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Abstract 

Bracket failure, which can slow down the progress of fixed appliance treatment, is a 

common problem during orthodontic treatment. The need to rebond brackets can be costly 

for both the clinician, in terms of lost clinical time/materials, and the patient/parent due to 

time lost from school/work. Despite some anecdotal evidence, there is no clinical evidence 

to support the intervention of a tungsten carbide debonding bur in a slow speed handpiece 

on the enamel surface of molar teeth, prior to etching and bonding, to reduce subsequent 

bond failures.   

 

Therefore, this single blinded, split mouth, randomised control trial was conducted. It 

involved 82 patients, in 2 trial arms A and B, undergoing full upper and lower fixed appliance 

therapy. In group A, the intervention was used on the buccal enamel of UR6 and LL6 whilst 

in group B it was on UL6 and LR6. Bond failures (of all teeth) were recorded over the initial 

12-month treatment period. Randomisation ensured equal distribution of types of 

malocclusion, age and gender to each group. 

 

The data was analysed using mixed effects logistic regression and a marginal predicted 

mean. The results showed no statistically significant effect of using a debonding bur on the 

enamel surface of first molar teeth prior to etching and bonding in either analysis (p = 0.110; 

p=0.121 respectively). Therefore, the primary null hypothesis was accepted. However, 

overall there were 4.9% fewer debonds following the intervention. This reduction was 

predominantly seen with maxillary molar 
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Overall, the study showed that use of a tungsten carbide bur on the buccal surface enamel 

of molar teeth, prior to etching and bonding, does not reduce the subsequent bond failure 

rate of bonded tubes. However, it may have a clinically significant effect in reducing failures 

especially with maxillary molars.  
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1.1. Background  

Orthodontics is the branch of dentistry concerned with facial growth, dentoalveolar 

development and occlusion. It deals with the diagnosis, interception and correction of 

occlusal abnormalities, using either removable or fixed appliances (Mitchell, 2013).  

 

The earliest evidence of orthodontic appliance use was by the Etruscans, who buried their 

dead with space maintainers. Hippocrates, a Greek physician, published ideas in 400 BC 

regarding correction of tooth irregularities, and Celsus, a Roman philosopher, published De 

Medicina in which he recommended extractions of deciduous teeth to allow the eruption of 

the permanent teeth (Green, 2014). 

 

Orthodontics developed substantially in the 19th century with Pierre Fauchard, who 

described the use of expansion appliances and fibrous ligatures in his book Le Chirugien 

Dentiste (Fauchard, 1728). In the latter part of the 19th century Edward Angle, sometimes 

referred to as the father of modern orthodontics, created an expansion – arch (E-arch). This 

was followed by the development of the pin and tube appliance, a fixed appliance, which 

used bands attached to the teeth. Later still, he developed the ribbon arch and eventually 

the Edgewise appliance in 1925, which was able to move teeth in three planes of space 

(Angle, 1907). A student of Angle, Raymond Begg, developed his Begg appliance in 1956, 

which was a variation of the Ribbon Arch appliance, but used the vertical slot in the bracket 

with round wires and a systematic, staged approach to treatment mechanics. Like the 

Edgewise appliance, attachment to the teeth at this time was still by means of cemented 

bands on each tooth (Proffit et al., 2012). 
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It wasn’t until the 1960s that Newman and Mitchell first described direct bonding of 

brackets onto the surface of the teeth as an alternative to bands (Newman, 1965; Mitchell, 

1967). This provided a more aesthetic and cheaper appliance, which was easier and quicker 

to place, benefitting both the orthodontist and the patient.  

 

Directly bonded labial fixed appliances are still the most commonly used appliances in 

contemporary orthodontics. Unfortunately bracket debond is not an uncommon problem 

for this type of appliance and banded attachments are still used on some teeth, particularly 

molars. 

 

1.2. Bands vs. Brackets 

Until the late 1950’s fixed appliance treatment was undertaken using brackets and tubes 

welded onto stainless steel bands, with the band in turn cemented to the tooth. To facilitate 

band placement, interproximal space was required which was created by placing 

‘separators’ between the teeth, either elastomerics, steel springs or brass wire. Separator 

placement is time consuming, requires an additional visit and is uncomfortable for the 

patient, both at the time of placement and over the subsequent three to five days. At the 

completion of treatment, following band removal, interproximal band spaces are left which 

require closure during the retention phase of treatment (Gange, 2015).  

 

The development of the acid etch technique by Buonocore in 1955, BisGMA resins by 

Bowen also in 1955 and the subsequent introduction of direct bonding by Newman (1965) 

and Mitchell (1967) reduced the need for fully banded appliances.  
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The advantages of using bonds over bands include: 

1. No additional separation appointment is required (Murray et al., 2012) 

2. No discomfort associated with the placement of separators 

3. Reduced stock costs as a large amount of stock was required for various sized bands 

(Al-Anezi, 2015) 

4. Quicker to place  

5. Partially erupted teeth can be bonded (Murray et al., 2012) 

 

In addition, bonded brackets have considerable aesthetic benefits when compared with 

bands.  As a result of these advantages, bonded brackets became quickly and widely 

accepted and have now been almost universally adopted for the anterior teeth.  By 

contrast, bands are now only used by some clinicians on the posterior teeth, in particular on 

the first or second permanent molars and when using additional appliances such as 

headgear, palatal arches and quadhelices.   

 

Evidence influencing the clinician’s choice of banded or bonded attachments on molars can 

be categorised into four areas: 

• Periodontal health 

• Risk of demineralisation 

• Retention rates 

• Adjunct appliances e.g. headgear, quadhelix 

 

The medical history of the patient might also influence a clinician’s decision regarding 

placement of bonded molar tubes or bands. For example, bands may be preferable in 
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epileptic patients and bonds are preferable in patients at risk of bacteraemia (Murray et al., 

2012). However, this only affects a small number of patients with specific medical 

conditions.  

 

1.2.1. Periodontal Health  

Most gingival health problems caused by fixed appliances occur interproximally and around 

posterior teeth (Zachrisson, 1976), with banded and bonded orthodontic attachments 

effecting the periodontium in different ways.   

 

Four reasons that bands may affect periodontal health have been identified by Atack et al. 

(1996):  

1. Mechanical irritation caused by bands on the gingival tissues. 

2. Chemical irritation of the gingiva due to the cement used to retain the bands. 

3. Food impaction in the region, hence periodontal inflammation. 

4. Patients tend to clean their anterior teeth more effectively than posterior teeth 

(Atack et al., 1996). 

 

Plaque retention between banded and bonded teeth was looked at by Boyd and Baumrind 

in 1992. They confirmed that bonded molars, in both adolescents and adults, had 

significantly increased plaque accumulation and gingival inflammation compared with 

banded molars, suggesting that banding is more favourable than bonding from the point of 

view of plaque accumulation. 
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Although bands may not accumulate plaque as much as bonds, other studies suggest that 

banding has a greater impact on periodontal health. The short-term effects of bands were 

analysed by Al-Anezi (2015), who looked at early effects after placement. Bands were 

associated with increased bleeding on probing and periodontal pocketing depths. This study 

also found, that three months after removal of banded fixed appliances, a greater level of 

gingival inflammation and loss of attachment was also seen, in comparison to bonded teeth. 

This greater loss of attachment, with banded maxillary molars compared to bonds, had 

previously been reported by Boyd and Baumrind (1992).  

 

The evidence would therefore suggest that bonded attachments are preferable to bands 

with respect to periodontal health in the longer term.  

 

1.2.2. Demineralisation  

White spot lesions are areas of decalcification which can vary in extent and are found as a 

common consequence of fixed appliance treatment. It has been reported that up to 50% of 

patients develop some demineralisation (Gorelick et al., 1982). Interestingly a Cochrane 

review by Millett et al. (2017) found that patients with molar tubes experience more 

decalcification compared to those with molar bands, 64% and 36% retrospectively.  One 

explanation for this phenomenon is that bonded molar tubes expose more enamel to the 

oral environment during treatment. If the patient’s oral hygiene is less than optimal then 

there is a greater area of enamel available for acid attack. An additional factor may be the 

adhesive used. Whilst molar bands tend to be cemented with glass ionomer cements, which 

have fluoride leaching properties, molar tubes are most frequently bonded to the teeth with 
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composite cements, which do not have the same protective effect.  In response to this, 

highly filled fluoride sealants have been produced to reduce the incidence of decalcification 

on completion of treatment. However, none seem to be effective at preventing the 

development of white spot lesions in the long term (Gange, 2015). 

 

This evidence would seem to support use of molar bands in preference to molar tubes when 

considering the integrity of the enamel. 

 

1.2.3. Retention Rates  

Perhaps the most important factor in determining the clinician’s preference for molar bands 

or bonded tubes is their respective failure rates.   

 

Comparison of failure rates of bands versus bonded molar tubes has been a popular area of 

research.  High first molar bond failure rates, seen in the early years of direct bonding, of up 

to 30% (Zachrisson., 1977) were somewhat addressed by an evolution of bracket design, 

modification of the bonding base and the adhesives used (Banks and Macfarlane, 2007). 

 

More recent studies, where design issues have been addressed, still show higher 

attachment failure rates with bonds compared to bands. A randomised control trial 

demonstrated that bonds had a higher failure rate of 37.7%, compared to bands at 18.8% 

(Banks and Macfarlane, 2007). A more recent multi-centre randomised control trial again 

demonstrated that bonds were more likely to fail than bands, with an 18.4% first time 

failure for molar bonds compared with just 2.6% for bands (Nazir et al. 2011). It has been 
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hypothesised that this may be due to the increased surface area available for banded 

attachments and difficulty in molar bond placement (Banks and Macfarlane, 2007). In a 

subsequent Cochrane Systematic Review, Millett et al. (2017) concluded that if bonds are 

used on molar teeth, a higher failure rate and higher rate of demineralisation should be 

expected.   

 

Despite the evidence supporting the superiority of molar bands over adhesively bonded 

molar tubes with respect to demineralisation and failure rate, many clinicians still use 

bonded molar tubes in preference to bands.  A survey of Orthodontic Specialists in Ireland 

carried out in 2012 (Murray et al., 2012) found that 52% of orthodontists used bonded 

molar tubes on more than 80% of their patients. Bonded molar tubes were considered to be 

more cost effective than bands by 66% of respondents. There has also been an increasing 

trend for bonding in the United States, with 48.7% of respondents bonding in the maxillary 

arch and 48% in the mandibular arch as early as 2008 (Keim et al., 2008). It is therefore 

perhaps not surprising work continues into the development of bonded molar tube design 

and how retention rates might be improved. 

 

1.3. Orthodontic Bonding 

The procedure of orthodontic bonding is usually to first acid etch the enamel surface, then 

place a resin sealant and finally use an adhesive resin to bond the attachment to the tooth.  

The concept was first developed in 1955 by Buonocore, who initially suggested 85% 

orthophosphoric acid solution was placed on the enamel surface for 30 seconds before 

rinsing and drying. The technique has evolved and today 37% orthophosphoric acid is 

applied for 15 seconds per tooth (Rossouw, 2010). This protocol provides adequate strength 
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to retain orthodontic brackets but is not so strong that there is a risk of iatrogenic damage 

to the enamel when the brackets are removed. Although no differences in force to debond 

have been observed with either a 15 or 60 second etch time, a shorter etch time is 

preferred as it improves efficiency and reduces overall surface enamel loss (Goes et al., 

1998). 

 

Enamel is a highly mineralised tissue comprising 96% mineral and just 4% organic material 

and water. The mineral elements include hydroxyapatite crystals substituted with carbonate 

ions. These are arranged in a prismatic like structure with the crystals densely arranged in 

three directions.  During orthodontic bonding the etchant creates an irregular surface by 

dissolving away the mineral content. It preferentially etches at the prism core or boundary, 

creating a honeycomb like structure and a porous layer is produced, which is 5-50µm in 

depth (Bishara et al., 2001). In addition, the free surface energy of the enamel is increased, 

promoting the penetration of a low viscosity hydrophobic resin sealant into the micro 

porosities of the enamel surface. Polymerisation of the resin subsequently facilitates 

micromechanical adhesion by the development of resin tags, up to 50µm in length (Lopes et 

al. 2007).  

 

A pre-requisite to ensure successful orthodontic bonding using the acid etch technique and 

resin based bonding agents is a dry field (Mitchell, 2013). This is necessary because etched 

enamel will readily attract water or saliva onto its surface, filling the micro porosities 

created by the etchant, which are necessary for the creation of the micromechanical lock 

with the bonding resin. 
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Exposure to fluoride can also affect the subsequent bond with the bonding resin. Higher 

failure rates are seen with brackets bonded onto enamel surfaces which have been 

prepared with fluoridated paste, rather than convention pumice. The fluoride causes 

changes in the enamel surface making it more resistant to etching (Talic, 2011). 

 

1.4. Bond Failures 

Today, orthodontic bonding is far more predictable than when initially developed. However, 

bond failures are still a source of concern as they not only slow treatment progress, but they 

can also be costly in terms of clinical time, materials and time lost from education or work 

for the patient or parent (Millett et al., 2017). Low bond failure rates can reduce the 

likelihood of emergency visits and avoid long treatment appointments. The acknowledged 

gold standard is a bond failure rate of less than 5% (Banks and Macfarlane, 2007). 

 

The study by Millett et al. (1999) looked at first time failure of bonded molar tubes and 

reported a 21% overall failure rate. This was similar to previous work undertaken by 

Zachrisson (1977), who found maxillary failure rates of 18.8% and mandibular failure rates 

of 29.5%. Failure rate of molars bonds are substantially higher than for incisor teeth. 

 

Orthodontic bonding is influenced by both operator factors and patient factors (Williams, 

2013). Examples of patient factors are; inappropriate food intake, and heavy masticatory or 

occlusal loads. Unfortunately, these are not under the control of the orthodontist and 

patients can only be advised as to the appropriate foods to eat.  
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However, factors which are under the control of the orthodontist fall into three broad 

categories:  

• type of adhesive 

• enamel preparation 

• bonding technique 

These will be discussed in turn. 

 

1.4.1. Type of adhesive 

Mandall et al. (2018) summarised the ideal properties of an orthodontic adhesive as: 

• Strong enough to keep brackets bonded to teeth for the whole course of treatment  

• Weak enough not to damage the tooth surface when removed 

• Easy to use  

• Provide protection against decay  

• Low cost 

There are three main types of adhesives used for orthodontic bonding: 

• Glass ionomer (glass polyalkenoate) cements 

• Resin modified glass ionomer (resin modified glass polyalkenoate) cements 

• Resin composites 

 

Glass ionomer cements (GIC) are a ‘group of materials that undergo setting through an acid-

base reaction between an ion leachable glass and an aqueous poly acid’ (McCabe, 1998).  

They are comprised of two elements; a powder which contains fluoro-calcium-aluminium-

silicon glass, and a liquid which is an aqueous solution of copolymers of itaconic and 
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polyacrylic acids (Tyliszczak et al., 2017). Resin modified glass ionomer cements (RMGIC) are 

a hybrid of a GIC strengthened through the addition of a resin. They have similar 

characteristics to GIC, such as leaching of fluoride and adhesion to enamel, but they are also 

stronger materials (McCabe, 1998). Polymerisation of the resin component is via chemical 

or light curing. The advantages of using RMGIC as bonding agents are their fluoride leaching 

properties and no requirement to acid etch prior to use (Ashcraft et al. 1997).  

 

Resin composites consist of a resin matrix e.g. BisGMA and dimethylacrylate monomers, 

along with an inert filler such as silica and a coupling agent. They have been used 

successfully as bonding agents for many years by orthodontists and rely on mechanical 

adhesion following pre-treatment of the enamel surface with orthophosphoric acid 

(Newman, 1965). Polymerisation is achieved either by chemical cure (with two pastes or a 

liquid and a paste), or light cure. The light cured composites are most commonly used in 

practice due to the convenience and the improved working time, which is particularly useful 

when teaching (Pawar et al., 2012). The disadvantages of using resin composite materials 

include surface enamel loss during acid etching, decalcification around the bracket base 

margins as there is no effective long term fluoride release mechanism, and enamel surface 

loss during debond and subsequent enamel clean up (Ireland and Sherriff, 2002). 

 

The level of interest in bonding materials is evidenced by the large number of comparative 

studies in this area.  There have been two main streams of research, namely force to 

debond and enamel demineralisation. 
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1.4.1.1. Force to debond/ bond strength 

A large amount of research has been carried over the years investigating the force to 

debond orthodontic brackets from the tooth surface. This has been done in order to try to 

determine the minimum force a bond must be able to withstand to last a course of 

treatment, whilst ensuring the risk of enamel fracture/loss at debond and enamel clean-up 

is minimised. Most of this research has been laboratory based and the measured outcome is 

often mislabelled, with the terms bond strength and force to debond often being used 

interchangeably. Force to debond is the measured force in Newton (N) to remove the 

bracket or tube, and bond strength is the force per unit area, or Newtons per square metre.  

The latter therefore is reliant on knowing the true bracket base area of the molar tube or 

attachment, which is virtually impossible due to the complexities of the bonding base. It is 

therefore not possible to come up with a definitive bond strength and the use of force to 

debond is perhaps more appropriate. With these limitations in mind some of the work 

relating to force to debond/bond strength will now be described. 

 

Much of the research on both force to debond and enamel demineralisation has focussed 

on comparing resin modified glass ionomer cements (RMGIC) with resin composites. For 

example, Ashcraft et al. (1997) undertook an in vitro study looking at fluoride release and 

bond strength of RMGIC verses conventional composite resins. They concluded that the 

shear bond strength of RMGIC was adequate for routine orthodontic bonding, although an 

increased bond strength would be desirable. In another laboratory study, the force to 

debond of RMGIC was compared to those of composite on extracted premolar teeth. This 

study showed that a much higher force was required to debond brackets bonded with 
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composite (49.7N) in comparison to RMGIC on wet, dry and pre-etched enamel surfaces 

(22.3N, 18.5N and 37.1N) (Larmour and Stirrups, 2001).  In a laboratory study by Summers 

et al. (2004) the shear bond strength of brackets bonded with RMGIC and resin composite, 

where the enamel surface had been prepared with 10% polyacrylic acid for the RMGIC and 

37% phosphoric acid for the composite, were compared. Once again, the composite 

demonstrated a substantially higher bond strength than RMGIC at 18.46MPa and 9.56MPa 

respectively. These studies would seem to suggest that RMGIC may be appropriate in low 

loading situations e.g. upper anterior teeth, but their potential use should be assessed 

through the use of clinical trials (Larmour and Stirrups, 2001).   

 

A number of clinical trials have subsequently been carried out, which not only demonstrate 

the suitability of RMGIC for direct bonding, but also the limitations of laboratory studies 

that try to estimate a minimum suitable shear bond strength or force to debond for clinical 

use. Fowler (1998) carried out a 2 arm RCT comparing bracket failure rates of light cured 

RMGIC and acid etch chemically cured composite over a 12-month period. No statistically 

significant difference was observed in the failure rates of the two adhesives. These results 

were further confirmed by an in vivo study undertaken by Choo et al. (2001) who again 

found no statistically significant difference between two resin-modified glass 

poly(alkenoate) cements and a conventional light-cured diacrylate in terms of bond failures 

over the study period. More recently a systematic review by Mickenautsch et al. (2012) 

identified 11 studies investigating the retention of orthodontic brackets using RMGIC 

compared with composite resin cements. Fifteen sets of data were analysed, and they 

concluded there was no difference in the failure rate of RMGIC and composite resin 

cements at 12 months after bonding, but RMGIC showed an advantage at 14 months. 
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Therefore, it would seem that although RMGIC appear to demonstrate lower bond 

strengths/ force to debond than resin composites, they have a similar bond failure rate to 

composite adhesives in the clinical setting. Indeed Mickenautsch et al. (2012) advised that 

bond failure might be affected by many factors including type of bracket, wire sequence and 

cement brands, not only adhesive type.  

 

Many clinicians will choose bonding adhesives on the basis of a clinical advantage to their 

practice e.g. more rapid command setting of light cured materials and immediate placement 

of archwires, fluoride release to reduce enamel demineralisation, bonding in environments 

where moisture control is a challenge, or prolonged working time making them suitable for 

teaching.  In the present study a light cured composite was used because of the longer 

working time in a teaching environment and subsequent immediate loading once set.  

 

1.4.1.2. Demineralisation 

It has been shown that multi-bonded orthodontic appliances expose patients to an 

increased caries risk. A cross-sectional study by Gorelick et al. (1982) found that 50% of 

patients undergoing fixed appliance treatment had white spot lesions (WSL) in comparison 

to 25% of controls. This is due to fixed appliances promoting plaque accumulation. The 

subsequent acid production leads to an alteration of the oral environment around the 

bonded attachment, dropping the pH level below 5.5. This favours calcium and phosphate 

diffusion out of enamel leading to demineralisation. In the clinic, early lesions look like 

white opaque spots, whilst continued mineral loss eventually leads to cavitation of the 

enamel surface. In most cases removal of the appliance will allow remineralisation of the 
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enamel, which can sometimes make the white spots lesions (WSL) fade.  However, a cross-

sectional study comparing orthodontically treated and untreated 19-year-old patients, 

showed the incidence of WSL was still significantly higher in the treated cases up to 5 years 

post treatment (Ogaard, 1989). 

 

The reported range for the prevalence of enamel demineralisation lesions (DL) during 

orthodontic treatment is from 2 to 96%. (Chang et al., 1997). This wide range can be 

attributed to the differing methods used to report demineralisation. Techniques such as 

direct clinical assessment, examination via photographs or quantitative light fluorescence 

can be used. Clinical assessment of demineralisation lesions is reliant on the visualisation of 

WSL on the enamel. These are usually seen when the enamel lesion has progressed. 

Fluorescence techniques are able to assess much smaller changes in the enamel mineral 

content, before they become visible to the naked eye, and will therefore give a higher 

percentage prevalence (Benson et al., 2019). 

 

Fluoride can prevent WSL from forming, enhancing remineralisation and is therefore highly 

recommended to be used during orthodontic treatment. Methods of delivery include topical 

e.g. toothpastes, varnishes and mouth rinses, or fluoride releasing materials e.g. adhesives 

and elastics (Benson et al., 2005). Current best practice is considered to be the daily use by 

the patient of a 0.05% sodium fluoride mouthwash. However, there is no guarantee patients 

will comply with this regimen or indeed any self-administered topical fluoride and therefore 

a number of different non-compliance techniques have been suggested. These include 

fluoride releasing cements such as GIC and RMGIC, which are able to not only release 

fluoride but are also able to act as a reservoir, absorb fluoride and later release it once 
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more. Millett et al. (1999) reported that GIC reduces the formation of white spot lesions 

significantly in comparison with composite resins.  Similar results to this had previously been 

reported by Marcusson et al. (1997), whose study showed WSL on 24% of surfaces bonded 

with glass ionomer cement, compared to 40.5% with resin bonding agents. Two systematic 

reviews on fluoride containing orthodontic adhesives by both by Benson et al. (2005) and 

Rogers et al. (2010) also showed decalcification around bonded brackets to be less with 

glass ionomer cement, in comparison to composites. However, it was also concluded that 

the evidence was weak. RMGICs have also been compared to conventional composites 

when assessing enamel demineralisation post orthodontic treatment. A Cochrane review by 

Benson et al. (2019) showed no difference in the reduction of white spot lesions between 

these two adhesives. 

 

Other factors that may contribute to increased frequency of demineralisation include longer 

treatment time, poor oral hygiene and dietary control, which may all have a greater 

influence on frequency of decalcification during orthodontic treatment than the adhesives 

used.  

 

1.4.2. Enamel Preparation 

Previous work has looked at improving the adhesion of the attachments bonded to the 

teeth by utilising different enamel preparation techniques including:  

• pumicing 

• type of etchants  

• priming  
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These will now be described. 

 

1.4.2.1. Pumicing 

Pumice prophylaxis removes organic material on the tooth surface using an abrasive paste 

(Lill et al., 2008). It is thought that removal of the acquired pellicle improves the penetration 

of the acid etch and hence could improve bond strength. Concerns regarding the use of 

pumice are damage to the gingivae and the possible seepage of gingival crevicular fluid 

proteins onto the surface of the tooth. There is also an increase in time for the clinician due 

to the need to pumice each tooth and then wash them thoroughly (Fitzgerald et al., 2012). 

 

A number of studies have looked at the effects of pumicing before the use of conventional 

etchant or self-etching primers (SEP) on the subsequent rate of bracket failure.  Barry et al. 

(1995) looked at 614 brackets bonded with conventional composite resin and found no 

statistically significant difference in the clinical bond failure rate of attachments with or 

without pumice. This finding was reiterated by Lindauer et al. (1997) who looked at pumice 

prophylaxis both in vivo and in vitro with conventional etchant and noted no difference in 

bond strength. Further work by Ireland and Sherriff (2002) also found that pumicing made 

no difference to clinical bond failure rates with both no-mix diacrylates or resin modified 

glass poly(alkenoate) cement. Although there is convincing evidence that shows that 

pumicing is an unnecessary step when using the conventional acid etch technique, this is 

not the case when using SEP.  
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According to manufacturer’s instructions, pumicing is an important step that should be 

integrated into the beginning of treatment when bonding with SEP.  Lill et al. (2008) 

observed three times as many bond failures in patients without pumice prophylaxis than 

those with prophylaxis when using SEP. Ireland et al. (2003) found the in vivo bond failure of 

SEP to be twice that of conventional etching, where the enamel had not been pumiced as 

part of the bonding process. In another later in vivo study, Aljubouri et al. (2004) found 

there was no difference in the bond failure rates between SEP and conventional etch, but in 

this case, pumice had been used. Therefore, pumicing is not required prior to the use of a 

conventional etch and composite resin or no etching and RMGIC, but is important when 

using SEP. 

 

1.4.2.2. Etchant  

Acid etch alters the topography of the enamel surface by removing the smear layer, opening 

up the enamel prisms and creating a highly reactive surface, which increases the retention 

of the resin sealant and promotes mechanical interlock. Buonocore’s finding in 1955 

showed that etching with phosphoric acid increased the bond strength of the resin to 

enamel (Hobson and McCabe, 2002). There have been many studies looking at the different 

types and concentration of etchant to assess effectiveness. 50% phosphoric acid 

concentration was looked at by Retief 1973. Alternative etchants such as maleic acid and 

polyacrylic acid were considered to reduce enamel surface loss (Triolo et al., 1993; Olsen et 

al., 1997). It was concluded that 37% orthophosphoric acid was the most appropriate acid 

concentration for clinically successful bonding, and as a result this is routinely used in 

orthodontic clinical practise (Rossouw, 2010). 
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Conventional etching/bonding methods use three different agents, namely an enamel 

conditioner such as an etch, a primer solution and an adhesive resin (Bishara et al., 2001). A 

more recent development has been the introduction of combined conditioning and priming 

agents namely SEP. These have been used successfully in other aspects of dentistry, and are 

useful in orthodontics as they are able to save time by reducing the number of clinical steps, 

minimise technique sensitivity and reduce procedural errors (Ozer et al., 2014). Research 

undertaken with SEP in restorative dentistry shows a less defined enamel etching pattern 

than conventional techniques (Pandis and Eliades, 2005). 

 

A number of laboratory studies have looked at the bond strength of self-etching primers in 

comparison to conventional methods of etching. Bishara et al. (2001) concluded that SEP 

produce a lower, but clinically acceptable bond strength for brackets. Weak evidence was 

produced in a study by Ireland et al. (2003) showing an increased likelihood of bracket 

failure with SEP in comparison with conventional bonding. A Cochrane review by Hu et al. 

(2013) looked at 13 RCTs to evaluate the effects of etchants and different etching 

techniques, which along with a meta-analysis on five studies (Aljubouri et al., 2004;  Banks 

and Macfarlane, 2007; Elekdag-Turk et al., 2008a; Elekdag-Turk et al., 2008b; Manning et al., 

2006) revealed there was low quality and insufficient evidence to conclude if there was a 

difference in bond failure rate with self-etch primers and conventional etchant.  
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1.4.2.3. Priming  

A primer, which is usually a low viscosity unfilled resin, is recommended by manufacturers 

to ensure there is an intimate mechanical interlock between etched enamel prisms and the 

final polymerised primer (Bazargani et al., 2016). Its purpose is to more fully penetrate the 

etched enamel surface and to enhance the mechanical interlock. 

 

Avoiding the use of primer when bonding brackets could save time for the clinician, reduce 

the likelihood of moisture contamination, and represent a time and financial saving for the 

clinician (Nandhra et al., 2015). Studies have also found that hand dermatosis are common 

in dental personnel and not using primer reduces the occupational hazard of using 

unpolymerised components (Jacobsen et al., 1991). 

 

In vitro studies looking at tensile strength with or without the use of primer, have found 

there is no increased resin penetration when a low viscosity primer is used and that 

measured bond strength is not improved (Low and Von Fraunhofer, 1976; Retief and 

Woods, 1981; O'Brien et al., 1991).  

 

In vitro bonding rarely simulates real life practice; therefore, laboratory bond testing is only 

nowadays used to characterise new products and ideas, prior to in vivo testing. One in vivo 

study on the use of unfilled primer has also shown its use did not affect bracket failure rate 

in general, but when stratified by patient age, younger patients (10-13 years) showed 3.5 

times increased chance of bracket failure when a primer wasn’t used (Bazargani et al., 

2016). A randomised control trial by Nandhra et al. (2015) presented similar results, stating 
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that bracket failure rates without primer were slightly higher than when a primer was used 

(15.8% and 11.1% respectively).   

 

1.4.3. Bonding technique  

Successful orthodontic bonding is reliant on good isolation of the tooth following etching, to 

avoid contamination of the etched tooth surface with saliva.  This is important as the 

composite resins used in bonding (Bis-GMA) are hydrophilic (Linklater and Gordon, 2003).  

Moisture control can be gained through various methods including salivary ejectors, dry 

angles, cotton wool roll isolation and soft tissue retractors.  

 

Pharmacological controls e.g. atropine sulphate have also been investigated as an 

alternative/additional method of providing a dry field for orthodontic bonding. Atropine 

sulphate (Figure 1) is an anti-cholinergic drug which inhibits smooth muscle and glands 

innervated by post ganglionic cholinergic nerves. Its function as an anti-sialagogue is due to 

muscarinic antagonism of acetyl choline, resulting in the reduction of saliva and bronchial 

secretion (Thomas 2013). 

 

Figure 1: Atropine Sulphate Structure (Chemical Book, 2017) 
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Atropine sulphate has been used for many years in dentistry as a premedication for indirect 

bonding. Its use has been approved by the American Dental Association Council on Scientific 

Affairs to aid moisture control and is considered clinically safe for use in both adults and 

children (ADA, 1984). Clinical studies have investigated its usefulness for direct orthodontic 

bonding in difficult to isolate areas such as the molar regions. A study by Hasty (1997) 

showed that its use reduced chairside time due to enhanced productivity because of 

reduced salivary flow. A study by Ponduri et al. (2007) looked at the benefit of 

premedication with atropine sulphate and demonstrated no additional benefits relating to 

bond failure rate. This result was further confirmed by a more recent retrospective study in 

2017 looking at bracket and tube-bonding failures (Roelofs et al., 2017). The results from 

these studies demonstrated that premedication is not necessary prior to bond up as it does 

not affect bond failure rates.  

 

1.4.4. Factors affecting bond failure 

In addition to the patient and operator factors explored above, orthodontic bond survival 

varies with: 

• Location of the tooth within the arch 

• Experience of the operator 

• Timeframe from bond up to bond failure 

• Gender of patient 

 

1.4.4.1. Location of Tooth within the arch 

Linklater and Gordon (2003) stated that bonds on mandibular and posterior teeth had 

poorer survival rates than on the maxillary and anterior teeth. Bond failure of first molar 
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tubes during a course of fixed appliance therapy is not uncommon, with Hitmi et al. (2001) 

reporting a failure rate of 15% of molar tubes and Nazir et al. (2011) reporting a 18.4% 

failure rate. Indeed, failure rates can vary greatly and have been reported to range from 

13.8% (Ponduri et al., 2007) up to 33.7% (Banks and Macfarlane, 2007). A recent local audit 

of bond failures at Dorset County Hospital (DCH) undertaken by Furness in 2016 found that 

the most common tooth for bond failure was the upper left first permanent molar (36% of 

all bond failures), followed by the upper right first permanent molar (25% of all bond 

failures).  

 

It has been suggested the reason for molar tube failure might be due to difficulties in 

avoiding salivary contamination, higher forces of mastication in the posterior regions of the 

mouth and increased manipulation of the bracket when positioning due to poor access 

(Roelofs et al., 2017). Changes in the mechanical adhesion to the enamel surface and 

occlusal interferences may also increase failure rates (Banks and Macfarlane, 2007). 

 

1.4.4.2. Experience of Operator 

Operator experience can also affect bond failure rate. Burgess et al. (2006) showed a higher 

failure rate for an operator at the start of their specialist training and Banks and Macfarlane 

(2007) reported failure rates four and half times higher in the case of an inexperienced 

operator. However, Millett et al.’s 1999 study showed a two-fold increase in failure rates 

between two operators, even though both operators had a similar level of experience.  
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1.4.4.3. Timeframe from bond-up 

A Cochrane review by Hu et al. (2013) collated data on bracket failures and showed that 

most bond failures occur within the first three to six months of orthodontic treatment. The 

reasons for this could be due to: 

1. Deficiencies in bond strength and adhesives becoming evident early on 

2. The initial phase of treatment often involves a period of overbite reduction with 

increased occlusal loading on lower bonds 

3. The initial phase of treatment providing time for the patient to acclimatise and 

experiment with food and fixed appliances 

 

Ponduri et al. (2007) in looking at the bond failure rates in their atropine sulphate study also 

found that most bracket and tube failures occur during the first six months of treatment. 

This is normally expected, as the ‘longer a bond survives the longer it is expected to continue 

to survive’ (Ponduri et al., 2007). Interestingly, Banks and Macfarlane (2007) showed that 

the attachment survival reduced steadily throughout treatment in both test and control 

groups, when looking at banded verses bonded molar tubes. Nazir et al.’s (2011) study also 

showed that most bond failures occurred within the first 13 months of treatment. 

 

1.4.4.4. Gender 

Gender has not been found to have any effect on bond failure rates. A survival analysis was 

undertaken on 1190 molar tubes bonded with light-cured resin adhesive (Transbond) over a 

5-year period and there was no significant difference between male and female patients at 

first failure (Millett et al. 1999). This finding was confirmed by Hitmi et al (2001), but with 
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resin-modified glass ionomer cement over an 18-month period. However, Murfitt et al. 

(2006) investigated bond failure rates using self-etching primer and showed a 2.4 greater 

chance of bond failure in males than in females when the data was analysed using a survival 

analysis, but not when analysed using logistic regression. A higher bond failure rate was also 

observed in males in a study by Hammad et al. (2013), who looked at bracket failure rate 

over 12 months with an amorphous calcium phosphate bonding system.  

 

Most evidence suggests that gender is not a factor that influences bond failure rates. 

 

1.5. Rationale for this study 

Anecdotal evidence suggests that preparation of the buccal surface of first permanent 

molars with a debonding bur prior to acid etching may reduce subsequent bond failure 

rates. Smith (2017) recommends gently cleaning the surface of teeth with a tungsten 

carbide bur as part of his bonding protocol and attributes the low bond failure rate in part 

to this pre-cleaning.  The mechanism might be through the effective removal of surface 

debris such as calculus, thereby improving the quality of the subsequent etch and 

mechanical bond of the tube to the enamel via the bonding resin.  

 

To date there is no evidence to support the use of a tungsten carbide debonding bur in this 

context and yet preparing the buccal surface of first permanent molar teeth with a 

debonding bur prior to etching has been adopted by many clinicians. Indeed, it has become 

standard practice at Dorset County Hospital (DCH). 
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1.5.1. Bur choice 

Tungsten carbide burs are traditionally used to remove the residual composite from the 

surface of teeth following debond of orthodontic brackets. They are sufficiently hard to 

remove composite but impart minimal damage to the enamel surface at debond and 

enamel clean up (Ireland et al., 2005).    

 

Although the impact on the surface of the tooth with a debonding bur prior to bonding has 

not been studied, research has been carried out to examine the effects of using this bur on 

enamel at debond. Karan et al. (2010) looked at the surface roughness of enamel after 

debonding orthodontic appliances and removing the residual adhesive with a bur. They 

reported that a tungsten carbide bur did increase surface roughness. However, when 

compared to an ultrasonic scaler or a high speed tungsten carbide bur, the least amount of 

enamel loss was seen with a tungsten carbide bur in a slow speed handpiece (Campbell, 

1995; Ireland et al. 2005). It was also shown to be the most efficient in terms of surface 

debris removal post debond, with similar surface roughness to a white stone bur (Mohebi et 

al., 2017).  

 

Smoothing of the enamel surface is a necessary step at debond to ensure all composite is 

fully removed. By contrast, cleaning the tooth surface prior to bonding is an elective step 

and any detriment to the enamel surface has to be weighed up carefully against any 

potential decrease in bond failure rate. 
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1.5.2. Study design 

A randomised controlled trial (RCT) is a clinical study in which similar numbers of people are 

randomly assigned to two or more groups, one of which is a control group and the other(s) 

the intervention or experimental group (NICE, 2018). An RCT is considered to be the gold 

standard for evaluating the efficiency of an intervention, and is the most rigorous method of 

hypothesis testing, with every effort made to minimise confounding factors and therefore 

the risk of bias (Akobeng, 2015).   

 

RCT bonding studies can be classified into two principal groups:  

1. Parallel design – where different patients are randomised to a single intervention 

2. Split mouth design – where a single patient has both interventions 

 

Mandall et al. (2003) recommended that parallel group studies are preferential when 

setting up a bonding study to try to reduce any bias that may be introduced by cross-over 

effects. She also advised that all patients be treated in the same manner apart from the 

intervention, as different mechanics may influence the failure of molar attachments. A 

Cochrane review undertaken by Millett et al. (2017) also recommended standardising 

archwire sequence in future studies. 

 

However, the use of a split mouth design reduces the impact of confounding factors such as 

gender and operator and allows the operator to follow their preferred treatment archwire 

sequence. It is therefore a more pragmatic real-world approach. In a split mouth trial, the 

teeth are randomised either to side of the mouth, or arch (upper or lower). This has the 

advantage of requiring a smaller sample size as patients act as their own control, ensuring 



 42 

that inter-subject variability is removed, and the study power is increased (Pandis et al., 

2013). A variation of the split mouth trial is the split mouth Battenberg design in which the 

control and intervention are allocated to alternating quadrants of the mouth e.g. 

intervention teeth in the right maxillary and left mandibular quadrants and control in the 

left maxillary and right mandibular quadrants or vice versa. A similar technique was 

employed by Ponduri et al. (2007) when assessing the effect of atropine sulphate, and 

Ireland et al. (2003) and Murfitt et al. (2006) in studies that assessed self-etching primer 

verses traditional bond etching techniques.  Bond failures may also be affected by other 

factors such as occlusal interferences. A study by Banks and Macfarlane (2007) used glass 

ionomer bite planes to reduce the effect of occlusal stress on bonded molar tubes, whereas 

Nazir et al. (2011) excluded these patients. The Cochrane review by Millet et al. (2017) 

postulated that excluding those patients with occlusal interference may introduce exclusion 

bias and this may have helped account for the lower failure rates of tubes in Nazir et al.’s 

study (2011). However, in a parallel design the use of a bite plane on some patients and not 

others may create a lack of balance within the study. Using a split mouth design overcomes 

this issue as it enables the inclusion of patients with occlusal interferences, and the clinician 

can place glass ionomer bite planes/ bite turbos or not, at their discretion. 

 

1.6  Aims and Objectives 

1.6.1. Aims 

• To determine whether preparing the surface of first molars for bonding with a 

debonding bur prior to etching and bonding, reduces the bond failure rate of orthodontic 

bonded molar tubes. 
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• To determine whether the first debond of first molar tubes, where the enamel 

surface has been prepared with a debonding bur prior to etching and bonding, is affected by 

the tooth location, operator grade or gender of the patient. 

• To determine whether overall bond failure rate is affected by tooth location, 

operator grade or gender of the patient irrespective of the use of a tungsten carbide bur to 

prepare the buccal enamel surface of molars. 

 

1.6.2. Objectives 

• To conduct a 2-armed randomised controlled trial, using a split mouth Battenburg 

technique, to assess the effect of enamel pre-treatment of using a tungsten carbide bur in a 

slow speed handpiece prior to etching, on the subsequent bond failure of bonded first 

molar tubes.  

• In the same RCT, to determine the effect of tooth location, operator grade and 

gender of the patient on the first debond first molar tubes with or without the use of a 

tungsten carbide bur.  

• To also determine the effect of tooth location, operator grade and gender of the 

patient on the overall bond failure rate. 

 

1.6.3. Primary Hypothesis  

• Preparing the surface of first molars for bonding with a debonding bur prior to 

etching and bonding has no effect on bond failure rate of orthodontic first molar tubes 
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1.6.4. Secondary Hypothesis 

• The tooth location has no effect on first debond of first molar tubes where the 

enamel surface has been prepared with a debonding bur prior to etching and bonding. 

• The level of operator grade has no effect on the rate of first debond of first molar 

tubes where the enamel surface has been prepared with a debonding bur prior to etching 

and bonding. 

• The gender of the patient has no effect on the rate of first debond of first molar 

tubes where the enamel surface has been prepared with a debonding bur prior to etching 

and bonding. 

• Tooth location has no effect on overall bond failure rates irrespective of whether the 

enamel surface has been prepared with a debonding bur prior to etching and bonding. 

• The level of operator grade has no effect on overall bond failure rates irrespective of 

whether the enamel surface has been prepared with a debonding bur prior to etching and 

bonding. 

• The gender of a patient has no effect on overall bond failure rates irrespective of 

whether the enamel surface has been prepared with a debonding bur prior to etching and 

bonding.  
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2.1. Materials 

This study was designed to follow the normal bonding protocol used by the clinicians at 

Dorset County Hospital (DCH), with the exception of how the first molars were prepared 

prior to bonding.  At DCH all clinicians already used the same materials for bonding.  This 

reduced the number of confounding factors which may impact on bonding such as 

differences in brackets or adhesives used.   

Materials used: 

• Pumice slurry  

• Rotating rubber cups 

• Slow speed contra-angle handpiece  

• Tungsten carbide ‘Medium Debonding Bur’ (db Orthodontics. Product code: 

DB04-0119.  Address: 6 Ryefield Way, Silsden, Keighley, BD200EF) 

• Disposable dappen dishes  

• Micro-brush applicators  

• 3-way air and water syringe  

• 3M Unitek Transbond XT primer (3M House, Morley Street, Loughborough, 

Leicestershire. LE111EP) 

• 3M Unitek Transbond XT light cure composite (3M House, Morley Street, 

Loughborough, Leicestershire. LE111EP) 

• 3M Unitek Victory Series molar tubes (3M House, Morley Street, Loughborough, 

Leicestershire. LE111EP) 

• 3M Unitek Adhesive Coated Victory Series Low Profile Bracket System (3M 

House, Morley Street, Loughborough, Leicestershire. LE111EP) 
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• Straight probe  

• Williams probe  

• Mitchell’s trimmer 

• Light shield  

• 3M Ortholux Luminous Curing Light. Product code: 704-451. High intensity 

1600mW/cm2 blue LED (3M House, Morley Street, Loughborough, Leicestershire. 

LE111EP) 

 

2.2 Methods 

2.2.1 Setting  

This was a pragmatic single centre randomised control trial. The study was conducted at the 

Orthodontic Department at Dorset County Hospital, Dorchester. This is a National Health 

Service (NHS) funded service, providing treatment for patients in West Dorset (a largely 

rural community). The department provides orthodontic care to patients with moderate or 

severe malocclusions falling into the Index of Orthodontic Treatment Need categories four 

and five.  Recruitment of all participants was undertaken by six clinicians at DCH. 

 

2.2.2 Approvals 

2.2.2.1 Ethics and Research Development 

Ethical Approval, and Research and Development approval for the trial was obtained from 

National Research Ethics Service (REC ref:17/WS/0176.). Please see Appendix I. Dorset 

County Hospital NHS Trust acted as a trial sponsor of the research and was responsible for 

the overall conduct of the trial.  
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2.2.2.2  Other 

The debonding bur used for this study is a CE marked product. As it was used for its 

intended purpose within the CE licence, regulatory approval from the MHRA was not 

required. 

 

2.2.3. Study Period 

Recruitment to the trial took place between January 2018 and August 2018.  Patients were 

followed up until their fixed appliances were removed. This was an average of 18 to 24 

months.  

 

An interim analysis of bond failures took place after six months and final analysis at 12 

months. 

 

A stopping criterion of more than 50% failure rate with the intervention teeth in comparison 

with control teeth was used.  

 

2.2.4. Participants  

The study participants were orthodontic patients attending DCH for bond-up of upper and 

lower fixed appliances.  All patients had an IOTN of either four and five and presented with a 

variety of malocclusions. 
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2.2.4.1. Inclusion criteria 

• Patients attending for the placement of upper and lower fixed appliances  

• Patients aged from 10 -18 years 

• Able to be consented for participation in the trial  

 

2.2.4.2. Exclusion criteria  

• Patients who required orthodontic bands for both intra or extra oral anchorage 

reinforcement or expansion 

• Patients where the enamel of the buccal surface of the first molars was not intact. 

This may have been due to the presence of gold, porcelain, amalgam, composite or 

hypomineralised enamel. 

Each patient eligible to take part in the study was given an information leaflet prior to 

recruitment explaining the purpose and nature of the trial. Please see Appendix II. 

 

2.2.5. Study Design 

This was a prospective, single centre, pragmatic, randomised controlled trial with a split 

mouth Battenberg design (where upper and lower first molars on opposite sides receive the 

same intervention).  

 

2.2.6. Intervention and Control Teeth 

The intervention teeth were first permanent molars which had the buccal surfaces prepared 

with the tungsten carbide debonding bur. The slow handpiece was run along the buccal 

surface of the first permanent molar until no further debris could be removed. Care was 
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taken not to go too close to the gingivae, to prevent moisture contamination through 

bleeding. 

 

A normal bonding protocol was then followed. This comprised the application of 37% 

orthophosphoric acid etch to the buccal surface of the molar for 15-30 seconds.  The tooth 

was then washed with a three-in one syringe for at least 10 seconds before drying with 

compressed air until frosty white in appearance.  3M Unitek Transbond XT primer was then 

applied before bonding 3M Unitek Victory Series molar tubes with 3M Unitek Transbond XT 

light cured composite.  The composite was light cured for a minimum ten seconds per 

interspace with 3M Ortholux Luminous Curing Light. 

 

Control teeth had no prior preparation of the buccal surfaces with the tungsten carbide bur.  

A normal bonding protocol (as stated above) was then followed. If any large calculus 

deposits were visible on the buccal surface of the control tooth this was removed with a 

Mitchell’s trimmer beforehand. 

 

The remainder of the arch was bonded using a normal bonding protocol. 3M Unitek 

Adhesive Precoated Victory Series Low Profile Brackets were bonded to the rest of the 

dentition. Initial light nickel titanium aligning archwires were placed and tied in with 

elastomeric modules. Patients were then seen on a 4-6 weekly basis for regular orthodontic 

review appointments, unless they attended for emergency appointments. If a bracket had 

debonded prior to any of these appointments, the date and location of the failure was 

recorded in the notes on a Data Collection Sheet (Appendix III). Any excess composite on 

the enamel surface was then removed with a tungsten carbide bur, and a new 3M Unitek 
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Adhesive Precoated Victory Series Low Profile Bracket was bonded. Throughout treatment 

the clinician used their own archwire sequence and treatment mechanics, including the use 

of bite turbos or tiebacks as they saw fit. Due to the split mouth design of the trial, each 

patient was used as their own control and therefore the treatment mechanics would not 

affect the number of failures between the two groups. 

 

2.2.7. Randomisation 

Randomisation was computer-generated block randomisation from an online randomisation 

service called sealedenvelopeTM. The randomisation was created by 11 combinations of 

blocks of eight to ensure equal numbers in group A and group B. This was recorded on a 

Data Collection Sheet (Appendix III). 

 

Group A: 

Intervention teeth = Upper right and lower left first permanent molars  

Control teeth = Upper left and lower right first permanent molars  

Group B: 

Intervention teeth = Upper left and lower right first permanent molars  

Control teeth = Upper right and lower left first permanent molars  

 

2.2.8. Blinding  

The clinician and patient were blinded to the allocated experimental group until after the 

consent and registration procedures.  The statistician was blinded to the study group.   
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2.3. Paperwork  

2.3.1. Information Leaflet  

An information sheet was given to the child and legal guardian to provide information about 

the trial. In two previous randomised controlled trials carried out within the orthodontic 

department at DCH, separate information sheets were developed for the children and their 

parents. Simplifying information for a child was considered best practice (and remains so for 

younger children and for more complex interventions). However, feedback from patients 

and parents during the consenting process for these studies was that the information 

contained within the leaflets differed so little, that separate information leaflets were 

unnecessary and led to ‘paper overload’. Therefore, a single information sheet was 

developed for the study. This leaflet had a reading age of around 10 years of age with a 

Flesch-Kincaid Grade Level score of less than 7. Please see Appendix II. 

 

2.3.2. Poster 

A poster was developed for the waiting room in the Orthodontic Department at DCH. This 

was approved by the ethics committee. It provided succinct information about the research 

project, making patients aware of the study prior to being asked about it in clinic. Please see 

Appendix IV. 

 

2.3.3. Clinician Guidance  

Guidance for clinicians was written to ensure a standardised approach when screening, 

recruiting, consenting, randomising and treating both control and intervention teeth. Please 

see Appendix V. 
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2.3.4. Consent form 

The consent form was developed with a section for both the participant and their legal 

guardian to complete. Please see Appendix VI. 

 

2.3.5. Screening Log and Trial Log 

Once participants had been screened and given information, their details were recorded in a 

screening log. Recruitment or refusal to participate in the study was documented, along 

with their reason for declining to take part (if given). Please see Appendix VII and VIII. 

 

Participants recruited to the study were then entered in the recruitment log.  This 

documented the trial identification number (ID), trial arm and date of recruitment.  

 

Both of these logs were stored securely within the department in the trial folder. 

 

2.3.6. Data Collection Sheet 

Two data collection sheets were created for Group A and Group B. These sheets were 

placed in the patient’s notes once they were recruited to a trial arm. Each sheet contained 

the following information: trial ID, operator that undertook the bond up, date of bond up, 

the patients initials, date of birth and gender. The intervention teeth were written on the 

data collection sheet to ensure the correct teeth were prepared with the debonding bur. 

The dates of bond failures and location of debonded brackets/tubes were also documented. 

Please see Appendix II. 

 



 54 

2.4. Study Flow 

Patients planned for placement of upper and lower fixed braces were assessed for eligibility. 

The trial was verbally explained to the children and their legal guardian and a copy of the 

written information sheet was given to them. A record of the patient’s details was placed in 

the trial folder under the screening log. 

 

On the day of bond up, confirmation was gained from the patient and their legal guardian to 

assess their willingness to take part. If the patient declined to take part, any reason given 

was documented in the screening log. If consent was obtained, a copy of the consent form 

was given to the child and legal guardian, one was filed in the patients notes and a final 

copy was placed in the trial file. Acceptance was documented in the screening log and a 

medical records research sticker was placed in the notes.  

 

Computer randomisation was then undertaken, by each operator at the time of bond up, 

and was used to allocate patients to a trial arm and trial ID. The group assignment and date 

of recruitment were documented in the recruitment log.  

 

The buccal surfaces of the molar teeth indicated by group allocation were prepared and 

appliances were fitted following the standardised bonding protocol stated in the clinician’s 

guidance (Appendix V). A data collection sheet for the appropriate trial arm was placed in 

the patients notes and patients were advised to contact the department if bond failure 

occurred. 
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At subsequent follow up appointments, the date of the appointment and location of any 

bond failure was documented on the data collection sheet in the notes.  

 

2.5. Sample Size Calculation 

A sample size calculation was carried out using Stata version 15 (Stata Corp, College Station, 

Texas, USA). For a two-sided significance of α= 0.05 and a power of 0.8, a sample size of 188 

patients was determined to be sufficient to detect a difference in failure of 13% between 

the unprepared (control) group and prepared group. As each patient had both treatments 

simultaneously, only half this number of patients (94) were required. In addition, since 

preparation will not increase failure percentage, it is acceptable to do a one-sided test 

which reduces the sample size further.  The sample size was therefore set at 74 patients for 

the planned one-sided test.  Allowance was made for a 10% drop out rate so the final 

planned recruitment was 82 patients.   
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Chapter Three: Results 
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3.1  Study Size 

The flow of patients through the randomised control trial is shown in the CONSORT diagram 

(Figure 2).  

 

123 patients were initially assessed for eligibility for the trial. Of these, 82 patients were 

randomised, and 41 patients were excluded. The exclusions consisted of 10 declining to take 

part and 31 patients not being asked to participate as recruitment had already been 

completed.  

 

A total of 82 patients were computer block randomised with all receiving the intervention. 

42 patients were allocated to Group A and 40 patients to Group B. Multiple intention to 

treat analyses were undertaken on all patients within the first 12 months of treatment.  

 

3.2 Baseline Characteristics  

The baseline characteristics of age, gender, malocclusion and operator experience in each 

group are shown in Table 1.  
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Table 1: Baseline characteristics 

 

In total, 39 males (47.5%) and 43 females (52.5%) were included in the study. The overall 

mean age was 13.9 years, and it was 13.8 years in Group A and 14 years in Group B.  This is 

representative of the current population who seek orthodontic treatment within the 

secondary care setting. 

 

In the study, the majority of the malocclusions where either Class I (40.2%) or Class II 

(56.1%), which reflects malocclusions in the Caucasian population. Group A and B were 

slightly unbalanced. There were 6 more patients with a Class II malocclusion in Group A 

compared to Group B, and 3 less patients with a Class III malocclusion.  

 

Most of the study participants were treated by Consultants (69.5%). 7.3% were treated by 

Specialists and 23.2% by a Registrar in Orthodontics. This reflects the operator grade level 

within the Orthodontic Department at Dorset County Hospital. 

  

 Group A Group B Total 
Gender no. Males (%) 19 (45.2) 20 (50) 39 (47.5) 

Mean age yrs (SD) 13.8 (1.6) 14.0 (1.3) 
 
   13.9 (1.5) 

Malocclusion type: 
No. Class I (%) 
No. Class II div I (%) 
No. Class II div II (%) 
No. Class III (%) 

 
16 (38.1) 
21 (50) 
5 (11.9) 

0 (0) 

 
17 (42.5) 
12 (30) 
8 (20) 
3 (7.5) 

 
33 (40.2) 
33 (40.2) 
13 (15.9) 

3 (3.7) 
Operator Grade:  

No. Consultant (%) 
No. Specialist (%) 
No. Registrar (%) 

 
31 (73.8) 

2 (4.8) 
9 (21.4) 

 
26 (65) 
4 (10) 

10 (25) 

 
57 (69.5) 

6 (7.3) 
19 (23.1) 
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Assessed for eligibility 
(n=123) 

Excluded (n=41) 
♦   Declined to participate 

(n=10) 
♦   Recruitment already 

  

Randomised 
(n=82) 

Enrolment 

Analysed from 0-12 months into 
treatment (n=42) 
♦ Excluded from analysis (n= 0) 

Lost to follow-up (n=0) 
 
Currently debonded (n=19) 
 
Currently undertaking treatment 
(n=22) 
 

Group A: 
 
Allocated to intervention (n=42) 
♦ Received allocated intervention 

(n=42) 

Lost to follow-up (n=0) 
 
Currently debonded (n=16) 
 
Currently undertaking treatment 
(n=25)  
 

Group B: 
 
Allocated to intervention (n=40) 
♦ Received allocated intervention 

(n=40) 
 

Analysed from 0-12 months into 
treatment (n=40) 
♦ Excluded from analysis (n=0) 
 

Allocation 

Analysis 

Follow-Up 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. CONSORT Diagram 



 60 

3.3  Summary data on bond failures 

The summary data of the bond failures for all teeth during the initial 12 months following 

bond placement are shown in Table 2. Out of a possible 2153 bonds (from UR6 to UL6; LR7 

to LL7), the total number of bond failures, over a 12-month period, equated to 155. This 

gave an overall failure rate of 7.2%. The majority of bond failures occurred in the incisor or 

first molar region, with the first molars accounting for 25.16% of the total number of bond 

failures, irrespective of whether or not a bur was used prior to etching. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2.  Bond Failures for Individual teeth over 12 months 

Tooth No Failure Failure Total 
11 77 5 82 
12 71 11 82 
13 81 1 82 
14 80 3 83 
15 77 5 82 
16 70 15 85 
21 77 5 82 
22 74 9 83 
23 78 4 82 
24 79 3 82 
25 75 7 82 
26 69 17 86 
31 76 11 87 
32 75 7 82 
33 78 4 82 
34 79 3 82 
35 77 5 82 
36 78 4 82 
37 81 2 83 
41 80 2 82 
42 72 12 84 
43 82 0 82 
44 79 3 82 
45 75 9 84 
46 79 3 82 
47 79 5 84 
Total 1998 155 2153 
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3.4  Data analysis 

3.4.1  Molar tube bond failures with and without enamel preparation with a bur 

When looking specifically at the first debond of first molar tubes (Table 3), the failure rate 

without preparing the tooth surface with a tungsten carbide bur was 21 out of 164 bonds, 

or 12.8%. When a tungsten carbide bur was used prior to etching and bonding, 13 out of 

164 bonds failed, giving a lower failure rate of 7.9%. 

 

Table 3.  Summary table of first molar tube failures for control (no bur) and intervention 

(bur) groups over 12months 

 

This same data is also illustrated in Figure 3 showing the frequencies of failure and no failure 

for each tooth, with and without prior treatment of the enamel surface with a tungsten 

carbide debonding bur. Figure 4 is a similar plot, but this time the associated percentages 

for each tooth and treatment are illustrated. These show that the number of molar tube 

failures was slightly greater in the upper arch, and more so when the enamel was not pre-

treated with a tungsten carbide bur prior to etching and bonding. 

 

 

 

 

 No Bur Bur 
Tooth No Failure Failure Total No Failure Failure Total 
16 32 8 40 38 4 42 
26 32 10 42 35 5 40 
36 38 2 40 40 2 42 
46 41 1 42 38 2 40 
Total 143 21 164 151 13 164 
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Figure 3: Histogram showing number of successful bonds and bond failures for the molar 

teeth, by quadrant (16, 26, 36, 46) with and without enamel preparation using a tungsten 

carbide bur over a 12-month period.  
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Figure 4: Histogram showing percent number of successful bonds and bond failures by 

molar tooth (16, 26, 36, 46), with and without enamel preparation using a tungsten carbide 

for all the molars included in the trial over a 12-month period.  
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3.4.2  Mixed Effects Logistic Regression and Marginal Predicted Mean to test the effect of 

enamel pre-treatment with a tungsten carbide bur prior to etching and bonding on 

the failure of bonded molar tubes 

A mixed effects logistic regression was used to analyse the data because it allows for several 

measurements to be made for each patient, i.e. multiple teeth, and multiple failure rates. It 

is used to model binary outcome variables when there are both fixed and random effects. 

The results are presented as odds ratios (OR) and their associated 95% confidence intervals 

in Table 4.  

 

The null hypothesis was that there is no statistically significant effect of using a tungsten 

carbide bur on first debonds of first molar tubes and the statistical significance was 

predetermined at α = 0.05. It can be seen that the OR for bond failure following the use of a 

tungsten carbide bur prior to bonding was 0.504, i.e. less than 1 (with 1 representing no 

enamel pre-treatment with a tungsten carbide bur prior to etching and bonding). This would 

suggest fewer first debonds of first molar tubes following enamel pre-treatment with a 

tungsten carbide bur. This difference however, although possibly clinically significant, was 

not statistically significant (p=0.110), as shown in Table 4. 
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Tabl

e 4: 

Mix

ed 

effe

cts 

logistic regression to assess significance of each variable on first debond of first molar tubes 

over 12 months 

 

A marginal predicted mean is used to assess dependent data without taking random effects 

into consideration, whilst ensuring the data remains in clusters. It estimates the overall 

population average relationships between the dependent and independent variables across 

the different clusters.  

 

The results of the marginal predicted mean, for first debond of first molar tubes, is shown in 

Table 5. This supports the findings of the mixed effect logistic regression, with there being 

no statistically significant effect of the use of a tungsten carbide bur ,on the buccal enamel 

of the first molars prior to etching and bonding, on subsequent bond failure (p=0.121). 

 

 

 

 

Status Odds Ratio Std. Er z P>z 95% C.I. 

Bur No Bur 1.0 (base)      
Bur 0.504 0.216 -1.599 0.110 0.217 1.167 

Tooth 

16 1.0 (base)      
26 1.387 0.673 0.675 0.500 0.536 3.592 
36 0.227 0.153 -2.198 0.028 0.061 0.852 
46 0.163 0.120 -2.458 0.014 0.039 0.693 

Gender M 1.0 (base)      
F 1.066 0.548 0.125 0.901 0.390 2.917 

Clinician 
Grade 

Consultant 1.0 (base)      
Specialist 0.547 0.689 -0.479 0.632 0.046 6.453 
Registrar 5.345 3.019 2.967 0.003 1.766 16.174 

 Change p-value 
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Table 5: Marginal Predicted Mean to assess the effect of the use of a tungsten carbide bur 

prior to etching and bonding, on first debond of first molar tubes over a 12-month period 

 

We can therefore see that the null hypothesis for the primary outcome, namely that 

preparing the surface of first molars for bonding with a debonding bur prior to etching and 

bonding has no effect on bond failure rate of orthodontic molar tubes, can be accepted. 

 

When assessing molar tooth location, with mixed-effects logistic regression looking at first 

debond of first molar tubes, there was a statistically significant effect of molar quadrant, 

with debonds occurring significantly less in lower arch (p=0.028 for 36, and p=0.014 for 46) 

(Table 4). This is also clearly seen in the previous histograms Figures 3 and 4. 

 

When evaluating the overall bond failure rate (Table 6), irrespective of whether or not a bur 

was used on the buccal enamel prior to etching and bonding, it can also be seen that there 

was again a statistically significant effect of molar quadrant on bond failure. The number of 

lower arch failures being significantly less than in the upper arch (p=0.012 for 36, and 

p=0.006 for 46).   

 

 

 

Bur vs no bur -0.049 0.121 

Status Odds Std. Er z P>z 95% C.I. 
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Table 6: Mixed effects logistic regression to assess significance of each variable on the 

overall bracket failures over a 12-month period irrespective of bur use. 

 

Marginal predicted means can also be used to assess the effect of molar quadrant in 

relation to first failure of first molar tubes (Table 7). It can be seen there was a statistically 

significant difference between 16 vs 36; 16 vs 46 (p=0.019; p=0.007 respectively) and 

between 26 vs 36; 26 vs 46 (p=0.003; p=0.001 respectively). There was no statistically 

significant difference between teeth within the same arch i.e. 16 vs 26 and 36 vs 46.  This 

trend was again seen within the molar quadrants when considering overall molar tube 

failures, irrespective of bur use (Table 8). Statistical significance was found between molars 

16 vs 36; 16 vs 46 (p=0.007; 0.002 respectively) and 26 vs 36; 26 vs 46 (p=0.003; 0.001 

respectively). 

  

Ratio 

Tooth 

16 1.0 (base)      
26 1.350 0.640 0.632 0.527 0.532 3.421 
36 0.185 0.125 -2.506 0.012 0.050 0.692 
46 0.130 0.096 -2.757 0.006 0.030 0.554 

Gender M 1.0 (base)      
F 1.075 0.599 0.129 0.897 0.360 3.206 

Clinician 
Grade 

Consultant 1.0 (base)      
Specialist 0.501 0.681 -0.508 0.611 0.035 7.180 
Registrar 5.940 3.670 2.884 0.004 1.770 19.937 
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Table 7:  Marginal predicted mean to assess first debond of first molar tubes over a 12-

month period, comparing molar quadrant location 

 

 

 

 

 

Table 8:  Marginal predicted mean to assess overall bond failures of molar tubes, 

irrespective of bur use over a 12-month period, comparing molar quadrant location. 

 

Therefore, tooth location has a significant effect on bond failure rate with more failures 

occurring on maxillary teeth. Consequently, the null hypothesis for tooth location, when 

looking at first failure of first molar tubes and overall bond failure, can be rejected. 

 

Although the effect of using a tungsten carbide bur on the buccal surface of enamel prior to 

etching and bonding was not statistically significant, a reduction in bond failures can be seen 

when the bur is used. As stated earlier, the overall percent failure without preparing the 

tooth surface with a tungsten carbide bur was 21 out of 164 bonds, or 12.8%, whilst 

following the use of a tungsten carbide bur it was 13 out of 164 bonds, or 7.9%. This is a 

Tooth Change p-value 
26 vs 16  0.035 0.498 
36 vs 16 -0.099 0.019 
46 vs 16 -0.110 0.007 
36 vs 26 -0.133 0.003 
46 vs 26 -0.145 0.001 
46 vs 36 -0.012 0.693 

Tooth Change p-value 
26 vs 16  0.031 0.526 
36 vs 16 -0.111 0.007 
46 vs 16 -0.123 0.002 
36 vs 26 -0.142 0.001 
46 vs 26 -0.154 0.000 
46 vs 36 -0.012 0.673 
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difference of 4.9%. This reduction may be clinically significant.  Figures 3 and 4 illustrate that 

debond reduction, when using a tungsten carbide bur, was mainly seen with upper molars. 

Therefore, it could be concluded that the use of a tungsten carbide bur could have a 

clinically significant effect on the number of maxillary molar tubes failures. 

 

3.5  Secondary Outcome Measures 

3.5.1 Operator Grade 

One secondary outcome measure was to determine whether the first debond of first molar 

tubes and overall bond failure rate were affected by the level of operator experience. As 

with the primary outcome, a mixed effect logistic regression was performed (Tables 4 and 

6). It shows there was a statistically significant effect of the operator, on both the observed 

first debond of first molar tubes, irrespective of whether a tungsten carbide bur was 

initially used on the buccal surfaces of the molars or not, and overall failure rate of all 

brackets. There was no statistically significant difference between the consultants and 

specialists, but statistical significance was seen with registrars for both first debond of first 

molar tubes and overall failures (p=0.003; p=0.004 respectively). The OR for registrars in 

comparison to consultants was approximately 5 times greater. 

 

This finding was supported by the marginal predicted mean (Table 9 and 10) where a 

statistically significant difference was seen with both first debond of first molar tubes and 

overall failure rates, between the registrar and consultants (p = 0.008; p = 0.010 

respectively) and the registrar and specialists (p= 0.011; p = 0.011 respectively). No such 

difference was observed between the consultants and specialists (p = 0.567; p = 0.539 

respectively). The summary data are shown in Tables 9 and 10. 
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Table 9:  Marginal predicted mean comparing clinical grades on first debond of first molar 

tubes over a 12-month period 

 

 

 

Table 10:  Marginal predicted mean comparing clinical grade of overall bond failures 

irrespective of bur use over a 12-month period  

 

 

 

 

Table 11: Summary of first debond of first molar tubes with respect to clinical grade use 

over a 12-month period 

 

 

 

 

Table 12: Summary of overall bond failures with respect to clinical grade irrespective of bur 

use over a 12-month period 

 

Clinician Grade  Change p-value 
Specialist vs Consultant  -0.027 0.567 
Registrar vs Consultant 0.152 0.008 
Registrar vs Specialist  0.179 0.011 

Clinician Grade  Change p-value 
Specialist vs Consultant  -0.031 0.539 
Registrar vs Consultant 0.158 0.010 
Registrar vs Specialist  0.189 0.011 

Clinical Grade No failure Failure Total 
Consultant  212 16 228 
Specialist  23 1 24 
Registrar 59 17 76 
Total 294 34 328 

Clinical Grade No failure Failure Total 
Consultant  1390 109 1499 
Specialist  142 14 156 
Registrar 466 32 498 
Total 1998 155 2153 
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The total percentage failure rate for first debond of first molar tubes was 10.3%. This 

comprised a 7% failure rate for consultants (out of all molar brackets they bonded), 4.2% for 

specialists and 22.4% for the registrar (Table 11).  

 

The total percentage failure rate for overall bond failures was 7.2%.  Consultants had a total 

percentage failure rate of 7.2% (for overall bond failures), specialist 8.9% and registrar 6.4%. 

(Table 12). 

 

Overall, all these results lead us to the reject the null hypothesis, indicating that clinician 

grade does have an effect on the bond failure rate. It shows us that the registrar had a 

higher failure rate than the other clinical grades with respect to both first debond of first 

molar tubes, and overall bond failure rate. 

 

3.5.2  Gender 

Mixed-effects logistic regression (Table 4 and 6) and marginal predicted mean (Table 13 and 

14) (p = 0.901; p = 0.897 respectively) showed that there was no statistically significant 

effect of patient gender on first debond of first molar tubes and overall bond failures. The 

null hypothesis that gender does not have any effect on overall bond failure rate or first 

debond on molars was therefore accepted. 

 

 

 

Table 13:  Marginal predicted mean comparing patient gender on first debond of molar 

tubes over a 12-month period 

Gender Change P-value 
Female vs Male 0.005 0.901 
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Table 14:  Marginal predicted mean comparing patient gender on overall bond failures of all 

brackets over a 12-month period. 

  

Gender Change P-value 
Female vs Male 0.005 0.897 
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Chapter Four: Discussion   
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Unwanted debonds are not uncommon during the course of orthodontic treatment. These 

failures slow down the progress of treatment with a fixed appliance, are costly for the 

clinician in terms of clinical time and materials and can also cause problems for patients and 

parents due to time lost from education and work. (Mandall et al. 2018). Clearly, 

optimisation of bracket bonding will improve orthodontic care. There are no current 

recommendations on the use of a tungsten carbide bur prior to etching and before placing a 

bracket or tube. Anecdotal evidence suggested there may be some improvement in bond 

failure rates, but there are currently no adequately powered Randomised Clinical Trials 

(RCTs) to compare the effectiveness of its use.  

 

This single blind, split mouth RCT involved 82 patients who were randomly allocated to 

Group A and Group B (receiving preparation of first molar on UR6, LL6 and UL6, LR6 

respectively). Bracket failure rates were recorded from 0 to 12-months during treatment.  

  

4.1 Primary Outcome Measure - Molar debonding rate 

This study demonstrated there was no statistically significant effect of the use of a tungsten 

carbide bur on the buccal surface of molar teeth prior to acid etching on subsequent bond 

failure rates (p=0.110).  

 

When looking at the raw data and failure percentages, first molar tube failures were 4.9% 

lower on those teeth where a tungsten carbide bur had been (7.9%) when compared to 

when a bur was not used (12.8%). The odds ratio of 0.504, following the use of a bur, also 

suggests a reduction in failures.  This was not seen to be statistically significant however it 
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can be suggested that there is a clinically significant effect in the reduction of bond failures 

when using a tungsten carbide bur. No other studies to date have looked at the effect of 

using a debonding bur, prior to etching, to assess if it has any effect. 

 

A statistically significant difference was seen between tube failure rates of maxillary and 

mandibular first molar teeth with and without prior treatment with a tungsten carbide bur.  

These results to some extent agree with those of Manning et al.  (2006) who looked at 

overall bond failure rates of all brackets bonded following the use of either a self-etching 

primer or conventional etch, who showed a higher failure rate for maxillary bonded 

attachments. In a further study by Roelofs et al. (2017) maxillary molar tubes were also 

found to have a 2.8 times greater chance of failure than mandibular premolars (lower molar 

teeth were not considered as they were banded).  It was hypothesised that the increase in 

maxillary failures was due to the presence of parotid duct near the buccal surfaces of the 

molar teeth, increasing the amount of calculus on the enamel surface and reducing the 

force to debond. However, conversely a number of studies have observed a higher failure 

rate of mandibular bonds in comparison to maxillary bonds (Linklater and Gordon, 2003; 

Murfitt et al., 2006; Papageorgiou and Pandis, 2017), which may be due to the heavier 

occlusal forces on the mandibular attachments and the buccal/labial overlap of the upper 

arch teeth.  

 

Although there was a statistically higher failure rate of maxillary molar tubes compared to 

mandibular molar tubes there was no difference in the failure rates of tubes within an arch. 

The exception to this, was the effect of tungsten carbide bur or no tungsten carbide bur in 
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the upper arch, where the use of the bur reduced the number of maxillary arch tube failures 

(Figures 3 and 4). This however was not seen to be statistically significant  

 

Anecdotal evidence, from a 12-year breakage audit suggested that the routine use of a 

tungsten carbide bur to remove excess debris from the buccal surface of molar teeth 

reduced the clinician’s failure rates, especially in the upper molars (Smith, 2017). The results 

of this current RCT would support this hypothesis in terms of clinical if not statistical 

significance, particularly in the maxillary arch. There was a five percent decrease (four 

debonds) in the failure rate on the upper right first molars and a six percent decrease (five 

debonds) in the failure rate on the upper left molar. Bond failure rates using conventional 

bonding techniques are generally accepted to be between 4-10% and with approximately 

half of bonded patients having at least one bond failure (Ponduri et al., 2007). Using a 

debonding bur in the upper arch could help reduce the overall number of debonds. 

 

This study would appear to show that it is beneficial to use a tungsten carbide bur before 

orthodontic bonding, evenly on seemingly clean tooth surfaces, as excess debris can be 

present, which could affect bond strength. This result could also be extrapolated for use on 

teeth which are displaced out of the dental arch, out of reach of thorough brushing and 

therefore more prone to having calculus on the enamel surface.  
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4.2 Secondary Outcome measures  

4.2.1 Operator Grade  

This RCT revealed there was a statistically significant difference in bond failure rates 

dependent on the clinical grade of the operator. This was seen using both mixed effects 

logistic regression test and marginal predicted means for overall bond failure rates and 

specifically first debond of first molar tubes. Therefore, the null hypothesis was rejected. 

This was specifically seen in relation to bond failures of the registrar with a much higher 

bond failure rate when compared to the more experienced consultants or specialist. The 

difference was surprisingly high, with the registrar having a failure rate three times greater 

than the consultants. However, this was comparable to the study by Banks and Macfarlane 

(2007) where the failure rates of inexperienced operators were 4.5 times greater than the 

experience operators when comparing banded verses bonded molar tubes. There are a 

number of possible reasons why the rate of bond failure might be greater in the case of less 

experienced operators including operator skill in maintaining a dry field during bonding and 

the use of bonding aids e.g. cotton wool rolls, dri-guards and salivary ejectors (Ponduri et 

al., 2007). Although all manufacturers recommendations were followed during bond 

placement, the registrar was at the start of her training (first year) and inexperienced in the 

process. Bonding is technique sensitive, not only in terms of maintaining a dry field during 

bond placement, but also not overmanipulating the bond once positioned on the tooth. It is 

tempting to keep moving the bracket fractionally when identifying the optimum position on 

the tooth and whilst waiting for the demonstrator to confirm this position. Removal of 

excess adhesive at the bracket margins can also disturb the bracket/tube position, all the 

while the bonding resin is beginning to set under the ambient light form the overhead light. 
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The movement of partially cured adhesive will inevitably lead to a reduced force to debond 

(Brantley and Eliades, 2001) and a greater tendency to bond failure. A higher bond failure in 

the case of inexperienced operators has also been highlighted in previous studies looking 

bond failures with the timing of archwire placement and when investigating different 

etchants (Ireland and Sherriff, 1997; Burgess et al., 2006). 

 

Although the specialist had the lowest bond failure rate of only 4.2%, less than the more 

experienced Consultants, these numbers should be interpreted with some caution as this 

operator recruited significantly fewer patients into the study than the other operators. 

 

4.2.2  Gender  

Gender of the patient has previously reported to have no effect on bond failure rates 

(Millett et al., 1998; Millett et al., 1999; Manning et al., 2006), which was confirmed in the 

present study where gender had no statistically or clinically significant effect on bond 

failures. This result was seen both with overall bond failure rates and first debond of first 

molar tubes. Studies by Linklater and Gordon (2003) and Kinch et al. (1988) also reported 

the same. Although Linklater and Gordon (2003) found a greater total number of bracket 

failures with females in their study, the proportion of failure rates between the two sexes 

was similar. Similarly, no significant difference in bond failures of molar tubes was also seen 

by Jung (2014), who undertook a 12-month survival analysis of brackets and tubes. A 

criticism of these studies, including the current RCT could be that bond failures were only 

looked at over a 12-month period. A longer period for assessment would not only have 

yielded a greater number of failures and therefore highlighted any potential difference 
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(Linklater and Gordon, 2003), but would have presented data on a complete course of fixed 

appliance orthodontic treatment.  

 

Although a few studies have reported a difference in the failure rate with gender, none of 

the results have been statistically significant. A comparative trial looking at compomer in 

comparison to resin adhesive (Murfitt et al. 2006) found bracket survival was better in 

males when assessed using a survival analysis, whereas both Norevall et al. (1996) and 

Hammad et al. (2013) showed better survival with females. General lack of care with fixed 

appliances and poor patient compliance with diet instructions are usually the most likely 

cause for bond failures in either gender, rather than gender specifically itself (Manning et 

al., 2006).  

 

4.3  Overall bond failure rates 

The overall total bond failure rate in this study was 7.2% over a 12-month period. This was 

comparable to other total failure rates for previous studies, which are normally accepted to 

be four to ten percent. (Millett and Gordan, 1994; Linklater and Gordon, 2003; Ireland et al., 

2003; Choo et al., 2001; Murfitt et al., 2006). 79.3% of patients experienced at least one 

bracket failure, which was a slightly higher rate than earlier studies (47%-58%) (Skidmore et 

al. 2006; Koupis et al. 2008). However, due to large variation in research design, adhesives, 

bonding techniques, operators and observation periods it is difficult to directly compare 

bond failure rates between different studies.  

 

A standardised regimen was used in the current study to bond all the brackets, not just the 

molar tubes. The enamel was etched with 37% orthophosphoric acid for 15 - 30 seconds 
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prior to bonding, even though a 60-second etch time has previously been shown to produce 

the optimal etching pattern (Johnston et al. 1996). This is because a prolonged etch time is 

associated with an increased depth of etch (Legler et al. 1990) and yet there would appear 

to be no significant difference in observed bond strength (Wang and Tang, 1991; Abdullah, 

1996) or any adverse effect on bond failure rates. (Sadowsky et al., 1990). Therefore, it is 

unlikely that the etching pattern influenced the bond failure rate in this study.  

 

Bracket failures occurred throughout the whole of the 12-month observation period. It has 

been suggested that at least a minimum of a 6-month observation is required to assess 

bracket failures as 82% of failures occur within this period (Roelofs et al., 2017). Therefore 

the 12-month assessment period in this study ensured we had captured the majority of 

failures.  

 

Molar bond failure rates were the most common in this study contributing 25.2% of the 

total bond failures. This finding correlates with the findings of other studies that have 

investigated failure rates with respect to bracket location. In general, most studies report a 

higher incidence of bracket failures for posterior teeth and lower anterior teeth (Zachrisson 

et al., 1977; Newman, 1987; Millett and Gordon, 1994; Linklater and Gordon, 2003).  Even 

when the molar teeth have not been bonded, Millett et al. (1998) found that premolar 

failure rate was 9%, almost twice that of canines or incisors.  

 

There are a number of possible reasons why molar failure rates are higher than those of the 

other teeth. These include being more difficult to gain access to and good isolation from 

gingival fluid and saliva in this region of the mouth during bonding (Millett et al., 1998; 
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Linklater and Gordon, 2003). Molar teeth may also have a shorter crown height in children 

possess and a greater area of aprismatic enamel structure, making them more susceptible 

to bond failure (Mattick and Hobson, 2000; Ponduri et al., 2007). The differing morphology 

of the buccal surfaces of molar teeth can lead to inadequate adaptation of the bracket base 

to the enamel surface. This can lead to a variable film thickness of the bonding adhesive 

which in turn can lead to direct areas of stress raisers, or stress raising may occur as a result 

of differing rates of thermal expansion and shrinkage within the uneven layer (Jung, 2014). 

Greater masticatory forces are also found on posterior teeth, with molar biting forces being 

generally higher than 30kg and incisal biting forces being reported between 13-15kg (Garner 

and Kotwal, 1973; Proffit and Fields, 1983). This force may be applied directly from tooth to 

tube or is transferred through the food during mastication leading to bond failure (Jung, 

2014). This finding was refuted by Manning et al. (2006) who found more anterior than 

posterior bond failures (8.4% and 4.9% respectively), although the difference was not 

statistically significant. The second highest failure rate within the current RCT was seen in 

the incisal regions. 

 

4.4  Age and Malocclusion 

Block randomisation has helped to ensure equal distribution of patients with respect to 

patient age and malocclusion between the two trial groups, in order to reduce the risk of 

bias within the trial, although neither were investigated as part of this the trial. Although 

there is some evidence to show patient age might have an effect on failure rates, the 

published research is not clear cut. While some studies suggest that those patients who 

start orthodontic treatment at an earlier age have higher bond failure rates (Millett and 

Gordon, 1994; Jung, 2014) possibly due to patients not following instructions regarding 
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eating harder foods. Other studies from the same and differing research groups (Kinch et al., 

1988; Millett et al., 1998) have reported that age did not have an effect on failure rates. Any 

such risk was mitigated for in the present study by only including patients aged 10-18 years.  

 

With respect to malocclusion, many studies have shown no significant difference in bond 

failure (Millett et al., 2000) except with Class II division II malocclusions due to the traumatic 

increased overbite.  This has been seen in both retrospective (Millett et al., 1998) and 

prospective studies (Shammaa et al., 1999). In the current study a split mouth design was 

used to minimise any effects of differing malocclusions. However, ideally all malocclusions 

should be of a similar type within a clinical trial such as this. 

 

4.5  Strengths of the Study 

RCTs are seen to be the gold standard in medical research (Spieth et al., 2016). This RCT was 

prospective allowing for careful and accurate forward planning for the study. The trial had a 

clearly focussed PICO (Patient, Intervention, Comparison, Outcome) framework 

(Bondemark, 2019) i.e. patients between the ages of 10-18 years; undergoing a split mouth 

trial to look at the use of a tungsten carbide bur to prepare the buccal enamel surfaces of 

first molar teeth prior to etching and bonding; in comparison to a conventional bonding 

technique; and assessing its effect on of molar bond failure rates  

 

A cross-mouth study design was used as it had the advantage of subjects providing their 

own control. Due to arch-wires connecting each bracket during fixed appliance therapy each 

tooth unfortunately cannot be seen as entirely independent, therefore bracket failure on 

one tooth may affect the reliability of the bonds on the adjacent teeth (Wenger et al., 
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2008). However, this was the case for both the control and intervention group, so each trial 

arm was subject to similar conditions and influences.  

 

Selection bias was minimised through the use of a block randomisation program. Good pre-

treatment equivalence was achieved with respect to age, gender and malocclusion type 

between each group.  

 

A sample size calculation was performed in order to ensure the study was adequately 

powered, and the calculation was based on the results from previous orthodontic split 

mouth studies (Ireland et al., 2003; Murfitt et al., 2006; Ponduri et al., 2007). We recruited 

the required number of participants (82) suggested by the initial sample size, which took 

into consideration the split mouth design of the trial and a 10% drop-out rate. However, it 

did not consider aggregation of bracket debonds for patients. While this did not affect the 

data for our primary hypothesis, it could have had an effect on the results of the secondary 

outcome measures.  

 

The clinician and patient were blinded up until the point the intervention was undertaken, 

and the statistician was blinded throughout. This reduced bias as much as possible within 

the trial.  

 

There were no dropouts throughout the study with all the patients making it through 12 

months of treatment. An intention to treat analysis was conducted for all data without the 

need to impute for any missing data. Data were analysed using multiple methods. These all 
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showed the same statistical result for each outcome, which provided reassurance that our 

results were accurate. 

  

Adhesive precoated brackets (except molar tubes) were used on all participants throughout 

the study, ensuring uniformity in adhesive placement on the brackets, therefore eliminating 

this variable when bonding. However, previous studies have shown similarity in failure rates 

between precoated and uncoated brackets, making it reasonable generalise the results to 

other bonding techniques (Alakttash et al., 2018) 

 

4.6 Weaknesses of the Study 

One weakness of the study was that double - blind randomisation could not be achieved, as 

both the operator and the patient knew which teeth were prepared with a debonding bur. 

This was due to the intervention having to be undertaken by the clinician and the patient 

feeling their tooth being prepared. 

 

Differing archwire sequences were used for each patient, in accordance with operator 

preference. Even though a split mouth Battenburg design was used, which helped to 

mitigate these differences as each patient acted as their own control, ideally following the 

same archwire sequence would have been preferred as variable mechanics can influence 

attachment survival (Millett et al. 2017). The study by Banks and MacFarlane (2007) advised 

following a typical archwire sequence following recommendation from Mandall et al. (2003) 

that all patients should be treated in the same manner apart from the intervention. 
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The bond failure observation period was 12 months. This timeframe was chosen as bond 

failure rates are seen to be there highest within the first three to six months of treatment 

(Ponduri et al., 2007; Hu et al., 2013; Papageorgiou and Pandis, 2017) with a reported 82% 

of bond failures occurring within the first 6 months (O’Brien et al., 1989). Studies do show 

an increase in the failure rate as treatment time increases (House et al., 2006; Banks and 

Macfarlane, 2007; Nazir et al., 2011) with Manning et al. (2006) finding a 7% increase in 

failures from 6 months to the completion of treatment. Although ideally the whole 

treatment course should have been observed (Mandall et al. 2003 Cochrane review), a 12-

month time period was chosen for this study due to time restraints to write up the results, 

particularly as different malocclusions were included as well as both extraction and non-

extraction treatments. 

 

The adhesive remnant index (ARI) was not looked at in this study (Årtun and Bergland, 

1984). Use of this may have enabled us to assess the site and reason for bracket failure. The 

site of failure may be at the enamel-adhesive interface, bracket-adhesive interface, cohesive 

within the resin or mixed mode (Jacobson et al., 2006). If failure has always occurred at the 

enamel-adhesive interface this may for instance have helped explain any action of 

differences in enamel preparation, whereas failure at the bracket adhesive interface may 

point to the interaction between the bracket and adhesive being more important than any 

differences in enamel preparation.  

 

Social deprivation was another factor that was not accounted for when looking at the 

baseline characteristics for each participant. Attachment failure rates for patients from the 

most deprived backgrounds have been reported to be over double that compared to those 
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from the least deprived backgrounds (Banks and Macfarlane, 2007). Therefore, as social 

classes were not matched between each trial group, this could have affected bond failure 

rates. 

 

4.7  The Difficulties of Conducting a Randomised Control Trial  

Conducting and coordinating a randomised control trial can be challenging. A few difficulties 

were encountered such as the recruitment of patients without undue influence. Posters had 

to be created to put up into the waiting room, and the consent forms had to be modified to 

ensure no coercion. This all required research ethics, and research and development 

approval, and so beginning recruitment took longer than expected.  

 

There was a change of staffing within the time frame of the trial, so it was important to keep 

all clinicians informed of what needed to be documented and undertaken clinically if a 

debond occurred. Regular research meetings were arranged to ensure that clinicians 

followed the correct protocol.  

 

4.8  Implications for clinical practice  

A large number of in vivo studies have already been undertaken to investigate orthodontic 

bond failure rates using different bonding techniques. However, continuing research in this 

subject is important given that treatment efficiency, duration and patient experience is still 

heavily influenced by the number of bond failures.  

 

No research to date has investigated the clinical efficiency of using a tungsten carbide bur to 

prepare the tooth surface prior to etching.  This study was designed to assess the clinical 
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performance of this technique over a 12-month period. Even though statistical significance 

was not seen following use of a debonding bur, clinical significance was shown, with a 

reduction of four to five bond failures in the upper arch after using a tungsten carbide bur. 

This clinically significant reduction in bond failures may be due to the in removal of calculus 

created by the parotid duct on the buccal surfaces of the upper molar teeth. The removal of 

this calculus allowed for a better bond adhesion to the enamel surface. As this intervention, 

using a tungsten carbide bur prior to etching and bonding, takes little extra clinical time and 

only entails a small additional material cost of a bur, it would seem to be a worthwhile 

intervention in reducing upper molar bond failures, which will incur greater additional costs, 

both time and money, if they need to be rebonded.   

 

4.9  Future Work  

Further randomised control trials could be done in a similar manner using a larger patient 

cohort, differing adhesives, bracket designs and aged participants, in a different setting. This 

would provide more reliable external validity for the results of this study. 

 

It would be useful for further research to be conducted on the efficacy of using of a 

tungsten carbide bur on the whole of the arch, to assess if there is a reduction in premolar 

or incisor bond failure rates. This could be done with just the upper arch, just the lower arch 

or both arches. It would rely more on patient compliance during bond up, as the whole arch 

would need to be prepped with a tungsten carbide bur, increasing the initial time.  

 

It may be also of interest to compare the efficacy of preparing the lingual surfaces of teeth 

with a debonding bur, before the application of a lingual appliance. The lingual surfaces of 
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teeth, especially the lower incisors tend attract the formation of calculus due to salivary 

secretions from the sublingual and submandibular glands (White, 1997). Protocols advise to 

only pumice the tooth surface prior to bonding (3M Oral Care, 2017). Further clinical studies 

could be undertaken to compare bond failure rates with or without tungsten carbide bur 

preparation.  
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4.10  Conclusions  

• There was no significant difference in first time failure rates of molar tubes with the 

use of a tungsten carbide bur on the buccal enamel surface of teeth, prior to etching and 

bonding. Therefore, the primary null hypothesis, that preparing the surface of first molars 

with a debonding bur prior to etching and bonding had no effect on bond failure rate of 

orthodontic first molar tubes, was accepted. 

•  Even though a statistical difference was not seen in the primary hypothesis, it was 

felt a clinically significant difference in the reduction of failure rates was shown when using 

a tungsten carbide bur (4.9% decrease of molar tube debonds). This reduction was mainly 

seen with upper molars. These results suggested that it may be useful to use a tungsten 

carbide bur, prior to etching and bonding, when undertaking bonding of maxillary molars. 

• The null hypothesis that tooth location has no effect on overall bond failure rates 

was rejected as maxillary molars demonstrated a significantly higher failure rate than 

mandibular molars, irrespective of whether a tungsten carbide bur was used on not. This 

indicated that the location of molar teeth has an effect on bond failures rate. 

• The level of the operator grade can affect both overall and first debond of first molar 

tubes failure rates, with the registrar having a statistically significant higher bond failure rate 

in comparison to consultants and specialist. This meant the null hypothesis that operator 

grade has no effect on bond failure rates was rejected. 

• No significant difference was found in the failure rates between males and females. 

Therefore, the null hypothesis that gender of patient had no effect on overall bond failure 

rates irrespective of a tungsten carbide use and first debond of first molar tubes failure rate 

when the enamel surface has been prepared with a debonding bur prior to etching and 

bonding, was accepted.  
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• Further studies are recommended to investigate the effect of a debonding bur on all 

teeth or lingual appliance, failure rates.  
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