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antero-posterior and transverse buccal segment relationships as well as differences in 

decision making with level of experience.   
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GLOSSARY OF TERMS 
 

A-P Antero-posterior 
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DACA Dual arch clear aligners 
DAFA Dual arch fixed appliance 
HG Headgear 
IME Inter-maxillary elastics 
IPR Interproximal reduction 
KOL Key opinion leader 
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MARA Mandibular advancement repositioning device 
MC Maxillary constriction 
ME Maxillary expansion 
PI Primary investigator 
QH Quad Helix 
RA Removable appliance 
Radset Radial set diagram 
RHS Right hand side 
RLSA The Royal London Space analysis 
RME Rapid maxillary expansion 
SAFA Single arch fixed appliance 
SARPE Surgically assisted rapid palatal expansion 
TADs Temporary anchorage devices 
TB Tooth borne 
TBB Tooth bone borne 
TPA Trans-palatal arch 
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1.0 INTRODUCTION 

 

Since the advent of modern orthodontics there have been regional and factional differences 

in clinical decision-making. Antero-posterior and transverse discrepancies, our conditions of 

interest, are common orthodontic anomalies for which there are many treatment strategies. 

The quality of evidence comparing different treatment strategies is not adequate to firmly 

support a gold standard approach to treating either condition, which may explain the 

current differences in treatment decisions between different clinicians. It is important that 

patients, the public and funding bodies should expect both high standards of treatment as 

well as accountability. From a medico-legal standpoint it is also important to provide 

justification for the mode of treatment, particularly for surgical or extraction-orientated 

strategies.  

The literature has therefore been searched to understand the background of orthodontic 

decision-making and treatment choices. Previous investigations on this topic have used 

physical plaster study models to illustrate clinical scenarios  (Lee et al., 2000b; Sonesson et 

al., 2008; McNamara et al., 2010; Wallis et al., 2014; Naish et al., 2016). However, our 

current era in research was defined and limited by COVID-19 related restrictions, therefore 

the literature has been searched to evaluate more recent modes of digital representation of 

orthodontic cases, such that can be utilised to eliminate the need for face-to-face contact in 

the conduct of our protocol. Digital study models are reported as a valid alternative to 

plaster models (Santoro et al., 2003; Whetten et al., 2006; Grewal et al., 2017).  The use of 

dental laser scanners to create these digital models has been reviewed and their use and 

appropriateness in orthodontic analysis discussed. 
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The Romans also contributed early descriptions of orthodontic techniques. Celsus (c 25BC-

50AD) proposed the use of digital pressure to move teeth, and Galenus (c 130-200AD) 

described filing teeth to create space, as well as other treatments for correction of irregular 

teeth. However, the subsequent fall of the Roman Empire marked the beginning of the Dark 

Ages which saw little scientific or cultural advancement.  The ideas described by Galenus 

therefore  prevailed for over a millennium, until great Renaissance thinkers of the 16th 

century, Leonardo Da Vinci (an Italian artist and engineer), Andreas Vesalius (a Belgian 

Physician) and Ambrose Paré (a French barber surgeon) contributed writings on the 

anatomy and function of teeth, with Paré also creating the first obturator (British 

Orthodontic Society Archive, 2020b). 

The key figures and their contributions to orthodontics of the 17th to 19th centuries are 

summarised in Table 1. Early orthodontics was limited to the alignment of teeth mainly 

through simple expansion and correction of their protrusion. Technological advances and 

technical skills used in the 17th-19th centuries allowed for the development of several 

different treatment modalities some of which have formed the foundations for modern day 

treatment, while others have been discarded due to inefficiencies related to the crude 

materials used and unsatisfactory treatment outcomes. A key figure of this time, Norman 

Kingsley, also a renowned artist, conceived the idea of extra-oral traction, which allowed 

anterior-posterior correction of buccal segment relationships. Towards the end of the 19th 

century there was diversion in common practice between Europe and the USA. In Europe, 

removable appliances were commonplace, whilst fixed appliances were favoured in 

America.   
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Year Person Country Development 

1728 Pierre 
Fauchard France 

1st Orthodontic textbook 'La Chirugie Dentiste' 
'Bandolet' - orthodontic appliance, using silver or gold band with wax silk 
ligature dental attachments, for arch expansion.  

c1810 Joseph Fox UK 

Advocated for serial extraction in the management of over-crowding, 
(Hunter, 1778).   

Invented device for treatment of crossbites, using silk ligatures to apply 
labially directed force towards a gold/silver arch and an ivory block bite. 

1815 CF Delabarre France Published Odontologie, in which he advocated for non-extraction and 
developed a series of devices with this aim.  

c1820 Thomas Bell UK Advocated a non-extraction approach, developed device for treatment 
of anterior crossbite, using a cast brass bar. 

1836 Frederich C 
Kneisel Germany Published Der Schiefstand der Zähne, developed system of classification 

of anomalous positions of teeth 

1841 Joachim 
Lefoulon France 

Described how he used a palatally positioned gold archwire, which 
shaped the alveolar process as well as straightening teeth, one of the 
first examples of orthodontics, (Lefoulon, 1841). 

1841 JM Alexis 
Schange France 

Introduced the treatment of dental protrusion with a band-clamp that  
affixed to the tooth with a screw, and rotation of teeth with elastic 
bands.  
He was also the pioneer of long-term orthodontic treatment and 
retention, at a time when 3 months was the typical duration. 

1859 John Tomes UK 
Recommended treating open bites with chin straps in his A System of 
Dental Surgery, and the first to describe alveolar bone remodelling, 
(Tomes, 1859). 

1866 Norman W 
Kingsley USA 

Developed an extra-oral traction device, the progenitor to later 
headgear designs used by both Case and Angle and innumerable 
orthodontists since due to its significant role in the correction of buccal 
segment A-P relationships as well as for anchorage control of A-P 
relationships, (Kingsley, 1880).  

Table 1  Early orthodontic pioneers of 17th-19th century 





http://www.craigcarrington.com/18thc-marble-head-of-the-apollo-belvedere~533
http://www.craigcarrington.com/18thc-marble-head-of-the-apollo-belvedere~533
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involves carrying out an intra-oral scan of the teeth to creates a digital model which can be 

viewed and virtually manipulated in all 3 planes of space similar to conventional plaster 

models, but with the added benefit of magnification of features if desired (Figure 3). 

 

Figure 3 Direct scan of plaster study models 

The accuracy of direct versus indirect scanning methods were compared in a 3-arm side-by-

side in-vivo trial of teeth undergoing restorative work, which analysed the marginal 

discrepancies on resultant zirconia copings. 63 teeth in 23 patients, all underwent intra-oral 

scanning with 2 different intra-oral scanners (CEREC AC Omnicam, Sirona, Bensheim, 

Germany; Cara TRIOS, Heraeus Kulzer, Hanau, Germany) as well as conventional impressions 

in a randomised order. There was no difference between the two intra-oral scanners, but 

the impressions plus indirect scan created significantly less accurate zirconia copings  

(Bosniac et al., 2019).  

Digital scanners and their software have also been used to provide measurements and 

analysis to support previous investigations into orthodontic decision-making (McNamara et 

al., 2010; Wallis et al., 2014). 

















https://wiillyxwonka.tumblr.com/post/156370878796/braces-boy-ortho-willy-wonka-headgear-braces/amp
https://wiillyxwonka.tumblr.com/post/156370878796/braces-boy-ortho-willy-wonka-headgear-braces/amp
https://wiillyxwonka.tumblr.com/post/156370878796/braces-boy-ortho-willy-wonka-headgear-braces/amp
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The development of tooth borne fixed functionals, e.g., Mandibular Advancement 

Repositioning Appliance (MARA) (Figure 6) or AdvanSync (Figure 7), enable fixed appliance 

treatment to be started simultaneously with the aim of reducing the duration of treatment.  

Figure 7  AdvansyncTM2 device, (Image creater: ORMCOTM, accessed from the web in May 
2020, retrieved from: https://ormco.in/products/intraextra-oral-devices/advansync2/) 

Fixed functionals are non-removable, therefore not dependent on patient adherence. 

Intermaxillary elastics 

Intermaxillary elastics are used between the dental arches.  They have an antero-posterior 

pull but also have an extrusive and rotational effect which can result in extrusion and mesial 

tipping of the mandibular molars when using Class II elastics or upper molars when using 

Figure 6 MARA-©-DynaFlex, (Image creater: DynaFlexTM, accessed from the web in 
May 2020, retrieved from: https://www.dynaflex.com/orthodontic-
laboratory/fixed-appliances/mara-mara-u/) 
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An anterior crossbite and increased overjet are also important A-P considerations and relate 

to the positioning of the anterior teeth. Although the positioning of the anterior teeth may 

be incorporated to the treatment decision-making processes for the posterior teeth, the 

correction of the A-P relationship of anterior teeth is not the primary focus of this study. A 

posterior crossbite describes an abnormality in the transverse relationship of the buccal 

segments which may occur in combination with an A-P discrepancy or as an isolated feature. 
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2.6 The Transverse buccal segment relationship 

2.6.1 Description 

A posterior buccal crossbite (Figure 8) occurs when the upper molars and/or premolars are 

arranged in a narrower arch than their lower counterparts i.e., upper teeth occlude lingually 

to lower teeth. This can occur either unilaterally, bilaterally, on a single tooth or multiple 

teeth. The degree to which it occurs can also be described as edge-to-edge where there is a 

tendency towards a buccal crossbite, as well as scissor bites, where the palatal cusps of the 

upper molars or premolars occlude buccally to their mandibular counterparts.   

 

Figure 8 Posterior buccal crossbite 

Mandibular displacements, i.e., a functional shift in occlusion sagittally and/or laterally from 

the initial occlusal contact position to the maximum occlusal contact due to occlusal 

interferences, can present as a buccal crossbite so careful diagnosis is required to ensure 

correct treatment decisions. 

2.6.2 Incidence 

Posterior buccal crossbite is estimated to occur in 1-16% of children, with higher incidence 

in Caucasians than in populations of African or Asian origin (Agostino et al., 2014). A study of 

703 Italian schoolchildren (mean age 12.2 years), reported a prevalence of posterior 





  

 

35 
 

The literature exploring the proposed association between the presence of a posterior 

crossbite and temporo-mandibular joint dysfunction (TMJD) is conflicting.  A link, if 

established could significantly influence clinical decision-making. Studies have suggested 

that the prolonged presence of a posterior crossbite is associated with Temporo-mandibular 

joint (TMJ) pain (Egermark-Eriksson et al., 1990), clicking and headache (Thilander et al., 

2002), and that the correction of a unilateral posterior crossbite in children could prevent 

temporomandibular joint dysfunction, such as clicking or locking of the jaw in later life 

(McNamara et al., 1997). 

A decade later, the same association was found (Thilander et al., 2012) however, the 

literature has not definitively corroborated these associations, instead suggesting that 

further investigation is required (Gesch et al., 2004; Iodice et al., 2013).   

2.6.4 Treatment strategies 

Buccal crossbites are primarily managed by maxillary expansion, removal of any occlusal 

interferences and elimination of the functional displacement of the mandible (Agostino et 

al., 2014).  This expansion may eliminate a mandibular displacement associated with a 

crossbite and/or be used to create space for the relief of crowding.  
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2.6.5 Treatment options for maxillary expansion 

URA with midline screw/coffin spring 

 

Figure 9  Coffin spring, reproduced from Pocket Dentistry 2020 

Figure 9 illustrates a coffin spring within an upper removable appliance, first described by 

Walter Coffin in 1875. The spring is placed in the mid-palatal region, is formed of 1.25mm 

wire into an omega-shape. The lateral extents of the spring are enclosed within acrylic to 

allow the device to comfortably contact the slopes of the palate and allow slow dento-

alveolar expansion. The Orthodontist initiates and controls the level of orthodontic force by 

manual adjustment of the spring structure. 

 
Figure 10  Midline expansion screw, reproduced from Bowen Orthodontics 

Another popular choice for achieving slow maxillary expansion is an upper appliance with a 

midline expansion screw (Figure 10). For the most-part these devices tip the molars 

buccally, but they can also achieve a small amount of separation at the mid-palatal suture, 

causing slight skeletal expansion in pre-pubertal children. 
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Quad helix 

 

Figure 11  Quad Helix 

The Quad Helix appliance illustrated (Figure 11) was described by Robert M. Ricketts as a 

modification of the W-Spring for maxillary expansion in children with cleft. It forms an 

integral part of the bio progressive technique, coupled with the utility arch and sectional 

mechanics (Ricketts et al., 1979). More latterly it has become integrated into mainstream 

fixed mechanics and is widely used to achieve arch expansion. 

The Quad Helix has a mechanical advantage over the W-spring in its activation range and 

flexibility due to the incorporation of four helices. Adjustment can be made of the palatal 

arms of the appliance to suit the extent of crossbite on either side of the dental arch. 

Maxillary expansion with fixed appliances  

There are numerous ways a fixed appliance can be used for maxillary expansion including 

archwire expansion, auxiliary arches and cross elastics. Archwire expansion utilises higher 
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or reduced overbite. Cross elastics are most commonly used in combination with full 

engagement rectangular stainless steel archwires which limit the extent of molar tipping. 

Their efficacy requires good patient adherence therapy (Gill et al., 2004). 

Rapid Maxillary expansion (RME) 

 

Figure 13  Banded rapid maxillary expansion - Photo credit Dr N Atack, with permission. 

Tooth-borne (TB) RME is achieved using either bonded or banded (Figure 13) rigid 

appliances, which limit molar tipping while providing strong forces to the mid-palatal suture, 

with the aim of creating a greater ratio of maxillary skeletal expansion over dental 

expansion (Gill et al., 2004). Various practical issues can limit their efficacy, such as difficulty 

maintaining oral hygiene, discomfort, poor aesthetics during treatment caused by a 

significant midline diastema.  RME is only possible if the mid-palatine suture is patent, the 

fusion of the suture necessitates surgical assisted expansion for (adult) patients. 

Bone-Borne RME using temporary anchorage devices (TADs) have been reported in the 

literature (Lee et al., 2010) as an alternative to more invasive surgical techniques.  A recent 

study has described the optimal placement of a bone-borne expander at the palatal slope, 

(Lee et al., 2014).  
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2.7.3 Extraction decision consistency  

Early orthodontic decision-making studies demonstrated variability in extraction and 

treatment decisions (Brown et al., 1977; Ribarevski et al., 1996).  

Building upon these a later study sought to examine the intra and inter-clinician consistency 

in orthodontic decisions, including whether to treat, what devices to use and whether the 

case required surgery (Lee et al., 1999). 10 UK Orthodontists examined 60 case vignettes 

(including study casts, photographs, an orthopantogram, cephalogram and tracing thereof) 

on two occasions, a month apart. There was fair intra-clinician agreement in decision 

making but inter-clinician agreement was low, ranging from kappa scores of 0.36 (poor 

agreement) for the decision to refer for orthognathic surgery and 0.54 (good agreement) for 

the decision to provide treatment. Agreement was at its lowest with the least severe 

malocclusion. The authors stated that a patient might expect entirely different treatment in 

different centres and thus concluded that guidelines were required, based on high-quality 

evidence 

2.7.9 Borderline extraction decisions 

Saghafi et al 2017 undertook an online survey that illustrated three Class I borderline 

patient cases with the use of patient records (pre-treatment intra and extra-oral 

photographs, panoramic radiographs, lateral cephalograms, photographs of study models 

and cephalometric analysis). The participants were asked if they would extract, and if so, 

which teeth. If not, then how would they create space for alignment. Their responses were 

analysed against gender and level of experience (categorised 0-5, 5-15 and 15+ years). The 

study demonstrated that the most experienced clinicians favoured extraction at almost 
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modifications as needed to ensure that the final iteration used is as quick, simple and 

effective as possible. There is a need to ensure that each of the clinical vignettes faithfully 

depicts a real-world scenario to ensure that our study is relevant and pragmatic. 

In addition, the questionnaire is required to be as effective as possible and that each 

question is asked for a reason, that it has a purpose in either defining the outcome of the 

dependent variables (i.e., what treatment plan), determining the reasons for the dependent 

variable (i.e., the independent variables, such as level of specialist training) or for defining 

potential confounders (e.g., Baseline characteristics of participants). Questions that do not 

serve any of these purposes should be excluded (Stone, 1993).  

When considering the ethical implications of such a questionnaire, the anonymity of 

participants will eliminate any perceived risk of professional embarrassment. In addition, 

any analysis according to a particular demographic profile that might risk the identification 

of the participant therein will be avoided. 

2.8.2 Improving clinician response rate 

A meta-analysis of 48 studies from 1958-2013 of questionnaires administered to various 

healthcare professionals found that response rates were low and were declining with time 

(Cho et al., 2013). The richest body of literature on this topic includes all healthcare 

professionals in its scope. A literature search specific to orthodontics found no published 

papers on this topic. Measures that are aimed at improving response rates can be broadly 

be split into design or incentive-based interventions.  

2.8.3 Design-orientated measures 

Design-orientated interventions focus on two key areas: survey mode and follow-up.  
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Mode effects, where the mode of administration impacts on the data collected, are well 

documented in clinician surveys (Cho et al. 2013). There is evidence that postal surveys 

generally gain greater participation rates in healthcare professionals than those that rely on 

IT solutions, but the evidence for this is probably outdated, and with the incredible 

advances in what can be achieved in terms of presentation of data as well as analysis, Cho et 

al. also suggested that one ought to be mindful of the web-going habits of the target group 

and ensure that correct email addresses are used.  

Chaser emails to follow-up sent after 2 and 3 weeks have been found to yield favourable 

response rates, (Cho et al., 2013). 

2.8.4 Incentive based interventions 

Monetary and non-monetary incentives have been studied. It has been demonstrated that 

even very modest financial incentives can be successful in promoting clinician participation, 

with even $1 being effective, with diminishing returns for progressive rises thereafter (Van 

Geest et al., 2007). Some participants may be remunerated as part of their employment 

package to partake in such research questionnaires and therefore monetary incentives 

would be inappropriate. If that were not the case for participants, a financial incentive that 

is high enough to compensate for the use of time without providing a potential coercion to 

partake for any reason beyond furthering scientific understanding would increase response 

rates and therefore the value of the study (Singer et al., 2008). The cost of offering financial 

incentives would need to be met by a research budget and be metaphorically offset by the 

enhanced participation rate that they would achieve. Non-monetary incentives, such as 

pens, sweets or CPD points have been consistently found to be of unproven benefit, (Cho et 

al., 2013).  
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2.8.5 Format- Digital vs Paper 

When comparing the digital to paper format for professional questionnaires there is little 

evidence in the medical/dental literature. A difference in response rate of general dental 

practitioners in the Netherlands has been reported, with 65.1% replying to a questionnaire 

on paper and 34.9% online (Van Der Zande et al., 2015), however whether the formats alter 

the answers given, has not been studied.  

There have been various differing questionnaire formats used in previous orthodontic 

clinical decision-making research such as paper-based questionnaires and face to face 

interviews. The various different options were explored for this study and the reasons for 

our decisions explained herein. 

2.8.6 Direct versus indirect questionnaire 

Questionnaires can be directly administered by a researcher by an in-person interview, 

telephone or video-call. They can be structured, semi-structured or open. Less structured 

methods allow the researcher to build rapport, offer clarification or ask questions to probe 

areas of interest, but they require direct transcription to ensure there is no researcher bias. 

Some questionnaires use specialist interviewers to ensure consistency in the application of 

the questionnaire. Direct methodologies, either in a group or with an individual, are 

resource intensive (Boynton and Greenhalgh, 2004; Gill et al., 2008). 

Indirect methods of questionnaire distribution include those administered by post or 

internet. The benefits of this style are in achieving uniformity, eliminating bias, reducing 

researcher resource requirements and allowing participants to work at their own pace. The 

risks of indirect questionnaires are that participants could violate the protocol without the 

researcher knowing. However, this kind of bias replicates real-world practice so may be 
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How exactly this would be implemented by the Orthodontist is challenging. The risks are 

relatively straightforward, but the rationale and choice of treatment strategy is anything 

but.  

In conclusion, litigation and GDC complaints are common, they have significant and wide-

ranging effects on dentists and the greatest risk to the specialist relates to consent. 

Therefore, medicolegal risk is a major reason for ensuring that orthodontic decision-making 

is clinically sound, backed by good quality evidence wherever possible, well documented 

and well communicated to patients.  
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3.0 RESEARCH AIMS & OBJECTIVES 

3.1 Aims 

 

To investigate: 

1. The effect of a changing antero-posterior (A-P) buccal segment relationship (Class I 

to II) on clinical decision-making.  

2. The effect of changes in the transverse buccal relationship (edge to edge to 

unilateral buccal crossbite) on clinical decision-making. 

3. The effect of combinations of A-P buccal segment and transverse discrepancies on 

clinical decision-making. 

4. Differences in decision making when comparing clinicians with different levels of 

experience. 

 

3.2 Objectives 

 

1. To analyse and characterise treatment decisions of clinicians based on 15 different 

clinical scenarios, such that we can describe key factors/tipping points at which 

treatment decisions vary.   

2. To analyse and describe differences in treatment strategy in clinicians of differing 

levels of experience.  The Null Hypothesis is no difference between levels of 

experience. 
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finished then plaster cast. The plaster arches were assembled into the occlusions by the 

technician using pink wax and then articulated. Unfortunately, the trimming on some 

models was incorrect and meant that they required re-assembling into the correct occlusion 

using red ribbon wax between the casts to stabilise during scanning and then required some 

manipulation digitally in the Orthoanalyzer software by the PI.  

4.3.2.3 Conversion from physical to digital study models 

3Shape® R750 (3Shape A/S, Copenhagen, Denmark) uses two 1.3 mega-pixel cameras and 

blue LED light, which obtain accuracy of 12 µm on study models in 65 seconds. It works 

automatically to ensure that the entirety of the object is scanned. It can scan individual 

dental arches as well as hold models statically to scan an occluded position. The file output 

is in a STL or DCM file format (3Shape, 2020), this study used an STL format.  

In this study the upper and lower arches of each typodont were scanned separately using 

the 3Shape® R750 Model.  Scan-it Orthodontics software was used to set occlusal and 

sagittal planes (3Shape, 2012). OrthoAnalyzer software (3Shape, 2019) was used to edit the 

models, assemble them into their occlusal positions, and create JPEG (pictures) and STL (3D 

models) files of 3D models, (Appendix 10.2).   

4.4 Questionnaire design 

A detailed literature review was conducted to ensure that the questionnaire design was 

optimised for validity of results, ease of interpretation and response rate.  
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4.4.1 Population and participants 

The target population were dentists providing orthodontic treatment, as defined in the 

inclusion criteria. 

4.4.2 Inclusion criteria 

Dentists providing orthodontic treatment in primary and secondary care settings, including: 

Consultants, Specialist Orthodontic practitioners, Dentists with a Special interest in 

Orthodontics (DWSIs) and Specialist trainees in Orthodontics (ST1 to 5). 

4.4.3 Exclusion criteria 

Members of the study team. 

4.4.4 Question and response type 

The questionnaire was delivered in an online format that could be accessed from work or 

home, (Appendix 10.3). Unfortunately, no budget was available to provide an incentive to 

participate or compensate participants for their time. The use of social media for 

distribution was considered as a novel method of achieving a wider reach, however it was 

felt that there was a risk of contaminating the data with responses from outside of the 

target population. 

4.5 Randomisation 

It was determined that the cases be presented in a different order. A random order of case 

scenarios was created using random.org/list (Appendix 10.9) and used for every participant.  
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The distribution of characteristics was similar between sexes, other than qualifications, in 

which there was a slight over-representation of females in the Doctorate group and under-

representation in the Masters group.   

Characteristic Female Male Total % Of 
total 

          
Sex   

  
   Male   27 49.1 
   Female   28 50.9      
Country of practice  

  
   UK 23 23 46 83.6 
   New Zealand 2 2 4 7.3 
   Australia 2 1 3 5.5 
   Hong Kong 1 0 1 1.8 
   Ireland 0 1 1 1.8 
     
Highest qualification  

  
   Doctorate 9 5 14 25.5 
   Masters 14 17 31 56.4 
   Diploma 1 0 1 1.8 
   Certificate 1 0 1 1.8 
   None 3 5 8 14.5      
Specialist register  

  
   Registered 20 21 41 74.5 
   Not on register 8 6 14 25.5 
         

Years of orthodontic experience  
    

   >15 15 17 32 58.2 
   10-15 3 1 4 7.3 
   5-10 3 3 6 10.9 
   <5 7 6 13 23.6 

Table 3  Participant baseline characteristics 

























  

 

83 
 

Figure 19 illustrates that the most models with either a ¾ or full unit Class II AP buccal 

relationship (4/5, 9/10 and 14/15), are most likely to be treated with extractions, 

irrespective of their transverse relationships. 

 
Qualification No % Yes % Total 

None 70 66.7 35 33.3 105 
Other 26 86.7 4 13.3 30 

Certificate 13 86.7 2 13.3 15 
Diploma   7 46.7 8 53.3 15 
Masters 385 82.8 80 17.2 465 

Doctorate 158 81.0 37 19.0 195 
Total 659 79.9 166 20.1 825 

      
Years of 

experience No % Yes % Total 
0-5 141 72.3 54 27.7 195 

5-10 72 80.0 18 20.0 90 
10-15 53 88.3 7 11.7 60 

15+ 393 81.9 87 18.1 480 
Total 659 79.9 166 20.1 825 

      
Region No % Yes % Total 

UK 552 80.0 138 20.0 690 
Other 107 79.3 28 20.7 135 
Total 659 79.9 166 20.1 825 

 

Table 10 Extraction decision (question 4a) by level of qualification, experience, and region 
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Figure 19  Frequency of decision to extract, by model number 
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Figure 20  Upset diagram showing the teeth that were selected for extraction across all 
models. The total number for each tooth (in combination and alone) is shown in the black 
mini-graph next to the tooth name. The blue bars represent the frequency of each tooth or 
combination of teeth. The black dots interconnected with lines show combinations of teeth. 
For example, the bar furthest to the right along the x-axis represents UR4+UL5+LL5+LR5 and 
has a total frequency of 2.  

 

Figure 21  Upset diagram of extraction choices for models 4,9,14 combined (cases with 3/4 
unit Class II) 
 


















































































































































