bone grafting procedures, the recommendation is to 

prescribe dental CBCT only in cases where the conventional two-dimensional imaging 

proved insufficient. 

 GERMAN ASSOCIATION OF ORAL IMPLANTOLOGY(DGI)- 2011  

A systemic review which includes consensus statements and recommendations on the 

indication of 3D examinations during implant therapy, was published subsequent to the 

first DGI consensus conference held in 2010, Germany (Nitsche et al., 2011). 

This report concluded that: 

- The superiority of three-dimensional imaging in terms of the quality of surgical 

outcome and potential reduction of complications is not confirmed on human 

beings by randomised or controlled studies.  

- Stress on practitioners concerning the yielded radiation doses ï particularly for 

more radio-sensitive, younger patients.  

- Adhering to the ALARA principle (as low as reasonably achievable), and 

reducing the field of view should be done.  

- Cross-sectional (3D)*  views were found to be beneficial in providing a multi-

dimensional and superimposition-free analysis of the region of interest, 

allowing for metric analysis, and helping in complicated surgical produces and 

bone grafting procedures. 

* 3D cross-sectional views include (CT and CBCT). 

Consensus-based recommendations: 

1- Imaging is mandatory prior to dental implant treatments in order to check the 

quality 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 done before conventional 

radiographic examinations. If a marked abnormality or deviation from normal 
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values were found, a 3D examination may be indicated directly, so bypassing 

conventional imaging.  

3- The indication for using cross-sectional imaging includes: 

- Abnormal jaw anatomy (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. mandibular canal) if noted in conventional imaging 

modalities (2D). 

- After bone augmentation of uncertain outcomes. 

- Previous history of surgical intervention of the maxillary sinuses. 

- Special treatment techniques (e.g. computer-guided surgery). 

- Post-operative complications (e.g. alteration of sensation due to nerve 

injury, jeopardising roots). 

 

 INTERNATIONAL CONGRESS OF ORAL IMPLANTOLOGISTS 

(ICOI) ï 2012 

A consensus report (Benavides et al., 2012) was published with the support of the ICOI 

following a systematic review of the literature regarding the use of CBCT during 

implant therapy. The authors found a strong trend in support of the use of CBCT during 

the treatment planning in particular when alveolar ridge morphology needs to be 

assessed. In addition, CBCT was also utilized when computer-guided surgery is 

planned, and when the implant was to be placed in the vicinity of vital structures 

(Benavides et al., 2012). It was also highlighted that it was impossible to envisage 

which patients may or may not benefit from the additional radiographic information 

that a CBCT provides before the CBCT is performed (Benavides et al., 2012). 

The ICOI further recommends that the CBCT procedure must be justified and the 

benefits of the examination must outweigh the possible risks ï especially in instances 

where the conventional radiographic modalities failed to provide the needed 
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information for that particular clinical situation (Benavides et al., 2012). It was also 

emphasised that no CBCT examination should be performed without a prior thorough 

medical history and a detailed dental and clinical examination (Benavides et al., 2012). 

In the instance when the CBCT examination is justified, the operator was advised 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 the ICOI in clinical 

circumstances such as atypical alveolar bone anatomy, aesthetic zones, bone grafting 

cases, guided implant surgery, and instances of post-surgical complication ï in 

particular infections, neural deficiency and sinonasal symptoms (Bornstein et al., 2014; 

Benavides et al., 2012). 

 

 INTERNATIONAL TEAM FOR IMPLANTOLOGY ï 2014 

A rigorous systematic review identified the available guidelines and indications of 

CBCT use during implant therapy (Bornstein et al., 2014). The analysis indicated a 

paucity of evidence-based guidelines (that are derived from rigorous systematic 

reviews), with the available guidelines mostly being consensus-based or retrieved from 

a limited review of literature containing ambiguous evidence (Bornstein et al., 2014). 

Although compelling evidence on the clinical benefit of cross-sectional imaging, in 

particular CBCT, was difficult to prove, indications of CBCT use include anatomic 

consideration, the need of extensive procedures (e.g. bone grafting), employing 

computer-guided surgeries, and post-operative complications (Bornstein et al., 2014).  

Guidelines (The 5th consensus conference in Bern, in 2013) (International team for 

implantology, 2014):  

1- The most updated imaging guidelines should be followed regarding CBCT 

examinations.  
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2- A comprehensive clinical examination is a prerequisite before prescribing the 

CBCT examination. If clinical examination and conventional imaging are not 

sufficient, CBCT is preferred over computed tomography (CT). 

3- Radiographic guides (templates) are of benefit when used during CBCT 

acquisitions. Additionally, a limited field of view exposures (up to the region 

of interest) should be used, and personal radiation protection measures should 

be implemented.  

 

 THE AMERICAN COLLEGE OF PROSTHODONTICS (ACP) ï 2016 

A report by ACP (2016) stated that prior to any radiographic examination a thorough 

clinical assessment of the patientôs oral cavity and previous medical and dental history 

must be performed (Ahmad & Chapokas, 2019). Though the college justifies the use 

of cross-sectional imaging during the planning phase, in particular, CBCT modality ï 

the college reaffirms that the use of CBCT must be based on clinical evaluation and 

that the imaging should be confined only to the region of interest (Ahmad & Chapokas, 

2019). These opinions are tabulated (Table 2.6). 

 

Table 2.6. Position statement of The American College of Prosthodontics (Ahmad 

& Chapokas, 2019). 

Stage of treatment Radiographic modality recommended 

Initial examination  PAN +/or PA 

CBCT is not indicated 

Pre-surgical site 

 examination  

CBCT (or any other type of CS imaging, but CBCT is recommended). 

- The particular clinical situations for which CBCT is 

recommended include: 

1- When implants need to be placed in the aesthetic zone, 

pterygoid plate, and zygomatic bone. 

2- Bone grafting, sinus augmentation procedures needed. 
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Post-operative and 

follow-ups 

(3 to 5 years and 

beyond) 

-PAN +/or PA 

CBCT is only indicated in the case of post-operative complications and 

when symptoms exist, as follows: 

1- Disturbance/loss of sensation. 

2- Antrum/nasal-related complications (e.g. infections). 

3- Site/bone infections. 

4- Pain, discomfort, and mobility of the fixture. 

5- Retrieval of the fixture. 

Key| PAN: panoramic radiograph, PA: periapical radiograph, CBCT: cone beam computed 

tomography, CS: cross-sectional.  

 

 AMERICAN ACADEMY OF PERIODONTOLOGY AND 

EUROPEAN FEDERATION OF PERIODONTOLOGYï 2018  

A report (2018) was published after a consensus workshop that was held jointly by the 

American Academy of Periodontology and the European Federation of 

Periodontology on ñthe Classification of Periodontal and Peri Implant Diseases and 

Conditionsò (Berglundh et al., 2018). One of the recommendations was to acquire a 

ñbaselineò radiograph directly after the functional restoration is in place. Additional 

radiographs should be acquired after ña loading periodò to act as a reference for bone 

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

 

 THE KOREAN ACADEMY OF ORAL AND MAXILLOFACIAL 

RADIOLOGY & NATIONAL EVIDENCE -BASED HEALTHCARE 

COLLABORATING AGENCY ï 2020 

Joint research was conducted in South Korea (2020) between The Korean Academy of 

Oral and Maxillofacial Radiology and the National Evidence-based Healthcare 

Collaborating Agency to develop evidence-based guidelines on imaging during implant 

planning (Kim et al., 2020). A systematic review was conducted through the national 
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and international databases to analyse the available evidence considering 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 for succeeding cross-sectional imaging. If the collected information after the 

conventional imaging (i.e. panoramic and intraoral radiographs) proved insufficient or 

there was a clinical suspicion of abnormalities/pathologies in the jaw and maxillary 

sinus, the patient is then a candidate for cross-sectional imaging, with CBCT being the 

modality recommended (Kim et al., 2020). 

Clinical situations that may benefit from cross-sectional imaging include proximate 

maxillary sinuses and presence of sinus septum, irregular alveolar ridge architecture, 

insufficient alveolar bone quality, the proximity of vital structures noted on 

conventional images (e.g. incisive canal, inferior alveolar canal, and mental foramen), 

and the presence of pathologies (Kim et al., 2020). 

 

 UNAFFILI ATED PUBLICATIONS (BY REGULATORY BODIES OR 

ORGANISATIONS)  

Multiple publications were obtained that reviewed the available recommendations on 

implant imaging or the use of CBCT, in particular during the therapy.  

The recommendations to use CBCT during implant planning is not unanimous in 

articles reviewed by Bornstein et al. (2017). It is mentioned (Bornstein et al., 2017) that 

some reports clearly recommend the use of CBCT for all pre-surgical planning cases 

(Drago & Carpentieri, 2011; Noffke et al., 2011; Tyndall et al., 2012), while other 

reports recommend practising a ñselective approachò for CBCT utilisation (Benavides 

et al., 2012; Harris et al., 2012).  

In South Africa, CBCT use was suggested as the radiographic examination of choice 

during implant planning for all cases (Noffke et al., 2011). This was recommended 
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since the usual candidate patients are of an older age range and the accurate spatial 

dimensional assessment offered by the modality may save the patient from any 

potential post-operative complications (e.g. nerve anaesthesia). 

The use of CBCT during implant planning is justified according to Jacobs, Salmon, et 

al. (2018). CBCT is mentioned to exhibit a great potential to enhance surgical and 

prosthetic outcomes; nevertheless, strict dose optimisation measures should be 

followed (Jacobs, Salmon, et al., 2018). 

Limited evidence was found in a systematic review to support the efficacy of using 

cross-sectional techniques for the planning of a single missing tooth (Horner & Shelley, 

2016). Within the inconsistency noted in the existing guidelines on pre-implant 

imaging of a single tooth, it can be concluded that in simple cases, cross-sectional 

imaging may not be required (Horner & Shelley, 2016). Costs also influence the 

justification of the use of certain radiographic techniques (Horner & Shelley, 2016).  

In a recent systematic review (Jacobs, Vranckx, et al., 2018), the role of CBCT 

compared with conventional examinations during the post-operative phase was 

assessed. Lack of compelling evidence for CBCT use, as a standard approach, was 

found when assessing the marginal bone in the peri-implant region ï especially with 

the concurrence of artefacts that hinder accurate assessment of the surrounding tissues. 

Conversely, CBCT was found to be of value in post-operative pathologies (e.g. peri-

implantitis).  
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 CONCLUSION  

Variations were found between the recommendations and guidelines of radiographic 

imaging modalities during implant therapy ï particularly using three-dimensional 

images as a standard approach (e.g. CBCT). This is partially due to variations in 

practice, experience, and socioeconomic factors. Nevertheless, the organisations 

presented in this review agree that the use of three-dimensional radiographic modalities 

such as CT and CBCT should be clinically justified in all cases. The variations in 

clinical judgment among clinicians may account for inconsistencies in radiographic 

practices. These factors accentuate the need for rigorous guidelines and a standardised 

protocol. The researcher concludes that such a protocol should integrate the current 

regional practices, the socioeconomic factors, and the most recent evidence in the 

implant and radiography fields. These recommendations and guidelines should be 

updated periodically, in order to achieve ideal treatment approaches that will invariably 

result in optimal treatment management and clinical outcome. 

 LIMITATIONS  

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

- Grey literature was not considered.  
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CHAPTER 2 | REVIEW OF THE RADIOGRAPHIC MODALITIES 

USED DURING DENTAL IMPLANT THERAPY: A NARRATIVE  

 

Abstract  

A significant radiographic development was the introduction of digital x-ray receptors 

that have replaced conventional films that are now commonly used in daily dental 

practice.  

Dental implant therapy (DIT) is a sought after dental therapeutic intervention and 

together with dental radiography, plays an essential role in the success of the treatment 

of edentulous spaces. Dental radiographs taken in daily practice are conventional two-

dimensional images and/or three-dimensional images. The choice of radiographic 

technique should be determined after a thorough clinical examination and 

consideration of the advantages, indications, and drawbacks. Digital three-dimensional 

modalities that have emerged over the last decade, have been incorporated into DIT 

with the assumption that treatment outcomes will be improved. These modalities are 

constantly being reassessed and improved, but research concerned with the assessment 

of all the variables such as dosages and dimensional accuracy of the emerging x-ray 

technologies, still needs to be carried out, in order to obtain evidence-based information 

that may influence future radiographic practices.  

In this narrative, the author presents the most commonly utilised dental radiographic 

modalities currently used in DIT. 

Keywords: CBCT, dental implant, panoramic radiograph, periapical radiograph. 
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LIST OF ABBREVIATIONS AND ACRONYMS  

Abbreviation Description 

AAOMR  American Academy of Oral and Maxillofacial Radiology 

CBCT Cone beam computed tomography 

CT Computed Tomography 

DIT  Dental implant treatment  

E Effective dose 

HU Hounsfield units  

IPR Intraoral periapical radiography 

MRI  Magnetic resonance imaging 
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 INTRODUCTION 

Since its implementation in 1895 by Wilhelm Röntgen (Shah et al., 2014), medical 

radiology has undergone significant growth. A compelling advancement was the 

introduction of digital x-ray receptors that have largely replaced conventional films. 

These digital receptors were first introduced by Radiovisiography (RVG, France) in 

1987 (Shah et 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, interactive processing of the image 

characteristics (e.g. contrast), reduced clinical time, no darkrooms or processing 

procedures or chemistry needed, and reduced radiation dose to patients (Shah et al., 

2014; Nair & Nair, 2007; Bansal, 2006; Jayachandran, 2017). Factors such as increased 

cost, reduced patient comfort (in the case of intra-oral solid-state sensors), and 

maintenance, are the most important drawbacks (Nair & Nair, 2007; Iannucci & 

Howerton, 2017). 

Dental implant therapy (DIT) is a sought-after dental therapeutic intervention designed 

to replace missing teeth (Moraschini et al., 2015; Tyndall & Brooks, 2000). The 

number of new dental implant manufacturers increases each year, with millions of 

dental implants being placed and restored (Boyce & Klemons, 2015; Popelut et al., 

2010). Dental radiography plays an essential role in implant therapy (Tyndall & 

Brooks, 2000; Nagarajan et al., 2014; Gupta et al., 2015), and various radiographic 

modalities have been incorporated into DIT ï in the hope that treatment outcomes will 

be improved. The author presents the most commonly used dental radiographic 

modalities currently used in DIT.                                                                                

 CURRENT MAXILLOFACIAL RADIOGRAPHIC 

TECHNOLOGIES (TABLE 2.7) 

Dental radiographs taken in daily practice are conventional two-dimensional (e.g. 

periapical, panoramic, cephalometric radiographs) and/or three-dimensional images 

(e.g. computed tomography (CT) and cone beam 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) 

Cone beam computed tomography (CBCT) 

Magnetic resonance imaging (MRI) 

 

 CONVENTIONAL TWO -DIMENSIONAL TECHNIQUES : 

2.2.1.1 INTRAORAL PERIAPICAL RADIOGRAPHY 

Intraoral periapical radiography (IPR) is a technique that depicts a limited number of 

teeth ï revealing their position, outline, mesiodistal boundaries, and the periapical 

region (Gupta et al., 2014). This is one of the most popular modalities used in daily 

practice, especially for potential implant site assessment and the follow-up phase after 

the placement of the implant (Figure 2-1) (Deshpande & Bhargava, 2014; Tyndall et 

al., 2012). 

 

Figure 2-1. A periapical radiograph showing two implants in the 36,37 region. 

Note the proximity of the implant (lower part) to the apex of tooth #35. 
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Two techniques, the bisecting angle and parallel techniques, have been used to obtain 

IPR (Gupta et al., 2014; White & Pharoah, 2013). In the bisecting angle technique, 

which is based on Cieszynskiôs rule of isometry (ñtwo triangles are equal when they 

share one complete side and have two equal anglesò (White & Pharoah, 2013)), the 

central x-ray beam perpendicularly crosses an imaginary line that bisects the angle 

between the long axis of the tooth and the film (Gupta et al., 2014). Conversely, in the 

parallel technique, the x-ray beam crosses the teeth and the receptor at right angles 

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

clinical practice, since it produces less image distortion and limits the x-ray beam to 

the area of interest (Gupta et al., 2014; White & Pharoah, 2013). 

The IPR is an efficient tool to assess the periodontal status, periapical and interproximal 

bone, and the detection of periapical pathologies (Gupta et al., 2014). The indications, 

advantages, and disadvantages during dental implant therapy are summarised in Table 

2.8. 

Besides the immediate attainment of radiographic images, digital IPR may reduce the 

radiation dosage by 75-90% compared with analogue modalities (Agrawal et al., 2014). 

The received effective dose (E) depends on the type of x-ray receptor and collimation 

used, for example, rectangular or rounded ï with the rectangular collimation reducing 

the dose up to 5 fold (White & Pharoah, 2013). The estimated effective dose (E) for a 

full mouth survey (18-20 radiographs) is 17 µSv (using a CCD sensor) (White & 

Pharoah, 2013). 

 

2.2.1.2 CEPHALOMETRIC RADIOGRAPHY 

This lateral radiograph is a two-dimensional view that shows the antero-posterior 

aspect of the upper and lower jaws (Tyndall et al., 2012). Information about teeth 

position and inclination, the soft tissue profile of the patient, the architecture of the hard 

tissue, and the occlusal relationship between the jaws, is provided (Table 2.8) (Agrawal 

et al., 2014). The use of this modality during implant treatment is however limited 
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(Tyndall et al., 2012). Nevertheless, when the midline region is edentulous, the 

cephalometric radiograph can show a cross-sectional image allowing the assessment of 

the bucco-lingual and the vertical bone quantities of the anterior alveolar ridges 

(Tyndall et al., 2012). The estimated (E) is 2ï6 µSv (White & Pharoah, 2013).  

 

2.2.1.3 ORTHOPANTOMOGRAPHY OR PANORAMIC 

RADIOGRAPHY 

Orthopantomography (Figure 2-2) ï also referred to as panoramic radiography ï is a 

technique that shows a panoramic view of the jaws, part of the maxillary sinuses, and 

the temporomandibular joints (White & Pharoah, 2013). Only 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 practice, and, in particular, during implant therapy (Tyndall et al., 

2012). It is used for the initial assessment of the implant site and the surrounding 

structures (Tyndall et al., 2012; Lingam et al., 2013). This 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 technique-sensitive and decidedly influenced by the patientôs 

head position, and sometimes can result in clinically significant magnification (15-

22%) and image distortion (Gupta et al., 2015; Karjodkar, 2009). The magnification 

factor can be determined by dividing the physical diameter of an object by the 

radiographically measured one (Gupta et al., 2015; Lingam et al., 2013). The (E) ranges 

from 9ï24 µSv (White & Pharoah, 2013). 

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

panoramic radiography during implant therapy is presented (Table 2.8).  

 

 THREE -DIMENSIONAL RADIOGRAPHIC TECHNIQUES   

 

2.2.2.1 MAGNETIC RESONANCE IMAGING (MRI) 

Magnetic resonance imaging (MRI) is a non-ionising radiographic modality that uses 

a magnetic field and radio waves to generate cross-sectional images (Nagarajan et al., 

2014; Gray et al., 2003). Although cross-sectional imaging produced by this modality 

can be used during implant planning, its use is limited due to substantive costs, 

relatively long acquisition time, and interpretation challenges (Tyndall et al., 2012). 

Further advantages and disadvantages are illustrated in Table 2.8.  

 

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 modality uses a fan-shaped x-ray beam with 

detectors that measure the intensity of the remaining beam to be used in mathematical 

algorithms for the reconstruction of cross-sectional images (White & Pharoah, 2013). 

This modality provides high-resolution, three-dimensional views of the anatomical 

structures ï whereby both hard and soft tissue densities can be appreciated. 
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Reformatted CT slices in various planes can be generated as well as panoramic views 

(Nagarajan et al., 2014). Multiple generations of CT modality have evolved over the 

years, with specific developments in the x-ray emission and acquisition methodologies 

(Tyndall et al., 2012). The newer generations, use multiple detector arrays that receive 

fan-shaped x-ray beams (Tyndall et al., 2012). The volumes are reconstructed using 

mathematical formulae integrated within the manufacturer's software. Multiplanar 

slices and thickness can be reconstructed and presented from the main volume (Tyndall 

et al., 2012). Although the modality produces higher radiation doses (Tyndall et al., 

2012), it offers an advantageous accurate three-dimensional assessment of the potential 

implant sites, including bone quality, which is vital for the success of DIT (Table 2.8) 

(Tyndall et al., 2012; Gupta et al., 2015; Seeram, 2009). The estimated (E) ranges from 

280 to 1410 µSv (European Commission, 2012; Harris et al., 2012).  

 

2.2.2.3 CONE BEAM COMPUTED TOMOGRAPHY (CBCT) 

The CBCT technology uses a cone-shaped x-ray beam with an x-ray detector, flat-panel 

or image intensifier, to produce a three-dimensional volume using special 

reconstruction algorithms (Figure 2-3) (Tyndall et al., 2012).  

 

Figure 2-3. CBCT scan. Reformatted panoramic view (top) and cross-sectional 

slices (bottom) were obtained. The measurement of the vertical dimension of a 

mandibular  bone section (area of 36 #) was investigated. 




































































































































































































































































































































































































































































