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On the use of radiography and radiation 

dose consideration in orthodontic 
treatment 

 Christina Stervik 

Department of Oral and Maxillofacial Radiology, Institute of Odontology 
Sahlgrenska Academy, University of Gothenburg 

Gothenburg, Sweden 

ABSTRACT 

The aims of this thesis were to analyse the use of radiography and radiation 
risk associated with orthodontic treatment. 

Study I measured absorbed doses to radiosensitive organs in the head and neck 
in an anthropomorphic phantom head using thermoluminescent dosimeters 
(TLDs) from digital intra-oral and panoramic radiography. Effective doses 
were calculated. Study II retrospectively evaluated panoramic radiographs of 
children and adolescents to determine positioning errors and pathological 
findings. A web-based questionnaire in Study III queried orthodontists about 
their use of radiographic examinations. Study IV retrospectively analysed the 
radiographs used in orthodontic treatment at two specialist clinics.  

Results: The salivary glands and the oral mucosa received the highest 
absorbed doses in intra-oral full-mouth and panoramic radiography and 
effective doses were 15µSv and 19-75µSv, respectively. Positioning errors 
were found in 96% of the panoramic radiographs, 24% of the errors may have 
influenced diagnostic accuracy. The number of pathologies and anomalies 
were 1,221 in 558 (43%) patients, mainly in tooth-bearing regions. Only 63 
(5%) of the findings may have influenced treatment outcome. Questionnaire 
respondents stated that radiographic examinations were mainly used in 
treatment planning stage, the most common were panoramic radiographs. 
Local radiographic guidelines were often applied while little need for national 
guidelines was expressed. Preliminary results confirmed the use of radiographs 
predominantly during treatment planning and estimated radiation risk was 
comparable to approximately a week of natural background radiation in 
Sweden. 

In summary, effective doses were higher than previously reported in 
panoramic radiographs. Positioning errors in panoramic radiographs were 
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common. Pathologies or anomalies were mainly found in the dentoalveolar 
regions, indicating that the radiation field could be limited in panoramic 
radiography. Panoramic radiographs are frequently used in orthodontic 
treatment. Even though radiation risk at the individual level is low, the risk at 
the population level is not negligible. 

Keywords: effective dose, errors, estimated risk, intra-oral radiograph, organ 
dose, orthodontic treatment, orthodontists, panoramic image, questionnaires, 
radiation doses. 
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SAMMANFATTNING PÅ SVENSKA 
Syftet med avhandlingen var att analysera användningen av 
röntgenundersökningar och strålningsrisken vid ortodontisk behandling av 
barn och ungdomar. 

I studie I uppmättes den absorberade dosen till strålningskänsliga organ i 
huvud-/halsområdet i ett antropomorft huvudfantom med användning av 
termoluminiscensdosimetrar (TLD) vid digital intraoral och panoramateknik 
och effektiv dos beräknades. Studie II utvärderade panoramabilder av barn 
och ungdomar för att fastställa inställningsfel under bildtagningen och 
förekomsten av sjukliga förändringar. Via ett webbaserat frågeformulär i 
studie III tillfrågades ortodontister om användning av röntgenundersökningar. 
Studie IV analyserade de röntgenbilder som hade använts i samband med 
ortodontisk behandling vid två specialistkliniker. 

Spottkörtlarna och munslemhinnan erhöll de högsta absorberade doserna vid 
intraorala- och panoramaröntgenundersökningar och den effektiva dosen var 
15µSv vid helstatusundersökning och varierade mellan 19µSv och 75µSv vid 
undersökning med panoramaröntgen. Inställningsfel förekom i 96% av 
panoramaröntgenbilderna, 24% av felen bedömdes ha kunnat påverka 
behandlingen. Antalet patologiska förändringar och andra avvikelser var 1 211 
hos 558 (43%) patienter, främst i anslutning till tänderna. Endast 63 (5%) av 
förändringarna bedömdes kunna påverka behandlingen. 
Röntgenundersökningar användes framförallt vid behandlingsplanering, och 
den vanligaste tekniken var panoramaröntgen. Lokala riktlinjer användes ofta, 
men det uttrycktes ett litet behov av nationella riktlinjer. Det bekräftades vid 
analysen av de röntgenbilder som tagits på specialistklinikerna att 
röntgenbilder främst användes vid behandlingsplaneringen. Strålningsrisken 
från röntgenundersökningen bedömdes jämförbar med ca en veckas naturlig 
bakgrundsstrålning i Sverige. 

Sammanfattningsvis var den effektiva dosen vid panoramaröntgen högre än 
tidigare rapporterat. Inställningsfel var vanligt i panoramaröntgenbilder. 
Sjukliga förändringar eller andra avvikelser hittades främst i tandbärande 
områden, vilket innebär att strålningsfältet kan begränsas vid 
panoramaröntgen. Panoramaröntgenbilder användes ofta i samband med 
ortodontisk behandling. Även om den individuella strålningsrisken är låg är 
risken på befolkningsnivå inte försumbar. 



 

common. Pathologies or anomalies were mainly found in the dentoalveolar 
regions, indicating that the radiation field could be limited in panoramic 
radiography. Panoramic radiographs are frequently used in orthodontic 
treatment. Even though radiation risk at the individual level is low, the risk at 
the population level is not negligible. 

Keywords: effective dose, errors, estimated risk, intra-oral radiograph, organ 
dose, orthodontic treatment, orthodontists, panoramic image, questionnaires, 
radiation doses. 

ISBN 978-91-8009-524-2 (PRINT)  
ISBN 978-91-8009-525-9 (PDF)  

http://hdl.handle.net/2077/69679 

 

  

SAMMANFATTNING PÅ SVENSKA 
Syftet med avhandlingen var att analysera användningen av 
röntgenundersökningar och strålningsrisken vid ortodontisk behandling av 
barn och ungdomar. 

I studie I uppmättes den absorberade dosen till strålningskänsliga organ i 
huvud-/halsområdet i ett antropomorft huvudfantom med användning av 
termoluminiscensdosimetrar (TLD) vid digital intraoral och panoramateknik 
och effektiv dos beräknades. Studie II utvärderade panoramabilder av barn 
och ungdomar för att fastställa inställningsfel under bildtagningen och 
förekomsten av sjukliga förändringar. Via ett webbaserat frågeformulär i 
studie III tillfrågades ortodontister om användning av röntgenundersökningar. 
Studie IV analyserade de röntgenbilder som hade använts i samband med 
ortodontisk behandling vid två specialistkliniker. 

Spottkörtlarna och munslemhinnan erhöll de högsta absorberade doserna vid 
intraorala- och panoramaröntgenundersökningar och den effektiva dosen var 
15µSv vid helstatusundersökning och varierade mellan 19µSv och 75µSv vid 
undersökning med panoramaröntgen. Inställningsfel förekom i 96% av 
panoramaröntgenbilderna, 24% av felen bedömdes ha kunnat påverka 
behandlingen. Antalet patologiska förändringar och andra avvikelser var 1 211 
hos 558 (43%) patienter, främst i anslutning till tänderna. Endast 63 (5%) av 
förändringarna bedömdes kunna påverka behandlingen. 
Röntgenundersökningar användes framförallt vid behandlingsplanering, och 
den vanligaste tekniken var panoramaröntgen. Lokala riktlinjer användes ofta, 
men det uttrycktes ett litet behov av nationella riktlinjer. Det bekräftades vid 
analysen av de röntgenbilder som tagits på specialistklinikerna att 
röntgenbilder främst användes vid behandlingsplaneringen. Strålningsrisken 
från röntgenundersökningen bedömdes jämförbar med ca en veckas naturlig 
bakgrundsstrålning i Sverige. 

Sammanfattningsvis var den effektiva dosen vid panoramaröntgen högre än 
tidigare rapporterat. Inställningsfel var vanligt i panoramaröntgenbilder. 
Sjukliga förändringar eller andra avvikelser hittades främst i tandbärande 
områden, vilket innebär att strålningsfältet kan begränsas vid 
panoramaröntgen. Panoramaröntgenbilder användes ofta i samband med 
ortodontisk behandling. Även om den individuella strålningsrisken är låg är 
risken på befolkningsnivå inte försumbar. 



i 

LIST OF PAPERS  
This thesis is based on the following studies, referred to in the text by their 
Roman numerals. 

I. Granlund C, Thilander-Klang A, Ylhan B, Lofthag-Hansen 
S, Ekestubbe A. 

Absorbed organ and effective doses from digital intra-oral 
and panoramic radiography applying the ICRP 103 
recommendations for effective dose estimations.  

        Br J Radiol. 2016 Oct;89(1066): 20151052. 
doi:10.1259/bjr.20151052. Epub 2016 Jul 25.  

II. Granlund CM, Lith A, Molander B, Gröndahl K, Hansen K, 
Ekestubbe A.          

Frequency of errors and pathology in panoramic images of 
orthodontic patients.  

       Eur J Orthod. 2012 Aug;34(4):452-7.  
doi:10.1093/ejo/cjr035. Epub 2011 Apr 21. 

III. Stervik C, Lith A, Westerlund A, Ekestubbe A. 

Choice of radiography in orthodontic treatment on children 
and adolescents: A questionnaire-based study performed in 
Sweden. 

Eur J Oral Sci. 2021 Aug;129(4):e12796. 
https://doi.org/10.1111/eos.12796. Epub 2021 Jun 6. 

IV. Stervik C, Lith A, Ekestubbe A. 

Radiation exposure during orthodontic treatment: risk to 
children and adolescents.  

In manuscript. 

 

Papers I-III have been reprinted with permission of the 
publishers. 

 

 

 



i 

LIST OF PAPERS  
This thesis is based on the following studies, referred to in the text by their 
Roman numerals. 

I. Granlund C, Thilander-Klang A, Ylhan B, Lofthag-Hansen 
S, Ekestubbe A. 

Absorbed organ and effective doses from digital intra-oral 
and panoramic radiography applying the ICRP 103 
recommendations for effective dose estimations.  

        Br J Radiol. 2016 Oct;89(1066): 20151052. 
doi:10.1259/bjr.20151052. Epub 2016 Jul 25.  

II. Granlund CM, Lith A, Molander B, Gröndahl K, Hansen K, 
Ekestubbe A.          

Frequency of errors and pathology in panoramic images of 
orthodontic patients.  

       Eur J Orthod. 2012 Aug;34(4):452-7.  
doi:10.1093/ejo/cjr035. Epub 2011 Apr 21. 

III. Stervik C, Lith A, Westerlund A, Ekestubbe A. 

Choice of radiography in orthodontic treatment on children 
and adolescents: A questionnaire-based study performed in 
Sweden. 

Eur J Oral Sci. 2021 Aug;129(4):e12796. 
https://doi.org/10.1111/eos.12796. Epub 2021 Jun 6. 

IV. Stervik C, Lith A, Ekestubbe A. 

Radiation exposure during orthodontic treatment: risk to 
children and adolescents.  

In manuscript. 

 

Papers I-III have been reprinted with permission of the 
publishers. 

 

 

 



ii 

 

  

iii 

CONTENT 
ABBREVIATIONS .............................................................................................. V 
1 INTRODUCTION ........................................................................................... 1 

1.1 Background ........................................................................................... 1 
1.1.1 The orthodontic examination ......................................................... 2 
1.1.2 Orthodontic treatment .................................................................... 3 
1.1.3 Adverse effects of orthodontic treatment ...................................... 3 

1.2 Radiographic techniques ....................................................................... 3 
1.2.1 Intra-oral radiography .................................................................... 3 
1.2.2 Panoramic radiography .................................................................. 3 
1.2.3 Lateral cephalometric and hand-wrist radiographs ........................ 4 
1.2.4 Cone-beam computed tomography ................................................ 5 

1.3 Radiation protection .............................................................................. 6 
1.3.1 Risk of ionising radiation ............................................................... 6 
1.3.2 Radiation risk to children ............................................................... 6 
1.3.3 Patient radiation protection ............................................................ 7 

1.4 The International Commission on Radiological Protection .................. 8 
1.4.1 ICRP publications .......................................................................... 8 

1.5 Radiation doses ...................................................................................... 9 
1.5.1 Quantities and units ....................................................................... 9 
1.5.2 Radiosensitive organs .................................................................. 10 

1.6 Calculations of radiation dose ............................................................. 11 
1.6.1 Radiation doses from various radiographic techniques ............... 11 

1.7 Indications for oral radiography in orthodontics ................................. 13 
1.7.1 Regulations on the use of oral radiography ................................. 13 
1.7.2 Guidelines in oral radiology ........................................................ 15 

1.8 Technical factors affecting dose .......................................................... 16 
1.8.1 Dental x-ray equipment ............................................................... 16 
1.8.2 Detectors ...................................................................................... 17 



ii 

 

  

iii 

CONTENT 
ABBREVIATIONS .............................................................................................. V 
1 INTRODUCTION ........................................................................................... 1 

1.1 Background ........................................................................................... 1 
1.1.1 The orthodontic examination ......................................................... 2 
1.1.2 Orthodontic treatment .................................................................... 3 
1.1.3 Adverse effects of orthodontic treatment ...................................... 3 

1.2 Radiographic techniques ....................................................................... 3 
1.2.1 Intra-oral radiography .................................................................... 3 
1.2.2 Panoramic radiography .................................................................. 3 
1.2.3 Lateral cephalometric and hand-wrist radiographs ........................ 4 
1.2.4 Cone-beam computed tomography ................................................ 5 

1.3 Radiation protection .............................................................................. 6 
1.3.1 Risk of ionising radiation ............................................................... 6 
1.3.2 Radiation risk to children ............................................................... 6 
1.3.3 Patient radiation protection ............................................................ 7 

1.4 The International Commission on Radiological Protection .................. 8 
1.4.1 ICRP publications .......................................................................... 8 

1.5 Radiation doses ...................................................................................... 9 
1.5.1 Quantities and units ....................................................................... 9 
1.5.2 Radiosensitive organs .................................................................. 10 

1.6 Calculations of radiation dose ............................................................. 11 
1.6.1 Radiation doses from various radiographic techniques ............... 11 

1.7 Indications for oral radiography in orthodontics ................................. 13 
1.7.1 Regulations on the use of oral radiography ................................. 13 
1.7.2 Guidelines in oral radiology ........................................................ 15 

1.8 Technical factors affecting dose .......................................................... 16 
1.8.1 Dental x-ray equipment ............................................................... 16 
1.8.2 Detectors ...................................................................................... 17 



iv 

1.9 Image quality ....................................................................................... 18 
1.10 Survey studies ..................................................................................... 19 

2 AIMS ......................................................................................................... 21 
3 METHODS .................................................................................................. 22 

3.1 Study I: Absorbed organ dose and effective dose ............................... 22 
3.2 Study II: Errors and pathology and Study IV: Radiation risk ............. 24 
3.3 Study III: Choice of radiography in orthodontic treatment ................. 26 
3.4 Statistics .............................................................................................. 27 
3.5 Ethical approvals ................................................................................. 28 

4 RESULTS ................................................................................................... 29 
4.1 Study I: Absorbed organ dose and effective dose ............................... 29 
4.2 Study II: Errors and pathology ............................................................ 29 
4.3 Study III: Choice of radiography in orthodontic treatment ................. 30 
4.4 Study IV: Radiation risk ...................................................................... 35 

5 DISCUSSION .............................................................................................. 37 
5.1 Methodological considerations ........................................................... 37 
5.2 Choice of radiographic method ........................................................... 39 
5.3 Image quality in panoramic radiography ............................................ 41 
5.4 Findings of pathology and anomalies in panoramic radiography ....... 43 
5.5 Absorbed and effective doses .............................................................. 44 
5.6 Radiation risk in oral radiographic imaging ........................................ 46 

6 CONCLUSIONS ........................................................................................... 50 
ACKNOWLEDGEMENTS .................................................................................. 51 
REFERENCES .................................................................................................. 54 
APPENDIX ...................................................................................................... 64 
 

  

v 

ABBREVIATIONS 
 
ALARA As Low As Reasonably Achievable 

ALADA As Low As Diagnostically Achievable 

CBCT Cone-beam computed tomography 

CCD Charge-coupled device 

CMOS Complementary metal oxide semiconductor 

CT Computed tomography 

DAP Dose area product 

DCS Direct conversion sensor 

EAPD European Academy of Paediatric Dentistry 

FOV Field of view 

Gy Gray 

HT Equivalent dose 

ICRP International Commission on Radiological Protection 

LNT Linear no-threshold model 

MOSFET Metal- oxide-semiconductor field effect transistor 

PSP Photostimulable phosphor plate 

SSM Strålsäkerhetsmyndigheten 

Sv Sievert 

TLD Thermoluminescent dosimeter 

TMJ Temporomandibular joint 



iv 

1.9 Image quality ....................................................................................... 18 
1.10 Survey studies ..................................................................................... 19 

2 AIMS ......................................................................................................... 21 
3 METHODS .................................................................................................. 22 

3.1 Study I: Absorbed organ dose and effective dose ............................... 22 
3.2 Study II: Errors and pathology and Study IV: Radiation risk ............. 24 
3.3 Study III: Choice of radiography in orthodontic treatment ................. 26 
3.4 Statistics .............................................................................................. 27 
3.5 Ethical approvals ................................................................................. 28 

4 RESULTS ................................................................................................... 29 
4.1 Study I: Absorbed organ dose and effective dose ............................... 29 
4.2 Study II: Errors and pathology ............................................................ 29 
4.3 Study III: Choice of radiography in orthodontic treatment ................. 30 
4.4 Study IV: Radiation risk ...................................................................... 35 

5 DISCUSSION .............................................................................................. 37 
5.1 Methodological considerations ........................................................... 37 
5.2 Choice of radiographic method ........................................................... 39 
5.3 Image quality in panoramic radiography ............................................ 41 
5.4 Findings of pathology and anomalies in panoramic radiography ....... 43 
5.5 Absorbed and effective doses .............................................................. 44 
5.6 Radiation risk in oral radiographic imaging ........................................ 46 

6 CONCLUSIONS ........................................................................................... 50 
ACKNOWLEDGEMENTS .................................................................................. 51 
REFERENCES .................................................................................................. 54 
APPENDIX ...................................................................................................... 64 
 

  

v 

ABBREVIATIONS 
 
ALARA As Low As Reasonably Achievable 

ALADA As Low As Diagnostically Achievable 

CBCT Cone-beam computed tomography 

CCD Charge-coupled device 

CMOS Complementary metal oxide semiconductor 

CT Computed tomography 

DAP Dose area product 

DCS Direct conversion sensor 

EAPD European Academy of Paediatric Dentistry 

FOV Field of view 

Gy Gray 

HT Equivalent dose 

ICRP International Commission on Radiological Protection 

LNT Linear no-threshold model 

MOSFET Metal- oxide-semiconductor field effect transistor 

PSP Photostimulable phosphor plate 

SSM Strålsäkerhetsmyndigheten 

Sv Sievert 

TLD Thermoluminescent dosimeter 

TMJ Temporomandibular joint 



vi 

WR Radiation weighting factor 

WT Tissue weighting factor 

  

Christina Stervik 

1 

1 INTRODUCTION 
Malocclusion in children and adolescents is common and can be corrected with 
the help of orthodontic treatment, which usually begins at 12-14 years of age. 
When the clinical examination reveals indications for orthodontic treatment, 
the clinician usually chooses to supplement the clinical findings with 
radiographs.  

 

1.1 Background 
The word orthodontic is a Greek word from “ortho” which means straight and 
“dont” which means teeth. The purpose of orthodontic treatment is to improve 
the positioning of the teeth in the dental arches when the occlusion is 
functionally suboptimal. Patient selection criteria can be objective or 
subjective. Objective treatment need is based on the clinical findings by the 
specialist while subjective need for treatment is based on patient perceptions 
(1).  

Edward H. Angle proposed one of the first classification systems of 
malocclusion based on three morphological types: Angle Class I, normal 
occlusion; Angle Class II, postnormal occlusion; and Angle Class III, 
prenormal occlusion (2, 3). Post- and prenormal malocclusion are caused by 
discrepancies between the jaws in the anterior-posterior relationship. In the 
postnormal case, the condition may increase the risk of trauma to the anterior 
maxillary teeth due to an overjet. Chewing ability may also, in both pre- and 
postnormal conditions, be adversely affected (4, 5).  

Malocclusions have been reported in over 60% of preschool children and 
between 50%-74% of schoolchildren. Malocclusions can be divided into 
dento-alveolar and skeletal anomalies; in most cases, a genetic factor affects 
the development of the teeth and jaws. Table 1 presents the most common 
anomalies (6). 
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                      Table 1. Prevalence of anomalies in children aged   
7-13 years (n = 5,459). 

Malocclusions % 
Occlusal:  
     Postnormal 14 
     Crossbite 11 
     Inversion frontally 11 
     Deep bite 8 
     Open bite frontally 4 
     Prenormal 4 
     Scissors bite 2 
Space:  
     Crowding 26 
     Spacing 9 
     Maxillary medial diastema 5 
Dental:  
     Hypodontia 
     Impaction 

6 
5 

     Hyperdontia 1 
 

According to SBU (7), the number of public service specialist posts in 
orthodontics in Sweden per 100,000 children is 1.12 on average (variation 
0.82-1.68) depending on county. In the private sector, it is 0.12 on average 
(variation 0.00-0.29).  

1.1.1 The orthodontic examination 
The orthodontic examination comprises a clinical examination, dental casts, 
and a radiographic analysis. These help the clinician analyse the morphology 
and function of the jaws. An extra-oral examination of the face in frontal and 
lateral views, which includes the function of the masticatory system and the 
temporomandibular joint (TMJ), is the first component of the clinical 
examination. Next is the intra-oral examination where the soft tissues are 
inspected and any parafunctional signs, for example, bruxism, nail biting, and 
mouth breathing, are noted. The dental status is inspected for caries and 
periodontal changes. The orthodontic examination then moves on to making 
study casts of the patient. These are helpful in analysing the relationship 
between the dental arches (8). 

The final part of the orthodontic examination is to consider whether a 
radiological examination would supplement the data already collected and 
contribute to the diagnostics and therapy planning (8). 
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1.1.2 Orthodontic treatment 
The treatment methods can be either preventive/interceptive or corrective 
depending on the age of the patient (7). Preventive treatment is done in the 
primary dentition while interceptive methods are done in the primary or early 
mixed dentition. The purpose of prevention and interception are to interrupt an 
unfavourable development of the dentition. Treatment options include, for 
example, grinding and use of removable orthodontic appliances (a plastic plate 
that covers the palate and is secured with clips on teeth). Corrective treatment 
often uses fixed brackets to treat malocclusions of the permanent dentition. 
Treatment lasts 1-2 years. The Invisalign system corrects malocclusions using 
a series of removable transparent plastic rails or covers; these are replaced 
every 2 weeks as the teeth gradually move toward their final position.  

1.1.3 Adverse effects of orthodontic treatment  
Orthodontic treatment is not without risk, so patient benefit should outweigh 
the potential risks.  

Almost all adolescents experience varying degrees of root shortening after 
orthodontic treatment. Lund et al. found that up to 91% of all teeth that had 
been positionally corrected in orthodontic treatment presented some degree of 
root shortening (9). Reductions in marginal bone levels were more common at 
lingual than at buccal surfaces (10). Treatment with fixed appliances increased 
the risk of enamel demineralization, leading to caries, and maintaining 
adequate oral hygiene around the fixed appliances could be difficult (11).  

 

1.2 Radiographic techniques  

1.2.1 Intra-oral radiography 
Intra-oral radiographic examinations of children can be challenging. The 
smaller dental arches of children sometimes require smaller detectors. Even 
with an appropriately sized detector, an inability to tolerate the detector intra-
orally could limit the usefulness of an intra-oral radiographic examination. 

1.2.2 Panoramic radiography 
Panoramic imaging is an extra-oral alternative that depicts teeth and alveolar 
bone along with the surrounding tissue.  
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                      Table 1. Prevalence of anomalies in children aged   
7-13 years (n = 5,459). 

Malocclusions % 
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Dental:  
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     Impaction 

6 
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In panoramic imaging, the x-ray tube head rotates around one side of the 
patient while the attached receptor follows on the opposite side (12, 13). The 
shape of the image layer is designed so that the basal part of an average sized 
jaw will be positioned within the layer. If the jaws are not correctly placed in 
this fixed layer, distortions may occur.   

Panoramic radiographs distort the size and shape of the object being imaged 
(12, 13). Several factors influence this distortion, for example, the x-ray 
source-to-object distance, the path of the rotational centre, and the position of 
the object within the image layer.  

The patient must be positioned correctly to avoid errors that would affect 
diagnostics. In the correct horizontal head position, the hard palate is parallel 
to the floor; this prevents the head from tilting upward or downward. 
Positioning the head symmetrically, with the head in a straight line, ensures 
that the length and width of the teeth on both sides will be the same. Bite 
blocks, chin cup rests, and positioning lights, among others, are useful for 
positioning the jaw within the sharp image layer. On the market today there 
are panoramic machine that use, namely an autofocus function to optimize 
image quality. Instead of using positioning lights, the machine use a low-dose 
test scout of the patient’s middle front teeth to positioning the patient in the 
focal layer (14). Instructing patients to press their tongue against the hard 
palate will avoid a dark area of airspace between the tongue and the hard palate 
on the radiographic image (12).  

The advantage of panoramic radiography is the large amount of information 
one image provides compared to an intra-oral image, along with the lower 
amount of time needed to produce this information. However, due to inefficient 
projection geometry and weak capacity to display fine anatomical structures in 
panoramic radiography, supplementary radiography could be needed when a 
diagnosis cannot be established (15, 16). 

1.2.3 Lateral cephalometric and hand-wrist radiographs 
Lateral cephalometric imaging is mainly used in connection with orthodontic 
treatment and orthognathic surgery. The skull and the top of the cervical spine 
are imaged; use of a collimated beam reduces the amount of delivered radiation 
and avoids the cervical spine, thyroid gland, and some of the skull. During 
exposure, the mid-sagittal plane must be parallel to the detector to avoid 
asymmetry between the right and left sides. 

Christina Stervik 

5 

Hand-wrist radiographs can be used to assess skeletal maturation, including 
the velocity of facial growth. During exposure, the palm of the left hand is 
placed facing downward (17). 

1.2.4 Cone-beam computed tomography  
Cone-beam computed tomography (CBCT) has been used in dentistry since 
the late 1990s, and its rapid commercialisation has doubtless increased access 
to CBCT scanners among general practitioners (18). Further, when dentists 
decide to replace their panoramic equipment with a newer model, and wish to 
have access to the new technology, they often consider a combined CBCT and 
panoramic unit. CBCT has also gained in popularity among medical 
radiologists and in many dental specialties other than oral radiology.  

CBCT is currently marketed as a low dose technique for cranio-facial 
examinations in dentistry (18). However, comparing the dose between 
computed tomography (CT) and CBCT can be complicated. For small or 
medium fields of view (FOV), the dose is higher in CT than in CBCT 
examinations. For large FOVs, however the dose may be higher in CBCT than 
in CT (19). 

CBCT images depict structures with high contrast; thus, the images are suitable 
for assessing hard tissue structures, but not soft tissue conditions (18, 20). The 
medical field often uses CBCT to monitor the position of the subject during 
radiation therapy (21).  

CBCT uses a cone-shaped x-ray beam (hence, the name of the technique) and 
a detector in synchronous rotation around the patient in order to image the 
region of interest. Even though the name of the technology is CBCT, there is 
a large variation in how it is implemented. The x-ray source is either constant 
or pulsed and can be collimated as a cone or pyramid. The pulsed x-ray 
technique reduces radiation exposure to the patient. The shape of the scanned 
volume - the FOV - can be spherical, cylindrical, or convex triangular. 
Rotation can be 180⁰, 270⁰, or 360⁰, with one scan taking 5-40 seconds. The 
size of the FOV can be adjusted, depending on the size of the region of interest. 
Most CBCT units have discrete, fixed FOVs; more recent models, however, 
offer freely adjustable collimation that allow an FOV of any height along the 
z-direction (22, 23). 

One rotation of the gantry is necessary to obtain the volumetric data set 
(cylindrical volume). The computer divides the cylinder into voxels in a 
primary reconstruction. Multiplanar or secondary reconstruction occurs by 
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merging separate images in the sagittal, coronal, and axial planes. 
Examinations can be done sitting, standing or supine depending on the unit.  

 

1.3 Radiation protection 

1.3.1 Risk of ionising radiation 
All ionising radiation may cause harm at the cellular level to the organs and 
tissues of any exposed individual due to ionisation of the atoms in the cells. 
Radiation will be absorbed in varying amounts by radiosensitive organs and 
tissues, setting physical and chemical reactions in motion. Biological changes 
may occur as direct or indirect effects of ionisation. Direct effects include 
chromosomal damage to the DNA, cell death, and reduced function in the 
tissue or organ. Indirect effects include radiolysis of water – the conversion of 
water to free hydrogen and hydroxyl radicals. Most changes are reversible and 
immediately repaired by the body; in this context, two factors are important: 
1) the ability to repair radiation damage, and 2) the capacity to produce new 
cells. 

The risk with ionising radiation is the risk for detrimental non-stochastic 
(deterministic) effects at high doses as for example nuclear accidents, and the 
probability of stochastic (random) effects (later damage, nominal risk of cancer 
and heritable effects). Non-stochastic effects are damage from ionising 
radiation that occurs when the radiation dose exceeds a threshold value, which 
varies for different health effects and where severity increases with increasing 
radiation dose. Stochastic effects have no threshold, and thus, the timing of an 
effect cannot be predicted. Risk increases proportionally with dose and can 
result many years later in cancer. Stochastic effects can be limited by justifying 
all exposure according to the As Low As Reasonably Achievable (ALARA) 
principle (24). 

1.3.2 Radiation risk to children 
We know that radiation sensitivity varies with age and that children are more 
sensitive to radiation than adults due to higher cell turnover and longer 
remaining expected lifetimes. Thus, an effective dose determined in adults may 
yield unreliable results when used to calculate radiation risk in children. There 
is good evidence that radiation risks are generally higher at younger ages. 
Further, sensitivity to radiation also differs between males and females (24, 
25). Figure 1 shows the lifetime risk of cancer (26).  
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Figure 1. Radiation dose and risk. (The figure is reproduced from Radiation Safety 
with kind permission from The British Institute of Radiology). 

 

1.3.3 Patient radiation protection 
In the European guidelines on radiation protection in dental radiology, the 
recommendation for all patients, is to use a thyroid shield in intra-oral 
radiography only when the primary beam is in line of or very close to the 
thyroid gland (27). However, in Sweden, the mandate is to use thyroid 
shielding for each intra-oral exposure (28). 

During exposure in panoramic radiography, thyroid shields and leaded aprons 
are not recommended. The thyroid shield may interfere with the primary beam, 
and lead aprons do not protect against scattered radiation. Also, a lead apron 
placed too high on the patient’s neck can cause an artefact in the image, 
necessitating a retake. In cephalometric radiography, if beam collimation does 
not exclude the thyroid gland during exposure, protection with a thyroid shield 
may be necessary (27). 

In CBCT examinations, a shielding device can be used if the thyroid gland lies 
close to the primary beam, to reduce the dose. But the shield should be used 
with great care so that it does not integrate with the x-ray beam (29). 
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1.4 The International Commission on Radiological 
Protection  

The International Commission on Radiological Protection (ICRP) is the 
international organisation with a “mission to protect people, animals, and the 
environment from harmful effects" of ionising radiation (24). Its 
recommendations form the basis of radiation protection policy, regulations, 
guidelines, and practice worldwide.  

The ICRP defines three fundamental principles for an acceptable system of 
radiation protection: justification, optimisation, and the use of dose limits.  

The principle of justification weighs benefit with harm on an individual basis 
and determines whether the radiation exposure would be more beneficial than 
any harm caused. The guiding principle is “ALARA”.  

The principle of optimisation means that the radiation dose to the patient 
should be as low as possible without compromising the diagnostic information; 
this principle is also known as the As Low As Diagnostically Achievable 
(ALADA) principle. These principles are also applied when patients are 
referred for radiography. Appropriate referral procedures should be used, and 
the referring dentist should supply sufficient clinical information and pertinent 
radiographs.  

Dose limits, for the public and occupational-exposed workers, are in place to 
protect individuals from exposure to unwarranted amounts of radiation (24).  

1.4.1 ICRP publications 
A 1990 review of earlier ICRP publications replaced Publication 26 (year 
1977) with a new one, ICRP Publication 60. The new publication was a 
paradigm shift, based on the review of the deterministic effects of ionising 
radiation in organs and tissues. Publication 60 (30), presented thresholds for 
deterministic effects and new, lower annual dose limits for the public and for 
workers, based on the risk of stochastic effects. These led to major changes in 
protection philosophy. Other recommendations in 1990 also included new 
estimates for the likelihood of delayed damage following radiation exposure 
and a rigorous review of stochastic effects in exposed individuals. For a 
population of all ages, the risk of fatal cancer was estimated to be 5% per Sv.  

Seventeen years later, in 2007, ICRP updated the effective dose estimation 
(i.e., the radiation risk) for human organs and tissues (24). The new 
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recommendation (Publication 103) replaced the recommendations issued in 
1990, and for the first time, among others, salivary glands and brain tissue were 
included in the weighting scheme. Publication 103 also changed the endpoint 
for the assessments from death due to cancer, to cancer incidence. These 
revised estimations have resulted in reassessments of the radiation risk in oral 
radiographic examinations.  

Today’s knowledge of how ionising radiation induces cancer in living 
organisms was derived from human epidemiological studies. It is based on 
careful observation and follow-ups of human populations that have been 
exposed to high doses of radiation. The populations are, among others, victims 
of nuclear accidents or nuclear bomb survivors of the 1945 Hiroshima and 
Nagasaki incidents. In 2003, a dosimetry change in organ dose estimates for 
the survivors of atomic bombing decreased cancer risk estimates by 8%. The 
new dosimetry system estimated a slight increase in gamma dose and a 
decrease in neutron dose (31). However, some uncertainty regarding low-dose 
ionising radiation exposure remains due to the applicability of the results of 
this group (32). 

 

1.5 Radiation doses 

1.5.1 Quantities and units 
The ICRP has defined dose quantities for use in radiation protection.  

Dose area product  

The dose area product (DAP) is a method for monitoring the total amount of 
radiation delivered to the patient. A transmission ionisation chamber measures 
the amount of emitted radiation. The chamber must intercept the entire x-ray 
field to produce an accurate reading. Depending on which part of the body is 
irradiated and the type of x-ray equipment used, conversion factors are 
available, and the effective dose can be calculated in order to assess radiation 
risk. DAP can be used for optimising the exposure parameters of an 
examination (33). 
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Absorbed dose 

The absorbed dose is a measure of the ionising radiation that has been 
transferred to a unit of mass at a point in the body. Since 1978, absorbed dose 
is measured in the unit Gray (Gy; 1 Gy = 1 J/kg). Absorbed dose is a physical 
quantity with no consideration to the biological effects of the radiation.  

Equivalent dose  

The equivalent dose (HT) is a measure of the biological effect of radiation in 
the tissue and organs. It is based on the absorbed dose with reference to the 
type of radiation in question. Equivalent dose is calculated by multiplying the 
absorbed dose in the relevant organ or tissue with the weighting factor for the 
type of radiation (WR; the WR for photons = 1). Equivalent doses are expressed 
in Sievert (Sv) units. 

Effective dose 

The effective dose takes into account the radiation sensitivities of body organs 
and is used to compare reference levels or dose constraints (24). Effective dose 
is calculated in Sv and is defined as the sum of the HT for each tissue and organ 
in the body, multiplied by the relevant tissue weighting factor (WT). The WT is 
a relative measure of the risk of stochastic effects that might result from 
irradiation of a specific tissue. Radiosensitive organs or tissues each have a 
unique WT that indicates the seriousness of an injury. WT are used for the entire 
population, regardless of age and gender; thus, the WT used in adults is also 
used in children. 

1.5.2 Radiosensitive organs 
In oral radiology, the brain, the pituitary gland, the eye, and the salivary and 
thyroid glands are among the organs at risk during exposure (34-36). Further, 
additional organs at risk are red bone marrow, the oesophagus, bone surfaces, 
lymphatic nodes, the oral mucosa, muscle, the skin, and the extrathoracic 
region.  

The radiation dose delivered to the salivary and thyroid glands depends on the 
size of the region of interest and the vertical angle of the primary beam. In 
panoramic radiography, for example, the salivary glands are located within the 
x-ray beam throughout exposure. Intra-oral systems, on the other hand, expose 
only a small area of the glands.  
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1.6 Calculations of radiation dose 
There are different approaches to measuring doses to organs. Measurements of 
absorbed doses can be made 1) by placing dosimeters on the skin of the patient 
or in a phantom head, 2) using the metal-oxide-semiconductor field effect 
transistor (MOSFET) dosimeter, 3) by exposing Gafchromic tm film or 4) in a 
Monte Carlo simulation. 

When a phantom head is used for absorbed dose measurements 
thermoluminescent dosimeters (TLDs) are placed in regions of radiosensitive 
organs. A TLD is a type of dosimeter that emits visible light when heated after 
exposure to ionising radiation. The light is proportional to the dose. After each 
exposure the TLDs are read out, but prior to each exposure session, the TLDs 
are annealed for 1 h at 400o C (37). One of the advantages of using TLDs is the 
small size of the TLD elements.  

The digital dosimeter, such as MOSFET is a small device connected by a cable 
or a wire-less blue-tooth transceiver to a read-out instrument and thereby, 
offering immediate read-out (38, 39).  

Another way to measure organ dose is to use Gafchromic film dosimetry. The 
film dosimeter is placed between selected levels in a head and neck phantom 
to record the distribution of the absorbed radiation dose. After exposure, the 
film is digitised in a scanner and an image program is used to convert the pixel 
values to absorbed dose distributions (40).  

A Monte Carlo simulation is a probability-based calculation method using a 
mathematical phantom model to calculate organ doses and effective dose (41). 
In radiation physics, the method has proven particularly valuable for studying 
particle transport or electromagnetics. Estimations of quantities are done by 
simulating a large number of particles through matter (42).  

1.6.1 Radiation doses from various radiographic techniques 
Table 2 presents effective dose measurements made between 1991 and 2012 
for various oral radiographic techniques. 
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Absorbed dose 
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used in children. 
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panoramic radiography, for example, the salivary glands are located within the 
x-ray beam throughout exposure. Intra-oral systems, on the other hand, expose 
only a small area of the glands.  
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Table 2. Effective doses (in µSv) for various radiographic techniques. 

First 
author 
Year 

 
Method ICRP FMX 1 BW 4 BW PX LAT 

CBCT   
Range 
(medium)  
 DA       CF 

Velders 
1991 
(43) 

TLD  
(n = un- 
known) 

1990  1# 
3-4†      

White 
1992 
(44) 

Review  
TLD,  
Monte 
Carlo 

1990 84†   6.7    

Ludlow 
2008 
(36) 

TLD 
(n=24) 1990 12.2#  1 4.3 3.7   

Ludlow  
2008 
(36) 

TLD 
(n=24) 2007 34.9#  5 14.2 5.6   

Thedo-
rakou 
2012 
(45) 

TLD 
(n=104) 
10-year-
old 

2007      
16- 
214 
(43) 

114-
282 
(186) 

Thedo-
rakou 
2012 
(45) 

TLD 
(n=140) 
Adoles-
cent 

2007      
18-
70 
(32) 

81-
216 
(135) 

ICRP: The International Commission on Radiological Protection, FMX: Full-mouth survey, BW: Bitewing, 

PX: Panoramic, LAT: Lateral cephalometric, CBCT: cone-beam computed tomography, DA: Dentoalveolar, 
CF: Craniofacial, #: rectangular cone, †: round cone. 

 

Measurements of effective doses have decreased in intra-oral radiology and 
increased in panoramic radiography over time. CBCT delivers higher doses 
than do conventional radiographic methods, however, the dose can vary 
greatly. Delivered CBCT dose depends on factors such as the FOV, exposure 
parameters, and equipment type.  

Although several measurements of effective dose, and thus radiation risk, have 
been reported, the measurements vary considerably over time depending on 
how the examination was performed and what equipment was used. Thus, there 
is a need for further studies on dose measurements so that method and 
equipment can be compared with published reports.  
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1.7 Indications for oral radiography in orthodontics 
A clinical examination must always precede a radiographic examination to 
ensure that each radiograph is justified (27). 

In orthodontics, existing bitewings (if the size of the digital detectors allows) 
as well as periapical radiographs, can be useful for establishing the presence 
and position of unerupted teeth. Periapical radiographs can also be used for 
determining the shape of the roots besides detecting apical diseases, or to 
assess dental injuries. 

A list of indications for panoramic radiography in a textbook on oral radiology 
includes the needs for an overview of the jaws and dentition; for examinations 
of pathological conditions such as cysts, tumours, or infections; for a gross 
estimation of the TMJ; and for assessing impacted teeth, the eruption status of 
the permanent dentition, and maxillofacial skeleton developmental 
disturbances (13). Periodontal bone levels, wisdom teeth, and gross negligence 
of the teeth are other conditions that panoramic images can be helpful in 
assessing (46).  

Orthodontic planning and treatment often take advantage of lateral 
cephalometric radiography to evaluate the craniofacial complex relating to 
skeletal discrepancies, soft tissue abnormalities, and growth-related changes.  

When CBCT was introduced, no specific indications for its use in various 
diagnostic tasks were available, so its rapid and easy accessibility raised 
concerns in the radiological profession about the higher radiation exposure, 
and consequently the risk, especially in children and adolescents. It soon 
became vital, as with all new medical technologies, to develop evidence-based 
guidance for its justification and optimisation. 

1.7.1 Regulations on the use of oral radiography 
All countries have their own regulations on the management and use of dental 
radiographic equipment, which are based on the ICRP recommendations.  In 
Sweden, all dental professions receive training in intra-oral radiography, but 
the responsibility for overall management of intra-oral radiology in a clinic 
rests with a licensed dentist. For panoramic radiography, a 3-day post-graduate 
course in its management and use is mandatory, while for CBCT, a board-
certified oral radiologist must oversee and be responsible for all CBCT-related 
operations. Table 3 lists requirements for the operation of radiographic 
equipment in six countries. 
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Table 3. Requirements for the operation of X-ray machines in 
dental clinics. 

Country 
Authorisation required (as of 2021) 
Radiographic technique 
IO PAN CEPH TOM 

Sweden a L, E L, E L, S 
Denmark b No No Lc 

Norway b b b S 
Finland d d d c, d 

UK No No No e 

USA No No No No 

IO, intra-oral; PAN, panoramic; CEPH, cephalometric; TOM, 
tomography; No = nothing required; L = operator license; E = 
mandatory post-graduate course; S = specialist in oral and 
maxillofacial radiology; aNotification obligation; bRadiation 
protection coordinator; cSpecialist in diagnostic radiology or dentist 
with dedicated training; dSafety permit required; eIf the FOV 
extends outside the dento-alveolar area, a specialist in oral and 
maxillofacial radiology or a medical radiologist (head and neck 
radiologist; or ears, nose and throat radiologist) must be in charge. 

 

The variations in regulations may depend on the requirements for fulfilment of 
the undergraduate national curriculum and on whether oral and maxillofacial 
radiology is an acknowledged specialty. In Norway and Sweden, oral 
radiology is a certified specialty with similar approaches regarding e.g., CBCT 
regulation. In Denmark, oral radiology is not a specialty, so the National 
Institute of Radiation Protection at the Danish Health Authority mandates that 
a general practising dentist must attend a 5-day post-graduate course in order 
to be certified in the management of CBCT (47). The 2-days training for CBCT 
in Denmark comprises practical exercises such as the positioning of the patient, 
analyses of image quality, exposure parameters, and software management. 
The manufacturer conducts the training in this part while the dental school is 
responsible for a 3-day theoretical course. This is more or less similar to the 
concept of a mandatory panoramic course for Swedish dentists. 

In the UK, according to the Guidance Notes for Dental Practitioners on the 
Safe Use of X-ray Equipment, there is a need of adequate training for all dental 
staff involved with CBCT examinations. The recommended courses are 
divided into three levels, such as “core” training, training for operators, and 
finally training in image interpretation and justifications (48). Manufacturers 
conduct training in the practical management of their CBCT equipment during 
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installation. However, no training in image interpretation is done and 
according to Popat et al., the ability to analyse CBCT images is therefore 
unknown (49). Regions outside the jaws, including the paranasal sinuses, the 
inner ear, and the cervical spine, could unwittingly be depicted with an FOV 
that covers more than intended. These regions are outside of their expertise and 
would be challenging to analyse. Cha et al. reported an overall rate of 
incidental findings in the maxillofacial area of 24.6%, with the airway being 
the most common location (18.2%), followed by the TMJ (3.4%) (50). 

1.7.2 Guidelines in oral radiology 
Swedish recommendations in 1970 differ from those currently in force 
concerning patient age and choice of radiographic technique. In the 1970s the 
Nordic countries recommended yearly bitewings from 3-4 years of age. At a 
patient age of 7 years, periapical images were recommended to supplement 
occlusal and/or oblique lateral radiographs in order to identify permanent tooth 
buds. Intra-oral full-mouth examinations were recommended at 15–16 years of 
age, and oblique lateral radiographs at 18–19 years to assess the presence of 
third molars. The recommendations were based on past knowledge of ionising 
radiation and its harmfulness, and the prevalence of dental disease at the time 
(51). Today the indication for bitewings has to be individualised, and bitewing 
examinations are recommended from the age of 5 years if caries cannot be 
inspected visually (52). 

Oral radiology guidelines are designed to help the clinician avoid delivering 
unnecessary radiation to the patient; the guidelines are also essential tools for 
radiation protection. Sweden currently has no national guidelines for oral and 
maxillofacial radiology, which means that dental hygienists, dentists, and 
specialists who work with x-rays take radiographs based on individual need 
according to the Swedish Radiation Safety Authority (SSM) (28). The Swedish 
National Board of Health and Welfare has developed national guidelines for 
adult dental care to ensure good quality and equal care. At present, there is no 
similar directive for children and adolescents (53). During the autumn of 2021, 
the Swedish National Board of Health and Welfare revised the guidelines to 
include dental care for children and, also, recommendations for the use of 
CBCT (54).  

In contrast to Sweden, other countries such as the UK and the US have 
guidelines for radiographic examinations in connection with orthodontic 
treatment. The British Orthodontic Society has developed guidelines to assist 
orthodontists with the choice and timing of radiographs (55). In the late 1990s, 
the guidelines of the American Association of Orthodontists recommended the 
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following as a minimum for treatment planning: a lateral cephalogram, a 
panoramic image, and a full-mouth set of periapical and bitewing radiographs. 
No set of guidelines is permanent, however, and these were revised in 2017 
(56). For comprehensive orthodontic treatment, the new guidelines 
recommended extra- and intra-oral radiographs as a baseline to supplement the 
clinical findings, together with dental casts to assess the inter- and intra-arches. 
CBCT images could be taken to evaluate craniofacial structures and identify 
skeletal anomalies. 

The European SEDENTEXCT project was initiated to develop evidence-based 
guidelines for the use of CBCT in dentistry. These included referral criteria, 
quality assurance guidelines, and optimisation strategies. The Provisional 
Guidelines were made available in 2009, followed by the publication in 2012 
in the European Commission’s Radiation Series as “Radiation Protection No. 
172, Cone Beam CT for Dental and Maxillofacial Radiology”. SEDENTEXCT 
guidelines list the localisation of impacted teeth and the detection of resorption 
on adjacent teeth as justifications for CBCT, when such information cannot be 
obtained with conventional radiography. The size of the FOV should be 
compatible with clinical findings, so that merely the area of interest is depicted 
(29).   

In 2019, the European Academy of Paediatric Dentistry (EAPD) updated their 
recommendations on intra-oral radiographs (bitewing and periapical), 
panoramic radiographs, and CBCT examinations. Justifications for bitewing 
radiographs should be based on the latest documented extent of caries. 
Periapical radiography is the first-hand choice for detecting dental anomalies 
and developmental disorders. Panoramic radiographs are an option for patients 
who cannot tolerate intra-oral radiographs or who present severe acute 
periapical infection. Use of CBCT can be justified whenever images improve 
treatment outcome (57).  

 

1.8 Technical factors affecting dose 

1.8.1 Dental x-ray equipment 
For intra-oral radiography, according to the SSM, the collimator must be 
adaptable so that the size and shape of the beam corresponds to the size and 
shape of the detector (28). Even though the recommendation is to use a 
collimator that has the same size as the detector, smaller collimators are 
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currently unavailable; only collimators for normal-sized detectors, that is, 30 x 
40 mm, can be procured.  

Stenström et al., already in 1986 emphasised that circular collimation was not 
recommended due to the higher absorbed doses compared with a rectangular 
collimator (58). The maximum skin dose decreased by 25% in a full-mouth 
intra-oral examination when a rectangular, instead of a circular, collimator 
was used (58). Mupparapu et al. found, when measuring DAP, that when 
collimators matching detectors with smaller active imaging areas than size 2 
were used, the patient exposure could be reduced by 32%-53% (59).  
 
Today, panoramic machines offer adult and child programs. Depending on the 
manufacturer, some machines also offer a selection of image sizes. The 
technology takes advantages of an adaptable collimator, which offers optimal 
sizes of the jaw, side, and individual quadrants (46).  

1.8.2 Detectors 
Digital systems are the most used in intra- and extra-oral radiography. In 2016, 
98% of 1,244 Swedish dentists were using digital intra-oral techniques (60). 
As early as 2007, Körner et al., concluded that the future of medical radiology 
would be digital (61).  

Digital radiography has numerous benefits over analogue (film-based) 
radiography. Digital systems may allow dose reduction, although the optimal 
radiograph is a balance between image quality and patient exposure. Compared 
with film, a digital phosphor screen allows a dose reduction of 50% without 
loss of image quality (62). Digital systems are also more environmentally 
friendly as they require no environmentally hazardous chemicals. Another 
advantage of digital images is that they can be optimized after exposure to 
enhance brightness and contrast. 

Digital intra-oral detectors can be divided into two main technologies such as 
solid-state systems and photostimulable phosphor (PSP) systems. There are 
two types of solid-state sensors, such as charge-coupled devices (CCD) and 
complementary metal oxide semiconductors (CMOS). Digital intra-oral 
detectors react to lower amounts of radiation than does film and, due to this 
higher sensitivity, allow for reductions in the delivered dose. With a CCD or a 
CMOS detector, radiation doses can be reduced compared with film. Berkhout 
et al. stated that digital intra-oral systems most likely use lower doses of 
radiation to produce a diagnostically acceptable image than analogue film (63). 



On the use of radiography and radiation dose consideration in orthodontic treatment 

16 

following as a minimum for treatment planning: a lateral cephalogram, a 
panoramic image, and a full-mouth set of periapical and bitewing radiographs. 
No set of guidelines is permanent, however, and these were revised in 2017 
(56). For comprehensive orthodontic treatment, the new guidelines 
recommended extra- and intra-oral radiographs as a baseline to supplement the 
clinical findings, together with dental casts to assess the inter- and intra-arches. 
CBCT images could be taken to evaluate craniofacial structures and identify 
skeletal anomalies. 

The European SEDENTEXCT project was initiated to develop evidence-based 
guidelines for the use of CBCT in dentistry. These included referral criteria, 
quality assurance guidelines, and optimisation strategies. The Provisional 
Guidelines were made available in 2009, followed by the publication in 2012 
in the European Commission’s Radiation Series as “Radiation Protection No. 
172, Cone Beam CT for Dental and Maxillofacial Radiology”. SEDENTEXCT 
guidelines list the localisation of impacted teeth and the detection of resorption 
on adjacent teeth as justifications for CBCT, when such information cannot be 
obtained with conventional radiography. The size of the FOV should be 
compatible with clinical findings, so that merely the area of interest is depicted 
(29).   

In 2019, the European Academy of Paediatric Dentistry (EAPD) updated their 
recommendations on intra-oral radiographs (bitewing and periapical), 
panoramic radiographs, and CBCT examinations. Justifications for bitewing 
radiographs should be based on the latest documented extent of caries. 
Periapical radiography is the first-hand choice for detecting dental anomalies 
and developmental disorders. Panoramic radiographs are an option for patients 
who cannot tolerate intra-oral radiographs or who present severe acute 
periapical infection. Use of CBCT can be justified whenever images improve 
treatment outcome (57).  

 

1.8 Technical factors affecting dose 

1.8.1 Dental x-ray equipment 
For intra-oral radiography, according to the SSM, the collimator must be 
adaptable so that the size and shape of the beam corresponds to the size and 
shape of the detector (28). Even though the recommendation is to use a 
collimator that has the same size as the detector, smaller collimators are 
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currently unavailable; only collimators for normal-sized detectors, that is, 30 x 
40 mm, can be procured.  

Stenström et al., already in 1986 emphasised that circular collimation was not 
recommended due to the higher absorbed doses compared with a rectangular 
collimator (58). The maximum skin dose decreased by 25% in a full-mouth 
intra-oral examination when a rectangular, instead of a circular, collimator 
was used (58). Mupparapu et al. found, when measuring DAP, that when 
collimators matching detectors with smaller active imaging areas than size 2 
were used, the patient exposure could be reduced by 32%-53% (59).  
 
Today, panoramic machines offer adult and child programs. Depending on the 
manufacturer, some machines also offer a selection of image sizes. The 
technology takes advantages of an adaptable collimator, which offers optimal 
sizes of the jaw, side, and individual quadrants (46).  
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98% of 1,244 Swedish dentists were using digital intra-oral techniques (60). 
As early as 2007, Körner et al., concluded that the future of medical radiology 
would be digital (61).  

Digital radiography has numerous benefits over analogue (film-based) 
radiography. Digital systems may allow dose reduction, although the optimal 
radiograph is a balance between image quality and patient exposure. Compared 
with film, a digital phosphor screen allows a dose reduction of 50% without 
loss of image quality (62). Digital systems are also more environmentally 
friendly as they require no environmentally hazardous chemicals. Another 
advantage of digital images is that they can be optimized after exposure to 
enhance brightness and contrast. 

Digital intra-oral detectors can be divided into two main technologies such as 
solid-state systems and photostimulable phosphor (PSP) systems. There are 
two types of solid-state sensors, such as charge-coupled devices (CCD) and 
complementary metal oxide semiconductors (CMOS). Digital intra-oral 
detectors react to lower amounts of radiation than does film and, due to this 
higher sensitivity, allow for reductions in the delivered dose. With a CCD or a 
CMOS detector, radiation doses can be reduced compared with film. Berkhout 
et al. stated that digital intra-oral systems most likely use lower doses of 
radiation to produce a diagnostically acceptable image than analogue film (63). 
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Solid-state detectors sometimes require several radiographs of the same area 
in order to cover the anatomical structures or disease of interest. Although the 
size of the detector is the same as for conventional film, the surface of the solid-
state detectors has a smaller active area than its total area, and the sum of the 
delivered doses may be higher (64). Solid-state detectors are clumsy, and 
correct positioning can be difficult; some systems have a cord, which may be 
problematic.  

Digital detectors are also used in extra-oral radiographic techniques such as 
panoramic, lateral cephalometric, and CBCT. The detectors in panoramic and 
lateral cephalometric radiography are solid-state detectors or direct conversion 
sensors, and in CBCT, the detectors are flat-panel, CMOS, or direct conversion 
sensors (DCS). 

 

1.9 Image quality 
The main aim of good image quality is to produce diagnostically acceptable 
radiographs and improve treatment outcome.  An image with good quality will 
reduce the number of examinations, limit the radiation dose, and lower 
financial costs for patients and healthcare providers. As a minimum, dental 
radiographs with unacceptable quality should be no greater than 10% and for 
CBCT images, no greater than 5% (27, 29). 

For intra-oral radiographs (bitewing and periapical), the European guidelines 
on radiation protection in dental radiology list these characteristics as ideal: 
optimal image geometry, correct anatomical coverage, good brightness and 
contrast, and an adequate number of images. For extra-oral techniques such as 
panoramic and lateral cephalometric radiographs and CBCT images, good 
image quality is defined as follows: lack of metallic foreign objects, which can 
cause artefacts; correct patient positioning; correct anatomical coverage; good 
brightness  and contrast; and adequate exposure parameters (27). Dhillon et al. 
analysed the image quality of panoramic radiographs by classifying errors into 
three categories: excellent, diagnostically acceptable, or unacceptable. The 
study found that only 11% of the images could be rated excellent and that every 
fourth panoramic image should have been retaken in order to achieve good 
image quality (65).  

Several studies have shown that the most common error in panoramic 
radiography was the patient’s inability to position the tongue against the hard 
palate during exposure (65-67). Other common errors occur when the occlusal 
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plane is rotated upward or downward (68). Although several studies have 
analysed errors in panoramic radiographs, very few have studied panoramic 
radiographs in children. Further studies on the number of errors in panoramic 
radiographs taken on children and adolescents are thus needed so that 
comparisons with what has already been reported can be made.  

In all oral radiographic techniques, patient movement during exposure causes 
motion artefacts that can jeopardise image quality. In CBCT, movement may 
appear as a double contour. Other artefacts that can affect image quality in 
CBCT as well as in CT are metal artefacts such as tooth fillings and dense oral 
tissue such as enamel, which cause streaks and beam hardening artefacts in the 
images (69). 

Dose reduction can be done without loss of diagnostic capability (70). One 
study found that although reducing the mA may produce an inferior image 
quality subjectively, diagnostic performance was not affected (71). Viewing 
conditions are another important aspect, for example, monitor placement, 
ambient lighting, and the type of monitor and monitor calibration mode (72, 
73). 

 

1.10 Survey studies 
To investigate the use of radiographic examinations in connection with 
orthodontic treatment, the number and type of taken radiographs taken can be 
analysed. However, for understanding when and why different techniques are 
used, a survey study allows the investigation of aspects not available in a 
retrospective perusal of patient histories. As with most things, however, 
surveys have both advantages and disadvantages. Advantages include lower 
costs and less time compared to traditional interviews (74). This is particularly 
true when the respondents are geographically diverse and numerous. Cost-
effectiveness also increases the more questions the survey contains. 
Questionnaires also reduce the risk of partiality as the questions are the same 
for all respondents. Numerical compilations and statistics programs are good 
aids in analysis. E-mail allows respondents to fill out the questionnaire when 
it suits them. Whether the participant chooses to read the surveys emails, 
however, is a disadvantage (75). 

The common problem in questionnaires surveys is a poor response rate, which 
can significantly reduce the credibility of the survey. Glass et al. report a drop-
out rate of 40%-60% for questionnaire studies (76). Another disadvantage is 
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the strict and nuanced form of the instrument. The respondent is not allowed 
any great flexibility in pre-determined response options. Adding possibilities 
for open-ended responses to supplement the questions would remedy this 
problem.  

Interviews are an alternative to surveys, either individually or in focus groups. 
The interviewer queries the respondent or group about the topic in question. 
The conversation is recorded for later transcription verbatim, and finally, all 
answers are categorized for compilation and analysis (77).  
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2 AIMS 
The overall aims of this thesis were to analyse the use of radiographs and the 
radiation doses and risk associated with orthodontic treatment.  

Study I 

To determine absorbed doses to radiosensitive organs and to calculate effective 
doses in intra-oral and panoramic digital radiography using the ICRP 103 
tissue weighting factors. 

Study II 

To assess the frequencies of error, pathologies, and anomalies in panoramic 
radiographs of orthodontic patients and to compare findings with the patients 
record. 

Study III 

To investigate the objectives for the choice of radiographic technique in 
orthodontic treatment using a web-based questionnaire survey of orthodontic 
specialists.  

Study IV 

To assess radiation risk during orthodontic treatment by analysing the number 
of radiographs taken and the techniques used. 
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3 METHODS 
The present thesis is based on four studies. Study I used an anthropomorphic 
head to measure absorbed organ doses and calculate effective doses from 
digital intra-oral and panoramic radiographs. Studies II and IV are 
retrospective studies of children and adolescents referred for treatment to 
specialist clinics in orthodontics. The online questionnaire in Study III 
addressed orthodontic specialists and queried the use of radiographs during 
orthodontic treatment. The second part of Study III was a qualitative study, 
where participants were interviewed by telephone.  

 

3.1 Study I: Absorbed organ dose and effective dose 
Method 

Measurements of absorbed dose were made using an anthropomorphic head 
and neck phantom representing an average male with thermoluminescent 
dosimeters (TLDs) placed in fixed positions in holes drilled in each slab of the 
phantom. The positions of the TLDs were verified radiographically with CT 
scanning to ensure correct positioning concerning the organs of interest (Figure 
2). The TLD were annealed for 1 h at 400ºC prior to each measuring session; 
after irradiation, they were read out in a reader. Each TLD was assigned an 
identification number; in all, 270 were used. During each exposure, 30 TLDs 
were placed in the region of the brain (anterior and posterior regions), pituitary 
gland, the eyes (right and left), the parotid and submandibular glands (right and 
left), the thyroid gland, and the skin entrance surface. Three to four TLDs were 
used to check background radiation levels, and 5–7 TLDs, for reference dose 
measurements to correct the sensitivity of the TLDs between calibration and 
the measurement session. To determine the average reference dose delivered, 
10 or 20 exposures for an intra-oral examination, or 5 exposures for a 
panoramic image, were made, and the delivered dose sums were divided by 
the number of exposures in the examination. 
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Figure 2. Phantom head of a male individual showing placement of the 30 
thermoluminescent dosimeters (TLDs) in Study I. The TLDs (small white spots) 
were placed on 8 levels in organ regions of interest: levels 1 and 2, the brain; 
level 3, the pituitary gland and eye/eyelid; levels 4 and 5, the parotid gland; level 
6, the parotid and submandibular glands; level 7, the submandibular gland; and 
level 8, the thyroid gland. 

 

Intra-oral radiography 

A Gendex Oralix DC© operating at 60 kV and 7 mA with a rectangular 
collimation was used for intra-oral exposures. To depict the regions of interest 
for a full-mouth radiographic examination (18 intra-oral radiographs), 
exposures were made with the projections recommended for periapical 
imaging in the different regions in the maxillae and the mandible, such as of 
the incisors, canines, premolars, and molars; two posterior bitewing exposures 
(premolar and molar) were also made.  

Panoramic radiography 

Three digital panoramic units were used: Veraviewpocs©, Cranex Tome 
Ceph©, and Scanora©. 
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Exposure parameters for an average male patient were used for both intra-oral 
and panoramic imaging of the phantom.  

Determination of absorbed organ and effective dose 

Mean organ doses were calculated using the average doses absorbed by the 
TLDs in the anatomic region of the organ: for the salivary glands, from the 18 
TLDs in the anatomic region of the parotid and submandibular glands on both 
sides (right and left); for the oral mucosa an average organ dose was estimated 
from 6 TLDs (2 TLDs in the region of parotid glands and 4 TLDs in the regions 
of submandibular gland) and for the thyroid, from the 3 TLDs in the gland and 
at the skin entrance.  

For the oesophagus, during intra-oral radiography, mean organ dose was 
estimated as 5% of the delivered dose and during panoramic radiography, 10%.  
For the extrathoracic region, mean dose was estimated as 10% of the thyroid 
organ dose. For both the lymphatic gland and surrounding muscle tissue, mean 
dose was estimated as 5% of the calculated parotid gland dose. For the skin, 
mean dose was calculated from estimations of the irradiated skin area of an 
adult male (0.08%) and multiplied by the entrance surface dose for intra-oral 
projections; similar estimations were made for the different panoramic 
equipment.  

The effective dose was calculated by multiplying the equivalent dose for a 
tissue or organ with its tissue weighting factor and then summing the 
equivalent doses for all measured organs and tissues (24). 

 

3.2 Study II: Errors and pathology and Study IV: 
Radiation risk 

Study population 

The study population in Studies II and IV were children and adolescents who 
had completed orthodontic treatment at two specialist clinics in orthodontics 
(Clinics A and B). In Studies II and IV, the patients were from the same clinic 
(Clinic A). The number of patients was the same for both studies; however, the 
number of patients who participated (eligible patients) differed due to different 
exclusion criteria for the two studies.  
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The cohort in Study II comprised 1,287 patients (530 males, 757 females; mean 
age 14.2 years ± SD 2.45). Patients with a cleft palate or craniofacial disorders 
were excluded. 

Study IV recruited 1,790 patients from both clinics (A and B): 1,125 patients 
(473 males, 652 females; mean age 14.1 years ± SD 2.45) from Clinic A and 
665 patients (254 males, 411 females; mean age 16.0 years ± SD 2.37) from 
Clinic B. Exclusion criteria were a cleft palate or other craniofacial disorders, 
incomplete patients record and treatment, and no longer resident in the 
catchment area.  

Method 

Study II analysed digital panoramic radiographs taken by five specially trained 
orthodontic assistants and evaluated at the Specialist clinic in orthodontics, the 
Public Dental Service in Gothenburg, Sweden. Four observers from the Clinic 
of Oral and Maxillofacial Radiology, re-evaluated the radiographs for the 
study. Three radiologists evaluated 300 radiographs individually and the fourth 
observer, a postgraduate student, the remaining 387. After a few months, the 
observers made second evaluations of 30 randomly selected radiographs so 
that intra-observer variability could be determined. The observers recorded any 
errors, pathologies, and dental anomalies. Errors were classified as relevant or 
irrelevant clinically. 

The following errors were observed: 

• The head was tilted upwards 
• The head was tilted downwards 
• The head was positioned too far posteriorly, causing a 

widening of the anterior teeth on the radiograph 
• The head was positioned too far anteriorly, causing a blurring 

of the anterior teeth on the radiograph 
• The head was rotated to the right 
• The head was rotated to the left 
• The lower border of the mandible was not imaged 
• The tongue position was incorrect 
• The temporomandibular joints were not imaged 
• The patient had metallic items 
• Other errors i.e., movement artefacts and incorrect machine 

rotation  
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The pathological findings that could be expected to affect orthodontic 
treatment were compared to those documented in the orthodontic patient 
history.  

Study IV analysed the radiographs taken at the two orthodontics clinics 
(Clinics A and B) during different stages of orthodontic treatment. The 
radiographs were divided into three groups: 1) during the treatment planning 
stage, 2) during treatment, and 3) during follow-up. Indications listed in the 
history for each patient were noted. Additional radiographs taken on referral to 
a specialist clinic in oral radiology were also analysed. Justifications and 
number of radiographs were registered.  

The effective doses calculated for the various radiographic techniques, and 
used to determine stochastic risk were the following: panoramic radiographs, 
14.2 µSv (36) and 36 µSv (78), lateral cephalogram, 5.6 µSv (36); intra-oral 
(one image) 0.8 µSv (78); and CBCT (dentoalveolar), 43 µSv for a 10-year-
old  and 32 µSv for an adolescent (45). 

         

3.3 Study III: Choice of radiography in orthodontic 
treatment 

Study population 

A web-based questionnaire was mailed to 255 orthodontic specialists in 
Sweden. The names and year of specialist certifications in orthodontics were 
obtained from the National Board of Health and Welfare. Contact information 
(e-mail addresses) for the orthodontists was acquired by contacting the county 
of residence, and for private dentists, a national organisation. The participants 
worked in either the Public Dental Service (n = 205) or private practice (n = 
50). Exclusion criteria were retired (n = 97), working abroad (n = 91), or 
unknown place of work or contact information (e-mail address; n = 9).  

Questionnaire and data collection  

The first section of the questionnaire queried the orthodontists on their 
employment status, gender, age, location for specialist training, and years of 
experience as a specialist. Other sections were dedicated to their practice and 
use of radiography: annual number of new patients, use of radiographs during 
the three stages of treatment planning, treatment, and follow-up; radiographic 
indications; potential benefit from the radiographs; how radiographs were 
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taken; how the diagnoses were made; how often findings in the radiographs 
changed the treatment plan; whether guidelines exist and how often they were 
used, and their opinion on the need for radiographic guidelines. The 
respondents were not required to answer all 26 questions, and free comments 
were possible for each question (Appendix 1). Four reminders were sent to all 
non-respondents. All free comments were analysed and categorized after 
closure of the web survey, and this resulted in seven standardized questions for 
follow-up interviews (Appendix 2). The intention was to clarify some of the 
responses in the free comments regarding use of panoramic radiographs. In the 
questionnaire, respondents were asked if they were interested in participating 
in a follow-up telephone interview with supplementary questions. 

Fifty-nine respondents agreed to participate in follow-up interviews, however, 
30 provided no contact information; the remaining 29 were contacted by e-
mail. Eleven orthodontists responded to the e-mail and participated in a phone 
interview. The respondents gave their consent for the interviews to be recorded 
and transcribed verbatim.  

 

3.4 Statistics 
Study II 

Inter- and intra-observer variability were calculated using Cohen’s kappa. 

Study III 

Statistical analyses were done using the Statistical Analysis System (SAS; SAS 
Institute; 9.4 TS Level 1M5) and the results are presented as n/N (%) for 
categorical variables and as means (SD) for continuous variables. For 
comparisons between groups, Fisher’s Exact test (lowest 1-sided p-value 
multiplied by 2) was used for dichotomous variables, the Mantel-Haenszel chi-
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The pathological findings that could be expected to affect orthodontic 
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3.5 Ethical approvals 
Study I needed no ethical approval.  

An ethics application was submitted to the Regional Ethical Review Board, 
Gothenburg, Sweden (Daybook no. [Dnr.] 380-11) for Study II, to analyse 
radiographs retrospectively of children and adolescents referred for 
orthodontic treatment. The committee concluded that the research did not 
require the patient to be informed or patient consent. Because Study IV was an 
extension of Study II, no ethical approval was needed.  

Study III, a web questionnaire-based study, analysed choice of radiographic 
technique among orthodontists. The Regional Ethical Review Board, 
Gothenburg, Sweden, approved the protocol (Daybook no. [Dnr.] 847-18). 
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4 RESULTS 
4.1 Study I: Absorbed organ dose and effective dose 
Study I found that the salivary glands and the oral mucosa received the highest 
absorbed doses during intra-oral and panoramic radiography. Table 4 presents 
the mean absorbed organ doses for these organs.  

 

Table 4. Mean absorbed organ doses to the oral mucosa and the 
salivary glands in intra-oral and panoramic radiography. 

Examination Images  
(n) 

Absorbed dose 
Salivary glands 

(µGy) 
Oral mucosa 

(µGy) 
Bitewing  4 108 164 
Full-mouth  18 452 584 
Panoramica  1              869 - 2,887              348 - 2,151 

                         a mean exposure range 

 

The absorbed doses to the other head and neck organs were < 230 µGy. The 
entrance surface dose during various intra-oral projections varied between 
1,386 and 2,723 µGy.  

The estimated effective dose for a full-mouth examination was 15 µSv with a 
mean of 0.8 µSv/intra-oral image. Estimated effective doses for the three 
panoramic units ranged from 19 to 75 µSv and averaged 36 µSv. 

 

4.2 Study II: Errors and pathology 
Almost all of the 1,287 panoramic radiographs in Study II (n = 1,236; 96%) 
had positioning errors; most images (n = 1002; 81%) had two or more errors. 
The most common error was incorrect tongue position (79%), followed by 
head rotation (47%). Nearly one-quarter of the images (24%) had errors that 
may have negatively affected diagnostic ability. 

Kappas for observer agreement were as follows: for intra-observer, 91%–92% 
and for inter-observer, 84%–93%.  
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The study found 1,221 incidental findings in 558 (43%) patients. One 
incidental finding was made on radiographs of nearly half (47%) of the patients 
and five findings on radiographs of 13%. The most common findings in the 
dento-alveolar regions were hypodontia (on radiographs of 41% of the 
patients) followed by apical root resorption (9%). Outside of the tooth-bearing 
regions, 13% of the patients had pathological changes on their radiographs; the 
most common was mucosal thickening of the maxillary sinus. Radiographs of 
63 (5%) of the patients had findings that may have affected orthodontic 
treatment, such as hyperplastic follicles, marginal bone loss, cyst-like lesions, 
and periapical inflammatory lesions; only 12 (19%) of these findings had been 
recorded in the patient histories at the orthodontic clinic.  

 

4.3 Study III: Choice of radiography in orthodontic 
treatment 

The questionnaires were collected between June and October of 2017. The 
telephone interviews were conducted in October of the following year. The 
response rate to the questionnaire was 144 out of 255 (57%). Two of the 
respondents did no conventional orthodontic treatment and were thus 
excluded, leaving 142 (56%) respondents.  

Response rates for the 26 questions varied between 69% (n = 98) and 100% 
(n = 142). Of the 21 counties in Sweden, 20 were represented by respondents 
to the survey; the private dentists were located mainly in the larger cities. 
Ninety-five per cent of the respondents had received their clinical postgraduate 
education in eight locations in Sweden; the remaining 5% had studied abroad. 
Table 5 summarizes the characteristics of the study cohort. 
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Table 5. Characteristics of the online survey      
respondents (n = 142).         

           Characteristics                                   Respondents (n)                        
Gender: 
    Female                        84 
    Male                        51 
Working place: 
    Public dental service     110 
    Private practice                        21 
    Both public and private                        5 
    Other                        6 
Age (years): 
    ≤ 42                                                                              29 
    43-50                        36 
    51-61                        32 
    ≥ 62                                                                               33 
    Not stated                        12 
Specialist experience (years): 
    < 5                                                                              18 
    5-19                        83 
    ≥ 20                                                                               36 
    Not stated                        5 

 
 
 
 
The number of new patients varied annually among the respondents (Table 6) 
and was unrelated to the orthodontic experience of the clinician (data not 
shown). 

 

Table 6. Annual number of new patients among the 
respondents to the online survey (n=139). 

Number of new patients/yr 
 

Respondents 
(%) 

≤50 9 (7%) 
51 – 100 40 (29%) 
101 – 300 85 (61%) 
> 300 5 (3%) 
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In the treatment planning stage, the respondents reported that the most 
frequently used radiographic techniques were panoramic, lateral, and 
periapical frontal. Figures 3, 4 and 5 summarise the use of different 
radiographic techniques during all treatment stages. 

 

 

 

 

 

 

 

 

Figure 3. The use of different radiographs during treatment stated by the 
respondents.  
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Table 7 lists the reported reasons for using panoramic imaging by years of 
specialist experience. 

 

Table 7. Reasons for using panoramic radiography, as stated in the 
online survey (n = 132).  
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Figure 6 summarizes the distribution of respondents and the radiographic 
techniques used during treatment planning for various diagnostic purposes. 
More than one answer was possible. 

 

 

 

 

 

 

 

 

 

Figure 6. The radiographic techniques used for various diagnostic purposes by 
number of respondents. 

 

The respondents (61%) believed that the number of exposed radiographs were 
sufficient for orthodontic treatment. Most respondents considered that the 
findings from the radiographs often or occasionally affected treatment 
decisions. The majority also used clinic-specific guidelines.  

Specialists with < 5 years of experience considered CBCT substantially more 
valuable than other radiographic techniques for assessing tooth buds, root 
anatomy, cyst-like lesions, and the anatomy and position of retained teeth. 

The follow-up telephone interview showed that when orthodontic treatment 
included extraction and/or bonding therapy, all interviewed respondents 
considered panoramic radiographs to be more valuable than intra-oral 
radiographs. Diagnostically, the interviewees preferred panoramic imaging 
even if the radiation risk with this technique was equal to or greater than a full-
mouth examination.  
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4.4 Study IV: Radiation risk 
Preliminary results of the study showed that children and adolescents who 
undergo orthodontic treatment were exposed to several radiographs, and out of 
1,790 began 20 (1%) treatment without any radiographic examinations. Table 
8 summarizes the distribution of radiographs by age group in Clinics A and B.  

 

Table 8. Radiographs at Clinics A and B during orthodontic treatment 
planning, treatment, and follow-up for child and adolescent patients. 

 

 

 

 

 

 

 

 

 

 

The most common radiographic imaging methods at the treatment planning 
stage were panoramic imaging, lateral cephalograms, and approximately three 
intra-oral radiographs.   

Of the 1,790 examinations done during orthodontic treatment of the study 
cohort, 146 (8.2%) were supplemental images taken on referral to a radiology 
department, for example, for tomographic examinations.  

The frequency of radiographs with justifications recorded in the patient 
histories varied between the stages of treatment with the highest frequency of 
examinations (60%) justified in the treatment stage. In the histories, the most 
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commonly documented justifications were the expression “for control” 
without further explanations, positioning of unerupted teeth, and root 
resorption.   

The theoretical risk of fatal cancer from exposure of one panoramic image in 
patients younger than 10 years would be 0.54 radiation-induced fatal cancers 
per 100,000 irradiated individuals; for 10-20-year-old patients, the risk would 
be 0.36 per 100,000 irradiated individuals.  
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5 DISCUSSION 
The aims of the present thesis were to analyse the use of and the risk with 
different radiographic techniques during orthodontic treatment. The risk with 
radiation is the damage it causes to cellular structures when it is absorbed by 
our bodies. It is well known that high doses of radiation damage human cells 
with increased incidences of cancer. In low doses, below 100 mSv, the ICRP 
assumes a linear increase in risk with dose (24). Different models have been 
proposed to explain the dose-response relationship in low-dose range. The 
linear no-threshold model (LNT) assumes that risk increases with the absorbed 
dose. According to the ICRP, the LNT model is the best-known model for 
managing risk from radiation exposure. A second model, the threshold model, 
suggests the existence of a threshold dose; below this threshold, no 
observations of increased cancer have been reported (79). The hormesis model 
of low dose radiation proposes that the exposure will activate the immune 
system in a beneficial way, reducing biological risk (80).  

 

5.1 Methodological considerations  
Study I measured absorbed doses using TLDs in a phantom head. Phantom 
heads may however not be representative for all individuals. Furthermore, a 
disadvantage with the phantom head is that it has pre-drilled holes, not always 
100% representative for the organ of interest. Also, the fewer TLDs used, the 
more uncertain the absorbed dose to the relevant organ will be. At the time of 
the study, we had no access to a phantom head representing the size of a child. 
Instead, we used a phantom corresponding to an average male where the size 
of the organs and their location may differ from that of a child. TLD dosimetry 
is an established method. However, TLD measurements are time-consuming 
since a dosimeter can be exposed and read only once in each session (81). 
Further, the dosimeters are “individuals” and therefore must be placed in the 
same anatomic location during each radiographic exposure.  

Study II analysed panoramic radiographs taken at one clinic, no comparisons 
were made with other clinics. Orthodontic clinics have basically the same 
patient clientele (mainly children and adolescents) and if several clinics had 
been included the results might still have been similar. In the clinic, several 
operators exposed the panoramic radiographs. All patients were exposed using 
the same panoramic equipment, and the operators were well qualified and 
familiar with the equipment. However, this may have affected the results since 
the operators were not calibrated, and they might not have positioned or 
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informed the patients in the same way. On the other hand, this may also have 
been a strength since the study reflected daily clinical work. Besides 
positioning errors, e.g., insufficient brightness and low contrast also affect 
image quality. Although digital processing allows some measure of brightness 
and contrast control, we did not assess these aspects in Study II. 

The number of recorded findings in the histories reflects one patient cohort 
from one clinic. The findings were classified as pathologies or anomalies. In 
studies on panoramic radiographs findings are often described as incidental 
i.e., when the patient has no clinical signs and symptoms. Not all findings in 
this study can be described as incidental, e.g., hypodontia might already have 
been detected from intra-oral radiographs (bitewings or periapical) and the 
panoramic radiograph may then have served merely as confirmation of 
previous findings. Further, Study II would have benefitted from assessing 
correlations between image quality and unregistered findings.  

The weakness of a survey study (Study III) is the generally high rate of non-
respondents. Furthermore, poorly constructed questions may increase the 
dropout rate. A questionnaire does not allow the respondent to ask follow-up 
questions if something is unclear, which means that answers can give 
inaccurate results. The response rate in Study III was 57%. This is in line with 
other studies using questionnaires addressed to dentists where response rates 
were between 53% and 74% (60, 82, 83). The drop-out analysis found no 
significant differences between respondents and non-respondents regarding 
gender and experience as a specialist. The design of this survey was another 
limitation, as not all questions had to be answered. There were 142 
respondents, with responses varying between 98 and 142 for individual 
questions. Reasons for non-responses were not investigated. Although the 
response rate was low for some questions, the study provided an insight into 
the use of radiographs.  

To date, Study IV included two clinics, and these two were in the same 
geographical location, however, the two clinics were found to have slightly 
different radiographic approaches. A multicentre study might have added to 
the results, mainly concerning number and type of radiographs taken in 
connection with orthodontic treatment. Such a study may empower the result 
on radiation risk at the population level.  
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5.2 Choice of radiographic method 
Little is known about how orthodontists use oral radiography: in other words, 
how context (including the various treatment stages) affects their choice of 
method. The questionnaire sent to dentists (Study III) had questions designed 
to explore the orthodontic use of various radiographic methods, that is, the 
choice and objective of the radiographic examination. All Swedish orthodontic 
specialists working either in the Public Dental Service or in private practice 
were included.  

The questionnaire findings revealed that panoramic imaging, lateral 
cephalometric radiography, and intra-oral examinations were the most 
preferred radiographs during treatment planning stage and less preferred 
during treatment and at the follow-up. During the treatment planning stage, all 
but 1% of the study population had been exposed to at least one panoramic 
radiograph. Svenson et al. (82) reported that 61% of the Swedish dentists in 
their questionnaire survey on use of extra-oral radiographs stated that they had 
access to panoramic radiography. A similar study in 1988 reported that 
approximately half of all exposed panoramic radiographs were for child and 
adolescent patients; it can be suspected that most of the panoramic radiographs 
were taken in conjunction with orthodontic treatment (84).   

Almost all respondents used intra-oral radiographs in the frontal regions, 
especially during treatment, compared with treatment planning, and almost 
80% in the follow-up stage. Study IV established that approximately three 
intra-oral radiographs per patient were made in the frontal regions. Proclined 
frontal teeth might be outside the sharp image layer in panoramic radiography. 
The roots will be blurred, and in such cases intra-oral radiographs are indicated 
(85, 86).  

Our findings, on the respondents´ use of panoramic and cephalometric 
radiographs, agree with a study by Atchison (87). Orthodontic educators and 
practitioners responding to a survey on radiographs in connection with 
orthodontic treatment planning found panoramic and lateral cephalometric 
images to be the most important radiographs. Bruks et al. (88), however, found 
that even though panoramic images are the most common choice during 
orthodontic treatment planning, they have a minor impact on diagnosis and 
treatment while the lateral cephalogram is more informative for these purposes. 
Atchison et al. came to the same conclusion (89). A flow chart can help 
clinicians decide whether or not radiographs are indicated. Atchison et al. 
found a reduction in exposed radiographs by 36% in the treatment planning 
stage when using a flowchart (90). The systematic review of Tsiklakis et al. 
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(85) assessed evidence for the diagnostic value and efficacy of panoramic 
radiology. Study participants were patients up to 18 years of age. None of the 
clinical situations investigated had high-levels of evidence. Tsiklakis et al. only 
recommended panoramic radiography for assessing various development 
disorders, dental anomalies, pathological conditions, and in cases when intra-
oral imaging reveals unsual structures. Recently, a guideline development 
taskforce was set up to develop clinical practice guidelines on orthodontic 
radiology (91). However, they found that there was still a substantial lack of 
evidence and recommended more research on this topic.   

Thus, although the panoramic radiograph is considered to have a minor effect 
on diagnosis and treatment, it was a commonly used technology, and the 
questionnaire respondents gave several reasons for this. They considered it 
more patient-friendly than intra-oral radiographs, and appreciated to have an 
overview of the teeth and jaws. They also argued that apical regions were more 
difficult to depict with intra-oral radiographs. In the follow-up telephone 
interview, the interviewees emphasized that the panoramic radiograph was 
specifically valuable for assessing wisdom teeth. Lehtinen and Aitasalo 
analysed the findings of panoramic radiographs and found that only 11.6% of 
the findings were outside the tooth-bearing area (92). Even though incidental 
findings outside the tooth-bearing area are rare according to Lehtinen and 
Aitasalo, the respondents stated the possibilities to detect pathologies outside 
the tooth-bearing area as important. Another reason for the use of panoramic 
radiographs may be the increase in caries-free individuals from 1% to 61% in 
10-year-olds and from 0% to 43% in 15-year-olds during the preceding 40 
years (93). This is the time frame for most orthodontic treatment. Reduced 
caries prevalence leads to longer intervals between radiographic (bitewing) 
examinations if the recommendation is based on individual caries prevalence 
(57), thus, availability of radiographs will vary.   

Studies of CBCT use during orthodontic treatment have been done in various 
ways. The majority address the justifications for CBCT and in what context it 
is useful in examinations of children. Others have investigated the use of 
CBCT for orthodontic treatment outcomes. In the diagnosis of difficult cases 
with impacted canines, CBCT has better diagnostic capabilities than 
conventional radiographs, and thus facilitates the treatment planning (94, 95). 
CBCT has also been shown to raise the confidence level of the orthodontist in 
this stage (96). Matzen et al., however, found that CBCT may not always 
improve diagnostic accuracy compared to panoramic radiographs and stereo-
scanograms in treatment planning of the mandibular third molar. After CBCT 
examinations, the treatment plan for only 12% of the teeth changed due to the 
information from the CBCT (97). Respondents reported that their reasons for 
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using CBCT over other conventional radiographic techniques, involved the 
anatomy of impacted teeth, root resorption, and cyst-like lesions, findings in 
agreement with SEDENTEXCT recommendations (29). Similar findings from 
other studies suggest that CBCT could be beneficial in orthodontic patients 
with impacted teeth, the extent of root resorption detected on intra-oral and 
panoramic radiographs, and serious skeletal discrepancies detected on lateral 
cephalograms (98, 99). 

Of 1,790 children and adolescents in the study cohort, 146 were referred for, 
and received, a tomographic examination to supplement conventional 
radiographs; most CBCT images were taken using an FOV of 4 x 4 cm. In the 
UK, a CBCT study on paediatric dental patients in three dental hospitals 
showed that CBCT imaging increased from 45 referrals in 2015 to 117 in 2018, 
and the most common indication was assessment of developing teeth (100). A 
study in Sweden by Hajem et al. in 2020, analysed CBCT examinations during 
2015-2017 on 617 patients and found that referral from general practising 
dentists (43%) were most frequent followed by from orthodontists (26%). They 
found the most common indication for CBCT imaging in children and 
adolescents was to assess impacted canines and resorption of adjacent teeth 
(101). 

Most respondents worked in a specialist clinic that had guidelines and which 
they used; the most common were local or clinical guidelines. However, in 
practice, this means that care (number of radiographs and radiographic 
technique) may not be the same for all children and adolescents during 
orthodontic treatment. Sweden has no national guidelines for radiography use 
in orthodontics and the respondents expressed no or little need for such 
guidelines for orthodontic treatment.  

 

5.3 Image quality in panoramic radiography  
Errors are a common problem in the exposure of panoramic radiographs, and 
Study II findings agree with other studies that almost all panoramic 
radiographs exhibit several errors (65, 67, 68, 102, 103). The most common 
cause of poor image quality, according to studies on panoramic errors, is 
incorrect patient positioning, mainly because panoramic imaging requires that 
the patient cooperate well and is able to follow instructions. 

Study II found that 96% of the radiographs contained various errors with each 
radiograph exhibiting between one and five errors. A similar study analysed 
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radiographs from children with a mixed dentition and from adults, and found 
results similar to in Study II regarding both number of images with errors and 
errors per image (102). Based on the findings in Study II as well as the results 
of other studies, the age of the exposed patient does not seem to be a decisive 
factor regarding image errors. Many studies have excluded children to avoid 
influencing the results, thus, most studies have only examined panoramic 
images of adults. The Akarslan et al. study analysed only radiographs of adults 
and excluded radiographs of children due to their difficulties in standing still 
during exposure, which affects image quality (66). In Study II, however, 
movement artefacts together with metal artefacts and incorrect machine 
rotation, were few (2.9%).  

The analysis of the diagnostic ability of the radiographs classified as either 
clinically or not clinically relevant was made concerning five of the errors 
(upward or downward tilting of the head, and rotation of the head either to the 
right or left, and incorrect tongue position). Study II found that 24% of the 
radiographs (n=1,287) had clinically relevant errors that may have affected 
diagnostic ability. The most common error, in terms of being common as well 
as having possible clinical impact, was an incorrect tongue position. This 
reflects how difficult it is for the patient to understand where to place the 
tongue during exposure. Incorrect tongue position can cause the space above 
the tongue to be depicted as a dark area, and it can have a profound adverse 
effect on diagnoses of pathology in the upper jaw (104). Rushton et al. (67)  
and  Dhillon et al. (65), both addressed this problem in their studies and found 
that the image quality of 25%-33% of the study radiographs was diagnostically 
unacceptable and that the radiographs needed to be retaken. We also agreed 
that the images with clinically relevant errors in Study II should have been 
retaken to improve diagnostic power. The benefit of these not retaken 
radiographs is questionable, and due to the errors, their diagnostic value is 
unjustified. Errors from panoramic radiographs may be another reason for the 
need of intra-oral radiographs in the frontal regions.  

An objective of orthodontic treatment is correct tooth positioning and 
determining root parallelism, and in this context, panoramic radiographs are 
often used. However, panoramic images do not give a true picture of the teeth 
and their inclinations due to inherent image distortion, which can lead to over- 
and underestimation of tooth angulation (105). Errors in the tilt of the head 
influence the image quality of the anterior teeth in both jaws. If the head is 
tilted only 5° or less, the frontal teeth are relatively unaffected (106). The 
various positioning errors in the radiographs can affect the assessment of the 
teeth and, consequently, treatment. Thus, the treating dentist needs to 
understand which panoramic errors may be diagnostically relevant and how to 
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correct the errors during a retake to avoid the same mistakes. Contracting for 
user education when procuring a panoramic machine can be advantageous for 
learning how to operate the machine and to position the patient for obtaining 
optimal image quality; these aspects may differ between equipment brands. In 
Sweden, dentists undergo training in panoramic technique during their basic 
education or as a 3-day post-graduate course. However, no further training is 
mandatory to maintain competence.  

 

5.4 Findings of pathology and anomalies in panoramic 
radiography 

The prevalence of incidental findings in panoramic radiographs of children and 
adults varies among studies (107-109). Study II presented findings in nearly 
every second patient. Bondemark et al., also demonstrated the frequency of 
incidental findings in panoramic radiographs taken for orthodontic purposes; 
at least 1 in every 10 patients had panoramic findings (108). The number of 
analysed findings may explain the differing results of Study II and the 
Bondemark et al. study. Bondemark et al. analysed 496 radiographs for 8 
abnormalities and diagnoses of pathology, resulting in 56 different incidental 
findings, while the 1,287 radiographs in Study II resulted in 1,221 findings and 
notes of 21 different abnormal findings and pathologies. To conclude, the 
differing results regarding number of findings per individual can probably be 
explained by differences in the inclusion and exclusion criteria for analysis of 
findings. 

In Study II, most of the findings were in the dento-alveolar regions, and only 
13% occurred outside of these regions. This result indicates that most exposed 
panoramic radiographs can be collimated to reduce radiation dosage. The 
telephone interview in Study III also found that the majority of the interviewees 
emphasised considering collimated panoramic radiographs, as long as it did 
not affect diagnostic ability.  

Some of the radiographic findings that we recorded were compared with notes 
in the patient histories. The selected findings; hyperplastic follicles, marginal 
bone loss, cyst-like lesions, periapical inflammatory lesions, were those that 
should have been resolved before orthodontic treatment begun. Although we 
found 63 such findings, comparable to 5% of all findings, only 12 had been 
noted in the patient histories. The respondents in Study III stated that the 
radiographic findings “often” or “occasionally” affected treatment decisions. 
A similar study found that 74% of the radiographs did not change the diagnosis 
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or treatment plan of orthodontists (89). The questionnaire survey (Study III) 
also found that the respondents were comfortable with interpreting their 
panoramic radiographs themselves and referred only a few radiographs for a 
second opinion. In addition, the respondents stated that they note all their 
findings in the patient history. However, the results in Study II showed that 
panoramic images may be more difficult to interpret than what is believed. 
Several explanations are possible, including user knowledge of the technology 
and understanding how superimpositions and distortions can occur on 
panoramic radiographs as well as the anatomy perspective.  

 

5.5 Absorbed and effective doses 
Studies measuring effective and absorbed organ doses are common, but since 
2007, few have been done in intra-oral and panoramic radiography. In 2007, 
the ICRP updated the methods for calculating effective doses and WT for 
radiosensitive organs and tissues (24). The new WT factors acknowledged a 
higher risk of exposure than previously recognized and thus raised the 
presumed (calculated) risk for some oral radiographic techniques.  

Absorbed doses 

According to Fisher and Fahrey, (110): 

…absorbed dose is appropriate for individual subjects, workers, 
medical patients and members of the public of any age. When 
correctively assessed, the organ or tissue absorbed dose correlates 
with biological effects of radiation, including both short-terms 
determistics and long-term stochastic effects.  

Study I found that the salivary glands and the oral mucosa received the highest 
absorbed doses. These findings agree with those of other studies (36). The 
salivary glands are located within the beam during exposure in panoramic 
radiography. The sensitivity of the glands to radiation influences estimations 
of effective dose. One way to reduce the dose to the salivary glands during 
panoramic imaging could be to adapt collimation to the diagnostic task (39).  
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Effective dose in intra-oral radiography 

Study I estimations of effective doses in intra-oral radiography differ from 
those published by Ludlow et al. (36). The effective dose in a full-mouth 
examination was 15 µSv compared with 34.9 µSv (36). Ludlow et al. found 
the dose to be more than twice the estimation calculated in Study I. Both 
studies used the 2007 ICRP recommendations. Differences in the vertical angle 
of the X-ray beam could be one explanation. The larger the vertical angle, the 
more radiation is directed toward the salivary glands. Ludlow et al. used a 
vertical angulation of 25° for maxillary periapical premolar and molar regions 
and 45° for canine and centrals incisors. In the mandible, the vertical 
angulation was 0° for molars, -15° for premolars, and -25°  for canine and 
centrals incisors. In Study I, vertical angulation in the maxilla and in the incisor 
and canine region in the mandible was adjusted to an angle corresponding to 
the normal inclination of the teeth, to achieve parallelism between the object 
and the intended detector, which resulted in a smaller angle than those used by 
Ludlow et al. In the mandible, vertical angulation was therefore set to +10° for 
the molars and to 0- -5° for the premolars. The bitewing examination results 
were similar, probably because the same angulation was used in Study I and 
the Ludlow et al. study. The difference between Study I and the Ludlow et al. 
study in vertical angulation of the X-ray beam indicates that vertical projection 
affects delivered dose. Proper projection is an important factor in reducing the 
dose delivered to the patient.  

Also, digital detectors deliver lower doses than in the analogue film-based 
systems, although dynamic ranges vary between digital systems, the major 
dose reduction occurs in the shift from analogue intra-oral film to a digital 
system (63). In 2018, 98% of Swedish dentists used digital detectors (60).  

Effective dose in panoramic radiography 

In the present Study I, the range of effective doses in panoramic radiography 
was 19-75 µSv, depending on the panoramic unit used. Other studies have 
reported lower effective doses (36, 40). Differences between the units – such 
as in exposure settings, detector sensitivity, beam geometry, and the curve of 
the rotation centre – may explain the large range (111). Estimations of effective 
dose differ not only due to the panoramic unit being used but also due to the 
calculation method. In a comparison of TLD measurements and Monte Carlo 
simulations, Lee et al. found that Monte Carlo simulations estimated higher 
effective doses (112). Monte Carlo simulations resulted in extreme variations 
in absorbed organ doses, and thus in calculations of effective doses.  
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or treatment plan of orthodontists (89). The questionnaire survey (Study III) 
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Effective dose in intra-oral radiography 
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Effective dose estimations have limitations. Thilander-Klang and Helmrot 
found  an uncertainty of ± 40% even if the same method was consistently used 
(113). This affects the reliability of the estimations, and thus, comparisons of 
results between studies. 

In future, it may be possible to use quantification of the DNA double-strand 
break to analyse events at the cellular level after radiation exposure. Examining 
sample DNA from the buccal mucosa cells together with the oxidation 
response in saliva from patients are examined, and this could be a way of 
assesssing the risk of radiation instead of the – possibly more unreliable – 
calculation of effective dose (114). 

 

5.6 Radiation risk in oral radiographic imaging 
Orthodontic treatment was found to require (Studies III and IV) children and 
adolescents to undergo several radiographic examinations, creating a higher 
burden of accumulated radiation exposure to the individual than occurs in 
dental check-ups over the same years. Thus, the individual burden of ionising 
radiation should be minimized as much as possible, which would thereby 
reduce the population dose.  

Study IV found that patients from these clinics were examined 
radiographically several times over the course of their treatment, with 
approximately 7 radiographs per individual on average. Most radiographs were 
exposed during treatment planning, when panoramic imaging was commonly 
used. Opinions on the benefit of the radiographs during the treatment planning 
stage are divided. A systematic review on the value of dental casts, 
photographs, and various types of radiographs in orthodontic diagnosis and 
treatment planning found that a minimum number of radiographs and 
radiographic techniques could not be defined due to lack of evidence (115). 
Late effects of orthodontic treatment, for example, severe root resorption, may 
also lead to an increased need for additional radiographic examinations to treat 
the effects in the future, than if orthodontic treatment had not been performed.  

Preliminary results from Study IV also found that the number of radiographic 
examinations with justifications noted in the patient histories varied between 
treatment stages, from 5% during treatment planning to 60% during treatment. 
This variation may be explained by clinic-specific guidelines that do not 
prescribe which radiographs are needed during treatment; thus, radiographs are 
taken on individual indications and thereby justified in the report.  
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According to the ICRP, each exposed radiograph must be individually 
justified. This is the most efficient approach for reducing exposure to ionising 
radiation. Further, to reduce the radiation dose burden to the individual, for 
justified radiographic examinations, various radioprotective measures can be 
applied. According to van Acker et al. (116), the exposed dose can be reduced 
by e.g., restricted beam collimation; fast image detectors; optimised exposure 
factors and thyroid shielding when appropriate. Future research should identify 
the radiographic techniques which are beneficial in connection with 
orthodontic treatment and where the additional costs in terms of radiation dose 
is justified. The results could be used to develop criteria that can be indicative 
of future radiographic guidelines in connection with orthodontic treatment.  

In 2010, The New York Times published an article, “New 3D dental scanners 
raise radiations concerns”, by Bogdanich and McGinty (117), with an 
emphasis on the risk of radiation exposure to children, especially during CBCT 
imaging. The writers stated that in general, the public lacks understanding of 
radiation in the dental clinic. They also wrote that the profession argued that 
kids love seeing the 3-D image while others were concerned about a lack of 
regulation:  

     Because children and adolescents are particulary vulnerable to radiation, 
doctors three years ago mounted a national campaign to protect them by 
reducing diagnostic radiation to only those levels seen as absolutely 
necessary. It is a message that has resonated in many clinics and hospitals. 
Yet there is one busy place where it has not: the dental office. 

Information to the public on the dangers of being exposed to radiation varies 
in dental care. In 2021, one health care provider inform patients and parents 
the reason why and how the radiographic examination is performed but no 
information about any harmful effects (52), while others writes that the goal of 
oral radiology is that the benefit should always be greater than the risks. And, 
although the benefit of radiological examinations is great, it is also associated 
with a slightly increased risk of cancer later in life (118). The American 
Association of Orthodontists (119) writes on their webpage that x-rays are 
necessary:  

      In order for the orthodontist to be able to accurately diagnose your 
child’s orthodontic problem, x-rays are necessary. They reveal what 
could otherwise only be guessed. Today’s x-ray machines require 
significantly less radiation to obtain an image, as compared to x-ray 
machines of a generation ago.  
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It is well known that preadult individuals are more sensitive to radiation and 
are generally considered to have a higher risk factor than adults. The 1990 
Recommendations of the ICRP rated the risk factor for fatal cancer later in life 
at 15% per Sv for children under 10 years of age and 10% per Sv for 10-20-
year-old individuals (30). Current (2007) ICRP recommendations are less clear 
(24), they do not quantify the risk for children. However, risk should still be 
kept in mind, the same radiology examination for diagnostic purposes may 
deliver a significantly higher radiation risk to children than adults (32).  

The Hedesiu et al. study (120), retrospectively analysed the number of various 
oral radiographic examinations; intra-oral radiography, lateral cephalometric 
and panoramic imaging, and CBCT, in a pediatric population. The calculations 
were made on effective and cumulative dose and corrected for the age of the 
patient. The radiographs were divided into two groups (CBCT and 
conventional radiographs, and only conventional radiographs). For 
conventional radiographs, the median effective and cumulative doses did not 
vary with age and the doses were under 20 µSv. In CBCT examinations, the 
median effective dose was 127.2 µSv, and the cumulative dose, 156.5 µSv; in 
between the ages of 11-14 years, there was a significant increase in cumulative 
dose. The exposure with the highest delivered radiation dose, a CBCT 
examination, corresponds to about 34 days of background radiation.  

The risk estimation of cancer using the effective dose is not predictive because 
the effective dose applies not to individual subjects but generally, to reference 
models (24). The reason why effective dose cannot be used as a risk estimater 
is that it is not a physically measurable quantity; effective dose is derived from 
mathematical constructions or as a quantity. Instead, absorbed dose based on 
the radiation doses to organ and tissue should be used to estimate a potentional 
detriment to the individual (110). According to ICRP 2007 Recommendations 
of the ICRP (24).  

           …effective dose is intended for use as a protection quantity. The 
main uses of effective dose are the prospective dose assessment for 
planning and optimisation in radiological protection, and 
demonstration of compliance with dose limits for regulatory 
purposes. The effective dose is not recommended to epidemiological 
evaluations, nor should it be used for detailed specific retrospective 
investigations of individual exposure and risk. 

Since the ICRP updated the method for calculating effective dose in 2007, the 
dose delivered in panoramic radiography is now considered to be about 200% 
higher than previously believed (36), and has to be taken in consideration in 
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planning and optimisation in radiological protection. Given the increase in 
effective dose, the clinician should consider the risk carefully, especially when 
taking panoramic radiographs of children and adolescents. Thus, it is important 
that everyone who uses ionising radiation has knowledge of and applies the 
principles of radiological protection: justification, optimization, dose 
limitation, and furthermore, knowledge of radiographic interpretation.  
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6 CONCLUSIONS 
• The salivary glands and the oral mucosa received the highest 

radiation doses during intra-oral and panoramic radiography. Full-
mouth intra-oral examinations delivered a lower effective dose, 
while panoramic radiography delivered a higher dose than 
previously reported. Therefore, the dentist should be aware of the 
higher effective dose, when using panoramic technique.  

 
• Incorrect patients positioning causes errors in panoramic imaging, 

as indicated by the finding that 96% of the sample of 1,287 
radiographs had errors. Each image had between 1 and 5 errors, and 
the most common error was incorrect tongue position. The 1,221 
findings in 558 patients were seldom recorded in the patient 
histories. Most findings were in the dento-alveolar regions, thus the 
beam field could be reduced to decrease the delivered dose. 

 
• Radiography was stated as indispensable in connection with 

orthodontic treatment and clinical guidelines were followed, which 
may indicate that radiographic examinations were not adjusted for 
individual indications. Most of the respondents considered the need 
for national guidelines to be low. However, regularly updated 
national guidelines taking account of new research, could be 
beneficial for patients.  

 
• A clinical examination must precede any radiographic exposure to 

justify need, and justification must be made at the individual level. 
Although the radiation burden from imaging during orthodontic 
treatment is considered low, the accumulated effect of irradiation 
should be considered and justified for each child and adolescent.  

 

 

51 

ACKNOWLEDGEMENTS 
I would like to express my thanks to all those who contributed to the present 
thesis and made it possible. In particular I would like to thank: 

Annika Ekestubbe, thank you for being my main supervisor. You initiated 
this project and accepted me as a doctoral student. Thank for your invaluable 
support, encouragement and patience during all these years; for being a good 
friend and for sharing your expansive knowledge in the field of radiology and 
science.  

Agneta Lith, my co-supervisor, for your encouragement, and constant support. 
Your guidance in the field of radiology and science is always excellent. Thank 
you for your never-ending enthusiasm, you are a genuine friend.  

Björn Molander, my co-supervisor and co-author of Study II. Thank you for 
sharing your extensive knowledge and valuable discussions on panoramic 
technology.  

Kerstin Gröndahl, co-author of Study II. Thank you for excellent guidance in 
the field of radiology. 

Sara Lofthag-Hansen, co-author of Study I. Thank you for guidance in the 
field of radiology. 

Anne Thilander-Klang, co-author of Study I, for dosimetry calculation and 
your knowledge of radiation physics. 

Anna Westerlund, co-author of Study III. Thank you for sharing your 
knowledge about orthodontics. 

Betül Ylhan, co-author of Study I and Ken Hansen, co-author of Study II. 

Eva Frantzich and Mia Mårtensson, Department of Oral and Maxillofacial 
Radiology, for invaluable help and kind support throughout these years.  

The late Gerd Ivarsson, Department of Oral and Maxillofacial Radiology, for 
help with the figures and tables in Study II. 

Per Ekman, for statistical analyses.  

Gail Conrod, for excellent language editing of the present thesis. 



On the use of radiography and radiation dose consideration in orthodontic treatment 

50 

6 CONCLUSIONS 
• The salivary glands and the oral mucosa received the highest 

radiation doses during intra-oral and panoramic radiography. Full-
mouth intra-oral examinations delivered a lower effective dose, 
while panoramic radiography delivered a higher dose than 
previously reported. Therefore, the dentist should be aware of the 
higher effective dose, when using panoramic technique.  

 
• Incorrect patients positioning causes errors in panoramic imaging, 

as indicated by the finding that 96% of the sample of 1,287 
radiographs had errors. Each image had between 1 and 5 errors, and 
the most common error was incorrect tongue position. The 1,221 
findings in 558 patients were seldom recorded in the patient 
histories. Most findings were in the dento-alveolar regions, thus the 
beam field could be reduced to decrease the delivered dose. 

 
• Radiography was stated as indispensable in connection with 

orthodontic treatment and clinical guidelines were followed, which 
may indicate that radiographic examinations were not adjusted for 
individual indications. Most of the respondents considered the need 
for national guidelines to be low. However, regularly updated 
national guidelines taking account of new research, could be 
beneficial for patients.  

 
• A clinical examination must precede any radiographic exposure to 

justify need, and justification must be made at the individual level. 
Although the radiation burden from imaging during orthodontic 
treatment is considered low, the accumulated effect of irradiation 
should be considered and justified for each child and adolescent.  

 

 

51 

ACKNOWLEDGEMENTS 
I would like to express my thanks to all those who contributed to the present 
thesis and made it possible. In particular I would like to thank: 

Annika Ekestubbe, thank you for being my main supervisor. You initiated 
this project and accepted me as a doctoral student. Thank for your invaluable 
support, encouragement and patience during all these years; for being a good 
friend and for sharing your expansive knowledge in the field of radiology and 
science.  

Agneta Lith, my co-supervisor, for your encouragement, and constant support. 
Your guidance in the field of radiology and science is always excellent. Thank 
you for your never-ending enthusiasm, you are a genuine friend.  

Björn Molander, my co-supervisor and co-author of Study II. Thank you for 
sharing your extensive knowledge and valuable discussions on panoramic 
technology.  

Kerstin Gröndahl, co-author of Study II. Thank you for excellent guidance in 
the field of radiology. 

Sara Lofthag-Hansen, co-author of Study I. Thank you for guidance in the 
field of radiology. 

Anne Thilander-Klang, co-author of Study I, for dosimetry calculation and 
your knowledge of radiation physics. 

Anna Westerlund, co-author of Study III. Thank you for sharing your 
knowledge about orthodontics. 

Betül Ylhan, co-author of Study I and Ken Hansen, co-author of Study II. 

Eva Frantzich and Mia Mårtensson, Department of Oral and Maxillofacial 
Radiology, for invaluable help and kind support throughout these years.  

The late Gerd Ivarsson, Department of Oral and Maxillofacial Radiology, for 
help with the figures and tables in Study II. 

Per Ekman, for statistical analyses.  

Gail Conrod, for excellent language editing of the present thesis. 



On the use of radiography and radiation dose consideration in orthodontic treatment 

52 

Vincent Collins, for excellent language editing of papers II and III. 

Camilla Lennholm, doctoral student, colleague, and good friend, for always 
being there.  

All my colleagues and staff at the Clinic of Oral and Maxillofacial Radiology, 
Public Dental Service and Department of Oral and Maxillofacial Radiology, 
Institute of Odontology, University of Gothenburg, for your support and 
encouragement.  

Eva Birring and Inger Eklund, my ”Röntgenmammor” who aroused my 
interest in oral and maxillofacial radiology and encouraged me to become a 
specialist.  

My late friend and colleague, Ann-Marie Lindvall, for all your support and 
encouragement. 

All my friends, for always being there. I am looking forward to spending more 
time with you! 

My parents Ulla and Hans, for all their support, and loving care. 

Finally, my family and most important! 

Johanna, Fredrik and Magnus and their families. Thanks for being there.  

Anna and Laura and their families. My daughters, you fill my life with 
happiness and joy. I love you! 

My beloved husband Hans, for your love, support, and patience during these 
years. I love you! 

 

 

 

 

 

 

 

53 

The studies were supported by grants from: 

• Göteborg Dental Society 

• Swedish Society of Maxillofacial Radiology, CO 
Henrikssons foundation 
 

• LFoU-030077120, Region Östergötland, Sweden  
 



On the use of radiography and radiation dose consideration in orthodontic treatment 

52 

Vincent Collins, for excellent language editing of papers II and III. 

Camilla Lennholm, doctoral student, colleague, and good friend, for always 
being there.  

All my colleagues and staff at the Clinic of Oral and Maxillofacial Radiology, 
Public Dental Service and Department of Oral and Maxillofacial Radiology, 
Institute of Odontology, University of Gothenburg, for your support and 
encouragement.  

Eva Birring and Inger Eklund, my ”Röntgenmammor” who aroused my 
interest in oral and maxillofacial radiology and encouraged me to become a 
specialist.  

My late friend and colleague, Ann-Marie Lindvall, for all your support and 
encouragement. 

All my friends, for always being there. I am looking forward to spending more 
time with you! 

My parents Ulla and Hans, for all their support, and loving care. 

Finally, my family and most important! 

Johanna, Fredrik and Magnus and their families. Thanks for being there.  

Anna and Laura and their families. My daughters, you fill my life with 
happiness and joy. I love you! 

My beloved husband Hans, for your love, support, and patience during these 
years. I love you! 

 

 

 

 

 

 

 

53 

The studies were supported by grants from: 

• Göteborg Dental Society 

• Swedish Society of Maxillofacial Radiology, CO 
Henrikssons foundation 
 

• LFoU-030077120, Region Östergötland, Sweden  
 



On the use of radiography and radiation dose consideration in orthodontic treatment 

54 

REFERENCES 
1. Salih FN, Lindsten R, Bagesund M. Perception of orthodontic 

treatment need among Swedish children, adolescents and young 
adults. Acta Odontol Scand. 2017 Aug;75(6):407-12. 

2. Dewey M. Classification of malocclusion. International Journal of 
Orthodontia. 1915;1(3):133-47. 

3. Angle EH. Classifications of malocclusion. Dental Cosmos. 
1899;41(350-357). 

4. Henrikson T, Ekberg EC, Nilner M. Masticatory efficiency and ability 
in relation to occlusion and mandibular dysfunction in girls. Int J 
Prosthodont. 1998;11(2):125. 

5. Linder-Aronson E. Treatment of skeletal anomalies. In: Thilander B, 
Rönning O, editors. Introduction to orthodontics. Fifth ed. Stockholm.: 
Tanläkarförlaget.; 1985. p. 193. 

6. Thilander B, Myrberg N. The prevalence of malocclusion in Swedish 
schoolchildren. Scand J Dent Res. 1973;81(1):12-21. 

7. SBU. Bettavvikelser och tandreglering i ett hälsoperspektiv. En 
systematisk litteraturöversikt. Stockholm: Statens beredning för 
medicinsk utvärdering (SBU);2005. SBU-rapport nr 176: ISBN 91-
85413-06-2. 

8. Hasund A. Diagnosis of malocclusion and planning of treatment. In: 
Thilander B RO, editor. Introduction to Orthodontics. Fifth ed. 
Minab/Gotab, Kungälv: Tandläkarförlaget, Stockholm; 1985. p. 115-
33. 

9. Lund H, Gröndahl K, Hansen K, Gröndahl HG. Apical root resorption 
during orthodontic treatment. A prospective study using cone beam 
CT. Angle Orthod. 2012 May;82(3):480-7. 

10. Lund H, Gröndahl K, Gröndahl HG. Cone beam computed 
tomography evaluations of marginal alveolar bone before and after 
orthodontic treatment combined with premolar extractions. Eur J Oral 
Sci. 2012 Jun;120(3):201-11. 

11. Richter AE, Arruda AO, Peters MC, Sohn W. Incidence of caries 
lesions among patients treated with comprehensive orthodontics. Am 
J Orthod Dentofacial Orthop. 2011 May;139(5):657-64. 

12. Langland OE, Langlais RP, Doss MW, DelBalso AM. Panoramic 
Radiology. Second ed. Philadelphia, PA: Lea & Febiger (UK) Ltd; 
1989. p. 224-71. 

13. Ramesh A. Panoramic Imaging. In: Mallya SM, Lam EWN, editors. 
White and Pharoah´s Oral Radiology Eighth ed. St. Louis, Missouri 
63043: Elsevier; 2019. p. 132-50. 

14. Planmeca ProMax 2D imaging units.;  [cited 4 October 2021]; 
Available from: https://www.planmeca.com/imaging/panoramic-
imaging/planmeca-promax-2d-imaging-units/. 

 

55 

15. Molander B, Ahlqwist M, Gröndahl HG. Image quality in panoramic 
radiography. Dentomaxillofac Radiol. 1995 Feb;24(1):17-22. 

16. Sameshima GT, Asgarifar KO. Assessment of root resorption and root 
shape: periapical vs panoramic films. Angle Orthod. 2001 
Jun;71(3):185-9. 

17. Flores-Mir C, Nebbe B, Major PW. Use of skeletal maturation based 
on hand-wrist radiographic analysis as a predictor of facial growth: a 
systematic review. Angle Orthod. 2004 Feb;74(1):118-24. 

18. Scarfe WC, Farman AG, Sukovic P. Clinical applications of cone-
beam computed tomography in dental practice.  J Can Dent Assoc. 
2006/02/17 ed; 2006. p. 75-80. 

19. Ludlow JB, Ivanovic M. Comparative dosimetry of dental CBCT 
devices and 64-slice CT for oral and maxillofacial radiology. Oral 
Surg Oral Med Oral Pathol Oral Radiol Endod. 2008 Jul;106(1):106-
14. 

20. Jacobs R, Quirynen M. Dental cone beam computed tomography: 
justification for use in planning oral implant placement. Periodontol 
2000. 2014;66(1):203-13. 

21. Nurmi H, Tenhunen M. Modern strålbehandling. Finska 
Läkarsällskapets Handlingar. 2019(179 Nr 1). 

22. Pauwels R, Araki K, Siewerdsen J, Thongvigitmanee SS. Technical 
aspects of dental CBCT: state of the art. Dentomaxillofac Radiol. 
2015;44(1):20140224. 

23. Scarfe WC. Cone Beam Computed Tomography: Volume 
Acquisition. In: Mallya SM LE, editor. White and Pharoah´s Oral 
Radiology Principles and Interpretation. Eighth ed. St.Louis, Missouri 
63043: Elsevier; 2019. p. 151-64. 

24. ICRP. The 2007 Recommendations of the International Commission 
on Radiological Protection. ICRP publication 103. Ann ICRP 
2007;37:1-332. 

25. UNSCEAR. United Nations Scientific Committee on the Effects of 
Atomic Radiation. Effects of ionizing radiation 2006 Report, Volume 
1 - Report to the General Assembly, with Scientific Annexes A and B. 

26. The British Institute of Radiology. Radiation Safety.;  [cited 29 
October 2021]; Available from: 
https://www.bir.org.uk/media/389019/1._bir_rs_week_day_1_radiati
on_risks.pdf. 

27. European Commission. Radiation protection No. 136. European 
guidelines on radiation protection in dental radiology : The safe use of 
radiographs in dental practice; 2004.;  [cited Accessed 5 May 2021]; 
Available from: 
https://ec.europa.eu/energy/sites/ener/files/documents/136.pdf  

28. Swedish Radiation Safety Authority (Strålsäkerhetsmyndigheten). 
Strålsäkerhetsmyndighetens föreskrifter om anmälningsplikta 
verksamheter; SSMFS 2018:2.;  [6 November 2019.; cited]; Available 



On the use of radiography and radiation dose consideration in orthodontic treatment 

54 

REFERENCES 
1. Salih FN, Lindsten R, Bagesund M. Perception of orthodontic 

treatment need among Swedish children, adolescents and young 
adults. Acta Odontol Scand. 2017 Aug;75(6):407-12. 

2. Dewey M. Classification of malocclusion. International Journal of 
Orthodontia. 1915;1(3):133-47. 

3. Angle EH. Classifications of malocclusion. Dental Cosmos. 
1899;41(350-357). 

4. Henrikson T, Ekberg EC, Nilner M. Masticatory efficiency and ability 
in relation to occlusion and mandibular dysfunction in girls. Int J 
Prosthodont. 1998;11(2):125. 

5. Linder-Aronson E. Treatment of skeletal anomalies. In: Thilander B, 
Rönning O, editors. Introduction to orthodontics. Fifth ed. Stockholm.: 
Tanläkarförlaget.; 1985. p. 193. 

6. Thilander B, Myrberg N. The prevalence of malocclusion in Swedish 
schoolchildren. Scand J Dent Res. 1973;81(1):12-21. 

7. SBU. Bettavvikelser och tandreglering i ett hälsoperspektiv. En 
systematisk litteraturöversikt. Stockholm: Statens beredning för 
medicinsk utvärdering (SBU);2005. SBU-rapport nr 176: ISBN 91-
85413-06-2. 

8. Hasund A. Diagnosis of malocclusion and planning of treatment. In: 
Thilander B RO, editor. Introduction to Orthodontics. Fifth ed. 
Minab/Gotab, Kungälv: Tandläkarförlaget, Stockholm; 1985. p. 115-
33. 

9. Lund H, Gröndahl K, Hansen K, Gröndahl HG. Apical root resorption 
during orthodontic treatment. A prospective study using cone beam 
CT. Angle Orthod. 2012 May;82(3):480-7. 

10. Lund H, Gröndahl K, Gröndahl HG. Cone beam computed 
tomography evaluations of marginal alveolar bone before and after 
orthodontic treatment combined with premolar extractions. Eur J Oral 
Sci. 2012 Jun;120(3):201-11. 

11. Richter AE, Arruda AO, Peters MC, Sohn W. Incidence of caries 
lesions among patients treated with comprehensive orthodontics. Am 
J Orthod Dentofacial Orthop. 2011 May;139(5):657-64. 

12. Langland OE, Langlais RP, Doss MW, DelBalso AM. Panoramic 
Radiology. Second ed. Philadelphia, PA: Lea & Febiger (UK) Ltd; 
1989. p. 224-71. 

13. Ramesh A. Panoramic Imaging. In: Mallya SM, Lam EWN, editors. 
White and Pharoah´s Oral Radiology Eighth ed. St. Louis, Missouri 
63043: Elsevier; 2019. p. 132-50. 

14. Planmeca ProMax 2D imaging units.;  [cited 4 October 2021]; 
Available from: https://www.planmeca.com/imaging/panoramic-
imaging/planmeca-promax-2d-imaging-units/. 

 

55 

15. Molander B, Ahlqwist M, Gröndahl HG. Image quality in panoramic 
radiography. Dentomaxillofac Radiol. 1995 Feb;24(1):17-22. 

16. Sameshima GT, Asgarifar KO. Assessment of root resorption and root 
shape: periapical vs panoramic films. Angle Orthod. 2001 
Jun;71(3):185-9. 

17. Flores-Mir C, Nebbe B, Major PW. Use of skeletal maturation based 
on hand-wrist radiographic analysis as a predictor of facial growth: a 
systematic review. Angle Orthod. 2004 Feb;74(1):118-24. 

18. Scarfe WC, Farman AG, Sukovic P. Clinical applications of cone-
beam computed tomography in dental practice.  J Can Dent Assoc. 
2006/02/17 ed; 2006. p. 75-80. 

19. Ludlow JB, Ivanovic M. Comparative dosimetry of dental CBCT 
devices and 64-slice CT for oral and maxillofacial radiology. Oral 
Surg Oral Med Oral Pathol Oral Radiol Endod. 2008 Jul;106(1):106-
14. 

20. Jacobs R, Quirynen M. Dental cone beam computed tomography: 
justification for use in planning oral implant placement. Periodontol 
2000. 2014;66(1):203-13. 

21. Nurmi H, Tenhunen M. Modern strålbehandling. Finska 
Läkarsällskapets Handlingar. 2019(179 Nr 1). 

22. Pauwels R, Araki K, Siewerdsen J, Thongvigitmanee SS. Technical 
aspects of dental CBCT: state of the art. Dentomaxillofac Radiol. 
2015;44(1):20140224. 

23. Scarfe WC. Cone Beam Computed Tomography: Volume 
Acquisition. In: Mallya SM LE, editor. White and Pharoah´s Oral 
Radiology Principles and Interpretation. Eighth ed. St.Louis, Missouri 
63043: Elsevier; 2019. p. 151-64. 

24. ICRP. The 2007 Recommendations of the International Commission 
on Radiological Protection. ICRP publication 103. Ann ICRP 
2007;37:1-332. 

25. UNSCEAR. United Nations Scientific Committee on the Effects of 
Atomic Radiation. Effects of ionizing radiation 2006 Report, Volume 
1 - Report to the General Assembly, with Scientific Annexes A and B. 

26. The British Institute of Radiology. Radiation Safety.;  [cited 29 
October 2021]; Available from: 
https://www.bir.org.uk/media/389019/1._bir_rs_week_day_1_radiati
on_risks.pdf. 

27. European Commission. Radiation protection No. 136. European 
guidelines on radiation protection in dental radiology : The safe use of 
radiographs in dental practice; 2004.;  [cited Accessed 5 May 2021]; 
Available from: 
https://ec.europa.eu/energy/sites/ener/files/documents/136.pdf  

28. Swedish Radiation Safety Authority (Strålsäkerhetsmyndigheten). 
Strålsäkerhetsmyndighetens föreskrifter om anmälningsplikta 
verksamheter; SSMFS 2018:2.;  [6 November 2019.; cited]; Available 



On the use of radiography and radiation dose consideration in orthodontic treatment 

56 

from: 
https://www.stralsakerhetsmyndigheten.se/publikationer/foreskrifter/
ssmfs-2018/SSMFS-20182/. 

29. European Commission. Radiation protection No. 172. Cone beam CT 
for dental and maxillofacial radiology; 2012.;  [cited May 5 2021]; 
Available from: https://www.sedentexct.eu/content/guidelines-cbct-
dental-and-maxillofacial-radiology. 

30. ICRP. The 1990 Recommendations of the International Commission 
on Radiological Protection. ICRP publication 60. Ann ICRP. 
1990;21:1-212. 

31. Preston Dl, Pierce DA, Shimizu Y, Cullings Hm, Fujita S, Funamoto 
S, et al. Effect of Recent Changes in Atomic Bomb Survivor 
Dosimetry on Cancer Mortality Risk Estimates. Radiat Res. 
2004;162(4):377-89. 

32. UNSCEAR. United Nations Scientific Committee on the Effects of 
Atomic Radiation. Source, effects and risk of ionizing radiation 2013 
Report, Volume 1- Report to the General Assembly, with Scientific 
Annex A. 

33. Helmrot E, Alm Carlsson G. Measurement of radiation dose in dental 
radiology. Radiat Prot Dosimetry. 2005;114(1-3):168-71. 

34. Fontana RC, Pasqual E, Miller DL, Simon SL, Cardis E, Thierry-Chef 
L. Trends in Estimated Thyroid, Salivary Gland, Brain, and Eye Lens 
Doses From Intraoral Dental Radiography Over Seven Decades (1940 
TO 2009). Health Phys. 2020 Feb;118(2):136-48. 

35. Bahreyni Toossi MT, Akbari F, Bayani Roodi S. Radiation exposure 
to critical organs in panoramic dental examination. Acta Med Iran. 
2012;50(12):809-13. 

36. Ludlow JB, Davies-Ludlow LE, White SC. Patient risk related to 
common dental radiographic examinations: the impact of 2007 
International Commission on Radiological Protection 
recommendations regarding dose calculation. J Am Dent Assoc. 2008 
Sep;139(9):1237-43. 

37. Spanne P. Thermoluminescence dosimetry in the μGy range : 
theoretical and experimental investigations of the optimum 
performance of a LiF-TLD system. Stockholm: Stockholm : Acta 
radiologica; 1979. 

38. Koivisto JH, Wolff JE, Kiljunen T, Schulze D, Kortesniemi M. 
Characterization of MOSFET dosimeters for low-dose measurements 
in maxillofacial anthropomorphic phantoms. J Appl Clin Med Phys. 
2015 Jul 8;16(4):266–78. 

39. Benchimol D, Koivisto J, Kadesjo N, Shi XQ. Effective dose reduction 
using collimation function in digital panoramic radiography and 
possible clinical implications in dentistry. Dentomaxillofac Radiol. 
2018 Oct;47(7):20180007. 

 

57 

40. Al-Okshi  A, Nilsson M, Petersson A, Wiese  M, Lindh C. Using 
gafchromic film to estimate the effective dose from dental cone beam 
CT and panoramic radiography. Dentomaxillofac Radiol. 
2013;42(7):20120343-. 

41. Servomaa A, Tapiovaara M. Organ Dose Calculation in Medical X 
Ray Examinations by the Program PCXMC. Radiation protection 
dosimetry. 1998;80(1-3):213-9. 

42. Alm Carlsson G, Ekberg S, Helmrot E, Lindström J, Lund E, 
Matscheko G, et al. Monte Carlo metoden: ett verktyg inom 
strålningsfysiken.Department of Medicine and Care Radio Physics, 
Facukty of Health Sciences. ISSN:1102-1799. 1995. 

43. Velders XL, van Aken J, van der Stelt PF. Risk assessment from 
bitewing radiography. Dentomaxillofac Radiol. 1991 Nov;20(4):209-
13. 

44. White SC. 1992 assessment of radiation risk from dental radiography. 
Dentomaxillofac Radiol. 1992 Aug;21(3):118-26. 

45. Theodorakou C, Walker A, Horner K, Pauwels R, Bogaerts R, Jacobs 
R. Estimation of paediatric organ and effective doses from dental cone 
beam CT using anthropomorphic phantoms. Br J Radiol. 2012 
Feb;85(1010):153-60. 

46. Whaites E, Drage N. Tomography and panoramic radiography.  
Essentials of Dental Radiography and Radioology. Fifth ed: Churcill 
Livingstone, Elsvier; 2013. p. 171-91. 

47. Sundhedsstyrelsen. Brug af dentale CBCT-skannere. 2014.;  [5 May 
2021; cited]; Available from: https://www.sst.dk/-
/media/Nyheder/2014/Krav-til-CBCT-
2014.ashx?la=da&hash=B8EC71D8F41EFCDC4B4043A981377475
8265DCA4. 

48. Public Health England (PHE) and Faculty of General Dental Practice 
(UK) (FGDP (UK)). Guidance Notes for Dental Pratitioners on the 
Safe Use of X-ray Equipment. 2nd Edition. London, UK: PHE and 
FGDP(UK); 2020.  [cited]; Available from: https://cgdent.uk/wp-
content/uploads/2021/08/Guidance-notes-for-dental-practitioners-on-
the-safe-use-of-x-ray-equipment-2020-online-version.pdf. 

49. Popat H, Drage N, Durning P. Mid-line clefts of the cervical vertebrae 
- an incidental finding arising from cone beam computed tomography 
of the dental patient. Br Dent J. 2008 Mar 22;204(6):303-6. 

50. Cha JY, Mah J, Sinclair P. Incidental findings in the maxillofacial area 
with 3-dimensional cone-beam imaging. Am J Orthod Dentofacial 
Orthop. 2007 Jul;132(1):7-14. 

51. Hollender L, Omnell KÅ. Pedodonti Nordisk Lärobok. In: Erik W, 
editor. Röntgendiagnostik. Tredje ed. Karlshamn: Sveriges 
Tandläkarförbunds Förlagsförening; 1976. p. 391-405. 

52. 1177 Vårdguiden, Västra Götalandsregionen. Undersökning av barns 
tänder.;  [31 October 2021; cited]; Available from: 



On the use of radiography and radiation dose consideration in orthodontic treatment 

56 

from: 
https://www.stralsakerhetsmyndigheten.se/publikationer/foreskrifter/
ssmfs-2018/SSMFS-20182/. 

29. European Commission. Radiation protection No. 172. Cone beam CT 
for dental and maxillofacial radiology; 2012.;  [cited May 5 2021]; 
Available from: https://www.sedentexct.eu/content/guidelines-cbct-
dental-and-maxillofacial-radiology. 

30. ICRP. The 1990 Recommendations of the International Commission 
on Radiological Protection. ICRP publication 60. Ann ICRP. 
1990;21:1-212. 

31. Preston Dl, Pierce DA, Shimizu Y, Cullings Hm, Fujita S, Funamoto 
S, et al. Effect of Recent Changes in Atomic Bomb Survivor 
Dosimetry on Cancer Mortality Risk Estimates. Radiat Res. 
2004;162(4):377-89. 

32. UNSCEAR. United Nations Scientific Committee on the Effects of 
Atomic Radiation. Source, effects and risk of ionizing radiation 2013 
Report, Volume 1- Report to the General Assembly, with Scientific 
Annex A. 

33. Helmrot E, Alm Carlsson G. Measurement of radiation dose in dental 
radiology. Radiat Prot Dosimetry. 2005;114(1-3):168-71. 

34. Fontana RC, Pasqual E, Miller DL, Simon SL, Cardis E, Thierry-Chef 
L. Trends in Estimated Thyroid, Salivary Gland, Brain, and Eye Lens 
Doses From Intraoral Dental Radiography Over Seven Decades (1940 
TO 2009). Health Phys. 2020 Feb;118(2):136-48. 

35. Bahreyni Toossi MT, Akbari F, Bayani Roodi S. Radiation exposure 
to critical organs in panoramic dental examination. Acta Med Iran. 
2012;50(12):809-13. 

36. Ludlow JB, Davies-Ludlow LE, White SC. Patient risk related to 
common dental radiographic examinations: the impact of 2007 
International Commission on Radiological Protection 
recommendations regarding dose calculation. J Am Dent Assoc. 2008 
Sep;139(9):1237-43. 

37. Spanne P. Thermoluminescence dosimetry in the μGy range : 
theoretical and experimental investigations of the optimum 
performance of a LiF-TLD system. Stockholm: Stockholm : Acta 
radiologica; 1979. 

38. Koivisto JH, Wolff JE, Kiljunen T, Schulze D, Kortesniemi M. 
Characterization of MOSFET dosimeters for low-dose measurements 
in maxillofacial anthropomorphic phantoms. J Appl Clin Med Phys. 
2015 Jul 8;16(4):266–78. 

39. Benchimol D, Koivisto J, Kadesjo N, Shi XQ. Effective dose reduction 
using collimation function in digital panoramic radiography and 
possible clinical implications in dentistry. Dentomaxillofac Radiol. 
2018 Oct;47(7):20180007. 

 

57 

40. Al-Okshi  A, Nilsson M, Petersson A, Wiese  M, Lindh C. Using 
gafchromic film to estimate the effective dose from dental cone beam 
CT and panoramic radiography. Dentomaxillofac Radiol. 
2013;42(7):20120343-. 

41. Servomaa A, Tapiovaara M. Organ Dose Calculation in Medical X 
Ray Examinations by the Program PCXMC. Radiation protection 
dosimetry. 1998;80(1-3):213-9. 

42. Alm Carlsson G, Ekberg S, Helmrot E, Lindström J, Lund E, 
Matscheko G, et al. Monte Carlo metoden: ett verktyg inom 
strålningsfysiken.Department of Medicine and Care Radio Physics, 
Facukty of Health Sciences. ISSN:1102-1799. 1995. 

43. Velders XL, van Aken J, van der Stelt PF. Risk assessment from 
bitewing radiography. Dentomaxillofac Radiol. 1991 Nov;20(4):209-
13. 

44. White SC. 1992 assessment of radiation risk from dental radiography. 
Dentomaxillofac Radiol. 1992 Aug;21(3):118-26. 

45. Theodorakou C, Walker A, Horner K, Pauwels R, Bogaerts R, Jacobs 
R. Estimation of paediatric organ and effective doses from dental cone 
beam CT using anthropomorphic phantoms. Br J Radiol. 2012 
Feb;85(1010):153-60. 

46. Whaites E, Drage N. Tomography and panoramic radiography.  
Essentials of Dental Radiography and Radioology. Fifth ed: Churcill 
Livingstone, Elsvier; 2013. p. 171-91. 

47. Sundhedsstyrelsen. Brug af dentale CBCT-skannere. 2014.;  [5 May 
2021; cited]; Available from: https://www.sst.dk/-
/media/Nyheder/2014/Krav-til-CBCT-
2014.ashx?la=da&hash=B8EC71D8F41EFCDC4B4043A981377475
8265DCA4. 

48. Public Health England (PHE) and Faculty of General Dental Practice 
(UK) (FGDP (UK)). Guidance Notes for Dental Pratitioners on the 
Safe Use of X-ray Equipment. 2nd Edition. London, UK: PHE and 
FGDP(UK); 2020.  [cited]; Available from: https://cgdent.uk/wp-
content/uploads/2021/08/Guidance-notes-for-dental-practitioners-on-
the-safe-use-of-x-ray-equipment-2020-online-version.pdf. 

49. Popat H, Drage N, Durning P. Mid-line clefts of the cervical vertebrae 
- an incidental finding arising from cone beam computed tomography 
of the dental patient. Br Dent J. 2008 Mar 22;204(6):303-6. 

50. Cha JY, Mah J, Sinclair P. Incidental findings in the maxillofacial area 
with 3-dimensional cone-beam imaging. Am J Orthod Dentofacial 
Orthop. 2007 Jul;132(1):7-14. 

51. Hollender L, Omnell KÅ. Pedodonti Nordisk Lärobok. In: Erik W, 
editor. Röntgendiagnostik. Tredje ed. Karlshamn: Sveriges 
Tandläkarförbunds Förlagsförening; 1976. p. 391-405. 

52. 1177 Vårdguiden, Västra Götalandsregionen. Undersökning av barns 
tänder.;  [31 October 2021; cited]; Available from: 



On the use of radiography and radiation dose consideration in orthodontic treatment 

58 

https://www.1177.se/vastra-gotaland/behandling--
hjalpmedel/undersokningar-och-
provtagning/kroppsundersokningar/undersokning-av-barns-tander/. 

53. The National Board of Health and Welfare (Socialstyrelsen). 
Nationella riktlinjer för vuxentandvård 2011.;  [cited 8 October 2021]; 
Available from: 
https://www.socialstyrelsen.se/globalassets/sharepoint-
dokument/artikelkatalog/nationella-riktlinjer/2011-5-1.pdf. 

54. The National Board of Health and Welfare (Socialstyrelsen). 
Nationella riktlinjer. Indikator för tandvård. Remissversion 2021.;  
[cited 29 October 2021]; Available from: 
https://www.socialstyrelsen.se/globalassets/sharepoint-
dokument/artikelkatalog/nationella-riktlinjer/2021-9-7535.pdf. 

55. Isaacson KG, Thom AR, Atack NE, Horner K, Whaites E. Guidelines 
for the use of radiographs in clinical othodontics. British Orthodontic 
Society. Fourth Edition;  2015.;  [cited 5 May 2021]; Available from: 
https://www.bos.org.uk/portals/0/public/docs/general%20guidance/or
thodontic%20radiographs%202016%20-%202.pdf. 

56. American Association of Orthodontists. Clinical Practice Guidelines 
for Orthodontics and Dentofacial Orthopedics;  2017.;  [cited 5 May 
2021]; Available from: https://www.aaoinfo.org//d/apps/get-
file?fid=12939. 

57. Kühnisch J, Anttonen V, Duggal MS, Spyridonos ML, Rajasekharan 
S, Sobczak M, et al. Best clinical practice guidance for prescribing 
dental radiographs in children and adolescents: an EAPD policy 
document. Eur Arch Paediatr Dent. 2020;21(4):375-86. 

58. Stenström B, Henrikson CO, Holm B, Richter S. Absorbed doses from 
intraoral radiography with special emphasis on collimator dimensions. 
Swed Dent J. 1986;10(1-2):59-71. 

59. Mupparapu M, Bass T, Axline D, Felice M, Magill C. Radiation dose 
reduction using novel size 1 and size 0 rectangular collimators in 
pediatric dental imaging. Quintessence Int. 2020;51(6):502. 

60. Svenson B, Stahlnacke K, Karlsson R, Fält A. Dentists' use of digital 
radiographic techniques: Part I - intraoral X-ray: a questionnaire study 
of Swedish dentists. Acta Odontol Scand. 2018 Mar;76(2):111-8. 

61. Körner M, Weber CH, Wirth S, Pfeifer KJ, Reiser MF, Treitl M. 
Advances in digital radiography: Physical principles and system 
overview. Radiographics. 2007;27(3):675-86. 

62. Pettersson H, Aspelin P, Boijsen E, Herrlin K, Egund N. Digital 
radiography of the spine, large bones and joints using stimulable 
phosphor. Early clinical experience. Acta Radiol. 1988 May-
Jun;29(3):267-71. 

63. Berkhout WE, Beuger DA, Sanderink GC, van der Stelt PF. The 
dynamic range of digital radiographic systems: dose reduction or risk 
of overexposure? Dentomaxillofac Radiol. 2004 Jan;33(1):1-5. 

 

59 

64. Mol A. Digital Imaging. In: Malya SM, Larm EWN, editors. White 
and Pharoah´s Oral Radilogy. Eighth ed. St.Louise, Missouri 63043: 
Elsevier; 2019. p. 41. 

65. Dhillon M, Raju SM, Verma S, Tomar D, Mohan RS, Lakhanpal M, 
et al. Positioning errors and quality assessment in panoramic 
radiography. Imaging Sci Dent. 2012 Dec;42(4):207-12. 

66. Akarslan ZZ, Erten H, Gungor K, Celik I. Common errors on 
panoramic radiographs taken in a dental school. J Contemp Dent Pract. 
2003 May 15;4(2):24-34. 

67. Rushton VE, Horner K, Worthington HV. The quality of panoramic 
radiographs in a sample of general dental practices. Br Dent J. 1999 
Jun 26;186(12):630-3. 

68. Rondon RH, Pereira YC, do Nascimento GC. Common positioning 
errors in panoramic radiography: A review. Imaging Sci Dent. 2014 
Mar;44(1):1-6. 

69. Schulze R, Heil U, Gross D, Bruellmann DD, Dranischnikow E, 
Schwanecke U, et al. Artefacts in CBCT: a review. Dentomaxillofac 
Radiol. 2011 Jul;40(5):265-73. 

70. Dula K, Sanderink G, van der Stelt PF, Mini R, Buser D. Effects of 
dose reduction on the detectability of standardized radiolucent lesions 
in digital panoramic radiography. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod. 1998 Aug;86(2):227-33. 

71. Dannewitz B, Hassfeld S, Eickholz P, Mühling J. Effect of dose 
reduction in digital dental panoramic radiography on image quality. 
Dentomaxillofac Radiol. 2002 Jan;31(1):50-5. 

72. Hellén-Halme K, Lith A. Carious lesions: diagnostic accuracy using 
pre-calibrated monitor in various ambient light levels: an in vitro 
study. Dento Maxillo Facial Radiology, 2013, Vol 42, Iss 8. 
2013;42(8). 

73. Hellén-Halme K, Lith A. Effect of ambient light level at the monitor 
surface on digital radiographic evaluation of approximal carious 
lesions: An in vitro study. Dentomaxillofac Radiol. 2012;41(3):192-6. 

74. Ponto J. Understanding and Evaluating Survey Research. Journal of 
the advanced practitioner in oncology. 2015;6(2):168-71. 

75. Kruger J, Epley N, Parker J, Ng ZW. Egocentrism Over E-Mail: Can 
We Communicate as Well as We Think? J Pers Soc Psychol. 
2005;89(6):925-36. 

76. Glass DC, Kelsall HL, Slegers C, Forbes AB, Loff B, Zion D, et al. A 
telephone survey of factors affecting willingness to participate in 
health research surveys. BMC Public Health. 2015 Oct 5;15:1017. 

77. McGrath C, Palmgren P, Liljedahl M. Twelve tips for conducting 
qualitative research interviews. Med Teach. 2019;41(9):1002-6. 

78. Granlund C, Thilander-Klang A, Ylhan B, Lofthag-Hansen S, 
Ekestubbe A. Absorbed organ and effective doses from digital intra-
oral and panoramic radiography applying the ICRP 103 



On the use of radiography and radiation dose consideration in orthodontic treatment 

58 

https://www.1177.se/vastra-gotaland/behandling--
hjalpmedel/undersokningar-och-
provtagning/kroppsundersokningar/undersokning-av-barns-tander/. 

53. The National Board of Health and Welfare (Socialstyrelsen). 
Nationella riktlinjer för vuxentandvård 2011.;  [cited 8 October 2021]; 
Available from: 
https://www.socialstyrelsen.se/globalassets/sharepoint-
dokument/artikelkatalog/nationella-riktlinjer/2011-5-1.pdf. 

54. The National Board of Health and Welfare (Socialstyrelsen). 
Nationella riktlinjer. Indikator för tandvård. Remissversion 2021.;  
[cited 29 October 2021]; Available from: 
https://www.socialstyrelsen.se/globalassets/sharepoint-
dokument/artikelkatalog/nationella-riktlinjer/2021-9-7535.pdf. 

55. Isaacson KG, Thom AR, Atack NE, Horner K, Whaites E. Guidelines 
for the use of radiographs in clinical othodontics. British Orthodontic 
Society. Fourth Edition;  2015.;  [cited 5 May 2021]; Available from: 
https://www.bos.org.uk/portals/0/public/docs/general%20guidance/or
thodontic%20radiographs%202016%20-%202.pdf. 

56. American Association of Orthodontists. Clinical Practice Guidelines 
for Orthodontics and Dentofacial Orthopedics;  2017.;  [cited 5 May 
2021]; Available from: https://www.aaoinfo.org//d/apps/get-
file?fid=12939. 

57. Kühnisch J, Anttonen V, Duggal MS, Spyridonos ML, Rajasekharan 
S, Sobczak M, et al. Best clinical practice guidance for prescribing 
dental radiographs in children and adolescents: an EAPD policy 
document. Eur Arch Paediatr Dent. 2020;21(4):375-86. 

58. Stenström B, Henrikson CO, Holm B, Richter S. Absorbed doses from 
intraoral radiography with special emphasis on collimator dimensions. 
Swed Dent J. 1986;10(1-2):59-71. 

59. Mupparapu M, Bass T, Axline D, Felice M, Magill C. Radiation dose 
reduction using novel size 1 and size 0 rectangular collimators in 
pediatric dental imaging. Quintessence Int. 2020;51(6):502. 

60. Svenson B, Stahlnacke K, Karlsson R, Fält A. Dentists' use of digital 
radiographic techniques: Part I - intraoral X-ray: a questionnaire study 
of Swedish dentists. Acta Odontol Scand. 2018 Mar;76(2):111-8. 

61. Körner M, Weber CH, Wirth S, Pfeifer KJ, Reiser MF, Treitl M. 
Advances in digital radiography: Physical principles and system 
overview. Radiographics. 2007;27(3):675-86. 

62. Pettersson H, Aspelin P, Boijsen E, Herrlin K, Egund N. Digital 
radiography of the spine, large bones and joints using stimulable 
phosphor. Early clinical experience. Acta Radiol. 1988 May-
Jun;29(3):267-71. 

63. Berkhout WE, Beuger DA, Sanderink GC, van der Stelt PF. The 
dynamic range of digital radiographic systems: dose reduction or risk 
of overexposure? Dentomaxillofac Radiol. 2004 Jan;33(1):1-5. 

 

59 

64. Mol A. Digital Imaging. In: Malya SM, Larm EWN, editors. White 
and Pharoah´s Oral Radilogy. Eighth ed. St.Louise, Missouri 63043: 
Elsevier; 2019. p. 41. 

65. Dhillon M, Raju SM, Verma S, Tomar D, Mohan RS, Lakhanpal M, 
et al. Positioning errors and quality assessment in panoramic 
radiography. Imaging Sci Dent. 2012 Dec;42(4):207-12. 

66. Akarslan ZZ, Erten H, Gungor K, Celik I. Common errors on 
panoramic radiographs taken in a dental school. J Contemp Dent Pract. 
2003 May 15;4(2):24-34. 

67. Rushton VE, Horner K, Worthington HV. The quality of panoramic 
radiographs in a sample of general dental practices. Br Dent J. 1999 
Jun 26;186(12):630-3. 

68. Rondon RH, Pereira YC, do Nascimento GC. Common positioning 
errors in panoramic radiography: A review. Imaging Sci Dent. 2014 
Mar;44(1):1-6. 

69. Schulze R, Heil U, Gross D, Bruellmann DD, Dranischnikow E, 
Schwanecke U, et al. Artefacts in CBCT: a review. Dentomaxillofac 
Radiol. 2011 Jul;40(5):265-73. 

70. Dula K, Sanderink G, van der Stelt PF, Mini R, Buser D. Effects of 
dose reduction on the detectability of standardized radiolucent lesions 
in digital panoramic radiography. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod. 1998 Aug;86(2):227-33. 

71. Dannewitz B, Hassfeld S, Eickholz P, Mühling J. Effect of dose 
reduction in digital dental panoramic radiography on image quality. 
Dentomaxillofac Radiol. 2002 Jan;31(1):50-5. 

72. Hellén-Halme K, Lith A. Carious lesions: diagnostic accuracy using 
pre-calibrated monitor in various ambient light levels: an in vitro 
study. Dento Maxillo Facial Radiology, 2013, Vol 42, Iss 8. 
2013;42(8). 

73. Hellén-Halme K, Lith A. Effect of ambient light level at the monitor 
surface on digital radiographic evaluation of approximal carious 
lesions: An in vitro study. Dentomaxillofac Radiol. 2012;41(3):192-6. 

74. Ponto J. Understanding and Evaluating Survey Research. Journal of 
the advanced practitioner in oncology. 2015;6(2):168-71. 

75. Kruger J, Epley N, Parker J, Ng ZW. Egocentrism Over E-Mail: Can 
We Communicate as Well as We Think? J Pers Soc Psychol. 
2005;89(6):925-36. 

76. Glass DC, Kelsall HL, Slegers C, Forbes AB, Loff B, Zion D, et al. A 
telephone survey of factors affecting willingness to participate in 
health research surveys. BMC Public Health. 2015 Oct 5;15:1017. 

77. McGrath C, Palmgren P, Liljedahl M. Twelve tips for conducting 
qualitative research interviews. Med Teach. 2019;41(9):1002-6. 

78. Granlund C, Thilander-Klang A, Ylhan B, Lofthag-Hansen S, 
Ekestubbe A. Absorbed organ and effective doses from digital intra-
oral and panoramic radiography applying the ICRP 103 



On the use of radiography and radiation dose consideration in orthodontic treatment 

60 

recommendations for effective dose estimations. Br J Radiol. 2016 
Oct;89(1066):20151052. 

79. Vaiserman A, Koliada A, Zabuga O, Socol Y. Health Impacts of Low-
Dose Ionizing Radiation: Current Scientific Debates and Regulatory 
Issues. Dose-Response. 2018;16(3):1559325818796331-. 

80. Luckey TD. Radiation Hormesis: The Good, the Bad, and the Ugly. 
Dose-response. 2006;4(3):169-90. 

81. Risticj SG, editor. Radiation dosimeters for medical use. Conference 
on medical physics and biomedical engineering; 2013; Macedonia, 
The Former Yugoslav Republic of. Association for Medical Physics 
and Biomedical Engineering of R Macedonia. 

82. Svenson B, Ståhlnacke K, Karlsson R, Fält A. Dentists' use of digital 
radiographic techniques: Part II - extraoral radiography: a 
questionnaire study of Swedish dentists. Acta Odontol Scand. 
2019;77(2):150-7. 

83. Strindberg JE, Hol C, Torgersen G, Møystad A, Nilsson M, Näsström 
K, et al. Comparison of Swedish and Norwegian Use of Cone-Beam 
Computed Tomography: a Questionnaire Study. Journal of oral & 
maxillofacial research. 2015;6(4):e2-e. 

84. Stenström B, Karlsson L. Collective doses to the Swedish population 
from panoramic radiography and lateral cephalography. Swed Dent J. 
1988;12(4):161-70. 

85. Tsiklakis K, Mitsea A, Tsichlaki A, Pandis N. A systematic review of 
relative indications and contra-indications for prescribing panoramic 
radiographs in dental paediatric patients. Eur Arch Paediatr Dent. 2020 
Aug;21(4):387-406. 

86. Leach HA, Ireland. AJ, Whaites EJ. Radiographic diagnosis of root 
resorption in relation to orthodontics. Br Dent J. 2001 Jan 
13;190(1):16-22. 

87. Atchison KA. Radiographic examinations of orthodontic educators 
and practitioners. J Dent Educ. 1986;50(11):651-5. 

88. Bruks A, Enberg K, Nordqvist I, Hansson AS, Jansson L, Svenson B. 
Radiographic examinations as an aid to orthodontic diagnosis and 
treatment planning. Swed Dent J. 1999;23(2-3):77-85. 

89. Atchison KA, Luke LS, White SC. Contribution of pretreatment 
radiographs to orthodontists' decision making. Oral Surg Oral Med 
Oral Pathol. 1991;71(2):238-45. 

90. Atchison KA, Luke LS, White SC. An algorithm for ordering 
pretreatment orthodontic radiographs. Am J Orthod Dentofacial 
Orthop. 1992;102(1):29-44. 

91. Kapetanović A, Oosterkamp BCM, Lamberts AA, Schols J. 
Orthodontic radiology: development of a clinical practice guideline. 
Radiol Med. 2021 Jan;126(1):72-82. 

 

61 

92. Lehtinen R, Aitasalo K. An orthopantomographic study of the 
incidence of pathological changes in the jaw outside the dento-alveolar 
area. Proc Finn Dent Soc. 1973;69(1):13-6. 

93. Koch G, Helkimo AN, Ullbro C. Caries prevalence and distribution in 
individuals aged 3-20 years in Jonkoping, Sweden: trends over 40 
years. Eur Arch Paediatr Dent. 2017 Oct;18(5):363-70. 

94. Merrett SJ, Drage NA, Durning P. Cone beam computed tomography: 
a useful tool in orthodontic diagnosis and treatment planning. J 
Orthod. 2009 Sep;36(3):202-10. 

95. Alqerban A, Aly M, Fieuws S, Jacobs R, Swinnen S, van Keirsbilck 
PJ, et al. The effect of using CBCT in the diagnosis of canine 
impaction and its impact on the orthodontic treatment outcome. J  
Orthod Sci. 2014;3(2):34-40. 

96. Alqerban A, Willems G, Bernaerts C, Vangastel J, Politis C, Jacobs R. 
Orthodontic treatment planning for impacted maxillary canines using 
conventional records versus 3D CBCT. Eur J Orthod. 2014 
Dec;36(6):698-707. 

97. Matzen LH, Christensen J, Hintze H, Schou S, Wenzel A. Influence of 
cone beam CT on treatment plan before surgical intervention of 
mandibular third molars and impact of radiographic factors on 
deciding on coronectomy vs surgical removal. Dentomaxillofac 
Radiol. 2013;42(1):98870341-. 

98. Kapila S, Conley RS, Harrell WE. The current status of cone beam 
computed tomography imaging in orthodontics. Dentomaxillofac 
Radiol. 2011 Jan;40(1):24-34. 

99. Hodges RJ, Atchison KA, White SC. Impact of cone-beam computed 
tomography on orthodontic diagnosis and treatment planning. Am J 
Orthod Dentofacial Orthop. 2013 May;143(5):665-74. 

100. Gallichan N, Albadri S, Dixon C, Jorgenson K. Trends in CBCT 
current practice within three UK paediatric dental departments. Eur 
Arch Paediatr Dent. 2020 Apr 24. 

101. Hajem S, Brogårdh-Roth S, Nilsson M, Hellén-Halme K. CBCT of 
Swedish children and adolescents at an oral and maxillofacial 
radiology department. A survey of requests and indications. Acta 
Odontol Scand. 2020;78(1):38-44. 

102. Peretz B, Gotler M, Kaffe I. Common Errors in Digital Panoramic 
Radiographs of Patients with Mixed Dentition and Patients with 
Permanent Dentition. Int J Dent. 2012;2012:584138-7. 

103. Khator A, Motwani M, Choudhary A. A study for determination of 
various positioning errors in digital panoramic radiography for 
evaluation of diagnostic image quality. Indian J Dent Res. 
2017;28(6):666. 

104. Ignelzi MA, Fields HW, Vann WF. Screening panoramic radiographs 
in children: prevalence data and implications. Pediatr Dent. 1989 
Dec;11(4):279-85. 



On the use of radiography and radiation dose consideration in orthodontic treatment 

60 

recommendations for effective dose estimations. Br J Radiol. 2016 
Oct;89(1066):20151052. 

79. Vaiserman A, Koliada A, Zabuga O, Socol Y. Health Impacts of Low-
Dose Ionizing Radiation: Current Scientific Debates and Regulatory 
Issues. Dose-Response. 2018;16(3):1559325818796331-. 

80. Luckey TD. Radiation Hormesis: The Good, the Bad, and the Ugly. 
Dose-response. 2006;4(3):169-90. 

81. Risticj SG, editor. Radiation dosimeters for medical use. Conference 
on medical physics and biomedical engineering; 2013; Macedonia, 
The Former Yugoslav Republic of. Association for Medical Physics 
and Biomedical Engineering of R Macedonia. 

82. Svenson B, Ståhlnacke K, Karlsson R, Fält A. Dentists' use of digital 
radiographic techniques: Part II - extraoral radiography: a 
questionnaire study of Swedish dentists. Acta Odontol Scand. 
2019;77(2):150-7. 

83. Strindberg JE, Hol C, Torgersen G, Møystad A, Nilsson M, Näsström 
K, et al. Comparison of Swedish and Norwegian Use of Cone-Beam 
Computed Tomography: a Questionnaire Study. Journal of oral & 
maxillofacial research. 2015;6(4):e2-e. 

84. Stenström B, Karlsson L. Collective doses to the Swedish population 
from panoramic radiography and lateral cephalography. Swed Dent J. 
1988;12(4):161-70. 

85. Tsiklakis K, Mitsea A, Tsichlaki A, Pandis N. A systematic review of 
relative indications and contra-indications for prescribing panoramic 
radiographs in dental paediatric patients. Eur Arch Paediatr Dent. 2020 
Aug;21(4):387-406. 

86. Leach HA, Ireland. AJ, Whaites EJ. Radiographic diagnosis of root 
resorption in relation to orthodontics. Br Dent J. 2001 Jan 
13;190(1):16-22. 

87. Atchison KA. Radiographic examinations of orthodontic educators 
and practitioners. J Dent Educ. 1986;50(11):651-5. 

88. Bruks A, Enberg K, Nordqvist I, Hansson AS, Jansson L, Svenson B. 
Radiographic examinations as an aid to orthodontic diagnosis and 
treatment planning. Swed Dent J. 1999;23(2-3):77-85. 

89. Atchison KA, Luke LS, White SC. Contribution of pretreatment 
radiographs to orthodontists' decision making. Oral Surg Oral Med 
Oral Pathol. 1991;71(2):238-45. 

90. Atchison KA, Luke LS, White SC. An algorithm for ordering 
pretreatment orthodontic radiographs. Am J Orthod Dentofacial 
Orthop. 1992;102(1):29-44. 

91. Kapetanović A, Oosterkamp BCM, Lamberts AA, Schols J. 
Orthodontic radiology: development of a clinical practice guideline. 
Radiol Med. 2021 Jan;126(1):72-82. 

 

61 

92. Lehtinen R, Aitasalo K. An orthopantomographic study of the 
incidence of pathological changes in the jaw outside the dento-alveolar 
area. Proc Finn Dent Soc. 1973;69(1):13-6. 

93. Koch G, Helkimo AN, Ullbro C. Caries prevalence and distribution in 
individuals aged 3-20 years in Jonkoping, Sweden: trends over 40 
years. Eur Arch Paediatr Dent. 2017 Oct;18(5):363-70. 

94. Merrett SJ, Drage NA, Durning P. Cone beam computed tomography: 
a useful tool in orthodontic diagnosis and treatment planning. J 
Orthod. 2009 Sep;36(3):202-10. 

95. Alqerban A, Aly M, Fieuws S, Jacobs R, Swinnen S, van Keirsbilck 
PJ, et al. The effect of using CBCT in the diagnosis of canine 
impaction and its impact on the orthodontic treatment outcome. J  
Orthod Sci. 2014;3(2):34-40. 

96. Alqerban A, Willems G, Bernaerts C, Vangastel J, Politis C, Jacobs R. 
Orthodontic treatment planning for impacted maxillary canines using 
conventional records versus 3D CBCT. Eur J Orthod. 2014 
Dec;36(6):698-707. 

97. Matzen LH, Christensen J, Hintze H, Schou S, Wenzel A. Influence of 
cone beam CT on treatment plan before surgical intervention of 
mandibular third molars and impact of radiographic factors on 
deciding on coronectomy vs surgical removal. Dentomaxillofac 
Radiol. 2013;42(1):98870341-. 

98. Kapila S, Conley RS, Harrell WE. The current status of cone beam 
computed tomography imaging in orthodontics. Dentomaxillofac 
Radiol. 2011 Jan;40(1):24-34. 

99. Hodges RJ, Atchison KA, White SC. Impact of cone-beam computed 
tomography on orthodontic diagnosis and treatment planning. Am J 
Orthod Dentofacial Orthop. 2013 May;143(5):665-74. 

100. Gallichan N, Albadri S, Dixon C, Jorgenson K. Trends in CBCT 
current practice within three UK paediatric dental departments. Eur 
Arch Paediatr Dent. 2020 Apr 24. 

101. Hajem S, Brogårdh-Roth S, Nilsson M, Hellén-Halme K. CBCT of 
Swedish children and adolescents at an oral and maxillofacial 
radiology department. A survey of requests and indications. Acta 
Odontol Scand. 2020;78(1):38-44. 

102. Peretz B, Gotler M, Kaffe I. Common Errors in Digital Panoramic 
Radiographs of Patients with Mixed Dentition and Patients with 
Permanent Dentition. Int J Dent. 2012;2012:584138-7. 

103. Khator A, Motwani M, Choudhary A. A study for determination of 
various positioning errors in digital panoramic radiography for 
evaluation of diagnostic image quality. Indian J Dent Res. 
2017;28(6):666. 

104. Ignelzi MA, Fields HW, Vann WF. Screening panoramic radiographs 
in children: prevalence data and implications. Pediatr Dent. 1989 
Dec;11(4):279-85. 



On the use of radiography and radiation dose consideration in orthodontic treatment 

62 

105. McKee IW, Williamson PC, Lam EW, Heo G, Glover KE, Major PW. 
The accuracy of 4 panoramic units in the projection of mesiodistal 
tooth angulations. Am J Orthod Dentofacial Orthop. 2002 
Feb;121(2):166-75; quiz 92. 

106. Kitai N, Murabayashi M, Sugimoto H, Fujiwara A, Tome W, 
Katsumata A. Accuracy and head positioning effects on measurements 
of anterior tooth length using 3-dimensional and conventional dental 
panoramic radiography. Am J Orthod Dentofacial Orthop. 2017 
Mar;151(3):607-15. 

107. MacDonald D, Yu W. Incidental findings in a consecutive series of 
digital panoramic radiographs. Imaging Sci Dent. 2020;50(1):53-64. 

108. Bondemark L, Jeppsson M, Lindh-Ingildsen L, Rangne K. Incidental 
findings of pathology and abnormality in pretreatment orthodontic 
panoramic radiographs. Angle Orthod. 2006 Jan;76(1):98-102. 

109. Pakbaznejad EE, Ekholm M, Haukka J, Waltimo-Sirén J. Type and 
location of findings in dental panoramic tomographs in 7-12-year-old 
orthodontic patients. Acta Odontol Scand. 2016;74(4):272-8. 

110. Fisher DR, Fahey FH. Appropriate Use of Effective Dose in Radiation 
Protection and Risk Assessment. Health Phys. 2017 Aug;113(2):102-
9. 

111. Kaeppler G, Buchgeiste M, Reinert S. Influence of the rotation centre 
in panoramic radiography. Radiation protection dosimetry. 
2008;128(2):239-44. 

112. Lee C, Lee SS, Kim JE, Huh KH, Yi WJ, Heo MS, et al. Comparison 
of dosimetry methods for panoramic radiography: thermoluminescent 
dosimeter measurement versus personal computer–based Monte Carlo 
method calculation. Oral surgery, oral medicine, oral pathology, oral 
radiology. 2016;121(3):322-9. 

113. Thilander-Klang A, Helmrot E. Methods of determining the effective 
dose in dental radiology. Radiation protection dosimetry. 2010;139(1-
3):306-9. 

114. Belmans N, Gilles L, Vermeesen R, Virag P, Hedesiu M, Salmon B, 
et al. Quantification of DNA Double Strand Breaks and Oxidation 
Response in Children and Adults Undergoing Dental CBCT Scan. Sci 
Rep. 2020 Feb 7;10(1):2113. 

115. Rischen RJ, Breuning KH, Bronkhorst EM, Kuijpers-Jagtman AM. 
Records needed for orthodontic diagnosis and treatment planning: a 
systematic review. PLoS One. 2013;8(11):e74186. 

116. Van Acker JWG, Pauwels NS, Cauwels RGEC, Rajasekharan S. 
Outcomes of different radioprotective precautions in children 
undergoing dental radiography: a systematic review. Eur Arch 
Paediatr Dent. 2020 Aug;21(4):463-508. 

117. Bogdanich W, McGinty JC. Radiation Worries for Children in 
Dentists´Chairs. Nov 22 2010; The New York Times.; [cited 25 

 

63 

September 2021]; Available from: 
https://thetech.com/2010/11/23/3ddental-v130-n56. 

118. Karolinska Institutet, Praktiker Tjänst. Röntgen inom tandvården. För-
och nackdelar med strålning.;  [cited 25 September 2021]; Available 
from: https://docplayer.se/106269243-Rontgen-inom-tandvarden-for-
och-nackdelar-med-stralning.html. 

119. American Association of Orthodontists. The first visit. Are x-rays 
really necessary.;  [cited 12 October 2021]; Available from: 
https://www3.aaoinfo.org/blog/parent-s-guide-post/first-visit/. 

120. Hedesiu M, Marcu M, Salmon B, Pauwels R, Oenning Ac, Almasan 
O, et al. Irradiation provided by dental radiological procedures in a 
pediatric population. Eur J Radiol. 2018 Jun;103:112-7. 

 

 
  



On the use of radiography and radiation dose consideration in orthodontic treatment 

62 

105. McKee IW, Williamson PC, Lam EW, Heo G, Glover KE, Major PW. 
The accuracy of 4 panoramic units in the projection of mesiodistal 
tooth angulations. Am J Orthod Dentofacial Orthop. 2002 
Feb;121(2):166-75; quiz 92. 

106. Kitai N, Murabayashi M, Sugimoto H, Fujiwara A, Tome W, 
Katsumata A. Accuracy and head positioning effects on measurements 
of anterior tooth length using 3-dimensional and conventional dental 
panoramic radiography. Am J Orthod Dentofacial Orthop. 2017 
Mar;151(3):607-15. 

107. MacDonald D, Yu W. Incidental findings in a consecutive series of 
digital panoramic radiographs. Imaging Sci Dent. 2020;50(1):53-64. 

108. Bondemark L, Jeppsson M, Lindh-Ingildsen L, Rangne K. Incidental 
findings of pathology and abnormality in pretreatment orthodontic 
panoramic radiographs. Angle Orthod. 2006 Jan;76(1):98-102. 

109. Pakbaznejad EE, Ekholm M, Haukka J, Waltimo-Sirén J. Type and 
location of findings in dental panoramic tomographs in 7-12-year-old 
orthodontic patients. Acta Odontol Scand. 2016;74(4):272-8. 

110. Fisher DR, Fahey FH. Appropriate Use of Effective Dose in Radiation 
Protection and Risk Assessment. Health Phys. 2017 Aug;113(2):102-
9. 

111. Kaeppler G, Buchgeiste M, Reinert S. Influence of the rotation centre 
in panoramic radiography. Radiation protection dosimetry. 
2008;128(2):239-44. 

112. Lee C, Lee SS, Kim JE, Huh KH, Yi WJ, Heo MS, et al. Comparison 
of dosimetry methods for panoramic radiography: thermoluminescent 
dosimeter measurement versus personal computer–based Monte Carlo 
method calculation. Oral surgery, oral medicine, oral pathology, oral 
radiology. 2016;121(3):322-9. 

113. Thilander-Klang A, Helmrot E. Methods of determining the effective 
dose in dental radiology. Radiation protection dosimetry. 2010;139(1-
3):306-9. 

114. Belmans N, Gilles L, Vermeesen R, Virag P, Hedesiu M, Salmon B, 
et al. Quantification of DNA Double Strand Breaks and Oxidation 
Response in Children and Adults Undergoing Dental CBCT Scan. Sci 
Rep. 2020 Feb 7;10(1):2113. 

115. Rischen RJ, Breuning KH, Bronkhorst EM, Kuijpers-Jagtman AM. 
Records needed for orthodontic diagnosis and treatment planning: a 
systematic review. PLoS One. 2013;8(11):e74186. 

116. Van Acker JWG, Pauwels NS, Cauwels RGEC, Rajasekharan S. 
Outcomes of different radioprotective precautions in children 
undergoing dental radiography: a systematic review. Eur Arch 
Paediatr Dent. 2020 Aug;21(4):463-508. 

117. Bogdanich W, McGinty JC. Radiation Worries for Children in 
Dentists´Chairs. Nov 22 2010; The New York Times.; [cited 25 

 

63 

September 2021]; Available from: 
https://thetech.com/2010/11/23/3ddental-v130-n56. 

118. Karolinska Institutet, Praktiker Tjänst. Röntgen inom tandvården. För-
och nackdelar med strålning.;  [cited 25 September 2021]; Available 
from: https://docplayer.se/106269243-Rontgen-inom-tandvarden-for-
och-nackdelar-med-stralning.html. 

119. American Association of Orthodontists. The first visit. Are x-rays 
really necessary.;  [cited 12 October 2021]; Available from: 
https://www3.aaoinfo.org/blog/parent-s-guide-post/first-visit/. 

120. Hedesiu M, Marcu M, Salmon B, Pauwels R, Oenning Ac, Almasan 
O, et al. Irradiation provided by dental radiological procedures in a 
pediatric population. Eur J Radiol. 2018 Jun;103:112-7. 

 

 
  



On the use of radiography and radiation dose consideration in orthodontic treatment 

64 

APPENDIX 
Questionnaire from Study III 

Appendix 1. 

The questionnaire is addressed to orthodontists performing conventional 
orthodontic treatments on children and adolescents (0-19 years) i.e., not 
treatments in children and adolescents with maxillofacial anomalies.  

There are 2 alternatives for the initial question: If your answer is YES, you will 
continue with the rest of the questionnaire. If your answer is NO, i.e., that you 
do not perform such conventional treatments, you have completed the 
questionnaire and will not receive response reminders. 

1. Which is your employer? One or more responses are possible. 
• Public Dental Service 
• Private practioner 
• Other 

2. Gender 
• Male 
• Female 
• Do not want to state 
• Other 

3. What year were you born? 
4. What year did you graduate as a dentist/in dentistry? 
5. Which was the location for your clinical post-graduate 

training? 
6. What year did you graduate as a specialist in orthodontics? 
7. Are you still working in the same county/Public Dental 

Service/University from where you graduated as a specialist?    
• Yes/No                    

8. Are you still working in the same clinic/department from 
where you graduated as a specialist? 

• Yes/No 
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9. How many new orthodontic patients (0-19 years) do you start each 
year? 

• < 50 patients       
• 51- 100 patients  
• 101-300 patients    
• > 301 patients  

10. Which radiological examination(s) do you consider valuable for the 
following questions in connection with planning the orthodontic 
treatment? 
One or more alternatives can be specified for each question. 

 

 

 

 

 Intra-oral 
radio- 
graphs 

Panoramic 
radio- 
graphs 

Lateral 
cephalo- 
metric 
radiographs 

CBCT (cone-
beam computed 
tomography) 

CT (computed 
tomography) 

Craniofa- 
cial growth    

     

Tooth bud      
Anatomy of 
root/mor-
phology 

     

Anatomy, 
position  
of retained 
teeth                               

     

Root 
resorption 

     

Periapical 
inflamma-
tory disease 

     

Cyst-like 
lesion 

     

Other 
questions, 
specify 
which one 
in the 
comment 
field 
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11. Which radiographs are included in orthodontic treatment?  
  A: For treatment planning? 

 Always Often Seldom Never 

Intra-oral radiographs frontal regions     

Intra-oral radiographs premolar/molar regions     

Intra-oral full-mouth set of radiographs     

Lateral (cephalometric) radiograph     

Panoramic radiograph     

 

12. Which radiographs are included in orthodontic treatment? 
 B: During treatment? 

 Always Often Seldom Never 

Intra-oral radiographs frontal regions     

Intra-oral radiographs premolar/molar regions     

Intra-oral full-mouth set of radiographs     

Lateral (cephalometric) radiograph     

Panoramic radiograph     

 

13. Which radiographs are included in orthodontic treatment?  
C: After treatment? 

 Always Often Seldom Never 

Intra-oral radiographs frontal regions     

Intra-oral radiographs premolar/molar regions     

Intra-oral full-mouth set of radiographs     

Lateral (cephalometric) radiograph     

Panoramic radiograph     
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14. What is the reason for taking panoramic radiographs for 
orthodontic treatment?  One or more responses are possible. 

• Instead of intra-oral radiographs 
• Not possible to take intra-oral radiographs 
• To portray structures outside the tooth-bearing 

regions 
• Other reason, specify in the comment field 

15. Where are the panoramic radiographs taken? 
• In my own clinic 
• In another orthodontic clinic 
• In a clinic for maxillofacial radiology 
• Somewhere else. Specify in the comment field  

16. If the panoramic radiograph is taken in your clinic, who is 
taking the image? 

• Myself 
• Another dentist 
• Dental nurse 
• Other dental professionals 

17. Who is diagnosing the panoramic radiograph? 
• Myself 
• Another dentist in the clinic where the image is taken 
• Specialist in maxillofacial radiology 

18. Where are the findings from the radiographs reported? 
• In the patient’s main record/orthodontic record 
• Within the daily note 
• In another way. Specify in the comment field  

19. How often is your treatment planning affected by the findings 
you find in the   radiographs?   

• Always 
• Often 
• Seldom 
• Never 
• I don’t know 

20. How often do you think findings in the radiographs taken 
during ongoing treatment affect continued treatment? 

• Always 
• Often 
• Seldom 
• Never 
• I don’t know 

 



On the use of radiography and radiation dose consideration in orthodontic treatment 

66 

11. Which radiographs are included in orthodontic treatment?  
  A: For treatment planning? 

 Always Often Seldom Never 

Intra-oral radiographs frontal regions     

Intra-oral radiographs premolar/molar regions     

Intra-oral full-mouth set of radiographs     

Lateral (cephalometric) radiograph     

Panoramic radiograph     

 

12. Which radiographs are included in orthodontic treatment? 
 B: During treatment? 

 Always Often Seldom Never 

Intra-oral radiographs frontal regions     

Intra-oral radiographs premolar/molar regions     

Intra-oral full-mouth set of radiographs     

Lateral (cephalometric) radiograph     

Panoramic radiograph     

 

13. Which radiographs are included in orthodontic treatment?  
C: After treatment? 

 Always Often Seldom Never 

Intra-oral radiographs frontal regions     

Intra-oral radiographs premolar/molar regions     

Intra-oral full-mouth set of radiographs     

Lateral (cephalometric) radiograph     

Panoramic radiograph     

 

 

 

 

67 

14. What is the reason for taking panoramic radiographs for 
orthodontic treatment?  One or more responses are possible. 

• Instead of intra-oral radiographs 
• Not possible to take intra-oral radiographs 
• To portray structures outside the tooth-bearing 

regions 
• Other reason, specify in the comment field 

15. Where are the panoramic radiographs taken? 
• In my own clinic 
• In another orthodontic clinic 
• In a clinic for maxillofacial radiology 
• Somewhere else. Specify in the comment field  

16. If the panoramic radiograph is taken in your clinic, who is 
taking the image? 

• Myself 
• Another dentist 
• Dental nurse 
• Other dental professionals 

17. Who is diagnosing the panoramic radiograph? 
• Myself 
• Another dentist in the clinic where the image is taken 
• Specialist in maxillofacial radiology 

18. Where are the findings from the radiographs reported? 
• In the patient’s main record/orthodontic record 
• Within the daily note 
• In another way. Specify in the comment field  

19. How often is your treatment planning affected by the findings 
you find in the   radiographs?   

• Always 
• Often 
• Seldom 
• Never 
• I don’t know 

20. How often do you think findings in the radiographs taken 
during ongoing treatment affect continued treatment? 

• Always 
• Often 
• Seldom 
• Never 
• I don’t know 

 



On the use of radiography and radiation dose consideration in orthodontic treatment 

68 

21. Does your clinic have guidelines for when radiographs should 
be taken in connection with orthodontic treatment? 

• Yes 
• No 
• Do not know 

22. Do you use these guidelines? 
• Yes, always 
• Sometime 
• No 

23. Describe which guidelines are used: 
• Local/clinic-specific guidelines 
• Regional/county guidelines 
• Other. Specify in the comment field 

24. Do you think there is a need for national guidelines for when 
radiographs should be taken in connection with orthodontic 
treatment? 

• Great need of 
• Little need of 
• No need at all 

25. What is Your personal opinion regarding the radiographic 
examinations performed in connection with orthodontic 
treatment? Do you think the number in general is too few, 
enough or too many?  

• Too few 
• Enough 
• Too many 
• No opinion 

26. We will interview a sample of the respondents. Would you 
like to be called for a short phone interview? 

Yes/No 
 

Appendix 2. 

Complementary interview questions: 

1. If there are current bitewing/ periapical images, is this enough 
to start treatment or is it necessary to supplement with 
panorama? I would like to know how you are reasoning? 

2. Is the extension of the maxillary sinuses important for 
treatment? If so, why? 
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3. Is the appearance of the temporo-mandibular joint important 
for treatment? If so, why? 

4. Should all third molars be depicted in the panoramic image? 
Is this important for your treatment planning? 

5. Would you consider using collimated panoramic images? 
Why or why not depending on the answer. 

6. Would it change your indications for panoramic images if the 
radiation dose/risk was equivalent to or higher than a full 
mouth intra-oral examination? 

7. Regarding the review of the panoramic image. Do you send 
many for an external review? Or do you feel confident with 
your own? 
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